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(7

For the purpose of providing a display apparatus capable of
improving display quality by expanding the light-emission
area of pixels by improving the layout of pixels and common
power-feed lines formed on a substrate, pixels (7A, 7B)
including a light-cmission element (40), such as an elec-
troluminescence element or an LED element, are arranged
on both sides of common power-feed lines (com) so that the
number of common power-feed lines (com) is reduced.
Further, the polarity of a driving current flowing between the
pixels (7A, 7B) and the light-emission element (40) is
inverted so that the amount of current flowing through the
common power-supply lines “com” is reduced.
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DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an active-matrix-
type display apparatus which uses light-emission elements,
such as EL (electroluminescence) elements that emit light
when driving current flows through an organic semiconduc-
tor film or LED (light-emitting diode) elements, and thin-
film transistors (hereinafter referred to as “TFTs”) that
control the light-emission operation of this light-emission
element. More particularly, the present invention relates to
layout optimization technology for improving the display
characteristics thereof.

BACKGROUND ART

[0002] Active-matrix-type display apparatuses which use
current-control-type light-emission elements, such as EL
elements or LED elements, have been proposed. Since any
of the light-emission elements used in this type of display
apparatus may emit light by itself, unlike a liquid-crystal
display device, a backlight is not requited, and there are
advantages in that viewing angle dependence is small.

[0003] FIG. 22 shows, as an example of such a display
apparatus a block diagram of an active-matrix-type display
apparatus which uses charge-injection-type organic thin-
film EL elements. In a display apparatus 1A shown in this
figure, formed on a transparent substrate are a plurality of
scanning lines “gate”, a plurality of data lines “sig” extend-
ing in a direction intersecting the extension direction of
these scanning lines “gate”, a plurality of common power-
feed lines “com” which are parallel to these data lines “sig”,
and pixels 7 corresponding to the intersections of the data
lines “sig” and the scanning lines “gate”. With respect to the
data lines “sig”, a data-side driving circuit 3 comprising a
shift register, a level shifter, video in, and an analog switch
is formed. With respect to the scanning lines, a scanning-
side driving circuit 4 comprising a shift register and a level
shifter is formed. Further, each of the pixels 7 is formed with
a first TFT 20 in which a scanning signal is supplied to its
gate clectrode via the scanning lines, a holding capacitor
“cap” for holding an image signal supplied from the data
lines “sig” via this first TFT 20, a second TFT 30 in which
an image signal held by this holding capacitor “cap” is
supplied to its gate electrode, and light-emission elements
40 to which driving current flows from the common power-
feed lines “com” when these are electrically connected to the
common power-feed lines “com” via the second. TFT 30.

[0004] Specifically, as shown in FIGS. 23(A) and 23(B), in
all the pixels 7, the first TFT 20 and the second TFT 30 are
formed using two island-shaped semiconductor films, a
relay electrode 35 is electrically connected to the source and
drain regions of the second TFT 30 via a contact hole of a
first interlayer insulation film 51, and a pixel electrode 41 is
electrically connected to the relay electrode 35 via a contact
hole of a second interlayer insulation film 52. On the side of
the upper layers of this pixel electrode 41, a positive-hole
injection layer 42, an organic semiconductor film 43, and a
counter electrode “op” are multilayered. Here, the counter
electrode “op” is formed over a plurality of pixels 7 in such
a manner as to extend across the data lines “sig” and the like.
Further, the common power-feed lines “com” are electrically
connected to the source and drain regions of the second TFT
30 via the contact hole.
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[0005] In contrast, in the first TFT 20, a potential holding
electrode “st” which is electrically connected to the source
and drain regions is electrically connected to an extended
portion 310 of a gate electrode 31. On the side of the lower
layers thereof, a semiconductor film 400 opposes this
extended portion 310 via a gate insulation film 50, and since
this semiconductor film 400 is made to conduct by impuri-
ties introduced thereinto, this semiconductor film 400,
together with the extended portion 310 and the gate insula-
tion film 50, constitute the holding capacitor “cap”. Here, the
common power-feed line “com™ is electrically connected to
the semiconductor film 400 via the contact hole of the first
interlayer insulation film 51. Therefore, since the holding
capacitor “cap” holds an image signal supplied from the data
lines “sig” via the first TFT 20, even if the first TFT 20 is
turned off, the gate electrode 31 of the second TFT 30 is held
at a potential corresponding to the image signal. Therefore,
since the driving current continues to flow to the light-
emission element 40 from the common power-feed lines
“com”, the light-emission element 40 continues to emit
light.

[0006] However, in comparison with the liquid-crystal
display apparatus, in the display apparatus 1A, there is a
problem in that the display quality cannot be improved
because the pixels 7 are narrower by an amount correspond-
ing to the requirement of the second TFT 30 and the
common power-feed lines “com”.

[0007] Accordingly, an object of the present invention is to
provide a display apparatus capable of improving display
quality by expanding the light-emission area of pixels by
improving the layout of pixels and common power-feed
lines formed on a substrate.

DISCLOSURE OF INVENTION

[0008] In order to solve the above-described problems, the
present invention provides a display apparatus comprising
on a substrate: a plurality of scanning lines; a plurality of
data lines extending in a direction intersecting the extension
direction of the scanning lines; a plurality of common
power-feed lines parallel to the data lines; and pixels formed
in a matrix by the data lines and the scanning lines, each of
the pixels comprising: a first thin-film transistor in which a
scanning signal is supplied to its first gate electrode via the
scanning lines; a holding capacitor for holding an image
signal supplied from the data lines via the first thin-film
transistor; a second thin-film transistor in which the image
signal held by the holding capacitor is supplied to its second
gate electrode; and a light-emission element having an
organic semiconductor film, which emits light by driving
current that flows between a pixel electrode and a counter
electrode when the pixel electrode is electrically connected
to the common power-feed line via the second thin-film
transistor in a section between the layers of the pixel
electrodes formed for each of the pixels and the counter
electrodes opposing the pixel electrodes, wherein pixels in
which the driving current is passed in a section between the
pixels and the common power-feed lines are arranged on
both sides of-the common power-feed lines, and the data
lines pass on a side opposite to the common power-feed lines
with respect to the pixels.

[0009] Specifically, in the present invention, since a data
line, a group of pixels connected thereto, one common
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power-feed line, a group of pixels connected thereto, and a
data line for supplying a pixel signal to the group of pixels
are assumed to be one unit and this is repeated in the
extension direction of scanning lines, pixels for two rows are
driven by one common power-feed line. Therefore, the
formation area of common power-feed lines can be made
more narrow than in a case in which a common power-feed
line is formed for each group of pixels for one row, the
light-emission area of the pixels can be expanded corre-
spondingly. Therefore, it is possible to improve display
performance, such as luminance, contrast ratio, and so on.

[0010] When the construction is formed in this manner, it
is preferable that, for example, in a section between two
pixels arranged in such a manner as to sandwich the com-
mon power-feed line, the first thin-film transistor, the second
thin-film transistor, and the light-emission elements be dis-
posed in linear symmetry about the common power-feed
line.

[0011] In the present invention, also, it is preferable that
the pitch of the centers of the formation areas of the organic
semiconductor films be equal at every interval between
adjacent pixels along the extension direction of the scanning
lines. When the construction is formed in this manner, it is
convenient to cause a material for an organic semiconductor
film to be discharged from an ink-jet head and to form an
organic semiconductor film. That is, since the pitch of the
centers of the formation areas of the organic semiconductor
films is equal, the material for an organic semiconductor film
may be discharged from the ink-jet head at even intervals.
This simplifies the movement control mechanism of the
ink-jet head, and the position accuracy is improved.

