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An EL display panel including an FL unit and a thin film
semiconductor unit, in which the EL unit includes an anode
electrode, a cathode electrode, and a light-emitting layer, and
the thin film semiconductor unit includes a substrate, a gate
electrode, a gate insulating film, a semiconductor layer, a first
electrode, a second electrode, an interlayer insulating film, a
gate line formed above the interlayer insulating film, a power
supply line formed above the interlayer insulating film, in a
same layer as the gate line, and side-by-side with the gate line,
and an auxiliary line formed above the interlayer insulating
film, in a same layer as the gate line and the power supply line,
and side-by-side with the gate line and the power supply line.
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FIG. 17

P-channel TFT

With back gate (positive)
(Present invention)

_—— Without back gate (positive)

A

Drain current (Id) [A]

Sy
-

Gate-source voltage (Vgs) [V]
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FIG. 21

N-channel TFT

With back gate (positive)

Without back gate (positive)
(No back gate in a portion
corresponding to channe]
region in present invention)

-

Drain current (Id) [A]

Gate-source voltage (Vgs) [V]
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EL DISPLAY PANEL, EL DISPLAY
APPARATUS, AND METHOD OF
MANUFACTURING EL DISPLAY PANEL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT applica-
tion No. PCT/TP2010/005846 filed on Sep. 29, 2010, desig-
nating the United States of America.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to thin film semicon-
ductor devices and EL display panels using the thin film
semiconductor devices and methods of manufacturing EL
display apparatuses and EL display panels, and particularly
relates to a thin film semiconductor device used for an active-
matrix display apparatus and a method of manufacturing the
same.

[0004] (2) Description of the Related Art

[0005] Thin film transistors (TFT) are used as a switching
device for selecting pixel or a driving device for display
device in active-matrix drive display apparatuses such as
liquid crystal display apparatuses and organic EL display
apparatuses.

[0006] TFTs are used for active-matrix substrate of display
apparatuses, and active research and development have been
done for improving the capability. In particular, along with
the increase in the size and increased definition of display
apparatus, there is a demand for high driving capability TFT.
In this context, semiconductor thin films (polysilicon and
microcrystalline silicon) crystallized for channel layers (ac-
tive layers) have been attracting attention.

[0007] As a crystallizing process of a semiconductor thin
film, instead of the conventional high temperature process
technology in which a treatment temperature of 1000 degrees
Celsius or higher is used, a low temperature process utilizing
a treatment temperature of 600 degrees Celsius or lower has
developed. In the low temperature process, it is not necessary
to use expensive substrate such as highly heat resistant quartz,
which reduces manufacturing cost.

[0008] Laser annealing which uses laser beam for heating
has attracted attention as a type of low temperature process.
Laser annealing includes locally heating and melting, by
irradiating laser beam, non-single crystal semiconductor thin
film such as amorphous silicon laminated on an insulating
substrate with low heat resistance such as glass, and crystal-
lizing the semiconductor thin film during the cooling process.
Mobility of carriers in the crystallized semiconductor thin
film increases, improving capability of the thin film transistor
(for example, see Patent Literature 1: Japanese Unexamined
Patent Application Publication No. H07-235490).

[0009] Majority of thin film transistors have a bottom-gate
structure in which gate electrodes are arranged in a level
lower than the channel layer. The following describes a con-
ventional bottom-gate thin film transistor with reference to
FIGS. 25,26A to 26C, and 27. FIG. 25 is a planar view of the
conventional thin film semiconductor device for display
apparatus corresponding to one pixel of the display apparatus.
FIG. 26A is a cross-sectional view of the conventional thin
film semiconductor device for display apparatus along the
line X1-X1'in FIG. 25. FIG. 26B is a cross-sectional view of
the conventional thin film semiconductor device for display
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apparatus along the line X2-X2' in FIG. 25. FIG. 26C is a
cross-sectional view of the conventional thin film semicon-
ductor device for display apparatus along the line Y-Y' in FIG.
25.FIG. 27 is a perspective view corresponding to FIG. 26A,
illustrating major components of the conventional thin film
semiconductor device for display apparatus from the cross
section X1-X1'in FIG. 25.

[0010] As illustrated in FIGS. 25, 26 A to 26C, and 27, the
conventional thin film semiconductor device for display
apparatus 9 includes a gate line 921 formed along the row
direction (horizontal direction) of the pixel, a source line 922
formed along the column direction (vertical direction) of the
pixel, and a thin film transistor 910 arranged at a position in
which the gate line 921 and the source line 922 cross each
other.

[0011] As illustrated in FIG. 26A, the thin film transistor
910 is a bottom-gate thin film transistor, and is a multilayer
structure including a gate electrode 910G, a gate insulating
film 930, a semiconductor layer (channel layer) 911, and one
pair of source electrode 910S and a drain electrode 910D
sequentially formed on a substrate 900.

[0012] As illustrated in FIGS. 25 and 26A, the gate elec-
trode 910G extends from the gate line 921, and formed in a
first metal layer ML1' in which the gate line 921 is also
formed. The gate insulating film 930 is formed on the sub-
strate 900 to cover the gate line 921 and the gate electrode
910G. The semiconductor layer 911 is formed on the gate
insulating film 930 in an island shape overlapping the gate
electrode 910G. The source electrode 910S and the drain
electrode 910D is formed overlapping part of the semicon-
ductor layer 911 and arranged separately opposite to each
other. The source electrode 910S and the drain electrode
910D are formed in a second metal layer ML2', in which the
source line 922 is also formed. Note that, an interlayer insu-
lating film 940 is laminated covering the thin film transistor
910, the gate line 921, and the source line 922.

[0013] Here, when forming the semiconductor layer 911 in
the bottom-gate thin film transistor 910 by forming amor-
phous silicon on the gate electrode 910G and crystallizing the
amorphous silicon by laser annealing, the heat of laser
annealing radiates through the gate electrode 910G when
melting the amorphous silicon. Accordingly, it is preferable
that the gate electrode 910G is made of a material with small
heat conductivity for suppressing the radiation of the heat at
the time of laser annealing.

[0014] Inthe gateline 921, high line resistivity causes delay
in signals or uneven display brightness of the display appa-
ratus due to voltage drop. Particularly, increased driving fre-
quency due to increased panel dimension of the display appa-
ratus makes the panel more likely to be affected by the line
resistance. Therefore, it is preferable that the gate line 921 is
composed of the material with low resistivity (specific resis-
tance).

[0015] As described above, the gate electrode 910G and the
gate line 921 are formed in the same layer. Thus, they are
usually made of the same material. Thus, when the gate
electrode 910G is made of the material with small heat con-
ductivity in consideration of crystallizing the semiconductor
layer 911, the gate line 921 is also made of the material with
small heat conductivity. Alternatively, when the gate line 921
is made of the material with small resistivity in consideration
of the line resistance of the gate line 921, the gate electrode
910G is also made of the material with small resistivity.
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[0016] However, most of metal with small heat conductiv-
ity has high resistivity. Thus, it is difficult to satisfy both the
concern in crystallizing the semiconductor layer 911 and the
concern in line resistance of the gate line 921 at the same time.
[0017] In order to address this problem, the thin film semi-
conductor device for display apparatus which solves these
concerns at the same time has been proposed (see Patent
Literature 2: Japanese Unexamined Patent Application Pub-
lication No. 2007-047808). Patent Literature 2 discloses a
structure in which the gate line is divided into two portions for
satisfying both the heat conductivity of the gate electrode and
reduced resistance in the gate line.

[0018] More specifically, in the thin film semiconductor
device for display apparatus according to Patent Literature 2,
the gate line includes an integral portion integrally formed
with the gate electrode and a separate portion connected to the
integral portion through a contact hole. In addition, the inte-
grated portion of the gate line three-dimensionally crosses the
source line interposing the gate insulating film in between.
The integrated portion of the gate electrode and the gate line
are made of material with lower heat conductivity than the
separate portion of the gate line. Meanwhile, the separate
portion of the gate line is made of material with lower resis-
tivity than the gate electrode.

SUMMARY OF THE INVENTION

[0019] However, in the thin film semiconductor device for
display apparatus disclosed in Patent Literature 2, the inte-
grated portion of the gate electrode and the gate line are still
made of the same material. Accordingly, forming the gate
electrode with the material having small heat conductivity
increases the resistivity of the material composing the inte-
grated portion of the gate line, increasing the resistance of the
integrated portion of the gate line. As a result, there is a
problem that the line resistance of the gate line is not suffi-
ciently reduced, causing uneven brightness of light emitted
from the display apparatus.

[0020] Furthermore, the integrated portion and the separate
portion of the gate line are connected by two contact holes for
each pixel. This causes an IR drop (voltage drop due to a
product of the current I and the resistance R on the line) at the
connecting portion of the integrated portion and the separate
portion. In addition, the gate line for one line is alternately
connected to the integrated portion and the separate portion.
Thus, there is a problem that even one bad connection in the
connected portion of the integrated portion and the separate
portion results in disconnection of all of the pixels in one line
along the gate line.

[0021] In addition, the interval between the gate electrode
and the drain electrode is determined by the thickness of the
gate insulating film. The thickness of the gate insulating film
is, for example, approximately 200 nm. When the gate elec-
trode extends from the gate line provided in the same layer as
the gate electrode and the drain electrode extends from the
power supply line provided in the same layer as the drain
electrode, the interval between the gate line and the drain line
is approximately 200 nm, which is the thickness of the gate
insulating film, in the same manner as the interval between the
gate electrode and the drain electrode. Thus, in an area where
the gate line and the power supply line cross each other, the
interval between the gate line and the power supply line is
narrow, which increases parasitic capacitance between the
gate line and the power supply line. This parasitic capacitance
may cause unevenness in the brightness of light emitted from
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the display apparatus. In addition, there is alimit in an attempt
to increase the thickness of the gate insulating film to reduce
the parasitic capacitance. The limit is set to secure the capa-
bility of the thin film semiconductor device, and the thickness
of the gate insulating film cannot be increased beyond the
limit.

[0022] Furthermore, for example, in the case of the EL
display apparatus, the EL auxiliary power supply line for
supplying power supply to the EL unit with the light-emitting
layer. There is a problem that the EL power supply line
reduces the aperture ratio of the panel of the display appara-
tus, and consequently, the life of the EL display apparatus is
not sufficient.

[0023] Inaddition, the power supply lines for multiple pix-
els are provided for each pixel. As a result, the space for
arranging the lines limits the space for arranging the thin film
transistors.

[0024] The present invention has been conceived to solve
the problems above, and it is an object of the present invention
to provide an EL display panel which is capable of preventing
uneven brightness in the emitted light and extending the prod-
uct life, and in which the region for arranging thin film tran-
sistors is not limited by the space for lines.

[0025] The EL display panel according an aspect of the
present invention is an Electro Luminescence (EL) display
panel including: an EL unit; and a thin film semiconductor
unit which controls luminescence at the EL unit, in which the
EL unit includes: an anode electrode; a cathode electrode; and
alight-emitting layer interposed between the anode electrode
and the cathode electrode, the thin film semiconductor unit
includes: a substrate; a gate electrode formed above the sub-
strate; a gate insulating film formed above the substrate to
cover the gate electrode; a semiconductor layer formed on the
gate insulating film and above the gate electrode; a first elec-
trode formed above the semiconductor layer; a second elec-
trode formed in a same layer as the first electrode; an inter-
layer insulating film formed (i) above the gate insulating film
to cover the first electrode and the second electrode, and (ii) in
a layer different from a layer in which the gate electrode is
formed; a gate line formed above the interlayer insulating
film; a power supply line formed above the interlayer insu-
lating film on which the gate line is formed, in a same layer as
the gate line, and side-by-side with the gate line; and an
auxiliary line formed above the interlayer insulating film, ina
same layer as the gate line and the power supply line, and
side-by-side with the gate line and the power supply line, and
the gate electrode and the gate line are electrically connected
via a first conductive portion passing through the gate insu-
lating film and the interlayer insulating film, one of the first
electrode and the second electrode is electrically connected to
the power supply line via a second conductive portion passing
through the interlayer insulating film, and the auxiliary line is
electrically connected to the cathode electrode.

