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EL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an electrolumines-
cence display device. In particular, the present invention
relates to an active matrix-type electroluminescence display
device in which pixel circuits each including an electrolumi-
nescence element and a thin-film transistor(s) are arranged
two-dimensionally.

BACKGROUND ART

[0002] As a self-luminous display device, recently, atten-
tion has been given to an electroluminescence (EL) display
device using an EL element. In addition, there has also been
developed an active matrix-type EL display device in which
pixel circuits each including an EL element and a thin-film
transistor (TFT) are arranged two-dimensionally.

[0003] Anorganic EL element, which is one example of EL
elements, has a sandwich structure in which a light emitting
layer made of an organic substance is interposed between an
anode and a cathode. In the organic EL, element, when a
voltage is applied between the anode and the cathode, holes
are injected from the anode into the light emitting layer while
electrons are injected from the cathode into the light emitting
layer. The hole and the electron each injected are recombined
with each other in the light emitting layer to generate an
exciton, and the generated exciton emits light upon annihila-
tion. Thus, the organic EL element emits light.

[0004] In an active matrix-type EL display device, an EL,
element emits light at a brightness according to adrive current
supplied from a drive TFT in a pixel circuit that includes the
EL element. One of two electrodes between which a light
emitting layer is interposed is made of a transparent material,
therefore, the light emitted from the light emitting layer trans-
mits through the transparent electrode and, then, goes out of
the EL display device. Thus, the active matrix-type EL dis-
play device performs surface light emission to display a
screen.

[0005] Inthe active matrix-type EL display device, an elec-
tric current must be supplied to the pixel circuit through a
power source line in order to allow the EL element to emit
light. For example, a pixel circuit (a typical pixel circuit
having a configuration called 2 TFT+1 C) shown in FIG. 2
performs a constant current drive operation of supplying a
signal potential at a data line 2 to a gate terminal of a second
TFT 32 (which functions as a drive TFT) through a first TFT
31 (which functions as a switch) and, then, supplying an
electric current according to a conductance of the second TET
32toanEL element 10. In general, however, when an electric
current flows through a line having a resistive component, a
voltage drop occurs. In the active matrix-type EL display
device, consequently, there is a difference in power source
voltage to be supplied between a pixel circuit arranged at an
end portion and a pixel circuit arranged at a center portion, so
that unevenness in brightness occurs at a display screen in
some instances.

[0006] Specifically, an electric current Id which flows
through a drive TFT is given by the following expression (1)
in consideration of a channel length modulation effect.

Td=(Y)pCox(W/L)(Vgs-Vihy(1-\Vds) 6

[0007] In the expression (1), u represents a mobility, Cox
represents a capacity of a gate oxide film, W/L represents an
aspect ratio, Vgs represents a gate-to-source voltage, Vth
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represents a threshold voltage, A represents a channel length
modulation coefficient, and Vds represents a drain-to-source
voltage.

[0008] A source potential varies by a voltage drop occur-
ring at a power source line, so that the gate-to-source voltage
Vgs and the drain-to-source voltage Vds change. As shown in
the expression (1), then, the electric current Id supplied from
the drive TFT to the EL element changes, so that the bright-
ness of the EL element also changes. Consequently, the
unevenness in brightness occurs at the display screen.
[0009] In order to prevent the unevenness in brightness,
preferably, a resistance of the power source line is decreased
and a potential at the power source line is made constant. The
low resistance of the power source line allows not only pre-
vention of the unevenness in brightness, but also reduction in
Joule heat generated at the power source line and reduction in
electric power consumed by the power source line.

[0010] As a method of decreasing the resistance of the
power source line, there have been considered a method of
making a width of a power source line wide and a method of
making a thickness of a wiring layer large. As shown in FIG.
11, moreover, Patent document 1 discloses a method of pro-
viding power source lines VL arranged in parallel with data
lines DL and, additionally, bypass power source lines BL
arranged in parallel with scanning lines GL and establishing
electric connection between the power source line VL and the
bypass power source line BL through a contact C1, thereby
providing the power source lines in a lattice shape. As shown
in FIG. 12, Patent document 2 discloses a method of estab-
lishing electric connection between a power source line VL
and a light shielding film BM (a portion surrounded by a bold
line) through a contact C2, thereby connecting the light
shielding film to the power source line in parallel.

[0011] Patent document 1: JP 2001-100654 A

[0012] Patent document 2: JP 2001-100655 A
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0013] However, the methods described above have the

following problems. In a bottom emission-type EL display
device which has been used frequently in general, a power
source line is provided at a transparent electrode side with
respect to a light emitting layer. For this reason, if a width of
the power source line is made wide, an aperture ratio becomes
small, resulting in deterioration of light, extraction efficiency.
Moreover, if a thickness of a wiring layer is made large, a
process becomes complicated and a design margin must be
made large (e.g., a minimum wiring width must be made
wide) resulting in increase in cost and reduction in aperture
ratio. The method disclosed in Patent document 1 also causes
reduction in aperture ratio. Further, the method disclosed in
Patent document 2 requires an additional step of providing the
contact for establishing electric connection between the
power source line and the light shielding film and, conse-
quently, causes increase in cost.