[0012] Further, it is preferable that the formation area of
the organic semiconductor film be surrounded by a bank
layer formed from an insulation film thicker than the organic
semiconductor film, and that the bank layer be formed in
such a manner as to cover the data lines and the common
power-feed line at the same width dimension. When the
construction is formed in this manner, since the bank layer
prevents the extrusion of the organic semiconductor film
into its periphery when the organic semiconductor film is
formed by an ink-jet method, the organic semiconductor film
can be formed within a predetermined area. Further, since
the bank layer covers the data lines and the common
power-feed line at the same width dimension, this is suitable
for making the pitch of the centers of the formation areas of
the organic semiconductor films equal at any interval of the
adjacent pixels along the extension direction of the scanning
lines. Here, the counter electrodes are formed at least on
nearly the entire surface on the pixel area or over a wide area
in a stripe form, and are in a state of opposing the data lines.
Therefore, if kept in this state, a large capacitance parasitizes
the data lines. However, in the present invention, since a
bank layer is interposed between the data lines and the
counter electrodes, it is possible to prevent parasitization of
the capacitance formed in a section adjoining the counter
electrodes into the data lines. As a result, since the load in
the data-side driving circuit can be reduced, power con-
sumption can be reduced or a higher-speed display operation
can be achieved.

[0013] In the present invention, it is preferable that a
wiring layer be formed at a position corresponding 1o a
section between two data lines passing on a side opposite to
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the common power-feed line with respect to the pixels.
When two data lines are parallel to each other, there is a risk
that crosstalk may occur between these data lines. However,
in the present invention, since another wiring layer different
from those passes between two data lines, the crosstalk can
be prevented by merely maintaining such a wiring layer at
a fixed potential at least within one horizontal scanning
period of the image.

[0014] In this case, between two adjacent data lines of the
plurality of data lines, it is preferable that sampling of an
image signal be performed at the same timing. When the
construction is formed in this manner, since potential varia-
tions during sampling occur simultaneously in a section
between two data lines, it is possible to more reliably
prevent an occurrence of crosstalk between these data lines.

[0015] In the present invention, it is preferable that nearly
the same number of pixels of two types, in which the
light-emission elements are driven by a driving current
whose polarity is inverted, be among the plurality of pixels
in which the driving current is passed in a section between
the pixels and the common power-feed lines.

[0016] When the construction is formed in this manner,
the driving current which flows from the common power-
feed line to the pixels cancels the driving current which
flows from the pixels to the common power-feed line,
thereby a smaller amount of driving current which flows
through the common power-feed line is required. Therefore,
since the common power-feed lines can be made narrow
correspondingly, it is possible to expand the display area
with respect to the panel exterior. It is also possible to
eliminate luminance variations which occur due to a differ-
ence between driving currents.

[0017] For example, the construction is formed in such a
way that the polarity of the driving current in each pixel is
the same in the extension direction of the data lines and that,
in the extension direction of the scanning lines, the polarity
of the driving current in each pixel is inverted for each pixel
or every two pixels. The construction may also be formed in
such a way that the polarity of the driving current in each
pixel is the same in the extension direction of the scanning
lines and that, in the extension direction of the data lines, the
polarity of the driving current in each pixel is inverted for
each pixel or every two pixels. Of these constructions, in the
case of the construction in which the polarity of the driving
current is inverted every two pixels, for the pixels through
which driving current of the same polarity flows, a counter
electrode can be used in common between adjacent pixels,
making it possible to reduce the number of slits of the
counter electrode. That is, polarity inversion can be realized
without increasing the resistance value of the counter elec-
trodes through which a large current flows.

[0018] Furthermore, the construction may be formed in
such a way that the polarity of the driving current in each
pixel is inverted for each pixel in both the extension direc-
tion of the scanning lines and the extension direction of the
data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is an illustration schematically showing a
display apparatus of the present invention, and the formation
area of a bank layer formed therein.
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[0020] FIG. 2 is a block diagram showing the basic
construction of the display apparatus of the present inven-
tion.

[0021] FIG. 3 is a plan view in which pixels of the display
apparatus according to the first embodiment of the present
invention are enlarged.

[0022] FIG. 4 is a sectional view taken along the line A-A'
of FIG. 3.

[0023] FIG. 5 is a sectional view taken along the line B-B'
of FIG. 3.

[0024] FIG. 6(A) is a sectional view along the line C-C' of
FIG. 3; and FIG. 6(B) is a sectional view of the construction
in which the formation area of a bank layer is not extended
until it covers a relay electrode.

[0025] FIG.7 is a graph showing the [-V characteristics of
a light-emission element used in the display apparatus
shown in FIG. 1.

[0026] FIG. 8 includes step sectional views showing a
method of manufacturing a display apparatus of the present
invention.

[0027] FIG. 9 is a block diagram showing an example of
an improvement of the display apparatus shown in FIG. 1.

[0028] FIG. 10(A) is a sectional view showing a dummy
wiring layer formed in the display apparatus shown in FIG.
9; and, FIG. 10(B) is a plan view thereof.

[0029] FIG. 11 is a block diagram showing a modification
of the display apparatus shown in FIG. 3.

[0030] FIG. 12(A) is a plan view in which a pixel formed
in the display apparatus shown in FIG. 11 is enlarged; FIG.
12(B) is a scctional view thereof.

[0031] FIG. 13 is an equivalent circuit diagram showing
the construction of two pixels in which the driving current
is inverted which are formed in a display apparatus accord-
ing to a second embodiment of the present invention.

[0032] FIG. 14 is a waveform chart of each signal for
driving one of the two pixels shown in FIG. 13.

[0033] FIG. 15 is a waveform chart of each signal for
driving the other of the two pixels shown in FIG. 13.

[0034] FIG. 16 is a sectional view showing the construc-
tion of light-emission elements formed in the two pixels
shown in FIG. 13.

[0035] FIG. 17 includes an illustration showing the
arrangement of pixels in the display apparatus shown in
FIG. 13.

[0036] FIG. 18 is an illustration showing the arrangement
of pixels in a display apparatus according to a third embodi-
ment of the present invention.

[0037] FIG. 19 is an illustration showing the arrangement
of pixels in a display apparatus according to a fourth
embodiment of the present invention.

[0038] FIG. 20 is an illustration showing the arrangement
of pixels in a display apparatus according to a fifth embodi-
ment of the present invention.
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[0039] FIG. 21 is an illustration showing the arrangement
of pixels in a display apparatus according to a sixth embodi-
ment of the present invention.

[0040] FIG. 22 is a block diagram of a conventional
display apparatus.

[0041] FIG. 23(A) is a plan view in which a pixel formed
in the display apparatus shown in FIG. 22 is enlarged; FIG.
23(B) is a sectional view thereof.

