US 20160141340A1

12) Patent Application Publication (o) Pub. No.: US 2016/0141340 A1

a9y United States

0O0OKA

(43) Pub, Date: May 19,2016

(54) ORGANIC EL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

(71)  Applicant: Japan Display Inc., Tokyo (JP)

(72) Inventor: Hiroshi OOKA, Tokyo (IP)

(21)  Appl. No.: 14/939,628

(22) Filed: Nowv. 12, 2015
(30) Foreign Application Priority Data
Nov. 14,2014 (JP) weorererccrccirncecene 2014-232131

Publication Classification

(51) Int.CL
HOIL 27/32 (2006.01)
HOIL 51/56 (2006.01)
HOIL 51/52 (2006.01)
(52) US.CL

CpC ... HOIL 27/3244 (2013.01); HOIL 51/5271
(2013.01); HOIL 51/5246 (2013.01); HOIL
51/56 (2013.01); HOIL 2227/323 (2013.01)

(57) ABSTRACT

An organic EL display device includes a display area, a mea-
surement area provided outside the display area, an organic
layer that is formed in the display area and in the measure-
ment area and includes a light-emitting layer, and a conduc-
tive film that is formed on the organic layer in the display area
and functions as the upper electrode. The conductive film
covers the organic layer in the measurement area.
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ORGANIC EL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2014-232131 filed on Nov. 14, 2014, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic EL dis-
play device and a method for manufacturing the device.
[0004] 2. Description of the Related Art

[0005] In organic electroluminescent (EL) display devices,
the thickness of an organic layer including a light-emitting
layer affects its light-emitting performance such as light
intensity. Thus, the thickness needs to be managed with high
accuracy. JP 2007-88127 A discloses an organic semiconduc-
tor device in which an area used to measure the thickness of an
organic film (hereinafter, simply “measurement area”), is
provided outside its display area. Organic layers are formed in
both the display area and the measurement area, and the
thickness of the organic layer formed in the measurement area
is measured. As a method for measuring the thickness, it is
typical to irradiate the measurement area with light and ana-
lyze reflected light (e.g., reflection spectroscopy and spectro-
scopic ellipsometry).

[0006] Moisture deteriorates organic layers. Thus, in many
organic EL display devices, organic layers formed in their
display area are covered with a sealing film to keep out
moisture. However, if the organic layer in the measurement
area is covered with a sealing film, which is usually several
times to several tens of times as thick as an organic layer, the
sealing film affects measurement of the thickness of the
organic layer and makes it difficult to measure the thickness
with high accuracy. In this regard, if the sealing film in the
measurement area is removed, moisture may enter the organic
layer and affect measurement of the thickness.

SUMMARY OF THE INVENTION

[0007] Itis an object of the present invention to provide an
organic EL display device that allows for highly accurate
measurement of the thickness of its organic layer and to
provide a method for manufacturing the device.

[0008] (1) In view of the above problem, an organic EL
display device according to the present invention includes a
display area, a measurement area provided outside the display
area, an organic layer that is formed in the display area and in
the measurement area and includes a light-emitting layer, and
a conductive film that is formed on the organic layer in the
display area and functions as an upper electrode. The conduc-
tive film covers the organic layer in the measurement area.
[0009] (2) In an aspect of the organic EL display device
according to the present invention, the item (1) may further
include a sealing film covering the organic layer and the
conductive film in the display area and covering neither the
organic layer nor conductive film in the measurement area.
[0010] (3) In an aspect of the organic EL display device
according to the present invention, in any of the items (1) and
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(2), areflective film may be formed under the organic layer in
the display area and under the organic layer in the measure-
ment area.

[0011] (4) In an aspect of the organic EL display device
according to the present invention, the item (3) may further
include a planarization film formed under the reflective film.
[0012] (5) In an aspect of the organic EL display device
according to the present invention, any of the items (1) and (2)
may further include an underlayer that is formed under the
organic layer in the measurement area and has an opening in
it. The organic layer may be stacked in the opening.

[0013] (6) In view of the above problem, a method for
manufacturing an organic EL display device according to the
present invention includes the following steps. A substrate
having a display area and a measurement area provided out-
side the display area is prepared. An organic layer including a
light-emitting layer is formed in the display area and in the
measurement area. A conductive film is formed on the organic
layer in the display area and on the organic layer in the
measurement area.

[0014] (7) Inan aspect of the method for manufacturing the
organic EL display device according to the present invention,
the item (6) may further include forming a sealing film dis-
posed on the conductive film in the display area and on the
conductive film in the measurement area, and etching the
sealing film in the measurement area.

