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ORGANIC LIGHT EMITTING DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2004-0022893 filed on
Apr. 2, 2004, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display.

[0004]

[0005] An organic light emitting display (OLED) is a self
emissive display device, which displays images by exciting
an emissive organic material to emit light. The OLED
includes an anode (hole injection electrode), a cathode
(electron injection electrode), and an organic light emission
layer interposed there between. When the holes and the
electrons are injected into the light emission layer, they
recombine to form exitons, which emit light when they
transition from an excited state to a ground state. The light
emission layer may further include an electron transport
layer (ETL) and a hole transport layer (HTL) as well as an
electron injecting layer (EIL) and a hole injecting layer
(HIL) for enhancing the light emission. Each pixel of the
OLED includes two thin film transistors (TFTs), ic., a
switching TFT and a driving TFT. The current for light
emission is driven by the driving TFT and the amount of the
current driven by the driving TFT is controlled by the data
signals from the switching TFT.

[0006] A plurality of pixels of the OLED, each including
an anode, a cathode, and a light emission layer, are arranged
in a matrix and driven in passive matrix (or simple matrix)
addressing or active matrix addressing.

2. Discussion of the Background

[0007] The passive matrix type OLED includes a plurality
of anode lines, a plurality of cathode lines intersecting the
anode lines, and a plurality of pixels, each including a light
emission layer. The selection of one of the anode lines and
one of the cathode lines cause light emission of a pixel
located at the intersection of the selected signal lines.

[0008] The active matrix type OLED includes a plurality
of pixels, each including a switching transistor, a driving
transistor, and a storage capacitor, as well as an anode, a
cathode, and a light emission layer. The OLED further
includes a plurality of gate lines transmitting gate signals
and a plurality of data lines transmitting data voltages. The
switching transistor is connected to one of the gate lines and
one of the data lines and transmits the data voltage from the
data line in response to the gate signal. The driving transistor
receives the data voltage from the switching transistor and
drives a current having a magnitude determined depending
on the difference between the data voltage and a predeter-
mined voltage, such as a supply voltage. The current from
the driving transistor enters the light emission layer to cause
light emission having an intensity depending on the current.
The storage capacitor is connected between the data voltage
and the supply voltage to maintain their voltage difference.
The gray scaling of the active matrix type OLED is accom-
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plished by controlling the data voltages to adjust the current
driven by the driving transistor. The color representation of
the OLED is obtained by providing red, green and blue light
emission layers.

[0009] The light emission of the organic light emission
layer is generated in a region having a thickness of several
nanometers to dozens of nanometers. Since the luminance is
proportional to the area of the light emission layer, it is
important to secure a high aperture ratio for increasing the
luminance level.

[0010] However, even after obtaining a high aperture
ratio, increasing the luminance level is limited due to the
reflection of light at the surface of the light emission layer,
which escapes through lateral surfaces.

SUMMARY OF THE INVENTION

[0011] According to an embodiment of the present inven-
tion, there is provided an organic light emitting display that
includes a pixel electrode, an organic light emitting member
formed on the pixel electrode and having an inclined sur-
face, and a common electrode formed on the organic light
emitting member.

[0012] According to another embodiment of the invention,
there is provided a light emitting member provided in an
organic light emitting display, including a horizontal surface
portion, and a vertical surface portion having a surface that
is angled at approximately 80-100° with respect to the
horizontal surface portion.

[0013] According to another embodiment of the invention,
there is provided an organic light emitting display, including
a pixel electrode, an organic light emitting member formed
on the pixel electrode, the organic light emitting member
having an angled surface, a common electrode formed on the
organic light emitting member, an insulating substrate; first
and second semiconductors formed on the insulating sub-
strate, and a passivation layer that is formed on the first and
the second semiconductors, the passivation layer having an
angled surface forming the angled surface of the light
emitting member, wherein the angled surface of the organic
light emitting member and the angled surface of the passi-
vation layer are both angled at approximately 80-100° with
respect to the insulating substrate.

