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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2016-210938 filed on Oct. 27, 2016, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a display device
and a manufacturing method of a display device.

2. Description of the Related Art

[0003] In a display device such as an organic electro
luminescence (EL) display device, a self-emitting element
such as an organic light emitting diode (OLED) may be
controlled using a switching element such as a thin film
transistor to display an image.

[0004] JPHI10-313033 A discloses a semiconductor device
including a check pattern including a first electrode formed
in a pattern shape in a buried form in an insulating film and
a second electrode formed on the upper side of the insulating
film at least in an area corresponding to the first electrode.
[0005] JP 2015-149327 A discloses a semiconductor
device including: a plurality of testing electrodes provided in
a scribe area; a first opening formed in an insulating film in
a portion overlapping the plurality of testing electrodes; a
resin layer covering at least a portion of the edge of the first
opening; and a conductive layer buried in a portion of the
first opening not covered with the resin layer, and in contact
with the testing electrodes.

[0006] The display device may include a sealing layer on
a display surface side for protecting the organic light emit-
ting diode against moisture or a physical impact. In a
manufacturing step of the display device, the sealing layer is
integrally formed in a display area and a picture-frame area,
and thereafter, the sealing layer formed in the picture-frame
area may be removed by dry etching or the like to perform
terminal exposure.

[0007] However, the thickness of the sealing layer
removed by dry etching or the like varies due to variations
in a manufacture environment and the like. Therefore, not
only the sealing layer formed in the picture-frame area but
also a layer formed below the sealing layer and not intended
to be etched is removed, and thus there is the risk of failure
of the terminal exposure.

SUMMARY OF THE INVENTION

[0008] It is an object of the invention to provide a display
device in which terminal exposure in a picture-frame area is
properly performed.

[0009] A display device according to an aspect of the
invention includes: a pixel electrode formed in a display
area; an organic layer formed on the pixel electrode and
including a light emitting layer; a counter electrode formed
on the organic layer; a sealing layer formed on the counter
electrode; a drive circuit formed in a picture-frame area as
an area outside the display area and controlling light emis-
sion of the light emitting layer; a first test electrode formed
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in the picture-frame area and electrically separated from the
drive circuit; and a picture-frame insulating layer formed on
the first test electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 11s a perspective view showing an organic EL,
display device according to an embodiment of the invention.
[0011] FIG. 2 is a plan view of the organic EL display
device according to the embodiment of the invention.
[0012] FIG. 3 is a circuit diagram of a pixel of the organic
EL display device according to the embodiment of the
invention.

[0013] FIG. 4is a plan view of a picture-frame area of the
organic EL display device according to the embodiment of
the invention.

[0014] FIG. 5 is a cross-sectional view of the organic EL
display device according to the embodiment of the inven-
tion.

[0015] FIG. 6 is a cross-sectional view of the organic EL
display device according to the embodiment of the invention
in a manufacturing step.

[0016] FIG. 7 is a cross-sectional view of the organic EL
display device according to the embodiment of the invention
in a manufacturing step.

[0017] FIG. 8 is a cross-sectional view of the organic EL
display device according to the embodiment of the invention
in a manufacturing step.

[0018] FIG. 9 is a plan view of a picture-frame area of an
organic EL display device according to a modified example
of the embodiment of the invention.

[0019] FIG. 10 is a cross-sectional view of the organic EL
display device according to the modified example of the
embodiment of the invention.

