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present invention includes the steps of (i) forming an elec-
trode formation area in which a source electrode and a drain
electrode are formed by applying a droplet of an electrode raw
material, (ii) applying the droplet of the electrode raw mate-
rial on drop-on positions located off a forming area of a
semiconductor layer and in the electrode formation area, and
(i11) forming the source electrode and the drain electrode in
the electrode formation area. With this arrangement, it is
possible to surely prevent adherence of a splash droplet on a
channel section between each electrode, in forming the
source electrode and the drain electrode by applying the drop-
let of the electrode raw material.
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FIG. 5 (a)
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FIG. 6 (2a) (SEMICONDUCTOR LAYER FORMATION)

NANANANA VAN VN A AN N N N 7615
V 7 7 77 7 7 77 7 7 7 7 7 7 64

AR TR AR R S RN
LT T Y R Y A
66 14 _

13
FIG. 6 (b) 67

N N AN AN NN NN NN NSNS S S NN S_65
L L LT 7777777 64

YAV eY.
RS NE S AR SRR

Ll B

13 66 14

FIG. 6 (c) —87

7 ,\,68}1 6

ASASIONNSSONNNNNN RS NNN Y 15
L L LT YT T TN S S e
13 66 14 |

FIG. 6 (d) 89116

Z
SR ANGIONIN NIRRT 15
L LB Y 2T T T 2
FIG 6 (81)3(CROSSGS?ECTION TAKEN ON LINETCZL_C)

e
C
-
e S
66 66 " "-- -I
i’_ R _ 16
13- f T e i~
C




Patent Application Publication Jun. 5,2008 Sheet 7 of 17 US 2008/0129910 A1

FIG.7
13(66)
N )
i
10um
10um
18
w
FIG. 8
22
' 13(66)
N
91a
93

92a




Patent Application Publication Jun. 5,2008 Sheet 8 of 17 US 2008/0129910 A1

FIG. 9 (a) (SEMICONDUCTOR LAYER FORMATION)
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FIG. 10 (a)
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FIG. 16 (a)
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THIN FILM TRANSISTOR, LIQUID CRYSTAL
DISPLAY APPARATUS, MANUFACTURING
METHOD OF THIN FILM TRANSISTOR, AND
MANUFACTURING METHOD OF LIQUID
CRYSTAL DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a Division of Ser. No. 10/524,
465, filed on Feb, 15, 2005, the entire contents of which are
hereby incorporated by reference and for which priority is
claimed under 35,U.S.C. § 120.

TECHNICAL FIELD

[0002] The present invention relates to a manufacturing
method of a thin film transistor, and to a manufacturing
method of a liquid crystal display apparatus.

BACKGROUND ART

[0003] Recently suggested is an art of forming wires by an
ink jet method, not by using photolithography. In this art, for
example, as disclosed in Japanese Publication of Unexam-
ined Patent Application, Tokukaihei, No. 11-204529 (pub-
lished Jul. 30, 1999), a substrate has an affinity area having
affinity for a raw material of wires, and a non-affinity area
having no affinity for the raw material of the wires, and the
wires are formed by applying (adhering) droplets of the raw
material of the wires onto the affinity area on the substrate by
the ink jet method (hereinafter, the term “applying” includes
meaning of “dropping” and “jetting”).

[0004] Note that Japanese Publication of Unexamined
Patent Application, Tokukaihei, No. 11-204529 corresponds
to US Patent Publication No. 2003/0003231 Al.

[0005] Moreover, Japanese Publication of Unexamined
Patent Application, Tokukai, No. 2000-353594 (published on
Dec. 19, 2000) discloses an art of similarly forming wires by
the ink jet method, in which banks are formed on both sides of
a wire formation area so as to prevent a raw material of the
wire from overflowing out of the wire formation area, upper
parts of the banks having non-affinity for liquid (dewetting
property), and the wire formation area having wetting prop-
erty.

[0006] Note that Japanese Publication of Unexamined
Patent Application, Tokukai, No. 2000-353594 corresponds
to European Patent Application, No. EP 0989778 Al.

[0007] Moreover, disclosed in SID 01 Digest, pages 40 to
43, 6.1: Invited Paper: “All-Polymer Thin Film Transistors
Fabricated by High-Resolution Ink-jet Printing” (written by
Takeo KAWASE, et al.) is an art in which a TFT is formed by
using only an organic raw material by using an ink jet method.
[0008] Inthis art, after a strip made of polyimide is formed
in a channel section of the TFT by photolithography, a raw
material of electrodes (electrode raw material) made of a
conductive polymer is printed on both sides of the channel
section by using an ink jet printer. Because the strip made of
polyimide has dewetting property, source and drain elec-
trodes are formed respectively on the both sides of channel
section, with no electrode raw material covering the strip.
[0009] The following explains a problem to be solved in the
present invention.

[0010] When the arts of forming wires and the like by the
ink jet method are adopted in manufacturing of a thin film
transistor, a number of masks to need is reduced, and thus a
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number of steps in manufacturing process is reduced, com-
pared with a case where the photolithography is used. More-
over, because a large-scale processing apparatus for forming
the wire and the like is no longer necessary, cost of equipment
is lowered. Those lead to cost-down.

[0011] Therefore, it is advantageous to adopt, in manufac-
turing of the thin film transistor, the art of forming the wire
and the like by the ink jet method, because of the benefits
given by the use of the art.

[0012] However, in case where simply the ink jet method is
used to form the source or drain electrode of the thin film
transistor by dropping (applying) droplets of the raw material
of the electrodes in an area in which the source or drain
electrode is to be formed, there is a possibility that a droplet
(splash droplet) splashed in jetting may adhere on the channel
section in the thin film transistor and remain thereon.

[0013] Inthis case, leakage may occur between the source
and drain electrodes due to the slash droplet adhered on the
channel section, or the splash droplet may work as a mask in
processing an n+ layer so that the n+ layer is remained so as
to allow a leak current to flow between the source and drain
electrodes, thereby failing to obtain desired TFT characteris-
tics.

DISCLOSURE OF INVENTION

[0014] Thepresentinvention, which is to solve the forgoing
problems, has a main object to provide a thin film transistor
having an electrode arrangement in which a splash droplet of
an electrode raw material will not be adhered on a channel
section of the thin film transistor, and a manufacturing
method of the same.

[0015] In order to solve the forgoing object, a thin film
transistor of the present invention is provided with (i) a semi-
conductor layer, which faces a gate electrode via a gate insu-
lation layer, (i) a source electrode and a drain electrode,
which are electrically connected with the semiconductor
layer, and (iii) a channel section between the source electrode
and the drain electrode, wherein the source electrode and the
drain electrode are formed by applying a droplet of an elec-
trode raw material, and have a branch section at branching-off
parts thereof located off a forming area of the semiconductor
layer, the branch section including a plurality of branch elec-
trodes, at least part of which are in a forming area of the
semiconductor layer. the branch electrodes of the source elec-
trode and the branch electrodes of the drain electrode being
alternately arrayed.

[0016] With the above arrangement, in which the branch-
ing-off parts of the branch electrode section of the source
electrode and the drain electrode are located off the forming
area of the semiconductor layer (an area in which the semi-
conductor layer is located), it is possible to have the drop-on
positions at the branching-off parts located off the forming
area of the semiconductor layer, in case the source electrode
and the drain electrode having the branch electrode section
are formed.

[0017] With this arrangement, in forming the source elec-
trode and the drain electrode, it is possible to prevent the
adherence of the splash droplet on the channel section
between the electrodes. Therefore, it is possible to avoid
failure in obtaining desired TFT characteristics by a leak
current between the source and drain electrodes due to
remained n+ layer that is remained because the splash droplet
works as a mask.
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[0018] Moreover, the wide channel section is formed
between each of the branch electrodes that are alternately
arrayed. Thus, this arrangement is effective for a case where
a charge transfer is large such as a case where a large number
of pixels are to be driven.

[0019] A liquid crystal display apparatus of the present
invention is so arranged as to include the thin film transistor of
the present invention.

[0020] A manufacturing method of a thin film transistor of
the present invention, the thin film transistor including (i) a
semiconductor layer on a gate electrode, (ii) a gate insulation
layer between the semiconductorlayer and the gate electrode,
(iii) a source electrode and a drain electrode on the semicon-
ductor layer, and (iv) a channel section between the source
electrode and the drain electrode, the manufacturing method
includes the steps of: preprocessing so as to form an electrode
formation area in which the source electrode and the drain
electrode are formed, after a step of forming the semiconduc-
tor layer; and applying a droplet of an electrode raw material
on a drop-on position located in the electrode formation area,
so as to form the source electrode and the drain electrode
respectively in the electrode formation area, the drop-on posi-
tions being off a forming area of the semiconductor layer.
[0021] With the above arrangement, in which the source
electrode and the drain electrode are formed by applying a
droplet on the drop-on positions which are located in the
electrode formation area and located off the forming area of
the semiconductor layer, it is possible to prevent the adher-
ence of the splash droplet on the channel section between the
electrodes. Therefore, it is possible to avoid failure in obtain-
ing desired TFT characteristics by a leak current between the
source and drain electrodes due to remained n+ layer that is
remained because the splash droplet works as a mask.
[0022] A manufacturing method of a liquid crystal display
apparatus of the present invention includes the manufacturing
method of the thin film transistor of the present invention.
[0023] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the ensu-
ing detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1is a plan view illustrating an arrangement of
aTFT section of a TFT array substrate of one embodiment of
the present invention.

