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7) ABSTRACT

A liquid crystal display panel includes: thin film transistors
provided in corresponding one of pixels and including a gate
electrode, a source electrode, a drain electrode, and a semi-
conductor layer; a scanning line formed in a layer identical
to that of the gate electrode and electrically connected to the
gate electrode; and a first light shielding body formed in a
layer 1dentical to that of at least one of the source electrode
and the drain electrode. The semiconductor layer is formed
above the scanning line with an insulating layer interposed
between the semiconductor layer and the scanning line, the
first light shielding body is located above the scanning line
and beside the semiconductor layer, and the first light
shielding body and the scanning line are connected to each
other through a contact hole made in the insulating layer.
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FIG. 11
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LIQUID CRYSTAL DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Japanese
application JP 2017-229451, filed on Nov. 29, 2017. This
Japanese application is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal
display device.

BACKGROUND

[0003] A liquid crystal display device in which the liquid
crystal display panel is used can display an image with low
power consumption, so that the liquid crystal display device
is used as an image display device such as a television and
a mouitor.

[0004] The liquid crystal display panel includes a Thin
Film Transistor (TFT) substrate on which a pixel electrode
and a TFT are formed, a counter substrate opposed to the
TFT substrate, and a liquid crystal layer disposed between
the TFT substrate and the counter substrate. In the liquid
crystal display panel, the image is displayed by controlling
light transmittance of the liquid crystal layer in each pixel
using a pixel electrode provided in each pixel (see, for
example, Unexamined Japanese Patent Publication No.
2015-114375).

SUMMARY

[0005] In the liquid crystal display device, sometimes
stray light enters a semiconductor layer of the thin film
transistor. When the light is incident on the semiconductor
layer of the thin film transistor, a TFT characteristic is
changed to degrade image quality of the liquid crystal
display device.

[0006] The present disclosure has been made to solve such
problems, and the present disclosure provides a liquid crys-
tal display panel having the excellent image quality.
[0007] To solve above problem, a liquid crystal display
panel according to the present disclosure which has a
plurality of pixels arranged in a matrix, includes: a thin film
transistor provided in one of the plurality of pixels and
including a gate electrode, a source electrode, a drain
electrode, and a semiconductor layer; a scanning line formed
in a layer identical to that of the gate electrode and electri-
cally connected to the gate electrode; and a first light
shielding body formed in a layer identical to that of at least
one of the source electrode and the drain electrode. The
semiconductor layer is formed above the scanning line with
an insulating layer interposed between the semiconductor
layer and the scanning line, the first light shielding body is
located above the scanning line and beside the semiconduc-
tor layer, and the first light shielding body and the scanning
line are connected to each other through a contact hole made
in the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a view illustrating a schematic configu-
ration of a liquid crystal display device according to a first
exemplary embodiment;
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[0009] FIG. 2 is a view illustrating a pixel circuit of the
liquid crystal display panel of the first exemplary embodi-
ment;

[0010] FIG. 3 is a plan view illustrating a configuration of
a pixel in the liquid crystal display panel of the first
exemplary embodiment;

[0011] FIG. 4 is a sectional view taken along a line TV-IV
in FIG. 3 in the liquid crystal display panel of the first
exemplary embodiment;

[0012] FIG. 51is a sectional view taken along a line V-V in
FIG. 3 in the liquid crystal display panel of the first
exemplary embodiment;

[0013] FIG. 6 is a sectional view illustrating a configura-
tion of a liquid crystal display device according to a related
art;

[0014] FIG. 7 is an enlarged view illustrating a region VII
surrounded by a broken line in FIG. 6;

[0015] FIG. 8 is a view illustrating an example of an
optical pass of light traveling toward a semiconductor layer
of a thin film transistor in the liquid crystal display panel of
the first exemplary embodiment;

[0016] FIG. 91is a sectional view of a liquid crystal display
device according to a second exemplary embodiment;
[0017] FIG. 10 is a sectional view of a liquid crystal
display device according to a first modification;

[0018] FIG. 11 is a plan view illustrating a layout of pixels
of a liquid crystal display device according to a second
modification; and

[0019] FIG. 12 is a plan view illustrating a layout of pixels
of a liquid crystal display device according to a third
modification.

DETAILED DESCRIPTION

[0020] The following describes an exemplary embodiment
of the present disclosure. The embodiment described below
is merely one specific example of the present disclosure. The
numerical values, shapes, materials, elements, and arrange-
ment and connection of the elements, etc. indicated in the
following embodiment are given merely by way of illustra-
tion and are not intended to limit the present disclosure.
Therefore, among elements in the following embodiment,
those not recited in any one of the independent claims
defining the broadest inventive concept of the present dis-
closure are described as optional elements.

[0021] Note that the figures are schematic illustrations and
are not necessarily precise depictions. Accordingly, the
figures are not necessarily to scale. Moreover, in the figures,
elements that are essentially the same share like reference
signs. Accordingly, duplicate description is omitted or sim-
plified.

[0022] FIG. 1 is a view illustrating a schematic configu-
ration of a liquid crystal display device LCD according to a
first exemplary embodiment. FI1G. 2 is a view illustrating a
pixel circuit of the liquid crystal display panel LCP of the
first exemplary embodiment;

[0023] Liquid crystal display device LCD is an example of
an image display device that displays a still image or a
moving image. As illustrated in FIG. 1, liquid crystal display
device LCD1 includes liquid crystal display panel LCP,
liquid crystal display panel driving circuit PDC (source
driver SDC, gate driver GDC), backlight BL, and image
processor IPU.

[0024] Liquid crystal display panel LCP is disposed on a
light emission side of backlight BL. Liquid crystal display
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panel LCP displays a color image or a monochrome image
in image display region DSP. For example, a system for
driving liquid crystal display panel LC1 is a transverse
electric field system such as IPS or FFS. In liquid crystal
display panel LCP, for example, voltage is controlled by a
normally black system. However, the voltage control system
is not limited to the normally black system.

[0025] As illustrated in FIGS. 1 and 2. liquid crystal
display panel LCP includes a plurality of pixels PIX
arranged in a matrix. Image display region DSP in which the
image is displayed is constructed with the plurality of pixels
PIX arranged in a matrix.

[0026] As illustrated in FIG. 2, thin film transistor TR is
provided in each of the plurality of pixels PIX. Thin film
transistor TR includes gate electrode G, source electrode S,
and drain electrode D.

[0027] Pixel electrode PIT and common electrode MIT are
provided in each of the plurality of pixels PIX. In the first
exemplary embodiment, one pixel electrode PIT is provided
in each pixel PIX. On the other hand, common electrode
MIT is one planner electrode common to all pixels PIX in
image display region DSP, and is formed over entire image
display region DSP.

[0028] As illustrated in FIG. 2, a plurality of scanning
lines (gate lines) GL extending in a row direction and a
plurality of video signal lines (source lines) SL extending in
a column direction orthogonal to the row direction are
formed in liquid crystal display panel LCP.

