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(57) ABSTRACT

A method includes a pixel electrode forming process of
forming a pixel electrode formed from a transparent elec-
trode film on a gate insulation film that covers a gate
electrode, a semiconductor film forming process being per-
formed after the pixel electrode forming process and form-
ing a semiconductor film on the gate insulation film such that
a part of the semiconductor film covers the pixel electrode,
an annealing process being performed after the semiconduc-
tor film forming process and processing the semiconductor
film with annealing, and an etching process being performed
after the annealing process and processing the semiconduc-
tor film with etching such that a channel section overlapping
the gate electrode is formed in a same layer as the pixel
electrode. The etching and the annealing performed on one
of the transparent electrode film and the semiconductor film
is less likely to adversely affect another one of the films.

4 Claims, 6 Drawing Sheets
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1
METHOD OF PRODUCING DISPLAY PANEL
BOARD

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2017-175371 filed on Sep. 13, 2017. The
entire contents of the priority application are incorporated
herein by reference.

TECHNICAL FIELD

The technology described herein relates to a method of
producing a display panel board.

BACKGROUND

A display panel board used in a display device described
in Japanese Unexamined Patent Application Publication No.
2011-151194 has been known. Such a display panel board
includes a transparent substrate and films including gate
lines, a gate insulation film, a semiconductor film (a channel
section), a source conductive film (and a drain conductive
film), an insulation film, and a transparent electrode film (a
pixel electrode) that are disposed on the transparent sub-
strate in this order.

In the above configuration, the semiconductor film is
connected to the transparent electrode film via the drain
conductive film. The insulation film is between the trans-
parent electrode film and the drain conductive film. There-
fore, a contact hole is necessary to be formed in the
insulation film to connect the transparent electrode film and
the drain conductive film. If the transparent electrode film
and the semiconductor film are included in the same layer,
the contact hole is not necessary to be formed and the
number of processes can be reduced. However, in the
configuration including the transparent electrode film and
the semiconductor film in the same layer, the etching and the
annealing performed on one of the films may adversely
affect another one of the films.

SUMMARY

The technology described herein was made in view of the
above circumstances and an object is to cause less adverse
influence on another one of a semiconductor film and a
transparent electrode film that are included in a same layer
and one of which is subjected to etching or annealing.

To solve the above problems, a method of producing a
display panel board according to the present technology
includes a pixel electrode forming process of forming a pixel
electrode formed from a transparent electrode film on a gate
insulation film that covers a gate electrode, a semiconductor
film forming process of forming a semiconductor film on the
gate insulation film such that a part of the semiconductor
film covers the pixel electrode, the semiconductor film
forming process being performed after the pixel electrode
forming process, an annealing process of processing the
semiconductor film with annealing, the annealing process
being performed after the semiconductor film forming pro-
cess, and an etching process of processing the semiconduc-
tor film with etching such that a channel section overlapping
the gate electrode is formed in a same layer as the pixel
electrode, the etching process being performed after the
annealing process.
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The channel section (the semiconductor film) and the
pixel electrode (the transparent electrode film) are included
in the same layer. According to such a configuration, the
channel section is connected to the pixel electrode without
using any contact hole and the number of processes for
forming the contact hole is reduced. In the annealing pro-
cess, the semiconductor film is processed with the annealing
and the semiconductor film is stabilized. In the annealing
process, the pixel electrode is covered with the semicon-
ductor film. According to such a configuration, the pixel
electrode is less likely to be provided with oxygen and white
turbidity or powdering of the pixel electrode is less likely to
be caused. Since the pixel electrode is heated in the anneal-
ing process, another heating process for crystalizing the
pixel electrode is not necessary to be performed separately
and the number of processes can be reduced. In a configu-
ration including the semiconductor film (the channel sec-
tion) and the transparent electrode film (the pixel electrode)
in the same layer, the treatment performed on one of the
semiconductor film and the transparent electrode film are
less likely to adversely affect another one of the films.

According to the technology described herein, in a con-
figuration including a semiconductor film and a transparent
electrode film in a same layer, the etching and the annealing
performed on one of the semiconductor film and the trans-
parent electrode film are less likely to adversely affect
another one of the films.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view illustrating a liquid crystal
display device according to one embodiment taken along a
cutting line in a longitudinal direction thereof (a Y-axis
direction).

FIG. 2 is a cross-sectional view illustrating an array
board.

