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LARGE AREA ORGANIC LIGHT EMITTING
DIODE DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/903,176 filed on May 28, 2013, which
claims the benefit of Korea Patent Application No. 10-2012-
0151437 filed on Dec. 21, 2012, both of which are incorpo-
rated herein by reference for all purposes as if fully set forth
herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a large area organic

light emitting diode display and a method for manufacturing
the same. Especially, the present disclosure relates to a large
area organic light emitting diode display having color light
emitting diode in each pixel and a method for manufacturing
the same with a photo lithography process.

[0004] 2. Discussion of the Related Art

[0005] Nowadays, various flat panel display devices are
developed for overcoming many drawbacks of the cathode
ray tube such as heavy weight and bulk volume. The flat panel
display devices include the liquid crystal display device (or
LCD), the field emission display (or FED), the plasma display
panel (or PDP) and the electroluminescence device (or EL).
[0006] The electroluminescence display device is catego-
rized in the inorganic light emitting diode display device and
the organic light emitting diode display device according to
the luminescence material. As a self-emitting display device,
the electroluminescence display device has the merits that the
response speed is very fast, the brightness is very high and the
viewing angle is large.

[0007] FIG. 1 is a diagram illustrating the structure of the
organic light emitting diode. As shown in FIG. 1, the organic
light emitting diode comprises the organic light emitting
material layer, and the cathode and the anode which are facing
each other with the organic light emitting material layer ther-
ebetween. The organic light emitting material layer com-
prises the hole injection layer HIL, the hole transport layer
HTL, the emission layer EML, the electron transport layer
ETL and the electron injection layer EIL. The organic light
emitting diode emits light due to the energy from the exciton
formed at the excitation state in which the hole and the elec-
tron are recombined at the emission layer EML.

[0008] The organic light emitting diode emits light due to
the energy from the exciton formed at the excitation state in
which the hole from the anode and the electron from the
cathode are recombined at the emission layer EML. The
organic light emitting diode display can represent the video
data by controlling the amount (or ‘brightness’) of the light
generated and radiated from the emission layer ELM of the
organic light emitting diode as shown in FIG. 1.

[0009] The organic light emitting diode display (or OLED)
using the organic light emitting diode can be categorized in
the passive matrix type organic light emitting diode display
(or PMOLED) and the active matrix type organic light emit-
ting diode display (or AMOLED).

[0010] The active matrix type organic light emitting diode
display (or AMOLED) shows the video data by controlling
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the current applying to the organic light emitting diode using
the thin film transistor (or TFT).

[0011] FIG. 2 is the exemplary circuit diagram illustrating
the structure of one pixel in the active matrix organic light
emitting diode display (or AMOLED). FIG. 3 is a plane view
illustrating the structure of one pixel in the AMOLED. FIG. 4
is a cross sectional view along the cutting line I-I' for illus-
trating the structure of the AMOLED.

[0012] Referring to FIGS. 2, 3 and 4, the active matrix
organic light emitting diode display comprises a switching
thin film transistor ST, a driving thin film transistor DT con-
nected to the switching thin film transistor ST, and an organic
light emitting diode OLED connected to the driving thin film
transistor DT. By a scan line SL, a data line DL and a driving
current line VDD disposed on a substrate SUB, a pixel area is
defined. The organic light emitting diode OLED is formed in
one pixel area and defines a light emitting area within the
pixel area.

[0013] The switching thin film transistor ST is formed
where the scan line SL and the data line DL cross. The
switching thin film transistor ST acts for selecting the pixel
which is connected to the switching thin film transistor ST.
The switching thin film transistor ST includes a gate electrode
SG branching from the scan line SL, a semiconductor channel
layer SA overlapping with the gate electrode SG, a source
electrode SS and a drain electrode SD. The driving thin film
transistor DT acts for driving an anode electrode ANO of the
organic light emitting diode OLED disposed at the pixel
selected by the switching thin film transistor ST. The driving
thin film transistor DT includes a gate electrode DG con-
nected to the drain electrode SD of the switching thin film
transistor ST, a semiconductor channel layer DA, a source
electrode DS connected to the driving current line VDD, and
a drain electrode DD. The drain electrode DD of the driving
thin film transistor DT is connected to the anode electrode
ANO of'the organic light emitting diode OLED. Between the
anode electrode ANO and the cathode electrode CAT, the
organic light emitting layer OLE is disposed. The cathode
electrode CAT is connected to the base voltage VSS. Between
the gate electrode DG of the driving thin film transistor DT
and the driving current line VDD or between the gate elec-
trode DG of the driving thin film transistor DT and the drain
electrode DD of the driving thin film transistor DT, a storage
capacitance Cst is formed.