[0025] FIG.2(a)isaplanview schematically illustrating an
arrangement of one pixel in the TFT array substrate in a liquid
crystal display apparatus of the embodiment of the present
invention, while FIG. 2(5) is a cross sectional view taken on
line A-A of FIG. 2(a).

[0026] FIG. 3 a schematic perspective view illustrating a
pattern formation apparatus of an ink jet method for use in
manufacturing the liquid crystal display apparatus of the
embodiment of the present invention.

[0027] FIG. 4 is a flow chart illustrating manufacturing
steps of the TFT array substrate shown in FIGS. 2(a) and 2().
[0028] FIG. 5(a) is a plan view of the TFT array substrate,
the plan view explaining a gate preprocessing step shown in
FIG. 3. FIG. 5(b) is a plan view of the TFT array substrate, the
plan view explaining a droplet-applying gate wire formation
step shown in FIG. 3. Further, FIG. 5(c) is a cross sectional
view taken on line B-B of FIG. 5(b).

[0029] FIGS. 6(a) to 6(c) are cross sectional views of part
corresponding to a cross section taken on line B-B of FIG.
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5(b). FIG. 6(a) illustrates a gate insulating layer formation/
semiconductor layer formation step shown in FIG. 4. FIG.
6(b) illustrates a state after a photolithography step is com-
pleted after a step of forming a gate insulation layer and a
semiconductor layer in the semiconductor layer formation
step shown in F1G. 4. FIG. 6(c) illustrates a step of etching an
a-Si film formation layer and an n+ film formation layer in the
semiconductor layer formation step. FIG. 6(d) is a cross sec-
tional view taken on line C-C of FIG. 6(e), the FIG. 6(d)
illustrating a step of removing a resist in the semiconductor
layer formation step. F1G. 6(e)is a plan view of'the TFT array
substrate that has been subjected to the semiconductor layer
formation step.

[0030] FIG. 7 is a plan view showing sizes of parts of the
TFT section shown in FIG. 1, and allowance range with
respect to a desired drop-on position.

[0031] FIG. 8is a plan view illustrating an arrangement of
a TFT section of a TFT array substrate of another embodi-
ment of the present invention.

[0032] FIGS. 9(a) to 9(c) are cross sectional views of part
corresponding to a cross section taken on line B-B of FIG.
5(b). FIG. 9(a) illustrates a gate insulation layer formation/
semiconductor layer formation step, shown in FIG. 4, for a
case where the TFT array substrate having the TFT section
shown in FIG. 8. FIG. 9(b) illustrates a state after a photoli-
thography step is completed after a step of forming a gate
insulation layer and a semiconductor layer in the semicon-
ductor layer formation step shown in FIG. 4. F1G. 9(c) illus-
trates a step of etching an a-Si layer and an n+ layer in the
semiconductor layer formation step. FIG. 9(d) is a cross sec-
tional view taken on line D-D of FIG. 9(e), the FIG. 9(d)
illustrating a step of removing a resist in the semiconductor
layer formation step. F1G. 9(e) is a plan view of the TF T array
substrate that has been subjected to the semiconductor layer
formation step.

[0033] FIG. 10(a) is a plan view illustrating the TFT section
of the TFT array substrate of still another embodiment of the
present invention. FIG. 10() is a cross sectional view illus-
trating part corresponding a cross section taken on line E-E of
FIG. 10(a), FIG. 10(b) showing the part before a source
electrode and a drain electrode are formed.

[0034] FIG. 11 is a plan view illustrating an arrangement of
the TFT section of the TFT array substrate of yet another
embodiment of the present invention.

[0035] FIGS.12(a)to 12(d) are explanation views illustrat-
ing a step of forming a wetting pattern in a dewetting area, by
wetting process of the substrate by using a photocatalyst.
[0036] FIG. 13 is a plan view showing a condition in which
a splashed droplet of an electrode raw material remains on
part of the channel section of the source electrode.

[0037] FIGS. 14(a) to 14(d) are schematic cross sectional
views illustrating steps in production process of the channel
section ofthe TFT section. FIGS. 14(e) to 14(g) are schematic
cross sectional views, taken on line E-E' of FIG. 13, illustrat-
ing steps in production process of the channel section for a
case where the splash droplet of the electrode raw material
remains on the channel section.

[0038] FIG. 15 is a plan view illustrating a condition in
which a splash droplet of the electrode raw material remains
and covers the channel section between the source electrode
and the drain electrode.

[0039] FIG. 16(a) is aplan view illustrating an arrangement
in which a leak current hardly occurs between a source elec-
trode and a drain electrode, in case a shape of the semicon-
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ductor layer is protruded out of a gate electrode area of the
TFT section. F1G.16(b) is a cross sectional view taken on line
G-G' of FIG. 16(a).

[0040] FIG.17(a)is a plan view illustrating an arrangement
in which a leak current easily occurs between a source elec-
trode and a drain electrode, in case a shape of the semicon-
ductor layer is protruded out of the gate electrode area of the
TFT section. F1G.17(b) is a cross sectional view taken on line
H-H' of FIG. 17(a).

[0041] FIG. 18 isa flow chart showing a manufacturing step
of a TFT array substrate having a top gate structure.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0042] An embodiment of the present invention is
described below, referring to accompanying drawings.
[0043] A liquid crystal display apparatus of the embodi-
ment of the present invention is provided with pixels shown in
FIG. 2(a). Note that FIG. 2(a) is a plan view schematically
illustrating an arrangement of one pixel in a TFT array sub-
strate of a liquid crystal display apparatus. Moreover, a cross
sectional view taken on line A-A of FIG. 2(a) is illustrated in
FIG. 2(b).

[0044] As shown in FIGS. 2(a) and 2(d), in a TFT array
substrate 11, gate electrodes 13 (gate wires) and source elec-
trodes 17 (source wires) are provided in matrix on a glass
substrate 12. Respectively between adjacent gate electrodes
13 (gate wires), storage capacitance electrodes 14 (storage
capacitance wire) are provided.

[0045] Between a position of TFT section 22 and a position
of astorage capacitance section 23, the TFT array substrate 11
is, as shown in FIG. 2(b), provided with one gate electrode 13
and one storage capacitance electrode 14, on the glass sub-
strate 12.

[0046] Formed on the gate electrode 13 is a semiconductor
layer 16 including an a-Si layer. Between the gate electrode
13 and the semiconductor layer 16, the gate insulation layer
15 is sandwiched. Each one end section (end) of a source
electrode 17 and a drain electrode 18 is formed on the semi-
conductor layer 16. Each another end of the drain electrode 18
is on a position above the storage capacitance electrode 14,
the position and the storage capacitance electrode 14 sand-
wiching the gate insulation layer 15. At the position, a contact
hole 24 is formed. A protective layer 19 is formed on the
source electrode 17 and the drain electrode 18. On the pro-
tective layer 19, a photosensitive acrylic resin layer 20 and a
pixel electrode 21 are formed in this order.

[0047] Thearrangement of the TFT section 22 is called as a
bottom gate structure. The present invention is not limited to
the bottom gate structure, and is also applicable to a top gate
structure in which a gate electrode 13 is formed above the
semiconductor layer 16 so that a gate insulating layer 15 is
sandwiched between the semiconductor layer 16 and the gate
electrode 13.

[0048] Therefore, in the TFT section 22 of the present
invention, the semiconductor layer 16 is formed, which faces
the gate electrode 13 via the gate insulation layer 15, and the
source electrode 17 and the drain electrode 18, which are
electrically connected with the semiconductor layer 16, are
formed.

[0049] In the present embodiment, the TFT array substrate
11 is manufactured, for example, by an ink jet method, by
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using a pattern formation apparatus for jetting or dropping
raw materials of the layer to be formed. The pattern formation
apparatus is, as shown in FIG. 3, provided with a table 32, an
ink jet head 33, an X-direction driving section 34, and a
Y-direction driving section 35. The table 32 is for placing
thereon a substrate 31 (corresponding to the glass substrate
12). The ink jet head 33 is droplet jetting means for jetting
onto the substrate 31 on the table 32, for example, flowable
ink (droplets or flowable raw material) containing a wire raw
material. The X-direction driving section 34 and the Y-direc-
tion driving section 35 respectively move the ink jet head 33
in an X direction and a 'Y direction.

[0050] Note that the X and Y directions are directions
respectively in parallel to the X axis and the Y axis of two
dimensional X-Y coordinate on a plane of the substrate 31.
[0051] Moreover, the pattern formation apparatus is pro-
vided with an ink supplying system 36, and a control unit 37.
The ink supplying system 36 supplies the ink to the ink jet
head 33, whereas the control unit 37 performs various con-
trols such as jetting control of the ink jet head 33, driving
control of the X-direction driving section 34 and the Y-direc-
tion driving section 35, and the like controls. The control unit
37 outputs dropping position information to the X- and Y-di-
rection driving sections 34 and 35, and outputs jetting infor-
mation to a head driver (not shown) of the ink jet head 33.
Hereby, the ink jethead 33 operates in association with move-
ment ofthe X- and Y-direction driving sections 34 and 35, and
supplies a droplet in a target amount onto a target position
(drop-on position) on the substrate 31.

