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(54) Organic light emitting diode display

(57)  An organic light emitting diode display includes
a substrate, a thin film transistor, a planarization layer, a
pixel electrode, and a pixel defining layer. The thin film
transistor is formed on the substrate and includes a gate
electrode, a source electrode, and a drain electrode. The
planarization layer is formed on the thin film transistor
and has a contact hole that exposes a predetermined

part of the drain electrode. The pixel electrode is formed
on the planarization layer and is connected to a drain
electrode of the thin film transistor through the contact
hole. The pixel defining layer is formed on the planariza-
tion layer and has an opening that exposes the pixel elec-
trode. The pixel defining layer and the planarization layer
have different colours.
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Description

[0001] The presentinvention relates to an organic light
emitting diode (OLED) display. More particularly, the
present invention relates to an OLED display having en-
hanced visibility.

[0002] A typical OLED display includes OLEDs each
of which has a hole-injection electrode, an organic emis-
sion layer, and an electron-injection electrode. The or-
ganic emission layer emits light using energy generated
when excitons are dropped from an exited state to a
ground state after the excitons are generated by the com-
bination of electrons and holes. The OLED display forms
images using light emitted from the organic emission lay-
er.

[0003] The OLED display has a self emissive charac-
teristicand does not need an additional light source unlike
the liquid crystal display (LCD). Therefore, the thickness
and weight of a display can be reduced. Also, since the
OLED display has high definition characteristics such as
low power consumption, high luminance, and high reac-
tion speed, the OLED display has been receiving atten-
tion as a next generation display device.

[0004] Typically, electrodes and metal wires in the
OLED display reflect light entering from the outside. The
reflection of external light deteriorates the display and
contrast of a black colour, thereby deteriorating the over-
all display characteristics of the OLED display.

[0005] In accordance with the present invention an
OLED display is provided having improved visibility by
suppressing reflection of external light. Thatis, the OLED
display has improved display characteristics, also re-
ferred to as viewability.

[0006] An exemplary embodiment of the present in-
vention provides an OLED display that includes a sub-
strate, a thin film transistor (TFT), a planarization layer,
a pixel electrode, and a pixel defining layer. The TFT is
formed on the substrate and includes a gate electrode,
a source electrode, and a drain electrode. The planari-
zation layer is formed on the TFT and has a contact hole
that exposes a predetermined part of the drain electrode.
The pixel electrode is formed on the planarization layer
and connected to a drain electrode of the TFT through
the contact hole. The pixel defining layer is formed on
the planarization layer and has an opening that exposes
the pixel electrode. The pixel defining layer and the
planarization layer have different colours.

[0007] The brightness of a mixed colour of the pixel
defining layer and the planarization layer may be lower
than each colour of the pixel defining layer and the
planarization layer.

[0008] The colour of the pixel defining layer and the
colour of the planarization layer may be in a complemen-
tary colour relationship.

[0009] One of the planarization layer and the pixel de-
fining layer may have a substantially red colour, and the
other may have a substantially green colour.

[0010] The one of the planarization layer and the pixel
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defining layer having a substantially red colour may in-
clude an acryl type resin.

[0011] Alternatively, one of the planarization layer and
the pixel defining layer may have a substantially black
colour.

[0012] The OLED display may further include a con-
ductive layer made of a material substantially the same
as atleast one of the gate electrode, the source electrode,
and the drain electrode, and formed at a layer substan-
tially the same as at least one of the gate electrode, the
source electrode, and the drain electrode. At least part
of the conductive layer is disposed under the pixel defin-
ing layer.

[0013] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1is alayout view of an OLED display in accord-
ance with an exemplary embodiment of the present
invention.

FIG. 2 is a cross-sectional view of FIG. 1 taken along
the line 11 - 11.

[0014] Inthe drawings, the size and thickness of each
elementis approximately shown for better understanding
and ease of description. The thickness of layers, films,
panels, regions, etc., are exaggerated for clarity.
[0015] The same or similar constituent elements are
designated by the same reference numerals throughout
the specification. It will be understood that when an ele-
ment such as a layer, film, region, or substrate is referred
to as being "on" another element, it can be directly on
the other element or intervening elements may also be
present. In contrast, when an element is referred to as
being "directly on" another element, there are no inter-
vening elements present.

