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bank layer, capacitance that parasitizes the data lines can be
suppressed. Additionally, a discontinuities portion is formed
in the bank layer. Since the discontinuities portion is a planar
section which does not have a step due to the bank layer,
disconnection of the opposing electrode does not occur at this
section. When an organic semiconductor film is formed by an
ink jet process, a liquid material discharged from an ink jet
head is blocked by the bank layer.
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FIG. 13 (RELATED ART)
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ACTIVE MATRIX DISPLAY DEVICE

[0001] This is a Divisional Application of application Ser.
No. 11/905,591 filed Oct. 2, 2007, which is a Divisional of
application Ser. No. 10/442,057 filed May 21, 2003, which is
a Continuation of application Ser. No. 09/993,565 filed Nov.
27,2001, which is a Divisional of application Ser. No. 09/284,
774 filed Apr. 20, 1999, which is a National Phase of Appli-
cation No. PCT/JP98/03663 filed Aug. 18, 1998. The entire
disclosures of the prior applications are hereby incorporated
by reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an active matrix
display device in which a thin film luminescent element such
as an EL (electroluminescence) element or LED (light emit-
ting diode) element, that emits light by application of a driv-
ing current to an organic semiconductor film, is driven and
controlled by a thin film transistor (hereinafter referred to as

aTFT).
[0004] 2. Description of the Related Art
[0005] Active matrix display devices using current-con-

trolled luminescent elements such as EL elements or LED
elements have been disclosed. Since luminescent elements
used in display devices of this type are self-luminescent,
backlights are not required, unlike in liquid crystal display
devices, and the viewing angle dependence is small, all of
which are advantageous.

[0006] FIG. 13 is a block diagram of an active matrix dis-
play device which uses organic thin-film EL elements of the
charge-injection type as described above. In an active matrix
display device 1A shown in the drawing, on a transparent
substrate 10, a plurality of scanning lines gate, a plurality of
data lines sig extending in the direction orthogonal to the
direction of extension of the scanning lines gate, a plurality of
common feeders com which run parallel to the data lines sig,
and a plurality of pixels 7 which are formed in a matrix by the
data lines sig and the scanning lines gate are arrayed. A data
side drive circuit 3 and a scanning side drive circuit 4 are
formed for data lines sig and scanning lines gate, respectively.
Each of the pixels 7 includes a conduction control circuit 50
to which scanning signals are supplied through the scanning
line gate and a thin film luminescent element 40 which emits
light in response to picture signals supplied from the data line
sig through the conduction control circuit 50. In this example,
the conduction control circuit 50 includes a first TFT 20 in
which scanning signals are supplied to a gate electrode
through the scanning line gate, a storage capacitor cap for
retaining picture signals supplied from the data line sig
through the first TFT 20, and a second TFT 30 in which
picture signals retained by the storage capacitor cap are sup-
plied to a gate electrode. The second TFT 30 and the thin film
luminescent element 40 are connected in series between an
opposing electrode op (which will be described later in detail)
and the common feeder con. The thin film luminescent ele-
ment 40 emits light in response to a driving current applied
from the common feeder con when the second TFT 30 is ON,
and the emission is retained by the storage capacitor cap for a
predetermined period of time.

[0007] With respect to the active matrix display device 1A
having the configuration described above, as shown in FIG.
14 and FIGS. 15(A) and 15(B), in any pixel 7, the first TFT 20
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and the second TFT 30 are formed using an island-like semi-
conductor film. The first TFT 20 has a gate electrode 21 as a
portion of the scanning line gate. In the first TFT 20, the data
line sig is electrically connected to one of source and drain
regions through a contact hole of a first interlayer insulating
film 51, and a drain electrode 22 is electrically connected to
the other. The drain electrode 22 extends toward the region in
which the second TFT 30 is formed, and to this extension, a
gate electrode 31 of the second TFT 30 is electrically con-
nected through a contact hole of the first interlayer insulating
film 51. In the second TFT 30, an interconnecting electrode
35 is electrically connected to one of the source and drain
regions through a contact hole of the first interlayer insulating
film 51, and to the interconnecting electrode 35, a pixel elec-
trode 41 of the thin film luminescent element 40 is electrically
connected through a contact hole of a second interlayer insu-
lating film 52.

[0008] As is clear from the FIG. 14 and FIGS. 15(B) and
15(C), the pixel electrode 41 is formed independently by
pixel 7. On the upper layer side of the pixel electrode 41, an
organic semiconductor film 43 and the opposing electrode op
are deposited in that order. Although the organic semiconduc-
tor film 43 is formed by pixel 7, it may be formed in a strip so
as to extend over a plurality of pixels 7. As is seen from FIG.
13, the opposing electrode op is formed not only on a display
area 11 in which pixels 7 are arrayed, but also over substan-
tially the entire surface of the transparent substrate 10.
[0009] Again, in FIG. 14 and FIG. 15(A), to the other one of
the source and drain regions of the second TFT 30, the com-
mon feeder con is electrically connected through a contact
hole of'the first interlayer insulating film 51. An extension 39
of the common feeder com is opposed to an extension 36 of
the gate electrode 31 of the second TFT 30 with the first
interlayer insulating film 51 as a dielectric film therebetween
to form the storage capacitor cap.

[0010] However, in the active matrix display device 1A,
since only the second interlayer insulating film 52 is inter-
posed between the opposing electrode op which faces the
pixel electrode 41 and the data line sig on the same transpar-
ent substrate 10, which is different from a liquid crystal active
matrix display device, a large amount of capacitance parasit-
izes the data line sig and the load on the data side drive circuit
3 increases. SUMMARY OF THE INVENTION

[0011] Therefore, as shown in FIG. 13, FIG. 14, and FIGS.
16(A), 16(B), and 16(C), the present inventor suggests that by
providing a thick insulating film (bank layer bank, a shaded
region in which lines that slant to the left are drawn at a large
pitch) between the opposing electrode op and the data line Big
and the like, the capacitance that parasitizes the data line Big
is decreased. At the same time, the present inventor suggests
that by surrounding a region in which the organic semicon-
ductor film 43 is formed by the insulating film (bank layer
bank), when the organic semiconductor film 43 is formed of
a liquid material (discharged liquid) discharged from an ink
jet head, the discharged liquid is blocked by the bank layer
bank and the discharged liquid is prevented from spreading to
the sides. However, if such a configuration is adopted, a large
step bb is formed due to the existence of the thick bank layer
bank, the opposing electrode op formed on the upper layer of
the bank layer bank is easily disconnected at the step bb. If
such disconnection of the opposing electrode op occurs at the
step bb, the opposing electrode op in this portion is insulated
from the surrounding opposing electrode op, resulting in a dot
defect or line defect in display. If disconnection of the oppos-
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ing electrode op occurs along the periphery of the bank layer
bank that covers the surface of the data side drive circuit 3 and
the scanning side drive circuit 4, the opposing electrode op in
the display area 11 is completely insulated from a terminal 12,
resulting in disenabled display.