[0020] FIG. 11 is a cross-sectional view of the organic EL
display device according to the modified example of the
embodiment of the invention in a manufacturing step.
[0021] FIG. 12 is a cross-sectional view of the organic EL
display device according to the modified example of the
embodiment of the invention in a manufacturing step.
[0022] FIG. 13 is a plan view of the organic EL display
device according to the embodiment of the invention in a
manufacturing step.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] Hereinafter, each embodiment of the invention will
be described with reference to the drawings. The disclosure
is illustrative only. Appropriate modifications that will read-
ily occur to those skilled in the art and fall within the spirit
of the invention are of course included in the scope of the
invention. In the drawings, the width, thickness, shape, and
the like of each part may be schematically represented,
compared to those in practicing aspects of the invention, for
more clarity of description. However, they are illustrative
only and do not limit the interpretation of the invention.
Moreover, in the specification and the drawings, elements
similar to those described in relation to a previous drawing
are denoted by the same reference numerals and signs, and
a detailed description may be appropriately omitted.

[0024] FIG. 1is a perspective view showing an organic EL
display device 1 according to an embodiment of the inven-
tion. The organic EL display device 1 includes, on a sub-
strate 2 made of glass or a material having flexibility, a
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display area 3 where a plurality of pixels are disposed and
a picture-frame area 6 as an area outside the display area 3.
A drive circuit 13 (shown in the next drawing) for control-
ling light emission of the plurality of pixels 1s formed in the
picture-frame area 6 of the substrate 2. Signals and power
for controlling the plurality of pixels are input via a flexible
printed board (flexible print circuit (FPC)) 4. The FPC 4 is
pressure-bonded and electrically connected to FPC termi-
nals 12 (shown in the next drawing) formed on the substrate
2. The organic EL display device 1 according to the embodi-
ment includes a counter substrate 5 that protects the display
area 3. The counter substrate 5 may be a glass substrate or
may be a resin film having flexibility. Moreover, the counter
substrate 5 may be substituted by, for example, a surface
cover glass of an electronic apparatus into which the organic
EL display device 1 is incorporated.

[0025] FIG. 2 is a plan view of the organic EL display
device 1 according to the embodiment of the invention. FIG.
3 is a circuit diagram of a pixel of the organic EL display
device 1 according to the embodiment of the invention. The
organic

[0026] EL display device 1 controls the pixels provided in
amatrix in the display area 3 of the substrate 2 with the drive
circuit 13 to display an image. The drive circuit 13 is a
circuit that generates a video signal sent to each of the pixels
and a scanning signal to a thin film transistor (TFT) provided
in the pixel and transmits the signals . In FIG. 2, the drive
circuit 13 is shown as being formed of one circuit; however,
the drive circuit 13 may be formed separately at two or more
places. When the drive circuit 13 is incorporated into an
integrated circuit (IC) , the IC may be mounted on the
substrate 2 or may be mounted on the FPC 4 shown in FIG.
1.

[0027] A scanning signal line 14 to transmit the scanning
signal from the drive circuit 13 is electrically connected to
a gate of a pixel transistor SST formed in each of pixel areas.
The scanning signal line 14 is common to pixel transistors
arranged in one row. The pixel transistor SST is a transistor
whose source or drain is electrically connected to a gate of
a drive transistor DRT. The drive transistor DRT is, for
example, an n-type channel field-effect transistor, and a
source thereof is electrically connected to an anode of an
organic light emitting diode OLED. A cathode of the organic
light emitting diode OLED is fixed at a ground potential or
negative potential. In this case, a current flows from the
anode toward the cathode in the organic light emitting diode
OLED. A video signal line 15 to transmit the video signal
from the drive circuit 13 is electrically connected to the
source or drain of the pixel transistor SST. The video signal
line 15 is common to pixel transistors arranged in one
column. When the scanning signal is applied to the scanning
signal line 14, the pixel transistor SST is brought into an
on-state. In that state, when the video signal 1s applied to the
video signal line 15, a video signal voltage is applied to the
gate of the drive transistor DRT, a voltage in response to the
video signal is written into a storage capacitor Cs, and the
drive transistor DRT is brought into the on-state. A power
line 16 is electrically connected to a drain of the drive
transistor DRT. A power supply voltage for causing the
organic light emitting diode OLED to emit light is applied
to the power line 16. When the drive transistor DRT is
brought into the on-state, a current in response to the
magnitude of the video signal voltage flows through the

May 3, 2018

organic light emitting diode OLED and thus the organic light
emitting diode OLED emits light.