[0029] The plurality of scanning lines GL are provided at
a corresponding boundary between two pixels PIX adjacent
to each other in the column direction. In the first exemplary
embodiment, one scanning line GL is provided for each
boundary between two pixels PIX adjacent to each other in
the column direction.

[0030] Scanning line GL is connected to each transistor
TR of pixel PIX arranged in the row direction. Specifically,
scanning line GL is connected to gate electrode G of each
transistor TR in pixel PIX arranged in the row direction.

[0031] The plurality of video signal lines SL are provided
at a corresponding boundary between two pixels PIX adja-
cent to each other in the row direction. In the first exemplary
embodiment, one video signal lines SL is provided at each
boundary between two pixels PIX adjacent to each other in
the row direction.

[0032] Video signal line SL is connected to transistor TR
of pixel PIX arranged in the column direction. Specifically,
video signal line SL is connected to drain electrode D of
each transistor TR in pixel PIX arranged in the column
direction. That is, in the first exemplary embodiment, video
signal line SL is a drain line.

[0033] In each pixel PIX, source electrode S of transistor
TR is connected to pixel electrode PIT.

[0034] As illustrated in FIG. 1, liquid crystal display panel
driving circuit PDC is connected to liquid crystal display
panel LCP in order to display the image corresponding to an
input video signal. Liquid crystal display panel driving
circuit PDC includes source driver SDC and gate driver
GDC. For example, source driver SDC and gate driver GDC
are driver ICs (IC packages), and are mounted on a printed
wiring board. The printed wiring board on which source
driver SDC is mounted and the printed wiring board on
which gate driver GDC is mounted are connected to liquid
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crystal display panel LCP through a flexible wiring board
such as a Flexible Flat Cable (FFC) or a Flexible Printed
Cable (FPC).

[0035] As illustrated in FIG. 2, source driver SDC is
connected to video signal line SL of liquid crystal display
panel LCP. In response to selection of scanning line GL by
gate driver GDC, source driver SDC supplies, to video
signal line SL, voltage (data voltage) corresponding to the
video signal input from image processor IPU.

[0036] Gate driver GDC is connected to scanning line GL.
Gate driver GDC selects pixel PIX in which the video signal
is written according to a timing signal input from image
processor [PU, and supplies the voltage (gate-on voltage)
turning on transistor TR of selected pixel PIX to scanning
line GL. Consequently, the data voltage is supplied to pixel
electrode PIT of selected pixel PIX through transistor TR. A
common voltage is supplied from a common driver (not
illustrated) to common electrode MIT.

[0037] In this way, when the gate-on voltage is supplied
from gate driver GDC to the scanning line GL, transistor TR
of selected pixel PIX is turned on, and the data voltage is
supplied from video signal line SL connected to transistor
TR to pixel electrode PIT. An electric field is generated in a
liquid crystal layer due to a difference between the data
voltage supplied to pixel electrode PIT and the common
voltage supplied to common electrode MIT. An alignment
state of liquid crystal molecules of the liquid crystal layer in
each pixel PIX is changed by the electric field, and trans-
mittance of light of backlight BL. passing through liquid
crystal display panel LCP is controlled in each pixel PIX.
Consequently, the desired image is displayed in the display
region (pixel region) of liquid crystal display panel LCP.
[0038] As illustrated in FIG. 1, backlight BL is disposed
on a back side of liquid crystal display panel LCP, and emits
the light toward liquid crystal display panel LCP. In the first
exemplary embodiment, backlight BL is a Light Emitting
Diode (LED) backlight in which an LED is used as a light
source. However, backlight BL is not limited to the LED
backlight. Backlight BL is a direct under type LED backlight
in which LEDs are two-dimensionally arranged on a sub-
strate so as to face liquid crystal display panel LCP. How-
ever, backlight BL may be an edge type LED backlight.
Backlight BL is a surface-emitting unit that emits planar,
uniform scattered light (diffused light). In this case, back-
light BL may include an optical member, such as a diffuser
(a diffusion sheet), which diffuses the light emitted from the
light source.

[0039] Image processor IPU is a control device including
an arithmetic processing circuit such as a CPU and a
memory such as a ROM and a RAM. Image data is input to
image processor IPU in order to display the image on liquid
crystal display panel LCP. A CPU reads and executes a
program stored in the memory, whereby the image processor
IPU performs various pieces of processing. Specifically,
image processor IPU performs various pieces of image
signal processing such as color adjustment on the video data
input from an external system (not illustrated) to generate
the video signal indicating a gray scale value of each pixel
PIX and the timing signal indicating timing of writing the
video signal in each pixel PIX, and outputs the video signal
to source driver SDC while outputting the timing signal to
gate driver GDC.

[0040] A specific structure of liquid crystal display panel
LCP will be described with reference to FIGS. 3 to 5. FIG.
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3 is a plan view illustrating a configuration of pixel PIX in
liquid crystal display panel LCP of the first exemplary
embodiment. FIG. 4 is a sectional view taken along a line
IV-1IV in FIG. 3 in liquid crystal display panel LCP. FIG. 5
is a sectional view taken along a line V-V in FIG. 3 in liquid
crystal display panel LCP.

[0041] As illustrated in FIG. 3, each pixel PIX is a region
surrounded by scanning line GL extending in the row
direction and video signal line SL extending in the column
direction. Pixel electrode PIT is provided in each pixel PIX.
[0042] As illustrated in FIG. 3, pixel electrode PIT
includes a plurality of line electrodes PITL extending in the
column direction. Ends in a longitudinal direction of each of
the plurality of line electrodes PITL are connected by
connection electrode PITC extending along the row direc-
tion in a vicinity of scanning line GL. In each pixel electrode
PIT, all line electrodes PITL are formed in parallel to each
other with the same width and the same interval. In the first
exemplary embodiment, each line electrode PITL is linearly
formed, but may be formed into a substantial D shape having
a bent portion in a central portion.

[0043] As illustrated in FIGS. 4 and 5, liquid crystal
display panel LCP includes first substrate SUB1, second
substrate SUB2 opposed to first substrate SUB1, and liquid
crystal layer LCL disposed between first substrate SUB1 and
second substrate SUB2. In the first exemplary embodiment,
first substrate SUBI is located on the side of backlight BL,
and second substrate SUB2 is located on the observer side.
Liquid crystal layer LCL is sealed between first substrate
SUB1 and second substrate SUB2.

[0044] First substrate SUBI is a TFT substrate including
the TFT as thin film transistor TR. Not only thin film
transistor TR but also various wirings such as video signal
line SL and scanning line GL, an interlayer insulator that
insulates these wirings, pixel electrode PIT, common elec-
trode MIT, and alignment film PI are provided in first
substrate SUB1. These are formed on first transparent base
material TSUB1. For example, first transparent base mate-
rial TSUBLI is a transparent substrate such as a glass sub-
strate.

[0045] Thin film transistor TR formed on first transparent
base material TSUBI includes gate electrode G, source
electrode S, drain electrode D, and semiconductor layer SC
constituting a channel layer. As illustrated in FIG. 5, thin
film transistor TR is a TFT having a bottom gate structure,
and is constructed with gate electrode G formed on first
transparent base material TSUB1, gate insulating layer GI
formed on gate electrode G, and semiconductor layer SC
formed above gate electrode G with gate insulating layer GI
interposed between semiconductor layer SC and gate elec-
trode G.