[0015] (8) Inan aspect of the method for manufacturing the
organic EL display device according to the present invention,
any of the items (6) and (7) may further include forming a
reflective film disposed under the organic layer in the display
area and under the organic layer in the measurement area.
[0016] (9) Inan aspect of the method for manufacturing the
organic EL display device according to the present invention,
the item (8) may further include forming a planarization film
disposed under the reflective film in the display area and
under the reflective film in the measurement area.

[0017] (10) In an aspect of the method for manufacturing
the organic EL display device according to the present inven-
tion, any of the items (6) and (7) may further include forming
anunderlayer in the display area and in the measurement area,
and forming an opening in the underlayer in the measurement
area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic cross-sectional view of an
organic EL display device according to a first embodiment;
[0019] FIG. 2 s a plan view of a measurement area of the
organic EL display device in the first embodiment;

[0020] FIG. 3 is a flowchart of a manufacturing process of
the organic EL display device in the first embodiment;
[0021] FIG. 4is a schematic cross-sectional view of a mea-
surement area of an organic EL, display device in a second
embodiment;

[0022] FIG. 5 is a flowchart of a manufacturing process of
the organic EL display device in the second embodiment; and
[0023] FIG. 6is a schematic cross-sectional view of a mea-
surement area of an organic EL display device in a modifica-
tion of the second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Some organic EL display devices according to
embodiments of the present invention are described below
with reference to the accompanying drawings.
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First Embodiment

[0025] An organic EL display device according to a first
embodiment has a plurality of pixels arranged in a matrix as
display control objects. In each of the pixels, an organic
electroluminescent element is disposed. The organic elec-
troluminescent element in each pixel includes an organic
layer having a light-emitting layer. The plurality of pixels are
arranged in the display area ofthe organic EL display device.
In the peripheral area around the display area, a data line
driver circuit and a scan line driver circuit are disposed. The
data line driver circuit and the scan line driver circuit input
signals to each of the pixels to drive the pixels.

[0026] A first substrate having the organic electrolumines-
cent elements on it includes a plurality of scan lines. The scan
lines are evenly spaced from each other. In addition, for
example, a plurality of power lines that supply power to the
organic electroluminescent elements and a plurality of data
lines are evenly spaced from each other in the direction sub-
stantially perpendicular to the scan lines.

[0027] FIG. 1 is a schematic cross-sectional view of the
organic EL display device in this embodiment, for explaining
the configurations of a display area DP and a measurement
area SP. The organic EL display device in this embodiment
includes a first substrate B1, a second substrate B2 disposed
to face the first substrate B1, and a filler FL filling the gap
between the first substrate B1 and the second substrate B2.
The measurement area SP is disposed on part of the first
substrate B1 where the first substrate B1 is exposed through
one edge of the second substrate B2. The following describes
the structure of each part of the display area DP first, and then
describes the measurement area SP.

[0028] In each pixel on the first substrate B1, an organic
electroluminescent element E1 is disposed. The organic elec-
troluminescent element E1 includes a lower electrode AD, an
upper electrode CD, and an organic layer OL sandwiched
between these electrodes. The upper electrode CD is disposed
to cover the organic layer OL and functions as the cathode
electrode (cathode) common to the plurality of pixels. The
lower electrode AD is the anode electrode (anode) disposed
individually in each pixel and coupled to a wiring layer WL.
The lower electrode AD supplies, to the organic layer OL, a
current corresponding to a signal input to the data line.
[0029] The structure under the organic electroluminescent
elements E1 is planarized by a planarization film HR made of
an organic insulating film. The planarization film HR pla-
narizes lines disposed under the organic electroluminescent
elements E1 and steps due to thin film transistors. The current
supplied to the organic layer OL is controlled by signals input
to these lines and the thin film transistors. The organic layer
OL in this embodiment is formed by stacking a hole transport
layer, a light-emitting layer, and an electron transport layer
from below. Whenholes injected fromthe lower electrode AD
and electrons injected from the upper electrode CD recom-
bine, the light-emitting layer in the organic layer OL emits
light.

[0030] In this embodiment, the upper electrode CD is a
transmissive metal thin film made from metal such as indium
zine oxide (IZO) or indium tin oxide (ITO). The lower elec-
trode AD includes a reflective layer made of a highly reflec-
tive metal, such as aluminum, and a transparent layer, such as
ITO.

[0031] As shown in FIG. 1, the display area for displaying
images are partitioned into the pixels by an inter-pixel insu-
lating film BK made of an organic insulating film. The inter-
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pixel insulating film BK covers the outer edge of the lower
electrode AD disposed individually in each pixel to separate
adjacent lower electrodes AD from each other.