[0028] In the picture-frame area 6 of the substrate 2, the
FPC terminals 12 to which the FPC 4 is connected, a first test
electrode 21, and a second test electrode 20 are provided in
addition to the drive circuit 13. The first test electrode 21 is
formed in the picture-frame area 6 and formed to be elec-
trically separated from the drive circuit 13. Moreover, the
first test electrode 21 is formed below a picture-frame
insulating layer 40 as will be described in detail later. The
second test electrode 20 is formed on the picture-frame
insulating layer 40 in the picture-frame area 6 and formed to
be electrically separated from the drive circuit 13 and the
first test electrode 21.

[0029] FIG. 4 is a plan view of the picture-frame area 6 of
the organic EL display device 1 according to the embodi-
ment of the invention. FIG. 4 shows the picture-frame area
6 of the organic EL display device 1 in the state where the
IC into which the drive circuit 13 is incorporated and the
FPC 4 are not mounted. Drive circuit terminals 11 electri-
cally connected with the IC into which the drive circuit 13
is incorporated and the FPC terminals 12 to which the FPC
4 is electrically connected are provided in the picture-frame
area 6. The drive circuit terminals 11 and the FPC terminals
12 are composed of a plurality of electrodes or conductive
layer exposed through a plurality of openings of the picture-
frame insulating layer 40. The first test electrode 21 and the
second test electrode 20 are formed adjacent to the drive
circuit terminal 11 and the FPC terminal 12. The FPC
terminals 12 are located in the same layer as the first test
electrode 21.

[0030] FIG. 5 is a cross-sectional view of the organic EL
display device 1 according to the embodiment of the inven-
tion. FIG. 5 is a cross-sectional view of a pixel taken along
line V-V shown in FIG. 1. The left side of FIG. 5 shows a
cross-section of the display area 3, while the right side
shows a cross-section of the picture-frame area 6. The
organic EL display device 1 according to the embodiment
includes an insulating layer composed of three layers on the
substrate 2. The insulating layer composed of three layers
includes: a first undercoat layer 17a made of SiO,; a second
undercoat layer 175 made of SiN; and a third undercoat layer
17¢ made of SiO,. A polysilicon layer 18 constituting a
channel of the drive transistor DRT is provided on the
insulating layer. A gate insulating film 174 made of Si0, and
a gate electrode 19 are provided on the polysilicon layer 18.
The gate electrode 19 is covered with a first inter-layer
insulating film 17¢ made of SiN and a second inter-layer
insulating film 17f made of Si0O,. The drive transistor DRT
includes transistor electrodes 30 formed of metal so as to
serve as a source electrode and a drain electrode. A pixel
electrode 32 is electrically connected to the transistor elec-
trode 30 via a through hole. The pixel electrode 32 is formed
on an insulating layer 31.

[0031] An organic layer 33 including a light emitting layer
is formed on the pixel electrode 32. The organic layer 33 is
formed so as to cover an opening of a bank. A counter
electrode 34 is formed on the organic layer 33. The counter
electrode 34 is formed of a material that transmits light
emitted from the organic layer 33. The drive circuit 13
formed in the picture-frame area 6 controls light emission of
the light emitting layer included in the organic layer 33 for
each of the pixels.
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[0032] A sealing layer 35 is formed on the counter elec-
trode 34. In the case of the organic EL display device 1
according to the embodiment, the sealing layer 35 is com-
posed of three layers, in which the lowermost layer in
contact with the counter electrode 34 is formed of SiN (an
inorganic layer), the intermediate layer is formed of acrylic
resin (an organic layer) , and the uppermost layer is formed
of SiN (an inorganic layer). An adhesive layer 36 is formed
on the sealing layer 35, and the counter substrate 5 is bonded
to the adhesive layer 36.

