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(57) ABSTRACT

According to one embodiment, a display device includes a
display area, a first peripheral area, an organic insulating
film. The display area is provided on a substrate and includes
a plurality of organic electroluminescent (EL) elements
aligned. The first peripheral area is provided on the sub-
strate, around the display area. The organic insulating film is
provided on the substrate and covers a circuit including a
drive circuit driving the organic EL elements. The organic
insulating film comprises a first groove provided in the
organic insulating film, around the display area, in an area
between the display area and the first peripheral area, and a
dummy area to which at least one of functional materials of
the organic EL elements is applied, on the first peripheral
area.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2017-088636, filed Apr. 27, 2017, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an organic electroluminescent display device having, for
example, a plurality of organic light-emitting elements
aligned.

BACKGROUND

[0003] An organic EL device using electroluminescence
(hereinafter called EL) of an organic material comprises an
electron-transport layer and an organic light-emitting layer
between an anode electrode and a cathode, electrode, and is
well known as a light-emitting element capable of low
voltage drive and high-luminescence light emission.
[0004] For this reason, attention has been recently focused
on display devices using organic EL devices, such as TV,
smartphones, tablet terminals, and personal computers.
[0005] In the display device, for example, the inside of the
display area defined by a wall (bank) is coated with ink
containing an organic light-emitting material, organic light-
emitting layer is formed by drying the coated ink, and the
organic EL device is manufactured.

[0006] If the coated ink is merely dried, however, the
organic light-emitting layer at a central portion of the display
area is dried with ink existing in the surrounding but the
organic light-emitting layer at a petipheral portion of the
display area is dried with no ink existing in the surrounding.
For this reason, non-uniformity in drying occurs at the
organic light-emitting layer at the central portion and the
organic light-emitting layer at the peripheral portion, in the
display area. For this reason, the light emission property of
the organic light-emitting layer may become non-uniform
due to the non-uniformity in drying. In this case, the
peripheral area different in light emission property from the
central portion may be regarded as a dummy area which is
not a valid display area. For increase in productivity, the
valid display area is required to be larger as compared with
the size of the entire body of the substrate.

[0007] The embodiments provide a display device capable
of making the valid display area larger as compared with the
size of the entire body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a plan view showing an entire configu-
ration of a display device according to the embodiments.

[0009] FIG. 2 is a cross-sectional view seen along line TI-1T
in FIG. 1.
[0010] FIG. 3A is a cross-sectional view showing steps of

manufacturing the display device according to the embodi-
ments.

[0011] FIG. 3B is a cross-sectional view showing the
manufacturing steps following FIG. 3A.

[0012] FIG. 3C is a cross-sectional view showing the
manufacturing steps following FIG. 3B.
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[0013] FIG. 3D is a cross-sectional view showing the
manufacturing steps following FIG. 3C.

[0014] FIG. 3E is a cross-sectional view showing the
manufacturing steps following FIG. 3D.

[0015] FIG. 3F is a cross-sectional view showing the
manufacturing steps following FIG. 3E.

[0016] FIG. 3G is a cross-sectional view showing the
manufacturing steps following FIG. 3F.

[0017] FIG. 4 is a plan view showing a display device
according to a comparative example.

[0018] FIG. 5 is a plan view showing the display device
according to the embodiments.

[0019] FIG. 6 is a cross-sectional view showing a modi-
fied example of the embodiments.

[0020] FIG. 7 is a block diagram showing an example of
a display device to which the embodiments are applicable.
[0021] FIG. 8 is a circuit diagram showing one of pixels
shown in FIG. 7.

DETAILED DESCRIPTION

[0022] In general, according to one embodiment, a display
device includes a display area, a first peripheral area, an
organic insulating film. The display area is provided on a
substrate and includes a plurality of organic electrolumines-
cent (EL) elements aligned. The first peripheral area is
provided on the substrate, around the display area. The
organic insulating film is provided on the substrate and
covers a circuit including a drive circuit driving the organic
EL elements. The organic insulating film comprises a first
groove provided in the organic insulating film, around the
display area, in an area between the display area and the first
peripheral area, and a dummy area to which at least one of
functional materials of the organic EL elements is applied,
on the first peripheral area.