[0014] An EL display device has problems to be solved, in
addition to unevenness in brightness. A signal line also has a
resistive component and a capacitive component, which is
similar to a power source line. Therefore, the signal line
provided between an external terminal and a pixel circuit can
be regarded as a distributed RC circuit including a resistive
component and a stray capacitor formed between different
layers or adjoining conductors. Consequently, if a frequency
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of a signal flowing through the signal line increases, this
distributed RC circuit degrades a frequency characteristic of
the signal. Moreover, the EL display device includes a light
shielding film for shielding light emitted from a light emitting
layer. However, there is a possibility that a TFT operates
erroneously due to external light. The methods described
above can not solve these problems.

[0015] Therefore, an object of the present invention is to
provide an EL display device that decreases a resistance of a
power source line without incurring increase in cost and
reduction in aperture ratio and suppresses unevenness in
brightness at a display screen.

Means for Solving the Problems

[0016] According to a first aspect of the present invention,
an active matrix-type EL display device includes: a plurality
of power source lines arranged in parallel with one another on
a predetermined wiring layer; a plurality of signal lines
arranged in parallel with one another on a wiring layer, which
is different from the wiring layer on which the power source
lines are arranged, so as to be orthogonal to the power source
lines; a plurality of pixel circuits each including an EL ele-
ment and one or more thin-film transistors, the plurality of
pixel circuits being arranged side by side in an extending
direction of the power source line and an extending direction
of the signal line; a bypass line arranged on at least a part of
aportion obtained by removing a planar position of the signal
line from a planar position of the power source line in the
wiring layer on which the signal lines are also arranged; and
a contact establishing electric connection between the power
source line and the bypass line.

[0017] According to a second aspect of the present inven-
tion, in the first aspect of the present invention, the signal line
is a scanning line.

[0018] According to a third aspect of the present invention,
in the first aspect of the present invention, the bypass line is
electrically connected to the power source line through two
contacts provided at two ends thereof.

[0019] According to a fourth aspect of the present inven-
tion, in the first aspect of the present invention, the bypass line
is electrically connected to the power source line through one
contact which is almost equal in length thereto.

[0020] According to a fifth aspect of the present invention,
in the first aspect of the present invention, the bypass line is
electrically connected to the power source line through a
plurality of contacts provided on an almost entire part thereof.
[0021] According to asixth aspect of the present invention,
in the first aspect of the present invention, the bypass line has
a width which is almost equal to a width of the power source
line.

[0022] According to a seventh aspect of the present inven-
tion, in the first aspect of the present invention, the bypass line
has a width of which at least a part is wider than a width of the
power source line.

[0023] According to an eighth aspect of the present inven-
tion, in the first aspect of the present invention, the EL display
device further includes: a signal bypass line arranged on at
least a part of a portion obtained by removing the planar
position of the power source line from the planar position of
the signal line in the wiring layer on which the power source
lines are also arranged; and a signal contact establishing
electric connection between the signal line and the signal
bypass line.
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[0024] According to a ninth aspect of the present invention,
in the first aspect of the present invention, the pixel circuit
includes the EL element, and a drive thin-film transistor pro-
vided between the EL element and the power source line to
control an amount of electric current to be fed into the EL
element.

[0025] According to a tenth aspect of the present invention,
in the ninth aspect of the present invention, the pixel circuit
further includes a control thin-film transistor provided
between the drive thin-film transistor and the power source
line to determine whether or not the electric current is fed into
the EL element.

EFFECTS OF THE INVENTION

[0026] According to the first aspect of the present inven-
tion, the bypass line electrically connected to the power
source line is arranged at the planar position of the power
source line in the wiring layer, on which the signal line is also
arranged, so as not to intersect the signal line. By providing
such a bypass line, a resistance ofthe power source line can be
decreased. Thus, power source voltages to be supplied to the
pixel circuits become equal to one another, leading to sup-
pression of unevenness in brightness at a display screen.
Moreover, the bypass line is arranged at the planar position of
the power source line in the wiring layer on which the signal
line is also arranged; therefore, an additional manufacturing
step for providing the bypass line is unnecessary. Further, an
aperture ratio is not reduced even when the bypass line is
provided. Accordingly, it is possible to decrease the resistance
of the power source line without incurring increase in cost and
reduction in aperture ratio and to suppress the unevenness in
brightness at the display screen.

[0027] According to the second aspect of the present inven-
tion, in the EL display device in which the power source line
and the scanning line are arranged so as to be orthogonal to
each other, it is possible to decrease the resistance of the
power source line without incurring increase in cost and
reduction in aperture ratio and to suppress the unevenness in
brightness at the display screen.