FIG. 3 is a cross-sectional view illustrating a board in a
pixel electrode forming process.

FIG. 4 is a cross-sectional view illustrating a board in a
semiconductor film forming process.

FIG. 5 is a cross-sectional view illustrating a board in a
resist forming process.

FIG. 6 is a cross-sectional view illustrating a board in an
etching process.

DETAILED DESCRIPTION

One embodiment according to the technology described
herein will be described with reference to FIGS. 1 to 6. As
illustrated in FIG. 1, a liquid crystal display device 10
includes a liquid crystal panel 11 (a display panel), a driver
17 (a panel driving portion) that drives the liquid crystal
panel 11, a control circuit board 12 (an external signal
supply source) that supplies various kinds of input signals to
the driver 17, a flexible printed board 13 (an external
connecting component) that electrically connects the liquid
crystal panel 11 and the external control circuit board 12,
and a backlight device 14 (a lighting device) that is an
external light source and supplies light to the liquid crystal
panel 11. As illustrated in FIG. 1, the backlight device 14
includes a chassis 18, light sources (e.g., cold cathode
fluorescent tubes, LEDs, organic ELs), and an optical mem-
ber. The chassis 18 has a box-like shape with an opening on
the front (on a liquid crystal panel 11 side). The light
sources, which are not illustrated, are disposed inside the
chassis 18. The optical member, which is not illustrated, is
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arranged so as to cover the opening of the chassis 18. The
optical member has a function to convert light from the light
sources into planar light.

As illustrated in FIG. 1, the liquid crystal display device
10 further includes a pair of exterior components 15 and 16
that are front and rear components used in a pair to hold the
liquid crystal panel 11 and the backlight device 14 that are
attached together. The exterior component 15 on the front
has an opening 19 through which images displayed in a
display section Al of the liquid crystal panel 11 are viewed
from the outside. The liquid crystal display device 10 may
be used in various kinds of electronic devices (not illus-
trated) such as mobile phones (including smartphones),
notebook computers (including tablet computers), wearable
terminals (including smart watches), handheld terminals
(including electronic books and PDAs), portable video game
players, and digital photo frames.

As illustrated in FIG. 1, the liquid crystal panel 11
includes a pair of substrates 21 and 30, a liquid crystal layer
23 (a medium layer) between the substrates 21 and 30, and
a sealing member 24 that is between the substrates 21 and
30. The liquid crystal layer 23 includes liquid crystal mol-
ecules having optical characteristics that vary according to
application of electric field. The sealing member 24 sur-
rounds and seal the liquid crystal layer 23. One of the
substrates 21 and 30 on the front (a front surface side, an
upper side in FIG. 1) is a CF board 21 (a counter substrate)
and one on the rear (on a back surface side) is an array board
30 (an active matrix substrate, a component-side substrate).
The liquid crystal molecules included in the liquid crystal
layer 23 are aligned about horizontally. However, it is not
limited thereto. Polarizing plates, which are not illustrated,
are attached to outer surfaces of the substrates 21 and 30,
respectively.

The CF board 21 includes color filters, an overcoat film,
and an alignment film (not illustrated) that are disposed in
layers on an inner surface (a surface opposite the liquid
crystal layer 23) of a glass substrate (not illustrated). The
color filters include color portions (not illustrated) of three
colors including red (R), green (G), and blue (B), and the
color portions are arranged in a matrix. Each of the color
portions is opposite each of the pixels on the array board 30.

As illustrated in FIG. 2, the array board 30 (a display
panel board) includes various kinds of films in layers on an
inner surface of the glass substrate 31 with the photolithog-
raphy method. The array board 30 includes thin film tran-
sistors (TFTs) 32, which are switching components, and
pixel electrodes 33 in the display section Al of the inner
surface thereof (a surface opposite the liquid crystal layer
23, an upper side in FIG. 2). The TFTs 32 and the pixel
electrodes 33 are arranged in a matrix (in column and rows).
Gate lines and source lines, which are not illustrated, are
routed in a matrix around the TFTs 32 and the pixel
electrodes 33.