[0012] Accordingly, it is an object of the present invention
to provide an active matrix display device in which, even
when parasitic capacitance is suppressed by forming a thick
insulating film around an organic semiconductor film, discon-
nection or the like does not occur in the opposing electrode
formed on the upper layer of the thick insulating film.

[0013] Inordertoachieve the object described above, in the
present invention, an active matrix display device includes a
display area having a plurality of scanning lines on a sub-
strate, a plurality of data lines extending in the direction
orthogonal to the direction of extension of the scanning lines,
and a plurality of pixels formed in a matrix by the data lines
and the scanning lines. Each of the pixels is provided with a
thin film luminescent element having a conduction control
circuit including a TFT in which scanning signals are sup-
plied to a gate electrode through the scanning lines, a pixel
electrode, an organic semiconductor film deposited on the
upper layer side of the pixel electrode, and an opposing elec-
trode formed at least over the entire surface of the display area
ontheupper layer side of the organic semiconductor film. The
thin film luminescent element emits light in response to pic-
ture signals supplied from the data lines through the conduc-
tion control circuit. A region in which the organic semicon-
ductor film is formed is delimited by an insulating film
formed in the lower layer side of the opposing electrode with
athickness that is larger than that of the organic semiconduc-
tor film, and the insulating film is provided with a disconti-
nuities portion for connecting the individual opposing elec-
trode sections of the pixels to each other through a planar
section which does not have a step due to the insulating film.

[0014] In the present invention, since the opposing elec-
trode is formed at least on the entire surface of the display area
and is opposed to the data lines, a large amount of capacitance
parasitizes the data lines if no measures are taken. In the
present invention, however, since a thick insulating film is
interposed between the data lines and the opposing electrode,
parasitization of capacitance in the data lines can be pre-
vented. As a result, the load on the data side drive circuit can
be decreased, resulting in lower consumption of electric
power or faster display operation. If a thick insulating film is
formed, although the insulating film may form a large step
and disconnection may occur in the opposing electrode
formed on the upper layer side of the insulating film, in the
present invention, a discontinuities portion is configured at a
predetermined position of the thick insulating film and this
section is planar. Accordingly, the opposing electrodes in the
individual regions are electrically connected to each other
through a section formed in the planar section, and even if
disconnection occurs at a step due to the insulating film, since
electrical connection is secured through the planar section
which corresponds to the discontinuities portion of the insu-
lating film, disadvantages resulting from disconnection of the
opposing substrate do not occur. Therefore, in the active
matrix display device, even if a thick insulating film is formed
around the organic semiconductor film to suppress parasitic
capacitance and the like, disconnection does not occur in the
opposing electrode formed on the upper layer of the insulat-
ing film, and thereby display quality and reliability of the
active matrix display device can be improved.
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[0015] In the present invention, preferably, the conduction
control circuit is provided with a first TFT in which the
scanning signals are supplied to a gate electrode and a second
TFT in which a gate electrode is connected to the data line
through the first TFT, and the second TFT and the thin film
luminescent element are connected in series between a com-
mon feeder formed independently of the data line and the
scanning line for feeding a driving current and the opposing
electrode. That is, although it is possible to configure the
conduction control circuit with one TFT and a storage capaci-
tor, in view of an increase in display quality, it is preferable
that the conduction control circuit of each pixel be configured
with two TFTs and a storage capacitor.

[0016] In the present invention, preferably, the insulating
film is used as a bank layer for preventing the spread of a
discharged liquid when the organic semiconductor film is
formed in the area delimited by the insulating film by an ink
jet process. In such a case, the insulating film preferably has
a thickness of 1 pm or more.

[0017] In the present invention, when the insulating film is
formed along the data lines and the scanning lines such that
the insulating film surrounds a region in which the organic
semiconductor film is formed, the discontinuities portion is
formed in a section between the adjacent pixels in the direc-
tion of extension of the data lines, between adjacent pixels in
the direction of extension of the scanning lines, or adjacent
pixels in both directions.

[0018] In a different manner from the mode described
above, the insulating film may be extended along the data
lines in a strip, and in such a case, the discontinuities portion
may be formed on at least one end in the direction of exten-
sion.

[0019] In the present invention, preferably, in the region in
which the pixel electrode is formed, a region overlapping the
region in which the conduction control circuit is formed is
covered with the insulating film. That is, preferably, in the
region in which the pixel electrode is formed, the thick insu-
lating film is opened only at a planar section in which the
conduction control circuit is not formed and the organic semi-
conductor film is formed only in the interior of this. Insuch a
configuration, display unevenness due to layer thickness
irregularity of the organic semiconductor film can be pre-
vented. In the region in which the pixel electrode is formed, in
a region overlapping the region in which the conduction con-
trol circuit is formed, even if the organic semiconductor film
emits light because of a driving current applied from the
opposing electrode, the light is shaded by the conduction
control circuit and does not contribute to the display. The
driving current that is applied to the organic semiconductor
film in the section which does not contribute to the display is
areactive current in terms of display. In the present invention,
the thick insulating film is formed in the section in which such
a reactive current should have flowed in the conventional
structure, and a driving current is prevented from being
applied thereat. As a result, the amount of current applied to
the common feeder can be reduced, and by decreasing the
width of the common feeder by that amount, the emission
area can be increased, and thereby display characteristics
such as luminance and contrast ratio can be improved.