[0023] The embodiments will be explained hereinafter
with reference to the accompanying drawings. In the fol-
lowing descriptions, substantially the same functions and
constituent elements are denoted by the same reference
numerals and explained as needed. In addition, the figures
are schematic, and a relationship between the thickness and
the planar dimensions, a proportion of thickness of layers
and the like may be different from actual elements.

Embodiments

[Configuration]

[0024] FIG. 1 is a plan view schematically showing a
configuration of a display device according to the present
embodiments. A display device 1 is, for example, an organic
EL display device.

[0025] Thedisplay device 1 according to the embodiments
comprises a display area EA including a plurality of pixels
PX that are organic EL emitting elements arranged in a
matrix on a substrate 100. Each of the pixels PX includes an
organic light-emitting layer formed of an organic light-
emitting material of any one of red (A), green (C), and blue
(B) between an anode electrode and a cathode electrode. The
pixel PX is separated from each other by walls called banks
which will be explained later.

[0026] A first dummy area DAL1 is provided around the
display area DA. The first dummy area DA1 is surrounded
by the banks and includes at least one first dummy pixel
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which can hold a coating solution. In the embodiments, the
first dummy pixel has the same structure as the pixel PX.
[0027] A peripheral area PA is provided around the display
area EA. The peripheral area PA includes various drive
circuits to be explained later that drive each of the pixels PX
in the display area EA.

[0028] A sealing area SA including a sealing film which
serves as a sealing material to seal the display area EA is
provided around the peripheral area PA.

[0029] In addition, a first separation groove (hereinafter
simply called a first groove) 9a is provided between the first
dummy area DA1 and the peripheral area PA to separate the
areas from each other. A second separation groove (herein-
after simply called a second groove) 95 is provided between
the peripheral area PA and the sealing area SA to separate the
areas from each other. The first groove 94 and the second
groove 95 are formed by removing a planarizing layer on the
substrate 100 as explained later. The organic light-emitting
material may be degraded when absorbing moisture and the
like. For this reason, water and the like are prevented from
entering the pixel area DA from the surrounding at two steps
by providing the first groove 9a and the second groove 95
around the pixel area DA.

[0030] A second dummy area DA2 is provided in the
peripheral area PA between the first groove 9a and the
second groove 94. The second dummy area DA2 is sur-
rounded by the banks and includes at least one second
dummy pixel which can hold a solution to be applied. In the
embodiments, the second dummy pixel has the same struc-
ture as the pixel PX.

[0031] A terminal area 10A including predetermined ter-
minals 23a and 23b for electric connection between the
display area EA and the outside is provided on either side of
the row direction and the columnar direction of the display
area EA, in the surrounding of the sealing area SA.

[0032] The pixel area DA, the peripheral area PA. and the
sealing area SA are covered with a sealing glass 200, and the
sealing glass 200 is disposed to be opposed to the substrate
100.

[0033] FIG. 2 isa cross-sectional view seen along line II-11
in FIG. 1.
[0034] As shown in. FIG. 2, a planarizing layer 11 is

provided on the substrate 100. The planarizing layer 11 is
formed of, for example, an organic insulating film of poly-
imide or the like, and covers various drive circuits and the
like. The first groove 9a is formed in the planarizing layer 11
around the display area EA while the second groove 96 is
formed in the planarizing layer 11 around the peripheral area
PA.

[0035] A plurality of anode electrode layers 12 are pro-
vided on the planarizing layer 11 in the display area EA, the
first groove 9a, and the peripheral area PA. The anode lavers
12 are formed of, for example, a predetermined metal
material.