[0046] In the first exemplary embodiment, gate electrode
G is a part of scanning line GL, and semiconductor layer SC
is formed on scanning line GL with gate insulating layer GI
interposed between semiconductor layer SC and scanning
line GL. Source electrode S and drain electrode D are
formed on semiconductor layer SC.

[0047] Gate electrode G, source electrode S, and drain
electrode D are made of a conductive material such as a
metal material. Gate electrode G i1s made of a metal film
having a two-layer structure of, for example, a lower molyb-
denum film and an upper copper film. Source electrode S
and drain electrode D are made of a metal film having a
two-layer structure of, for example, a lower molybdenum
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film and an upper copper film. A metal film is deposited by
sputtering or the like and patterned by photolithography
method and wet etching, whereby gate electrode G, source
electrode S, and drain electrode D can be formed into a
predetermined shape. In the first exemplary embodiment,
source electrode S and drain electrode D are formed in the
same layer, so that source electrode S and drain electrode D
are formed by simultaneously patterning the same metal
film.

[0048] Semiconductor layer SC is made of amorphous
silicon. Semiconductor layer SC is made of a semiconductor
film having a two-layer structure of, for example, an i-amor-
phous silicon film as a lower layer and an n-amorphous
silicon film as an upper layer. In this case, an n-amorphous
silicon film and an i-amorphous silicon film are successively
deposited by plasma CVD to form a laminated film, and the
laminated film is patterned by photolithography and wet
etching patterning, which allows the formation of the semi-
conductor layer SC having a predetermined shape.

[0049] Gate insulating layer GI is made of an insulating
material. For example, gate insulating layer GI is made of a
silicon nitride film (for example, 390 nm). Gate insulating
layer GI can be deposited by plasma CVD.

[0050] Gate electrode G, source electrode S, drain elec-
trode D, semiconductor layer SC, and gate insulating layer
GI are not limited to these materials. For example, the
material for semiconductor layer SC is not limited to amor-
phous silicon, but polysilicon such as low-temperature poly-
silicon or an In—Ga—Zn—0O-based oxide semiconductor
may be used as semiconductor layer SC. Gate electrode G,
source electrode S, drain electrode D, and semiconductor
layer SC are not limited to the two-layer structure, but may
be constructed with a single layer or at least three layers.
Gate insulating layer GI is not limited to the single layer, but
may be constructed with at least two layers.

[0051] As illustrated in FIGS. 3 to 5, scanning line GL and
video signal line SL are formed on first substrate SUBI.
Scanning line GL is formed in the same layer as gate
electrode G. That is, scanning line GL and gate electrode G
are formed by patterning the same metal film. On the other
hand, video signal line SL is formed in the same layer as
source electrode S and drain electrode D. That is, video
signal line SL, source electrode S, and drain electrode D are
formed by simultaneously patterning the same metal film.
As illustrated in FIG. 3, in the first exemplary embodiment,
drain electrode D of thin film transistor TR is connected to
video signal line SL, and source electrode S of thin film
transistor TR is connected to pixel electrode PIT.

[0052] Asillustrated in FIGS. 3 and 5, light shielding body
SLD is provided on first substrate SUB1. Light shielding
body SLD is provided beside semiconductor layer SC, and
shields light traveling toward semiconductor layer SC of
thin film transistor TR. Light shielding body SLD has a
guard structure that guards semiconductor layer SC by
shielding the light traveling toward semiconductor layer SC.
[0053] Light shielding body SLD is formed in the same
layer as at least one of source electrode S and drain electrode
D. In the first exemplary embodiment, source electrode S
and drain electrode D are formed in the same layer, so that
light shielding body SLD is formed in the same layer as both
source electrode S and drain electrode D. Thus, light shield-
ing body SLD is made of the same material as source
electrode S and drain electrode D. In the first exemplary
embodiment, for example, light shielding body SLD, source
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electrode S and drain electrode D are formed by patterning
the same metal film. That is, light shielding body SLD is the
same metal film as source electrode S and drain electrode D,
and is a reflection film that shields the light by reflecting the
light incident on light shielding body SLD. Specifically,
light shielding body SLD is made of a metal film having a
two-layer structure of, for example, a lower molybdenum
film (for example, 20 nm) and an upper copper film (for
example, 300 nm). Light shielding body SLD, source elec-
trode S, and drain electrode D are formed separately from
one another.

[0054] As illustrated in FIG. 5, light shielding body SLD
is provided above scanning line GL. Specifically, light
shielding body SLD is formed on gate insulating layer GI
laminated on scanning line GL. Light shielding body SLD
and scanning line GL are connected to each other through
contact hole CH made in gate insulating layer GI. That is,
although light shielding body SLD is not electrically con-
nected to source electrode S and drain electrode D, light
shielding body SLD is electrically connected to scanning
line GL. Contact hole CH is a through-hole made in gate
insulating layer GI by photolithography and etching.

[0055] In the first exemplary embodiment, light shielding
body SLD includes first light shielding unit SLDP1 that is a
portion located above gate insulating layer GI and second
light shielding unit SLDP2 that is a portion located in
contact hole CH.

[0056] First light shielding unit SLDP1 is formed into an
eave shape so as to protrude in a horizontal direction from
an upper portion of second light shielding unit SLDP2. First
light shielding unit SLDP1 is a first light shielding film
formed along a top surface of gate insulating layer GI, and
has an upper wall surface (upper light shielding surface)
along the top surface of gate insulating layer GI. That is, the
upper wall surface of first light shielding unit SLDP1
contacts with the top surface of gate insulating layer GI.

[0057] Second light shielding unit SLDP2 is a connecting
unit that connects first light shielding unit SLDP1 and
scanning line GL, between which gate insulating layer GI is
interposed. Second light shielding unit SLDP2 is a second
light shielding film formed so as to bury contact hole CH,
and has a sidewall surface (transverse light shielding sur-
face) along an inside surface of contact hole CH. That is, the
sidewall surface of second light shielding unit SLDP2
contacts with the inside surface of contact hole CH.

[0058] In the first exemplary embodiment, contact hole
CH is made by isotropic etching, so that contact hole CH has
a forward tapered shape in which an inner diameter gradu-
ally decreases from a top to a bottom. Thus, the inside
surface of contact hole CH is an inclined surface. Conse-
quently, the sidewall surface of second light shielding unit
SLDP2 formed in contact hole CH also becomes the inclined
surface.

[0059] A length (a protrusion amount in the horizontal
direction from second light shielding unit SLDP2) of the
upper wall surface of first light shielding unit SLDP1 in a
width direction (column direction) of scanning line GL is
longer than a length of the sidewall surface of second light
shielding unit SLDP2. As illustrated in FIG. 3, in the first
exemplary embodiment, first light shielding unit SLDP1 is
formed so as to protrude in all directions from the upper
portion of second light shielding unit SLDP2, and the upper
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wall surface of first light shielding unit SLDP1 is longer than
the sidewall surface of second light shielding unit SLDP2 in
all the directions.