[0028] According to the third aspect of the present inven-
tion, the two contacts are provided at the two ends of the
bypass line; therefore, the power source line and the bypass
line can be electrically connected to each other with ease.
[0029] According to the fourth aspect of the present inven-
tion, by providing the single contact which is almost equal in
length to the bypass line, a contact resistance can be
decreased and the resistance at the portion where the power
source line and the bypass line are connected in parallel can
be further decreased.

[0030] According to the fifth aspect of the present inven-
tion, by providing the plurality of contacts on the almost
entire part of the bypass line, the contact resistance can be
decreased and the resistance at the portion where the power
source line and the bypass line are connected in parallel can
be further decreased. In addition, by providing the plurality of
contacts each having a small size, surface roughness on the
contact can be made small as compared with a case where
only one contact having a large size is provided.

[0031] According to the sixth aspect of the present inven-
tion, the width of the bypass line is set to be almost equal to
that of the power source line, so that the pixel circuit can be
designed with ease.

[0032] According to the seventh aspect of the present
invention, the width of the bypass line is made wider than that
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of the power source line, so that the resistance at the portion
where the power source line and the bypass line are connected
in parallel can be further decreased, and light shielding can be
achieved by the bypass line. Thus, it is possible to prevent the
pixel circuit from operating erroneously due to external light,
for example.

[0033] According to the eighth aspect of the present inven-
tion, the signal bypass line electrically connected to the signal
line is arranged at the planar position of the signal line in the
wiring layer, on which the power source line is also arranged,
so as not to intersect the power source line. By providing such
a signal bypass line, a resistance of the signal line can be
decreased. Thus, it is possible to reduce a time constant of a
distributed RC circuit formed by the signal line, to prevent
delay of a signal flowing through the signal line and to sup-
press degradation of the signal flowing through the signal
line. Moreover, since the signal bypass line is arranged at the
planar position of the signal line in the wiring layer on which
the power source line is also provided, an additional manu-
facturing step for providing the signal bypass line is unnec-
essary. Further, an aperture ratio is not reduced even when the
signal bypass line is provided. Accordingly, it is possible to
decrease the resistance of the signal line without incurring
increase in cost and reduction in aperture ratio, to enhance
display quality, and to allow the pixel circuit to operate at high
speed.

[0034] According to the ninth aspect of the present inven-
tion, in the EL display device that includes the pixel circuit
including the EL element and the drive thin-film transistor, it
1s possible to decrease the resistance of the power source line
without incurring increase in cost and reduction in aperture
ratio and to suppress the unevenness in brightness at the
display screen.

[0035] According to the tenth aspect of the present inven-
tion, in the EL display device that includes the pixel circuit
including the EL element, the drive thin-film transistor and
the control thin-film transistor, it is possible to decrease the
resistance of the power source line without incurring increase
in cost and reduction in aperture ratio and to suppress the
unevenness in brightness at the display screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a plan view of a pixel in an EL display
device according to a first embodiment of the present inven-
tion.

[0037] FIG.2isacircuit diagram of an equivalent circuit of
the pixel shown in FIG. 1.

[0038] FIG. 3 is a sectional view taken along a line A-A'in
FIG. 1.
[0039] FIG. 4 is a plan view of a pixel in an EL display

device according to a second embodiment of the present
invention.

[0040] FIG. 5 is a plan view of a pixel in an EL display
device according to a third embodiment of the present inven-
tion.

[0041] FIG. 6 is a plan view of a pixel in an EL display
device according to a fourth embodiment of the present inven-
tion.

[0042] FIG. 7 is a sectional view taken along a line B-B' in
FIG. 6.
[0043] FIG. 8 is a plan view of a pixel in an EL display

device according to a fifth embodiment of the present inven-
tion.
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[0044] FIG. 9 is a plan view of a pixel in an EL display
device according to a sixth embodiment of the present inven-
tion.

[0045] FIG. 10 is a circuit diagram of an equivalent circuit
of the pixel shown in FIG. 9.

[0046] FIG. 11 is aplan view of a pixel ina conventional EL
display device (a first example).

[0047] FIG. 12 is aplan view of a pixel in a conventional EL
display device (a second example).