[0036] Each of the pixels PX disposed in the display area
EA comprises an organic light-emitting layer 19 (195, 19r,
and 19g) formed of an organic light-emitting material of
three colors, red (R), green (G), and blue (B), an electron
transport layer 14, a cathode electrode layer 15, and a sealing
film 16.

[0037] The organic light-emitting layers 195, 197, and 19g
are separated from each other by a linear first bank (as
shown in FIG. 3A) provided between the anode electrode
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layers 12, and a plurality of linear second banks 13 and 13D1
provided on both sides of the organic light-emitting layers
195, 197, and 19¢.

[0038] The second banks 13 and 13D1 extend in the
columnar direction. (i.e., direction of arrow Z in the figure)
and separate the pixels PX of different colors from each
other. In addition, the first bank is disposed in a direction
(i.e., direction of arrow X in the figure) intersecting the
second banks 13 and 13D1.

[0039] The first bank is lower in height than the second
banks 13 and 13D1. For this reason, if ink which is a
functional material (light-emitting material) is applied by
moving a head (not shown) in, for example, an ink-jet
method, as explained later, surplus ink of the ink applied to
each pixel PX can move to an adjacent pixel beyond the first
bank when the organic light-emitting layer 19 is formed. The
thickness of the ink on the pixels PX can be therefore made
uniform and the luminance of the pixels can be equalized.
[0040] The electron transport layer 14 is provided on the
organic light-emitting layer 19 and the second banks 13 and
13D1 to improve efliciency of recombination between holes
and electrons implanted in the light-emitting layer 19.
[0041] The cathode electrode layer 15 is provided on the
electron transport layer 14 and formed of, for example, a
predetermined metal material.

[0042] At least one dummy pixel is disposed in the first
dummy area DA1. At least one type of ink to be applied to
the pixels PX is applied to the dummy pixel. In FIG. 2, for
example, a first dummy pixel DC1 of one color is disposed.
The first dummy pixel DC1 comprises, for example, a blue
organic light-emitting layer 195. The second bank 13D1
may be formed of the same material as the second bank 13
of the pixel PX and, in the dummy area, for example, the
width of the second bank 13D1 may be the same as the width
of the second bank 13 in the display area EA. In the dummy
area, the width of the second ban 13D1 may be larger than
the width of the second bank 13 in the display area EA to
further increase process margin for bank defect.

[0043] At least one dummy pixel is disposed in the second
dummy area DA2. At least one type of ink to be applied to
the pixels PX is applied to the dummy pixel. In FIG. 2, for
example, second dummy pixels DC2 of three colors are
disposed. In other words, the second dummy pixels DC2
comprise, for example, a blue organic light-emitting layer
195, a red organic light-emitting layer 197 a green organic
light-emitting layer 19¢, and the bank 13.

[0044] A sealing film 16 for sealing the pixels PX is
provided on the above-explained structure in the pixel area
DA, the peripheral area PA, and the sealing area SA.
[0045] A filler layer 17 is formed on the sealing film 16 in
the pixel area DA and the peripheral area PA.

[0046] A sealing member 18 for bonding the sealing glass
200 is provided on the sealing film 16 in the sealing area SA.
The sealing member 18 may be provided on a part of the
sealing area SA and the peripheral area PA.

[0047] Inthe terminal area 10A, the terminals 23« and 235
are provided on the substrate 100 (but the terminal 235 alone
is shown in FIG. 2).

[0048] If a predetermined voltage is applied between the
anode electrode layer 12 and the cathode electrode layer 15,
in the above-explained structure, red (R), green (G), and
blue (B) light beams are emitted from the organic light-
emitting layer 19 of the pixels PX. Since the first dummy
pixel and the second dummy pixel have the same structure
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as the pixels PX, in the embodiments, the manufacturing
conditions can be confirmed by measuring the properties of
the pixels.