[0052] The ink jet head 33 may be of a piezo method in
which a piezo actuator is used, of a bubble method in which a
heater is provided in the head, or of other methods. An amount
of ink to be jetted from the ink jet heat 33 can be controlled by
controlling a voltage applied thereto. The droplet jetting
means may be replaced with means of a method of simply
dropping droplets, or any means capable of supplying a drop-
let.

[0053] Next, a manufacturing method of the TFT array
substrate 11 of the liquid crystal display apparatus.

[0054] In the present embodiment, the manufacturing
method of the TFT array substrate 11 includes, as shown in
FIG. 4, a gate preprocessing step 41, a droplet-applying gate
wire formation step 42, a gate insulation layer formation/
semiconductor layer formation step 43, a semiconductor
layer formation step 44, a source/drain wire preprocessing
step 45, a droplet-applying source/drain wire formation step
46, a channel section processing step 47, a protective layer
formation step 48, a protective layer processing step 49, and
a pixel electrode formation step 50.

[Gate Preprocessing Step 41]

[0055] Inthe gate preprocessing step 41, preprocess for the
droplet-applying gate wire formation step 42 1s carried out. In
the droplet-applying gate wire formation step 42 following
the gate preprocessing step 41, the gate wire is formed by
dropping a liquid wire raw material by using the pattern
formation apparatus. For this, in the gate preprocessing step
41, performed is process to prepare for attaining more appro-
priate application of the liquid wire raw material when the
liquid wire raw material is jetted (dropped) onto a gate wire
formation area 61 (shown in FIG. 5(a)) by the pattern forma-
tion apparatus. Note that FIG. 5(a) is a plan view of the glass
substrate 12 provided in the TFT array substrate 11.
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[0056] Roughly speaking, this step includes the following
steps: a first step is a wetting/dewetting step of giving, to parts
of the substrate (glass substrate 12), wetting or dewetting
properties with respect to the liquid wire raw material, so as to
pattern a hydrophilic area (wetting area) as a gate wire for-
mation area 61 and a hydrophobic area (a dewetting area) as
a non-gate wire formation area; and a second step is a step of
forming, along a border of each gate wire formation area 61,
a guide for controlling flow of the liquid wire raw material.
[0057] As the former, wetting/dewetting process by photo-
catalysis by using titanium oxide is a typical example. As the
latter, the guide is formed by photolithography by using a
resist. Further, in order to give a wetting property or dewetting
property to the guide or a surface of the substrate, a step of
exposing the guide or the surface of the substrate to a gas of
CF4 and O2 in a plasma may be carried out. A resist is
removed after the wire is formed.

[0058] Here, the photocatalysis using titanium oxide is car-
ried out as follows. A mixture (dewetting raw material) of
isopropyl alcohol and ZONYL FSN (product name: made by
E. I. du Pont de Nemours and Co.), which is a non-ion type
fluorochemical surfactant, is applied on the glass substrate 12
ofthe TFT array substrate 11. Moreover, onto the mask for the
pattern of the gate wire, a mixture of ethanol and a raw
material (titanium dioxide particulate dispersion raw mate-
rial) in which titanium dioxide particulates are dispersed is
applied by spin-coating, so as to form a photocatalysis layer.
After that the glass substrate thus prepared is baked at a
temperature of 150° C. Then, with the mask on, the glass
substrate 12 is exposed to UV light. The exposure is carried
out for 2 minutes by using ultraviolet light of 356 nm in an
intensity of 70 mW/cm?2.

[0059] Referring to FIGS. 12(a) to 12(d), more detailed
explanation is provided below. As shown in FIG. 12(a), by
using the spin coat method and the like, the dewetting raw
material is applied on the glass substrate 12. By drying the
glass substrate 12, a wet layer 2 is formed. Note that silane
coupling agent may be used as the dewetting raw material.
[0060] Next, as shown in FIG. 12(b), UV exposure is car-
ried out under the above mentioned exposure condition, via a
photo mask 3 in which a mask pattern 4 composed of chro-
mium or the like and a photocatalyst layer 5 composed of a
titanium oxide or the like are formed in advance.

[0061] As a result, as shown in FIGS. 12(c) and 12(d),
wetting property of only part that is subjected to the UV
exposure is improved. Hereby, a wet pattern 6 corresponding
to the gate line formation area 61 is formed.

[0062] [Droplet-Applying Gate Wire Formation Step 42]
[0063] The droplet-applying gate wire formation step 42 is
illustrated in FIGS. 5(b) and 5(c). FIG. 5(b) is a plan view of
the glass substrate 12 after the storage capacitance electrode
14 is formed between the gate electrode 13 and the gate
electrode 13 adjacent thereto. FIG. 5(c) is a cross sectional
view taken on line B-B of FIG. 5(b).

[0064] Note thatas showninFIG.5(b), partofa certain gate
electrode 13 is protruded toward the storage capacitance elec-
trode 14 next to the certain gate electrode 13. The part will
finally become TFT-section gate electrode 66, as shown in
FIGS. 1 and 2(a). However, the TFT section gate electrode 66
of the upper one of the gate electrodes 13 shown in FIG. 5 is
omitted for easy explanation.

[0065] Inthe droplet-applying gate wire formation step 42,
by using the pattern formation apparatus, the wire raw mate-
rial is applied (a droplet thereof is applied) on the gate wire
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formation area 61 on the glass substrate 12, as shown in FIGS.
5(b) and 5(c). As the wire raw material, used is a raw material
in which Ag particulates coated with an organic film as a
surface coating layer are dispersed in an organic solvent. It is
set that a width of the wires is substantially 50 um and an
amount of the wire raw material to be jetted from the ink jet
head 33 is 80 pl.

[0066] The wire raw material is jetted from the ink jet head
33 onto a wetted surface (a surface subjected to the wetting/
dewetting process), and then the wire raw material flows and
spreads over and within the gate wire formation area 61.
Therefore, a jetting interval to jet the wire raw material onto
the gate wire formation area 61 is set to 500 pm approxi-
mately. After the application, the glass substrate 12 is baked
for one hour at 350° C., thereby forming the gate electrode 13
and the supplement capacitance electrode 14.

[0067] Thetemperature for baking is set at 350° C. because
a process temperature of about 300° C. is applied in the next
semiconductor layer formation step 44. Therefore, the baking
temperature is not limited to the temperature. For example, in
case where an organic semiconductor is to be formed, an
annealing temperature may be set at a temperature of 100° C.
to 200° C. In this case, the baking temperature may be set at
a lower temperature of 200° C. to 250° C.

[0068] Moreover, as a wire raw material, it is possibletouse
particulates or a paste raw material in an organic solvent. the
particulates or paste raw material may be made of solely a
metal or an alloy such as Ag—Pd, Ag—Au, Ag—Cu, Cu,
Cu—Ni, or the like, besides Ag. Further, as to the wire raw
material, it is possible to obtain a desired resistance value and
a surface condition by controlling a dissociation temperature
of an organic raw material contained in an organic solvent or
the surface coating layer protecting the particulates, in accor-
dance with a baking temperature necessary. Note that the
dissociation temperature is a temperature at which the surface
coating layer and the organic solvent is evaporated.

[0069] [Gate Insulation Layer Formation/Semiconductor
Layer Formation Step 43]

[0070] The gate insulation layer formation/semiconductor
layer formation step 43 is illustrated in FIG. 6(a).

[0071] In the gate insulation layer formation/semiconduc-
tor layer formation step 43, the gate insulation layer 15, an
a-Si film formation layer 64 and an n+ film formation layer 65
are formed sequentially and continuously by CVD on the
glass substrate 12 that has been subjected to the droplet-
applying gate wire formation step 42. The a-Si film formation
layer 64 is formed by a CVD (Chemical Vapor Form) method.
The gate insulation layer 15, the a-Si film formation layer 64,
and the n+ film formation layer 65 are respectively 0.3 pum,
0.15 um, and 0.05 um in thickness, and are formed (depos-
ited) without spoiling a vacuum condition, (that is, with
vacuum condition maintained). The layer formation (deposi-
tion) is carried out at a temperature of 300° C.

[0072] [Semiconductor Layer Formation Step 44]

[0073] The semiconductor layer formation step 44 is illus-
trated in FIGS. 6(b) to 6(e). FIG. 6(e) is a plan view illustrat-
ing the glass substrate 12 that has been subjected to the
semiconductor layer formation step 44. FIG. 6(d) is a per-
spective view taken on line C-C of FIG. 6(e). FIGS. 6(b) to
6(c) are vertical cross sectional views taken on the same wire
as FIG. 6(d), illustrating each step in the semiconductor layer
formation step 44.

[0074] In the semiconductor layer formation step 44, the
resist raw material is applied onto the n+ film formation layer
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65, and then the resist raw material is processed via a photo-
lithography step and an etching step, thereby forming a resist
layer 67 having a shape of the semiconductor layer 16, as
shown in FIG. 6(5).

[0075] Next, dry-etching is performed on the n+ film for-
mation layer 65 and the a-Si film formation layer 64 by using
a gas (for example SF6+HCI), as shown in FIG. 6(c), thereby
forming an n+ film 69 and an a-Si layer 68. Thereafter, the
glass substrate 12 is washed with an organic solvent, thereby
peeling off and removing the resist layer 67, as shown in FIG.
5(d).