DESCRIPTION OF REFERENCE NUMERALS

[0048] 1: Power source line

[0049] 2: Data line

[0050] 3: Scanning line

[0051] 4 Control line

[0052] 10 EL element

[0053] 21 Capacitor

[0054] 31,32,33: TFT

[0055] 41: Transparent electrode

[0036] 100, 200, 300, 400, 500, 600: Pixel
[0057] 111, 411, 511: Bypass line

[0058] 51,121,122,221, 321, 521, 522: Contact

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0059] FIG. 1 is a plan view of a pixel in an EL display
device according to a first embodiment of the present inven-
tion. A layout of pixels included in the EL display device
according to this embodiment is shown in FIG. 1. A pixel 100
(a portion surrounded by a bold broken line) shown in FI1G. 1
functions as one pixel in an EL display device that performs
monochromatic display, and functions as a sub pixel corre-
sponding to one color in an EL display device that performs
color display. The EL display device according to this
embodiment is an active matrix-type EL display device hav-
ing a plurality of pixels 100 arranged two-dimensionally.
[0060] AsshowninFIG. 1, the EL display device according
to this embodiment includes a plurality of power source lines
1, a plurality of data lines 2 and a plurality of scanning lines
3. These lines are arranged on one of two wiring layers: upper
and lower wiring layers. Of the upper and lower wiring layers,
hereinafter, the lower wiring layer (a wiring layer which is
close 1o a substrate) is referred to as a first wiring layer while
the upper wiring layer (a wiring layer which is far from the
substrate) is referred to as a second wiring layer.

[0061] The power source lines 1 are arranged in parallel
with one another on the second wiring layer. The data lines 2
are arranged together with the power source lines 1 in parallel
with one another on the second wiring layer. An extending
direction of each of the power source line 1 and the data line
2 corresponds to a vertical direction in FIG. 1. The scanning
lines 3 are arranged in parallel with one another on the first
wiring layer. An extending direction of the scanning line 3
corresponds to a horizontal direction in FIG. 1. As described
above, the scanning lines 3 are arranged in parallel with one
another on the wiring layer different from the wiring layer on
which the power source lines 1 are arranged, so as to be
orthogonal to the power source lines 1.

[0062] Inthe plan views of the pixels shown in FIG. 1 and
the following, the line on the first wiring layer is shown with
a crosshatch pattern while the line on the second wiring layer
is shown without any pattern. Herein, at an overlap portion of
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the line on the first wiring layer and the line on the second
wiring layer, a part of the crosshatch pattern is shown in a
see-through manner. Moreover, a rectangular region shown
with a dot pattern denotes an active layer while a rectangle
shown with diagonal lines denotes a contact. A contact drawn
on the overlap portion of the line on the first wiring layer and
the line on the second wiring layer establishes electric con-
nection between the first wiring layer and the second wiring
layer, and a contact other than that establishes electric con-
nection between the active layer and the second wiring layer,
except a contact 51 which will be described later.

[0063] Inaddition to the power source line 1, the data line 2
and the scanning line 3, the pixel 100 is provided with a pixel
circuit including an EL element 10, a capacitor 21, a first TFT
31, a second TFT 32 and a transparent electrode 41. Herein,
the EL element 10 functions as a light emitting element. The
capacitor 21 is formed at the overlap portion of the line on the
first wiring layer and the line on the second wiring layer. The
first and second TFTs 31 and 32 are formed in such a manner
that an active layer (a dot pattern portion) is superimposed on
the line on the first wiring layer and contacts are provided at
two ends of the active layer so as to establish electric connec-
tion between the active layer and the second wiring layer. The
transparent electrode 41 is electrically connected to the line
on the second wiring layer through the contact 51, and func-
tions as an anode of the EL element 10. A plurality of pixel
circuits each configured as described above are arranged side
by side in atwo-dimensional form (specifically, in the extend-
ing direction of the power source line 1 and the extending
direction of the scanning line 3).

[0064] FIG.21isacircuit diagram of an equivalent circuit of
the pixel 100. In the pixel 100, the second TFT 32 and the EL
element 10 are provided in serial on a path connecting
between the power source line 1 and a ground. Moreover, the
capacitor 21 and the first TFT 31 are provided in serial
between the power source line 1 and the data line 2. Each of
the first and second TFTs 31 and 32 is of a P-channel type. The
first TFT 31 has a gate terminal connected to the scanning line
3, and the second TFT 32 has a gate terminal connected to a
drain terminal of the first TFT 31. The second TFT 32 func-
tions as a drive TET that controls an amount of electric current
to be fed into the EL element 10.

[0065] In order to allow the pixel 100 to emit light at a
brightness according to image data, a low-level potential is
given to the scanning line 3 and a potential according to the
image data (hereinafter, referred to as a potential Vx) is given
to the data line 2. Herein, the first TFT 31 is brought into a
conductive state and a potential at the gate terminal of the
second TFT 32 becomes equal to the potential Vx. Thereafter,
when the potential at the scanning line 3 is changed to a
high-level potential, the first TFT 31 is brought into a non-
conductive state and the potential at the gate terminal of the
second TFT 32 is fixed at the potential Vx by action of the
capacitor 21. An amount of drive current to be supplied from
the second TFT 32 to the EL element 10 varies in accordance
with the potential at the gate terminal of the second TFT 32,
the EL element 10 emits light at a brightness according to the
drive current supplied from the second TFT 32. Thus, the EL
element 10 emits light at the brightness according to the
potential Vx.