[0020] Inthe present invention, preferably, an active matrix
display device includes a data side drive circuit for supplying
data signals through the data lines and a scanning side drive
circuit for supplying scanning signals through the scanning
lines in the periphery of the display area; the insulating film is
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also formed on the upper layer side of the scanning side drive
circuit and the data side drive circuit, and the insulating film
is provided with a discontinuities portion for connecting the
opposing electrodes between the display area side and the
substrate periphery side through a planar section which does
not have a step caused by the insulating film at the position
between the region in which the scanning side drive circuit is
formed and the region in which the data side drive circuit is
formed. In such a configuration, even if disconnection of the
opposing electrode occurs along the periphery of the insulat-
ing film that covers the surface of the data side drive circuit
and the scanning side drive circuit, the opposing electrode on
the display area side and the opposing electrode on the sub-
strate periphery side are connected through the planar section
which does not have a step caused by the insulating film, and
the electrical connection between the opposing electrode on
the display area side and the opposing electrode on the sub-
strate periphery side can be secured.

[0021] In the present invention, when the insulating film is
composed of an organic material such as a resist film, a thick
film can be formed easily. In contrast, when the insulating
film is composed of an inorganic material, an alteration in the
organic semiconductor film can be prevented even if the insu-
lating film is in contact with the organic semiconductor film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a block diagram which schematically
shows the general layout of an active matrix display device as
embodiment 1 of the present invention.

[0023] FIG. 2 is a plan view which shows a pixel included
in the active matrix display device shown in FIG. 1.

[0024] FIGS. 3(A), 3(B), and 3(C) are sectional views
taken along the line A-A', the line B-B', and the line C-C' of
FIG. 2, respectively.

[0025] FIG. 4 is a block diagram which schematically
shows the general layout of an active matrix display device as
variation 1 of the embodiment 1 of the present invention.
[0026] FIG. 5 is a plan view which shows a pixel included
in the active matrix display device shown in FIG. 4.

[0027] FIGS. 6(A), 6(B), and 6(C) are sectional views
taken along the line A-A', the line B-B', and the line C-C' of
FIG. 5, respectively.

[0028] FIG. 7 is a block diagram which schematically
shows the general layout of an active matrix display device as
variation 2 of the embodiment 1 of the present invention.
[0029] FIG. 8 is a plan view which shows a pixel included
in the active matrix display device shown in FIG. 7.

[0030] FIGS. 9(A), 9(B), and 9(C) are sectional views
taken along the line A-A', the line B-B', and the line C-C' of
FIG. 8, respectively.

[0031] FIG.10ablock diagram which schematically shows
the general layout of an active matrix display device as
embodiment 2 of the present invention.

[0032] FIG.11 is a plan view which shows a pixel included
in the active matrix display device shown in FIG. 10.

[0033] FIGS. 12(A), 12(B), and 12(C) are sectional views
taken along the line A-A', the line B-B', and the line C-C' of
FIG. 11, respectively.

[0034] FIG. 13 is a block diagram which schematically
shows the general layout of an active matrix display device as
a comparative example with respect to the conventional
device and a device in accordance with the present invention.
[0035] FIG. 14 is a plan view which shows a pixel included
in the active matrix display device shown in FIG. 13.

Dec. 10, 2009

[0036] FIGS. 15(A), 15(B), and 15(C) are sectional views
taken along the line A-A', the line B-B', and the line C-C' of
FIG. 14, respectively.

[0037] FIGS. 16(A), 16(B), and 16(C) are other sectional
views taken along the line A-A', the line B-B', and the line
C-C' of FIG. 14, respectively.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0038] Embodiments of the present invention will be
described with reference to the drawings. In the following
description, the same reference numerals are used for the
elements which are the same as those described in FIG. 13
through FIG. 16(C).

Embodiment 1

(General Configuration)

[0039] FIG. 1 is a block diagram which schematically
shows the general layout of an active matrix display device.
FIG. 2 is a plan view which shows a pixel included in the
device shown in FIG. 1. FIGS. 3(A), 3(B), and 3(C) are
sectional views taken along the line A-A', the line B-B', and
the line C-C' of the FIG. 2, respectively.

[0040] Inanactive matrix display device 1 shownin FIG. 1,
the central section of a transparent substrate 10 as a base is
defined as a display area 11. In the periphery of the transpar-
ent substrate 10, a data side drive circuit 3 for outputting
picture signals is formed on the end of data lines sig, and a
scanning side drive circuit 4 is formed on the end of scanning
lines gate. In the drive circuits 3 and 4, complementary TFTs
are configured by n-type TFTs and p-type TFTs, and the
complementary TFTs constitute a shift register circuit, a level
shifter circuit, an analog switch circuit, and the like. In the
display area 11, in a manner similar to that in the active matrix
substrate in the liquid crystal active matrix display device, on
the transparent substrate 10, a plurality of scanning lines gate,
aplurality of data lines sig extending in the direction orthogo-
nal to the direction of extension of the scanning lines gate, and
aplurality of pixels 7 which are formed in a matrix by the data
lines sig and the scanning lines gate are arrayed.

[0041] Each of the pixels 7 includes a conduction control
circuit 50 to which scanning signals are supplied through the
scanning line gate and a thin film luminescent element 40
which emits light in response to picture signals supplied from
the data line sig through the conduction control circuit 50. In
the example shown here, the conduction control circuit 50
includes a first TFT 20 in which scanning signals are supplied
to a gate electrode through the scanning line gate, a storage
capacitor cap for retaining picture signals supplied from the
data line sig through the first TFT 20, and a second TFT 30 in
which picture signals retained by the storage capacitor cap are
supplied to a gate electrode. The second TFT 30 and the thin
film luminescent element 40 are connected in series between
an opposing electrode op (which will be described later in
detail) and a common feeder com.

[0042] With respect to the active matrix display device 1
having the configuration described above, as shown in FIG. 2
and FIGS. 3(A) and 3(B), in any pixel 7, the first TFT 20 and
the second TFT 30 are formed using an island-like semicon-
ductor film (silicon film).