Each TFT 32 includes a gate electrode 34, a source
electrode 35, a drain electrode 36, and a channel section 37.
The gate electrode 34 is connected to the gate line and the
source electrode 35 is connected to the source line. The
channel section 37 is overlapped with the gate electrode 34
and the gate insulation film 38 is between the channel
section 37 and the gate electrode 34. The channel section 37
bridges the source electrode 35 and the drain electrode 36
and the pixel electrode 33 is included in the layer same as the
channel section 37 (on the gate insulation film 38). The TFTs
32 are driven based on various kinds of signals supplied to
the gate line and the source line and supply of a potential to
each of the pixel electrodes 33 is controlled according to the

10

15

20

25

30

35

40

45

50

55

60

65

4

driving. The gate electrodes 34, the source electrodes 35,
and the drain electrodes 36 are formed from, for example,
multilayered film including titanium (Ti) and copper (Cuw).
However, it is not limited thereto.

A common electrode 39 is disposed on a front side of the
pixel electrodes 33 on the array board 30. An interlayer
insulation film 40 is between the pixel electrode 33 and the
common electrode 39. The gate insulation film 38 and the
interlayer insulation film 40 are included in a multilayer film
including silicon oxide (SiO,) and silicon nitride (SiN,).
However, it is not limited thereto. The common electrode 39
includes slits (not illustrated). When a potential difference
appears between the pixel electrode 33 and the common
electrode 39 that are overlapped with each other according
to charging of the pixel electrode 33, a fringe field (an
oblique field) including a component in a direction normal
to a plate surface of the array board 30 is generated between
a slit opening edge of the common electrode 39 and the pixel
electrode 33 in addition to a component in a direction along
the plate surface of the array board 30. Therefore, alignment
of the liquid crystal molecules included in the liquid crystal
layer 23 can be controlled using the fringe field. Namely, the
liquid crystal panel 11 of this embodiment includes an FFS
(fringe filed switching) mode as an operation mode.

Next, a method of producing the liquid crystal panel 11
will be described. The liquid crystal panel 11 is produced by
producing the CF board 21 and the array board 30, respec-
tively, and then bonding the CF board 21 and the array board
30 together. A method of producing the array board 30 at
least includes a gate conductive film forming process of
forming the gate electrode 34 and the gate lines, a gate
insulation film forming process of forming the gate insula-
tion film 38, a pixel electrode forming process of forming
the pixel electrode 33, a channel section forming process of
forming the channel section 37, a source and drain forming
process of forming the source electrode 35, the source lines,
the drain electrode 36, and the interlayer insulation film 40,
and a common electrode forming process of forming the
common electrode 39.

In each of the above processes, a thin film pattern is
formed with the photolithography method. Specifically, each
of the above processes includes a film forming process, a
resist forming process, and an etching process. In the film
forming process, a thin film that is a base for the thin film
pattern is formed. In the resist forming process, the resist is
subjected to an exposure treatment and a developing treat-
ment such that a resist pattern corresponding with the thin
film pattern is formed. In the etching process, the film having
the resist pattern as a mask is subjected to the etching and the
thin film pattern is formed. In the film forming process,
according to a type of the thin film, a method of film forming
is properly used such as the plasma CVD method, the
sputtering method, and the vacuum vapor deposition
method. In the etching process, according to a type of the
thin film to be subjected to the etching, the wet etching or the
dry etching is property performed.

Different photomasks are used for forming the thin film
patterns for the gate, the pixel electrode 33, the channel
section 37, the source and drain, the interlayer insulation
film 40, and the common electrode 39 on the array board 30.
The array board 30 of this embodiment includes no flatten-
ing film and accordingly, the number of the photomasks is
reduced. With the configuration without including a flatten-
ing film, the distance between the common electrode 39 and
the source (and the drain) is small and parasitic capacitance
is likely to be greater. Therefore, the interlayer insulation
film 40 has a thickness that is from twice to triple of normal
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thickness (for example, 400 nm to 800 nm) so that the
parasitic capacitance between the common electrode 39 and
the source (and the drain) can be small and shadowing is less
likely to be caused.

In the following description, among the processes, the
pixel electrode forming process and the channel section
forming process will be mainly described. In the pixel
electrode forming process, after the transparent electrode
film is formed on the gate insulation film 38, a resist (a
photoresist) is formed on the transparent electrode film and
the resist is subjected to exposure through a certain photo-
mask and the exposed resist is developed and thus a resist
pattern with patterning is formed. The transparent electrode
film is subjected to etching with the resist pattern being used
as the mask and the pixel electrode 33 is formed as illus-
trated in FIG. 3. Then, the resist pattern on the pixel
electrode 33 is removed. For example, indium tin oxide
(ITO) is used as the transparent electrode film of the pixel
electrode 33 and wet etching using oxalic acid is performed
as the etching treatment.