[0066] Inaddition to the powersource line 1, the dataline 2,
the scanning line 3 and the pixel circuit, the EL display device
according to this embodiment also includes a bypass line 111,
and contacts 121 and 122. The bypass line 111 has a width
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which is equal to that of the power source line 1, and is
arranged on at least a part of a portion obtained by removing
a planar position of the scanning line 3 from a planar position
of the power source line 1 in the first wiring layer (the wiring
layer on which the scanning line 3 is also arranged). The
contacts 121 and 122 are provided at two ends of the bypass
line 111 to establish electric connection between the power
source line 1 and the bypass line 111. As described above, the
bypass line 111 is electrically connected to the power source
line 1 through the two contacts 121 and 122 provided at the
two ends thereof, and functions as a bypass line connected to
the power source line 1 in parallel.

[0067] The bypass line 111 is connected to the power
source line 1 in parallel as described above, so that a resis-
tance of the power source line 1 can be decreased. Specifi-
cally, when a sheet resistance of the power source line 1 is
represented by p1 and asheet resistance of the bypass line 111
is represented by p2, a resistance of a portion where the power
source line 1 and the bypass line 111 are connected in parallel
is given by an expression of (p1xp2)/(pl+p2).

[0068] In FIG. 1, the bypass line 111 is arranged in about
two-thirds of the portion obtained by removing the planar
position of the scanning line 3 from the planar position of the
power source line 1 (i.e., the position obtained by removing a
portion where the power source line 1 and the scanning line 3
intersect each other from the planar position of the power
source line 1). However, the bypass line 111 may be longer or
shorter in length than this case. Moreover, the width of the
bypass line 111 may be wider or narrower than the width of
the power source line 1 as long as it exerts no adverse influ-
ence on the layout of the pixel circuit. In a case where the
power source line 1 also intersects a signal line (hereinafter,
referred to as a signal line S) other than the scanning line 3, the
bypass line 111 is arranged on a portion obtained by removing
the planar position of the scanning line 3 and the signal line S
from the planar position of the power source line 1 (i.e., a
position obtained by removing the portion where the power
source line 1 and the scanning line 3 intersect each other and
the portion where the power source line 1 and the signal line
S intersect each other from the planar position of the power
source line 1).

[0069] With reference to FIG. 3, hereinafter, description
will be given of manufacturing steps for the EL display device
according to this embodiment. FIG. 3 is a sectional view
taken along a line A-A' in FIG. 1. In FIG. 3, a left side
corresponds to a side A in FIG. 1. As shown in FIG. 3, the EL
display device according to this embodiment is a bottom
emission-type EL display device that emits light from a back
side of a substrate. In addition, the TFT included in the EL
display device is a bottom gate-type transistor having a gate
electrode provided on a bottom side of the substrate.

[0070] InFIG. 3, atransparent substrate 61 is a transparent
substrate of which at least a surface has an insulating property.
Examples of a material for the transparent substrate 61
include glass, synthetic resin, and the like. The first wiring
layer, a gate insulating film 62, an active layer 63, an inter-
layer insulating film 64 and the second wiring layer are pro-
vided in this order on the transparent substrate 61. Thus, the
pixel 100 is formed.

[0071] First, the first wiring layer is provided on the trans-
parent substrate 61. As shown in FIG. 1, thus, the scanning
line 3. a lower electrode of the capacitor 21, a gate electrode
of the first TFT 31, a gate electrode of the second TFT 32, and
the bypass line 111 are formed. Moreover, electric connection
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is established between the scanning line 3 and the gate elec-
trode of the first TFT 31, and between the lower electrode of
the capacitor 21 and the gate electrode of the second TFT 32.
Since the upper layer is made of polycrystalline silicon or
amorphous silicon, the first wiring layer is made of high
melting point metal such as chromium or thallium.

[0072] Next, the gate insulating film 62 and the active layer
63 are stacked on the entire surface of the substrate. Each of
the gate insulating film 62 and the active layer 63 has a
thickness of about several tens of nanometers. Next, the active
layer 63 is subjected to selective etching through use of a
photomask, so that channels of the first and second TFTs 31
and 32 are formed.

[0073] Next, the interlayer insulating film 64 is stacked on
the entire surface of the substrate. Next, through holes each
penetrating through the gate insulating film 62 and the inter-
layer insulating film 64 are formed at positions where con-
tacts for establishing electric connection between the first
wiring layer and the second wiring layer are provided and
positions where contacts for establishing electric connection
between the active layer 63 and the second wiring layer are
provided, respectively.