[0043] The first TFT 20 has a gate electrode 21 as a portion
of'the scanning line gate. In the first TFT 20, the data line sig
is electrically connected to one of source and drain regions
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through a contact hole of a first interlayer insulating film 51,
and a drain electrode 22 is electrically connected to the other.
The drain electrode 22 extends toward the region in which the
second TFT 30 is formed, and to this extension, a gate elec-
trode 31 of the second TFT 30 is electrically connected
through a contacthole of the first interlayer insulating film 51.
[0044] To one of source and drain regions of the second
TFT 30, an interconnecting electrode 35 simultaneously
formed with the data line sig is electrically connected through
a contact hole of the first interlayer insulating film 51, and to
the interconnecting electrode 35, a transparent pixel electrode
41 composed of an ITO film of the thin film luminescent
element 40 is electrically connected through a contact hole of
a second interlayer insulating film 52.

[0045] Asis clear from FIG. 2 and FIGS. 3(B) and 3(C), the
pixel electrode 41 is independently formed by pixel 7. On the
upper layer side of the pixel electrode 41, an organic semi-
conductor film 43 composed of polyphenylene vinylene
(PPV) or the like and the opposing electrode op composed of
a metal film such as lithium-containing aluminum or calcium
are deposited in that order to form the thin film luminescent
element 40. Although the organic semiconductor film 43 is
formed in each pixel 7, it may be formed in a strip so as to
extend over a plurality of pixels 7. The opposing electrode op
is formed on the entire display area 11 and in a region exclud-
ing the periphery of a portion in which terminals 12 of the
transparent substrate 10 are formed. The terminals 12 include
aterminal of the opposing electrode op which is connected to
wiring (not shown in the drawing) simultaneously formed
with the opposing electrode op.

[0046] Additionally, for the thin film luminescent element
40, a structure in which luminous efficiency (hole injection
efficiency) is increased by providing a hole injection layer, a
structure in which luminous efficiency (electron injection
efficiency) is increased by providing an electron injection
layer, or a structure in which both a hole injection layer and an
electron injection layer are formed, may be employed.
[0047] Again, in FIG. 2 and FIG. 3(A), to the other one of
source and drain regions of the second TFT 30, the common
feeder con is electrically connected through a contact hole of
the first interlayer insulating film 51. An extension 39 of the
common feeder con is opposed to an extension 36 of the gate
electrode 31 of the second TFT 30 with the first interlayer
insulating film 51 as a dielectric film therebetween to form the
storage capacitor cap.

[0048] As described above, in the active matrix display
device 1, when the first TFT 20 is ON by being selected by
scanning signals, picture signals from the data line sig are
applied to the gate electrode 31 of the second TFT 30 through
the first TFT 20, and at the same time, picture signals are
stored in the storage capacitor cap through the first TFT 20. As
a result, when the second TFT 30 is ON, a voltage is applied
with the opposing electrode op and the pixel electrode 41
serving as a negative pole and a positive pole, respectively,
and in the region in which the applied voltage exceeds the
threshold voltage, a current (driving current) applied to the
organic semiconductor film 43 sharply increases. Accord-
ingly, the luminescent element 40 emits light as an electrolu-
minescence element or an LED element, and light of the
luminescent element 40 is reflected from the opposing elec-
trode op and is emitted after passing through the transparent
pixel electrode 41 and the transparent substrate 10. Since the
driving current for emitting light as described above flows
through a current path composed of the opposing electrode
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op, the organic semiconductor film 43, the pixel electrode 41,
the second TFT 30, and the common feeder con, when the
second TFT 30 is OFF, the driving current stops flowing.
However, in the gate electrode of the second TFT 30, even if
the first TFT 20 is OFF, the storage capacitor cap maintains an
electric potential that is equivalent to the picture signals, and
thereby the second TFT 30 remains ON. Therefore, the driv-
ing current continues to be applied to the luminescent element
40, and the pixel stays illuminated. This state is maintained
until new image data are stored in the storage capacitor cap
and the second TFT 30 is OFF.

(Structure of Bank Layer)

[0049] In the active matrix display device 1 having the
configuration described above, in this embodiment, in order
to prevent the data lines sig from being parasitized with a
large amount of capacitance, as shown in FIG. 1, FIG. 2, and
FIGS. 3(A), 3(B), and 3(C), a thick insulating film composed
of a resist film or polyimide film (bank layer bank, a shaded
region in which lines that slant to the left are drawn at a large
pitch) is provided along the data lines sig and the scanning
lines gate, and the opposing electrode op is formed on the
upper layer side of the bank layer bank. Thereby, since the
second interlayer insulating film 52 and the thick bank layer
bank are interposed between the data line sig and the oppos-
ing electrode op, capacitance that parasitizes the data line sig
is significantly reduced. Therefore, the load on the drive cir-
cuits 3 and 4 can be decreased and lower consumption of
electric power or faster display operation can be achieved.
[0050] Asshown in FIG. 1, the bank layer bank (diagonally
shaded region) is also formed in the periphery of the trans-
parent substrate 10 (a region external to the display area 11).
Accordingly, both the data side drive circuit 3 and the scan-
ning side drive circuit 4 are covered with the bank layer bank.
The opposing electrode op is required to be formed at least on
the display area 11, and is not required to be formed in drive
circuit regions. However, since the opposing electrode op is
generally formed by mask-sputtering, alignment accuracy is
low and the opposing electrode op may sometimes overlap
drive circuits. However, in this embodiment, even if the
opposing electrode op overlaps the region in which the drive
circuits are formed, the bank layer bank is interposed between
the lead layer of the drive circuits and the opposing electrode
op. Therefore, the parasitization of capacitance in the drive
circuits 3 and 4 can be prevented, and thereby the load on the
drive circuits 3 and 4 can be decreased and lower consump-
tion of electric power or faster display operation can be
achieved.