[0049] The planarizing layer 11 on the substrate 100 may
cover a circuit formation layer (not shown). The circuit
formation layer includes various drive circuits to be
explained later.

[Manufacturing Method]

[0050] FIG. 3A to FIG. 3G are cross-sectional views
showing steps of manufacturing the display device 1 accord-
ing to the embodiments. The steps of manufacturing the
display device 1 are not limited to those but can be modified.
[0051] As shown in FIG. 3A, first, various drive circuits
and the like (not shown) are formed on the substrate 100, and
the planarizing layer 11 to cover the substrate 100 on which
various drive circuits and the like are formed is formed. The
planarizing layer 11 is formed of, for example, an organic
insulating film of polyimide or the like. Then, the first
groove 9a is formed in the planarizing layer 11 around the
display area EA (including the first dummy area DA1) while
the second groove 95 is formed in the planarizing layer 11
around the peripheral area PA, by, for example, photolithog-
raphy or the like. Then, the anode electrode layers 12 are
formed on the planarizing layer 11 in the display area EA
and the peripheral area PA. The anode electrode layers 12
are formed to correspond to the pixels of the respective
colors. In addition, the material of the anode electrode layers
12 is also formed in several parts of the first groove 9a and
the second groove 95.

[0052] Then, a linear first bank 13a is formed between the
anode electrode layers 12 corresponding to the pixel of the
same color. The first bank 13a is arranged in, for example,
the row direction (i.e., X direction in the figure) and the
anode electrode layers 12 corresponding to the pixels of the
same color are separated by the first bank 13a. The first bank
13a 1s formed of, for example, a material having an insu-
lation property such as acrylic resin, polyimide-based resin
or novolac phenol resin.

[0053] Then, the linear second banks 13 are formed on the
display area EA and the second dummy area DA2, and the
linear second bank 13D1 is formed on the first dummy area
DAL1. The second banks 13 and 13D1 are formed between
the anode electrode layers 12 of different colors to separate
the anode electrode layers 12 of different colors. The second
banks 13 and 13D1 are made to extend in a direction
intersecting the first bank 13a, for example, the columnar
direction (i.e., Z direction in the figure). The second banks
13 and 13D1 are formed of, for example, a material having
an insulation property such as acrylic resin, polyimide-based
resin or novolac phenol resin, similarly to the first bank 13a.
The second banks 13 and 13D1 are higher than the first bank
13a, and the organic light-emitting materials of different
colors are thereby prevented from mixing.

[0054] As shown in FIG. 3B, for example, ink 21g which
is the green organic light-emitting material is applied from
an ink-jet printer head (not shown) (hereinafter simply
called a head) in between the second banks 13, in the second
dummy area DA2 by, for example, an ink-jet method.
[0055] After that, as shown in FIG. 3C, ink 21g which is
the green organic light-emitting material is applied from the
head (not shown) in between the second banks 13 of the
display area EA.
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[0056] After that, as shown in FIG. 3D, ink 217 which is
the red organic light-emitting material and ink 215 which is
the blue organic light-emitting material are sequentially
applied in between the second banks 13 of the second
dummy area DA2 and the display area EA.

[0057] After that, as shown in FIG. 3E, ink 215 which is
the blue organic light-emitting material is applied in
between the first banks 13 in the first dummy area DA1 by
the same method.

[0058] After that, as shown in FIG. 3F, ink 215 which is
the blue organic light-emitting material is applied in
between the first banks 13 in the display area EA by the same
method.

[0059] For example, the same ink as that in the display
area EA is used as the ink 215 applied to the first dummy
area DA1 and the second dummy area DA2. An ink applying
device can be simplified by commonly using the nozzle to
apply the ink to the first dummy area DA1 and the second
dummy area DA2 and the nozzle to apply the ink to the
display area EA. In addition, the same solvent as that of the
ink for pixels may be discharged.