[0033] The first test electrode 21 electrically separated
from the drive circuit 13 and the second test electrode 20
electrically separated from the drive circuit 13 and the first
test electrode 21 are formed in the picture-frame area 6. The
picture-frame insulating layer 40 is formed on the first test
electrode 21. The second test electrode 20 is formed on the
picture-frame insulating layer 40.

[0034] FIG. 6 is a cross-sectional view of the organic EL,
display device 1 according to the embodiment of the inven-
tion in a manufacturing step. FIG. 6 shows the state imme-
diately before performing the step of removing the sealing
layer 35 formed on the electrodes (the drive circuit terminals
11) on which the drive circuit 13 is mounted. The sealing
layer 35 is formed of three layers in the display area 3 while
being formed of two layers of the lowermost layer and the
uppermost layer in the picture-frame area 6. The sealing
layer 35 prevents the entry of moisture and the like from the
picture-frame area 6. The sealing layer 35 is also formed on
the FPC terminals 12 and the second test electrode 20 in the
picture-frame area 6.

[0035] In the manufacturing step of the organic EL display
device 1 according to the embodiment of the invention, the
sealing layer 35 formed in the picture-frame area 6 is
removed by dry etching to perform terminal exposure of the
drive circuit terminals 11 and the FPC terminals 12. In the
manufacturing step of the organic EL display device 1
according to the embodiment, it is confirmed whether not
only the sealing layer 35 but also the picture-frame insulat-
ing layer 40 formed below the sealing layer 35 is removed
due to variations in etching environment, fluctuations in the
film thickness of the sealing layer 35, or variations in the
film quality of the sealing layer 35.

[0036] In the organic EL display device 1 according to the
embodiment of the invention, the sealing layer 35 is
removed in the picture-frame area 6 by etching. The fact that
the sealing layer 35 is formed in the picture-frame area 6 and
thereafter removed can be confirmed by the material of the
sealing layer 35 remaining in the picture-frame area 6 or an
etched mark left on the wall surface of the sealing layer 35
formed at the boundary between the display area 3 and the
picture-frame area 6.

[0037] FIG. 7 is a cross-sectional view of the organic EL
display device 1 according to the embodiment of the inven-
tion in a manufacturing step. FIG. 7 shows the step per-
formed after removing the sealing layer 35 formed in the
picture-frame area 6. The step shown in FIG. 7 is a step of
confirming electrical continuity by bringing a tester 50 into
contact with the picture-frame insulating layer 40 on the first
test electrode 21. The electrical continuity is confirmed such
that the upper surface of the tester 50 is held down by a
holding jig 51 to press the tester 50 against the picture-frame
insulating layer 40 on the first test electrode 21.

[0038] According to a manufacturing method of the
organic EL display device 1 according to an embodiment of
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the invention, after the sealing layer 35 formed in the
picture-frame area 6 is removed, it is confirmed whether or
not the picture-frame insulating layer 40 is also removed by
confirming electrical continuity by bringing the tester 50
into contact with the picture-frame insulating layer 40 on the
first test electrode 21, and thus it is confirmed whether
terminal exposure of the drive circuit terminals 11 and the
FPC terminals 12 is properly performed. Specifically, if the
electrical continuity is not confirmed when the tester 50 is
brought into contact with the picture-frame insulating layer
40 on the first test electrode 21, it is confirmed that the
picture-frame insulating layer 40 is not removed but is left
and thus it can be confirmed that the terminal exposure of the
drive circuit terminals 11 and the FPC terminals 12 is
properly performed. On the other hand, if the electrical
continuity is confirmed when the tester 50 is brought into
contact with the picture-frame insulating layer 40 on the first
test electrode 21, it is confirmed that the picture-frame
insulating layer 40 is also removed and thus it can be
confirmed that the terminal exposure of the drive circuit
terminals 11 and the FPC terminals 12 is not correctly
performed.