[0074] Next, the second wiring layer is provided on the
substrate and, in conjunction therewith, the through holes are
filled with a metal material which is equal to the material for
the second wiring layer. As shown in FIG. 1, thus, the power
source line 1, the data line 2, the upper electrode of the
capacitor 21, the contacts for establishing the electric connec-
tion between the first wiring layer and the second wiring layer
(including the contacts 121 and 122), the contacts for estab-
lishing the electric connection between the active layer 63 and
the second wiring layer, and an arrangement region of the
contact 51 are formed. Moreover, electric connection s estab-
lished between the power source line 1 and the upper elec-
trode of the capacitor 21, between the power source line 1 and
a source terminal of the second TFT 32, between a drain
terminal of the second TFT 32 and the arrangement region of
the contact 51, between the data line 2 and a source terminal
of the first TFT 31, between the drain terminal of the first TFT
31 and the gate terminal of the second TFT 32, and between
the power source line 1 and the bypass line 111, respectively.
[0075] Next, a passivation film 65, a light shielding film 66
and a flattening film 67 are provided on the substrate. The
passivation film 65 has a thickness of about 0.3 pm, the light
shielding film 66 has a thickness of about 1.5 pm, and the
flattening film 67 has a thickness of about 3.5 pm. In particu-
lar, the light shielding film 66 is provided so as to cover the
first and second TFTs 31 and 32.

[0076] Next, a through hole penetrating through the passi-
vation film 65, the light shielding film 66 and the flattening
film 67 is formed at a position where the contact 51 is pro-
vided. Next, the transparent electrode 41 is provided on the
substrate and, in conjunction therewith, the through hole is
filled with a material which is equal to the material for the
transparent electrode 41; thus, the contact 51 is formed.
Examples of the material for the transparent electrode 41
include ITO (Indium Tin Oxide), and the like.

[0077] Next, a hole transporting layer 11, a light emitting
layer 12, an electron transporting layer 13 and an electron
injecting layer 14 are provided on the transparent electrode
41. Next, a back electrode 42 made of a metal material is
provided on the entire surface of the substrate. The back
electrode 42 functions as a cathode of the EL element 10.
Finally, the substrate is sealed for protecting the EL element
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10 from moisture. Through the steps described above, the EL
display device according to this embodiment can be manu-
factured.

[0078] In the EL display device according to this embodi-
ment, as described above, the bypass line 111 electrically
connected to the power source line 1 is arranged at the planar
position of the power source line 1 in the wiring layer, on
which the scanning line 3 is also arranged, so as not to inter-
sect the scanning line 3. By providing such a bypass line 111,
the resistance of the power source line 1 can be decreased.
Thus, power source voltages to be supplied to the pixel cir-
cuits become equal to one another, leading to suppression of
unevenness in brightness at a display screen.

[0079] Moreover, the bypass line 111 is arranged at the
planar position of the power source line 1 in the wiring layer
on which the scanning line 3 is also arranged; therefore, an
additional manufacturing step for providing the bypass line
111 is unnecessary. Further, an aperture ratio is not reduced
even when the bypass line 111 is provided. Accordingly, the
EL display device according to this embodiment can decrease
the resistance of the power source line 1 without incurring
increase in cost and reduction in aperture ratio and suppress
the unevenness in brightness at the display screen.

[0080] In the EL display device according to this embodi-
ment, moreover, the two contacts are provided at the two ends
of the bypass line 111; therefore, the power source line 1 and
the bypass line 111 can be electrically connected to each other
with ease. In addition, since the width of the bypass line 111
is equal to that of the power source line 1, the pixel circuit can
be designed with ease.

Second to Sixth Embodiments

[0081] EL display devices according to second to sixth
embodiments are almost equal in configuration to the EL
display device according to the first embodiment. In the fol-
lowing, therefore, constituent elements identical with those in
the first embodiment are denoted by the identical reference
symbols and description thereof will not be given, and
description will be given of differences between the second to
sixth embodiments and the first embodiment.

[0082] FIG. 4 is a plan view of a pixel in the EL display
device according to the second embodiment of the present
invention. A pixel 200 shown in FIG. 4 includes one contact
221 which is almost equal in length to the bypass line 111, in
place of the two contacts 121 and 122. The contact 221 can be
formed by a method which is equal to that for the contacts 121
and 122.

[0083] In the EL display device according to the second
embodiment, as described above, by providing the single
contact 221 which is almost equal in length to the bypass line
111, a contact resistance can be decreased and the resistance
at the portion where the power source line 1 and the bypass
line 111 are connected in parallel can be further decreased.
[0084] FIG. 5 is a plan view of a pixel in the EL display
device according to the third embodiment of the present
invention. A pixel 300 shown in FIG. 5 includes a plurality of
contacts 321 provided on an almost entire part of the bypass
line 111, in place of the two contacts 121 and 122. The contact
321 can be formed by a method which is equal to that for the
contacts 121 and 122.