REFERENCE NUMERALS

[0042] 1 display apparatus
[0043] 2 display section
[0044] 3 data-side driving circuit
[0045] 4 scanning-side driving circuit
[0046] 5 checking circuit
[0047] 6 pad for mounting
[0048] 7, 7A, 7B pixels
[0049] 10 transparent substrate
[0050] 20 first TFT
[0051] 21 gate electrode of first TFT
[0052] 30 second TFT
[0053] 31 gate electrode of second TFT
[0054] 40, 40A, 40B light-emission elements
[0055] 41 pixel electrode
[0056] 42 positive-hole injection layer
[0057] 43 organic semiconductor film
[0058] 45 thin lithium-containing aluminum electrode
[0059] 46 ITO film layer
[0060] 50 gate insulation film
[0061] 51 first interlayer insulation film
[0062] 52 second interlayer insulation film
[0063] DA dummy wiring layer
[0064] bank bank layer
[0065] cap holding capacitor
[0066] cline capacitance line
[0067] com common power-feed line
[0068] gate, gateA, gateB scanning lines
[0069] op, opA, opB counter electrodes
[0070] sig, sigA, sigB data lines
[0071] st, stA, stB potential holding electrodes
BEST MODE FOR CARRYING OUT THE
INVENTION
[0072] The embodiments of the present invention will be

described below with reference to the drawings.

[0073] [First Embodiment]
[0074] (Overall Construction of Active-Matrix Substrate)
[0075] FIG. 1 is a block diagram schematically showing

the overall layout of a-display apparatus. FIG. 2 is an
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equivalent circuit diagram of an active matrix formed
therein.

[0076] AsshowninFIG.1,ina display apparatus 1 of this
embodiment, the central portion of a transparent substrate
10, which is a base body thereof, is formed into a display
section 2. On both ends of the data lines “sig” of the
peripheral portion of the transparent substrate 10, a data-side
driving circuit 3 for outputting an image signal, and a
checking circuit 5 are formed, and on both ends of the
scanning lines “gate”, a scanning-side driving circuit 4 for
outputting a scanning signal is formed. In these driving
circuits 3 and 4, a complementary TFT is formed by an
n-type TFT and a p-type TFT. This complementary TFT
forms a shift register, a level shifter, an analog switch, etc.
On the transparent substrate 10, a mounting pad 6, which is
a group of terminals for inputting an image signal, various
potentials, and a pulse signal, is formed in the peripheral
region to the outside from the data-side driving circuit 3.

[0077] (Arrangement of Common Power-Feed Lines and
Pixels)
[0078] In the display apparatus 1, similarly to an active-

matrix substrate of a liquid-crystal display apparatus, on the
transparent substrate 10, a plurality of scanning lines “gate”,
and a plurality of data lines “sig” which extend in a direction
intersecting the extension direction of the scanning lines
“gate” are formed. As shown in FIG. 2, these data lines “sig”
and scanning lines “gate” form the pixels 7 in a matrix.

[0079] Each of these pixels 7 is formed with a first TFT 20
in which a scanning signal is supplied to its gate electrode
21 (first gate electrode) via the scanning lines “gate”. One of
the source and drain regions of the second TFT 20 is
electrically connected to the data line “sig”, and the other is
electrically connected to a potential holding electrode “st”.
With respect to the scanning lines “gate”. Capacitance lines
“cline” are disposed in parallel, with a holding capacitor
“cap” being formed between the capacitance line “cline” and
the potential holding electrode “st”. Therefore, when the first
TFT 20 is selected by the scanning signal and is turned on,
the image signal is written from the data line “sig” into the
holding capacitor “cap” via the first TFT 20.

[0080] A gate electrode 31 (second gate electrode) of the
second TFT 30 is electrically connected to the potential
holding electrode “st”. One of the source and drain regions
of the second TFT 30 is electrically connected to the
common power-supply lines “com”, and the other is elec-
trically connected to one of the electrodes (pixel electrode to
be described later) of a light-emission element 40. The
common power-supply lines “com” are maintained at a fixed
potential. Therefore, when the second TFT 30 is turned on,
the current in the common power-supply line “com” flows to
the light-emission element 40 via this TFT, causing the
light-emission element 40 to emit light.

[0081] In this embodiment, on both sides of the common
power-feed lines “com”, a plurality of pixels 7 to which
driving current is supplied by the common power-feed lines
“com” are arranged, and two data lines “sig” pass on a side
opposite to the common power-feed lines “com” with
respect to these pixels 7. That is, a data line “sig”, a group
of pixels connected thereto, one common power-feed line
“com”, a group of pixels connected thereto, and a data line
“sig” for supplying a pixel signal to the group of pixels are
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assumed to be one unit. This is repeated in the extension
direction of scanning lines “gate”, and one common power-
feed line “com” is used to supply driving current to the
pixels 7 for two rows. Therefore, in this embodiment, in a
section between two pixels 7 disposed in such a manner as
to sandwich the common power-feed lines “com”, the first
TFT 20, the second TFT 30, and the light-emission elements
40 are disposed in linear symmetry about the common
power-feed line “com”, simplifying the electrical connection
between these elements and each wiring layer.

[0082] As described above, in this embodiment, since
pixels for two rows are driven by one common power-feed
line “com”, in comparison with a case in which the common
power-feed lines “com” are formed for each group of pixels
for one row, one-half of the number of common power-feed
lines “com” is required, and the gap secured between the
common power-feed lines “com” and the data lines “sig”,
which is formed in the same section between the layers, is
not required. Therefore, since an area for a wiring on the
transparent substrate 10 can be made more narrow, the ratio
of the light-emission area in each pixel area can be increased
correspondingly, making it possible to improve display
performance, such as luminance, contrast ratio, and so on.

[0083] Since the construction is formed in such a way that
the pixels for two rows are connected to one common
power-feed line “com” in this manner, the data lines “sig”,
which are in a state of being parallel in groups of two, supply
an image signal to the group of pixels for each row.

[0084]

[0085] The structure of each pixel 7 of the display appa-
ratus 1 constructed as described above will be described in
detail with reference to FIGS. 3 to 6(A).

[0086] FIG. 3 is a plan view in which three pixels 7 of the
plurality of pixels 7 formed in the display apparatus 1 of this
embodiment are enlarged. FIGS. 4, 5, and 6(A) are respec-
tively a sectional view along the line A-A' of FIG. 3, a
sectional view along the line B-B' of FIG. 3, and a sectional
view along the line C-C' of FIG. 3.

[0087] First, at a position corresponding to the line A-A' of
FIG. 3, as shown in FIG. 4, in each of the pixels 7 on the
transparent substrate 10, an island-shaped silicon film 200
for forming the first TFT 20 is formed, with a gate insulation
film 50 being formed on the surface thereof. Further, a gate
electrode 21 (a part of scanning lines “gate”) is formed on
the surface of the gate insulation film 50, and source and
drain regions 22 and 23 are formed so as to be self-aligned
with respect to the gate electrode 21. A first interlayer
insulation film 51 is formed on the surface of the gate
insulation film 50, and the data lines “sig” and the potential
holding electrodes “st” are electrically connected to the
source and drain regions 22 and 23 via contact holes 61 and
62 formed on this interlayer insulation film, respectively.

[0088] In each pixel 7, capacitance lines “cline” are
formed in the same section between the layers of the
scanning lines “gate” and the gate electrodes 21 (between
the gate insulation film 50 and the first interlayer insulation
film 51) in such a manner as to be parallel to the scanning
lines “gate”, and an extended portion “st1” of the potential
holding electrode “st” over laps this capacitance line “cline”

(Structure of Pixels)
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via the first interlayer insulation film 51. For this reason, the
capacitance line “cline” and the extended portion “st1” of
the potential holding electrode “st” form a holding capacitor
“cap” in which the first interlayer insulation film 51 is a
dielectric film. A second interlayer insulation film 52 is
formed on the surface of the potential holding electrodes
“st” and the data lines “sig”.