[0060] The ink applying method is not limited to the
above-explained example but, for example, the ink can be
sequentially applied to the areas in order of the second
dummy area DA2, the first dummy area DA1 and the display
area EA while changing the ink of the head.

[0061] The thickness of the ink applied to the display area
EA is made equal to the thickness of the ink applied to the
first dummy area DA1 and the second dummy area DA2.
The time to dry the ink in the display area EA can be
equalized by making the ink thickness equal. To equalize the
light emission property of the display area EA, the thickness
of the ink applied to the first dummy area DAl and the
second dummy area DA2 may be varied as needed. In other
words, drying conditions at the central part and the periph-
eral part of the display area EA may be equalized by making
the thickness of the ink applied to the first dummy area DA1
and the second dummy area DA?2 larger than, for example,
the thickness of the ink applied so the display area EA.

[0062] Then, the ink applied to the first dummy area DAI,
the second dummy area DA2, and the display area EA is
dried, the organic light-emitting layers 197, 19g, and 195 of
three colors are formed in the second dummy area DA2, the
blue organic light-emitting layer 195 is formed in the first
dummy area DA1, and the organic light-emitting layers 197,
19¢g, and 195 of three colors are formed in she display area
EA.

[0063] Then, as shown in FIG. 3G, the electron transport
layer 14 is formed on the organic light-emitting layers in the
display area EA and the first dummy area DA1. Then, the
cathode electrode layer 15 formed continuously on the
electron transport layer 14 in the display area EA and the
first dummy area DA1, on the structure in the peripheral area
PA, in the first groove 9a. After that, the sealing film 16 is
formed on the above-explained structure in the pixel area
DA, the peripheral area PA, and the sealing area SA, and in
the first groove 9a and the second groove 95. The filler layer
17 is formed on the sealing film 16 in the pixel area DA and
the peripheral area PA, and the sealing member 18 is formed
on the sealing film 16 in the sealing area SA. For this reason,
the second groove 95 is filled with the sealing member 18.
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[0064] After that, the sealing glass 200 is brought into
close contact with the surface of the filler layer 17 and the
sealing member 18, and the display device 1 shown in FIG.
1 and FIG. 2 is completed.

Advantages

[0065] According to the embodiments, the display area
EA and the first dummy area DA1 are provided together with
the second dummy area DA2 in the peripheral area, the ink
is applied between the second banks 13 and 13D1 in the
display area EA, the first dummy area DA1, and the second
dummy area DA2, and the applied ink is dried. For this
reason, the ink applied to the display area EA is dried
together with the ink applied to the first dummy area DA1
and the ink applied to the second dummy area DA2 located
on the outer side of the first dummy area DA1. Therefore, the
steam concentration distribution of the solvent of the ink at
the peripheral portion of the display area EA and the steam
concentration distribution of the solvent of the ink at the
central portion of the display area EA become uniform, and
the evaporation speed of the solvent can be equalized. In
other words, the dry state of the ink applied to the display
area BA and the dry state of the ink applied to the first
dummy area DA1 and the second dummy area DA2 can be
equalized, and non-uniformity in dry state can be reduced.
As a result, non-uniformity in display in the display area
EA1 can be reduced, and reduction in the display area EA
can be prevented.

[0066] FIG. 4 is a plan view showing a display device
according to a comparative example, illustrating a part of the
display device. As shown in FIG. 4, a display device 1X
according to the comparative example merely comprises the
dummy area DA in the surrounding of the display area EA,
and does not comprise the second dummy area DA2 accord-
ing to the embodiments. For this reason, the ink of the
display area EA is dried in a state in which the ink applied
to the dummy area DA1 exists. As a result, in the splay
device 1X according to the comparative example, non-
uniformity in display resulting from non-uniformity in dry
state occurs at the central portion and the peripheral portion
of the display area EA, and non-uniformity in light emission
property occurs at the central portion and the peripheral
portion of the display area EA, For example, a width WD0
of the dummy area DA according to the comparative
example is approximately 1 mm.