[0076] [Source/Drain Wire Preprocessing Step 45]

[0077] In the source/drain wire preprocessing step 45, a
wire guide is formed along outline of an area (source forma-
tion area/drain formation area) in which the source electrode
17 and the drain electrode 18 shown in FIG. 1 are formed
respectively.

[0078] Here, the sourceelectrode 17 and the drain electrode
18, which correspond to the source wires and drain wires
arranged in matrix, and the source electrode 17 and the drain
electrode 18 located on the TFT section 22 are formed at the
same time. Thus, the source/drain formation area includes the
formation area of the source wires and the drain wires.
[0079] The wire guide is made of a photoresist raw mate-
rial. Specifically, a photoresist is applied onto the glass sub-
strate 12 that has been subjected to the semiconductor forma-
tion step 44. Then, the glass substrate is prebaked. After that,
the glass substrate is exposed using a photomask so as to be
developed. Next, the wire guide is formed by performing
postbaking. The wire guide thus formed has a width of about
10 pum, here. A width of a groove formed by the wire guide (a
width of the wire formation area) is about 10 um.

[0080] Note that the SiNx surface (a top surface of the gate
insulation layer 15) is subjected to a wetting process by using
oxygen plasma, so that a wire raw material will be well
associated with a surface that is to be under the wire raw
material applied thereon by the pattern formation apparatus.
Meanwhile, the wire guide is subjected to dewetting process
by flowing a CF4 gas in the plasma.

[0081] The wetting/dewetting process is basically identical
to the wetting/dewetting process disclosed in Japanese Patent
Application, Tokukai, No. 2000-353594 (European Patent
Application EPO 989778 A1). The wire guide is given the
dewetting property because a surface layer of the photoresist
raw material (organic resin) is modified with F (fluorine).
Instead of the CF4 gas, a CF6 gas may be used.

[0082] Moreover, instead of forming the wire guide, wet-
ting/dewetting process using photocatalysis for the formation
of the gate electrodes may be adopted to perform wetting and
dewetting in accordance with the wire electrode pattern (so as
to form the wetting area as source/drain wire formation area,
and the dewetting area as a non-source/drain wire formation
area).

[0083] [Droplet-Applying Source/Drain Wire Formation
Step 46]
[0084] Inthe droplet-applying source/drain wire formation

step 46, the wire raw material is applied (a droplet thereof'is
applied), by the pattern formation apparatus, onto the source/
drain formation area thus formed by using the wire guide.
Hereby, the source electrode 17 and the drain electrode 18 are
formed. Here, the amount of the wire raw material to be jetted
out from the ink jet head 33 is set at 2 pl. Moreover, Ag
particulates are used as the wire raw material. Thickness of
the layer to be formed is set at 0.3 um. Moreover, the baking
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temperature is set at 200° C. After the baking, the wire guide
is removed by using an organic solvent.

[0085] Note that the wire raw material may be the same as
the one used for the gate electrodes 13. However, because the
a-3i layer is formed at a temperature of about 300° C., it is
necessary that the baking be carried out at a temperature not
more than 300° C.

[0086] [Channel Section Processing Step 47]

[0087] Here, a channel section 72 of the TFT is processed.
Firstly, the wire guide is removed by using an organic solvent.
Alternatively, the wire guide for the channel section 72 is
removed by ashing. Next, the n+ layer 69 is oxidized by
ashing or laser oxidation, so as to render the n+ layer 69
insulative.

[0088] [Protective Layer Formation Step 48, Protective
Layer Processing Step 49]

[0089] In the protective layer formation step 48 and the
protective layer processing step 49, firstly a SiO, layer, which
is to be the protective layer 19 (see FIG. 2(b)), is formed by
CVD on the glass substrate 12 that has been processed up to
formation of the source and drain electrodes. Next, on the
Si0, layer an acrylic resin, which is to be the photosensitive
acrylic resin layer 20, is applied so as to form a pixel electrode
formation pattern and electrode processing pattern on the
resist layer.

[0090] The pattern is so formed that the mask has (i) part
from which the whole resist layer therein will be removed
after development, and (ii) part from which a substantial
upper half of the resist layer therein with respect to thickness
will be removed after development. The latter is an area for
halftone exposure in which transmissivity is about 50%.
[0091] Specifically, the protective layer 19 and the photo-
sensitive acryl resin layer 20 are etched so as to remove the
whole resist layer from that part in which an end surface will
be formed within the contact hole 24, and so as to reduce the
thickness of the resist layer in that part in which the pixel
electrode 21 is to be formed. As a result of the reduction ofthe
thickness of the resist layer in this part, the thickness of the
resist layer is rendered to be half of the thickness of the thus
applied resist layer, so that part surrounding the pixel elec-
trode formation pattern in the photosensitive acryl resin layer
20 will become a guide shown in FIG. 2(5).

[0092] Next, by using the resist layer as a mask, the protec-
tive layer 19 located at an end section, and the photosensitive
acryl resin layer 20 are removed by dry-etching.

[0093] [Pixel Electrode Formation Step 50]

[0094] On the pixel electrode forming pattern of the pho-
tosensitive acryl resin layer 20, an ITO particulate raw mate-
rial, whichis to be a pixel electrode raw material, is applied by
using the pattern formation apparatus. Thereafter, the thus
processed glass substrate 12 is baked at a temperature of 200°
C., thereby forming the pixel electrode 21. In this way, the
TFT array substrate 11 is obtained.

[0095] As described above, according to the present manu-
facturing method of the TFT array substrate 11, a number of
masks is reduced, and the photolithography step and a num-
ber of vacuum layer formation apparatus can be significantly
decreased, compared with a conventional manufacturing
method in which the pattern formation apparatus using the
ink jet method is not adopted. This leads to a dramatic reduc-
tion in cost of equipment to be invested.

[0096] Note that it is possible to produce the TFT array
substrate 11 including a TFT section 22 having a bottom gate
structure by the manufacturing step described above. How-
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ever, the manufacturing step is changed as shown in the flow
chart of FIG. 18 for manufacturing a TFT array substrate 11
including a TFT section 22 having a top gate structure.

[0097] The steps 121 to 132 shown in FIG. 18 are respec-
tively associated with the reference numerals of the steps 41
to 50 that respectively correspond thereto.

[0098] In the manufacturing step of the top gate structure,
the formation of the gate electrode 13 is carried out after the
formation of the source electrode 17 and the drain electrode
18 and the formation ofthe semiconductor layer 16. However,
the steps 121 to 132 are basically identical to the steps 41 and
50 respectively corresponding thereto, in terms of what is
carried out.

[0099] However, the gate insulation layer formation/semi-
conductor layer formation step 43 is divided into the semi-
conductor n+ layer formation step 123, the semiconductor n+
layer formation (processing) step 124, the semiconductor
layer (a-Si layer) formation step 125, the semiconductor layer
formation (processing) step 126, and the gate insulation layer
formation step 127.

[0100] In each of the semiconductor n+ layer formation
(processing) step 124 and the semiconductor layer formation
(process) step 126, as described in the explanation of the
formation of the semiconductor layer 16, the dry etching may
be carried out in which the resist formed in the photolithog-
raphy step and the etching step is used as a mask.

[0101] Next, a method of forming the source electrode 17
and the drain electrode 18 in the TFT section 22 is further
described.

[0102] The source electrode 17 and the drain electrode 18
are so formed as to cross the TFT-section gate electrode s 66,
as shown in FIG. 1 and FIG. 2(a). In the arrangement shown
in FIG. 1, the source electrode 17 and the drain electrode 18
are branched into a plurality of branches (branch electrodes)
in the TFT section 22. In other words, the source electrode 17
and the drain electrode 18 respectively have a branch section
(17a or 18a) having the plurality of branch electrodes. Spe-
cifically, the source electrode 17 is provided with the branch
electrode section 17a, whereas the drain electrode 18 is pro-
vided with the branch electrode section 185. The branch
electrodes of the branch electrode section 17a of the source
electrode 17 and the branch electrodes of the branch electrode
section 185 of the drain electrode 18 are arrayed alternately.
Gaps between adjacent branch electrodes of branch electrode
section 174 and 18b are the channel section 72. The branch
electrodes of the branch electrode sections 17a and 18a have
a width of 10 pm, for example. The channel section 72 has a
width (a distance between the branch electrode sections 17a
and 186) of 10 pm, for example.

[0103] In case where the source electrode 17 and the drain
electrode 18 of the TFT section 22 are formed by dropping an
electrode raw material from the pattern formation apparatus,
aminute droplet of the wire raw material is applied onto each
electrode, or a droplet of the wire raw material is applied over
a plurality of wires.

[0104] Here, the wires usually have a width of several pm.
In order to realize droplets having a diameter of several pm, it
is necessary for the pattern formation apparatus to jet an
amount much smaller than 1 pl. However, it is difficult to
realize such a diameter of droplets. Moreover, even if such
diameter of droplets is realized, it is difficult to drop the minus
droplets onto 2 to 3 millions of TFT sections 22 in the liquid
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panel, considering time required and a life of the ink jet head
33. Therefore, a droplet having a diameter larger than several
um is dropped (applied).

[0105] Inthis case, if the droplet is directly applied onto the
electrodes (branch electrodes of the branch electrode sections
17a and 18a) of the channel section 72, the droplets might
splash, so that the wire raw material will adhere onto the
channel section 72, or the wire raw material will remain.
[0106] Incasethe wire raw material remains on the channel
section 72, the remaining wire raw material acts as a mask in
etching the n+ layer 69 of the channel section 72, thereby
leaving the n+ layer 69. This causes leakage between the
source electrode 17 and the drain electrode 18.