[0014] Referring to FIG. 4 more detail, on the substrate
SUB of the active matrix organic light emitting diode display,
the gate electrodes SG and DG of the switching thin film
transistor ST and the driving thin film transistor DT, respec-
tively are formed. On the gate electrodes SG and DG, the gate
insulator GI is deposited. On the gate insulator GI overlap-
ping with the gate electrodes SG and DG, the semiconductor
layers SA and DA are formed, respectively. On the semicon-
ductor layer SA and DA, the source electrode SS and DS and
the drain electrode SD and DD facing and separating from
each other are formed. The drain electrode SD of the switch-
ing thin film transistor ST is connected to the gate electrode
DG of the driving thin film transistor DT via the contact hole
penetrating the gate insulator GI. The passivation layer PAS is
deposited on the substrate SUB having the switching thin film
transistor ST and the driving thin film transistor DT.

[0015] Theupper surface of the substrate having these thin
film transistors ST and DT is not in even and/or smooth
conditions, but in uneven and/or rugged conditions having
many steps. In order for the organic light emitting diode
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display to have good luminescent quality over the whole
display area, the organic light emitting layer OLE should be
formed on an even or smooth surface. So, to make the upper
surface in planar and even conditions, the over coat layer OC
is deposited on the whole surface of the substrate OC.
[0016] Then, onthe over coat layer OC, the anode electrode
ANO of the organic light emitting diode OLED is formed.
Here, the anode electrode ANO is connected to the drain
electrode DD of the driving thin film transistor DT through
the contact hole penetrating the over coat layer OC and the
passivation layer PAS.

[0017] On the substrate SUB having the anode electrode
ANO, a bank BANK is formed over the area having the
switching thin film transistor ST, the driving thin film tran-
sistor DT and the various lines DL, SL and VDD, for defining
the light emitting area. The exposed portion of the anode
electrode ANO by the bank BANK would be the light emit-
ting area. On the anode electrode ANO exposed from the bank
BANK, the organic light emitting layer OLE is formed. On
the organic light emitting layer OLE, the cathode electrode
ACT is formed.

[0018] For the case of the bottom emission type full color
organic light emitting diode display, a color filter CF may be
further comprised between the over coat layer OC and the
passivation layer PAS, and the anode electrode ANO may
include the transparent conductive material. For this case, the
organic light emitting layer OLE may have the white light
emitting organic material. And, the organic light emitting
layer OLE and the cathode electrode CAT may be deposited
as covering the whole surface of the substrate SUB.

[0019] On the other hand, for the case of the top emission
type full color organic light emitting diode display, the anode
electrode ANO may be made of a reflective electrode. The
organic light emitting layer OLE may have the organic mate-
rial radiating any one color light of red, green and blue color.
The cathode electrode CAT may be deposited as covering the
whole surface of the substrate SUB. For other example, the
organic light emitting layer OLE may have the white light
emitting organic material. In this case, the organic light emit-
ting layer OLE and the cathode electrode CAT may be depos-
ited as covering the whole surface of the substrate SUB. And,
on the organic light emitting layer OLE or the cathode elec-
trode CAT, the color filter CF may be formed.

[0020] As the organic light emitting diode display is one of
the self-luminescence device, the back light unit used for the
liquid crystal display is not required. Therefore, the organic
light emitting diode display is more preferable to develop a
thin flat type display. Furthermore, as it has the low light
energy loss, it is easy to develop brighter display with lower
power consumption. With many merits, the organic light
emitting diode display would be the best solution for the next
generation display. However, the mass manufacturing
method for large area display having the 20 inch or more
diagonal area such as TV monitor has not been developed.
Until now, the organic light emitting diode display is applied
to the small display having at most 15 inch or less diagonal
display area.

[0021] In order to manufacture a full color organic light
emitting diode display, it is important to form an organic light
emitting layer having any one color of red, green and blue
colors at each pixel area, selectively. However, it is very hard
to pattern the organic light emitting material by the currently
used photo lithography method, while ensuring a stable and
reliable pattern quality. One possible method has been sug-
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gested in which the organic light emitting material is selec-
tively deposited on the large area substrate using a fine pat-
terned screen mask.

[0022] When the display size of the organic light emitting
diode display is less than 15 inch diagonal area, the organic
light emitting layer OLE can be selectively formed on the
anode electrode ANO. For example, with a simple process
using a screen mask, the organic light emitting layer OLE can
be formed within a pre-determined area. However, when the
display size is larger than 20 inches, it is almost impossible to
form the organic light emitting layer within specified areas
over a large area using the screen mask process. This is
because as the size of the display area increases, the size and
weight of the screen mask also increases. The additional size
and weight of the screen mask causes the screen mask to sag
in the middle so that it becomes non-planar. As a result, it is
hard to deposit the organic light emitting material with uni-
form thickness over the large area substrate with a screen
mask. Consequently, a new method for manufacturing a large
area organic light emitting diode display with organic light
emitting materials radiating red, green and blue light colors
respectively is required.

[0023] Furthermore, in order to accomplish a mass produc-
tion method for manufacturing the large area organic light
emitting diode display, there are many problems to be over-
come.

SUMMARY OF THE INVENTION

[0024] In order to overcome the above mentioned draw-
backs, the purpose of the present disclosure is to suggest a
large area organic light emitting diode display and a method
for manufacturing the same. Another purpose of the present
disclosure is to suggest a method for manufacturing a large
area organic light emitting diode display using the photo
lithography process without any damages on the organic light
emitting layer and a large area organic light emitting diode
display using the same method.