[0085] In the EL display device according to the third
embodiment, as described above, by providing the plurality
of contacts 321 on the almost entire part of the bypass line
111, a contact resistance can be decreased and the resistance
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at the portion where the power source line 1 and the bypass
line 111 are connected in parallel can be further decreased. In
addition, by providing the plurality of contacts 321 each
having a small size, surface roughness on the contact can be
made small as compared with a case where only one contact
having a large size is provided.

[0086] FIG. 6 is a plan view of a pixel in the EL display
device according to the fourth embodiment of the present
invention. A pixel 400 shown in FIG. 6 includes a bypass line
411 which is wider in width than the power source line 1, in
place of the bypass line 111 which is equal in width to the
power source line 1. The bypass line 411 can be formed by a
method which is equal to that for the bypass line 111.
[0087] FIG. 7 is a sectional view taken along a line B-B' in
FIG. 6. In FIG. 7, a left side corresponds to a side B in FIG. 6.
The bypass line 411 is provided on the first wiring layer,
which is similar to the bypass line 111. When the width of the
bypass line 411 is made wide, an amount of light, which
transmits through the transparent substrate 61 to enter the EL
display device, is reduced. Accordingly, it is possible to pre-
vent a possibility that the TFT operates erroneously due to
external light.

[0088] In the EL display device according to the fourth
embodiment, as described above, the width of the bypass line
4111is made wider than that ofthe power source line 1, so that
aresistance at a portion where the power source line 1 and the
bypass line 411 are connected in parallel can be further
decreased, and light shielding can be achieved by the bypass
line 411. Thus, it is possible to prevent the pixel circuit from
operating erroneously due to the external light, for example.
[0089] FIG. 8 is a plan view of a pixel in the EL. display
device according to the fifth embodiment of the present inven-
tion. A pixel 500 shown in FIG. 8 newly includes a bypass line
511, and contacts 521 and 522, in addition to the constituent
elements of the pixel 100. The bypass line 511 is arranged on
at least a part of the portion obtained by removing the planar
position ofthe power source line 1 and the data line 2 from the
planar position of the scanning line 3 in the second wiring
layer (the wiring layer on which the power source line 1 is also
arranged). The contacts 521 and 522 are provided at two ends
of the bypass line 511 to establish electric connection
between the scanning line 3 and the bypass line 511. The
bypass line 511 and the contacts 521 and 522 can be formed
by methods which are equal to those for the other lines and
contacts.

[0090] In the EL display device according to the fifth
embodiment, as described above, the bypass line 511 electri-
cally connected to the scanning line 3 is arranged at the planar
position of the scanning line 3 in the wiring layer, on which
the power source line 1 is also arranged, so as not to intersect
the power source line 1 and the data line 2. By providing such
abypass line 511, the resistance of the scanning line 3 can be
decreased. Thus, it is possible to reduce a time constant of a
distributed RC circuit formed by the scanning line 3, to pre-
vent delay of'a signal flowing through the scanning line 3 and
to suppress degradation of the signal flowing through the
scanning line 3.

[0091] Moreover, since the bypass line 511 is arranged at
the planar position of the scanning line 3 in the wiring layer on
which the power source line 1 is also provided, an additional
manufacturing step for providing the bypass line 511 is
unnecessary. Further, an aperture ratio is not reduced even
when the bypass line 511 is provided. Accordingly, it is pos-
sible to decrease the resistance of the scanning line 3 without
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incurring increase in cost and reduction in aperture ratio, to
enhance display quality, and to allow the pixel circuit to
operate at high speed.

[0092] FIG. 9 is a plan view of a pixel in the EL display
device according to the sixth embodiment of the present
invention. A pixel 600 shown in FIG. 9 is provided with a
plurality of control lines 4, in addition to the power source
lines 1, the data lines 2 and the scanning lines 3. Further, the
pixel 600 is provided with a pixel circuit including the EL
element 10, the capacitor 21, the first TFT 31, the second TFT
32, a third TFT 33 and the transparent electrode 41. The
control lines 4 are arranged together with the scanning lines 3
in parallel with one another on the first wiring layer. An
extending direction of the control line 4 corresponds to a
horizontal direction in FIG. 9.

[0093] FIG. 10 is a circuit diagram of an equivalent circuit
of the pixel 600. The circuit shown in FIG. 10 newly includes
the third TFT 33 of a P-channel type, in addition to the
constituent elements of the circuit shown in FIG. 2. The third
TFT 33 has a source terminal connected to the power source
line 1, a drain terminal connected to the source terminal ofthe
second TFT 32, and a gate terminal connected to the control
line 4. As described above, the third TFT 33 functions as a
control TFT which is provided between the second TFT 32
serving as the drive TFT and the power source line 1 and
determines whether or not an electric current is fed into the
EL element 10 in accordance with a potential at the control
line 4.