[0014] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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 inven-
tion.

[0016] FIG. 1is alayout view of an organic light emitting
diode according to an embodiment of the invention.

[0017] FIG. 2 is a sectional view of the organic light
emitting diode shown in FIG. 1 along the line II-II.

[0018] FIG. 3 is a sectional view of the thin film transistor
array panel shown in FIG. 1 along the line III-III.
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[0019] FIG. 4 illustrates a path of light reflected at the
surfaces of the light emitting member shown in FIG. 3.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein.

[0021] In the drawings, the thickness of layers, films,
panels, regions, etc. are not drawn to scale, e.g., exaggerated
for clarity. Like numerals refer to like elements throughout.
It will be understood that when an element such as, for
example, a layer, film, region or substrate is referred to as
being “on” another element, such element may 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, no intervening elements are
present.

[0022] A TFT array panel for OLED according to an
embodiment of the invention is described with reference to
FIG. 1, FIG. 2, and FIG. 3. FIG. 1 is a layout view of a TFT
array panel for an OLED according to an embodiment of the
invention, FIG. 2 is a sectional view of the TFT array panel
shown in FIG. 1 taken along the line II-IT', and FIG. 3 is a
sectional view of the TFT array panel shown in FIG. 1 taken
along the line III-III'.

[0023] Ablocking film 111, which may be made of silicon
oxide or silicon nitride is formed on an insulating substrate
110, which may be made of transparent glass. The blocking
film 111 may have a dual-layered structure.

[0024] A plurality of semiconductor islands 151 and
1515, which may be made of polysilicon, are formed on the
blocking film 111. Each of the semiconductor islands 151a
and 1515 includes a plurality of extrinsic regions including
N type or P type conductive impurity and at least one
intrinsic region having substantially no conductive impurity.

[0025] Regarding a semiconductor island 151a for a
switching TFT Qa, the extrinsic regions include a first
source region 1534, an intermediate region 1535, and a first
drain region 1554, which are doped with N type impurity
and separated from one another. The intrinsic regions of the
semiconductor island 151« include, for example, a pair of
(first) channel regions 15441 and 15442 provided or sand-
wiched between the extrinsic regions 153a, 1535 and 1554.

[0026] Regarding a semiconductor island 1515 for a driv-
ing TFT Qb, the extrinsic regions include a second source
region 153b and a second drain region 155b, each of which
are doped with P type impurity and separated from one
another. The intrinsic region of the semiconductor island
15156 includes a channel region 154b provided or sand-
wiched between the second source region 153b and the
second drain region 155b. The second source region 153b
extends to form a storage region 157.

[0027] The extrinsic regions may further include lightly
doped regions (not shown) provided between the channel
regions 15441, 15442 and 154b and the source, drain, and
intermediate regions 153a, 153b, 1554, 155b, 1535. The
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lightly doped regions may be substituted with offset regions
that include substantially no impurity.

[0028] In another embodiment of the invention, the extrin-
sic regions 153a and 1554 of the first semiconductor islands
151a are doped with P type impurity, while the extrinsic
regions 1535 and 1555 of the second semiconductor islands
1515 are doped with N type impurity, depending on driving
conditions. The conductive impurity includes P type impu-
rity such as, for example, boron (B) and gallium (Ga), and
N type impurity, such as, for example, phosphorous (P) and
arsenic (As).

[0029] A gate insulating layer 140, which may be made of
silicon oxide or silicon nitride, is formed on the semicon-
ductor islands 151 and 1515 and on the blocking film 111.

[0030] A plurality of gate conductors including a plurality
of gate lines 121 including a plurality of pairs of first gate
electrodes 124a and a plurality of second gate electrodes
124b are formed on the gate insulating layer 140. For
example, the plurality of first gate electrodes 124a are
grouped in pairs of first gate electrodes 124a.