[0025] Inoneembodiment, disclosed is a method for manu-
facturing an organic light emitting diode display having a
matrix of pixel areas that includes at least first pixel areas and
second pixel areas. A photoresist is deposited across the first
pixel areas and the second pixel areas. The photoresist is
patterned into a patterned photoresist by stripping away first
portions of the photoresist in the first pixel areas while keep-
ing second portions of the photoresist in the second pixel
areas. An organic emission layer is deposited across the first
pixel areas and the second pixel areas, wherein the organic
emission layer is deposited over the patterned photoresist in
the second pixel areas. An electron transport layer is depos-
ited across the first pixel areas and the second pixel areas over
the organic emission layer. Portions of the organic emission
layer and the electron transport layer in the second pixel areas
are removed by stripping away the second portions of the
photoresist while keeping portions of the organic emission
layer and the electron transport layer in the first pixel areas.
[0026] Inoneembodiment of the method, a cathode layer is
deposited across the first pixel areas and the second pixel
areas over the organic emission layer. Portions of the cathode
layer in the second pixel areas are removed by stripping away
the second portions of the photoresist while keeping portions
of the cathode layer in the first pixel areas.

[0027] In one embodiment of the method, after removing
portions of the organic emission layer and the electron trans-
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port layer, a common electron transport layer is deposited
across the first pixel areas and the second pixel areas.

[0028] Inoneembodiment of the method, anode electrodes
are formed in the first pixel areas and the second pixel areas,
and the photoresist is deposited over the anode electrodes.
[0029] In one embodiment of the method, a common hole
injection layer is deposited across the first pixel areas and the
second pixel areas, a common hole transport layer is depos-
ited across the first pixel areas and the second pixel areas over
the common hole injection layer, and the photoresist is depos-
ited over the common hole transport layer.

[0030] In one embodiment of the method, after removing
portions of the organic emission layer and the electron trans-
port layer, a common cathode layer is deposited across the
first pixel areas and the second pixel areas.

[0031] In one embodiment of the method, the first pixel
areas correspond to a first light color and the second pixel
areas correspond to one or more second light colors that are
different than the first light color. In one embodiment, depos-
iting the organic emission layer comprises depositing one of
a red organic emission layer, a green organic emission layer,
or a blue organic emission layer.

[0032] In one embodiment of the method, depositing the
photoresist comprises depositing a fluorinated photoresist
that is subject to photodimerization.

[0033] In one embodiment of the method, the patterned
photoresist has a reverse tapered shape along edges of the first
pixel areas.

[0034] In one embodiment, disclosed is an organic light
emitting diode display comprises a matrix of pixel areas that
includes at least a first pixel area and a second pixel area. A
first anode is formed within the first pixel area. A second
anode is formed within the second pixel area, wherein the
second anode is separate from the first anode. A common hole
injection layer is formed over the first anode and the second
anode across the first pixel area and the second pixel area. A
first organic emission layer is formed within the first pixel
area over the common hole injection layer. A second organic
emission layer is formed within the second pixel area over the
common hole injection layer, wherein the second organic
emission layer is separate from the first organic emission
layer.

[0035] In one embodiment of the display device, the dis-
play device comprises a common hole transport layer is
formed over the common hole injection layer across the first
pixel area and the second pixel area, wherein the first organic
emission layer and the second organic emission layer are
formed over the common hole transport layer.

[0036] In one embodiment of the display device, the dis-
play device comptises a first electron transport layer formed
over the first organic emission layer within the first pixel area,
and a second electron transport layer formed over the second
organic emission layer within the second pixel area, the sec-
ond electron transport layer being separate from the first
electron transport layer. A common electron transport layer is
formed over the first electron transport layer and the second
electron transport layer across the first pixel area and the
second pixel area.

[0037] In one embodiment of the display device, the dis-
play device comprises a first cathode layer formed over the
first organic emission layer within the first pixel area, and a
second cathode layer formed over the second organic emis-
sion layer within the second pixel area, the second cathode
layer being separate from the first cathode layer. A common
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cathode layer is formed over the first cathode layer and the
second cathode layer across the first pixel area and the second
pixel area.

[0038] In one embodiment of the display device, the first
organic emission layer is adapted to emit a first light color and
the second organic emission layer is adapted to emit a second
light color that is different than the first light color.

[0039] In one embodiment of the display device, the pixel
areas also include a third pixel area. A third anode is formed
within the third pixel area, wherein the third anode is separate
from the first anode and the second anode, and wherein the
common hole injection layer is formed over the first anode,
the second anode, and the third anode across the first pixel
area, the second pixel area, and the third pixel area. A third
organic emission layer is formed within the third pixel area
over the common hole injection layer, wherein the third
organic emission layer is separate from the first organic emis-
sion layer and the second organic emission layer. The third
organic emission layer is adapted to emit a third light color
that is different than the first light color and the second light
color. In one embodiment, the first light color is red, the
second light color is green, and the third light color is blue.
[0040] The present disclosure suggests a large area organic
light emitting diode display which can represent full color
without the color filter by patterning the organic color light
emitting material, and a method for manufacturing the same.
In one embodiment, by patterning the organic light emitting
layer and the electron transport layer at the same time, the
organic light emitting layer can be patterned in stable state
over the large area. Furthermore, by the photo lithography
process according to the present disclosure, it is possible to
manufacture a high resolution large area organic light emit-
ting diode display having the red, green and blue pixels with
reliable and stable production yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0042] In the drawings:

[0043] FIG. 1is a diagram illustrating the structure of the
organic light emitting diode according to the related art.
[0044] FIG. 2 is the exemplary circuit diagram illustrating
the structure of one pixel in the active matrix organic light
emitting diode display (or AMOLED) according to the
related art.