[0026] According to the EL display panel of the present
invention, the gate lines and the gate electrodes can be formed
in different layers. Thus, it is possible to select materials
suitable for the gate lines and gate electrodes separately to
reduce the line resistance and improve the brightness of the
light emitted from the EL display panel.

[0027] Inaddition, the power supply line as the TFT power
supply line is formed in the same layer as the gate lines, and
thus it is possible to reduce parasitic capacitance between the
power supply line and the gate line. Furthermore, since the
auxiliary line as the EL power supply line is formed in the
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same layer as the gate line, it is not necessary to form a
separate auxiliary line in the EL unit. This increases the
aperture ratio of the pixels, thereby increasing the life of the
display panel.

[0028] Furthermore, since the power supply line and the
auxiliary line are formed in the same layer as the gate line and
side-by-side with the gate line. Thus, it is possible to reduce
the unevenness caused by the gate line on the interlayer insu-
lating film by the power supply line and the auxiliary line.
With this, it is possible to improve the flatness, and increase
the life of the EL display panel.

[0029] Furthermore, the power supply lines shared by pix-
els are provided, thereby reducing the space for arranging the
power supply line which used to be provided for each pixel.
Therefore, it is possible to provide an EL display panel in
which the space for arranging the thin film transistors is not
limited by the space for the lines.

FURTHER INFORMATION ABOUT TECHNICAL
BACKGROUND TO THIS APPLICATION

[0030] The disclosure of PCT application No. PCT/
JP2010/005846 filed on Sep. 29, 2010, including specifica-
tion, drawings and claims is incorporated herein by reference
in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

[0032] FIG.11is a partial cutout perspective view of an EL,
display panel according to the first embodiment ofthe present
invention;

[0033] FIG. 2 illustrates a mother board of the thin film
semiconductor array device for display apparatus according
to the first embodiment of the present invention;

[0034] FIG. 3 illustrates a circuit configuration of one pixel
in an EL display panel according to the first embodiment of
the present invention;

[0035] FIG. 4 is a cross sectional view of the configuration
of a pixel schematically illustrating part of a pixel in the EL
display panel according to the first embodiment ofthe present
invention;

[0036] FIG.5isa planar view of the thin film semiconduc-
tor array device for display apparatus in the EL display panel
according to the first embodiment of the present invention;
[0037] FIG. 6 is a planar view of the thin film semiconduc-
tor array device for display apparatus (partially see-through)
in the EL display panel according to the first embodiment of
the present invention;

[0038] FIG.7isa planar view of the thin film semiconduc-
tor array device for display apparatus (partially see-through)
in the EL display panel according to the first embodiment of
the present invention;

[0039] FIG. 8isa planar view of the thin film semiconduc-
tor array device for display apparatus in the EL display panel
according to the first embodiment of the present invention;
[0040] FIG.9isa planar view of the thin film semiconduc-
tor array device for display apparatus (partially see-through)
in the EL display panel according to the first embodiment of
the present invention;
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[0041] FIG. 10 is a planar view of the thin film semicon-
ductor array device for display apparatus (partially see-
through) in the EL display panel according to the first
embodiment of the present invention;

[0042] FIG. 11 is a cross-sectional view of the thin film
semiconductor device for display apparatus in the EL display
panel according to the first embodiment of the present inven-
tion (a cross-sectional view along X1-X1'in FIG. 8);

[0043] FIG. 12 is a cross-sectional view of the thin film
semiconductor device for display apparatus in the EL display
panel according to the first embodiment of the present inven-
tion (a cross-sectional view along X2-X2'in FIG. 8);

[0044] FIG. 13 is a cross-sectional view of the thin film
semiconductor device for display apparatus in the EL display
panel according to the first embodiment of the present inven-
tion (a cross-sectional view along X3-X3'in FIG. 8);

[0045] FIG. 14 is a perspective view of the thin film semi-
conductor device for display apparatus in FIG. 9;

[0046] FIG. 15 is a perspective view of the thin film semi-
conductor device for display apparatus in FIG. 9;

[0047] FIG. 16A is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0048] FIG. 16B is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0049] FIG. 16C is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0050] FIG. 16D is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0051] FIG. 16E is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0052] FIG. 16F is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0053] FIG. 16G is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0054] FIG. 16H is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0055] FIG. 16l is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0056] FIG. 161 is a cross-sectional view illustrating a
manufacturing process of the EL display panel according to
the first embodiment;

[0057] FIG. 17 is a diagram for describing TFT character-
istics of thin film transistors in the thin film semiconductor
device for display apparatus according to the first embodi-
ment of the present invention;

[0058] FIG. 18 is a cross-sectional view of the thin film
semiconductor device for display apparatus in the EL display
panel according to the first embodiment of the present inven-
tion;

[0059] FIG. 19 is a planar view of the thin film semicon-
ductor device for display apparatus in the EL display panel
according to the second embodiment of the present invention;
[0060] FIG. 20 is a cross-sectional view of the thin film
semiconductor device for display apparatus in the EL display
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panel according to the second embodiment of the present
invention (a cross-sectional view along X2-X2'in FIG. 19).

[0061] FIG. 21 is a diagram for describing TFT character-
istics of thin film transistors in the thin film semiconductor
device for display apparatus according to the second embodi-
ment of the present invention;

[0062] FIG. 22 is a cross-sectional view of the thin film
semiconductor device for display apparatus in the EL display
panel according to a variation of the second embodiment of
the present invention;

[0063] FIG.23A s a cross-sectional perspective view illus-
trating an example of the EL display panel according to the
present invention;

[0064] FIG.23B is a cross-sectional perspective view illus-
trating another example of the EL display panel according to
the present invention;

[0065] FIG. 24 is an external perspective view illustrating
an example of the EL display apparatus according to the
present invention;

[0066] FIG. 25 is a planar view of the thin film semicon-
ductor device for display apparatus for one pixel of the dis-
play apparatus;

[0067] FIG. 26A is a cross-sectional view of the conven-
tional thin film semiconductor device for display apparatus (a
cross-sectional view along X1-X1'in FIG. 25);

[0068] FIG. 26B is a cross-sectional view of the conven-
tional thin film semiconductor device for display apparatus (a
cross-sectional view along X2-X2'in FIG. 25);

[0069] FIG. 26C is a cross-sectional view illustrating the
conventional thin film semiconductor device for display
apparatus (a cross-sectional view along Y-Y" in FIG. 25); and
[0070] FIG. 27 is a perspective view illustrating the con-
ventional thin film semiconductor device for display appara-
tus seen in a cross-section along X1-X1' in FIG. 25.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0071] An aspect of the EL display panel according to the
present invention an Electro Luminescence (EL) display
panel including: an EL unit; and a thin film semiconductor
unit which controls luminescence at the EL unit, in which the
EL unit includes: an anode electrode; a cathode electrode; and
alight-emitting layer interposed between the anode electrode
and the cathode electrode, the thin film semiconductor unit
includes: a substrate; a gate electrode formed above the sub-
strate; a gate insulating film formed above the substrate to
cover the gate electrode; a semiconductor layer formed on the
gate insulating film and above the gate electrode; a first elec-
trode formed above the semiconductor layer; a second elec-
trode formed in a same layer as the first electrode; an inter-
layer insulating film formed (i) above the gate insulating film
to cover the first electrode and the second electrode, and (i1) in
a layer different from a layer in which the gate electrode is
formed; a gate line formed above the interlayer insulating
film; a power supply line formed above the interlayer insu-
lating film on which the gate line is formed, in a same layer as
the gate line, and side-by-side with the gate line; and an
auxiliary line formed above the interlayer insulating film, in a
same layer as the gate line and the power supply line, and
side-by-side with the gate line and the power supply line, and
the gate electrode and the gate line are electrically connected
via a first conductive portion passing through the gate insu-
lating film and the interlayer insulating film, one of the first
electrode and the second electrode is electrically connected to
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the power supply line via a second conductive portion passing
through the interlayer insulating film, and the auxiliary line is
electrically connected to the cathode electrode.

[0072] According to this aspect, the gate line and the power
supply line are arranged above the interlayer insulating film
which does not affect the characteristics of the thin film
semiconductor unit, instead of interposing the gate insulating
film which affects the characteristics of the thin film semi-
conductor unit in the EL display panel. Thus, it is possible to
prevent the parasitic capacitance between the gate line and the
power supply line caused by the limitation in design that the
thickness of the gate insulating film cannot be increased.

[0073] In addition, the gate line and the power supply line
are arranged in a layer different from the layer in which the
gate electrode, the first electrode, and the second electrode are
provided. Thus, it is possible to arrange the gate line and the
power supply line in parallel above the interlayer insulating
film. Thus, the gate line and the power supply line are
arranged in the same layer above the interlayer insulating
film. Therefore, there is no cross point of the gate line and the
power supply line. Consequently, it is possible to completely
prevent the parasitic capacitance due to the area in which the
gate line and the power supply line cross from being gener-
ated.

[0074] Furthermore, according to this embodiment, the
auxiliary line (EL power supply line) for preventing voltage
drop that occurs in the central region of the display screen as
the size of the EL display panel increases is provided in the
thin film semiconductor unit, instead of the EL unit. Further-
more, the auxiliary line is arranged side-by-side with the gate
line and the power supply line on an upper surface of the
interlayer insulating film which is above the thin film semi-
conductor. With this, it is possible to effectively use the exist-
ing layer used for arranging the gate line and the power supply
line to arrange the auxiliary line. As such, by moving the
auxiliary line arranged in the EL unit to the existing layer in
the thin film semiconductor unit, it is possible to open up the
space conventionally used for arranging the auxiliary line in
the EL unit without narrowing the thin film semiconductor
unit. Therefore, it is possible to increase the flexibility in
design of the EL unit, and to increase the aperture ratio of each
pixel included in the EL unit.

[0075] Furthermore, according to this aspect, the power
supply line and the auxiliary line are formed in the same layer
as the gate line and are arranged side-by-side with the gate
line, thereby reducing the unevenness above the interlayer
insulating film due to the gate line by the power supply line
and the auxiliary line. With this, it is possible to improve the
flatness, and increase the life of the EL display panel.

[0076] Furthermore, according to this aspect, common
power supply lines may be arranged above the interlayer
insulating film for supplying power to pixels in red, green,
and blue from the common power supply line, for example.
Thus, it is not necessary for arrange power supply line for
each pixel in red, green, and blue, and the space for arranging
power supply line for red, green, and blue pixels can be
reduced, for example. Therefore, it is possible to provide an
EL display panel in which the flexibility in designing transis-
tor increases, and the space for arranging the transistors are
not limited by the space for the lines.

[0077] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the
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power supply line and the auxiliary line are formed at a level
identical to or within a predetermined approximate value
from the gate line.

[0078] According to this aspect, it is possible to further
reduce the unevenness caused by the gate line above the
interlayer insulating film. With this, it is possible to improve
the flatness, and extend the life of the EL display panel.
[0079] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the
power supply line and the auxiliary line are arranged between
the gate line and another gate line which is adjacent to and
side-by-side with the gate line, and a width of a combination
of the power supply line and the auxiliary line corresponds to
awidth of an interval between the gate line and the other gate
line which is adjacent to and side-by-side with the gate line,
and the power supply line and the auxiliary line are arranged
in the proximity of the two adjacent gate lines to fill the
interval between the two adjacent the gate lines.

[0080] When only the gate line is formed above the inter-
layer insulating film, the upper surface of the thin film semi-
conductor unit protrudes from a region in which the gate line
is not formed as much as the thickness of the gate line.
[0081] In contrast, according to this aspect, the power sup-
ply line and the auxiliary line are used for flattening the upper
surface of the thin film semiconductor unit, and the width of
the combination of the power supply line and the auxiliary
line corresponds to the width of an interval between the gate
line and another gate line in parallel with the gate line and
adjacent to the gate line. Thus, when the EL display panel is
composed by arranging the EL unit including the EL device
on the thin film semiconductor unit, the EL unit is less likely
to be affected by the unevenness of the upper surface of the
thin film semiconductor unit underneath. Therefore, the exist-
ing materials, the power supply line and the auxiliary line can
be used as structure for increasing the flatness. Thus, it is
possible to secure the flatness of the semiconductor thin film
unit with a simple structure and to easily prevent the short-
ened life caused by insufficient flatness.