The channel section forming process includes a semicon-
ductor film forming process, an annealing process, a resist
forming process, and an etching process. As illustrated in
FIG. 4, in the semiconductor film forming process, a semi-
conductor film 42 that is a base for the channel section 37 is
formed on the gate insulation film 38. The semiconductor
film 42 is formed on the gate insulation film 38 such that a
part thereof covers the pixel electrode 33. In the annealing
process, the annealing treatment is performed on the semi-
conductor film 42 by heating. The annealing treatment is
performed at a temperature from 350° C. to 450° C. for a
certain period (for example, from 20 minutes to 60 minutes)
in an O, atmosphere (DRY air). The annealing treatment is
a heating treatment for improving mobility (lowering resis-
tance) or stabilizing characteristics. In the annealing process,
the pixel electrode 33 that is covered with the semiconductor
film 42 is heated and crystalized.

In the resist forming process, the resist (a photoresist) is
disposed on the semiconductor film 42 and is exposed
through a certain photomask. Then, the exposed resist is
developed and the resist pattern 43 is formed with patterning
as illustrated in FIG. 5. In the etching process, the semicon-
ductor film 42 is processed with etching with the resist
pattern 43 being used as a mask so that the channel section
37 is formed in the same layer as the pixel electrode 33 as
illustrated in FIG. 6. Then, the resist pattern 43 is removed.
Oxide semiconductors (In—Ga—Z7n—O semiconductors)
containing indium (In), gallium (Ga), and zinc (Zn) is used
as the semiconductor film 42 and in such a configuration,
wet etching is performed using etchant of a PAN type
including phosphoric acid, nitric acid, and acetic acid that
are mixed.

In the source and drain forming process (the drain form-
ing process) that is performed after the channel section
forming process, a conductive film for forming the source
and the drain is formed and the conductive film is processed
with etching with using the resist pattern as a mask and a thin
film pattern for the source and the drain is formed. As
illustrated in FIG. 2, in the source and drain forming process,
the drain electrode 36 and the drain line 41 (the drain
conductive film) are disposed for connecting the channel
section 37 and the pixel electrode 33. If the conductive film
forming the source and drain is a multilayer film including
titanium (T1) and copper (Cu), the thin film pattern of copper
is formed with wet etching and the thin film pattern of
titanium is formed with dry etching.
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The In—Ga—7n—O0 semiconductor is ternary oxide of
indium (In), gallium (Ga), and zinc (Zn). A ratio (compo-
sition ratio) of indium (In), gallium (Ga), and zinc (Zn) is not
limited and may be In:Ga:Zn=2:2:1, In:Ga:Zn=1:1:1, or
In:Ga:Zn=1:1:2, for example. In this embodiment, the In—
Ga—Zn—0O semiconductor contains In, Ga, and Zn at a
ratio of 1:1:1. The oxide semiconductor (the In—Ga—
Zn—O0 semiconductor) may be amorphous or may be pref-
erably crystalline. The crystalline oxide semiconductor may
be preferably a crystalline In—Ga—Zn—0 semiconductor
having c-axis oriented vertical to a layer surface. A crystal-
line structure of such an oxide semiconductor (In—Ga—
Zn—O0 semiconductor) is disclosed in JPA 2012-134475, for
example. The entire contents of JPA 2012-134475 are incor-
porated herein by reference.

Next, effects of this embodiment will be described. In this
embodiment, the channel section 37 (the semiconductor
film) and the pixel electrode 33 (the transparent electrode
film) are included in the same layer. According to such a
configuration, the channel section 37 is connected to the
pixel electrode 33 without using any contact hole and the
number of processes for forming the contact hole is reduced.
In the annealing process, the semiconductor film 42 is
processed with the annealing and the resistance of the
semiconductor film 42 is lowered. In the annealing process,
the pixel electrode 33 is covered with the semiconductor
film 42. According to such a configuration, the pixel elec-
trode 33 is less likely to be provided with oxygen and white
turbidity or powdering of the pixel electrode 33 is less likely
to be caused. In the annealing process, the pixel electrode 33
and the semiconductor film 42 are heated together and
crystalized. Therefore, when the semiconductor film 42 is
processed with etching in the etching process, the pixel
electrode 33 is less likely to be processed with etching. Since
the pixel electrode 33 is heated in the annealing process,
another heating process for crystalizing the pixel electrode
33 is not necessary to be performed separately and the
number of processes can be reduced.