[0039] According to the organic EL display device 1
according to the embodiment of the invention, since the first
test electrode 21 formed below the picture-frame insulating
layer 40 in the picture-frame area 6 is included, it can be
confirmed whether or not the terminal exposure of the drive
circuit terminals 11 and the FPC terminals 12 is properly
performed.

[0040] The picture-frame insulating layer 40 is formed so
as to cover the whole of the first test electrode 21. The drive
circuit terminals 11 and the FPC terminals 12 are composed
of the plurality of electrodes exposed through the plurality of
openings of the picture-frame insulating layer 40, and wir-
ings of the drive circuit terminals 11 and the FPC terminals
12 are formed below the picture-frame insulating layer 40.
Therefore, confirming that the picture-frame insulating layer
40 is not removed is to confirm that the wirings of the drive
circuit terminals 11 and the FPC terminals 12 are not
exposed, which confirms that the terminal exposure of the
drive circuit terminals 11 and the FPC terminals 12 is
properly performed. According to the organic EL display
device 1 according to the embodiment, since the picture-
frame insulating layer 40 is formed so as to cover the whole
of the first test electrode 21, the tester 50 can be brought into
contact with the picture-frame insulating layer 40 formed on
the first test electrode 21 and thus it can be confirmed
whether the picture-frame insulating layer 40 is also
removed in the step of removing the sealing layer 35.
[0041] Inthe organic EL display device 1 according to the
embodiment of the invention, the picture-frame insulating
layer 40 is formed in the same layer as the insulating layer
31 formed below the pixel electrode 32. With this configu-
ration, the insulating layer 31 and the picture-frame insu-
lating layer 40 can be formed at once, and a manufacturing
step is simplified. Moreover, in the organic EL display
device 1 according to the embodiment of the invention, the
first test electrode 21 is formed in the same layer as the
transistor electrode 30. With this configuration, the first test
electrode 21 and the transistor electrode 30 can be formed at
once, and a manufacturing step is simplified.

[0042] In the manufacturing method of the organic EL
display device 1 according to the embodiment of the inven-
tion, the tester 50 is an elastic contact including a flat portion
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50a. More specifically, the tester 50 is formed of a conduc-
tive rubber. The step of confirming electrical continuity by
bringing the tester 50 into contact with the picture-frame
insulating layer 40 on the first test electrode 21 is performed
by pressing the flat portion 50a of the tester 50 against the
picture-frame insulating layer 40 on the first test electrode
21. The holding jig 51 is used for pressing the flat portion
50a of the tester 50. Although a needle-like electrode can
also be used as the tester 50, the confirmation of removal of
the sealing layer 35 can be performed without damaging the
organic EL display device 1 by using an elastic contact.
Moreover, since the tester 50 includes the flat portion 50a,
electrical continuity can be confirmed at the plane, and even
when a portion of the picture-frame insulating layer 40 is
removed, the continuity using the first test electrode 21 can
be confirmed and the favorability of terminal exposure of the
drive circuit terminals 11 and the FPC terminals 12 can be
properly determined.

[0043] FIG. 8 is a cross-sectional view of the organic EL
display device 1 according to the embodiment of the inven-
tion in a manufacturing step. FIG. 8 shows the step per-
formed after removing the sealing layer 35 formed in the
picture-frame area 6. The step shown in FIG. 8 is a step of
confirming electrical continuity by bringing the tester 50
into contact with the second test electrode 20 formed on the
picture-frame insulating layer 40 and electrically separated
from the drive circuit 13 and the first test electrode 21. The
electrical continuity is confirmed such that the upper surface
of the tester 50 is held down by the holding jig 51 to press
the tester 50 against the second test electrode 20.