[0051] Further, in this embodiment, in the region in which
the pixel electrode 41 is formed, in a region in which the
conduction control circuit 50 overlaps the interconnecting
electrode 35, the bank layer bank is also formed. Therefore,
the organic semiconductor film 43 is not formed in the over-
lapping region with the interconnecting electrode 35. That is,
since the organic semiconductor film 43 is formed only in the
planar section in the region in which the pixel electrode 41 is
formed, the organic semiconductor film 43 is formed at a
given thickness and display unevenness does not occur. If
there is no bank layer bank in the overlapping region with the
interconnecting electrode 35, a driving current flows between
this section and the opposing electrode op and the organic
semiconductor film 43 emits light. However, the light is sand-
wiched between the interconnecting electrode 35 and the
opposing electrode op, is not emitted externally, and does not



US 2009/0303165 Al

contribute to display. Such a driving current which flows in
the section that does not contribute to display is a reactive
current in view of display. However, in this embodiment, the
bank layer bank is formed in the section in which such a
reactive current should have flowed in the conventional struc-
ture, and a driving current is prevented from being applied
thereat; a useless current can thereby be prevented from flow-
ing through the common feeder con. Therefore, the width of
the common feeder con can be decreased by that amount. As
a result, the emission area can be increased, and thereby
display characteristics such as luminance and contrast ratio
can be improved.

[0052] Moreover, in this embodiment, since the bank layer
bank is formed along the data lines sig and the scanning lines
gate, any pixel 7 is surrounded by the thick bank layer bank.
Thereby, if no measures are taken, the opposing electrode op
of each pixel 7 is connected to the opposing electrode op of
the adjacent pixel 7 by climbing over the bank layer bank. In
this embodiment, however, a discontinuities portion off is
formed in the bank layer bank at the section corresponding to
a section between the adjacent pixels 7 in the direction of
extension of the data line sig. A discontinuities portion off is
also formed in the bank layer bank at the section correspond-
ing to a section between the adjacent pixels 7 in the direction
of extension of the scanning line gate. Further, a discontinui-
ties portion off is also formed in the bank layer bank at each
end of the data lines sig and the scanning lines gate in each of
the directions of extension.

[0053] Since such a discontinuities portion off does not
have the thick bank layer bank, it is a planar section which
does not have a large step due to the bank layer bank and the
opposing electrode op formed in this section does not suffer
from disconnection. Thereby, the opposing electrode 7 of
each pixel 7 is securely connected to each other through the
planar section which does not have a step due to the bank layer
bank. Therefore, even if a thick insulating layer (bank layer
bank) is formed around the pixel 7 to suppress parasitic
capacitance and the like, disconnection does not occur in the
opposing electrode op formed on the upper layer of the thick
insulating film (bank layer bank).

[0054] Moreover, the bank layer bank formed on the upper
layer side of the scanning side drive circuit 4 and the data side
drive circuit 3 is provided with a discontinuities portion off at
the position between the region in which the scanning side
drive circuit 4 is formed and the region in which the data side
drive circuit 3 is formed. Thereby, the opposing electrode op
on the side of the display area 11 and the opposing electrode
op in the periphery of the substrate are connected through the
discontinuities portion off of the bank layer bank, and this
discontinuities portion is also a planar section which does not
have a step due to the bank layer bank. Accordingly, since the
opposing electrode op formed in the discontinuities portion
off is not disconnected, the opposing electrode op on the side
of the display area 11 and the opposing electrode op in the
periphery of the substrate are securely connected through the
discontinuities portion off of the bank layer bank, and the
terminals 12 that are wired and connected to the opposing
electrode op in the periphery of the substrate and the opposing
electrode op in the display area 11 are securely connected.
[0055] Ifthebank layer bank is formed of a black resist, the
bank layer bank functions as a black matrix, resulting in
improvement in display quality such as contrast ratio. That is,
in the active matrix display device 1 of this embodiment,
since the opposing electrode op is formed over the entire
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surface of the pixel 7 on the face side of the transparent
substrate 10, reflected light from the opposing electrode op
decreases contrast ratio. However, if the bank layer bank that
functions as a preventer of parasitic capacitance is composed
of'a black resist, the bank layer bank also functions as a black
matrix and shades the reflected light from the opposing elec-
trode op, resulting in improvement in contrast ratio.

(Method for Fabricating Active Matrix Display Device)

[0056] Since the bank layer bank formed as described
above is configured so as to surround the region in which the
organic semiconductor film 43 is formed, in the fabricating
process of the active matrix display device, when the organic
semiconductor film 43 is formed of a liquid material (dis-
charged liquid) discharged from an ink jet head, the bank
layer bank blocks the discharged liquid and prevents the
discharged liquid from spreading to the sides. In the method
for fabricating the active matrix display device 1 described
below, since the steps up to the fabrication of the first TFT 20
and the second TFT 30 on the transparent substrate 10 are
substantially the same as those for fabricating the active
matrix substrate of the liquid crystal active matrix display
device 1, the outline will be briefly described with reference
to FIGS. 3(A), 3(B), and 3(C).

[0057] First, on the transparent substrate 10, as required, a
protective film (not shown in the drawing) composed of a
silicon oxide film having a thickness of approximately 2,000
to 5,000 angstroms is formed by a plasma CVD process using
TEOS (tetracthoxysilane) or oxygen gas as a source gas, and
then on the surface of the protective film, a semiconductor
film composed of an amorphous silicon film having a thick-
ness of approximately 300 to 700 angstroms is formed by a
plasma CVD process. Next, the semiconductor film com-
posed of an amorphous silicon film is subjected to a crystal-
lization step such as laser-annealing or solid phase epitaxy to
crystallize the semiconductor film into a poly-silicon film.
[0058] Next, the island-like semiconductor film is formed
by patterning the semiconductor film, and on the surface
thereof, a gate insulating film 27 composed of a silicon oxide
film or nitride film having a thickness of approximately 600 to
1,500 angstroms is formed by a plasma CVD process using
TEOS (tetraethoxysilane) or oxygen gas as a source gas.
[0059] Next, a conductive film composed of a metal film
such as aluminum, tantalum, molybdenum, titanium, or tung-
sten is formed by sputtering and is then patterned to form gate
electrodes 21 and 31, and an extension 36 of the gate electrode
31 (gate electrode formation step). In this step, scanning lines
gate are also formed.

[0060] In this state, source and drain regions are formed in
a self-aligned manner with respect to the gate electrodes 21
and 31 by implanting high-concentration phosphorus ions.
The section in which impurities are not implanted becomes a
channel region.