[0082] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that a
distance from the gate line to the power supply line, a distance
from the power supply line to the auxiliary line, and a distance
from the auxiliary line to the gate line are 4 um or greater.
[0083] According to this aspect, the gate line, the power
supply line, and the auxiliary line can be arranged such that
they do not affect one another, thereby increasing the flatness
of the thin film semiconductor unit.

[0084] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that at least
one of the power supply line and the auxiliary line is wider
than a width of the gate line.

[0085] According to this aspect, having a wide power sup-
ply line flattens the upper surface of the thin film semicon-
ductor unit using the power supply line. For example, when
the EL display panel is composed by arranging the EL unit
including the EL device on the thin film semiconductor unit,
the EL unit is affected by the unevenness on the upper surface
of the thin film semiconductor unit underneath. Making the
power supply line wide secures the flatness with a simple
structure using the existing material, the power supply line,
and easily prevents the reduced life due to insufficient flat-
ness.

[0086] In addition, making the power supply line substan-
tially tabular allows the power supply line to be low-resis-
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tance line. Thus, the power is supplied from the power supply
line with low line resistance to the first electrode or the second
electrode. Thus, with respect to the IR drop generated along
the increase in screen size of the EL display panel in the
central region of the display area, it is possible to significantly
reduce the IR drop amount.

[0087] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the
semiconductor layer is of P-channel type, and the power
supply line is arranged to overlap the semiconductor layer.

[0088] On thesurface of the semiconductor layer and on the
surface of the interlayer insulating film in the channel region
of the thin film semiconductor unit, lattice defect occurs at the
time of manufacturing. When the lattice defect occurs, there
is an unstable interface state, causing the electric potential of
the back channel of the channel region to be unstable.

[0089] In this aspect, the semiconductor layer covers the
interlayer insulating film by the power supply line or the
auxiliary line with positive electric potential above the chan-
nel region of the P-channel thin film semiconductor unit. This
makes the electric potential of the back channel stable. As a
result, it is possible to suppress the generation of off-leakage
current in the thin film semiconductor unit. Thus, it is possible
to implement an EL display panel with a thin film semicon-
ductor unit with good off-characteristics.

[0090] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the
semiconductor layer is of N-channel type, and the power
supply line and the auxiliary line are arranged not to overlap
the semiconductor layer.

[0091] When at least one of the power supply line and the
auxiliary line with positive electric potential covers the inter-
layer insulating film above the channel region of the thin film
semiconductor unit of N-channel type, negative carriers are
induced at the back channel of the channel region, generating
off-leakage current due to the negative carriers. With the
carrier generated as described above, the current becomes the
off-leakage current from the thin film semiconductor unit. As
a result, the current is generated without applying the gate
voltage, degrading the off characteristics of the thin film
semiconductor unit.

[0092] According to this aspect, the auxiliary line prevents
the carrier from being induced at the back channel of the
N-channel TFT. As a result, it is possible to suppress the
generation of off-leakage current in the thin film semiconduc-
tor unit. Thus, it is possible to implement an EL display panel
with a thin film semiconductor unit with good off-character-
istics.

[0093] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the first
electrode is a source electrode, and the second electrode is a
drain electrode.

[0094] According to this aspect, the first electrode is a
source electrode, and the second electrode is a drain elec-
trode.

[0095] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the first
electrode 1s a drain electrode, and the second electrode is a
source electrode.

[0096] According to this aspect, the first electrode is a drain
electrode, and the second electrode is a source electrode.
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[0097] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the
semiconductor layer includes a polycrystalline semiconduc-
tor layer.

[0098] According to this aspect, the polycrystalline semi-
conductor layer increases the carrier mobility. Thus, it is
possible to implement an EL display panel including the thin
film transistor with good on characteristics.

[0099] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that mate-
rial composing the power supply line and the auxiliary line
includes one of Al, Cu, and Ag.

[0100] According to this aspect, the power supply line and
the auxiliary line can be composed of material including Al,
Cu, and Ag which are metals with low resistivity among the
material for lines. Thus, it is possible to further reduce the
electric resistance of the power supply line and the auxiliary
line.

[0101] Furthermore, in an aspect of the EL display panel
according to the present invention, it is preferable that the EL
unit is an organic EL unit having an organic light-emitting
layer as the light-emitting layer.

[0102] According to this aspect, it is possible to implement
an EL display panel with high display capability.

[0103] Furthermore, in an aspect of the EL display appara-
tus according to the present invention, the EL display appa-
ratus includes the EL display panel.

[0104] According to this aspect, it is possible to implement
the EL display apparatus with the features described above.
[0105] Furthermore, the method of manufacturing the EL
display panel according to an aspect of the present invention
includes a first process of preparing a substrate; a second
process of forming a gate electrode above the substrate; a
third process of forming a gate insulating film above the
substrate to cover the gate electrode; a fourth process of
forming a semiconductor layer on the gate insulating film and
above the gate electrode; a fifth process of forming a first
electrode above the semiconductor layer and forming a
source line electrically connected to the first electrode, and a
second electrode; a sixth process of forming a first interlayer
insulating film above the gate insulating film to cover the first
electrode and the second electrode; a seventh process of form-
ing a first contact hole through the gate insulating film and the
first interlayer insulating film; an eighth process of forming a
second contact hole through the first interlayer insulating
film, the second contact hole passing through the first inter-
layer insulating film above the gate electrode and being dif-
ferent from the first contact hole; a ninth process of forming,
by forming a metal film on the first interlayer insulating film
and patterning the metal film, (i) a gate line electrically con-
nected to the gate electrode through the first contact hole, (ii)
a power supply line electrically connected to the first elec-
trode or the second electrode through the second contact hole
and side-by-side with the gate line, and (iii) an auxiliary line
side-by-side with the gate line and the power supply line and
electrically connected to the cathode electrode; a tenth pro-
cess of forming a second interlayer insulating film to cover
upper surfaces of the first interlayer insulating film, the power
supply line, and the auxiliary line; an eleventh process of
forming a third contact hole through the second interlayer
insulating film; and a twelfth process of forming, above the
second interlayer insulating film, an EL, unit including a pair
of an anode electrode and a cathode electrode, and a light-
emitting layer interposed between the anode electrode and the
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cathode electrode, in which, in the twelfth process, the cath-
ode electrode and the auxiliary line are electrically connected
through the third contact hole.

[0106] Withthisaspect, the EL display apparatus according
to the present invention can be easily manufactured.

[0107] Furthermore, in an aspect of the method of manu-
facturing EL display panel according to the present invention,
the semiconductor layer formed in the fourth process is a
non-crystalline semiconductor film, and the method further
includes, between the fourth process and fifth process, a pro-
cess of crystallizing the non-crystalline semiconductor film
by irradiating the non-crystalline semiconductor film with a
laser to heat the non-crystalline semiconductor film to a pre-
determined temperature range.

[0108] According to this aspect, it is possible to form a
semiconductor layer including the polycrystalline semicon-
ductor film.

[0109] Furthermore, in an aspect of the method of manu-
facturing EL display panel according to the present invention,
itis preferable that the EL unit is an organic EL unithaving an
organic light-emitting layer as the light-emitting layer.
[0110] According to this aspect, it is possible to manufac-
ture the EL display panel with high display capability.
[0111] The following specifically describes embodiments
of the present invention with reference to the drawings.

First Embodiment

[0112] First, the organic electro-luminescence (EL) panel
according to the first embodiment of the present invention
shall be described with reference to FIG. 1. FIG. 1 is a partial
cutout perspective view of an organic EL display panel
according to the first embodiment of the present invention.

[0113] As illustrated in FIG. 1, the EL display panel 1
according to the first embodiment of the present invention is
an organic EL display panel (organic EL display), and
includes an organic EL device 10 which is a light-emitting
display device, and a thin film semiconductor array device 20
composed of an active matrix substrate in which a thin film
transistor and lines are formed. Note that, the organic EL
device 10 corresponds to the EL unit according to the present
invention, and the thin film semiconductor array device for
display apparatus 20 corresponds to the thin film semicon-
ductor unit in the present invention.

[0114] Theorganic EL device 10 includes a lower electrode
12, an organic light-emitting layer 13, and an upper electrode
14 that are sequentially formed on the thin film semiconduc-
tor array device 20. The organic light-emitting layer 13 is
composed of an electron transport layer, a light-emitting
layer, and a hole transport layer, and others.

[0115] The thin film semiconductor array device for dis-
play apparatus 20 includes pixels 100 arranged in a matrix (in
rows and columns), and each of the pixels 100 includes a pixel
circuit 30 including a thin film transistor (not illustrated). The
thin film semiconductor array device for display apparatus 20
includes gate lines 21 and source lines 22 arranged in a
matrix. Multiple lines are arranged in row direction (horizon-
tal direction) as the gate lines 21, and multiple lines are
arranged in column direction (vertical direction) as the source
lines 22. In addition, the gate lines 21 and the source lines 22
are orthogonal to each other, and each of them connects each
pixel circuit 30 and a control circuit (not illustrated).
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[0116] Each pixel circuit 30 includes at least two thin film
transistors provided as a switching device for selecting the
pixel 100 and a driving device for driving the organic EL
device 10.

[0117] Note that, although not illustrated in FIG. 1, the thin
film semiconductor array device for display apparatus 20
includes power supply lines 23 arranged in column direction.
The power supply lines 23 are connected to thin film transis-
tors as driving devices of pixels 100. The power supply lines
23 shall be described in detail later.

[0118] As such, the organic EL display panel 1 according to
the first embodiment utilizes active matrix technology in
which display control is performed for each pixel 100 parti-
tioned by the gate lines 21 and the source lines 22.

[0119] Next, an example of the thin film semiconductor
array device for display apparatus according to the first
embodiment of the present invention shall be described with
reference to FIG. 2. FIG. 2 illustrates a mother board of the
thin film semiconductor array device for display apparatus
according to the first embodiment of the present invention.
[0120] As illustrated in FIG. 2, the mother board includes
two display units 200, and two thin film semiconductor array
devices for display apparatus 20 are obtained by cutting the
mother board into two pieces. As described above, each dis-
play unit 200 includes the pixels 100 arranged in a matrix (in
rows and columns). Note that, in FIG. 2, only the pixels 100
at the corners of the display unit 200 are illustrated. Note that,
in FIG. 2, the mother board includes two display units 200.
However, the mother board may include two or more display
units 200, or only one display unit 200.

[0121] The following describes the circuit configuration of
the pixel inthe EL display panel according to the first embodi-
ment of the present invention with reference to FIG. 3. FIG. 3
illustrates a circuit configuration of one pixel in an EL display
panel 1 according to the first embodiment of the present
invention. In the firstembodiment illustrated in FIGS. 3 to 18,
description is made using P-channel TFTs as an example of
the first thin film transistor and the second thin film transistor.
[0122] As illustrated in FIG. 3, each pixel 100 includes: a
pixel circuit 30 including a first thin film transistor 310, a
second thin film transistor 320, and a capacitor 300C; and an
organic EL device 10. The first thin film transistor 310 is a
selector transistor for selecting the pixel 100 (switching tran-
sistor), and the second thin film transistor 320 is a driver
transistor for driving the organic EL device 10.

[0123] The first thin film transistor 310 includes a first
source electrode 3108, a first drain electrode 310D, and a first
gate electrode 310G. The first source electrode 310S is con-
nected to the source line 22, and the first gate electrode 310G
is connected to the gate line 21. Furthermore, the first drain
electrode 310D is connected to the capacitor 300C and the
second gate electrode 320G of the second thin film transistor
320. When voltage is applied to the gate line 21 and the source
line 22, the first thin film transistor 310 stores the voltage
value applied to the source line 22 in the capacitor 300C as
display data.