[0089] At a position corresponding to the line B-B' in FIG.
3, as shown in FIG. 5, two data lines “sig” corresponding to
each pixel 7 are parallel on the surface of the first interlayer
insulation film 51 and the second interlayer insulation film
52 formed on the transparent substrate 10.

[0090] At a position corresponding to the line C-C' in FIG.
3, as shown in FIG. 6(A), an island-shaped silicon film 300
for forming the second TFT 30 is formed on the transparent
substrate 10 in such a manner as to extend across two pixels
7 which sandwich the common power-feed line “com”, with
the gate insulation film 50 being formed on the surface
thereof. On the surface of the gate insulation film 50, the
gate electrode 31 is respectively formed in each of the pixels
7 in such a manner as to sandwich the common power-feed
lines “com”, with source and drain regions 32 and 33 being
formed so as to be self-aligned in this gate electrode 31. The
first interlayer insulation film 51 is formed on the surface of
the gate insulation film 50, and the relay electrode 35 is
electrically connected to a source and drain region 62 via a
contact hole 63 formed in this interlayer insulation film. In
contrast, the common power-feed lines “com” are electri-
cally connected to a portion, which is a common source and
drain area 33 in two pixels 7 in the central portion of the
silicon film 300, via a contact hole 64 of the first interlayer
insulation film 51. A second interlayer insulation film 52 is
formed on the surface of the common power-feed lines
“com” and the relay electrode 35. A pixel electrode 41
formed from an ITO film is formed on the surface of the
second interlayer insulation film 52. This pixel electrode 41
is electrically connected to the relay electrode 35 via a
contact hole 65 formed in the second interlayer insulation
film 52, and is electrically connected to the source and drain
regions 32 of the second TFT 30 via this relay electrode 35.

[0091] Here, the pixel electrode 41 forms one of the
electrodes of the light-emission element 40. That is, a
positive-hole injection layer 42 and an organic semiconduc-
tor film 43 are multilayered on the surface of the pixel
electrode 41, and a counter electrode “op” formed from a
lithium-containing metal film, such as aluminum or calcium,
is formed on the surface of the organic semiconductor film
43. This counter electrode “op” is a common electrode
formed at least on a pixel area or in a stripe form, and is
maintained at a fixed potential.

[0092] In the light-emission element 40 constructed as
described above, a voltage is applied by assigning the
counter electrode “op” and the pixel electrode 41 as a
positive pole and a negative pole, respectively. As shown in
FIG. 7, the current (driving current) which flows through the
organic semiconductor film 43 increases sharply in an area
where the applied voltage exceeds a threshold voltage. As a
result, the light-emission element 40 emits light as an
electroluminescence element or an LED element. The light
from the light-emission clement 40 is reflected by the
counter electrode “op”, is passed through the transparent
pixel electrode 41 and the transparent substrate 10, and is
output.
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[0093] Such driving current used for light emission flows
through a current path formed of the counter electrode “op”,
the organic semiconductor film 43, the positive-hole injec-
tion layer 42, the pixel electrode 41, the second TFT 30, and
the common power-feed lines “com”. Therefore, when the
second TFT 30 is turned off, the driving current does not
flow. In the display apparatus 1 of this embodiment, when
the first TFT 20 is turned on as a result of being selected by
a scanning signal, the image signal is written from the data
lines “sig” into the holding capacitors “cap” via the first TFT
20. Therefore, even if the first TFT 20 is turned off, the gate
electrode of the second TFT 30 is maintained at a potential
corresponding to the image signal by the holding capacitor
“cap”, and therefore, the second TFT 30 remains in an on
state. Therefore, the driving current continues to flow
through the light-emission element 40, and this pixel is
maintained in a switched-on state. This state is maintained
until new image data is written into the holding capacitor
“cap” and the second TFT 30 is turned off.

[0094]

[0095] Inamethod of manufacturing the display apparatus
1 constructed as described above, the steps up to manufac-
turing the first TFT 20 and the second TFT 30 on the
transparent substrate 10 are nearly the same as the steps for
manufacturing an active-matrix substrate of the display
apparatus 1, and accordingly, are described in general out-
line with reference to FIG. 8.

[0096] FIG. 8 includes step sectional views schematically
showing the process of forming each component of the
display apparatus 1.

[0097] More specifically, as shown in FIG. 8(A), using a
TEOS (tetracthoxysilane), oxygen gas, and the like as a
starting-material gas as required, a base protective film (not
shown) formed from a silicon oxide film having a thickness
of approximately 2000 to 5000 angstroms is formed on the
transparent substrate 10 by a plasma CVD method. Next, the
temperature of the substrate is set to approximately 350° C.,
and a semiconductor film 100 formed from an amorphous
silicon film having a thickness of approximately 300 to 700
angstroms is formed on the surface of the base protective
film by a plasma CVD method. Next, a crystallization step,
such as laser annealing or a solid-phase growth method, is
performed on the. semiconductor film 100 formed from an
amorphous silicon film so that the semiconductor film 100 is
crystallized into a polysilicon film. In the laser annealing
method, for example, a line beam forming a spot having a
major axis of 400 mm is used in the excimer laser, and its
output intensity is, for example, 200 mJ/cm?®. The line beam
is scanned in such a way that, for the line beam, a portion
corresponding to 90% of the peak value of the laser intensity
in the minor axis thereof overlaps in each area.

[0098] Next, as shown in FIG. 8(B), the semiconductor
film 100 is patterned into island-shaped silicon films 200 and
300, and a gate insulation film 50 formed from a silicon
oxide film or a nitride film having a thickness of approxi-
mately 600 to 1500 angstroms is formed on the surface of
the silicon films 200 and 300 by a plasma CVD method by
using TEOS (tetraethoxysilane) or oxygen gas as a starting-
material gas.

[0099] Next, as shown in FIG. 8(C), a conductive film
formed from a metal film, such as aluminum, tantalum,

(Method of Manufacturing Display Apparatus)
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molybdenum, titanium, or tungsten, is formed by a sputter-
ing method, after which it is patterned in order to form gate
electrodes 21 and 31 as a part of the scanning lines “gate”.
In this step, the capacitance lines “cline” are also formed. In
the figure, reference numeral 310 denotes an extended
portion of the gate electrode 31.

[0100] In this state, high-concentration phosphor ions or
boron ions are implanted to form source and drain regions
22,23, 32, and 33 in a self-aligned manner with respect to
the gate electrodes 21 and 31 in the silicon thin-films 200
and 300. The portions where impurities are not introduced
become channel areas 27 and 37.

[0101] Next, as shown in FIG. 8(D), after the first inter-
layer insulation film 51 is formed, contact holes 61, 62, 63,
64, and 69 are formed, and a potential holding electrode “st”
comprising an extended portion “st1” overlapping the data
lines “sig”, the capacitance lines “cline”, and the extended
portion 310 of the gate electrode 31, a common power-feed
line “com”, and the relay electrode 35 are formed. As a
result, the potential holding electrode “st” is electrically
connected to the gate electrode 31 via a contact hole 69 and
the extended portion 310. In this way, the first TFT 20 and
the second TFT 30 are formed. Further, the holding capacitor
“cap” is formed by the capacitance line “cline” and the
extended portion “st1” of the potential holding electrode

[Pl

st”.

[0102] Next, as shown in FIG. 8(E), the second interlayer
insulation film 52 is formed, and in this interlayer insulation
film, a contact hole 65 is formed in a portion corresponding
to the relay electrode 35. Next, after the ITO film is formed
over the entire surface of the second interlayer insulation
film 52, the film is patterned, forming a pixel electrode 41
which is electrically connected to the source and drain
regions 32 of the second TFT 30 via the contact hole 65.