[0060] As illustrated in FIG. 3, light shielding body SLD
of the first exemplary embodiment is located between an end
in the width direction of scanning line GL, and semiconduc-
tor layer SC in planar view. Specifically, as illustrated in
FIGS. 3 and 5, an outside leading end of first light shielding
unit SLDP1 in the width direction of scanning line GL is
located above scanning line GL. That is, the outside leading
end of first light shielding unit SLDP1 in the width direction
of scanning line GL exists at a position retracted from the
end in the width direction of scanning line GL.

[0061] In the first exemplary embodiment, a pair of light
shielding bodies SLD is provided, and semiconductor layer
SC interposed between the pair of light shielding bodies
SLD. The pair of light shielding bodies SLD are arranged in
the width direction of scanning line GL. That is, semicon-
ductor layer SC is located between the pair of light shielding
bodies SLD.

[0062] In the first exemplary embodiment, semiconductor
layer SC has an elongated shape extending in a longitudinal
direction of scanning line GL (the row direction of pixel
PIX), so that the pair of light shielding bodies SLD extends
in the longitudinal direction of scanning line GL. Specifi-
cally, in the longitudinal direction of scanning line GL, each
light shielding body SLD is longer than semiconductor layer
SC. That is, the light shielding body SLD in the longitudinal
direction of scanning line GL. is longer than semiconductor
layer SC in the longitudinal direction of scanning line GL.
[0063] Light shielding body SLD is covered with first
insulator PAS. First insulator PAS is formed above first
transparent base material TSUB1 so as to cover thin film
transistor TR, scanning line GL, video signal line SL, and
light shielding body SLD. Specifically, first insulator PAS is
formed over the entire surface of gate insulating layer GI so
as to cover a wiring layer including scanning line GL and
gate electrode G, a wiring layer including video signal line
SL, source electrode S, drain electrode D, and light shielding
body SLD, and a layer including semiconductor layer SC.
First insulator PAS is constructed with an inorganic insulator
made of an inorganic material such as a silicon nitride film.
For example, first insulator PAS that is an inorganic insulator
can be deposited by plasma CVD.

[0064] Second insulator OPAS is formed so as to cover
first insulator PAS. In the first exemplary embodiment, a
thickness of second insulator OPAS is larger than a thickness
of first insulator PAS. Specifically, the thickness of second
insulator OPAS is greater than or equal to 10 times the
thickness of first insulator PAS. Consequently, a distance in
the thickness direction between the wiring such as scanning
line GL and video signal line SL and common electrode MIT
can be increased, so that the parasitic capacitance generated
by the wiring such as scanning line GL and video signal line
SL and common electrode MIT can be reduced. Addition-
ally, by thickening second insulator OPAS, a difference in
irregularity caused by forming transistor TR, scanning line
GL, and video signal line SL, of the TFT layer can be
reduced to planarize the TFT layer. Consequently, second
insulator OPAS in which the surface is planarized can be
formed, so that common electrode MIT immediately above
second insulator OPAS can be formed into a planar shape.
[0065] In the first exemplary embodiment, second insula-
tor OPAS is constructed with an organic insulator made of
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an organic material containing carbon. Second insulator
OPAS that is the organic insulator can be formed by, for
example, applying and hardening a liquid organic material.
Consequently, second insulator OPAS can easily be thick-
ened, so that the surface of second insulator OPAS can easily
be planarized over all pixels PIX. That is, second insulator
OPAS functions as a planarization layer.

[0066] A refractive index of second insulator OPAS lami-
nated on first insulator PAS is smaller than a refractive index
of first insulator PAS. For example, second insulator OPAS
has the refractive index of 1.5, and first insulator PAS has the
refractive index of 1.9. The refractive index of gate insulat-
ing layer GI laminated under first insulator PAS is equal to
the refractive index of the first insulator PAS, and gate
insulating layer GI has the refractive index of, for example,
15,

[0067] Common electrode MIT and pixel electrode PIT
are formed on the first substrate SUB1. Specifically, com-
mon electrode MIT and pixel electrode PIT are laminated so
as to be opposed to each other with a third insulator UPS
interposed therebetween.

[0068] In the first exemplary embodiment, common elec-
trode MIT is formed on second insulator OPAS. Third
insulator UPS is formed so as to cover common electrode
MIT, and pixel electrode PIT is formed into a predetermined
shape on third insulator UPS. Common electrode MIT and
pixel electrode PIT are transparent electrodes made of a
transparent metal oxide such as Indium Tin Oxide (ITO).
Third insulator UPS is made of an inorganic insulator such
as a silicon nitride film. Third insulator UPS that is the
inorganic insulator can be formed by, for example, a CVD
method.

[0069] As described above, common electrode MIT is a
planar solid electrode formed over all pixels PIX. Conse-
quently, the wirings such as scanning line GL. and video
signal line SL are covered with common electrode MIT, so
that the electric field generated by the wirings such as
scanning line GL and video signal line SL can be shielded
by common electrode MIT. That is, the electric field gen-
erated in the TFT layer can be shielded by common elec-
trode MIT.

[0070] Common electrode MIT is a thin-film, planar, solid
electrode, and an opening (not illustrated) extending along
the row direction is formed on scanning line GL in common
electrode MIT. A contact hole penetrating an insulating layer
having a three-layer structure of first insulator PAS, second
insulator OPAS, and third insulator UPS is made in the
opening of common electrode MIT. Pixel electrode PIT is
connected to source electrode S of thin film transistor TR
through the contact hole. Light shielding body SLD is
formed at a position overlapping the opening of common
electrode MIT in planar view.

[0071] alignment film PI is formed on pixel electrode PIT.
Alignment film PI is formed over all pixels PIX so as to
cover pixel electrode PIT above first transparent base mate-
rial TSUBL. Alignment film PI contacts with liquid crystal
layer LCL, and controls an initial alignment angle of the
liquid crystal molecules of liquid crystal layer LCL. In the
first exemplary embodiment, alignment film PI is subjected
to a rubbing treatment in order to align initial alignment
angles of the liquid crystal molecules in a certain direction.
[0072] As illustrated in FIGS. 4 and 5, observer-side
second substrate SUB2 is a counter substrate opposed to first
substrate SUB1. Second substrate SUB2 includes second
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transparent base material TSUB2 and light shielding layer
BM formed on second transparent base material TSUB2.
Similarly to first transparent base material TSUBI1, for
example, second transparent base material TSUB2 is a
transparent substrate such as a glass substrate.