[0044] According to the manufacturing method of the
organic EL display device 1 according to the embodiment of
the invention, after the sealing layer 35 formed in the
picture-frame area 6 is removed, it is confirmed whether or
not the sealing layer 35 is removed by confirming electrical
continuity by bringing the tester 50 into contact with the
second test electrode 20, and it is confirmed whether termi-
nal exposure of the drive circuits terminal 11 and the FPC
terminals 12 is properly performed. Specifically, if the
electrical continuity is confirmed when the tester 50 is
brought into contact with the second test electrode 20, it is
confirmed that the sealing layer 35 is removed and thus it
can be confirmed that the terminal exposure of the drive
circuit terminals 11 and the FPC terminals 12 is properly
performed. On the other hand, if the electrical continuity is
not confirmed when the tester 50 is brought into contact with
the second test electrode 20, it is confirmed that the sealing
layer 35 is not removed and thus it can be confirmed that the
terminal exposure of the drive circuit terminals 11 and the
FPC terminals 12 is not correctly performed. Also in the step
of confirming the electrical continuity of the second test
electrode 20, the removal of the sealing layer 35 can be
confirmed with high reliability without damaging the
organic EL display device 1 by pressing the flat portion 50a
of the tester 50 as an elastic contact.

[0045] According to the organic EL display device 1
according to the embodiment of the invention, since the
second test electrode 20 formed on the picture-frame insu-
lating layer 40 is included, it can be confirmed whether or
not the terminal exposure of the drive circuit terminals 11
and the FPC terminals 12 due to the removal of the sealing
layer 35 is properly performed.

[0046] The manufacturing method of the organic EL dis-
play device 1 according to the embodiment of the invention
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further includes a step of changing an etching rate in the step
of removing the sealing layer 35 based on a confirmation
result of the step of confirming electrical continuity by
bringing the tester 50 into contact with the picture-frame
insulating layer 40 on the first test electrode 21 or the step
of confirming electrical continuity by bringing the tester 50
into contact with the second test electrode 20. When the
electrical continuity is confirmed by bringing the tester 50
into contact with the picture-frame insulating layer 40 on the
first test electrode 21, the etching rate is changed so as to be
reduced because etching is excessive. Moreover, when the
electrical continuity is not confirmed by bringing the tester
50 into contact with the second test electrode 20, the etching
rate is changed so as to be increased because etching is
insufficient. In this manner, even when the etching environ-
ment and the like vary, etching conditions can be changed so
that the terminal exposure is properly performed.

[0047] FIG. 9 is a plan view of the picture-frame area 6 of
the organic EL display device 1 according to a modified
example of the embodiment of the invention. In the organic
EL display device 1 according to the modified example, the
picture-frame insulating layer 40 is formed so as to expose
a portion of the first test electrode 21. The first test electrode
21 includes an exposed portion 2la exposed from the
picture-frame insulating layer 40 and a covered portion 215
covered by the picture-frame insulating layer 40. Other than
the configuration described above, the configuration of the
organic EL display device 1 according to the modified
example is similar to that of the organic EL display device
1 according to the embodiment.

[0048] FIG. 10 is a cross-sectional view of the organic EL
display device 1 according to the modified example of the
embodiment of the invention. In the picture-frame area 6 of
the organic EL display device 1 according to the modified
example, the first test electrode 21 electrically separated
from the drive circuit 13 is formed. The picture-frame
insulating layer 40 is formed on the first test electrode 21 so
as to expose a portion of the first test electrode 21. The first
test electrode 21 includes the exposed portion 21a exposed
from the picture-frame insulating layer 40 and the covered
portion 215 covered by the picture-frame insulating layer
40.

[0049] FIG. 11 is a cross-sectional view of the organic EL
display device 1 according to the modified example of the
embodiment of the invention in a manufacturing step. FIG.
11 shows the step performed after removing the sealing layer
35 formed in the picture-frame area 6. The step shown in
FIG. 11 is a step of confirming electrical continuity by
bringing the tester 50 into contact with the picture-frame
insulating layer 40 on the first test electrode 21. The elec-
trical continuity is confirmed such that the upper surface of
the tester 50 is held down by the holding jig 51 to press the
tester 50 against the picture-frame insulating layer 40 on the
covered portion 215 of the first test electrode 21.