[0016] Although the accompanying drawings illustrate
an active matrix (AM) type of OLED display having a 2Tr-
1Cap structure in which two TFTs and one capacitor are
disposed in a pixel, the present invention is not limited
thereto. Therefore, the OLED display may have various
structures. For example, the OLED display may include
more than three TFTs and more than two capacitors at
one pixel and further include additional wires.

[0017] Here, the pixel is a minimum unit for displaying
an image, and the OLED display displays an image
through a plurality of pixels.

[0018] Referring now to FIG. 1 and FIG. 2, an OLED
display 100 includes a switching TFT 10, a driving TFT
20, a capacitor 80, and an OLED 70 in one pixel. The
OLED display 100 further includes a gate line 151 dis-
posed along one direction, a data line 171 crossing and
insulated from the gate line 151, and a common power
line 172. Here, one pixel is defined by the gate line 151,
the data line 171, and the common power line 172 as
boundaries.

[0019] The organic light emitting element 70 includes
a pixel electrode 710, an organic emission layer 720 on
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the pixel electrode 710, and a common electrode 730 on
the organic emission layer 720. Here, the pixel electrode
710 is a hole injection electrode which is an anode (+),
and the common electrode 730 is an electron injection
electrode which is a cathode (-). However, the present
invention is not limited thereto. The pixel electrode 710
may be a cathode and the common electrode 730 may
be an anode according to a driving method of the OLED
display 100. Holes and electrons are injected into the
organic emission layer 720 from the pixel electrode 710
and the common electrode 730, respectively. Light is
emitted when excitons generated by the combination of
the injected holes and electrons are dropped from an
exited state to a ground state.

[0020] The switching TFT 10 includes a switching sem-
iconductor layer 131, a switching gate electrode 152, a
switching source electrode 173, and a switching drain
electrode 174. The driving TFT 20 includes a driving sem-
iconductor layer 132, a driving gate electrode 155, a driv-
ing source electrode 176, and a driving drain electrode
177.

[0021] The capacitor 80 includes a first sustain elec-
trode 158, a second sustain electrode 178, and an inter-
layer insulating layer 160 interposed therebetween.
[0022] The switching TFT 10 is used as a switch to
select a pixel to emit light. The switching gate electrode
152 is connected to the gate line 151. The switching
source electrode 173 is connected to the data line 171.
The switching drain electrode 174 is separated from the
switching source electrode 173 and is connected to the
first sustain electrode 158.

[0023] The driving TFT 20 applies a driving power to
drive an organic emission layer 720 of an organic light
emitting element 70 in the selected pixel for emitting light.
The driving gate electrode 155 is connected to the first
sustain electrode 158. The driving source electrode 176
and the second sustain electrode 178 are connected to
the common power line 172. The driving drain electrode
177 is connected to the pixel electrode 710 of the organic
light emitting element 70 through a contact hole 182.
[0024] According to the described structure, the
switching TFT 10 is driven by a gate voltage applied to
the gate line 151 and transfers a data voltage applied to
the data line 171 to the driving TFT 20. The capacitor 80
stores a voltage corresponding to a voltage difference
between the common voltage applied to the driving TFT
20 from the common power line 172 and the data voltage
transferred from the switching TFT 10, and current cor-
responding to the voltage stored in the capacitor flows
to the organic light emitting element 70 through the driv-
ing TFT, thereby emitting light.

[0025] Also, the OLED display 100 further includes a
planarization layer 180 and a pixel defining layer 190.
The pixel defining layer 190 includes an opening that
exposes the pixel electrode 710, and the organic emis-
sion layer 720 is substantially disposed in the opening of
the pixel defining layer 190. That is, in a pixel, an area
where the pixel defining layer 190 is formed is substan-
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tially equivalent to a remaining area left when the organic
emission layer 720 is formed. Therefore, the pixel defin-
ing layer overlaps with at least one of a conductive layer
made of a material substantially the same as one or more
of the gate electrodes 152, 155, the source electrodes
173, 176, and the drain electrodes 174, 177, and formed
at the same layer of the gate electrodes 152, 155, the
source electrodes 173, 176, and the drain electrodes
174, 177. The conductive layer includes the gate line
151, the data line 171, the common power line 172, the
first sustain electrode 158, and the second sustain elec-
trode 178. That is, at least one of and at least part of the
gate line 151, the data line 171, the common power line
172, the first sustain electrode 158, and the second sus-
tain electrode 178 is disposed under the pixel defining
layer 190 and the planarization layer 180.