[0124] The second thin film transistor 320 includes a sec-
ond source electrode 3208, a second drain electrode 320D,
and a second gate electrode 320G. The second drain electrode
320D is connected to the anode of the organic EL device 10,
and the second source electrode 3208 is connected to the
power supply line 23. The second gate electrode 320G is
connected to the first drain electrode 310D of the first thin film
transistor 310. The second thin film transistor 320 supplies
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current corresponding to the voltage value held by the capaci-
tor 300C to the lower electrode 12 of the organic EL device 10
through the second source electrode 320S and the second
drain electrode 320D from the first power supply line 23.
[0125] In the pixel 100 with the configuration described
above, when the gate line 21 receives a gate signal turning on
the first thin film transistor 310, the signal voltage supplied
through the source line 22 is written on the capacitor 300C.
The hold voltage written on the capacitor 300C is held for one
frame period. With the hold voltage, the conductance of the
second thin film transistor 320 changes in an analog manner,
and the driving current corresponding to luminescence gra-
dation flows from the lower electrode 12 which is an anode to
the upper electrode 14 which is a cathode of the organic EL
device 10. As such, the organic EL device 10 emits light, and
an image is displayed.

[0126] Next, the configuration of a pixel in the EL display
panel 1 according to the first embodiment of the present
invention shall be described with reference to F1G. 4. FIG. 4
illustrates a circuit configuration of part of one pixel inan EL
display panel 1 according to the first embodiment of the
present invention.

[0127] Fsillustrated in FIG. 4A, each pixel included in the
EL display panel 1 according to the first embodiment of the
present invention includes the first thin film transistor 310
which is a switching transistor, and the second thin film
transistor 320 which is a driving transistor for driving the
organic EL device 10. As described above, the first thin film
transistor 310 includes the first source electrode 3108, the
first drain electrode 310D, and the first gate electrode 310G.
The second thin film transistor 320 includes the second
source electrode 3208, the second drain electrode 320D, and
the second gate electrode 320G.

[0128] Asillustrated in FIG. 4, the first gate electrode 310G
and the second gate electrode 320G are formed in each pixel
above the substrate 300. Furthermore, the gate insulating film
330 is formed to cover the first gate electrode 310G and the
second gate electrode 320G.

[0129] The first semiconductor layer 311 is formed above
the first gate electrode 310G and on the gate insulating film
330. The second semiconductor layer 321 is formed above the
first gate electrode 320G and on the gate insulating film 330.
[0130] The first source electrode 3108 and the first drain
electrode 310D are separately arranged opposite to each
other, each covering part of the first semiconductor layer 311.
The second source electrode 320S and the second drain elec-
trode 320D are separately arranged opposite to each other,
each covering part of the second semiconductor layer 321.
[0131] The first source electrode 3108 of the first thin film
transistor 310 is electrically connected to the source line 22.
[0132] Inaddition, the first interlayer insulating film (lower
interlayer insulating film) 340 is formed to cover the first thin
film transistor 310 and the second thin film transistor 320.
[0133] The power supply line 23 is formed above the first
interlayer insulating film 340. The power supply line 23 is
electrically connected to the second source electrode 3208
through a contact hole formed in the first interlayer insulating
film 340.

[0134] The second interlayer insulating film (upper inter-
layer insulating film) 350 is formed above the first interlayer
insulating film 340 to cover the power supply line 23.
[0135] The organic EL device 10 including the lower elec-
trodes 12, the organic light emitting layer 13 and the upper
electrode 14 that are sequentially formed is formed on the
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second interlayer insulating film 350. The bank 15 is formed
onthe second interlayer insulating film 350 at the boundary of
adjacent pixels. The lower electrode 12 and the organic light
emitting layer 13 are formed in the opening between adjacent
banks 15.

[0136] Each lower electrode 12 is an anode arranged for
each pixel, and is formed on the second interlayer insulating
film 350. The lower electrode 12 is electrically connected to
the second drain electrode 320D of the second thin film tran-
sistor through the contact hole through the first interlayer
insulating film 340 and the second interlayer insulating film
350.

[0137] The organic light emitting layer (organic EL layer)
13 is formed for each color (sub-pixel column) or each sub
pixel, and is made of a predetermined organic luminescent
material.

[0138] The upper electrode 14 is a cathode formed above
the organic light emitting layer 13 over multiple pixels, and is
made of a transparent electrode such as ITO. In this embodi-
ment, the upper electrode 14 is a common electrode shared by
all of the pixels.

[0139] In the EL display panel 1 with the structure
described above, the lowermost layer in which the thin film
transistor is formed is referred to as a TFT layer (TFT unit)
L1, the uppermost layer in which the organic EL device 10 is
formed is referred to as the organic EL layer (organic EL unit)
L3, and the layer between the TFT layer 1.1 and the organic
EL layer L3 and in which the line is formed is referred to as a
line layer (line unit) L2.

[0140] Asillustrated in FIG. 4, the power supply line 23, the
auxiliary line 25 (see FIG. 6), and the gate line 21 (see FIG. 6)
are formed in the line layer [.2. The auxiliary line 25 is
electrically connected to the upper electrode 14 of the organic
EL device 10, and is capable of applying a predetermined
voltage to the upper electrode 14 as the EL power supply line,
and keeps the upper electrode 14 grounded. The auxiliary line
25 is provided to prevent the voltage drop that occurs in the
central region of the EL display panel 1 along the increase in
the size of the EL display panel. Note that, the TFT layer L1
and the line layer 1.2 corresponds to the thin film semicon-
ductor unit in the present invention, and the organic EL layer
L3 corresponds to the EL unit according to the present inven-
tion.

[0141] Furthermore, inthe TFT layer L1, the layer in which
the first gate electrode 310G and the second gate electrode
320G are formed is referred to as a first metal layer ML1. In
addition, a layer in which the first source electrode 310S and
the first drain electrode 310D and the second source electrode
320S and the second drain electrode 320D are formed is
referred to as a second metal layer ML2. Accordingly, as
illustrated in FIG. 4, in this embodiment, the source line 22 is
formed in the second metal layer ML2.

[0142] Inthe line layer [.2, a layer in which the gate line 21
(see FIG. 6), the power supply line 23, and the auxiliary line
25 (see FIG. 6) are formed is referred to as a third metal layer
ML3.

[0143] In the first metal layer ML1 to the third metal layer
ML3, the metal material such as the electrodes and the line
formed in the same metal layer can be formed at the same time
by patterning the same metal film.

[0144] Next, the configuration of in the EL display panel 1
according to the first embodiment of the present invention
shall be described with reference to FIGS. 5to 7.FIG. 5is a
planar view of the thin film semiconductor array device for
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display apparatus 20 comprising the EL display panel 1
according to the first embodiment of the present invention.
FIG. 6 is a planar view of the thin film semiconductor array
device for display apparatus according to the first embodi-
ment of the present invention, illustrating the components,
seeing through the anode and the second interlayer insulating
film formed in the organic EL layer L.3. FIG. 7is a planar view
of the thin film semiconductor array device for display appa-
ratus 20 according to the first embodiment of the present
invention, seeing-through the lines and the insulating film
formed in the line layer [.2.

[0145] Asillustrated in FIG. 5, the thin film semiconductor
array device according to the first embodiment of the present
invention includes pixels 100 arranged in a matrix (rows and
columns). As illustrated in FIG. 6, under the lower electrodes
12, the gate lines 21, the power supply lines 23 and the
auxiliary lines 25 are arranged along the row direction of the
pixels 100.

[0146] Thepower supply lines 23 are arranged side-by-side
with the gate lines 21. Furthermore, the auxiliary lines 25 are
arranged in intervals between the gate lines 21 of the pixels
100 adjacent to the power supply lines 23, side-by-side with
the power supply lines 23 and the gate lines 21. In other
words, the gate lines 21, the power supply lines 23 and the
auxiliary lines 25 are arranged in row direction side-by-side
with each other. In addition, the gate lines 21, the power
supply lines 23 and the auxiliary lines 25 are formed in the
same layer.

[0147] FIG. 6 illustrates a diagram of FIG. 5, seeing
through the gate lines 21, the power supply lines 23, and the
auxiliary lines 25.

[0148] As illustrated in FIG. 6, the thin film semiconductor
array device for display apparatus 20 according to the first
embodiment of the present invention includes source lines 22
arranged in parallel with each other along the column direc-
tion of the pixels 100. The source lines 22 is formed in the
second metal layer ML2 in the TFT layer L1 illustrated in
FIG. 4, and are arranged to three-dimensionally cross the gate
lines 21, the power supply lines 23 and the auxiliary line 25
formed in the line layer L2 above. The thin film semiconduc-
tor array device for display apparatus 20 includes the first thin
film transistor 310 and the second thin film transistor 320.
[0149] The pixel 100 included in the EL display panel 1
according to the first embodiment of the present invention
shall be described with reference to FIGS. 8 to 13. FIG. 8is a
planar view of the pixel 100 of the EL display panel according
to the first embodiment of the present invention, and illus-
trates the pixel with the anode arranged. Furthermore, FIG. 9
is a planar view of the pixel 100 according to the first embodi-
ment of the present invention, seeing through the anode
formed in the organic EL layer 3. FIG. 101s a planar view of
the pixel 100 according to the first embodiment of the present
invention, seeing through the lines and insulating films
formed in the line layer [.2. FIG. 11 is a cross-sectional view
of the pixel 100 along the line X1-X1'in FIGS. 8 to 10. FIG.
12 is a cross-sectional view of the pixel 100 along the line
X2-X2'in FIGS. 8 t0 10. FIG. 13 is a cross-sectional view of
the pixel 100 along the line X3-X3' in FIGS. 8 to 10.

[0150] As illustrated in FIGS. 8 to 10, the pixel 100
included in the EL display panel 1 according to the first
embodiment of the present invention includes a substrate 300,
a first thin film transistor 310, the second thin film transistor
320, agateline 21, a source line 22, a power supply line 23, an
auxiliary line 25, and a first interlayer insulating film 340.
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Note that, in FIGS. 9 to 12, the configuration above the first
interlayer insulating film 340 is omitted.

[0151] The first thin film transistor 310 is a multilayered
structure of a first gate electrode 310G, a gate insulating film
330, a first semiconductor layer 311 (channel layer), the first
source electrode 3108, and the first drain electrode 310D. The
second thin film transistor 320 is a multilayered structure of a
second gate electrode 320G, a gate insulating film 330, a
second semiconductor layer 321 (channel layer), the second
source electrode 3208, and the second drain electrode 320D.
[0152] Inthis embodiment, the first thin film transistor 310,
the second thin film transistor 320, and the source line 22 are
formed inthe TFT layer L1 illustrated in FIG. 4. Furthermore,
the gate line 21, the power supply line 23 and the auxiliary
line 25 are formed in the line layer L2 illustrated in FIG. 4.
[0153] The following specifically describes the compo-
nents of the EL display panel 1 according to the first embodi-
ment of the present invention from the component in the
lowermost layer.

[0154] As illustrated in FIGS. 8 to 12, the first gate elec-
trode 310G and the second gate electrode 320G are formed in
island shape above the substrate 300 illustrated in FIG. 4.
[0155] Furthermore, the gate insulating film 330 is formed
above the substrate 300 to cover the first gate electrode 310G
and the second gate electrode 320G as illustrated in FIGS. 11
and 12.

[0156] In addition, the first semiconductor layer 311 is
patterned in island shape on the gate insulating film 330 and
above the first gate electrode 310G, as illustrated in FIGS. 11
and 12. Furthermore, above the second gate electrode 320G
on the gate insulating film 330, the second semiconductor
layer 321 is patterned in island shape.

[0157] Here, P-channel semiconductors are used for the
first semiconductor layer 311 and the second semiconductor
layer 321. Positive electric potentials are supplied to the
power supply lines 23.