[0050] According to the manufacturing method of the
organic EL display device 1 according to the embodiment of
the invention, after the sealing layer 35 formed in the
picture-frame area 6 is removed, it is confirmed whether or
not the picture-frame insulating layer 40 is also removed by
confirming electrical continuity by bringing the tester 50
into contact with the picture-frame insulating layer 40 on the
covered portion 215 of the first test electrode 21, and it is
confirmed whether terminal exposure of the drive circuit
terminals 11 and the FPC terminals 12 is properly per-
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formed. Specifically, if the electrical continuity is not con-
firmed when the tester 50 is brought into contact with the
picture-frame insulating layer 40 on the covered portion 215
of the first test electrode 21, it is confirmed that the picture-
frame insulating layer 40 is not removed but is left and thus
it can be confirmed that the terminal exposure of the drive
circuit terminals 11 and the FPC terminals 12 is properly
performed. On the other hand, if the electrical continuity is
confirmed when the tester 50 is brought into contact with the
picture-frame insulating layer 40 on the covered portion 215
of the first test electrode 21, it is confirmed that the picture-
frame insulating layer 40 is also removed and thus it can be
confirmed that the terminal exposure of the drive circuit
terminals 11 and the FPC terminals 12 is not correctly
performed.

[0051] FIG. 12 is a cross-sectional view of the organic EL,
display device 1 according to the modified example of the
embodiment of the invention in a manufacturing step. FIG.
12 shows the step performed after removing the sealing
layer 35 formed in the picture-frame area 6. The step shown
in

[0052] FIG. 12 is a step of confirming electrical continuity
by bringing the tester 50 into contact with the exposed
portion (the exposed portion 21a) of the first test electrode
21. The electrical continuity is confirmed such that the upper
surface of the tester 50 is held down by the holding jig 51
to press the tester 50 against the exposed portion 21a of the
first test electrode 21.

[0053] According to the manufacturing method of the
organic EL display device 1 according to the embodiment of
the invention, after the sealing layer 35 formed in the
picture-frame area 6 is removed, it is confirmed whether or
not the sealing layer 35 is removed by confirming electrical
continuity by bringing the tester 50 into contact with the
exposed portion 21a of the first test electrode 21 and thus 1t
is confirmed whether terminal exposure of the drive circuit
terminals 11 and the FPC terminals 12 is properly per-
formed. Specifically, if the electrical continuity is confirmed
when the tester 50 is brought into contact with the exposed
portion 21a of the first test electrode 21, it is confirmed that
the sealing layer 35 is removed and thus it can be confirmed
that the terminal exposure of the drive circuit terminals 11
and the FPC terminals 12 is properly performed. On the
other hand, if the electrical continuity is not confirmed when
the tester 50 is brought into contact with the exposed portion
21a of the first test electrode 21, it is confirmed that the
sealing layer 35 is not removed and thus it can be confirmed
that the terminal exposure of the drive circuit terminals 11
and the FPC terminals 12 is not cortectly performed.
[0054] FIG. 13 is a plan view of the organic EL display
device according to the embodiment of the invention in a
manufacturing step. FIG. 13 shows an organic EL wafer 100
from which a plurality of the organic EL display devices 1
are cut out. In the organic EL wafer 100, the first test
electrode 21 and the second test electrode 20 are provided at
four corners of a plurality of rectangular areas where the
organic EL display devices 1 are cut out. The first test
electrode 21 and the second test electrode 20 may be
provided at a position that is cut off when the organic EL
display device 1 is cut out from the organic EL. wafer 100.
[0055] Even in the case of the first test electrode 21 and the
second test electrode 20 shown in FIG. 13, after the sealing
layer 35 is formed on the entire surface of the organic EL
wafer 100 and the sealing layer 35 in the picture-frame area
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6 is removed, the step of confirming electrical continuity by
bringing the tester 50 into contact with the picture-frame
insulating layer 40 on the first test electrode and the step of
confirming electrical continuity by bringing the tester 50
into contact with the second test electrode 20 are performed.
As a result, it is confirmed whether or not the sealing layer
35 is correctly removed and whether or not the picture-frame
insulating layer 40 is also removed, and it is confirmed
whether terminal exposure of the drive circuit terminals 11
and the FPC terminals 12 is properly performed. Moreover,
it can be confirmed, before cutting out the organic EL
display device 1 from the organic EL wafer 100, whether or
not the terminal exposure is properly performed, and thus
waste in the manufacturing step can be avoided.