[0032] As shown in FIG. 1, the display area, where the
organic electroluminescent elements E1 are disposed, is cov-
ered with a sealing film BR to protect the organic layers OL
and other components, for example, from moisture. This seal-
ing film BR is formed to be stacked under the second substrate
B2 by depositing a silicon nitride film (SiNx) or a silicon
oxide film (SiOx) on the entire surface of the first substrate B1
(mother glass substrate) by aCVD process and then removing
the film by etching using the second substrate B2 as a mask.

[0033] The second substrate B2 in this embodiment is a
color filter substrate including color layers. A light-blocking
layer BM is disposed along the outer edge of the display area
DP and between the pixels. The second substrate B2 is fixed
to the first substrate B1 with a sealant SE.

[0034] In particular, a pattern for measurement of the
organic layer OL is disposed in the measurement area SP. This
pattern for measurement is formed simultaneously in at least
part of a process, which is shared with formation of the
pattern, for manufacturing the organic electroluminescent
elements E1. On the topside of an organic layer OL1 for
measurement, the same conductive film CD1 as the upper
electrode CD is disposed to cover the organic layer OL1. The
measurement area SP has no sealing film BR, and thus allows
for highly accurate measurement of the thickness of the
organic layer OL1. This conductive film CD1 is made of a
material unreactive with an etching gas for etching the sealing
film BR and protects the organic layer OL1 for measurement.
Additionally, the conductive film CD1 prevents moisture
from entering the organic layer OL1 between removing the
sealing film BR and measuring the thickness of the organic
layer OL1. The sealing film BR is several times to several tens
of times as thick as the organic layer OL1, whereas the upper
electrode CD (conductive film CD1) is thinner than the seal-
ing film BR. Thus, the conductive film CD1 can prevent
deterioration of the organic layer OL1 and allows for highly
accurate measurement of the thickness of the organic layer
OL1.

[0035] The organic layer OL1 in the measurement area SP
in this embodiment is disposed over a planarization layer
HR1, which is formed in the same step as the planarization
film HR in the display area DP. The outer edge of the organic
layer OL1 is covered by an insulating layer BK1 formed of the
same material as that of the inter-pixel insulating film BK.
The organic layer OL1 in the measurement area SP is coupled
to a wiring layer WL1 for inspection via the same conductive
layer AD1 as the lower electrodes AD. The wiring layer W1
in this embodiment is formed on an underlayer SI. The under-
layer Sl is a film formed in contact with the first substrate B1
and protects the semiconductor of the thin film transistors
from contamination by impurities that can come from the first
substrate B1. For example, the underlayer SI is a film formed
of an insulator including a silicon nitride layer.

[0036] An inspection signal input from the wiring layer
WL for inspection causes a current between the conductive
layer AD1 and the conductive film CD1 and activates the
organic layer OL1 to emit light. Thus, whether the organic
layer OL1 (organic layer OL) emits light of sufficient inten-
sity and chromaticity can be inspected. The insulating layer
BK1 formed of the same material as that of the inter-pixel
insulating film BK prevents a short circuit between the con-
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ductive layer AD1 and the conductive film CD1. The wiring
layer WL1 does not necessarily have to be this way.

[0037] FIG. 21sa plan view of the measurement area SP in
this embodiment. FIG. 2 shows the display area DP, in which
the pixels are arranged, within the dashed line and the periph-
eral area around the display area DP. As shown in the figure,
aterminal area and the measurement area SP are disposed in
part of the peripheral area where the first substrate Bl is
exposed through one edge of the second substrate B2. The
measurement area SP becomes exposed, in the same manner
as the terminal area, by removing the sealing film BR. The
measurement area SP is larger than one pixel in which the
organic layer OL1 is disposed.

[0038] In this embodiment, the conductive layer AD1
formed in the same manner as the lower electrodes AD
includes a reflective film, and the measurement area SP is
inspected by reflection spectroscopy or spectroscopic ellip-
sometry for analyzing light reflected from the reflective film.
The reflective film, which is disposed under the organic layer
OL1 in the measurement area SP, prevents the planarization
film HR and the underlayer SI from affecting the measure-
ment of the thickness of the organic layer OL1. In addition,
the conductive film CD1, which is formed in the same manner
as the upper electrode CD and is exposed in the measurement
area SP, and the reflective film included in the conductive
layer AD1 produces a micro-resonance effect and allows for
evaluation of its performance.

[0039] The following describes a manufacturing process of
the organic EL display device in this embodiment with refer-
ence to FI1G. 3.