[0045] FIG. 3 is a plane view illustrating the structure of
one pixel in the AMOLED according to the related art.
[0046] FIG. 4isacross sectional view along the cutting line
I-I' for illustrating the structure of the AMOLED according to
the related art.

[0047] FIG. 5 is a plane view illustrating the structure of a
large area organic light emitting diode display according to
the present disclosure.

[0048] FIG. 6is across sectional view along the cutting line
of II-IF in FIG. 5 for illustrating the structure of a large area
organic light emitting diode display according to the present
disclosure.

[0049] FIG. 7isacross sectional view illustrating the struc-
ture of a large area organic light emitting diode display
according to the first embodiment of the present disclosure.
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[0050] FIG.8isa cross sectional view illustrating the struc-
ture of a large area organic light emitting diode display
according to the second embodiment of the present disclo-
sure.

[0051] FIG.9isacross sectional view illustrating the struc-
ture of a large area organic light emitting diode display
according to the third embodiment of the present disclosure.
[0052] FIGS. 10A to 10F are cross sectional views illus-
trating a method for manufacturing the large area organic
light emitting diode display according to the present disclo-
sure.

DETAILED DESCRIPTION

[0053] Referring to attached figures, we will explain pre-
ferred embodiments of the present disclosure. Like reference
numerals designate like elements throughout the detailed
description. However, the present disclosure is not restricted
by these embodiments but can be applied to various changes
or modifications without changing the technical spirit. In the
following embodiments, the names of the elements are
selected by considering the easiness for explanation so that
they may be different from actual names.

[0054] In the present disclosure when a structure is
described as being on or over another structure, this includes
situations where the structures contact each other as well as
situations where an intervening structure is disposed therebe-
tween. However, when the term “directly on” or “directly
over” is used, it includes only situations where the structures
contact each other.

[0055] Hereinafter, referring to FIGS. 5 and 6, we will
explain a large area organic light emitting diode display
according to the present disclosure. FIG. 5 is a plane view
illustrating the structure of a large area organic light emitting
diode display according to the present disclosure. FIG. 6 is a
cross sectional view along line II-IF in FIG. 5 for illustrating
the structure of a large area organic light emitting diode
display according to the present disclosure.

[0056] Referring to FIG. 5, a large area organic light emit-
ting diode display comprises a switching thin film transistor
ST, a driving thin film transistor DT connected to the switch-
ing thin film transistor ST, and an organic light emitting diode
OLED connected to the driving thin film transistor DT. By a
scan line SL, a data line DL and a driving current line VDD
disposed on a substrate SUB (not shown), a pixel area is
defined. The organic light emitting diode OLED (not shown)
1s formed in one pixel area and defines a light emitting area
within the pixel area.

[0057] The switching thin film transistor ST is formed
where the scan line SL and the data line DL cross. The
switching thin film transistor ST selects the pixel which is
connected to the switching thin film transistor ST. The switch-
ing thin film transistor ST includes a gate electrode SG
branching from the select line SL, a semiconductor channel
layer SA (not shown) overlapping with the gate electrode SG,
a source electrode SS and a drain electrode SD. The driving
thin film transistor DT drives an anode electrode ANO of the
organic light emitting diode OLED disposed at the pixel
selected by the switching thin film transistor ST. The driving
thin film transistor DT includes a gate electrode DG con-
nected to the drain electrode SD of the switching thin film
transistor ST, a semiconductor channel layer DA (not shown),
a source electrode DS connected to the driving current line
VDD, and a drain electrode DD. The drain electrode DD of
the driving thin film transistor DT is connected to the anode
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electrode ANO of the organic light emitting diode OLED.
Between the anode electrode ANO and the cathode electrode
CAT (not shown), the organic light emitting layer OLE is
disposed. The cathode electrode CAT is connected to the base
voltage VSS (not shown). Between the gate electrode DG of
the driving thin film transistor DT and the driving current line
VDD or between the gate electrode DG of the driving thin
film transistor DT and the drain electrode DD of the driving
thin film transistor DT, a storage capacitance Cst (not shown)
is formed.

[0058] More detail of the organic light emitting diode dis-
play will be explained by reference to FIG. 6. In the present
disclosure, the structure of the thin film transistor ST and DT
is similar with that of the related art and the following descrip-
tion may refer to FIG. 4 for the structure of the thin film
transistor. However, the structure of the organic light emitting
diode OLED is significantly different and will explained by
reference to FIG. 6.