[0107] Production of the channel section 72 is described
below, so as to explain the cause of the leakage. FIG. 14(a),
whichis a cross sectional view taken on line E-E' of FIG. 13,
illustrates a condition before the source and drain electrodes
are formed. Here, a guide 200 has just formed after a semi-
conductor layer 16 composed of the a-Silayer 68 and n+ layer
69 is formed. The guide 200 is for separating the source
electrode 17 and the drain electrode 18 on the channel section
72.

[0108] Note that in this sectional view, only the part upper
from the gate insulating layer 15 in which the semiconductor
layer 16 will be formed, and the gate electrode 66 is omitted
here.

[0109] FIG. 14(b) illustrates a next condition after the raw
material of the source electrode 17 and the drain electrode 18
is applied and baking is carried out. FIG. 14(c) shows a
following condition after the guide 200 is removed by using
an organic solvent, or by ashing. In this condition, the n+ layer
69 still exists on the semiconductor layer 16. If the n+ layer 69
remains as such, application of a voltage on the source elec-
trode 17 and the drain electrode 18 easily causes a current
flow due to a carrier that the n+ layer has.

[0110] Therefore, it is necessary that the n+ layer 69 be
removed. For removing the n+ layer 69, dry-etching using a
gas such as SF6+HCI, or the like. Moreover, instead of the
removal of the n+ layer 69, the n+ layer 69 may be converted
into a nonconductor by ashing or laser oxidation.

[0111] FIG. 14(d) illustrates a condition after the n+ layer
69 is removed. In this way, the production of the channel
section 72 is completed.

[0112] Here, in case the electrode raw material remains on
the guide 200 of the channel section 72, the removal of the n+
layer 69 or the conversion of the n+ 69 layer into the noncon-
ductor is not sufficiently carried out.

[0113] For example, FIG. 13 shows a case where the elec-
trode raw material remains on part of the channel section 72
on a side associated with the source electrode 17. F1G. 14(e)
illustrates a cross section taken on line B-E'. If a residual (Q)
of the electrode raw material remains on the guide 200 as
shown in FIG. 14(e), there is a possibility that the residual (Q)
acts as a mask in the step of removing the guide 200, as shown
in FIG. 14(f), so that part of the guide 200 remains. This may
occur similarly in case of the process using the organic sol-
vent, or in case of the peeling-off by ashing.

[0114] As shown in FIG. 14(f), if part of the guide 200
remains on the channel section 72, the n+ layer 69 cannot be
completely removed in an area in which the residual (Q)
exists (part of the n+ layer 69 in the area in which the residual
(Q) exists is not removed sufficiently), in the next step of
removing the n+ layer 69, as shown in FIG. 14(g). Similarly,
in the step of converting the n+ layer 69 into a nonconductor



US 2008/0129910 A1

by ashing or laser oxidation, the part of the part of the n+ layer
69 in the area in which the residual (Q) exists is not converted
into a nonconductor sufficiently.

[0115] As described above, the residual (Q) causes the n+
layer 69 to remain on the channel section 72. Therefore, if the
residual (Q) bridges the source and drain electrodes 17 and 18
as shown in FIG. 15, a leak current flows between the source
and drain electrodes 17 and 18. Of course, in this part, the n+
layer 69 remains. Thus, even if the residual (Q) is removed
after the process for the n+ layer 69 is completed, a current
flows between the source and drain electrodes 17 and 18 via
the n+ layer 69. Therefore, a leakage is caused between the
source and drain electrodes 17 and 18.

[0116] As described above, it is important to avoid forma-
tion of the residual (Q) in forming the source and drain elec-
trodes 17 and 18.

[0117] Therefore, in case where the source and drain elec-
trodes 17 and 18 are formed in the TFT section 22, the
droplets of the wire raw material are dropped in part of the
area in which the source electrode 17 and the drain electrode
18 are formed, but avoiding part in which the channel section
72 (semiconductor layer 16) are formed. Specifically, in case
where the source electrode 17 and the drain electrode 18 have
the branch electrode sections 17a and 18a as described above,
positions respectively corresponding to branching-off parts
175 and 185 are drop-on positions 81 (on which the droplets
are dropped).

[0118] Moreover the drop-on positions 81 are set consider-
ing how accurately the pattern formation apparatus can apply
(drop) the droplet (application accuracy). Within the drop-on
positions 81, the branching-off positions 176 and 185 are
positioned respectively.

[0119] The application accuracy of the pattern formation
apparatus, that is, a shift length from the drop-on position that
is targeted, to a position to which the droplet is actually
applied, depends on (i) production error of the ink jet head 33,
(i) an amount of droplets adhered on a head nozzle, (iii)
evenness the droplets in amount, (iv) accuracy of the driving
and positioning of the ink jet head 33 repeated by the X-di-
rection driving section 34 and the Y-direction driving section
35, (v) heat expansion of the ink jet head 33, (vi) speed of the
movement of the ink jet head 33 in jetting, and (vii) the like
factors. Moreover, the application (dropping) of the droplets
by the pattern formation apparatus is carried out with, for
example, an accuracy of +3 pm to +5 pum in case where one
nozzle jets out the droplets while the nozzle is not moved. In
case of a multi nozzle, the application of the droplets by the
pattern formation apparatus is carried out with, for example,
an accuracy of 10 pm to 15 um while the multi nozzle is not
moved.

[0120] In the present embodiment, an amount of one drop-
let is set to 4 pl, considering that a plurality of wires are
formed from one droplet, and that the electrode having a
width of 10 um is formed from a droplet having a diameter
larger than the width of the electrodes, as well as how long a
head life and tact time of the ink jet head 33 are. When one
droplet has this amount, the diameter of the droplet in drop-
ping (when the droplet hits the surface of the glass substrate
12) is about 20 um. Therefore, it is preferable that a ratio
between (i) the width of the branch electrode sections 17a and
18a and (ii) the diameter of the droplet in dropping is sub-
stantially 1:2.

[0121] Moreover, taking those conditions into consider-
ation, the drop-on positions 81 are located in positions respec-
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tively distanced by 30 wm from edges of the semiconductor
layer 16 (a-Si layer 68), as shown in FIG. 7. Note that in FIG.
7, the reference numeral 82 denotes a drop-on center of the
drop-on positions 81, and the reference numeral 83 denotes
an drop-on center allowance range, which is within 15 pm
from the drop-on center 82. The reference numeral 84 shows
a drop-on position (with a diameter of droplet of 20 pm) for a
case where the droplet is applied in a position distanced
(shifted) by 15 um from the drop-on position 81 (the drop-on
center 82) toward the channel section 72.

[0122] Asdescribed above, by forming the source electrode
17 and the drain electrode 18 by applying (dropping) the
droplets in the drop-on positions 81 distanced from the chan-
nel section 72, the splash droplet of the wire raw material will
not adhere on the TFT, that is, the channel section 72, thereby
preventing the leakage between the source electrode 17 and
the drain electrode 18. Therefore, in case where the source
electrode 17 and the drain electrode 18 are formed by drop-
ping the droplet ofthe wire raw material, it is possible to attain
stable TFT characteristics.

Second Embodiment

[0123] Another embodiment of the present invention will
be described below, referring to drawings.

[0124] In the present embodiment, a TFT section 22 of a
TFT array substrate 11 (see FIG. 2(a)) is arranged as shown in
FIG. 8. The TFT section 22 is provided with a source elec-
trode 91 and a drain electrode 92, instead of the source elec-
trode 17 and the drain electrode 18 described above. More-
over, a semiconductor layer 93, which replaces the
semiconductor layer 16, has a substantially circular shape,
that resembles the shape of the droplet applied (dropped on).
[0125] The source electrode 91 and the drain electrode 92
are respectively provided with branch electrode sections 91a
and 924, as in the source electrode 17 and the drain electrode
18. The branch electrode sections 91a and 92a are branched,
for example, into two branches (having two branch elec-
trodes), respectively at branching-off parts 915 and 925. Note
that the number of branches (branch electrodes) may be set
arbitrarily.

[0126] As explained so far, in the arrangement shown in
FIG. 1, the branch electrodes of the branch electrode section
17a of the source electrode 17 and the branch electrodes of the
branch electrode section 18a of the drain electrode 18 are
firstly extended, from the branching-off parts 176 and 185, in
parallel to directions along which the TFT-section gate elec-
trode 66 is protruded from the gate electrode 13 (respectively
in opposite two directions). Then, the branch electrodes of the
branch electrode sections 17a and 18a are extended, above
the TFT-section gate electrode 66, in direction perpendicular
to the directions along which the TFT-section gate electrode
66 is protruded.

[0127] On the other hand, in an arrangement shown in FIG.
8, the branch electrodes of the branch electrode section 91a of
the source electrode 91 and the branch electrodes of the
branch electrode section 92a of the drain electrode 92 are
extended in oblique directions (two directions) so as to widen
a gap between the branch electrodes of the branch electrode
section 914, and to widen a gap between the branch electrodes
of the branch electrode section 92a. Then, the branch elec-
trodes of the branch electrode sections 91a and 92a are
extended, above the TFT-section gate electrode 66, in direc-
tion perpendicular to the directions along which the TFT-
section gate electrode 66 is protruded.
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[0128] In other words, the branch electrode sections 91a
and 92a have parallel parts being parallel to each other and on
the semiconductor layer 93, the branch electrodes of the
branch electrode sections 91a and 92a being linear between
the parallel parts and the branching-off part (915 or 925).
[0129] Moreover, as described above, in the present
embodiment, the semiconductor layer 93 is in a substantially
circular shape resembling the shape of the applied droplet.
Fxplained below is a manufacturing method of a TFT array
substrate 11 of this case.