[0103] Next, as shown in FIG. 8(F), after a black resist
layer is formed on the surface of the second interlayer
insulation film 52, this resist is left in such a manner as to
surround an area where the positive-hole injection layer 42
and the organic semiconductor film 43 of the light-emission
element 40 should be formed, forming a bank layer “bank”.
Here, for the organic semiconductor film 43, in any shape in
a case in which the film is formed independently for each
pixel, or in a case in which the film is formed in a stripe form
along the data lines “sig”, a manufacturing method accord-
ing to this embodiment can be applied by merely forming the
bank layer “bank” in a shape corresponding thereto.

[0104] Next, a liquid material (precursor) for forming the
positive-hole injection layer 42 is discharged from an ink-jet
head 1J with respect to the inside area of the bank layer
“bank”, and the positive-hole injection layer 42 is formed in
the inside area of the bank layer “bank”. In a similar manner,
a liquid material (precursor) for forming the organic semi-
conductor film 43 is discharged from the ink-jet head 1J with
respect to the inside area of the bank layer “bank”, and the
organic semiconductor film 43 is formed in the inside area
of the bank layer “bank”. Here, since the bank layer “bank”
is formed from a resist, it is water repellent. In contrast, since
the precursor of the organic semiconductor film 43 mainly
uses a hydrophilic solvent, the coating area of the organic
semiconductor film 43 is reliably defined by the bank layer
“bank”, and extrusion into adjacent pixels does not occur.

[0105] When forming the organic semiconductor film 43
and the positive-hole injection layer 42 by an ink-jet method
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in this manner, in this embodiment, in order to improve the
operation efficiency and the injection position accuracy, as
shown in FIG. 3, the pitch P of the centers of the formation
areas of the organic semiconductor films 43 is made equal at
every interval of the adjacent pixels 7 along the extension
direction of the scanning lines “gate”. Therefore, as indi-
cated by the arrow Q, since a material for the organic
semiconductor film 43 may be discharged from the ink-jet
head 1J at positions at even intervals along the extension
direction of the scanning lines “gate”, there is the advantage
in that the operation efficiency is superior. Further, the
movement control mechanism of the ink-jet head IJ is
simplified, and the implantation position accuracy is
improved.

[0106] Subsequently, as shown in FIG. 8(G), the counter
electrode “op” is formed on the surface of the transparent
substrate 10. Here, the counter electrodes “op” are formed at
least over the entire surface of the pixel area or in a stripe
form. When the counter electrodes “op” are formed in a
stripe form, after a metal film is formed over the entire
surface of the transparent substrate 10, the metal film is
patterned in a stripe form.

[0107] Since the bank layer “bank” is formed from a resist,
it is left intact, and as will be described below, the layer is
used as a black matrix BM and an insulation layer for
reducing parasitic capacitance.

[0108] TFTs are formed also in the data-side driving
circuit 3 and the scanning-side driving circuit 4 shown in
FIG. 1. These TFTs are formed by borrowing the entirety or
a part of the steps for forming the TFT in the pixels 7.
Therefore, the TFT which forms a driving circuit is also
formed in the same section between the layers as those of the
TFTs of the pixels 7.

[0109] Further, both the first TFT 20 and the second TFT
30 may be of n-type, or p-type, or one of them may be of
n-type and the other of p-type. In any combination of these
cases, TFTs can be formed by a well known method, and
accordingly, description thereof has been omitted.

[0110]

[0111] In this embodiment, with respect to the entirety of
the peripheral area of the transparent substrate 10 shown in
FIG. 1, the bank layer “bank” (the formation area is shaded)
is. formed. Therefore, both the data-side driving circuit 3
and the scanning-side driving circuit 4 are covered with the
bank layer “bank”. For this reason, even if the counter
electrodes “op” are in an overlapping state with respect to
the formation area of these driving circuits, the bank layer
“bank” is interposed between the wiring layers and the
counter electrodes “op” of the driving circuits. Therefore,
since parasitization of a capacitance into the driving circuits
2 and 3 can be prevented, the load of the driving circuits 2
and 3 can be reduced, thereby making it possible to reduce
power consumption or to achieve a higher speed of the
display operation.

[0112] Further, in this embodiment, as shown in FIGS. 3
to 5, the bank laver “bank” is formed so as to overlap the
data lines “sig”. Therefore, since the bank layer “bank™ is
interposed between the data lines “sig” and the counter
electrodes “op”, it is possible to prevent capacitance from
parasitizing in the data lines “sig”. As a result, since the load

(Formation Area of Bank Layer)
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of the data-side driving circuit 3 can be reduced, power
consumption can be reduced or a higher speed of the display
operation can be achieved.

[0113] Here, unlike the data lines “sig”, a large current for
driving the light-emission, elements 40 flows through the
common power-feed lines “com”, and the driving current is
supplied to the pixels for two rows. For this reason, for the
common power-feed lines “com”, their line width is set to be
wider than the line width of the data lines “sig”, and the
resistance value per unit length of the common power-feed
lines “com” 1s set to be smaller than the resistance value per
unit length of the data lines “sig”. Even under such design
conditions, in this embodiment, when the bank layer “bank”
is formed so as to overlap the common power-feed lines
“com” and the formation area of the organic semiconductor
film 43 is defined, the width of the bank layer “bank” to be
formed here is made at the same width dimension as that of
the bank layer “bank™ overlapping two data lines “sig”,
forming a construction suitable for making the pitch P of the
centers of the formation areas of the organic semiconductor
films 43 equal at any interval between the adjacent pixels 7
along the extension direction of the scanning lines “gate”.

[0114] Furthermore, in this embodiment, as shown in
FIGS. 3, 4, and 6(A); the bank layer “bank” is also formed
in an area overlapping the formation area of the first TFT 20
and the formation area of the second TFT 30 from among the
formation area of the pixel electrode 41. That is, as shown
in FIG. 6(B), unless the bank layer “bank” is formed in an
area overlapping the relay electrode 35, even if driving
current flows to a section adjoining the counter electrode
“op” and the organic semiconductor film 43 emits light, this
light is not output because it is sandwiched between the relay
electrode 35 and the counter electrode “op”, and does not
contribute to display. Such driving current flowing in a
portion which does not contribute to display may be said to
be a reactive current from the point of view of display.
However, in this embodiment, the bank layer “bank” is
formed in a portion where such reactive current should flow
so that the flowing of the driving current thereinto is
prevented, making it possible to prevent wasteful current
from flowing into the common power-feed lines “com”.
Therefore, the width of the common power-feed lines “com”
may be narrower correspondingly.

[0115] Also, if the bank layer “bank” which is formed by
a black resist as described above remains, the bank layer
“bank” functions as a black matrix, improving display
quality, such as luminance, contrast ratio, etc. That is, in the
display apparatus 1 according to this embodiment, since the
counter electrodes “op” are formed on the entire surface of
the transparent substrate 10 or in a stripe form over a wide
area thereof, light reflected by the counter electrodes “op”
causes the contrast ratio to decrease. However, in this
embodiment, since the bank layer “bank” having the func-
tion of inhibiting the parasitic capacitance is formed by a
black resist while defining the formation area of the organic
semiconductor film 43, the bank layer “bank” functions also
as a black matrix, and shuts off reflected light from the
counter electrodes “op”; yielding an advantage in that the
contrast ratio is high. Further, since the light-emission area
can be defined in a self-aligned manner by using the bank
layer “bank”, alignment allowance with the light-emission
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area, which is a problem when the bank layer “bank” is not
used as a black matrix and another metal layer is used as a
black matrix, is not required.