[0059] On a large area substrate SUB, the gate electrodes
SG and DG of the switching thin film transistor ST and the
driving thin film transistor DT, respectively are formed. For
the case of the top emission type display, the substrate SUB
may be an opaque. For the case of the bottom emission type or
the both emission type display, the substrate SUB would be
transparent. On the gate electrodes SG and DG, the gate
insulator GI is deposited. The semiconductor layers SA and
DA are formed on some portions of the gate insulator GI
overlapping with the gate electrodes SG and DG. On the
semiconductor layers SA and DA, the source electrodes SS
and DS and the drain electrodes SD and DD are facing each
other respectively with certain distance. The drain electrode
SD of the switching thin film transistor ST is connected to the
gate electrode DG of the driving thin film transistor DT via the
contact hole penetrating the gate insulator G1. The passivation
layer PAS is deposited on the substrate SUB having the
switching thin film transistor ST and the driving thin film
transistor DT.

[0060] Theupper surface of the substrate having these thin
film transistors ST and DT is not in even and/or smooth
conditions, but in uneven and/or rugged conditions having
many steps. In order for the organic light emitting diode
display to have good luminescent quality over the whole
display area, the organic light emitting layer OLE should be
formed on an even or smooth surface. So, to make the upper
surface in planar and even conditions, the over coat layer OC
is deposited on the whole surface of the substrate OC.
[0061] Then, onthe over coat layer OC, the anode electrode
ANO of the organic light emitting diode OLED is formed.
Here, the anode electrode ANO is connected to the drain
electrode DD of the driving thin film transistor DT through
the contact hole penetrating the over coat layer OC and the
passivation layer PAS. Each anode electrode ANO is formed
within its own respective pixel area and is separate from the
other anode electrodes ANO of the other pixel areas.

[0062] On the substrate SUB having the anode electrode
ANO, a bank BANK is formed over the area having the
switching thin film transistor ST, the driving thin film tran-
sistor DT and the various lines DL, SL and VDD, for defining
the light emitting area. The exposed portion of the anode
electrode ANO by the bank BANK would be the light emit-
ting area. On the anode electrode ANO exposed from the bank
BANK, the organic light emitting layer OLE is formed. On
the organic light emitting layer OLE, the cathode electrode
CAT is formed.
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[0063] Especially, in the organic light emitting diode dis-
play according to the present disclosure, the organic light
emitting layer OLE is individually patterned at the emitting
area of the anode electrode ANO in each pixel area. For
example, in order to represent full color, as shown in FIG. 6,
any one pixel area has any one of the red organic light emitting
layer ROLE, the green organic light emitting layer GOLE and
the blue organic light emitting layer BOLE. According to the
designed color pixel arraying style, the red organic light emit-
ting layer ROLE, the green organic light emitting layer GOLE
and the blue organic light emitting layer BOLE can be
arrayed.

[0064] On the organic light emitting layer OLE, a cathode
electrode CAT is formed. The cathode electrode CAT may be
deposited on the whole surface of the substrate SUB as one
common layer that is shared between pixel areas. Finally, the
organic light emitting diode OLED including the anode elec-
trode ANO connected to the drain electrode DD of the driving
thin film transistor DT, the organic light emitting layer OLE
and the cathode electrode CAT is completed.

[0065] In the present disclosure, as shown in FIG. 6, the
organic light emitting layer OLE is patterned at each pixel
area. Furthermore, the present disclosure suggests some pre-
ferred embodiments for patterning the organic light emitting
layer OLE at each pixel area without any damages. According
to the manufacturing method of the present disclosure, there
are at least three embodiments for manufacturing the organic
light emitting diode display.

[0066] Hereinafter, referring to FIGS. 7 to 9, we will
explain the preferred structures of the large area organic light
emitting diode display according to the preferred embodi-
ments of the present disclosure. FIG. 7 is a cross sectional
view illustrating the structure of a large area organic light
emitting diode display according to the first embodiment of
the present disclosure. FIG. 8 is a cross sectional view illus-
trating the structure of a large area organic light emitting
diode display according to the second embodiment of the
present disclosure. FIG. 91is a cross sectional view illustrating
the structure of a large area organic light emitting diode
display according to the third embodiment of the present
disclosure. Here, we will explain by focusing on the structure
of the organic light emitting diode, mainly.

[0067] Referring to FIG. 7, a hole injection layer HIL is
deposited on the anode electrode ANO and the bank BANK,
and covers the whole surface of the substrate SUB such that
the hole injection layer HIL is commonly shared by multiple
pixel areas . . . . A hole transport layer HTL is deposited on the
hole injection layer HIL and covers the whole surface of the
substrate SUB such that the hole transport layer HTL is com-
monly shared by multiple pixel areas. As the hole injection
layer HIL and the hole transport layer HTL cover the whole
surface of the substrate SUB, a photo mask process or screen
mask process is not required.

[0068] In each pixel area, any one of the red organic emis-
sion layer REML, the green organic emission layer GEML
and the blue organic emission layer BEML is formed between
the banks BANK on the hole transport layer HTL. Addition-
ally, the organic emission layers REML, GEML and BEML
define their respective emitting areas and are separated from
the other organic emission layers REML, GEML and BEML
of other pixel areas. Therefore, it is preferred for the organic
light emitting layers to cover the emitting area between adja-
cent banks BANK.