[0158] As illustrated in FIGS. 10 and 12, the first source
electrode 310S and the first drain electrode 310D in the first
thin film transistor 310 is formed above the first semiconduc-
tor layer 311 partially overlapping the first semiconductor
layer 311. In addition, the first source electrode 310S and the
first drain electrode 310D are formed in positions opposite to
each other interposing the first semiconductor layer 311 in the
planar view illustrated in FIG. 10. The first source electrode
3108 and the first drain electrode 310D are formed in the
second metal layer ML2 in the TFT layer L1 illustrated in
FIG. 4. Note that, the term “overlapping” in this specification
refers to a positional relationship overlapping each other
when viewed in the vertical direction of the pixels 100.
[0159] Furthermore, as illustrated in FIGS. 11 and 12, the
first drain electrode 310D is formed to overlap the second gate
electrode 320G of'the second thin film transistor 320. The first
drain electrode 310D and the second gate electrode 320G are
electrically connected by a fourth contact portion 114 (fourth
conductive portion). The fourth contact portion 114 is formed
by burying conductive material in the contact hole formed in
a thickness direction at a position where the first drain elec-
trode 310D and the second gate electrode 320G overlap. In
this embodiment, as illustrated in FIG. 12, the fourth contact
portion 114 is formed by burying part of the first drain elec-
trode 310D in the contact hole formed through the gate insu-
lating film 330.

[0160] Note that, as illustrated in FIG. 12, the fourth contact
hole corresponding to the fourth contact portion 114 is
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formed in the gate insulating film 330. In this embodiment,
three fourth contact portions 114 are formed as illustrated in
FIG. 10.

[0161] Asillustrated in FIGS. 10 and 12, the second source
electrode 320S and the second drain electrode 320D in the
second thin film transistor 320 is formed above the second
semiconductor layer 321 partially overlapping the second
semiconductor layer 321. In addition, the second source elec-
trode 3208 and the second drain electrode 320D are formed in
positions opposite to each other interposing the second semi-
conductor layer 321 in the planar view illustrated in FIG. 10.
The second source electrode 320S and the second drain elec-
trode 320D are formed in the second metal layer ML2 in the
TFT layer L1.

[0162] Furthermore, as illustrated in FIG. 10, the second
drain electrode 320D extends linearly along the column
direction, and an island-shaped electrode portion 120 wider
than the extended portion is formed near an end opposite to an
end on which the second semiconductor layer 321 is formed.
[0163] The electrode portion 120 is electrically connected
to the lower electrodes 12 of the organic EL device 10 through
the third contact portion 113. The third contact portion 113 is
formed by burying conductive material to the contact hole
formed through the first interlayer insulating film 340 and the
second interlayer insulating film 350 formed in the upper
layer of the electrode portion 120.

[0164] The source line 22 is linearly formed along the col-
umn direction of the pixels 100, as illustrated in FIGS. 8 t0 10.
The source line 22 is arranged to pass near the first thin film
transistor 310, and is electrically connected to the first source
electrode 310S.

[0165] In this embodiment, the source line 22 and the first
semiconductor layer 311 are overlapped with each other such
that part of the linear source line 22 serves as the first source
electrode 310S. In this embodiment, the source lines 22 are
formed in the TFT layer [1 illustrated in FIG. 4, and in the
second metal layer ML2.

[0166] Note that, the source line 22 is formed above the gate
insulating film 330 except for the portion overlapping with
the first thin film transistor 310. In addition, the source line 22
is formed to three-dimensionally cross the gate line 21, the
power supply line 23, and the auxiliary line 25 to be described
later, through the first interlayer insulating film 340.

[0167] In addition, as illustrated in FIGS. 11 and 12, the
first interlayer insulating film 340 is formed to cover the first
thin film transistor 310, the second thin film transistor 320, the
source line 22, and the power supply line 23. The first inter-
layer insulating film 340 is the uppermost layer of the TFT
layer L1, and is formed to cover the entire electrodes and lines
formed underneath.

[0168] Furthermore, above the first interlayer insulating
film 340, the gate line 21, the power supply line 23, and the
auxiliary line 25 are formed. The gate line 21, the power
supply line 23, and the auxiliary line 25 are both formed inthe
third metal layer ML3 in the line layer 1.2 illustrated in FIG.
4.

[0169] The gate line 21 is linearly formed along the row
direction of the pixels 100, as illustrated in FIGS. 9 and 11.
Furthermore, the gate line 21 is formed above the first inter-
layer insulating film 340 as illustrated in FIG. 11, and is
formed in the third metal layer ML3 in the line layer L2
illustrated in FIG. 4. More specifically, the gate line 21 is
formed in a layer different from a layer in which the first gate
electrode 310G is formed.



US 2012/0074834 Al

[0170] Furthermore, the gate line 21 is arranged to pass
through the proximity of the first thin film transistor 310, and
is electrically connected to the first gate electrode 310G. In
this embodiment, as illustrated in FIGS. 9 and 11, the gate line
21 and the first gate electrode 310G are arranged to three-
dimensionally cross each other, and the gate line 21 and the
first gate electrode 310G are electrically connected through
the first contact portion 111 (first conductive portion). The
first contact portion 111 is formed by burying conductive
material to the contact hole formed in the thickness direction
in aposition where the gate line 21 and the first gate electrode
310G overlap each other. In this embodiment, the first contact
portion 111 is formed by burying part of the gate line 21 in the
first contact hole through the first interlayer insulating film
340 and the gate insulating film 330 as illustrated in FIG. 11.
[0171] The gate line 23 is linearly formed along the row
direction of the pixels 100, as illustrated in FIGS. 9 and 12. In
addition, as illustrated in FIG. 12, the power supply line 23 is
formed above the first interlayer insulating film 340, and is
formed in the third metal layer ML3 in the line layer [.2
illustrated in F1G. 4. More specifically, the power supply line
23 is formed in the same layer as the gate line 21.

[0172] Furthermore, the power supply line 23 is arranged
side-by-side with the gate line 21, as illustrated in FIG. 9.
Furthermore, the power supply line 23 is arranged to three-
dimensionally cross the second source electrode 3208, and at
the intersection (overlapping portion), the power supply line
23 is electrically connected through the second contact por-
tion 112 (second conductive portion) formed in the thickness
direction. The second contact portion 112 is formed by bury-
ing conductive material on the contact hole formed in thick-
ness direction in a position in which the power supply line 23
and the second source electrode 320S overlaps as illustrated
in FIG. 12. In this embodiment, the second contact portion
112 is formed by burying part of the power supply line 23 in
the contact hole formed through the first interlayer insulating
film 340. Furthermore, in this embodiment, 6 second contact
portions 112 (2 rows and 3 columns) are formed as illustrated
in FIG. 9.

[0173] The auxiliary line 25 is linearly formed along the
row direction of the pixels 100, as illustrated in FIGS. 9 and
13. In addition, as illustrated in FIG. 12, the power supply line
23 is formed above the first interlayer insulating film 340, and
is formed in the third metal layer ML3 in the line layer .2
illustrated in FIG. 4. More specifically, the auxiliary line 25 is
formed in the same layer as the gate line 21 and the power
supply line 23.

[0174] In addition, the auxiliary line 25 is arranged side-
by-side with the gate line 21 and the power supply line 23 as
illustrated in FIG. 9. Furthermore, on the auxiliary line 25, the
second interlayer insulating film 350 and the organic EL layer
L3 illustrated in FIG. 4 are formed. More specifically, on the
second interlayer insulating film 350, the lower electrodes 12,
the EL layer 13 and the upper electrode 14 are sequentially
formed. In addition, as illustrated in FIG. 13, the upper elec-
trode 14 and the auxiliary line 25 are electrically connected
through the fifth contact portion 115 (third conductive por-
tion). As illustrated in FIG. 13, the fifth contact portion 115 is
formed by burying the conductive material on the contact
hole formed in thickness direction at a position in which the
upper electrode and the auxiliary line 25 overlap. In this
embodiment, the fifth contact portion 115 is formed by bury-
ing part of the upper electrode 14 in the contact hole formed
through the second interlayer insulating film 350. Further-
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more, in this embodiment, 14 (two rows and seven columns)
fifth contact portions 115 are provided.

[0175] Note that, in this embodiment, the material compos-
ing the power supply line 23 and the auxiliary line 25 are
composed of one material selected from Al (aluminum), Cu
(copper), Ag (silver). Furthermore, the power supply line 23
and the auxiliary line 25 may be multilayered lines, and the
main line composing the power supply line 23 and the auxil-
iary line 25 may be made of one material selected among Al,
Cu, and Ag. Note that, the power supply line 23 and the
auxiliary line 25 may include more than one of the metals, or
may be made of other material.

[0176] FIG. 14 is a perspective view of the thin film semi-
conductor device for display apparatus 2 from an end of the
side in which the electrode portion 120 is arranged. FIG. 15 is
a perspective view of the thin film semiconductor device for
display apparatus 2 from an end of the side in which the
electrode portion 120 is arranged.

[0177] Asillustrated in FIG. 14, the gate line 21, the power
supply line 23, and the auxiliary line 25 are formed in the
same layer. More specifically, the gate line 21, the power
supply line 23, and the auxiliary line 25 are formed in the line
layer L2 on the first interlayer insulating film 340, and in a
layer different from the source line 22 which is formed in the
TFT layer L1. Furthermore, the gate line 21, the power supply
line 23 and the auxiliary line 25 are arranged orthogonal to the
source line 22 and three-dimensionally cross each other. Fur-
thermore, as illustrated in FIG. 15, the source line 22, the
second source electrode 3208, and the second drain electrode
320D are formed in the TFT layer 1.

[0178] Next, the method of manufacturing the thin film
semiconductor device for display apparatus 2 in the EL dis-
play panel 1 according to the first embodiment shall be
described with reference to FIGS. 16A to 16J. Note that,
FIGS. 16A to 16] are cross-sectional views schematically
illustrating the method of manufacturing thin film semicon-
ductor device for display apparatus according to the first
embodiment of the present invention. Note that, the cross-
sectional views of FIGS. 16A to 16J corresponds to the
X2-X2' cross section in FIG. 9.

[0179] First, as illustrated in FIG. 16 A, the substrate 300 is
prepared. In general, insulating material made of glass, quartz
and others are used for the substrate 300. An undercoat layer
made of a silicon oxide film or silicon nitride film (not illus-
trated) may be formed to prevent impurity dispersion from the
substrate 300. The thickness of the undercoat layer is approxi-
mately 100 nm, for example.

[0180] Next, after washing the substrate using purified
water, for example, a heat-resistant first metal layer is formed
above the substrate 300. Subsequently, as illustrated in FIG.
16B, the gate electrodes 310G and 320G are formed by pat-
terning the first metal layer into a predetermined shape by
photolithography, etching, and others. Any of heat resistant
metal such as Mo, W, Ta, Ti, and Ni or their alloy may be used
as the material for the first metal film. In this embodiment, Mo
is used as an example, and the first metal film with the thick-
ness approximately 100 nm is formed.

[0181] Next, as illustrated in FIG. 16C, the gate insulating
film 330 is formed above the entire surface of the substrate
300 to cover the first gate electrode 310G and the second gate
electrode 320G. Silicon oxide film (Si0,), silicon nitride film
(SiN), or a composite film of them may be used as the material
for the gate insulating film 330. In this embodiment, the gate
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insulating film 330 with the thickness of approximately 200
nm is formed by plasma CVD.

[0182] Subsequently, as illustrated in FIG. 16D, non-crys-
talline semiconductor film 301 is formed on the gate insulat-
ing film 330. In this embodiment, an amorphous silicon film
1s used as the non-crystalline semiconductor film 301, and the
non-crystalline semiconductor film 301 is formed with a
thickness of approximately 50 nm by plasma CVD. Note that,
the gate insulating film 330 and the non-crystalline semicon-
ductor film 301 are formed by continuous plasma CVD while
maintaining a vacuum state.

[0183] Subsequently, as shown in the arrows in FIG. 16D, a
polysilicon semiconductor film is obtained by irradiating
laser such as excimer laser to crystallize the non-crystalline
semiconductor film 301 to polysilicon semiconductor film.
More specifically, by irradiating excimer laser and others on
the amorphous silicon film to raise the temperature of the
amorphous silicon film to a predetermined temperature range
to crystallize the amorphous silicon film, and to increase the
grain size to form the polysilicon semiconductor film, for
example. Here, the predetermined temperature range is, for
example, from 1100 to 1414 degrees Celsius. Furthermore, an
average grain size of the polysilicon semiconductor layer is
20 nm to 60 nm.