The transparent electrode film of the pixel electrode 33 is
indium tin oxide (ITO) and the semiconductor film 42 is an
oxide semiconductor containing indium (In), gallium (Ga),
zine (Zn), and oxygen (O). ITO and the oxide semiconductor
containing indium (In), gallium (Ga), zinc (Zn), and oxygen
(O) have a similar composition. Therefore, the method of
etching used in the etching of the semiconductor film 42 is
usually preferable for etching the pixel electrode 33. For
example, the etchant of a PAN type has a property capable
of etching the semiconductor film 42 and the pixel electrode
33. In this embodiment, since the semiconductor film 42 is
processed with etching after the pixel electrode 33 is crys-
talized, the pixel electrode 33 is less likely to be affected by
etching even if the pixel electrode 33 and the semiconductor
film 42 have a similar composition. Therefore, the present
embodiment is preferable.

In the annealing process, the annealing is performed at the
temperature of from 350° C. to 450° C. By performing the
annealing process under the above temperature range, the
semiconductor film 42 is further stabilized and reliability of
the TFTs 32 can be improved (the property of the TFTs is
stabilized).

The drain forming process of forming the drain electrode
36 and the drain line 41 that connect the channel section 37
and the pixel electrode 33 is included. The drain forming
process is performed after the etching process. The channel
section 37 and the pixel electrode 33 are included in the
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same layer and according to such a configuration, the drain
line 41 is connected to the pixel electrode 33 without using
a contact hole.

Other Embodiments

The technology disclosed herein is not limited to the
embodiments, which have been described using the forego-
ing descriptions and the drawings. For example, embodi-
ments described below are also included in the technical
scope.

(1) The above embodiment may be configured such that
the common electrode 39 maybe divided into multiple
electrodes and each of the electrodes may function as a touch
sensor (a configuration of an in-cell type). In such a con-
figuration of the in-cell type, lines for touch sensors may be
formed at the same time of forming the source and the drain
by using the conductive film for the source and the drain.
Therefore, the lines for the touch sensors are formed without
increasing the number of photomasks.

(2) The material of the semiconductor film 42 is not
limited to those described in the above embodiment section
and may be altered as appropriate. For example, amorphous
silicon may be used as the semiconductor film 42. The TFTs
including the In—Ga—7n—O semiconductors have higher
mobility compared to TFTs including amorphous silicon and
can be reduced in size and preferable.

(3) The material of the pixel electrode 33 is not limited to
those described in the above embodiment section and may
be altered as appropriate. For example, Zinc Oxide (ZnO)
may be used as the pixel electrode 33.

(4) The conditions for the annealing (such as the atmo-
sphere, the temperature, and the time) are not limited to
those described in the above embodiment section and may
be altered as appropriate according to the material of the
semiconductor film 42.

(5) In the above embodiment, another interlayer insula-
tion film may be disposed on the interlayer insulation film
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40. According to such a configuration, a parasitic capaci-
tance between the common electrode 39 and the source (and
the drain) can be controlled.

The invention claimed is:

1. A method of producing a display panel board compris-
ing:

a pixel electrode forming process of forming a pixel
electrode formed from a transparent electrode film on a
gate insulation film that covers a gate electrode;

a semiconductor film forming process of forming a semi-
conductor film on the gate insulation film such that a
part of the semiconductor film covers the pixel elec-
trode, the semiconductor film forming process being
performed after the pixel electrode forming process;

an annealing process of processing the semiconductor
film with annealing, the annealing process being per-
formed after the semiconductor film forming process;
and

an etching process of processing the semiconductor film
with etching such that a channel section overlapping
the gate electrode is formed in a same layer as the pixel
electrode, the etching process being performed after the
annealing process.

2. The method according to claim 1, wherein

the transparent electrode film is formed from indium tin
oxide (ITO), and

the semiconductor film is formed from an oxide semicon-
ductor containing indium (In), gallium (Ga), zinc (Zn),
and oxygen (O).

3. The method according to claim 2, wherein in the
annealing process, the annealing treatment is performed at a
temperature from 350° C. to 450° C.

4. The method according to claim 1, further comprising a
drain forming process of forming a drain electrode and a
drain line that connect the channel section and the pixel
electrode, the drain forming process being performed after
the etching process.