Aug. 20,2015

[0069] On the whole surface of the substrate SUB having
the organic emission layers REML, GEML and BEML, an
electron transport layer ETL and the cathode layer CAT are
deposited, sequentially. The electron transport layer ETL and
the cathode layer CAT are deposited across all of the pixel
areas of the display and are commonly shared by all of the
pixel areas. Here, even though it is not shown in figures, an
electron injection layer EIL may be further disposed between
the electron transport layer ETL and the cathode layer CAT.
[0070] Referring to FIG. 8, we will explain a large area
organic light emitting diode display according to the second
embodiment of the present disclosure. A hole injection layer
HIL is deposited on the anode electrode ANO and the bank
BANK, over the whole surface of the substrate SUB. A hole
transport layer HTL is deposited on the hole injection layer
HIL over the whole surface of the substrate SUB. As the hole
injection layer HIL and the hole transport layer HTL cover the
whole surface of the substrate SUB, a photo mask process or
screen mask process is not required.

[0071] In each pixel area, any one of the red organic emis-
sion layer REML, the green organic emission layer GEML
and the blue organic emission layer BEML is formed between
the banks BANK on the hole transport layer HTL. Actually,
the organic emission layers REML, GEML and BEML define
their respective emitting areas. Therefore, it is preferred for
the organic light emitting layers to cover the emitting area
between adjacent banks BANK.

[0072] Furthermore, on each of the red organic emission
layer REML, the green organic emission layer GEML and the
blue organic emission layer BEML, a first electron transport
layer ETL1 is formed separately. First electron transport layer
ETL1 for each pixel area is thus distinct from and does not
connect to the first electron transport layers ETL1 of other
pixel areas. When the organic emission layers REML, GEML
and BEML are patterned, the organic emission material may
be damaged during the patterning process. By depositing the
first electron transport layer ETL1 on the organic emission
layers REML, GEML and BEML and then patterning them,
the organic emission layers REML, GEML and BEML are
less likely to be damaged by any materials used in the pat-
terning process.

[0073] On the whole surface of the substrate SUB having
the organic emission layers REML, GEML and BEML and
the first electron transport layer ETL1 thereon patterned in
each pixel area, an electron transport layer ETL and the cath-
ode layer CAT are deposited, sequentially. Here, even though
it is not shown in figures, an electron injection layer EIL may
be further disposed between the electron transport layer ETL
and the cathode layer CAT. Furthermore, not shown in figures
either, the first electron transport layer ETL.1 may be formed
with enough thickness such that depositing a separate elec-
tron transport layer ETL is not necessary. In this case, the
electron injection layer EIL can be disposed between the first
electron transport layer ETT.1 and the cathode electrode CAT.
[0074] Now, referring to FIG. 9, we will explain a large area
organic light emitting diode display according to the third
embodiment of the present disclosure. A hole injection layer
HIL is deposited on the anode electrode ANO and the bank
BANK, and covers the whole surface of the substrate SUB.
On the hole injection layer HIL, a hole transport layer HTL 1s
deposited covering the whole surface of the substrate SUB.
As the hole injection layer HIL and the hole transport layer
HTL cover the whole surface of the substrate SUB, a photo
mask process or screen mask process is not required.
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[0075] 1In each pixel area, any one of the red organic emis-
sion layer REML, the green organic emission layer GEML
and the blue organic emission layer BEML is formed between
the banks BANK on the hole transport layer HTL. Addition-
ally, the emitting area is defined by the organic emission
layers REML, GEML and BEML. Therefore, it is preferable
for the organic light emitting layers to cover the emitting area
between adjacent banks BANK.

[0076] Furthermore, on each of the red organic emission
layer REML, the green organic emission layer GEML and the
blue organic emission layer BEML, an electron transport
layer ETL is formed separately. FIG. 9 illustrates that on the
red organic emission layer REML there is a red electron
transport layer RETL, on the green organic emission layer
GEML there is a green electron transport layer GETL, and on
the blue organic emission layer BEML there is a blue electron
transport layer BETL. The electron transport layers do not
have a particular color, but the electron transport layers are
named using color symbols for convenience. Furthermore, on
the electron transport layers RETL, GETL and BETL, first
cathode electrodes CAT1 are formed separately and are dis-
tinct from the first cathode electrodes CAT1 of other pixel
areas. The electron transport layers RETL, GETL and BETL
and the first cathode electrodes CAT1 can prevent the organic
emission layers REML, GEML and BEML from being dam-
aged. That is, by depositing electron transport layers RETL,
GETL and BETL and the first electron transport layers ETL.1
on the organic emission layers REML, GEML and BEML
and then patterning them, the organic emission layers REML,
GEML and BEML are less likely to be damaged by any
materials used in the patterning process.