[0184] Here, the first gate electrode 310G and the second
gate electrode 320G are exposed to high temperature in the
laser irradiating process. For this reason, it is preferable to
form the first gate electrode 310G and the second gate elec-
trode 320G with a metal having a melting point higher than
the upper limit (1414 degrees Celsius) of the temperature
range. On the other hand, lines and electrodes formed in the
second metal layer ML.2 and the third metal layer MLL3 may
be formed with the metal having a melting point lower than
the lower limit of the temperature range (1100 degrees Cel-
sius).

[0185] Note that, it is preferable to perform annealing at
400 to 500 degrees Celsius for 30 minutes as a pretreatment
before irradiating laser. Furthermore, after irradiating laser,
hydrogen plasma treatment in vacuum for a few seconds to a
few dozens seconds is preferred.

[0186] After that, as illustrated in FIG. 16E, the non-crys-
talline semiconductor film 301 is patterned in an island shape
to form the first semiconductor layer 311 and the second
semiconductor layer 321.

[0187] Next, as illustrated in FIG. 16F, the fourth contact
hole CH4 through the gate insulating film 330 is formed by
photolithography, wet etching, and others, to electrically con-
nect the first drain electrode 310D and the second gate elec-
trode 320G.

[0188] After that, as illustrated in FIG. 16G, the second
metal film is formed to cover the gate insulating film 330, the
first semiconductor layer 311 and the second semiconductor
layer 321. Subsequently, the source line 22, the first source
electrode 310S and the first drain electrode 310D, the second
source electrode 3208, and the second drain electrode 320D
are shaped by patterning the second metal film into a prede-
termined shape by photolithography, wet etching and others.
Here, the fourth contact hole CH4 is filled with the material
composing the second metal film, forming the fourth contact
portion 114.

[0189] Note that, the material composing the second metal
layer may be metal such as one of Al, Cu, and Ag, or alloys of
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these metals. In this embodiment, the second metal film made
of Al with the thickness of approximately 300 nm is formed as
an example.

[0190] In addition, it is preferable to form highly heat-
resistant metal such as Mo is formed as a barrier metal on an
upper side, lower side, or both of Al. The thickness of the
barrier metal is approximately 50 nm. Furthermore, in a case
where it is necessary to further lower the resistance of lines, it
is preferable to use Cu instead of Al. Alternatively, increasing
the thickness of the second metal film can lower the resis-
tance, instead of changing the material.

[0191] Furthermore, it is preferable to form a low-resis-
tance semiconductor film between the first source electrode
310S and the first semiconductor layer 311, and between the
first drain electrode 310D and the first semiconductor layer
311. An amorphous silicon film in which n-type dopant such
as Phosphorus is doped as impurity, or an amorphous silicon
film in which p-type dopant such as Boron is doped as impu-
rity is generally used for the low-resistance semiconductor
film. The thickness of the low resistance semiconductor film
is approximately 20 nm. Furthermore, an undoped (impurity
is not intentionally doped) amorphous silicon semiconductor
layer may be formed between the crystallized first semicon-
ductor layer 311 and the low resistance semiconductor film
(the amorphous silicon film in which impurity is doped) may
be formed. Forming these films allows the desired TFT char-
acteristics such as improvement in TFT characteristics. Note
that the same applies to the second thin film transistor 320.
[0192] Next, as illustrated in FIG. 16H, the first interlayer
insulating film 340 is formed above the entire surface of the
substrate 300 to cover exposed electrodes and lines such as
the first source electrode 3108, the first drain electrode 310D,
the second source electrode 3208 and the second drain elec-
trode 320D. The first interlayer insulating film 340 may be
formed with a silicon oxide film, a silicon nitride film, or a
laminated film of these films.

[0193] Subsequently, as illustrated in FIG. 161, the second
contact hole CH2 through the first interlayer insulating film
340 to connect the power supply line 23 and the second source
electrode 320S by photolithography, etching, and others.
Here, the first contact hole continuously passes through the
first interlayer insulating film 340 and the gate insulating film
330 to connect the first gate electrode 310G and the gate line
21 is also formed.

[0194] Next, as illustrated in FIG. 16], the third metal film
is formed above the first interlayer insulating film 340, and the
gate line 21, the power supply line 23 and the auxiliary line 25
are formed by patterning the third metal film into a predeter-
mined shape by photolithography and etching, for example.
Here, the second contact hole CH2 and the first contact hole
(see FIG. 11) are filled with the material composing the third
metal film, forming the second contact portion 112 and the
first contact portion 111.

[0195] Note that, the material of the third metal film com-
posing the gate line 21, the power supply line 23, and the
auxiliary line 25 is preferably low resistance, and can be made
of the metal same as the second metal layer. For example, the
third metal film can be formed by forming 300 nm of Al after
forming 50 nm of Mo as a barrier metal.

[0196] The thin film semiconductor device for display
apparatus 2 according to the first embodiment of the present
invention is manufactured as described above.

[0197] Afterthat, as illustrated in FIG. 13, the second inter-
layer insulating film 250 is formed above the first interlayer
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insulating film 340 to cover the gate line 21, the power supply
line 23, and the auxiliary line 25. The second interlayer insu-
lating film 350 may be formed of the material same as the first
interlayer insulating film 340. For example, a silicon oxide
film, a silicon nitride film, or a laminated film of these films
may be used.

[0198] Subsequently, the organic EL layer L3 illustrated in
FIG. 4 is formed on the second interlayer insulating film 350.
More specifically, the lower electrodes 12, the ban 15, the
organic EL layer 13, and the upper electrode 14 are sequen-
tially formed above the second interlayer insulating film 350.

[0199] First, a contact hole (notillustrated) passing through
the second interlayer insulating film 350 is formed by photo-
lithography and etching. The contact hole is the first contact
portion 115 illustrated in FIG. 13.

[0200] Next, the lower electrode 12 is formed above the
second interlayer insulating film 350. The bank 15 is formed
in a position corresponding to the boundary of the pixels 15
above the second interlayer insulating film 350. Furthermore,
the organic EL layer 13 is formed above the lower electrode
12 for each pixel 100 in the opening of the bank 15.

[0201] The upper electrode 14 is formed above the second
interlayer insulating film 350 to cover the bank 15 and the
organic EL layer 13. Here, the contact hole formed in the
second interlayer insulating film 350 is filled with the mate-
rial composing the upper electrode 14, forming the fifth con-
tact portion 115. The upper electrode 14 and the auxiliary line
25 are electrically connected through the fifth contact portion
115.

[0202] The material composing the lower electrode 12 is
any of conductive metal such as Mo, Al, Au, Hg, Cu, and
others, an alloy of these metals, organic conductive material
such as PEDOT:PSS, Zinc Oxide, or lead added Indium
Oxide. The film made of the material is used for making an
electrode pattern by vapor deposition, electron beam deposi-
tion, RF sputtering, or printing method.

[0203] The organic FL layer 13 is formed for each color
(sub-pixel column) or for each sub-pixel in the opening of the
bank 15 on the lower electrode 12. The organic EL layer 13 is
formed by stacking layers such as the hole injection layer, the
hole transport layer, the light-emitting layer, the electron
transport layer, and the electron injecting layer. For example,
copper phthalocyanine may be used as the hole injection
layer, a-NPD(Bisbenzidine) may be used as the hole trans-
port layer, Alg;(tris(8-hydroxyquinoline)aluminum) may be
used as the light-emitting layer, oxazole derivative may be
used as the electron transport layer, and Alq; may be used as
the electron injecting layer. Note that, these materials are
merely an example, and other materials may be used.

[0204] The upper electrode 14 is a transmissive electrode
continually formed on the organic EL layer 13. The material
composing the upper electrode 14 is Indium Tin Oxide (ITO),
Sn0,, In,0;, ZnO or a combination of them.

[0205] As such, the EL display panel 1 according to the first
embodiment of the present invention is manufactured.

[0206] According to the EL display panel 1 of the first
embodiment of the present invention, the gate line 21 of the
thin film semiconductor device for display apparatus 2 in the
EL display panel 1 is formed in the line layer L.2 above the
first interlayer insulating film 340, and is arranged in a sepa-
rate layer (different layer) from the first gate electrode 310G
(and the second gate electrode 320G). With this, material
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suitable for the gate line 21 and the first gate electrode 310G
(and the second gate electrode 320G) can be selected sepa-
rately.

[0207] In addition, according to the EL display panel 1 of
this embodiment, the power supply line 23 is formed in the
same layer as the gate line 21 above the first interlayer insu-
lating film 340, and side-by-side with the gate line 21. In
addition, the auxiliary line 25 is formed in the same layer as
the gate line 21 and the power supply line 23, and the above
the first interlayer insulating film 340, and arranged side-by-
side with the gate line 21 and the power supply line 23. With
this, it is possible to fill the depressed portion of the uneven-
ness formed by arranging the gate line 21 on the first inter-
layer insulating film 340 with the power supply line 23 and
the auxiliary line 25. More specifically, the power supply line
23 and the auxiliary line 25 can reduce the unevenness on the
first interlayer insulating film 340, improving the flatness of
the upper surface of the thin film semiconductor device for
display apparatus 2. As a result, when forming the line layer
L2 or the organic EL layer L3 on the thin film semiconductor
device for display apparatus 2, the effect on the line layer .2
or the organic EL layer .3 caused by the unevenness on the
first interlayer insulating film 340 can be reduced. Thus, it is
possible to suppress the reduction in product life that occurs
when the surface is not sufficiently flat.

[0208] Furthermore, in the thin film semiconductor device
for display apparatus 2, the power supply line 23 is formed to
cover the first semiconductor layer 311 and the second semi-
conductor layer 321 as illustrated in FIG. 12. Thus, it is
preferable to form both the first semiconductor layer 311 and
the second semiconductor layer 321 to be of P-channel type.
[0209] In the semiconductor layer (channel region) of the
thin film transistor, lattice defect may occur at the time of
manufacturing on the surface of the semiconductor layer and
on the surface of the interlayer insulating film covering the
thin film transistor. When the lattice defect occurs, there is an
unstable interface state, causing the electric potential of the
back channel of the semiconductor layer to be unstable.
[0210] In the first embodiment, the P-channel first semi-
conductor layer 311 and the second semiconductor layer 321
are formed to overlap the power supply line 23 having the
positive electric potential. With this, it is possible to stabilize
the electric potential in the back channel.

[0211] FIG. 17 is a diagram for describing TFT character-
istics of thin film transistors in the thin film semiconductor
device for display apparatus according to the first embodi-
ment of the present invention. In the first embodiment, the
P-channel first semiconductor layer 311 and the second semi-
conductor layer 321 are formed to overlap the power supply
line 23 having the positive electric potential, forming a
P-channel TFT with a back gate. With this, it is possible to
stabilize the electric potential in the back channel. Conse-
quently, as illustrated in FIG. 17, in the first thin film transistor
310 and the second thin film transistor 320 which are P-chan-
nel TFT with back gate, it is possible to produce effects such
as suppressing the leakage current when the transistor is OFF
(off-leakage current) at a level equivalent to the P-channel
TFT without back gate, and reducing the effect of external
noise. This is because the back gate covering above the chan-
nel region serves as a shield for the electromagnetic wave by
the external noise. Therefore, it is possible to implement the
thin film semiconductor device for display apparatus includ-
ing the thin film transistor with good off characteristics and
highly resistant to external noise.



US 2012/0074834 Al

[0212] In addition, in the thin film semiconductor device
for display apparatus 2 according to the first embodiment, the
power supply line 23 and the auxiliary line 25 are formed with
a level substantially identical to the gate line 21, that is, at a
level same as or within an approximate value from the gate
line 21, and it is preferable to form the power supply line 23
and the auxiliary line 25 to have a width, in combination,
corresponding to the width between the two adjacent gate
lines 21. Furthermore, it is preferable that the distance from
the power supply line 23 or the auxiliary line 25 to the two
adjacent gate lines 21, that is the distance from the gate line 21
and the power supply line 23, the distance between the power
supply line 23 and the auxiliary line 25, and the distance
between the auxiliary line 25 and the gate line 21 are 4 pm or
more.

[0213] Inthisembodiment, the gate line 21 is formed above
the first interlayer insulating film 340. Thus, without any
adjustment, the region in which the gate line 21 is formed
protrudes from the region in which the gate line 21 is not
formed as much as the thickness of the gate line 21, forming
a depressed portion between adjacent gate lines 21.