[0026] The planarization layer 180 and the pixel defin-
ing layer 190 have different colours. Particularly, the pixel
defining layer 190 has a colour having brightness becom-
ing lower if the colour of the pixel defining layer 190 is
mixed with a colour of the planarization layer 180. That
is, if the colour of the planarization layer 180 and the
colour of the pixel defining layer 190 are mixed together,
the mixed colour has brightness lower than that of each
colour.

[0027] Inanexemplary embodiment, the pixel defining
layer 190 has a complementary colour to the colour of
the planarization layer 180 in view of subtractive mixture.
[0028] That is, in an exemplary embodiment the
planarization layer 180 has a colour in a complementary
colour relationship with the colour of the pixel defining
layer 190.

[0029] According to the above described structure, the
OLED display 100 can have improved viewability by sup-
pressing reflection of external light.

[0030] In more detail, the brightness of the external
light becomes lower by the colours of the pixel defining
layer 190 and the planarization layer 180 when the re-
flected external light from the conductive layer disposed
under the pixel defining layer passes through the pixel
defining layer 190 and the planarization layer 180. Par-
ticularly, if the pixel defining layer 190 and the planariza-
tion layer 180 have colours in a complementary colour
relationship, the mixed colour thereof becomes close to
a black colour. Therefore, reflection of external light can
be further suppressed because the external light cannot
pass through the pixel defining layer 190 and the planari-
zation layer 180.

[0031] Ifthe planarization layer 180 has a substantially
red colour and the pixel defining layer 190 has a sub-
stantially green colour as in an exemplary embodiment
ofthe presentinvention, the pixel defining layer 190 pass-
es a green light only because the pixel defining layer 190
operates as a green colour filter. Since it is very difficult
that green light passes through the planarization layer
180 having the substantially red colour, it is possible to
suppress the reflection of the external light from the con-
ductive layer disposed under the pixel defining layer 190
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and the planarization layer 180.

[0032] However, the present invention is not limited
thereto. Therefore, the planarization layer 180 and the
pixel defining layer 190 may have various colours that
can be subtractively mixed with each other, instead of
the planarization layer 180 having the substantially green
colour and the pixel defining layer 190 having the sub-
stantially red colour. As another example, the planariza-
tion layer 180 may have a substantially blue colour and
the pixel defining layer 190 may have a substantially yel-
low colour. Further, one of the planarization layer 180
and the pixel defining layer 190 may have a substantially
black colour.

[0033] Referring now to FIG. 2 specifically, a structure
of an OLED display 100 according to an exemplary em-
bodiment of the present invention will be described in
more detail. FIG. 2 illustrates the OLED display 100
based on the driving TFT 20, the organic light emitting
element 70, and the capacitor 80.

[0034] Hereinafter, astructure ofa TFT having the driv-
ing TFT 20 will be described. Also, the switching TFT 10
will be described based on differences from the driving
TFT 20.

[0035] The substrate 110 is formed of a dielectric sub-
strate made of glass, quartz, ceramic, or plastic. Howev-
er, the presentinvention is not limited thereto. Therefore,
the substrate 110 may be formed of a metallic substrate
made of stainless steel.

[0036] A buffer layer 120 is formed on the substrate
110. The buffer layer 120 may be made of various ma-
terials that can prevent impurity penetration and have a
planar surface. For example, one of a silicon nitride layer
(SiNx), a silicon oxide layer (SiO2), and a silicon oxyni-
tride layer (SiOxNy) is used as the buffer layer 120. How-
ever, since the buffer layer 120 is not an essential ele-
ment, the buffer layer 120 may be omitted according to
a type of the substrate 110 and a fabrication process
condition.

[0037] The driving semiconductor layer 132 is formed
on the buffer layer 120. The driving semiconductor layer
132 is formed as a polysilicon layer. Also, the driving
semiconductor layer 132 includes a channel area 135, a
source area 136, and a drain area 137. The source area
136 and the drain area 137 are disposed at both sides
of the channel area 135. The channel area is not doped
with an impurity, and the source area 136 and the drain
area 137 are doped with a P-type impurity (p+). Here, a
doped ion material is a P-type impurity such as boron
(B). Generally, B2H6 is used. Here, such an impurity may
vary according to a type of a TFT.