[0130] This manufacturing method is identical to the
method described in the first embodiment, from a gate pre-
processing step 41 to a gate insulation layer formation/semi-
conductor layer formation step 43 (see FIG. 9(a)), and from a
source/drain wire preprocessing step 45 after a semiconduc-
tor layer formation step 44, to a pixel electrode formation step
50. The semiconductor layer formation step 44 is carried out
as follows.

[0131] The semiconductor layer formation step 44 is illus-
trated in FIGS. 9(b) to 9(e). FIG. 9(e) is a plan view illustrat-
ing a glass substrate 12 that has been subjected to the semi-
conductor layer formation step 44. FIG. 9(d) is a cross
sectional view taken on line D-D of FIG. 9(e), and FIGS. 9(%)
and 9(c) are vertical cross sectional views taken on line D-D
of F1G. 9(e), as in FI1G. 9(d).

[0132] In the semiconductor layer formation step 44, as
shown in FIG. 9(b), by a pattern formation apparatus, heat-
curable resin is applied as a resist raw material onto an n+ film
formation layer 65 located on the TFT-section gate electrode
(branch electrode section) 66 branched off from the gate
electrode 13, so as to adhere the heat-curable resin thereon, A
resist layer 94 formed in this way is a pattern to be used for the
process. For example, one droplet of the resist raw material of
10 pl is jetted out. Hereby, formed at a predetermined position
on the TFT-section gate electrode 66 is a pattern having a
circular shape having a diameter of about 30 pm. The thus
prepared substrate is baked at a temperature of 150° C. As the
heat-curable resin for the resist layer 94, used is resin in resist
TEF series made by Tokyo Ohka Kogyo Co. Ltd. The resin in
resist TEF series is used after adjusted in viscosity so as to be
suitable for ink jetting.

[0133] Note that UV (ultra violet) resin or a photoresist
may be used as the raw material of the resist layer 94, besides
the heat-curable resin. Moreover, if the resist layer 94 was
transparent, such transparent resist layer 94 would allow to
check where the layer or the like is formed, while it is not
necessary that the resist layer 94 be transparent. Further, it is
preferable that the resist layer 94 has thermal resistance
against a temperature in dry-etching, gas resistance against
gas for use in dry-etching, and etching selectivity with respect
to a raw material to be etched.

[0134] Next, by using a gas (for example, SF6+HCI), as
shown in FIG. 9(c), an n+ film formation layer 65 and an a-Si
film formation layer 64 are dry-etched so as to form an n+
layer (film) 69 and an a-Si layer (film) 68. Thereafter, the
glass substrate 12 is washed with an organic solution, so as to
peel off and remove the resist layer 94 as shown in FIG. 9(d).
[0135] As described above, in the semiconductor layer for-
mation step 44, the shape of the semiconductor layer 93
composed of the n+ layer 69 and the a-Si layer 68 is reflection
of the pattern of the resin jetted out from the pattern formation
apparatus (pattern ofthe resist layer 94). Therefore, the semi-
conductor layer 93 is formed in a circular pattern or a quasi-
circular pattern made of a curve, just as the droplet of the raw
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material of the resist layer 94 is shaped when the droplet is
applied (dropped) on the glass substrate 12 from the ink jet
head 33.

[0136] Note that, in case the semiconductor layer 93 has
such a shape that the semiconductor layer 93 is out of the area
of the TFT-section gate electrode 66, as described above, it is
necessary that no end of the branch electrodes of the branch
electrode sections 91a and 92a be out of an area (forming
area) of the TFT-section gate electrode 66 (an area within
which the TFT-section gate electrode 66 exists) (in other
words, the end be within the area of the TFT gate electrode
66).

[0137] In FIG. 8, the semiconductor layer 93 has such a
shape that is extended beyond edges of the TFT-section gate
electrode 66, unlike the TFT-section gate electrode 66 and the
semiconductor layer 16 shownin F1G. 7. Because of this, it is
preferable that the ends of the branch electrode sections 91a
and 92a (ends of the branch electrodes of the branch electrode
sections 91a and 92q) are inside of edge surface lines of the
TFT-section gate electrode 66, that is, on the TFT-section gate
electrode 66. This is because the leak current is increased and
the TFT characteristics are deteriorated, if the source and
drain electrodes 17 and 18 are extended out of the TFT-
section gate electrode 66.

[0138] In the following, mechanism of the occurrence of
the leak current shown in the droplet-applying source/drain
wire formation step 46 is described, referring to FIGS. 16(a),
16(b), 17(a), and 17(d).

[0139] FIG. 16(a) is a plan view of the TFT section in case
where the source electrode 17 is inside of the line of the edge
of the TFT-section gate electrode 66, and on the TFT-section
gate electrode 66. FIG. 16(d) is a cross sectional view taken
on line G-G' line of FIG. 16(a). On the other hand, FIG. 17(a)
is a plan view of the TFT section in case where the source
electrode 17 is extended beyond the line of the edge of the
TFT-section gate electrode 66, that is, extended out of the
TFT-section gate electrode 66. F1G. 17() is a cross sectional
view taken on line H-H' line of FIG. 17(a).

[0140] Note that, FIGS. 16(a) and 17(a) illustrate cases
where a negative potential is applied on the TFT-section gate
electrode 66. As shown in FIGS. 16() and 17(b), the TFT-
section gate electrode 66 faces the a-Si layer 68, sandwiching
the gate insulating layer 15 therebetween. Here, the n+ layer
69 is a layer thatintroduces a carrier into the a-Si layer 68, and
a layer that is doped with phosphorus (P) or the like and has
excess electrons.

[0141] Inthe TFT in FIGS. 16(a}, 16(b), 17(a), and 17(d),
aleak current between the source and drain electrodes 17 and
18 was measured when for example a voltage of -4V was
applied on the TFT-section gate electrode 66. As a result, the
leak current was about 1 pA in the case where the source and
drain electrodes 17 and 18 were on the TFT-section electrode
66. On the other hand, in the case where the source and drain
electrodes 17 and 18 were extended out of the TFT-section
gate electrode 66, the leak current was increased to 20 pA to
30 pA.

[0142] This proved that the TFT characteristics are deterio-
rated if the source and drain electrodes 17 and 18 are extended
outward. Moreover, a cause of this result can be explained as
below. Firstly, explained is the case where a negative potential
is applied on the TFT-section gate electrode 66. In case the
TFT-section gate electrode 66 has a negative potential, elec-
trons, which are carriers, are drifted from the TFT-section
gate electrode 66 due to repulsion between negative charges.
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Therefore, the electrons exists around a semiconductor
region, and very few electrons are present in the a-Si layer 68
on the TFT-section gate electrode 66. Because of this, TFT is
in an OFF state.

[0143] Evenifthe electrons try to flow between the gate and
drain electrodes 17 and 18, the electrons should pass through
part (P) of the TFT-section gate electrode 66, in which a
negative potential is applied. The repulsion between negative
charges does not allow the electrons to pass through the
TFT-section gate electrode 66. It is considered that the leak
current is small because of this.

[0144] On the other hand, in case of FIG. 17(a), even if the
TFT-section gate electrode 66 has a negative potential, the
electrons do not need pass through the part (P) of the TFT-
section gate electrode 66, in which a negative potential is
applied, but can move along an outer circumference of the
a-Silayer 68, because the source and drain electrodes 17 and
18 are extended beyond an outer edge of'the TFT-section gate
electrode 66. It is considered that the leak current is easily
flowed because of this.

[0145] As understood from the above explanation, it is
preferable that the source and drain electrodes 17 and 18 are
inside of the outer edge of the TFT-section gate electrode 66
(that is, on the TFT-section gate electrode 66). Next,
explained is a case where a positive potential is applied on the
TFT-gate electrode 66. In case where the TFT-section gate
electrode 66 has a positive potential, the electrons of the n+
layer 69 is pulled by the potential of the TFT-section gate
electrode 66, and the carriers exist in the channel section.
Therefore, the current is easily flowed between the source and
drain electrodes 17 and 18, so that the TFT is in an ON state,
For example, when a voltage of 10V was applied across the
TFT-section gate electrode 66, a current of about 1 pA flowed
between the source and drain electrodes 17 and 18. Here, an
applied voltage between the source and drain electrodes was
10V. When the TFT is ON, the electrons try to flow in a
shortest distance between the source and drain electrodes 17
and 18. Therefore, the extending of the source and drain
electrodes 17 and 18 beyond the outer edge of the TFT section
electrode 66 does not affect.

[0146] Moreover, even though the formation of the resist
layer 94 is carried out by applying (dropping/jetting) one
droplet from the ink jet head 33 here, the formation may be
carried out by dropping a plurality of droplets. However, it
should be noted that it takes a long time to form one semi-
conductor layer 93 and the life of the ink jet head 33 is
shortened by an increase in a number of dots (a number of
jetting), if the formation of the resist layer 94 is carried out by
jetting, with extreme precision, minim droplets that have been
reduced in size without restriction.