[0040] Asshownin FIG. 3, in the manufacturing process of
the organic EL display device in this embodiment, the thin
film transistors in the display area DP and the lines, such as
the scan lines, are formed (Step S501). In this Step S501, the
wiring layer WL1 for inspection is also formed. In this
embodiment, the wiring layer WL1 is formed in contact with
the bottom of the planarization film HR.

[0041] After Step S501, the planarization film HR is
formed in the display area DP and the measurement area SP
(Step S502). The shape of the planarization film HR is pro-
cessed by applying an organic insulating material on the first
substrate B1 and by photolithography and etching. Contact
holes for coupling the lower electrodes AD and the wiring
layer WL, and a contacthole for coupling the conductive layer
ADI1 and the wiring layer WL1 for inspection are formed in
the planarization film HR (Step S503). Then, the lower elec-
trodes AD and the conductive layer AD1 are formed (Step
S504). The conductive layer AD1 is formed of the same
material as that of the lower electrodes AD in the same step as
the lower electrodes AD. The conductive layer AD1 may
include, for example, a transparent conductive film as well as
the reflective film and be coupled to, for example, the wiring
layer WL via this transparent conductive film.

[0042] In Step S505, the inter-pixel insulating film BK and
the insulating layer BK1 are formed. The inter-pixel insulat-
ing film BK in this embodiment is formed of an organic
insulating film and its shape is processed, for example, by
photolithography. Subsequently, the layers constituting the
organic layers OL and the organic layer OL1 are stacked in
Step S506, the upper electrode CD and the conductive film
CD1 are formed, and then the sealing film BR is stacked by
CVD (Steps S506 to S508). The conductive film CD1 is
formed of the same material as that of the upper electrode CD
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in the same step as the upper electrode CD, and its shape is
processed, for example, by photolithography.

[0043] After the sealing film BR is stacked, the mother
substrate is cut into individual display panels (Step S509),
and subsequent steps are performed for each of the display
panels. In Step S510, the sealant SE is formed in a dam-like
shape around the display area DP, and the filler FL is filled
inside the sealant SE when the second substrate B2 is bonded.
After that, part of the sealing film BR, which is exposed
through one edge of the bonded second substrate B2, is
removed by etching using the second substrate B2 as a mask
(Step S511). The process then proceeds to a step of inspecting
the thickness of the organic layer OL1 and inspecting light
intensity and chromaticity (Step S512). The thickness of the
organic layer OL1 between the conductive film CD1 and the
conductive layer AD1 is inspected for each of all the separate
display panels.

Second Embodiment

[0044] The following describes an organic EL display
device according to a second embodiment of the present
invention. FIG. 4 is a diagram showing the configuration of a
pattern for measurement of the organic layer OL formed in
the measurement area SP in the second embodiment.

[0045] As shown in FIG. 4, in the pattern for measurement
in the second embodiment, an opening is formed in the undet-
layer ST, and the organic layer OL1 is stacked in the opening.
The insulating layer BK1, which is stacked in the same step as
the inter-pixel insulating film BK, stacked on the edge of the
opening in the underlayer SI. The organic layer OL1 rides on
the insulating layer BK1 formed in a bank-like shape. The
conductive film CD1, which is stacked in the same step as the
upper electrode CD, is stacked on the organic layer OL1. The
insulating layer BK1, which is formed on the edge of the
opening, can prevent the underlayer SI from peeling off from
the first substrate B1. In the second embodiment, neither the
planarization film HR nor the reflective film is formed in the
measurement area SP.

[0046] The organic layer OL1 is stacked in the opening,
where the underlayer Slis removed. Thus, the thickness of the
organic layer OL1 can be measured with high accuracy
because reflection from the underlayer SI, which can
adversely affect the measurement, is eliminated.

[0047] FIG. 5 is a flowchart of a manufacturing process of
the organic EL display device in the second embodiment.
First, the thin film transistors in the display area DP and the
lines, such as the scan lines, are formed on the underlayer SI
(Step S601). Subsequently, the planarization film HR is
formed, holes are formed in the planarization film HR, and the
lower electrodes AD are formed (Steps S602 to S603). In the
second embodiment, the planarization film HR is removed
from the measurement area SP.