[0073] Light shielding layer BM is a black layer. For
example, light shielding layer BM is made of carbon black.
Light shielding layer BM is formed on the surface on the
side of liquid crystal layer LCL of second transparent base
material TSUB2. In the first exemplary embodiment, light
shielding layer BM is formed at each boundary between two
pixels PIX adjacent to each other in the column direction.
Specifically, a plurality of light shielding layers BM are
formed so as to cover each scanning line GL on first
substrate SUB1. That is, each light shielding layer BM
overlaps each scanning line GL in planar view. Each light
shielding layer BM has a stripe shape, and is formed into a
line shape along the row direction with a constant width. The
width of light shielding layer BM is larger than the width of
scanning line GL, and scanning line GL is formed so as not
to protrude from light shielding layer BM. This allows the
light such as natural light to be shielded. Consequently, the
degradation of the image quality due to reflection of the light
such as natural light from the surfaces of lead line LDL and
scanning line GL can be prevented.

[0074] As illustrated in FIG. 4, in the first exemplary
embodiment, light shielding layer BM is not formed at a
boundary between two pixels PIX adjacent to each other in
the row direction, and video signal line SL is not covered
with light shielding layer BM. However, light shielding
layer BM may be formed so as to cover not only scanning
line GL but also video signal line SL. That is, light shielding
layer BM may be formed in a lattice shape.

[0075] In the case that liquid crystal display panel LCP
displays the color image, second substrate SUB2 constitutes
a color filter substrate including a color filter. In this case, for
example, one of a red color filter, a blue color filter, and a
green color filter is formed according to each pixel PIX. The
color filter is formed in the region (that is, opening of light
shielding layer BM) between light shielding layers BM. On
the other hand, in the case that liquid crystal display panel
LCP displays the monochrome image, the color filter is not
formed on second substrate SUB2.

[0076] A pair of polarizing plates (not illustrated) is
bonded to liquid crystal display panel LCP having the above
configuration. For example, one of a pair of polarizing plates
is formed on the outer surface of first substrate SUB 1, and
the other of the pair of polarizing plates is formed on the
outer surface of second substrate SUB 2. The pair of
polarizing plates is disposed such that the polarization
directions of polarizing plates are orthogonal to each other.
A wave plate may be bonded to the pair of polarizing plates.
[0077] An action of liquid crystal display panel LCP of the
first exemplary embodiment will be described below includ-
ing circumstances leading to the present disclosure.

[0078] The thin film transistor is formed on the TFT
substrate of the liquid crystal display panel in the liquid
crystal display device. It is known that a threshold voltage
(Vth) of the thin film transistor fluctuates when the light is
incident on the semiconductor layer (channel layer) of the
thin film transistor.

[0079] In the case that the semiconductor layer of the thin
film transistor is made of amorphous silicon, because amor-
phous silicon has a characteristic of absorbing the light, not



US 2019/0163025 A1

only a threshold voltage of the thin film transistor fluctuates
but also a photoconductive phenomenon is generated to
increase an off-leak current increases when the light is
incident on the semiconductor layer.

[0080] As described above, when the light is incident on
the semiconductor layer of the thin film transistor, there is a
problem in that the TFT characteristic is changed to degrade
the image quality of the liquid crystal display device.
[0081] The light from the backlight in the liquid crystal
display device, the light (natural light) entering from the
outside of the liquid crystal display device, and the light
(scattered light) scattered by the liquid crystal layer are
conceivable as the light incident on the semiconductor layer
of the thin film transistor of the liquid crystal display panel.
[0082] For this reason, in the conventional liquid crystal
display panel, there has been proposed a technique of
shielding the light to be incident on the semiconductor layer
of the thin film transistor by forming the semiconductor
layer of the thin film transistor on the metal film such as the
scanning line or by forming the light shielding film on the
semiconductor layer of the thin film transistor.

[0083] However, even if such a technique is used, the
fluctuation of the TFT characteristic of the thin film tran-
sistor cannot sufficiently be prevented.

[0084] The inventor of the present disclosure has studied
various causes of the fluctuation of the TFT characteristic of
the thin film transistor except for the light, but failed to
sufficiently prevent the fluctuation of the TFT characteristic
of the thin film transistor.

[0085] As a result of further study, the inventor of the
present disclosure has come to an idea that the light to be
incident on the semiconductor layer of the thin film transis-
tor 1s not sufficiently shielded, and studied a path of the light
incident on the semiconductor layer of the thin film transis-
tor.

[0086] As a result, it was found that part of the light (such
as the light of the backlight) incident from the back surface
of the liquid crystal display panel is incident on the semi-
conductor layer of the thin film transistor due to the shape of
the end in the width direction of scanning line GL. This point
will be described below with reference to FIGS. 6 and 7.
FIG. 6 is a sectional view illustrating a configuration of
conventional liquid crystal display panel LCPX. FIG. 7 is an
enlarged view illustrating region VII surrounded by a broken
line in FIG. 6.

[0087] Conventional liquid crystal display panel LCPX in
FIG. 6 has a configuration in which light shielding body
SLD is not provided unlike the liquid crystal display panel
LCP of the first exemplary embodiment in FIG. 5.

[0088] When scanning line GL is formed into a predeter-
mined shape, the metal film is patterned by photolithography
and wet etching. At this point, the metal film is isotropically
etched, so that the side surface at the end in the width
direction of scanning line GL appears as the inclined surface
(tapered surface) as illustrated in FIGS. 6 and 7. In this case,
the inclination angle of the inclined surface at the end of
scanning line GL varies depending on a type of the metal
film or an etchant, but the inclination angle is, for example,
about 45°.

[0089] When the side surface at the end of scanning line
GL becomes an inclined surface, gate insulating layer GI
covering the end of the scanning line GL in a stepwise
manner also has the inclined surface above the end of
scanning line GL. Similarly, first insulator PAS and second
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insulator OPAS sequentially laminated on gate insulating
layer GI also have the inclined surface above the end of
scanning lines GL. As a result, above the end of scanning
lines GL, the boundary between gate insulating layer GI and
first insulator PAS becomes the inclined surface, and the
boundary between first insulator PAS and second insulator
OPAS also becomes the inclined surface.

[0090] At this point, the refractive index of second insu-
lator OPAS laminated on first insulator PAS is smaller than
the refractive index of first insulator PAS. For this reason, as
illustrated in FI1G. 7, part of the light incident from the back
surface of liquid crystal display panel LCPX is totally
reflected at the inclined surface (inclined boundary) in the
boundary between first insulator PAS and second insulator
OPAS above the end of scanning line GL. As a result, part
of the light incident from the back surface of liquid crystal
display panel LCPX is totally reflected at the inclined
boundary between first insulator PAS and second insulator
OPAS. Then, as illustrated in FIG. 6, the light travels in gate
insulating layer GI toward semiconductor layer SC of thin
film transistor TR while repeating the metal reflection on the
surface of scanning line GL that is the metal film and the
total reflection at the boundary between first insulator PAS
and second insulator OPAS, and the light reaches semicon-
ductor layer SC.

[0091] As a result of intensive research by the inventor, it
has been found that part of the light incident on liquid crystal
display panel LCPX is totally reflected at the inclined
boundary between first insulator PAS and second insulator
OPAS, the incline boundary being formed due to the
inclined surface at the end of scanning line GL, which
allows the part of the light to be incident on semiconductor
layer SC of thin film transistor TR.