[0061] Next, after the first interlayer insulating film 51 is
formed, the individual contact holes are formed. Then, the
data line sig, the drain electrode 22, the common feeder con,
the extension 39 of the common feeder con, and the intercon-
necting electrode 35 are formed. As a result, the first TFT 20,
the second TFT 30, and the storage capacitor cap are formed.
[0062] Next, the second interlayer insulating film 52 is
formed, and a contact hole is formed in the interlayer insu-
lating film at the section corresponding to the interconnecting
electrode 35. Then, after an ITO film is formed on the entire
surface of the second interlayer insulating film 52, by pattern-
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ing, the pixel electrode 41 that is electrically connected to the
source/drain region of the second TFT 30 through the contact
hole is formed in each pixel 7.

[0063] Next, after aresist layer is formed on the surface side
of the second interlayer insulating film 52, the resist is pat-
terned so as to remain along the scanning line gate and the
data line sig to form the bank layer bank. A discontinuities
portion off is formed at a predetermined section of the bank
layer bank. At this stage, the resist section to be left along the
data line sig is formed broadly so as to cover the common
feeder com. As a result, the region in which the organic
semiconductor film 43 of the luminescent element 40 is to be
formed is surrounded by the bank layer bank.

[0064] Next, in the region delimited in a matrix by the bank
layer bank, the individual organic semiconductor films 43
corresponding to R, G, and B are formed using an ink jet
process. To this end, a liquid material (precursor) for consti-
tuting the organic semiconductor film 43 is discharged from
an ink jet head to the interior region of the bank layer bank,
and is fixed in the interior region of the bank layer bank to
form the organic semiconductor film 43. The bank layer bank
is water repellent because it is composed of a resist. In con-
trast, since the precursor ofthe organic semiconductor film 43
uses a hydrophilic solvent, even if there is a discontinuities
portion off in the bank layer bank that delimits the region in
which the organic semiconductor film 43 is formed, since
such a discontinuities portion off is narrow, the region in
which the organic semiconductor film 43 is applied is
securely defined by the bank layer bank and spreading to the
adjacent pixel 7 does not occur. Therefore, the organic semi-
conductor film 43, etc., can be formed only within the prede-
termined region. In this step, since the precursor discharged
from the ink jet head swells to a thickness of approximately 2
to 4 pm under the influence of surface tension, the bank layer
bank must have a thickness of approximately 1 to 3 um. The
fixed organic semiconductor film 43 has a thickness of
approximately 0.05 to 0.2 pum. Additionally, when the barrier
of'the bank layer bank has a height of 1 um or more, even ifthe
bank layer bank is not water repellent, the bank layer bank
functions satisfactorily as a barrier. By forming such a thick
bank layer bank, the region in which the organic semiconduc-
tor film 43 is formed can be defined when the film 43 is
formed by an application process instead of the ink jet pro-
cess.

[0065] Then, the opposing electrode op is formed substan-
tially on the entire surface of the transparent substrate 10.
[0066] In accordance with the fabrication method
described above, since the individual organic semiconductor
films 43 corresponding to R, G, and B can be formed in the
predetermined region using the ink jet process, the full color
active matrix display device 1 can be fabricated with high
productivity.

[0067] Additionally, although TFTs are also formed in the
data side drive circuit 3 and the scanning side drive circuit 4
shown in FIG. 1, the TFTs are formed entirely or partially
repeating the steps of forming the TFTs in the pixel 7
described above. Therefore, TFTs included in the drive cir-
cuits are formed between the same layers as those of the TFTs
of'the pixel 7. With respect to the first TFT 20 and the second
TFT 30, both may be n-type or p-type, or one may be n-type
and the other may be p-type. In any combination, since TFTs
can be formed in a known manner, description thereof will be
omitted.

Variation 1 of Embodiment 1

[0068] FIG. 4 is a block diagram which schematically
shows the general layout of an active matrix display device.
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FIG. 5 is a plan view which shows a pixel included in the
device shown in FIG. 4. FIGS. 6(A), 6(B), and 6(C) are
sectional views taken along the line A-A', the line B-B', and
the line C-C' of FIG. 5, respectively. Since this embodiment
has basically the same configuration as that of embodiment 1,
the same reference numerals are used for the parts that are the
same as those of embodiment 1, and detailed description
thereof will be omitted.

[0069] As shown in FIG. 4, FIG. 5, and FIGS. 6(A), 6(B),
and 6(C), in an active matrix display device 1 of this embodi-
ment, a thick insulating film composed of a resist film (bank
layer bank, a shaded region in which lines that slant to the left
are drawn at a large pitch) is also provided along the data lines
sig and the scanning lines gate, and the opposing electrode op
is formed on the upper layer side of the bank layer bank.
Thereby, since the second interlayer insulating film 52 and the
thick bank layer bank are interposed between the data line sig
and the opposing electrode op, the capacitance that parasit-
izes the data line sig is significantly reduced. Therefore, the
load on the drive circuits 3 and 4 can be decreased and lower
consumption of electric power or faster display operation can
be achieved.

[0070] The bank layer bank (diagonally shaded region) is
also formed in the periphery of the transparent substrate 10 (a
region external to the display area 11). Accordingly, both the
data side drive circuit 3 and the scanning side drive circuit 4
are covered with the bank layer bank. Even if the opposing
electrode op overlaps the region in which the drive circuits are
formed, the bank layer bank is interposed between the wiring
layer of the drive circuits and the opposing electrode op.
Therefore, the parasitization of capacitance in the drive cir-
cuits 3 and 4 can be prevented, and thus the load on the drive
circuits 3 and 4 can be decreased and lower consumption of
electric power or faster display operation can be achieved.
[0071] Further, in this embodiment, in the region in which
the pixel electrode 41 is formed, in a region in which the
conduction control circuit 50 overlaps the interconnecting
electrode 35, the bank layer bank is also formed, and thereby
a useless reactive current can be prevented from flowing.
Therefore, the width of the common feeder con can be
decreased by that amount.

[0072] Moreover, in this embodiment, since the bank layer
bank is formed along the data lines sig and the scanning lines
gate, any pixel 7 is surrounded by the bank layer bank. There-
fore, since the individual organic semiconductor films 43
corresponding to R, G, and B can be formed in the predeter-
mined region using an ink jet process, the full color active
matrix display device 1 can be fabricated with high produc-
tivity.