[0038] Althougha TFT having a PMOS structure using
a P-type impurity is used as the driving TFT 20 in an
exemplary embodiment of the present invention, the
present invention is not limited thereto. Therefore, both
of a TFT having a NMOS structure and a TFT having a
PMOS structure can be used as the driving TFT 20.
[0039] Although the driving TFT 20 shown in FIG. 2 is
a polycrystal TFT having a polysilicon layer, a switching

10

15

20

25

30

35

40

45

50

55

TFT 10 not shown in FIG. 2 may be a polycrystal TFT or
an amorphous TFT having an amorphous silicon layer.
[0040] A gate insulating layer 140 made of a silicon
nitride (SiNx) or a silicon oxide SiO2 is formed on the
driving semiconductor layer 132. A gate wire having the
driving gate electrode 155 is formed on the gate insulating
layer 140. The gate wire further includes a gate line 151
shownin FIG. 1, the first sustain electrode 158, and other
wires. The driving gate electrode 155 overlaps with at
least a part of the driving semiconductor layer 132 and,
particularly, overlaps with the channel area 135.

[0041] An interlayer insulating layer 160 is formed on
the gate insulating layer 140, and the interlayer insulating
layer 160 covers the driving gate electrode 155. The gate
insulating layer 140 and the interlayer insulating layer
160 commonly include through-holes to expose the
source area 136 and the drain area 137 of the driving
semiconductor layer 132. The interlayer insulating layer
160 is made of a silicon nitride (SiNx) or a silicon oxide
(SiO2) like the gate insulating layer 140.

[0042] Adatawireisformed ontheinterlayerinsulating
layer 160. The data wire includes the driving source elec-
trode 176 and the driving drain electrode 177. The data
wire further includes the data line 171 shown in FIG. 1,
the common power line 172, the second sustain elec-
trode 178, and other wires. The driving source electrode
176 and the driving drain electrode 177 are respectively
connected to the source area 136 and the drain area 137
of the driving semiconductor layer 132 through through-
holes.

[0043] As described above, the driving thin transistor
20 including the driving semiconductor layer 132, the
driving gate electrode 155, the driving source electrode
176, and the driving drain electrode 177 is formed.
[0044] However, the structure of the driving TFT 20
according to the present invention is not limited thereto.
The structure of the driving TFT 20 may be modified into
various well-known structures that can be conveniently
realized by those skilled in the art.

[0045] On the interlayer insulating layer 160, the
planarization layer 180 is formed to cover data wires 172,
176, 177, 178. The planarization layer 180 removes and
planes steps to improve luminous efficiency of the organ-
ic light emitting element 70. Also, the planarization layer
180 has a contact hole 182 to expose a part of the drain
electrode 177.

[0046] The planarization layer 180 is coloured. For ex-
ample, the planarization layer 180 may be made of poly-
acrylates resin having a substantially red colour. Howev-
er, the presentinvention is not limited thereto. Therefore,
the planarization layer 180 may be made of at least one
of epoxy resin, phenolic resin, polyamides resin, polyim-
ides resin, unsaturated polyesters resin, polyphe-
nylenethers resin, polyphenylenesulfides resin, and ben-
zocyclobutene (BCB) with dye having a predetermined
colour. In addition, the planarization layer 180 may be
formed to have a predetermined colour through well-
linown various methods.



7 EP 2 149 925 A2 8

[0047] The pixel electrode 710 of the organic light emit-
ting element 70 is formed on the planarization layer 180.
The pixel electrode 710 is connected to the drain elec-
trode 177 through the contact hole 182 of the planariza-
tion layer 180.

[0048] Also, the pixel defining layer 190 is formed on
the planarization layer 180. The pixel defining layer 190
has an opening that exposes the pixel electrode 710.
Thatis, the pixel electrode 710 is disposed corresponding
to the opening of the pixel defining layer 190.

[0049] The pixel defining layer 190 has a colour having
brightness that becomes lower overall if the colour of the
pixel defining layer 190 is mixed with a colour of the
planarization layer 180. In an exemplary embodiment the
pixel defining layer 190 has a colour in a complementary
colour relationship with the colour of the planarization
layer 180 in relation to subtractive mixing. For example,
the planarization layer 180 is formed to have a substan-
tially red colour and the pixel defining layer 190 is formed
to have a substantially green colour. The pixel defining
layer 19 may be made of resin such as acryl-based poly-
acrylates or polyimides and silica type mineral with dye
having a predetermined colour. In addition, the pixel de-
fining layer 190 may be formed to have a predetermined
colour through well-known methods.