[0147] Ttisimportant in each step using the ink jet head 33
that the formation of the layer (film) having a desired area be
carried out by applying the droplets in a most suitable amount
of droplet and a number of shooting (the number of jetting) as
less as possible. By performing the application of the droplets
as such, it is possible to maximum a number of time to use the
ink jethead 33 within the life thereof, thereby keeping the cost
of equipment lowest.

[0148] Further, the semiconductor formation step 44 has
such an important feature that no special treatment is required
for the surface on which the droplet jetted out of the ink jet
head 33 is dropped. If the surface on which the droplet is
dropped on is extremely wettable, the surface requires pat-
terning. Otherwise, the droplet jetted onto the surface would
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be spread so as to form an indeterminated shape, thereby
failing the formation of the layer. However, on (a surface of)
the a-Si formation layer 64, there are a large number of ends
made of Si. Because of this, the surface of the a-Si formation
layer 64 is basically dewettable. Thus, the droplet on the a-Si
formation layer 64 has a contact angle that is large to some
extent, and has a quasi-circular shape. Therefore, it is unnec-
essary to process the substrate (the a-Si formation layer 64)
specially.

[0149] Moreover, with a large possibility, substances hav-
ing short molecular-length tend to adhere on the surface of the
substrate that has been subjected to the baking, process in gas
(dry-etching), and the like process. Thus, even if a semicon-
ductor other than a-Si, for example an organic semiconductor,
is used, the droplet thus jetted out exists, in many cases, with
a contact angle that is large to some extent.

[0150] Conventionally, the patterning of the semiconductor
layer needs a mask and a photolithography step. On the other
hand, in the semiconductor layer formation step 44, the drop-
letis applied from the ink jethead 33 so as to directly draw the
pattern (resist layer 94) that is to be mask. Thus, the mask and
the photolithography step that needs the mask are no longer
necessary. This significantly lowers the cost.

[0151] Note that, in order to form the semiconductor layer
93 resembling to the shape of the applied droplet, it is possible
to adopt a method in which the raw material of the semicon-
ductor layer 93 is directly applied (dropped) by using the
pattern formation apparatus, besides the above-described
method in which the resist layer 94 is formed by dropping
droplets, and the semiconductor layer 93 is formed by using
the thus formed resist layer 94 as a mask. As the semiconduc-
tor raw material in this case, an organic semiconductor raw
material such as polyvinylcarbazole (PVK) and polyphe-
nylene vinylene (PPV) may be used.

[0152] As described above, the branch electrode sections
91a and 92a are so formed that parts of the branch electrode
sections 91a and 92« are extended in oblique directions with
respect to the directions along which the TFT-section gate
electrode 66 is protruded, the parts associating with the
branching-off parts 915 and 925, respectively. (In other
words, the part are respectively between (i) the branching-off
parts 915 and 925 and parallel parts of the branch electrode
sections 91a and 924.) The branch electrode sections 91a and
92a are so formed mainly because of the following reason.

[0153] Thesemiconductor layer 93 thus formed in the simi-
lar shape to the shape of the applied droplet may become
larger than the semiconductor layer 16. In this case, in order
to avoid the adherence of a splash droplet on the channel
section 72, the branching-off parts 915 and 925, which are in
the drop-on positions 81, should be located in a further dis-
tance from where the TFT-section gate electrode 66 is
located, comparing with the arrangement shownin FIG. 1. On
the other hand, it is necessary that the electrode raw material
applied in positions corresponding to the branching-off parts
915 and 924 (drop-on positions 81) be spread up to the ends
of the branch electrodes of the branch electrode sections 91a
and 92a. By forming the branch electrode sections 91a and
92a such that the parts associating with the branching-off
parts 915 and 925 are oblique, it is possible to locate the
branching-off parts 915 and 925 in a farther distance from the
TFT-section gate electrode 66, while avoiding the branch
electrode sections 91a and 925 from being long between the
branching-off part 915 or 925 and the ends.
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[0154] Moreover, even in case where the droplet from the
pattern formation apparatus is applied onto a position (drop-
on position 84) shifted from the targeted drop-on position 81
toward the channel section 72, for example, a gap between the
branch electrodes of the branch electrode section 91« in the
position at which the droplet is applied is narrower than a gap
between the branch electrodes of the branch electrode section
17ashown in FIG. 1, because the parts of the branch electrode
sections 91a and 925 are oblique, the parts associating with
the branching-off parts 915 and 925. As a result, compared
with the arrangement shown in FIG. 1, it is easy to drop the
droplet onto the branch electrode sections 91a and 92a. This
permits a wider allowance with respect to the drop-on posi-
tions 81 at which the electrode raw material is targeted.

Third Embodiment

[0155] Still another embodiment of the present invention is
described below, referring to FIGS. 10(e) and 10(5).

[0156] In the present embodiment, a TFT section 22 of a
TFT array substrate 11 has an arrangement shown in FIG.
10(a). The TFT section 22 is provided with a source electrode
101 and a drain electrode 102, instead of the source electrode
17 and the drain electrode 18, and, for example, a semicon-
ductor layer 16 described above. The TFT array substrate 11
may be manufactured in the same method as in the first
embodiment.

[0157] Thesource electrode 101 has the following shape: in
abranch electrode section 1014 extended over a semiconduc-
tor layer 16, part associating with a branching-off part 1015
has a large area (is wider). (The branch electrode section 101a
gets wider as the branch electrode section 101a gets closer to
the branching-off part 1015.) In other words, the branch elec-
trode section 101« is protruded in a trapezium shape from the
source electrode 101, and a bottom of the trapezium shape is
the branching-oft part 1015.

[0158] In order to have such arrangement, the source elec-
trode 101 gets gradually wider at part from where the branch
electrode section 101a is branched off, so as to be wider
toward both sides of the branch electrode section 101a con-
nected to the source electrode 101. In other words, the width
of the branch electrode section 101a gets gradually narrower
from two bottom angles of the trapezium shape (both the sides
of the branch electrode section 101a) to an upper side part
thereof, which is protruded on the semiconductor layer 16.
Further in other words, where the two bottom angle sections
are referred to as a source transition part via which the main
line (source wire) of the source electrode 101 is continuous
with the part of the source electrode 101 associating the TEFT
section 22, a width of each source transition part gets wider
gradually from the source wire toward the forming area of the
semiconductor layer 16 (the area in which the semiconductor
layer 16 exists).

[0159] Therefore, in the source electrode 101 having such
arrangement, drop-on positions 81 described above are
located in parts (the two source transition parts) of the source
electrode 101, the parts respectively located both sides of the
branching-off parts 1015 from which the branch electrode
section 101q is branched off, whereby a droplet of an elec-
trode raw material is applied out of the area in which the
channel section 72 (semiconductor layer 16) exists.

[0160] On the other hand, the drain electrode 102 gets
gradually wider from a vicinity of the cannel section 72
toward the channel section 72. In other words, supposing that
the vicinity is referred to as a drain transition part, via which
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the wire (drain wire) of the drain electrode 102 is continuous
with the part of the drain electrode 102 being closer to the TET
section 22, a width of the drain transition part gets wider
gradually from the drain wire toward the forming area of the
semiconductor layer 16. Then, an electrode width widening
starting section 1024 (that is the drain transition part) is the
drop-on position 81.

[0161] In this arrangement, the electrode raw material is
dropped on to an electrode formation area prepared by (i)
forming a guide having a mountain-like shape or (ii) wetting/
dewetting process, in a source/drain wire preprocessing step
45 described above. Then, in the electrode formation area, a
contact angle 6 shown in FIG. 10(5) causes the electrode raw
material to be drawn toward a direction in which the electrode
formation area gets wider, and to flow in the direction (spon-
taneously). Therefore, even in case the drop-on position 81 is
setout of the area (forming area) where the channel section 72
(semiconductor layer 16) is located, it is easy to render the
thus applied electrode raw material to reach ends of the chan-
nel section 72. Thus, the application (dropping) of the wire
raw material makes it possible to surely form the source
electrode 101 and the drain electrode 102 in the TFT section
22.

[0162] In case where the wire such as the electrodes or the
like is formed by applying the droplet by using the pattern
formation apparatus as described above, it is possible to con-
trol flow direction of the applied droplet by controlling the
width of the wire (width of the wire formation area).

[0163] Note that in the present third embodiment,
described is the arrangement in which the TFT is composed of
one channel section 72. However, it is needless to say that the
width of the wire can be modified in the electrode section in
the TFT described in the first and second embodiment, and a
fourth embodiment described later.

Fourth Embodiment

[0164] Yet another embodiment of the present invention
will be described below, with reference to FIG, 11.

[0165] In the present embodiment, a TFT section 22 of a
TFT array substrate 11 has an arrangement shown in FIG. 11.
The TFT section 22 is provided with a source electrode 111
and a drain electrode 112, instead of the source electrode 17
and the drain electrode 18, and for example, a semiconductor
layer 93 described above. The semiconductor layer 93 has a
substantially circular shape and formed above a linear gate
wire (a stem wire of a gate electrode 13) sandwiching a gate
insulation layer 15 (see FIGS. 9(a) to (e)) therebetween. The
TFT array substrate 11 may be manufactured by the same
method as in the second embodiment.