[0116] [Example of an Improvement of the Above-De-
scribed Embodiment]

[0117] In the above-described embodiment, pixels 7, to
which driving current flows in a section between the pixels
and the common power-feed lines “com”, are arranged on
each of the two sides of the common power-feed lines
“com”, and two data lines “sig” pass in parallel on a side
opposite to the common power-feed lines “com” with
respect to the pixels 7. Therefore, there is a risk that crosstalk
might occur between the two data lines “sig”. Accordingly,
in this embodiment, as shown in FIGS. 9, 10(A), and 10(B),
a dummy wiring layer DA is formed at a position corre-
sponding 1o a section between the two data lines “sig”. As
this dummy wiring layer DA, for example, an ITO film DAL,
which is formed at the same time as the pixel electrode 41,
can be used. Further, as the dummy wiring layer DA, an
extended portion DA2 from the capacitance lines “cline”
may be formed between two data lines “sig”. Both of them
may be used as dummy wiring layer DA.

[0118] When the construction is formed in this manner,
since a wiring layer DA different from the above passes
between two parallel data lines “sig”, the above-mentioned
crosstalk can be prevented by merely maintaining such
wiring layer DA (DAL, DA2) at a fixed potential within at
least one horizontal scanning period of the image. That is,
whereas the film thickness of the first interlayer insulation
film 51 and the second interlayer insulation film 52 is
approximately 1 um, the interval between two data lines
“sig” is approximately 2 um or more. Therefore, in com-
parison with capacitance formed between each data line
“sig” and the dummy wiring layer DA (DA1, DA2), the
capacitance formed between the two data lines “sig” is small
enough that it can be effectively ignored. Therefore, since a
signal of a high frequency which leaks from the data lines
“sig” is absorbed in the dummy wiring layers DA and DA2,
crosstalk between the two data lines “sig” can be prevented.

[0119] Furthermore, between two adjacent data lines “sig”
of a plurality of data lines “sig”, it is preferable that sampling
of an image signal be performed at the same timing. When
the construction is formed in this manner, since potential
variations during sampling occur simultaneously between

crosstalk between these two data lines “sig”.

[0120] [Another Example of Construction of Holding
Capacitor]

[0121] Although in the above-described embodiment,
capacitance lines “cline” are formed to form a holding
capacitor “cap”, as described in the description of the related
art, the holding capacitor “cap” may be formed by using a
polysilicon film for forming a TFT.

[0122] Also, as shown in FIG. 11, the holding capacitor
“cap” may be formed between the common power-feed line
“com” and the potential holding electrode “st”. In this case,
as shown in FIGS. 12(A) and 12(B), the extended portion
310 of the gate electrode 31 for electrically connecting the
potential holding electrode “st” to the gate electrode 31 may
be extended to the side of the lower layers of the common
power-feed lines “com”, and the holding capacitor “cap”
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may be formed by using the first interlayer insulation film 51
positioned between this extended portion 310 and the com-
mon power-feed line “com” as a dielectric film.

[0123]

[0124] Although in the above-described first embodiment,
the, construction is formed in such a way that the light-
emission ¢lements 40 are driven by driving current of the
same polarity in any pixel 7, as will be described below, the
construction may be formed in such a way that the same
number of two types of pixels 7, in which the light-emission
elements 40 are driven by a driving current whose polarity
is inverted, are among a plurality of pixels 7 to which driving
current is passed in a section between the pixels and the
same common power-feed line “com”.

[0125] Examples of such constructions are described with
reference to FIGS. 13 to 17. FIG. 13 is a block diagram of
an embodiment in which two types of pixels, in which the
light-emission elements 40 are driven by a driving current
whose polarity is inverted, are structured. FIGS. 14 and 15
are each an illustration of a scanning signal, an image signal,
the potential of common power-feed lines, and a potential of
a potential holding electrode when the light-emission ele-
ment 40 is driven by a driving current whose polarity is
inverted.

[0126] In this embodiment and the embodiments to be
described later, as shown in FIG. 13, when driving the
light-emission element 40 by driving current 1 whose polar-
ity is inverted, in a pixel 7A to which driving current flows
from the common power-feed lines “com” as indicated by an
arrow E, the first TFT 20 is formed of an n-channel type, and
in a pixel 7B from which driving current flows to the
common power-feed lines “com” as indicated by an arrow F,
the first TFT 20 is formed of a p-channel type. For this
reason, a scanning line “gateA” and a scanning line “gate B”
are formed in these two types of pixels 7A and 7B, respec-
tively. Also, in this embodiment, if the second TFT 30 of the
pixel 7A is formed of a p-channel type, the second TFT 30
of the pixel 7B is formed of an n-channel type, the first TFT
20 and the second TFT 30 being formed to be a reverse-
conduction type in each of the pixels 7A and 7B. Therefore,
for the image signals supplied respectively via a data line
“sigA” corresponding to the pixel 7A and a data line “sigB”
corresponding to the pixel 7B, their polarities are inverted,
as will be described later.

[0127] Furthermore, in each of the pixels 7A and 7B, since
the light-emission element 40 is driven by the driving
current i whose polarity is inverted, as described later, the
construction must be formed in such a way that the potential
of the counter electrode “op” also has an opposite polarity
when the potential of the common power-feed line “com” is
used as a reference. Therefore, the counter electrode “op” is
formed in such a way that the pixels 7A and 7B, to which the
driving current i having the same polarity flows, are con-
nected together and a predetermined potential is applied to
each of them.

[0128] Therefore, as shown in FIGS. 14 and 15, for the
pixels 7A and 7B, waveforms of scanning signals supplied
via the scanning lines “gateA” and “gateB”, waveforms of
image signals supplied via the data lines “sigA” and “sigB”,
the potential of the counter electrode “op”, the potentials of
potential holding electrodes “stA” and “stB” are shown by

[Second Embodiment]
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using the potential of the common power-feed lines “com”™
as a reference, respectively. Between the pixels 7A and 7B,
each signal is set to have an opposite polarity in both the
switched-on period and the switched-off period.

[0129] Also, as shown in FIGS. 16(A) and 16(B), light-
emission ¢lements 40A and 40B of different constructions
are formed in the pixels 7A and 7B, respectively. That is, in
the light-emission element 40A formed in the pixel 7A, from
the side of the lower layers toward the side of the upper
layers, the pixel electrode 41 formed from an ITO film, the
positive-hole injection layer 42, the organic semiconductor
film 43, and the counter electrode “opA” are multilayered in
this sequence. In contrast, in the light-emission element 40B
formed in the pixel 7B, from the side of the lower layers
toward the side of the upper layers, the pixel electrode 41
formed from an ITO film, a lithium-containing aluminum
electrode 45, which is so thin as to have a light transmission
property, the organic semiconductor film 42, the positive-
hole injection layer 42, an ITO film layer 46, and a counter
electrode “opB” are multilayered in this sequence. There-
fore, even though driving current of an opposite polarity
flows through the light-emission elements 40A and 40B,
respectively, since the structures of the electrode layers with
which the positive-hole injection layer 42 and the organic
semiconductor film 42 are in direct contact are the same, the
light-emission characteristics of the light-emission elements
40A and 40B are identical.