[0094] Inthe pixel 600, the bypass line 111 is arranged on
at least a part of a portion obtained by removing the planar
position of the scanning line 3 and the control line 4 from the
planar position of the power source line 1 in the first wiring
layer (the wiring layer on which the scanning line 3 is also
arranged). In other words, the bypass line 111 electrically
connected to the power source line 1 is arranged at the planar
position of the power source line 1 in the wiring layer, on
which the scanning line 3 is also arranged, so as not to inter-
sect the scanning line 3 and the control line 4.

[0095] As in the case of the first embodiment, accordingly,
the EL display device according to the sixth embodiment can
decrease the resistance of the power source line 1 without
incurring increase in cost and reduction in aperture ratio, and
suppress the unevenness in brightness at the display screen.

[0096] Itis to be noted that an appropriate combination of
the features of the first to sixth embodiments allows realiza-
tion of various modifications. For example, a bypass line
which is wider in width than the power source line may be
provided with one contact which is almost equal in length
thereto. Alternatively, a bypass line which is wider in width
than the scanning line may be provided on the scanning line.
With regard to the circuit shown in FIG. 10, in addition, the
plurality of contacts may be provided on the almost entire part
of the bypass line.

[0097] In the foregoing description, the EL display device
is of a bottom emission type. However, a top emission-type
EL display device can also bring about advantages similar to
those of the bottom emission-type EL display device, by
providing a bypass line similar to that of the bottom emission-
type EL display device. In the top emission-type EL display
device, a back electrode must be transparent, but a substrate is
not necessarily transparent. In the foregoing description,
moreover, the TFT included in the pixel circuit is of a P-chan-
nel type; however, all of or a part of the TFTs included in the
pixel circuits may be of an N-channel type.
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[0098] Moreover, the power source line and the signal lines
other than the power source line (the data line, the scanning
line and the control line) may be provided on either the upper
or lower wiring layer. In the foregoing description, further,
the power source line and the scanning line (and the control
line) are orthogonal to each other. Alternatively, the power
source line may be orthogonal to the data line or another
signal line. In such an EL display device, preferably, the
bypass line is arranged on a portion obtained by removing a
planar position of a signal line orthogonal to the power source
line from the planar position of the power source line in the
wiring layer on which the signal line orthogonal to the power
source lineis also arranged. In a case where two or more types
of signal lines are orthogonal to the power source line, pref-
erably, the bypass line is arranged on a portion obtained by
removing the planar position of each signal line from the
planar position of the power source line.

INDUSTRIAL APPLICABILITY

[0099] The EL display device according to the present
invention brings about advantages that the resistance of the
power source line is decreased and the unevenness in bright-
ness at the display screen is suppressed and, therefore, can be
utilized as a display device singly or a display section for
various electronic appliances.

1. An active matrix-type EL display device comprising:

a plurality of power source lines arranged in parallel with
one another on a predetermined wiring layer;

a plurality of signal lines arranged in parallel with one
another on a wiring layer, which is different from the
wiring layer on which the power source lines are
arranged, so as to be orthogonal to the power source
lines;

a plurality of pixel circuits each including an EL element
and one or more thin-film transistors, the plurality of
pixel circuits being arranged side by side in an extending
direction of the power source line and an extending
direction of the signal line;

a bypass line arranged on at least a part of a portion
obtained by removing a planar position of the signal line
from a planar position of the power source line in the
wiring layer on which the signal lines are also arranged,;
and
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a contact establishing electric connection between the
power source line and the bypass line.

2. The EL display device according to claim 1, wherein

the signal line is a scanning line.

3. The EL display device according to claim 1, wherein

the bypass line is electrically connected to the power
source line through two contacts provided at two ends
thereof.

4. The EL display device according to claim 1, wherein

the bypass line is electrically connected to the power
source line through one contact which is almost equal in
length thereto.

5. The EL display device according to claim 1, wherein

the bypass line is electrically connected to the power
source line through a plurality of contacts provided on an
almost entire part thereof.

6. The EL display device according to claim 1, wherein

the bypass line has a width which is almost equal to a width
of the power source line.

7. The EL display device according to claim 1, wherein

the bypass line has a width of which at least a part is wider
than a width of the power source line.

8. The EL display device according to claim 1, further

comprising:

a signal bypass line arranged on at least a part of a portion
obtained by removing the planar position of the power
source line from the planar position of the signal line in
the wiring layer on which the power source lines are also
arranged; and

a signal contact establishing electric connection between
the signal line and the signal bypass line.

9. The EL display device according to claim 1, wherein

the pixel circuit includes the EL element, and a drive thin-
film transistor provided between the EL element and the
power source line to control an amount of electric cur-
rent to be fed into the EL element.

10. The EL display device according to claim 9, wherein

the pixel circuit further includes a control thin-film tran-
sistor provided between the drive thin-film transistor and
the power source line to determine whether or not the
electric current is fed into the EL element.
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