[0077] On the whole surface of the substrate SUB having
the organic emission layers REML, GEML and BEML, the
electron transport layers RETL, GETL and BETL, and the
first cathode electrode CAT1 thereon patterned in each pixel
area, the cathode layer CAT is deposited. Here, even though it
is not shown in figures, an electron injection layer EIL. may be
further disposed between the electron transport layers RETL,
GETL and BETL and the first cathode layer CAT1. Further-
more, not shown in figures neither, the electron injection layer
EIL may first be formed on each electron transport layers
RETL, GETG and BETL, respectively, and then the cathode
electrode CAT are deposited on the whole surface of the
substrate SUB.

[0078] FIGS. 10A to 10F are cross sectional views illus-
trating a method for manufacturing the large area organic
light emitting diode display according to the present disclo-
sure. Hereinafter, referring to FIGS. 10A to 10F, we will
explain a method for manufacturing a large area organic light
emitting diode display according to the present disclosure. In
the present disclosure, there are three preferred embodiments.
However, these three embodiments are very similar. There-
fore, we will explain the most complicated embodiment.
[0079] In the present disclosure, the process for manufac-
turing the thin film transistors ST and DT is the same with that
of the related art. Therefore, the following description will
focus on the process for manufacturing the organic light emit-
ting diode having the main features of the present disclosure.
[0080] After completing the thin film transistors ST and DT
on a substrate SUB, an overcoat layer OC is deposited, a pixel
contact hole PH (not shown) is formed, and an anode elec-
trode ANO connected to the drain electrode DD of the driving
thin film transistor DT is formed. After that, bank BANK is
patterned for exposing the emitting area in each pixel areas. A
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hole injection layer HIL is deposited across the pixel areas on
the whole surface of the surface SUB having the bank BANK.
Sequentially, a hole transport layer HTL is deposited across
the pixel areas on the whole surface of the hole injection layer
HIL. After that, a photoresist PR is deposited across the pixel
areas on the whole surface of the hole transport layer HTL. By
patterning the photoresist PR with the photo mask process,
only the portions of the photoresist PR over the emitting area
of the red pixel area are removed. The other portions of the
photoresist PR in the green and blue pixel areas are kept
intact. The result is a patterned photoresist PR of FIG. 10A.
Here, the patterned edge side of the photoresist PR would
have the reversed tapered shape around the edges of the
exposed pixel area, as shown in FIG. 10A.

[0081] Referring to FIG. 10B, across the pixel areas on the
whole surface of the substrate SUB having the patterned
photoresist PR, a red organic emission layer REML, a red
electron transport layer RETL, and a first cathode electrode
CAT1 are sequentially deposited. As the edge side of the
photoresist PR has the reversed tapered shape, the deposited
three layers including the red organic emission layer REML,
the red electron transport layer RETL, and the first cathode
electrode CAT1 are deposited as being disconnected at the
edge side of the photoresist PR, as shown in FIG. 10B.
[0082] Using the lift-off method, the remaining portions of
the photoresist PR are stripped and removed. As the photore-
sist PR is removed, the portions of the red organic emission
layer REML, the red electron transport layer RETL, and the
first cathode electrode CAT1 disposed on the photoresist PR
are removed also. As a result, the red organic emission layer
REML, the red electron transport layer RETL, and the first
cathode electrode CAT1 are kept stacked just on the emitting
area of the red pixel area, as shown in FIG. 10C.

[0083] Referring to FIG. 10D, after completing the red
pixels, the photoresist PR is deposited across the pixel areas
on the whole surface of the substrate SUB. By patterning the
photoresist PR with the photo mask process, only the portions
of the photoresist PR over the emitting area of the green pixel
area are removed. The other portions of the photoresist PR in
the red and blue pixel areas are kept intact. Here, the patterned
edge side of the photoresist PR would have the reversed
tapered shape. Across all the pixel areas on the whole surface
of the substrate SUB having the patterned photoresist PR, a
green organic emission layer GEML, a green electron trans-
port layer GETL, and a first cathode electrode CAT1 are
sequentially deposited. As the edge side of the photoresist PR
has the reversed tapered shape, the deposited three layers
including the green organic emission layer GEML, the green
electron transport layer GETL, and the first cathode electrode
CAT1 are deposited as being disconnected at the edge side of
the photoresist PR, as shown in FIG. 10D.

[0084] Using the lift-off method, the remaining portions of
the photoresist PR are removed. As the photoresist PR is
removed, the green organic emission layer GEML, the green
electron transport layer GETL, and the first cathode electrode
CAT1 disposed on the photoresist PR are removed also. As a
result, the green organic emission layer GEML, the green
electron transport layer GETL, and the first cathode electrode
CAT1 are kept stacked just on the emitting area of the green
pixel area.