[0166] In each arrangement shown in FIGS. 1 to 8, the
plurality of electrodes are formed in the TFT section 22, and
the branch electrode sections 17a and 18a, or the branch
electrode sections 91a and 92a are formed so as to form the
wide channel section 72. Such arrangements are effective in
case where a charge transfer is large, for example, in case
where alarge number of pixels are to be driven. Moreover, the
arrangements have such an advantage that stable property can
be obtained with ease (i) even if the pattern ofthe TF T-section
gate electrode 66 is shifted from the pattern of the source
electrode 17 or 91 (branch electrode section 17a or 91a) and
the drain electrode 18 or 92 (branch electrode section 185 or
92b) in the direction in which the TFT-section gate electrode
66 is extended, and (ii) especially in the arrangement shown
in FIG. 1, even if the pattern of the TF T-section gate electrode
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66 is shifted from the pattern of the source electrode 17 or 91
(branch electrode section 17a or 91a) and the drain electrode
18 or 92 (branch electrode section 185 or 925b) further in the
direction perpendicular to the direction in which the TFT-
section gate electrode s 66 is extended.

[0167] In the arrangement of the present embodiment
shown in FIG. 11, the branch electrode section 1114, which is
branched off from the source electrode 111 and extended
above (on) the semiconductor layer 93, and parts of the drain
electrode 112 that are closer to the channel section 72 are
provided in the direction in which the TFT-section gate elec-
trode is extended, and within an area in which the TFT section
electrode 66 is located.

[0168] Inotherwords, branch electrodes ofthe branch elec-
trode section 111a are extended from the source wire crossing
the gate wire, and along the gate wire, so as to be extended on
the semiconductor layer 93. Whereas, the drain electrode 112
are extended from the drain wire extended perpendicular to
the direction in which the gate wire is extended, so as to be
extended on the semiconductor layer 93 along the gate wire.
Note that a section at which the branch electrode section 111a
is branched off from the source wire is referred to a source
transit section, whereas a section at which the drain electrode
112 is branched off from the drain wire is referred to as a drain
transit section.

[0169] Inthis arrangement, the TFT section 22 is relatively
small. This is advantageous for realization of a high aperture
ratio.

[0170] In the above arrangement, drop-on positions 81 out
of (off) the channel section 72 (semiconductor layer 93) are
located in positions (that is, the source transit section) corre-
sponding to branching-off parts 1115 of the branch electrode
section 111a with respect to the source electrode 111. More-
over, with respect to the drain electrode 112, the drop-on
positions 81 are located in positions (that is, the drain transit
section) at which the drain electrode 112 is bent toward the
channel section 72. With this arrangement, it is possible to
prevent that the channel section 72 is adhered with a splash
droplet of the electrode raw material applied from the pattern
formation apparatus.

[0171] The invention being thus described, it will be obvi-
ous that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

[0172] Note that the thin film transistor may be so arranged
that location of the branching-off parts as drop-on positions
on which the droplet is to be applied is so set that the droplet
is applied on the channel section, based on allowance in
applying the droplet on the drop-on positions for forming the
branch electrode section by applying the droplet.

[0173] This arrangement further ensures the prevention of
the adherence of the splash droplet on the channel section
between each electrode in forming the source electrode and
the drain electrode by applying the droplet of the electrode
raw material.

[0174] The thin film transistor may be so arranged that each
branch electrode has a parallel part being parallel to each
other on the semiconductor layer, each branch electrode
being linear between the parallel part and the branching-off
part.

[0175] With the above arrangement, it is possible to surely
position the branching-off parts farer from the channel sec-
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tion in order to avoid the adherence of the splash droplet on
the channel section between each electrode, and at the same
time, to avoid a long length of the branch electrodes from the
branching-off section to the ends thereof.

[0176] The thin film transistor may be so arranged that at
least one of the source electrode and the drain electrode has a
part that gets gradually wider toward the forming area of the
semiconductor layer.

[0177] This arrangement makes it easier for the applied
droplet to flow in the direction in which the electrode gets
wider. Thus, this allows the drop-on positions to be located
farer from the channel section, and ensures the flow of the
electrode raw material from the drop-on positions toward the
forming area of the semiconductor layer.

[0178] The manufacturing method of the thin film transis-
tor may be so arranged that in the step of preprocessing, the
electrode formation area is so formed that at least one of the
source electrode and the drain electrode has a branch section
at branching-off parts thereof located off a formatting area of
the semiconductor layer, the branch section including a plu-
rality of branch electrodes on the semiconductor layer, the
branch electrodes of a first electrode sandwiching a second
electrode where the first electrode is the at least one of the
source electrode and the drain electrode, and the second elec-
trode is the other; and in the step of applying the droplet,
positions respectively corresponding to the branching-off
parts are the drop-on positions on which the droplet of the
electrode raw material is applied.

[0179] With this arrangement, because the droplet of the
electrode raw material is applied on the branching-off parts of
the branch electrode section, it is possible to appropriately
form the branch electrode section of the source electrode
and/or the drain electrode by applying the droplets in a small
number of time.

[0180] The manufacturing method of the thin film transis-
tor may be so arranged that the drop-on positions are so set
that the droplet is not applied on the channel section, based on
allowance included in on the drop-on positions.

[0181] This arrangement further ensures the prevention of
the adherence of the splash droplet on the channel section
between the electrodes in forming the source electrode and
the drain electrode by applying the droplet of the electrode
raw material.

[0182] The manufacturing method of the thin film transis-
tor may be so arranged that each branch electrode is so formed
as to have a parallel part being parallel to each other on the
semiconductor layer, each branch electrode being linear
between the parallel part and the branching-off part.

[0183] With the above arrangement, it is possible to surely
position the branching-off parts farer from the channel sec-
tion in order to avoid the adherence of the splash droplet on
the channel section between each electrode, and at the same
time, to avoid a long length of the branch electrodes from the
branching-off parts to the ends thereof.

[0184] The manufacturing method of the thin film transis-
tor may be so arranged that in the step of preprocessing, the
electrode formation area is so formed that the source elec-
trode and/or the drain electrode has a part that gets gradually
wider toward the forming area of the semiconductor layer;
and in the step of applying the droplet, the droplet of the
electrode raw material is applied onto the drop-on positions
located in the positions from which the part gets gradually
wider.
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[0185] With the above arrangement, the droplet applied on
the electrode formationareais pulled in the direction in which
the electrode formation area is wider, and flows along the
direction. Thus, evenina case where the drop-on positions are
located off the forming area of the semiconductor layer, it
becomes easier for the electrode raw material thus applied to
reach up to the ends of the source electrode and the drain
electrode, the ends being closer to the channel section. This
arrangement ensures the formation of the source electrode
and the drain electrode by application (dropping/jetting) of
the droplet of the electrode raw material.

[0186] The manufacturing method of the thin film transis-
tor may be so arranged that in the step of preprocessing, the
electrode formation area is so formed that, in an area in which
the gate electrode exists, parts ofthe source electrode and the
drain electrode respectively extended toward the forming
area of the semiconductor layer is parallel to a direction in
which the gate electrode is extended.

[0187] With the above arrangement, it is possible to minia-
turize the thin film transistor. Thus, for example in a liquid
crystal display apparatus provided with the thin film transis-
tor, it is possible to realize a high aperture ratio.

[0188] Although the invention has been specifically
described by using the embodiments and examples in the Best
Mode for Carrying Out, it should be understood by those of
ordinary skill in the art that the embodiments and examples
are to simply explain those of the technical feature of the
present invention, but are not to limit the present invention
thereto. The present invention shall not be interpreted only
with in the embodiments and the examples, and can be modi-
fied in other ways within the spirit of the invention and the
scope of the claims recited below.

INDUSTRIAL APPLICABILITY

[0189] The present invention is able to provide a thin film
transistor having an electrode arrangement in which a splash
droplet of an electrode raw material will not be adhered on a
channel section of the thin film transistor, and a manufactur-
ing method of the same.
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1. A thin film transistor comprising (i) a semiconductor
layer, which faces a gate electrode via a gate insulation layer,
(ii) a source electrode and a drain electrode, which are elec-
trically connected with the semiconductor layer, and (iii) a
channel section between the source electrode and the drain
electrode, wherein:

the source electrode is continuous with a source wire via a
source transition part, and the drain electrode is continu-
ous with a drain wire via a drain transition part; and

the source transition part and the drain transition part are
located off a forming area of the semiconductor layer;
and

the source transition part gets wider gradually from the
source wire toward the forming area of the semiconduc-
tor layer, and/or the drain transition part gets wider
gradually from the drain wire toward the forming area of
the semiconductor layer.

2. A liquid crystal display apparatus comprising a thin film
transistor including (i) a semiconductor layer, which faces a
gate electrode via a gate insulation layer, (ii) a source elec-
trode and a drain electrode, which are electrically connected
with the semiconductor layer, and (iii) a channel section
between the source electrode and the drain electrode,
wherein:

the source electrode is continuous with a source wire via a

source transition part, and the drain electrode is continu-
ous with a drain wire via a drain transition part;

the source transition part and the drain transition part are

located off a forming area of the semiconductor layer;
and

the source transition part gets wider gradually from the

source wire toward the forming area of the semiconduc-
tor layer, and/or the drain transition part gets wider
gradually from the drain wire toward the forming area of
the semiconductor layer.
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