[0130] When forming such two types of light-emission
elements 40A and 40B, since each of both the organic
semiconductor film 43 and the positive-hole injection layer
42 is formed in the inside of the bank layer “bank” by an
ink-jet method, even if the top and bottom positions are
reversed, the manufacturing steps are not complex. Further,
in the light-emission element 40B, in comparison with the
light-emission element 40A, the lithium-containing alumi-
num electrode 45, which is so thin as to have a light
transmission property, and the ITO film layer 46 are added.
Nevertheless, even if the lithium-containing aluminum elec-
trode 45 is structured so as to be multilayered in the same
area as that of the pixel electrode 41, no problem is posed for
the display, and even if the ITO film layer 46 is also
structured so as to be multilayered in the same area as that
of the counter electrode “opB”, no problem is posed for the
display. Therefore, the lithium-containing aluminum elec-
trode 45 and the pixel clectrode 41 may be patterned
independently of each other, but may be patterned collec-
tively by the same resist mask. In a similar manner, the ITO
film layer 46 and the counter electrode “opB” may be
patterned independently of each other, but may be patterned
collectively by the same resist mask. It is a matter of course
that the lithium-containing aluminum electrode 45 and the
ITO film layer 46 may be formed only within the inside area
of the bank layer “bank”.

[0131] After the light-emission elements 40A and 408 are
made to be capable of being driven by a driving current
whose polarity is inverted in each of the pixels 7A and 7B
in this manner, the two types of pixels 7A and 7B are
arranged as shown in FIG. 17. In this figure, the pixel given
the sign (-) corresponds too the pixel 7A described with
reference to FIGS. 13, 14, and 16, and the pixel given the
sign (+) corresponds to the pixel 7B described with reference
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to FIGS. 13, 15, and 16. In FIG. 17, the illustration of the
scanning lines “gateA” and “gate”, and the data lines “sigA”
and “sigB” is omitted.

[0132] As shown in FIG. 17, in this embodiment, the
polarity of the driving current in each pixel is the same along
the extension direction of the data lines “sigA” and “sigB”,
and along the extension direction of the scanning lines
“gateA” and “gateB”, the polarity of the driving current in
each pixel is inverted for each pixel. As the formation areas
of the counter electrodes “opA” and “opB” corresponding to
each pixel are indicated by a dotted-chain line, respectively,
each of the counter electrodes “opA” and “opB” is con-
structed so as to connect together the pixels 7A and 7B to
which driving current having the same polarity flows. That
is, the counter electrodes “opA” and “opB” are formed in a
stripe form independently of each other along the extension
direction of the data lines “sigA” and “sigB”, and a negative
potential and a positive potential when the potential of the
common power-feed line “com” is used as a reference are
applied to the counter electrodes “opA” and “opB”, respec-
tively.

[0133] Therefore, between each of the pixels 7A and 7B
and the common power-feed line “com”, driving currents i
in a direction indicated by arrows E and F in FIG. 13 flow,
respectively. For this reason, since the current which flows
substantially through the common power-feed line “com” is
cancelled by the driving current i of a different polarity, a
smaller amount of the driving current flowing through the
common power-feed lines “com” is required. Therefore,
since the common power-feed lines “com” can be made
correspondingly narrower, it is possible to increase the ratio
of the light-emission area of the pixel area in the pixels 7A
and 7B and to improve display performance, such as lumi-
nance, contrast ratio, and so on.

[0134] [Third Embodiment]

[0135] From the viewpoint of the fact that pixels are
arranged in such a way that driving current flows at an
opposite polarity in a section between the pixels and the
same common power-feed line “com”, each pixel may be
arranged as shown in FIG. 18. In this embodiment, since the
construction of each of the pixels 7A and 7B is similar to that
of the second embodiment. Therefore, the description has
been omitted. In FIG. 18 and FIGS. 19 to 21, for describing
each embodiment to be described below, a pixel correspond-
ing to the pixel 7A described with reference to FIGS. 13, 14,
and 16 is shown by the sign (-), and a pixel corresponding
to the pixel 7B described with reference to FIGS. 13, 15, and
16 is shown by the sign (+) As shown in FIG. 18, in this
embodiment, the construction is formed in such a way that
the polarity of the driving current in each of the pixels 7A
and 7B is the same along the extension direction of the data
lines “sigA” and “sigB” and that along the extension direc-
tion of the scanning lines “gateA” and “gateB”, the polarity
of the driving current in each of the pixels 7A and 7B is
inverted every two pixels.

[0136] Also when the construction is formed in this man-
ner, driving current i in a direction indicated by arrows E and
F in FIG. 13 flows between each of the pixels 7A and 7B and
the common power-feed line “com”, respectively. For this
reason, since the current which flows through the common
power-feed line “com” is cancelled by the driving current i
of a different polarity, a smaller amount of the driving
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current flowing through the common power-feed lines
“com” is required. Therefore, since the common power-feed
lines “com” can be made correspondingly narrower, it is
possible to increase the ratio of the light-emission area of the
pixel area in the pixels 7A and 7B of the pixel area and to
improve display performance, such is luminance, contrast
ratio, and so on. In addition, in this embodiment, since the
polarity of the driving current is inverted every two pixels
along the extension direction of the scanning lines “gate A”
and “gateB”, for the pixels-which are driven by driving
current having the same polarity, the counter electrodes
“opA” and “opB” which are common to the adjacent pixels
for two rows may be formed in a stripe form. Therefore, the
number of stripes of the counter electrodes “opA” and
“opB” can be reduced by half. Further, since the resistance
of the counter electrodes “opA” and “opB” can be decreased
in comparison with the stripe for each pixel, an influence of
a voltage drop of the counter electrodes “opA” and “opB”
can be reduced.

[0137] [Fourth Embodiment)]

[0138] Furthermore, from the viewpoint of the fact that
pixels are arranged in such a way that driving current flows
at an opposite polarity in a section between the pixels and
the same common power-feed line “com”, each pixel may be
arranged as shown in FIG. 19.

[0139] As shown in FIG. 19, in this embodiment, the
construction is formed in such a way that the polarity of the
driving current in each of the pixels 7A and 7B is the same
along the extension direction of the scanning lines “gate A”
and “gateB” and that along the extension direction of the
data lines “sigA” and “sigB”, the polarity of the driving
current in each of the pixels 7A and 7B is inverted for each
pixel.

[0140] Also in the case where the construction is formed
in this manner, similarly to the second embodiment or the
third embodiment, since the current flowing through the
common power-feed lines “com” is cancelled by the driving
current having a different polarity, a smaller amount of the
driving current flowing through the common power-feed
lines “com” is required. Therefore, since the common
power-feed lines “com” can be made correspondingly nar-
rowetr, it is possible to increase the ratio of the light-emission
area of the pixel area in the pixels 7A and 7B and to improve
display performance, such as luminance, contrast ratio, and
SO on.

[0141] [Fifth Embodiment]

[0142] Furthermore, from the viewpoint of the fact that
pixels are arranged in such a way that driving current flows
at an opposite polarity in a section between the pixels and
the same common power-feed line “com”, each pixel may be
arranged as shown in FIG. 20.

[0143] As shown in FIG. 20, in this embodiment, the
construction is formed in such a way that the polarity of the
driving current in each of the pixels 7A and 7B is the same
along the extension direction of the scanning lines “gateA”
and “gateB” and that along the extension direction of the
data lines “sigA” and “sigB”, the polarity of the driving
current in each of the pixels 7A and 7B is inverted every two
pixels.