[0050] The organic emission layer 720 is formed on
the pixel electrode 710 in the opening of the pixel defining
layer 190, and the common electrode 730 is formed on
the pixel defining layer 190 and the organic emission lay-
er 720.

[0051] As described above, the organic light emitting
element 70 having the pixel electrode 710, the organic
emission layer 720, and the common electrode 730 is
formed.

[0052] One of the pixel electrode 710 and the common
electrode 730 may be made of a transparent conductive
material, and the other may be made of a translucent or
reflective conductive material. The type of material used
toform the pixel electrode 710 and the common electrode
730 determines the type of the OLED display 100, such
as, a top emission type, a bottom emission type, or a dual
emission type. The OLED display 100 according to an
exemplary embodiment of the present invention is
formed as a top emission type.

[0053] Indium tin oxide (ITO), indium zinc oxide (1ZO),
zinc oxide (ZnO), and indium oxide (In203) may be used
for the transparent conductive material.. Lithium (Li), cal-
cium (Ca), lithium/calcium fluoride (LiF/Ca), lithium/alu-
minum fluoride (LiF/Al), aluminum (Al), silver (Ag), mag-
nesium (Mg), or gold (Au) may be used for the reflective
material.

[0054] The organic emission layer 720 is made of a
low molecule organic material or a high molecule organic
material. The organic emission layer 720 is formed as a
multilayer including a hole injection layer (HIL), a hole
transport layer (HTL), an emission layer, an electron
transport layer (ETL), and an electron injection layer
(EIL). That is, the hole injection layer (HIL) is disposed
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at the pixel electrode 710, which is an anode, and the
hole transport layer (HTL), the emission layer, the elec-
tron transport layer (ETL), and the electron injection layer
(EIL) are sequentially stacked thereon.

[0055] Asealantsealsthe TFTs 10, 20 and the organic
light emitting element 70 formed on the substrate 110,
protecting them from the outside.

[0056] According to the described configuration, the
OLED display 100 has improved visibility by suppressing
reflection of an external light.

[0057] While this invention has been described in con-
nection with what are presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
scope of the appended claims.

Claims

1. An organic light emitting diode display (100), com-
prising:

a substrate (110);

a thin film transistor (20) on the substrate and
including a gate electrode (155), a source elec-
trode (176), and a drain electrode (177);

a planarization layer (180) formed on the thin
film transistor and having a contact hole (182)
exposing a part of the drain electrode (177);

a pixel electrode (710) on the planarization layer
and connected to the drain electrode (177) of
the thin film transistor through the contact hole
(182); and

a pixel defining layer (190) on the planarization
layer and having an opening exposing the pixel
electrode (710),

wherein the pixel defining layer (190) and the planari-
zation layer (180) have different colours.

2. The organic light emitting diode display of claim 1,
wherein a brightness of a mixed colour of the pixel
defining layer (190) and the planarization layer (180)
is lower than a brightness of each colour of the pixel
defining layer and the planarization layer.

3. The organic light emitting diode display of claim 1 or
2, wherein a colour of the pixel defining layer (190)
and a colour of the planarization layer (180) are in a
complementary colour relationship.

4. The organic light emitting diode display of claim 3,
wherein one of the planarization layer (180) and the
pixel defining layer (190) has a substantially red col-
our, and the other of the planarization layer and the
pixel defining layer has a substantially green colour.
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The organic light emitting diode display of claim 4,
wherein the one of the planarization layer and the
pixel defining layer having a substantially red colour
includes an acryl type resin.

The organic light emitting diode display of claim 1 or
2, wherein one of the planarization layer (180) and
the pixel defining layer (190) has a substantially
black colour.

The organic light emitting diode display of claim 1 or
2, further comprising a conductive layer (151, 171,
172, 158, 178) made of a material substantially the
same as atleast one of the gate electrode, the source
electrode, and the drain electrode at a layer substan-
tially the same as at least one of the gate electrode,
the source electrode, and the drain electrode, and
atleast part of the conductive layer is under the pixel
defining layer (190).
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