[0073] Moreover, a discontinuities portion off is formed in
the bank layer bank at the section corresponding to a section
between the adjacent pixels 7 in the extending direction of the
scanning lines gate. A discontinuities portion off is also
formed in the bank layer bank at each end of the data lines sig
and the scanning lines gate in each of the extending direc-
tions. Further, the bank layer bank formed on the upper layer
side of the scanning side drive circuit 4 and the data side drive
circuit 3 is provided with a discontinuities portion off at the
position between the region in which the scanning side drive
circuit 4 is formed and the region in which the data side drive
circuit 3 is formed. Accordingly, the opposing electrodes op
are securely connected to each other through a planar section
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(discontinuities portion off) which does not have a step due to
the bank layer bank, and disconnection does not occur.

Variation 2 of Embodiment 1

[0074] FIG. 7 is a block diagram which schematically
shows the general layout of an active matrix display device.
FIG. 8 is a plan view which shows a pixel included in the
device shown in FIG. 7. FIGS. 9(A), 9(B), and 9(C) are
sectional views taken along the line A-A', the line B-B', and
the line C-C' of FIG. 8, respectively. Since this embodiment
has basically the same configuration as that of embodiment 1,
the same reference numerals are used for the parts that are the
same as those of embodiment 1, and detailed description
thereof will be omitted.

[0075] As shown in FIG. 7, FIG. 8, and FIGS. 9(A), 9(B),
and 9(C), in an active matrix display device 1 of this embodi-
ment, a thick insulating film composed of a resist film (bank
layer bank, a shaded region in which lines that slant to the left
are drawn at a large pitch) is also provided along the data lines
sig and the scanning lines gate, and the opposing electrode op
is formed on the upper layer side of the bank layer bank.
Thereby, since the second interlayer insulating film 52 and the
thick bank layer bank are interposed between the data line sig
and the opposing electrode op, the capacitance that parasit-
izes the data line sig is significantly reduced. Therefore, the
load on the drive circuits 3 and 4 can be decreased and lower
consumption of electric power or faster display operation can
be achieved.

[0076] The bank layer bank (diagonally shaded region) is
also formed in the periphery of the transparent substrate 10 (a
region external to the display area 11). Accordingly, both the
data side drive circuit 3 and the scanning side drive circuit 4
are covered with the bank layer bank. Even if the opposing
electrode op overlaps the region in which the drive circuits are
formed, the bank layer bank is interposed between the wiring
layer of the drive circuits and the opposing electrode op.
Therefore, the parasitization of capacitance in the drive cir-
cuits 3 and 4 can be prevented, and thus the load on the drive
circuits 3 and 4 can be decreased and lower consumption of
electric power or faster display operation can be achieved.
[0077] Further, in this embodiment, in the region in which
the pixel electrode 41 is formed, in a region in which the
conduction control circuit 50 overlaps the interconnecting
electrode 35, the bank layer bank is also formed, and thereby
a useless reactive current can be prevented from flowing.
Therefore, the width of the common feeder con can be
decreased by that amount.

[0078] Moreover, in this embodiment, since the bank layer
bank is formed along the data lines sig and the scanning lines
gate, any pixel 7 is surrounded by the bank layer bank. There-
fore, since the individual organic semiconductor films 43
corresponding to R, G, and B can be formed in the predeter-
mined region using an ink jet process, the full color active
matrix display device 1 can be fabricated with high produc-
tivity.

[0079] Moreover, a discontinuities portion off is formed in
the bank layer bank at the section corresponding to a section
between the adjacent pixels 7 in the extending direction of the
data lines sig. A discontinuities portion off is also formed in
the bank layer bank at each end of the data lines sig and the
scanning lines gate in each of the extending directions. Fur-
ther, the bank layer bank formed on the upper layer side of the
scanning side drive circuit 4 and the data side drive circuit 3 is
provided with a discontinuities portion off at the position
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between the region in which the scanning side drive circuit 4
is formed and the region in which the data side drive circuit 3
is formed. Accordingly, the opposing electrodes op are
securely connected to each other through a planar section
(discontinuities portion off) which does not have a step due to
the bank layer bank, and disconnection does not occur.

Embodiment 2

[0080] FIG. 10 is a block diagram which schematically
shows the general layout of an active matrix display device.
FIG. 11 is a plan view which shows a pixel included in the
device shown in FIG. 10. FIGS. 12(A), 12(B), and 12(C) are
sectional views taken along the line A-A', the line B-B', and
the line C-C' of FIG. 11, respectively. Since this embodiment
basically has the same configuration as that of embodiment 1,
the same reference numerals are used for the parts that are the
same as those of embodiment 1, and detailed description
thereof will be omitted.

[0081] As shown in FIG. 10, FIG. 11, and FIGS. 12(A),
12(B), and 12(C), in an active matrix display device 1 of this
embodiment, a thick insulating film composed of a resist film
(bank layer bank, a shaded region in which lines that slant to
the left are drawn at a large pitch) is formed in a strip along the
data lines sig, and the opposing electrode op is formed on the
upper layer side of the bank layer bank. Thereby, since the
second interlayer insulating film 52 and the thick bank layer
bank are interposed between the data line sig and the oppos-
ing electrode op, the capacitance that parasitizes the data line
sig is significantly reduced. Therefore, the load on the drive
circuits 3 and 4 can be decreased and lower consumption of
electric power or faster display operation can be achieved.
[0082] The bank layer bank (diagonally shaded region) is
also formed in the periphery of the transparent substrate 10 (a
region external to the display area 11). Accordingly, both the
data side drive circuit 3 and the scanning side drive circuit 4
are covered with the bank layer bank. Even if the opposing
electrode op overlaps the region in which the drive circuits are
formed, the bank layer bank is interposed between the wiring
layer of the drive circuits and the opposing electrode op.
Therefore, the parasitization of capacitance in the drive cir-
cuits 3 and 4 can be prevented, and thus the load on the drive
circuits 3 and 4 can be decreased and lower consumption of
electric power or faster display operation can be achieved.
[0083] Moreover, in this embodiment, since the bank layer
bank is formed along the data lines sig, the individual organic
semiconductor films 43 corresponding to R, G, and B can be
formed in a strip in the region delimited in a strip by the bank
layer bank using an ink jet process. Thereby, the full color
active matrix display device 1 can be fabricated with high
productivity.