[0085] Now, the red pixel and the green pixel are com-
pleted. Referring to FIG. 10E, after that, the photoresist PR is
again deposited across the pixel areas on the whole surface of
the substrate SUB. By patterning the photoresist PR with the
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photo mask process, only the portions of the photoresist PR
over the emitting area of the blue pixel area are removed.
Portions of the photoresist PR over the red and green pixel
areas are kept intact. With the same manner, the patterned
edge side of the photoresist PR would have the reversed
tapered shape. Across the pixel areas on the whole surface of
the substrate SUB having the patterned photoresist PR, a blue
organic emission layer BEML, a blue electron transport layer
BETL, and a first cathode electrode CAT1 are sequentially
deposited. As the edge side of the photoresist PR has the
reversed tapered shape, the deposited three layers including
the blue organic emission layer BEML, the blue electron
transport layer BETL, and the first cathode electrode CAT1
are deposited as being disconnected at the edge side of the
photoresist PR, as shown in FIG. 10E.

[0086] Using the lift-off method, the photoresist PR is
removed. As the photoresist PR is removed, the blue organic
emission layer BEML, the blue electron transport layer
BETL, and the first cathode electrode CAT1 disposed on the
photoresist PR are removed also. As aresult, the blue organic
emission layer BEML, the blue electron transport layer
BETL, and the first cathode electrode CAT1 are kept stacked
just on the emitting area of the blue pixel area.

[0087] Finally, the red pixels, the green pixels and the blue
pixels are completed. Referring now to FIG. 10F, after that,
depositing the cathode electrode CAT across the pixel areas
on the whole surface of the substrate SUB, the organic light
emitting diode OLE is completed. In the present disclosure,
when removing or stripping the photoresist PR, the organic
emission layers REML, GEML and BEML may not be dam-
aged from any foreign materials because that there are the
electron transport layers RETL, GETL and BETL and the first
cathode electrode CAT1 are covering each of the organic
emission layers REML, GEML and BEML.

[0088] Furthermore, in the lift-off process, a strip solvent is
used for removing the photoresist, the organic emission lay-
ers REML, GEML and BEML may be damaged by the strip
solvent. In order to overcome this problem, the photoresist PR
may include a highly fluorinated photoresist employing a
photodimerization chemistry.

[0089] The present disclosure suggests a photolithography
process in which organic emitting layer can be patterned
uniformly over the large area substrate over 20 inch diagonal
size. So, according to the present disclosure, it is possible to
manufacture high quality large area organic light emitting
diode display with excellent production yield.

[0090] While the embodiment of the present invention has
been described in detail with reference to the drawings, it will
be understood by those skilled in the art that the invention can
be implemented in other specific forms without changing the
technical spirit or essential features of the invention. There-
fore, it should be noted that the forgoing embodiments are
merely illustrative in all aspects and are not to be construed as
limiting the invention. The scope of the invention is defined
by the appended claims rather than the detailed description of
the invention. All changes or modifications or their equiva-
lents made within the meanings and scope of the claims
should be construed as falling within the scope of the inven-
tion.

What is claimed is:

1. A method for manufacturing an organic light emitting
diode display having a matrix of pixel areas that includes at
least first pixel areas and second pixel areas, the method
comprising:
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depositing a photoresist across the first pixel areas and the

second pixel areas;

patterning the photoresist into a patterned photoresist by

stripping away first portions of the photoresist in the first
pixel areas while keeping second portions of the photo-
resist in the second pixel areas;

depositing an organic emission layer across the first pixel

areas and the second pixel areas, the organic emission
layer deposited over the patterned photoresist in the
second pixel areas;

depositing an electron transport layer across the first pixel

areas and the second pixel areas over the organic emis-
sion layer; and
removing portions of the organic emission layer and the
electron transport layer in the second pixel areas by
stripping away the second portions of the photoresist
while keeping portions of the organic emission layer and
the electron transport layer in the first pixel areas.
2. The method of claim 1, further comprising:
depositing a cathode layer across the first pixel areas and
the second pixel areas over the organic emission layer,

wherein portions of the cathode layer in the second pixel
areas are removed by stripping away the second portions
of the photoresist while keeping portions of the cathode
layer in the first pixel areas.

3. The method of claim 1, further comprising:

after removing portions of the organic emission layer and

the electron transport layer, depositing a common elec-
tron transport layer across the first pixel areas and the
second pixel areas.

4. The method of claim 1, further comprising:

forming anode electrodes in the first pixel areas and the

second pixel areas,

wherein the photoresist is deposited over the anode elec-

trodes.

5. The method of claim 1, further comprising:

depositing a common hole injection layer across the first

pixel areas and the second pixel areas;

depositing a common hole transport layer across the first

pixel areas and the second pixel areas over the common
hole injection layer,

wherein the photoresist is deposited over the common hole

transport layer.

6. The method of claim 1, further comprising:

after removing portions of the organic emission layer and

the electron transport layer, depositing a common cath-
ode layer across the first pixel areas and the second pixel
areas.

7. The method of claim 1, wherein the first pixel areas
correspond to a first light color and the second pixel areas
correspond to one or more second light colors that are differ-
ent than the first light color.

8. The method of claim 1, wherein depositing the organic
emission layer comprises depositing one of a red organic
emission layer, a green organic emission layer, or a blue
organic emission layer.

9. The method of claim 1, wherein depositing the photore-
sist comprises depositing a fluorinated photoresist that is
subject to photodimerization.

10. The method of claim 1, wherein the patterened photo-
resist has a reverse tapered shape along edges of the first pixel
areas.
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