[0056] While there have been described what are at pres-
ent considered to be certain embodiments of the invention,
it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A display device comprising:

a pixel electrode formed in a display area;

an organic layer formed on the pixel electrode and includ-
ing a light emitting layer;

a counter electrode formed on the organic layer;

a sealing layer formed on the counter electrode;

a drive circuit formed in a picture-frame area as an area
outside the display area and controlling light emission
of the light emitting layer;

a first test electrode formed in the picture-frame area and
electrically separated from the drive circuit; and

a picture-frame insulating layer formed on the first test
electrode.

2. The display device according to claim 1, wherein

the picture-frame insulating layer is formed so as to cover
the whole of the first test electrode.

3. The display device according to claim 2, further com-
prising a second test electrode formed on the picture-frame
insulating layer in the picture-frame area and electrically
separated from the drive circuit and the first test electrode.

4. The display device according to claim 1, wherein

the picture-frame insulating layer is formed so as to
expose a portion of the first test electrode.

5. The display device according to claim 1, wherein

the picture-frame insulating layer is formed in the same
layer as an insulating layer formed below the pixel
electrode.

6. The display device according to claim 1, further com-

prising:

a terminal provided in the picture-frame area; and

a flexible printed board connected to the terminal,
wherein

the terminal is located in a layer that is below the
picture-frame insulating layer and the same layer as the
first test electrode, and includes a conductive layer
exposed from the picture-frame insulating layer.

7. A manufacturing method of a display device including

a pixel electrode formed in a display area, an organic layer
formed on the pixel electrode and including a light emitting
layer, a counter electrode formed on the organic layer, a
sealing layer formed on the counter electrode, a drive circuit
formed in a picture-frame area as an area outside the display
area and controlling light emission of the light emitting
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layer, a first test electrode electrically separated from the
drive circuit, and a picture-frame insulating layer formed on
the first test electrode, the manufacturing method compris-
ing the steps of:

removing the sealing layer formed on an electrode on

which the drive circuit is mounted; and

confirming electrical continuity by bringing a tester into

contact with the picture-frame insulating layer on the
first test electrode.

8. The manufacturing method of the display device
according to claim 7, further comprising the step of con-
firming electrical continuity by bringing the tester into
contact with a second test electrode formed on the picture-
frame insulating layer and electrically separated from the
drive circuit and the first test electrode.

9. The manufacturing method of the display device
according to claim 7, wherein

the picture-frame insulating layer is formed so as to

expose a portion of the first test electrode, and
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the manufacturing method further includes the step of
confirming electrical continuity by bringing the tester
into contact with the exposed portion of the first test
electrode.

10. The manufacturing method of the display device
according to claim 7, further comprising the step of chang-
ing an etching rate in the step of removing the sealing layer
based on a confirmation result of the step of confirming the
electrical continuity.

11. The manufacturing method of the display device
according to claim 7, wherein

the tester is an elastic contact including a flat portion, and

the step of confirming the electrical continuity is per-
formed by pressing the flat portion of the tester against
the picture-frame insulating layer on the first test elec-
trode.
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