[0067] In contrast, FIG. 5 is a plan view showing the
display device 1 according to the embodiments. As shown in
FIG. 5, the display device 1 according to the embodiments
comprises the second dummy area DA2 including at least
one dummy pixel on the further outer peripheral side of the
first dummy area DA1. For this reason, the ink applied to the
display area EA and the first dummy area DA1 is dried in a
state in which the ink 215, 217 and 21g is applied to the
second dummy area DA2. Therefore, uniformity in the
steam concentration distribution of the ink can be improved
at the peripheral portion and the central portion of the
display area EA, and equalization in the evaporation speed
of the solvent can be enhanced. For this reason, non-
uniformity in dry state of the ink in the overall display area
EA can be reduced, and non-uniformity in display in the
display area EA can be reduced. The width of the first
dummy area DA1 and the width of the second dummy area

Nov. 1, 2018

DA2 are determined in accordance with the specifications of
the panel and the uniformity in light emission in the display
area EA.

[0068] A width WD1 of the first dummy area DA1 accord-
ing to the embodiments is, for example, equal to or smaller
than approximately 0.1 mm, and can be reduced by approxi-
mately one tenth or less as compared with the width WD0
of the dummy area DAO according to the comparative
example. In other words, the width of the first dummy area
DA1 can be minimized, and the display area EA can be
expanded.

[0069] Furthermore, since the second dummy area DA2 is
provided in the peripheral area PA which is a redundant area,
increase in the panel size of the display device 1 can be
prevented.

[0070] Inaddition, since the ink in the second dummy area
DA2 is formed by the coating method, the ink can be applied
while avoiding the first groove 9, the second groove 95, and
the like that affect the reliability of the display device 1.
Therefore, reduction in reliability of the display device 1 can
be prevented.

[0071] Furthermore, in the embodiments, the first dummy
area DA1 and the second dummy area DA2 can be used as
areas of a preliminary applying step to improve the position
accuracy of the ink ejected from the head. More specifically,
if the head for applying the ink is not used for a long time,
the dry ink may be deposited on the tip and the inside of the
nozzle constituting the ink jet, the nozzle may be clogged,
ink ejection failure may occur, and the position accuracy of
the ejected ink may become worse. However, the position
accuracy of the ink ejected to the display area EA can be
improved and yields of the display area EA can be improved
by preliminarily ejecting the ink in the first dummy area
DAI1 and the second dummy area DA2.

[0072] In addition, the same ink as the ink 217 21g, and
215 of three colors, red (R), green (G), and blue (B) applied
to the display area EA can be applied to the second dummy
area DA2. Thus, the dry state of the ink of all colors applied
to the display area EA can he equalized.

[0073] The ink 217 21g, and 214 of three colors, red (R),
green (G), and blue (B) does not need to be applied to the
second dummy area DB2 but, for example, ink of one or two
colors may be applied. In this case, the step of applying the
ink can be simplified and the manufacturing costs can be
reduced.

[0074] In addition, the ink does not need to be separated
in the second dummy area DA2. For example, the ink 195,
197, and 19g of three colors may be mixed similarly to a
display device 1B shown in FIG. 6. In this case, the amount
of the ink 194, 197 and log of three colors applied to the
second dummy area DA2 is determined in accordance with
the uniformity in light emission of the display area EA. In
other words, for example, the amount of the ink is deter-
mined in accordance with a difference between the light
emission amount at the central portion and the light, emis-
sion amount at the peripheral portion, in the display area EA.
However, the amount of the ink is not limited to this.