[0214] Inresponseto this problem, by arranging the power
supply line 23 and the auxiliary line 25 at a substantially same
level as the gate line 21, and the power supply line 23 and the
auxiliary line 25 to have the width corresponding to the inter-
val between the two adjacent gate lines 21, it is possible to
ensure flatness of the upper surface of the thin film semicon-
ductor device for display apparatus 2 by the power supply line
23 and the auxiliary line 25. With this, in forming the organic
EL device 10, it is possible to easily prevent the reduced life
of the organic EL device 10 caused by insufficient flatness on
the upper surface of the line layer L.2.

[0215] In addition, in the thin film semiconductor device
for display apparatus 2 according to this embodiment, the
power supply line 23 and the auxiliary line 25 are preferably
formed at a level substantially equal to the gate line 21 and
next to the two adjacent gate lines 21 to fill the interval
between the two adjacent gate lines 21.

[0216] With this, the depressed portion between the adja-
cent gate lines 21 is buried by the power supply line 23 and the
auxiliary line 25, thereby securing flatness on the upper sur-
face of the thin film semiconductor device for display appa-
ratus 2. Furthermore, it is possible to lower the resistance of
the power supply line 23 and the auxiliary line 25.

Variation of the First Embodiment

[0217] Next, the thin film transistor device for display
apparatus 2'in the EL. display panel according to a variation of
the first embodiment of the present invention shall be
described with reference to FIG. 18. FIG. 18 is a cross-
sectional view of the EL display panel 2' provided in the EL
display panel according to this variation. Note that, FIG. 18
corresponds to FIG. 12, a cross sectional view of the thin film
semiconductor device for display apparatus 2 in the EL dis-
play panel according to the first embodiment of the present
invention,

[0218] The thin film semiconductor device for display
apparatus 2' has the same basic configuration as the thin film
semiconductor device for display apparatus in the EL display
panel 1 according to the first embodiment of the present
invention. Accordingly, in FIG. 18, the same reference
numerals are assigned to the components identical to the
components illustrated in FIG. 12, and detailed description
for these components are omitted or simplified. Furthermore,
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the configuration other than the illustration in FIG. 12 is
identical to the first embodiment.

[0219] The configurations of the first semiconductor layer
in the first thin film transistor 310 and the second semicon-
ductor layer in the second thin film transistor 320 in the thin
film semiconductor device for display apparatus 2' according
to this variation are different from the thin film semiconductor
device for display apparatus 2 according to the first embodi-
ment of the present invention.

[0220] As illustrated in FIG. 18, in the thin film semicon-
ductor device for display apparatus 2' according to this varia-
tion, the first semiconductor layer in the first thin film tran-
sistor 310 includes a first channel layer 311A composed of a
polycrystalline semiconductor film and a second channel
layer 311B composed of a non-crystalline semiconductor
film. The second semiconductor layer in the second thin film
transistor 320 also includes a first channel layer 321A com-
posed of a polycrystalline semiconductor film and a second
channel layer 321B composed of a non-crystalline semicon-
ductor film.

[0221] The first channel layer 311A and the first channel
layer 321A can be composed of a polycrystalline semicon-
ductor film formed by crystallizing an amorphous silicon
film.

[0222] The second channel layer 311B and the second
channel layer 321B can be composed of an amorphous semi-
conductor film in the same manner as the first semiconductor
layer 311 and the second semiconductor layer 321 illustrated
in FIG. 12.

[0223] The first semiconductor layer and the second semi-
conductor layer can be formed by crystallizing the upper
layer of the amorphous silicon film through laser irradiation.
In planar view, the first channel layer 311A (or the first chan-
nel layer 321A) and the second channel layer 311B (or the
second channel layer 321B) have the same shape, and are
formed in an island-shape on the gate insulating film 330.

[0224] The thin film semiconductor device for display
apparatus 2' according to this variation can achieve the same
effects as the thin film semiconductor device for display appa-
ratus in the EL display panel 1 according to the first embodi-
ment of the present invention.

[0225] Furthermore, in the thin film semiconductor device
for display apparatus 2', the first semiconductor layer and the
second semiconductor layer in thin film transistor are formed
such that the first channel layer 311A composed of the poly-
crystalline semiconductor film (or the first channel layer
321A) is formed under the second channel layer 311B (or the
second channel layer 321B) composed of the amorphous
silicon film. With this, in the first thin film transistor and the
second thin film transistor, it is possible to reduce the off
current, and to increase the on current.

Second Embodiment

[0226] The following describes the circuit configuration of
the pixel in the EL display panel according to the second
embodiment of the present invention with reference to FIGS.
19 to 21. FIG. 19 is a planar view of the thin film semicon-
ductor device for display apparatus provided in the EL dis-
play panel according to the second embodiment of the present
invention. FIG. 20 is a cross sectional view of the thin film
semiconductor device for display apparatus along X2-X2' in
FIG. 19. FIG. 21 is a diagram for describing TFT character-
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istics of thin film transistors in the thin film semiconductor
device for display apparatus according to the first embodi-
ment of the present invention.

[0227] The thin film semiconductor device for display
apparatus 3 in the EL display panel according to the second
embodiment of the present invention has the same basic con-
figuration as the thin film semiconductor device for display
apparatus 2 in the EL display panel according to the first
embodiment of the present invention. Accordingly, in FIGS.
19 and 20, the same reference numerals are assigned to the
components identical to the components illustrated in FIGS.
8 to 13, and detailed description for these components are
omitted or simplified.

[0228] The thin film semiconductor device for display
apparatus 3 is different from the thin film semiconductor
device for display apparatus 2 according to the first embodi-
ment of the present invention in that the channel type of the
first semiconductor layer 311 and the second semiconductor
layer 312 is N-channel type, and the source electrode and the
drain electrode in the first embodiment are the drain electrode
and the source electrode, respectively, in the second embodi-
ment, and the configuration of the power supply line 23 is
different Note that the rest of the configuration is identical to
the first embodiment.

[0229] As illustrated in FIGS. 19 and 20, in the thin film
semiconductor device for display apparatus 3, the power sup-
ply line 23 is arranged not to overlap the first semiconductor
layer 311 and the second semiconductor layer 321, and
includes a first opening 131 formed above the first semicon-
ductor layer 311 and a second opening 132 formed above the
second semiconductor layer 321.

[0230] Both the first semiconductor layer 311 and the sec-
ond semiconductor layer 321 are of N-channel type.

[0231] The thin film semiconductor device for display
apparatus 3 can be manufactured in the same manner as in the
first embodiment. However, in this embodiment, it is neces-
sary to form the first opening 131 and the second opening 132
in the power supply line 23. The first opening 131 and the
second opening 132 are formed in the power supply line 23 at
the time of patterning the third metal film.

[0232] As such, according to the thin film semiconductor
device for display apparatus 3, in the same manner as the first
embodiment, it is possible to form the gate lines 21 and the
first gate electrodes 310G as separate layers. Thus, it is pos-
sible to select material suitable for each layer.

[0233] Furthermore, the power supply lines 23 and the aux-
iliary lines 25 are formed in the same layer as the gate lines 21
and are arranged side-by-side with the gate lines 21, thereby
reducing the unevenness on the first interlayer insulating film
340 due to the gate line 21, and improving the flatness.
[0234] Furthermore, the thin film semiconductor device for
display apparatus 3 achieves the following effects.

[0235] Whenthe powersupply line 23 with positive electric
potential covers the first interlayer insulating film 340 above
the first semiconductor layer 311 and the second semiconduc-
tor layer 321 of N-channel type, negative carriers are induced
at the back channel of the first semiconductor layer 311 and
the second semiconductor layer 321, generating off-leakage
current. Therefore, a current is generated without applying
the gate voltage. As a result, the OFF characteristics of the
first thin film transistor 310 and the second thin film transistor
320 are decreased.

[0236] Incontrast,inthe thinfilm semiconductor device for
display apparatus 3 according to this embodiment, the semi-
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conductor layer 311 and the second semiconductor layer 321
of N-channel type are arranged not to overlap the second
power supply line 23 with positive electric potential. That is,
there is no back gate. As aresult, as illustrated in FIG. 21, with
regard to the first thin film transistor 310 and the second thin
film transistor 320 which are the N-channel TFTs without
back gate, the power supply line 23 suppresses the induced
carriers at the back channel, compared to the N-channel TFT
with a back gate. As a result, it is possible to reduce the
off-leakage current at the first thin film transistor 310 and the
second thin film transistor 320. Therefore, it is possible to
implement the EL display panel 2 with thin film transistors
with good OFF characteristics.

Variation of the Second Embodiment

[0237] The following describes the EL display panel
according to the second embodiment of the present invention
with reference to FIG. 22. F1G. 22 is a cross-sectional view of
the thin film semiconductor device for display apparatus 3'
provided in the EL display panel according to the variation of
the second embodiment of the present invention. Note that,
FIG. 22 corresponds to FIG. 20, a cross sectional view of the
thin film semiconductor device for display apparatus 3 in the
EL display panel according to the second embodiment of the
present invention.

[0238] The thin film semiconductor device for display
apparatus 3' has the same basic configuration as the thin film
semiconductor device for display apparatus 3 according to the
second embodiment of the present invention. Accordingly, in
FIG. 22, the same reference numerals are assigned to the
components identical to the components illustrated in FIG.
20, and detailed description for these components are omitted
or simplified. Furthermore, the configuration other than the
illustration in FI1G. 22 1s identical to the second embodiment.
[0239] The configurations of the first semiconductor layer
in the first thin film transistor 310 and the second semicon-
ductor layer in the second thin film transistor 330 in the thin
film semiconductor device for display apparatus 3' are differ-
ent from the thin film semiconductor device for display appa-
ratus 3.

[0240] As illustrated in FIG. 22, in the thin film semicon-
ductor device for display apparatus 3' according to this varia-
tion, the first semiconductor layer in the first thin film tran-
sistor 310 includes a first channel layer 311A composed of a
polycrystalline semiconductor film and a second channel
layer 311B composed of a non-crystalline semiconductor
film. The second semiconductor layer in the second thin film
transistor 320 also includes a first channel layer 321A com-
posed of a polycrystalline semiconductor film and a second
channel layer 321B composed of a non-crystalline semicon-
ductor film.

[0241] Thefirst channel layer 311A and the second channel
layer 321 A can be composed of a polycrystalline silicon film
formed by crystallizing an amorphous silicon film.

[0242] The second channel layer 311B and the second
channel layer 321B are composed of non-crystalline semi-
conductor film.

[0243] The first semiconductor layer and the second semi-
conductor layer with the configuration above can be formed
by forming the amorphous silicon film on the crystallized
amorphous silicon film which was crystallized by irradiating
laser. In planar view, the first channel layer 311A (or the first
channel layer 321A) and the second channel layer 311B (or
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the second channel layer 321B) have the same shape, and are
formed in an island-shape above the gate insulating film 330.
[0244] TheEL display panel according to this variation can
achieve the same effects as the EL display panel including the
thin film semiconductor device for display apparatus 3
according to the second embodiment of the present invention.
[0245] Furthermore, in the thin film semiconductor device
for display apparatus 3', the first semiconductor layer and the
second semiconductor layer in thin film transistor are formed
such that the first channel layer 311A composed of the poly-
crystalline semiconductor film (or the first channel layer
321A) is formed under the second channel layer 311B (or the
second channel layer 321B) composed of the amorphous
silicon film. With this, in the first thin film transistor and the
second thin film transistor, it is possible to reduce the off
current, and to increase the on current.

[0246] Note that the present invention is not limited to the
embodiments described above, and maybe modified or
changed within the scope of the present invention.

[0247] For example, the pixels 100 in the organic EL dis-
play panel 1 may be composed of sub pixels 100R, 100G, and
100B in three colors (red, green, and blue) as illustrated in
FIGS. 23A and 23B. Multiple sub-pixels 100R, 100G, and
100B are arranged in a depth direction of the FIG. 23A
(referred to as sub-pixel columns).