[0144] When the construction is formed in this manner,
similarly to the third embodiment, since the current which
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flows through the common power-feed line “com” is can-
celled by the driving current of a different polarity, a smaller
amount of the driving current flowing through the common
power-feed lines “com” is required. Therefore, since the
common power-feed lines “com” can be made correspond-
ingly narrower, it is possible to increase the ratio of the
light-emission area of the pixel area in the pixels 7A and 7B
and to improve display performance, such as luminance,
contrast ratio, and so on. In addition, in this embodiment,
since the polarity of the driving current is inverted every two
pixels along the extension direction of the data lines “sigA”
and “sigB”, for the pixels which are driven by the driving
current having the same polarity, the counter electrodes
“opA” and “opB” which are common to the adjacent pixels
for two rows may be formed in a stripe form. Therefore, the
number of stripes of the counter electrodes “opA” and
“opB” can be reduced by half. Further, since the resistance
of the counter electrodes “opA” and “opB” can be decreased
in comparison with the stripe for each pixel, an influence of
a voltage drop of the counter electrodes “opA” and “opB”
can be reduced.

[0145] [Sixth Embodiment]

[0146] Furthermore, from the viewpoint of the fact that
pixels are arranged in such a way that driving current flows
at an opposite polarity in a section between the pixels and
the same common power-feed line “com”, each pixel may be
arranged as shown in FIG. 21.

[0147] As shown in FIG. 21, in this embodiment, the
construction is formed in such a way that the polarity of the
driving current in each of the pixels 7A and 7B is inverted
for each pixel along both the extension direction of the
scanning lines “gateA” and “gateB” and the extension
direction of the data lines “sigA” and “sigB”.

[0148] Also in the case where the construction is formed
in this manner, similarly to the second to fourth embodi-
ments, since the current flowing through the common
power-feed lines “com” is cancelled by the driving current
having a different polarity, a smaller amount of the driving
current flowing through the common power-feed lines
“com” is required. Therefore, since the common power-feed
lines “com” can be made correspondingly narrower, it is
possible to increase the ratio of the light-emission area in the
pixels 7A and 7B and to improve display performance, such
as luminance, contrast ratio, and so on.

[0149] When the pixels 7A and 7B are arranged in this
manner, the counter electrodes “opA” and “opB” in a stripe
form cannot cope. Nevertheless, the construction may be
formed in such a way that the counter electrodes “opA” and
“opB” are formed for each of the pixels 7A and 7B,
respectively, and that the counter electrodes “opA” and
“opB” are connected by a wiring layer.

[0150]

[0151] As has been described up to this point, in the
display apparatus according to the present invention, since
pixels to which driving current is passed in a section
between the pixels and the common power-feed line are
arranged on both sides of the common power-feed line, only
one common power-feed line is required for pixels for two
rows. Therefore, since the formation area of the common
power-feed lines “com” can be made narrower in compari-
son with a case where the common power-feed line is
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formed for each group of pixels for one row, it is possible to
increase correspondingly the ratio of the light-emission area
in the pixels and to improve display performance, such as
luminance, contrast ratio, and so on.

[0152] When two types of pixels in which the light-
emission element are driven by a driving current whose
polarity is inverted are among a plurality of pixels to which
the driving current is passed in a section between the pixels
and the same common power-feed line, in one common
power-feed line, since driving current flowing from the
common power-feed line to the light-emission element
cancels the driving current flowing in an opposite direction
from the light-emission element to the common power-feed
line, a smaller amount of the driving current which flows
through the common power-feed line is required. Therefore,
since the common power-feed lines “com” can be made
correspondingly narrower, it is possible to increase the ratio
of the light-emission area in the pixels and to improve
display performance, such as luminance, contrast ratio, and
SO on.

1. A display apparatus comprising on a substrate:
a plurality of scanning lines;

a plurality of data lines extending in a direction intersect-
ing the extension direction of the scanning lines;

a plurality of common power-feed lines parallel to the
data lines; and

pixels formed in a matrix by said data lines and said
scanning lines,

each of the pixels comprising:

a first thin-film transistor in which a scanning signal is
supplied to its first gate electrode via said scanning
lines;

a holding capacitor for holding an image signal sup-
plied from said data lines via the first thin-film
transistor; and

a second thin-film transistor in which said image signal
held by the holding capacitor is supplied to its
second gate electrode; and

a light-emission element having an organic semicon-
ductor film, which emits light by a driving current
that flows between a pixel electrode and a counter
electrode when said pixel electrode is electrically
connected to said common power-feed lines via said
second thin-film transistor in a section between lay-
ers of said pixel electrode formed for each of said
pixels and said counter electrode opposing the pixel
clectrode,

wherein pixels in which said driving current is passed
in the section between the pixels and the common
power-feed line are arranged on both sides of said
common power-feed line, and said data lines pass on
a side opposite to said common power-feed line with
respect to the pixels.

2. A display apparatus according to claim 1, wherein,
between two pixels arranged in such a manner as to sand-
wich said common power-feed line, said first thin-film
transistor, said second thin-film transistor, and said light-
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emission element are disposed in linear symmetry with
respect to the common power-feed line.

3. A display apparatus according to one of claims 1 and 2,
wherein a pitch of a center of a formation area of said
organic semiconductor film is equal at every interval
between adjacent pixels along an extension direction of said
scanning lines.

4. A display apparatus according to claim 2, wherein the
formation area of said organic semiconductor film is sur-
rounded by a bank layer formed from an insulation film
thicker than said organic semiconductor film, and the bank
layer is formed in such a manner as to cover said data lines
and said common power-feed lines at a same width dimen-
sion.

5. A display apparatus according to claim 4, wherein said
organic semiconductor film is a film formed within an area
surrounded by said bank layer by an ink-jet method, and said
bank layer is a film for preventing an extrusion of said
organic semiconductor film when said organic semiconduc-
tor film is formed by the ink-jet method.

6. A display apparatus according to one of claims 1 to 5,
wherein a wiring layer is formed at a position corresponding
to a section between two data lines passing on a side
opposite to said common power-feed line with respect to
said pixels.

7. A display apparatus according to claim 6, wherein
sampling of an image signal is performed at a same timing
in a section between two adjacent data lines of said plurality
of data lines.

8. A display apparatus according to claim 1, wherein two
types of pixels in which said light-emission element is

Oct. 16, 2003

driven by a driving current whose polarity is inverted are
among a plurality of pixels in which said driving current is
passed in the section between the pixels and said same
common power-feed line.

9. A display apparatus according to claim 8, wherein the
polarity of the driving current in each pixel is the same in an
extension direction of said data lines, and in an extension
direction of said scanning lines, the polarity of the driving
current in each pixel is inverted for each pixel.

10. A display apparatus according to claim 8, wherein the
polarity of the driving current in each pixel is the same in an
extension direction of said data lines, and in an extension
direction of said scanning lines, the polarity of driving
current in each pixel is inverted every two pixels.

11. A display apparatus according to claim 8, wherein the
polarity of the driving current in each pixel is the same in an
extension direction of said scanning lines, and in an exten-
sion direction of said data lines, the polarity of the driving
current in each pixel is inverted for each pixel.

12. Adisplay apparatus according to claim 8, wherein the
polarity of the driving current in each pixel is the same in an
extension direction of said scanning lines, and in an exten-
sion direction of said data lines, the polarity of the driving
current in each pixel is inverted every two pixels.

13. Adisplay apparatus according to claim 8, wherein the
polarity of the driving current in each pixel is inverted for
each pixel in both an extension direction of said scanning
lines and an extension direction of said data lines.
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