[0092] The present disclosure has been made based on
such findings, and the inventor of the present disclosure has
found that light shielding body SLD that shields the light
totally reflected at the inclined boundary between first
insulator PAS and second insulator OPAS is provided using
the metal film used to form source electrode S and drain
electrode D.

[0093] Specifically, light shielding body SLD formed in
the same layer as at least one of source electrode S and drain
electrode D is formed above scanning line GL and beside
semiconductor layer SC, and connected to scanning line GL
through contact hole CH made in gate insulating layer GI.
[0094] With this configuration, as illustrated in FIG. 8,
even if part of the light incident on liquid crystal display
panel LCP travels in gate insulating layer GI due to the total
reflection at the inclined boundary between first insulator
PAS and second insulator OPAS, the inclined boundary
being formed above the end of scanning line GL, the part of
the light can be prevented from reaching semiconductor
layer SC.

[0095] Specifically, light shielding body SLD and scan-
ning line GL are connected to each other through contact
hole CH made in gate insulating layer GI, so that light
shielding body SLD exists in contact hole CH. That is, a
light shielding wall constructed with light shielding body
SLD is formed in gate insulating layer GI. Consequently, the
light traveling in gate insulating layer GI toward semicon-
ductor layer SC is blocked by the reflection at light shielding
body SLD existing in contact hole CH. As a result, the light
incident on liquid crystal display panel LCP can be pre-
vented from being incident on semiconductor layer SC.
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Thus, the fluctuation of the threshold voltage of thin film
transistor TR due to the light incident on semiconductor
layer SC can be prevented. As a result, the degradation of the
image quality of liquid crystal display panel LCP can be
prevented.

[0096] In liquid crystal display panel LCP of the first
exemplary embodiment, the light shielding body SLD is
located between the end in the width direction of scanning
line GL and semiconductor layer SC in planar view.

[0097] With this configuration, the light incident on liquid
crystal display panel LCP from the side at the end in the
width direction of scanning line GL can effectively be
prevented from being incident on semiconductor layer SC of
thin film transistor TR.

[0098] Inparticular, the side surface at the end in the width
direction of scanning line GL is the inclined surface in liquid
crystal display panel LCP of the present embodiment. The
refractive index of second insulator OPAS is smaller than the
refractive index of first insulator PAS.

[0099] Consequently, part of the light incident on liquid
crystal display panel LCP is totally reflected at the boundary
between first insulator PAS and second insulator OPAS,
which are formed due to the side surface (inclined surface)
at the end in the width direction of scanning line GL, and
travels in gate insulating layer GI toward semiconductor
layer SC. In liquid crystal display panel LCP of the first
exemplary embodiment, light shielding body SLD exists in
contact hole CH made in gate insulating layer GI, so that the
totally-reflected light is blocked by the reflection at light
shielding body SLD existing in contact hole CH. As a result,
the light totally reflected at the inclined boundary between
first insulator PAS and second insulator OPAS can effec-
tively be prevented from being incident on semiconductor
layer SC.

[0100] In the first exemplary embodiment, light shielding
body SLD includes first light shielding unit SLDP1 located
above gate insulating layer GI and second light shielding
unit SLDP2 located in contact hole CH of gate insulating
layer GI.

[0101] With this configuration, second light shielding unit
SLDP2 in contact hole CH serves as a light shielding wall,
so that the light traveling in gate insulating layer GI toward
semiconductor layer SC is reflected and blocked by second
light shielding unit SLDP2. Consequently, the light can
effectively be prevented from being incident on semicon-
ductor layer SC. First light shielding unit SLDP1 serves as
an upper wall covering gate insulating layer GI, so that stray
light can be prevented from leaking in the direction from
gate insulating layer GI toward liquid crystal layer LCL.
Thus, the degradation of the image quality of liquid crystal
display panel LCP can further be prevented.

[0102] In particular, in the first exemplary embodiment,
the outside leading end of first light shielding unit SLDP1 in
the width direction of scanning line GL is located above
scanning line GL.

[0103] With this configuration, the light totally reflected at
the inclined boundary between first insulator PAS and sec-
ond insulator OPAS travels in gate insulating layer GI
between scanning line GL and first light shielding unit
SLDP1 of light shielding body SLD, and the light traveling
in gate insulating layer GI toward semiconductor layer SC
can effectively be shielded by second light shielding unit
SLDP2.
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[0104] In the first exemplary embodiment, the upper wall
surface of first light shielding unit SLDP1 in the width
direction of scanning line GL is longer than the sidewall
surface of second light shielding unit SLDP2.

[0105] With this configuration, the light that is totally
reflected at the inclined boundary between first insulator
PAS and second insulator OPAS to travel in gate insulating
layer GI can be trapped in a space surrounded by the upper
wall surface of first light shielding unit SLDP1 and the
sidewall surface of second light shielding unit SLDP2. This
enables the light totally reflected at the inclined boundary
between first insulator PAS and second insulator OPAS to be
prevented from becoming the stray light to travel in liquid
crystal display panel LCP again. Thus, the degradation of the
image quality of liquid crystal display panel LCP can further
be prevented.

[0106] In the first exemplary embodiment, the inside sur-
face of contact hole CH is the inclined surface.

[0107] With this configuration, the sidewall surface of
second light shielding unit SLDP2 becomes the inclined
surface, so that the light that is totally reflected at the
inclined boundary between first insulator PAS and second
insulator OPAS to travel in gate insulating layer GI can more
efficiently be trapped in the space surrounded by the upper
wall surface of first light shielding unit SLDP1 and the
sidewall surface of second light shielding unit SLDP2.
[0108] In the first exemplary embodiment, a pair of light
shielding bodies SLD is provided, and semiconductor layer
SC is interposed between the pair of light shielding bodies
SLD.

[0109] With this configuration, in the two sides where the
pair of light shielding bodies SL.D are formed in all sides of
semiconductor layer SC, the light traveling toward semi-
conductor layer SC can be shielded by the pair of light
shielding bodies SLD.

[0110] Inthe first exemplary embodiment, the pair of light
shielding bodies SLD is aligned with the width direction of
scanning line GL.

[0111] As described above, because the inclined surface is
easily formed by etching at the end in the width direction of
scanning line GL, the inclined surface is easily formed
between first insulator PAS and second insulator OPAS
above the both ends in the width direction of scanning line
GL. For this reason, at each of both the ends in the width
direction of scanning line GL, part of the light incident from
the back surface of liquid crystal display panel LCP is totally
reflected at the inclined boundary between first insulator
PAS and second insulator OPAS to travel toward semicon-
ductor layer SC. The light that is totally reflected at the
inclined boundary between first insulator PAS and second
insulator OPAS above each of both the ends in the width
direction of scanning line GL to travel toward semiconduc-
tor layer SC can effectively be prevented by arranging the
pair of light shielding bodies SLD in the width direction of
scanning line GL.

[0112] In the first exemplary embodiment, semiconductor
layer SC of thin film transistor TR is made of amorphous
silicon.