[0084] Moreover, the bank layer bank is provided with a
discontinuities portion off at each end of the data lines sig in
the extending direction. Thereby, the opposing electrode op
of each pixel 7 is connected to the opposing electrode op of
the adjacent pixel 7 by climbing over the bank layer bank. By
tracing the extending direction of the data lines sig, it is found
that the opposing electrodes op of the individual pixels 7 are
connected to the adjacent row of pixels in the extending
direction of the scanning lines gate, at the end of the data lines
sig, through a discontinuities portion off (planar section
which does not have a step due to the bank layer bank).
Therefore, the opposing electrodes op of the individual pixels
7 are connected to each other through the planar section
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which does not have a step due to the bank layer bank, and the
opposing electrode op of any pixel 7 is not disconnected.

Other Embodiments

[0085] Additionally, when the bank layer bank (insulating
film) is composed of an organic material such as a resist film
or a polyimide film, a thick film can be easily formed. When
the bank layer bank (insulating film) is composed of an inor-
ganic material such as a silicon oxide film or silicon nitride
film deposited by a CVD process or SOG process, an alter-
ation in the organic semiconductor film 43 can be prevented
even if the insulating film is in contact with the organic
semiconductor film 43.

[0086] Besides the structure in which the storage capacitor
cap is formed by the common feeder con, the storage capaci-
tor cap may be formed by a capacity line formed in parallel to
the scanning line gate.

INDUSTRIAL APPLICABILITY

[0087] As descried above, in an active matrix display
device in accordance with the present invention, since a thick
insulating film is interposed between data lines and opposing
electrodes, the parasitization of capacitance in the data lines
can be prevented. Therefore, the load on a data side drive
circuit can be decreased, resulting in lower consumption of
electric power or faster display operation. Additionally, a
discontinuities portion is formed at a predetermined position
of the thick insulating film and the section is planar. Accord-
ingly, the opposing electrodes in the individual regions are
electrically connected to each other through a section formed
in the planar section, and even if disconnection occurs at a
step due to the insulating film, electrical connection is secured
through the planar section corresponding to the discontinui-
ties portion of the insulating film. Thereby, even if a thick
insulating film is formed around an organic semiconductor
film to suppress parasitic capacitance or the like, disconnec-
tion does not occur in the opposing electrodes formed on the
upper layer of the insulating film, and thus display quality and
reliability of the active matrix display device can be
improved.
1. A light emitting device, comprising:
a light emitting element including:
a first electrode;
a second electrode opposing the first electrode; and
an organic semiconductor film disposed between the
first electrode and the second electrode, the organic
semiconductor film emitting light in response to an
electric current flowing between the first electrode
and the second electrode;
a control transistor that controls the electric current;
an interconnecting electrode electrically connected to the
control transistor, the interconnecting electrode being
connected to the first electrode and formed so as not to
overlap the organic semiconductor layer in the light
emitting element in plan view; and
an electrode insulating film formed between the intercon-
necting electrode and the first electrode.
2. The light emitting device according to claim 1,
the interconnecting electrode being electrically connected
to the first electrode by a contact hole formed in the
electrode insulating film, and
the organic semiconductor film being formed so as not to
overlap the contact hole in plan view.
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3. The light emitting device according to claim 1, further
comprising:
an insulative bank layer disposed on the first electrode in a
region that overlaps the interconnecting electrode in
plan view.
4. The light emitting device according to claim 1, further
comprising:
atransistor insulating film, the control transistor including:
an island-like semiconductor film; and
a gate electrode formed on the island-shaped semicon-
ductor film, the transistor insulating film formed
between the gate electrode and the interconnecting
electrode.
5. The light emitting device according to claim 3, further
comprising:
a scanning line;
a data line that crosses the scanning line;
an electrical supply line; and
an intersection transistor disposed at an intersection of the
scanning line and the data line, the intersection transistor
being electrically connected to each of the scanning line
and the data line,
the control transistor being electrically connected to the
electrical supply line and having a gate electrode, and
the gate electrode of the control transistor being electri-
cally connected to the intersection transistor.
6. The light emitting device according to claim 2, further
comprising:
an insulative bank layer disposed on the first electrode in a
region that overlaps the interconnecting electrode in
plan view.
7. The light emitting device according to claim 2,
the control transistor including:
an island-like semiconductor film; and
a gate electrode formed on the island-shaped semicon-
ductor film; and
atransistor insulating film formed between the gate elec-
trode and the interconnecting electrode.
8. The light emitting device according to claim 3, further
comprising:
atransistor insulating film, the control transistor including:
an island-like semiconductor film; and
a gate electrode formed on the island-shaped semicon-
ductor film, the transistor insulating film formed
between the gate electrode and the interconnecting
electrode.
9. The light emitting device according to claim 2, further
comprising:
a scanning line;
a data line that crosses the scanning line;
an electrical supply line that crosses the scanning line;
and
an intersection transistor disposed at an intersection of the
scanning line and the data line, the intersection transistor
being electrically connected to each of the scanning line
and the data line,
the control transistor being electrically connected to the
electrical supply line, and being electrically connected
to the intersection transistor.
10. The light emitting device according to claim 3, further
comprising:
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a scanning line;

a data line that crosses the scanning line;

an electrical supply line; and

an intersection transistor disposed at an intersection of the
scanning line and the data line, the intersection transistor
being electrically connected to each of the scanning line
and the data line,

the control transistor being electrically connected to the
electrical supply line, and the gate electrode of the con-
trol transistor being electrically connected to the inter-
section transistor.

11. The light emitting device according to claim 4, further

comprising:
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a scanning line;

a data line that crosses the scanning line;

an electrical supply line; and

an intersection transistor disposed at an intersection of the
scanning line and the data line, the intersection transistor
being electrically connected to each of the scanning line
and the data line,

the control transistor being electrically connected to the
electrical supply line, and the gate electrode of the con-
trol transistor being electrically connected to the inter-
section transistor.