[0075] Furthermore, the number of colors of the ink
applied to the second dummy area DA2 is not limited to
three as shown in FIG. 6 but, for example, the ink of two
colors or the most inexpensive one color may be applied. In
this case, too, the amount of the ink of two colors or one
color applied to the second dummy area DA2 is determined
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in accordance with the uniformity in light emission of the
display area EA, similarly to the above-explained case.
[0076] In addition, the first dummy area DA1 and the
second dummy area DA2 are the areas where the dummy
pixels DC1 and DC2 which do not function as the pixels PX
are disposed. For this reason, the dummy pixel areas DAl
and DA2 may have a structure holding the applied ink or the
solvent dissolving the functional material and functioning as
enclosures which prevent the ink or the solvent from flowing
and affecting the other areas. The enclosing structure may
be, for example, a structure which is composed of the bank
similarly to the display area EA and which is capable of
blocking the applied solution. In the first dummy area DA1
and the second dummy area DA2, for example, the first bank
which does not have the function of blocking the solution
can be ormitted.

[0077] Furthermore, the ink applied to the first dummy
area DA1 and the second dummy area DA2 does not need
to be the same as the ink applied to the display area EA but,
for example, may be the ink in which the organic light-
emitting material as dye is more reduced than the ink applied
to the display area EA.

[0078] In addition, to equalize the drying conditions of the
display area EA, the only solvent excluding the organic
light-emitting material may be applied to the first dummy
area DA1 and the second dummy area DA2. In this case,
since the expensive organic light-emitting material does not
need to be applied, the manufacturing costs can be reduced.
[0079] Moreover, the color of the organic light-emitting
layer of the first dummy pixel DC1 is not limited to one color
but the organic light-emitting layers of a plurality of colors
may be provided.

(Application Example (Display Device to which the
Embodiments are Applicable))

[0080] A display device to which the embodiments are
applicable will be explained with reference to FIG. 7 and
FIG. 8. FIG. 7 schematically shows an example of the
display device 1 to which the embodiments are applicable.
The display device 1 is, for example, an active matrix
display device comprising the organic EL element.

[0081] The display device 1 comprises the above-ex-
plained display area EA, and a first scanning line drive
circuit 3, a second scanning line drive circuit 4, a data line
drive circuit 5, a control circuit 6, and a power supply circuit
7, which are provided in the peripheral area PA around the
display area EA.

[0082] The display area EA includes a plurality of pixels
PX arrayed in a matrix. The pixels PX arranged in the row
direction are connected to a plurality of first scanning lines
WL (WL1 to WLm) connected to the first scanning line
drive circuit 3, and a plurality of second scanning lines RL
(RL1 to RLm) connected to the second scanning line drive
circuit 4. The pixels arranged in the columnar direction
which intersects the row direction are connected to a plu-
rality of data lines DL (DL1 to DLn) connected to the data
line drive circuit 5. Each of m and n is a positive integer.
[0083] The first scanning line drive circuit 3 sequentially
supplies write scan signals WS to the first scanning lines
WLm. The pixels IX arranged in the row direction are
sequentially selected.

[0084] The second scanning line drive circuit 4 sequen-
tially supplies drive scan signals AZ to the second scanning
lines RL, synchronously with the write scan signals WS
supplied by the first scanning line drive circuit 3. The light
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emitting operation and the light extinguishing operation of
the pixels PX are thereby controlled.

[0085] The data line drive circuit 5 selectively supply, for
example, a signal voltage Vsig and a reference voltage Vofs
to the data lines DLn. The signal voltage Vsig is a voltage
of a signal corresponding to luminance of the video signal.
The reference voltage Vofs is a voltage which is a reference
to the signal voltage, and corresponds to, for example, a
voltage of a signal indicating a black level.

[0086] The control circuit 6 generates various signals
necessary to drive the first scanning line drive circuit 3, the
second scanning line drive circuit 4, and the data line drive
circuit 5, based on external signal supplied from an external
signal source. The power supply circuit 7 supplies power to
the first scanning line drive circuit 3, the second scanning
line drive circuit 4, and the data line drive circuit 5, and the
control circuit 6.