[0048] In Step S604, the opening is formed in the measure-
ment area SP by photolithography and etching. In the second
embodiment, the step of forming the opening in the under-
layer SIis provided independently from the other steps. After
that, in Step S605, the inter-pixel insulating film BK is formed
in the display area DP, and the insulating layer BK1 is also
formed in the opening in the measurement area SP. In Step
S606, the organic layer OL is formed in the display area DP,
and the organic layer OL1 is also formed in the measurement
area SP. In Step S607, the upper electrode CD is formed in the
display area DP, and the conductive film CD1 is formed in the
measurement area SP. The conductive film CD1, which cov-
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ers the organic layer OL1, prevents moisture from entering
the organic layer OL1 in the measurement area SP.

[0049] Step S608 and subsequent steps are the same as
those in the first embodiment. After the sealing film BR is
stacked, the mother substrate is cut into the first substrates B1,
and the second substrate B2 is bonded to each first substrate
so that the filler FL is sandwiched between the first and
second substrates (Steps S608 to S610). Part of the sealing
film BR in the area that has the measurement area SP and the
terminal area therein and is exposed through one edge of the
second substrate B2 is removed by etching, and a step of
inspecting the measurement area SP is performed (Steps
S611 to S612).

[0050] FIG. 6 is a diagram showing the configuration of a
pattern for measurement according to a modification of the
second embodiment. As shown in the diagram, the pattern for
measurement in this modification differs from the pattern for
measurement shownin FIG. 4 in that the insulating layer BK1
is absent, but the other components are essentially the same as
those of the pattern for measurement shown in FIG. 4.
[0051] The opening in the underlayer SI of the pattern for
measurement in the second embodiment may be formed, for
example, in the step of forming the TFTs and the lines (S601)
or in an order different from that in the flowchart shown in
FIG. 5.

[0052] Although the organic EL display devices in the
above embodiments is top-emitting devices, the present
invention can also be applied to bottom-emitting organic EL
display devices.

[0053] The configurations of the upper electrode CD (con-
ductive film CD1) and the lower electrodes AD (conductive
layer AD1) are not limited to the above configurations. For
example, the transparent conductive film may be absent in
each lower electrode AD.

[0054] The present invention is not limited to the pixel
structures in the above embodiments. For example, a metal
layer and an inorganic insulating layer for forming an auxil-
iary capacitor may be disposed under each lower electrode
AD.

[0055] Intheorganic EL display device in each of the above
embodiments, the second substrate B2 is a color filter sub-
strate and the organic layer OL in each pixel emits white light.
However, the organic EL display device is not necessarily
limited to this configuration. Alternatively, the second sub-
strate B2 may include no color layers, and light of RGB or
RGBW may be generated in each pixel.

[0056] Inthe organic EL display device in each of the above
embodiments, the sealing film BR made of silicon nitride,
which is several times 1o several tens of times as thick as the
organic layer OL, protects the organic layer OL in each pixel.
However, the present invention is not necessarily limited to
this configuration, and can also be applied to organic EL
display devices without such a sealing film as the sealing film
BR.

[0057] While there have been described what are at present
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.
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What is claimed is:
1. An organic EL display device comprising:
a display area;,
a measurement area outside the display area;
an organic layer in the display area and in the measurement
area, the organic layer including a light-emitting layer;
and
a conductive film, on the organic layer in the display area,
for functioning as an upper electrode,
wherein the conductive film covers the organic layer in the
measurement area.
2. The organic EL display device according to claim 1,
further comprising
asealing film covering the organic layer and the conductive
film in the display area and covering neither the organic
layer nor conductive film in the measurement area.
3. The organic EL display device according to claim 1,
wherein
a reflective film is formed under the organic layer in the
display area and under the organic layer in the measure-
ment area.
4. The organic EL display device according to claim 3,
further comprising
a planarization film under the reflective film.
5. The organic EL display device according to claim 1,
further comprising
an underlayer under the organic layer in the measurement
area, the underlayer having an opening therein, the
organic layer being stacked in the opening.
6. A method for manufacturing an organic EL display
device comprising:
preparing a substrate having a display area and a measure-
ment area outside the display area;
forming an organic layer in the display area and in the
measurement area, the organic layer including a light-
emitting layer; and
forming a conductive film on the organic layer in the dis-
play area and on the organic layer in the measurement
area.
7. The method according to claim 6, further comprising:
forming a sealing film disposed on the conductive film in
the display area and on the conductive film in the mea-
surement area; and
etching the sealing film in the measurement area.
8. The method according to claim 6, further comprising
forming a reflective film disposed under the organic layer
in the display area and under the organic layer in the
measurement area.
9. The method according to claim 8, further comprising
forming a planarization film disposed under the reflective
film in the display area and under the reflective film in
the measurement area.
10. The method according to claim 6, further comprising:
forming an underlayer in the display area and in the mea-
surement area; and
forming an opening in the underlayer in the measurement
area.
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