[0113] As described above, because amorphous silicon has
a characteristic of absorbing the light, not only the threshold
voltage of thin film transistor TR fluctuates, but also the
off-leakage current increases by the generation of the pho-
toconductive phenomenon when the light is incident on
semiconductor layer SC.
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[0114] On the other hand, as described above, light shield-
ing body SLD is provided in liquid crystal display panel
LCP of the first exemplary embodiment, so that the light
totally reflected at the inclined boundary between first
insulator PAS and second insulator OPAS can be shielded by
light shielding body SLD to prevented the light from being
incident on semiconductor layer SC of thin film transistor
TR. Consequently, not only the fluctuation of the threshold
voltage of thin film transistor TR, but also the increase in
off-leak current due to the generation of the photoconductive
phenomenon can be prevented. As a result, the degradation
of the image quality can effectively be prevented even in
liquid crystal display panel LCP including thin film transis-
tor TR in which the semiconductor layer is made of amor-
phous silicon as the channel layer.

Second Exemplary Embodiment

[0115] Liquid crystal display panel LCP' according to a
second exemplary embodiment will be described below with
reference to FIG. 9. FIG. 9 is a sectional view illustrating
liquid crystal display panel LCP' of the second exemplary
embodiment.

[0116] As illustrated in FIG. 9, liquid crystal display panel
LCP' of the second exemplary embodiment includes first
light shielding body SLD1 and second light shielding body
SLD2 as a guard structure that shields the light traveling
toward semiconductor layer SC of thin film transistor TR.

[0117] First light shielding body SLD1 of the second
exemplary embodiment is the same as light shielding body
SLD of the first exemplary embodiment. That is, liquid
crystal display panel LCP' of the second exemplary embodi-
ment is configured such that second light shielding body
SLD2 is further added to liquid crystal display panel L.CP of
the first exemplary embodiment.

[0118] Second light shielding body SLD2 is formed above
semiconductor layer SC so as to cover semiconductor layer
SC. Specifically, second light shielding body SLD2 is
formed on first insulator PAS. That is, second light shielding
body SL.D2 is formed above semiconductor layer SC while
first insulator PAS covering semiconductor layer SC is
interposed between second light shielding body SLD2 and
semiconductor layer SC.

[0119] In the second exemplary embodiment, second light
shielding body SLD2 covers not only semiconductor layer
SC but also a pair of first light shielding bodies SLD1. That
is, second light shielding body SLD2 is formed from one to
the other of the pair of first light shielding bodies SLD1. As
illustrated in FIG. 9, second light shielding body SLD2 may
overlap a part of the pair of first light shielding bodies SLD1
or a whole of the pair of first light shielding bodies SLD1 in
planar view.

[0120] Similarly to the first exemplary embodiment, first
light shielding body SLD1 shields the light by reflecting the
visible light. However, second light shielding body SLD2
shields light by absorbing the visible light. Specifically,
second light shielding body SLD2 is a light absorbing film
made of a material absorbing the visible light. In the second
exemplary embodiment, second light shielding body SLD2
is made of amorphous silicon.

[0121] In the second exemplary embodiment, interlayer
insulator PAS2 is provided on first insulator PAS so as to
cover second light shielding body SLD2, and second insu-
lator OPAS is formed on interlayer insulator PAS2. Inter-
layer insulator PAS2 is constructed with an inorganic insu-
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lator (for example, 300 nm) made of an inorganic material
such as a silicon nitride film, and can be formed by plasma
CVD. Interlayer insulator PAS2 may not be provided. That
is, second insulator OPAS may directly be laminated on
second light shielding body SLD2.

[0122] As described above, according to liquid crystal
display panel LCP' of the second exemplary embodiment,
similarly to liquid crystal display panel LCP of the first
exemplary embodiment, first light shielding body SLD1
formed in the same layer as at least one of source electrode
S and drain electrode D is formed above scanning line GL
and beside semiconductor layer SC, and connected to scan-
ning line GL through contact hole CH made in gate insu-
lating layer GI.

[0123] With this configuration, the light that is totally
reflected at the inclined boundary between first insulator
PAS and second insulator OPAS to travel in gate insulating
layer GI toward semiconductor layer SC can be shielded by
light shielding body SLD.

[0124] Additionally, in liquid crystal display panel LCP' of
the second exemplary embodiment, second light shielding
body SLD2 is formed so as to cover semiconductor layer
SC.

[0125] With this configuration, the light traveling from
above semiconductor layer SC toward semiconductor layer
SC can be shielded by second light shielding body SLD2.
[0126] As described above, in the second exemplary
embodiment, not only the light traveling from the side of
semiconductor layer SC toward semiconductor layer SC can
be prevented from being incident on semiconductor layer
SC, but also the light traveling from above semiconductor
layer SC toward semiconductor layer SC can be prevented
from being incident on semiconductor layer SC. Thus, in
liquid crystal display panel LCP' of the second exemplary
embodiment, the fluctuation of the threshold voltage of thin
film transistor TR due to the incidence of the light on
semiconductor layer SC can further be prevented as com-
pared with liquid crystal display panel LCP of the first
exemplary embodiment. This can further prevent the deg-
radation of the image quality of liquid crystal display panel
LCP.

[0127] Inthe second exemplary embodiment, second light
shielding body SLD2 is made of amorphous silicon.
[0128] With this configuration, the light traveling from
above semiconductor layer SC toward semiconductor layer
SC can be shielded by absorbing the light using second light
shielding body SLD2. Consequently, the light traveling from
above semiconductor layer SC toward semiconductor layer
SC can be prevented from being reflected or scattered by
second light shielding body SLD2 to travel in liquid crystal
display panel LCP' as the stray light again. Thus, the
degradation of the image quality of liquid crystal display
panel LCP' can further be prevented.

[0129] The material of second light shielding body SLD2
is not limited to amorphous silicon, but may be any light
absorbing film, such as carbon black and color resist, which
absorbs the light. Second light shielding body SLD2 is not
limited to one that absorbs the light, but may be one that
reflects the light similarly to first light shielding body SLD1.

(Modifications)

[0130] The liquid crystal display panel and the liquid
crystal display device of the present disclosure are described
above based on the first and second exemplary embodi-
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ments, but the present disclosure is not limited to the first
and second exemplary embodiments.

[0131] For example, in light shielding body SLD of the
first exemplary embodiment, the outside leading end of first
light shielding unit SLDP1 in the width direction of scan-
ning line GL is located above scanning line GL. However,
the present disclosure is not limited to this configuration. For
example, as illustrated in FIG. 10, first light shielding umt
SLDP1 may extend to a position beyond the end in the width
direction of scanning line GL. That is, the outside leading
end of first light shielding unit SLDP1 in the width direction
of scanning line GI. may exist at a position outside an end
edge in the width direction of scanning line GL. With this
configuration, not only the light that is totally reflected at the
inclined interface between the first insulator PAS and the
second insulator OPAS to travel in gate insulating layer GI,
but also the light traveling in gate insulating layer GI
through other paths can be shielded.