[0087] FIG. 8 schematically shows an example of a drive
circuit of the pixel PX. The drive circuit is not limited to this.
[0088] The pixel PX comprises a write transistor Trl, a
drive transistor Tr2, a reset transistor Tr3, a capacitance
element Cs, and, a light emitting element EL. Each of the
write transistor Trl, the drive transistor Tr2, and the reset
transistor Tr2 is, for example, a thin-film transistor (TFT).
Either of a bottom-gate thin-film transistor and a top-gate
thin-film transistor can be employed as the thin-film tran-
sistor.

[0089] In the write transistor Trl, a gate electrode is
connected to the first scanning line WLm, either of source/
drain electrodes is connected to the data line DLn and the
other is connected to a first electrode of the capacitance
element Cs and a pate electrode of the drive transistor Tr2.
[0090] In the write transistor Tr2, either of source/drain
electrodes is connected to a line to which a power source
voltage Vcc is supplied, and the other is connected to an
anode electrode (for example, anode electrode layer 12
shown in FIG. 2) of the light emitting element EL, a second
electrode of the capacitance element Cs, and either of
source/drain electrodes of the reset transistor Tr3. A cathode
voltage Vcath is supplied to a cathode electrode of the light
emitting element EL.

[0091] A gate electrode of the reset transistor Tr3 is
connected to the second scanning line RLm, and the other
source/drain electrodes is connected to a line to which a
fixed voltage Vini is supplied.

[0092] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. A display device comprising:

a display area provided on a substrate and including a
plurality of organic electroluminescent (EL)) elements
aligned;

a first peripheral area provided on the substrate, around
the display area; and
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an organic insulating film provided on the substrate and
covering a circuit including a drive circuit driving the
organic EL elements,

wherein

the organic insulating film comprises:

a first groove provided in the organic insulating film,
around the display area, in an area between the display
area and the first peripheral area; and

a dummy area to which at least one of functional materials
of the organic EL elements is applied, on the first
peripheral area.

2. The device according to claim 1, further comprising:

asecond peripheral area provided on the substrate, around
the first peripheral area; and

a second groove provided in the organic insulating film,
around the first peripheral area, in an area between the
first peripheral area and the second peripheral area.

3. The device according to claim 1, wherein

the organic EL elements in the display area comprise one
of the functional materials applied to an area between
banks, and

the dummy area includes at least one of the functional
materials applied to the area between the banks on the
organic insulating film.

4. The device according to claim 1, further comprising:

at least one of the functional materials of the organic EL
elements provided in an area between the display area
and the first groove and applied onto the organic
insulating film.

5. A display device comprising:

a display area provided on a substrate and including a
plurality of organic electroluminescent (EL) elements
aligned,

a first peripheral area provided on the substrate, around
the display area; and
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an organic insulating film provided on the substrate and
covering a circuit including a drive circuit driving the
organic EL elements,

wherein

the organic insulating film includes a first groove pro-
vided in the organic insulating film, around the display
area, in an area between the display area and the first
peripheral area,

the organic EL elements include light emitting layers
partitioned by banks, and

the first peripheral area includes an enclosure holding one
of a solvent solving functional materials of the light
emitting layers and ink obtained by solving the func-
tional materials on the first peripheral area.

6. The device according to claim 5, further comprising:

a second peripheral area provided on the substrate, around
the first peripheral area,

wherein

the organic insulating film includes a second groove
provided in the organic insulating film, around the first
peripheral area, in an area between the first peripheral
area and the second peripheral area.

7. The device according to claim 5, wherein

the organic EL elements in the display area comprise one
of the functional materials applied to an area between
the banks, and

the first peripheral area includes one of the solvent solving
the functional materials of the light emitting layers
applied to the area between the banks and the ink
obtained by solving the functional materials, on the
organic insulating film.

8. The device according to claim 5, further comprising;

at least one of the functional materials of the organic EL
elements provided in an area between the display area
and the first groove and applied onto the organic
insulating film.
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