[0248] FIG. 23A illustrates an example of line banks. As
illustrated in FIG. 23 A, the sub-pixel columns are separated
by the banks 15 for each sub-pixel column. The banks 15
illustrated in FIG. 23A are protrusions extending between
adjacent sub-pixel columns in a direction in parallel with the
source lines 22, and are formed above the thin film semicon-
ductor array device 20. In other words, each sub-pixel column
is formed in a gap between the adjacent protrusions (that is,
opening of the banks 15).

[0249] Each of the lower electrodes 12 is formed above the
thin film semiconductor array device 20 (more specifically,
above the upper interlayer insulating film 11) and in the
opening of the bank 15 for each sub-pixel 100R, 100G, or
100B. The organic EL layer 13 is formed in the opening of the
bank 15 and on the lower electrode 12 for each sub-pixel
column (that is, covering the lower electrodes 12 in each
column). The upper electrode 14 is continuously formed on
the organic light-emitting layer 13 and the banks 15 (multiple
protrusions) to cover all of the sub-pixels 100R, 100G, and
100B.

[0250] FIG. 23B illustrates an example of pixel banks, and
each sub-pixel 100R, 100G, or 100B is separated by the banks
15. The bank 15 illustrated in FIG. 23B is formed such that the
protrusions extending in parallel with the gate line 21 and the
protrusions extending in parallel with the source line 22 cross
each other. The sub-pixels 100R, 100G, and 100B are formed
in the portions surrounded by the protrusions (that is, opening
of the bank 15).

[0251] Each of thelower electrodes 12 is formed on the thin
film semiconductor array device 20 (more specifically, on the
upper interlayer insulating film 11) and in the opening of the
bank 15 for each sub-pixel 100R, 100G, or 100B. The organic
light emitting layer 13 is formed on the lower electrode 12 and
in the opening of the bank 15 for each sub-pixel. The upper
electrode 14 is continuously formed on the organic light-
emitting layer 13 and the banks 15 (multiple protrusions) to
cover all of the sub-pixels 100R, 100G, and 100B.

[0252] Furthermore, though not illustrated in FIGS. 23A
and 23B, in the thin film semiconductor array device 20, the
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pixel circuits 30 are formed for the sub-pixels 100R, 100G,
and 100B. Each of the sub-pixels 100R, 100G, and 100B and
the corresponding one of the pixel circuit 30 are electrically
connected.

[0253] Furthermore, the sub-pixels 100R, 100G, and 100B
are identical except the property of the organic light-emitting
layer 13 (color of luminescence).

[0254] The first source electrode 310S and the first drain
electrode 310D may be switched in the embodiments. More
specifically, in FIGS. 3 and 4, 3108 is switched to the first
drain electrode, and 310D is switched to the first source
electrode. Similarly, the second drain electrode 320D and the
second source electrode 320S may be switched in the
embodiments. More specifically, in FIGS. 3 and 4, 320S is
switched to the first drain electrode, and 320D is switched to
the first source electrode.

[0255] In addition, in the embodiments, the first source
electrode 3108 is part of linear source line 22. However, it is
not limited to this example. For example, when patterning the
source line 22, the extended portion extending from part of
the source line 22 in row direction may be patterned to elec-
trically connect to the first source electrode 310S separately
formed.

[0256] Similarly, in the embodiments, the second source
electrode 3208 is part of the linear first power supply line 23.
However, it is not limited to this example. For example, when
forming the pattern for the power supply line 23, an extended
portion extending from part of the power supply line 23 in row
direction may be patterned to electrically connect the
extended portion and the second source electrode 320S which
is separately formed.

[0257] In addition, in the embodiments, one power supply
line 23 is provided for the adjacent gate lines 21. However, it
is not limited to this example. For example, multiple power
supply lines 23 may be arranged between the adjacent gate
lines 21.

[0258] Furthermore, in the embodiments, two thin film
transistors are formed for one pixel. However, it is not limited
to this example. For example, three or more thin film transis-
tors may be formed in one pixel. In this case, more than one
power supply lines 23 may be arranged to match the number
of the thin film transistors. With this, desirable power is
supplied to thin film transistors which require power supply
through more than one power supply lines 23.

[0259] Furthermore, in the embodiment, the organic EL
display panel is illustrated as an example in the EL display
panel according to the present invention. However, it is not
limited to this example. For example, the EL display panel
according to the present invention is applicable to a display
including other display device in which active-matrix sub-
strate is used. Inorganic EL panels and Liquid Crystal Display
device (LCD) are examples of the display.

[0260] Furthermore, those skilled in the art will readily
appreciate that many modifications are possible in the exem-
plary embodiments without materially departing from the
novel teachings and advantages of this invention. For
example, the EL display apparatus such as a thin flat televi-
sion system 400 including an EL display panel 1 according to
the present invention is included within the scope of the
present invention.

INDUSTRIAL APPLICABILITY

[0261] The thin film semiconductor device for image dis-
play apparatus according to the present invention is useful as
adriving backplane used for the organic EL display apparatus
and the LCD apparatus.
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What is claimed is:
1. An Electro Luminescence (EL) display panel compris-
ing:

an EL unit; and

a thin film semiconductor unit configured to control lumi-
nescence at said EL unit,

wherein said EL unit includes:

an anode electrode; a cathode electrode; and a light-emit-
ting layer interposed between said anode electrode and
said cathode electrode,

said thin film semiconductor unit includes:

a substrate;

a gate electrode formed above said substrate;

a gate insulating film formed above said substrate to cover
said gate electrode;

a semiconductor layer formed on said gate insulating film
and above said gate electrode;

a first electrode formed above said semiconductor layer;

a second electrode formed in a same layer as said first
electrode;

an interlayer insulating film formed (i) above said gate
insulating film to cover said first electrode and said
second electrode, and (ii) in a layer different from a layer
in which said gate electrode is formed;

a gate line formed above said interlayer insulating film;

apower supply line formed above said interlayer insulating
film on which said gate line is formed, in a same layer as
said gate line, and side-by-side with said gate line; and

an auxiliary line formed above said interlayer insulating
film, in a same layer as said gate line and said power
supply line, and side-by-side with said gate line and said
power supply line, and

said gate electrode and said gate line are electrically con-
nected via a first conductive portion passing through said
gate insulating film and said interlayer insulating film,

one of said first electrode and said second electrode is
electrically connected to said power supply line via a
second conductive portion passing through said inter-
layer insulating film, and

said auxiliary line is electrically connected to said cathode
electrode.

2. The EL display panel according to claim 1,

wherein said power supply line and said auxiliary line are
formed at a level identical to or within a predetermined
approximate value from said gate line.

3. The EL display panel according to claim 1,

wherein said power supply line and said auxiliary line are
arranged between said gate line and another gate line
which is adjacent to and side-by-side with said gate line,
and

awidth of a combination of said power supply line and said
auxiliary line corresponds to a width of an interval
between the gate line and the other gate line which is
adjacent to and side-by-side with said gate line, and

said power supply line and said auxiliary line are arranged
in the proximity of the two adjacent gate lines to fill the
interval between the two adjacent said gate lines.

4. The EL display panel according to claim 1,

wherein a distance from said gate line to said power supply
line, a distance from said power supply line to said
auxiliary line, and a distance from said auxiliary line to
said gate line are 4 pm or greater.

5. The EL display panel according to claim 1,

wherein at least one of said power supply line and said
auxiliary line is wider than a width of said gate line.
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6. The EL display panel according to claim 1,

wherein said semiconductor layer is of P-channel type, and

said power supply line is arranged to overlap said semicon-
ductor layer.

7. The EL display panel according to claim 1,

wherein said semiconductor layer is of N-channel type, and

said power supply line and said auxiliary line are arranged
not to overlap said semiconductor layer.

8. The EL display panel according to claim 1,

wherein said first electrode is a source electrode, and

said second electrode is a drain electrode.

9. The EL display panel according to claim 1,

wherein said first electrode is a drain electrode, and

said second electrode is a source electrode.

10. The EL display panel according to claim 1,

wherein said semiconductor layer includes a polycrystal-
line semiconductor layer.

11. The EL display panel according to claim 1,

wherein material composing said power supply line and
said auxiliary line includes one of Al, Cu, and Ag.

12. The EL display panel according to claim 1,

wherein said EL unit is an organic EL unit having an
organic light-emitting layer as the light-emitting layer.

13. An EL display apparatus comprising

the EL display panel according to claim 1.

14. A method of manufacturing an EL display panel, com-

prising:

a first process of preparing a substrate;

a second process of forming a gate electrode above the
substrate;

a third process of forming a gate insulating film above said
substrate to cover the gate electrode;

a fourth process of forming a semiconductor layer on the
gate insulating film and above the gate electrode;

a fifth process of forming a first electrode above the semi-
conductor layer and forming a source line electrically
connected to the first electrode, and a second electrode;

a sixth process of forming a first interlayer insulating film
above the gate insulating film to cover the first electrode
and the second electrode;

aseventh process of forming a first contact hole through the
gate insulating film and the first interlayer insulating
film;

an eighth process of forming a second contact hole through
the first interlayer insulating film, the second contact
hole passing through the first interlayer insulating film
above the gate electrode and being different from the
first contact hole;

a ninth process of forming, by forming a metal film on the
first interlayer insulating film and patterning the metal
film, (i) a gate line electrically connected to the gate
electrode through the first contact hole, (ii) a power
supply line electrically connected to the first electrode or
the second electrode through the second contact hole
and side-by-side with the gate line, and (ii1) an auxiliary
line side-by-side with the gate line and the power supply
line and electrically connected to the cathode electrode;

a tenth process of forming a second interlayer insulating
film to cover upper surfaces of the first interlayer insu-
lating film. the power supply line, and the auxiliary line;

an eleventh process of forming a third contact hole through
the second interlayer insulating film; and

a twelfth process of forming, above the second interlayer
insulating film, an EL unit including a pair of an anode
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electrode and a cathode electrode, and a light-emitting
layer interposed between the anode electrode and the
cathode electrode,
wherein, in said twelfth process, the cathode electrode and
the auxiliary line are electrically connected through the
third contact hole.
15. The method of manufacturing an EL display panel
according to claim 14,
wherein the semiconductor layer formed in said fourth
process is a non-crystalline semiconductor film, and
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said method further comprises, between said fourth pro-
cess and fifth process, a process of crystallizing the
non-crystalline semiconductor film by irradiating the
non-crystalline semiconductor film with a laser to heat
the non-crystalline semiconductor film to a predeter-
mined temperature range.

16. The method of manufacturing an EL display panel

according to claim 14,

wherein the EL unit is an organic EL unithaving an organic

light-emitting layer as the light-emitting layer.

* ok % %k %



patsnap

TREMOF) EIE RER , el REB MGG RERH 5 E
[F(2E)F US20120074834A1 [ (r&)B 2012-03-29
RiES US13/281691 B H 2011-10-26

RE(EFR)AGE) MTEFF KRN

HARB(ERM)AGF) JOLED INC

[#RI&Z B A KANEGAE ARINOBU

REBAA KANEGAE, ARINOBU

IPCHEE H05B33/02 H01J9/00

CPCH¥%(= HO1L27/3276

H AT SOk US8274207

SNEBEEE Espacenet USPTO

BWEGR) 15 10 15

—MELERER , SEELE TNER K SAE T , HPELE T IIERM
W, BARAEKRE  EEFSHETEFEER , MER , MREER

A . r//m/
\\\\\k\\\\\\\\\ N

HEIKE | B0, BTN, REGSE | TR RESE S 13

WS | RERELEE E SNERE , SIRERNES  #A

SHMRE 3 | SRR RS S L 5 SRS | SHARA A SR ﬁ74%7

RER—B% , HESHRE A, FEEEE, }u
350 B 23 FML3
330~ \\'\\.4\\ \\\\\?\\4"\\\\\“‘“ '/’”

3105 311 310G 310D 3200 3206 321 3208
310 320



https://share-analytics.zhihuiya.com/view/3a113323-fee1-4bfe-8d9e-4b451828c4ad
https://worldwide.espacenet.com/patent/search/family/045869954/publication/US2012074834A1?q=US2012074834A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120074834%22.PGNR.&OS=DN/20120074834&RS=DN/20120074834