[0132] In the first exemplary embodiment, only two light
shielding bodies SLD are provided so as to be opposed to
each of the sides (in FIG. 3, two long sides of semiconductor
layer SC) in the width direction of scanning line GL in
semiconductor layer SC. However, the present disclosure is
not limited to this configuration. For example, as illustrated
in FIG. 11, light shielding body SLD may be provided so as
to surround semiconductor layer SC in planar view. Spe-
cifically, three light shielding bodies SLD may be provided
by two sides in the column direction of semiconductor layer
SC and one of two sides (in FIG. 11, two short sides of
semiconductor layer SC) in the row direction of semicon-
ductor layer SC. Light shielding body SLD is not formed
while separated into a plurality of pieces, but may be one
light shielding body SLD that is integrally formed so as to
surround semiconductor layer SC as illustrated in FIG. 12.
In FIG. 12, light shielding body SLD has a substantial U
shape in planar view. However, the present disclosure is not
limited to this configuration. In this way, light shielding
body SLD is provided on not only the side in the column
direction of the semiconductor layer SC but also the side in
the row direction, which allows the light going around to the
side in the row direction of the semiconductor layer SC in
the light incident on liquid crystal display panel LCP from
the side at the end in the width direction (column direction)
of scanning line GL to be prevented from being incident on
semiconductor layer SC.

[0133] Inthe above exemplary embodiments, the plurality
of line electrodes PITL in pixel electrode PIT are connected
by two connection electrodes PITC. However, the connec-
tion electrode PITC on the side far from transistor TR in
pixel PIX may not be provided. In this case, pixel electrode
PIT becomes the comb-shaped electrode constructed with
the plurality of line electrodes PITL.

[0134] In the above exemplary embodiments, video signal
line SL is connected to drain electrode D of transistor TR,
and pixel electrode PIT is connected to source electrode S of
transistor TR. However, the present disclosure is not limited
to this configuration. For example, video signal line S, may
be connected to source electrode S of transistor TR, and
pixel electrode PIT may be connected to drain electrode D
of transistor TR.

[0135] Inthe above exemplary embodiments, the plurality
of line electrodes PITL of pixel electrode PIT extend along
the column direction. However, the present disclosure is not
limited to this configuration. That is, a part or all of the
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plurality of line electrodes PITL may extend along the row
direction. In this case, the plurality of line electrodes PITL
are not limited to the case that the plurality of line electrodes
PITL extend in parallel to the row direction, but the plurality
of line electrodes PITL may extend obliquely with respect to
the row direction, or may be bent into a substantial U-shape.
[0136] Those skilled in the art will readily appreciate that
many modifications are possible in the above exemplary
embodiment and variations without materially departing
from the novel teachings and advantages of the present
disclosure. Accordingly, all such modifications are intended
to be included within the scope of the present disclosure.

What is claimed is:

1. A liquid crystal display panel having a plurality of
pixels arranged in a matrix comprising:

a thin film transistor provided in one of the plurality of
pixels and including a gate electrode, a source elec-
trode, a drain electrode, and a semiconductor layer;

a scanning line formed in a layer identical to that of the
gate electrode and electrically connected to the gate
electrode; and

a first light shielding body formed in a layer identical to
that of at least one of the source electrode and the drain
electrode,

wherein the semiconductor layer is formed above the
scanning line with an insulating layer interposed
between the semiconductor layer and the scanning line,

the first light shielding body is located above the scanning
line and beside the semiconductor layer, and

the first light shielding body and the scanning line are
connected to each other through a contact hole made in
the insulating layer.

2. The liquid crystal display panel according to claim 1,
wherein the first light shielding body is located between an
end in a width direction of the scanning line and the
semiconductor layer in planar view.

3. The liquid crystal display panel according to claim 1,
wherein the first light shielding body includes a first light
shielding unit located on the insulating layer and a second
light shielding unit located in the contact hole.

4. The liquid crystal display panel according to claim 3,
wherein an outside leading end of the first light shielding
unit in the width direction of the scanning line is located on
the scanning line in planar view.

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

the first light shielding unit includes an upper wall surface
along a top surface of the insulating layer,

the second light shielding unit includes a sidewall surface
along an inside surface of the contact hole, and

the upper wall surface in the width direction of the
scanning line is longer than the sidewall surface in
sectional view.

6. The liquid crystal display panel according to claim 3,
wherein the inside surface of the contact hole is an inclined
surface.

7. The liquid crystal display panel according to claim 1,
wherein a pair of the first light shielding bodies is provided,
and the semiconductor layer is interposed between the pair
of first light shielding bodies in planar view.

8. The liquid crystal display panel according to claim 7,
wherein the pair of first light shielding bodies is aligned with
the width direction of the scanning line.
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9. The liquid crystal display panel according to claim 1,
wherein the first light shielding body surrounds the semi-
conductor layer in planar view.

10. The liquid crystal display panel according to claim 1,
wherein the side surface at the end in the width direction of
the scanning line is an inclined surface.

11. The liquid crystal display panel according to claim 10,
further comprising: a first insulator covering the first light
shielding body; and a second insulator covering the first
insulator,

wherein a refractive index of the second insulator is

smaller than a refractive index of the first insulator.

12. The liquid crystal display panel according to claim 1,
further comprising a second light shielding body covering
the semiconductor layer.

13. The liquid crystal display panel according to claim 12,
wherein the second light shielding body is made of amor-
phous silicon.

14. The liquid crystal display panel according to claim 1,
wherein the semiconductor layer is made of amorphous
silicon.

May 30, 2019



i (% R A (%)

L4 B 6 18 (5 IR A (i)
RIZ B A

KA

IPCH %S

CPCH¥S

L 5E4X
S\EReERE

BEG®)

R T RER
US20190163025A1 K (AE)B
US16/157942 BRiEA

WMTRBERCO. , LTD.
WTRSEERCO. , LTD.
KAJITA DAISUKE

KAJITA, DAISUKE

GO02F1/1362 G02F1/1368 HO1L27/12 HO1L29/786 GO2F1/1333

patsnap

2019-05-30

2018-10-11

G02F1/136209 G02F1/1368 HO1L27/124 G02F1/136286 H01L29/78633 H01L27/1248 GO2F1/133345
HO1L27/1222 HO1L29/78669 G09G3/3677 G09G3/3688 G02F2202/103

2017229451 2017-11-29 JP

Espacenet  USPTO

—MRELTRER , 2F  BESGE  REEMNN-MRES , H

aiEER , R , RERNELSER FHELTKESTHRERERN

B aERIIMalf - EXaERESRBRMNBBRINED—
MERNESF. ¥SERERERRE LS  SEERAEXSEEN PU
A%zl B XFREVTREZ EANESEREL , F-KXR

A M OB 4B 5 R P TR AR AL B AR LE I,

video cata mage

/PDC
liquid crystal display panel driving circuit SDCE LD

l AP

[processor



https://share-analytics.zhihuiya.com/view/d5b3a3c7-286b-4fd6-98a4-11008bf996ca
https://worldwide.espacenet.com/patent/search/family/066632315/publication/US2019163025A1?q=US2019163025A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190163025%22.PGNR.&OS=DN/20190163025&RS=DN/20190163025