[0031] The gate lines 121 for transmitting gate signals
extend substantially in a transverse or crosswise direction.
Each pair of first gate electrodes 124a extend from the gate
line 121 and intersect the first semiconductor islands 151a
such that each pair of first gate electrodes 124a overlap the
pair of the first channel regions 154a. For example, each pair
of first gate electrodes 124a protrude upward from the gate
line 12. Each gate line 121 may include an expanded end
portion having an area sufficient for contact with another
layer and/or or an external driving circuit. The gate lines 121
may be directly connected to a gate driving circuit for
generating the gate signals, which may be integrated on the
substrate 110.

[0032] The second gate electrodes 124b are separated
from the gate lines 121 and intersect the second semicon-
ductor islands 151b such that the second gate electrodes
124b overlap the second channel regions 154b. The second
gate electrodes 124b extend to form storage electrodes 127
overlapping the storage electrode regions 157 of the second
semiconductor islands 1515 to form storage capacitors Cst.

[0033] The gate conductors 121 and 124h may be made of
low resistivity material including Al type metal such as, for
example, Al and Al alloy (e.g. AL—Nd), Ag type metal, such
as, for example, Ag and Ag alloy, and Cu type metal such,
for example, as Cu and Cu alloy. The gate conductors 121
and 124b may have a multi-layered structure including two
films having different physical characteristics. One of the
two films may be made of low resistivity metal including Al
type metal, Ag type metal, and Cu type metal for reducing
signal delay and/or voltage drop in the gate conductors 121
and 124b. The other film may be made of material such as,
for example, Cr, Mo and Mo alloy, Ta or Ti, which has good
physical, chemical, and electrical contact characteristics
with other materials such as indium tin oxide (ITO) or
indium zinc oxide (IZO). The two types of films in combi-
nation in the multi-layered structure may be, for example, a
lower Cr film and an upper Al—Nd alloy film, and/or a
lower Al film and an upper Mo film.

[0034] The lateral sides of the gate conductors 121 and
124b are inclined relative to a surface of the substrate 110,
and the inclination angle thereof ranges approximately
30-80 degrees.
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[0035] An interlayer insulating film 160 is formed on the
gate conductors 121 and 124b. The interlayer insulating
layer 160 may be made of, for example, photosensitive
organic material having a good flatness characteristic, low
dielectric insulating material such as a-Si:C:O and a-Si:O:F
formed by plasma enhanced chemical vapor deposition
(PECVD), or inorganic material such as silicon nitride and
silicon oxide.

[0036] The interlayer insulating layer 160 has a plurality
of contact holes 164 exposing the second gate electrodes
124b. The interlayer insulating layer 160 and the gate
insulating layer 140 also have a plurality of contact holes
1634, 163D, 165¢ and 165b exposing the source regions
1532 and 153b and the drain regions 1554 and 1555,
respectively.

[0037] A plurality of data conductors including a plurality
of data lines 171, a plurality of voltage transmission lines
172, and a plurality of first and second drain electrodes 175a
and 175b are formed on the interlayer insulating film 160.
The data lines 171 for transmitting data signals extend
substantially in the longitudinal direction and intersect the
gate lines 121. Each data line 171 includes a plurality of first
source electrodes 173a connected to the first source regions
1534 through the contact holes 163a. Each data line 171 may
include an expanded end portion having an area sufficient for
contact with another layer and/or an external driving circuit.
The data lines 171 may be directly connected to a data
driving circuit for generating the gate signals, which may be
integrated on the substrate 110.

[0038] The voltage transmission lines 172 for transmitting
driving voltages for the driving TFT Qb extend substantially
in the longitudinal direction and intersect the gate lines 121.
Each voltage transmission line 172 includes a plurality of
second source electrodes 173b connected to the second
source regions 153b through the contact holes 163b. The
voltage transmission lines 171 may be connected to each
other.

[0039] The first drain electrodes 175a are located separate
or apart from the data lines 171 and the voltage transmission
lines 172, and the first drain electrodes 1754 are connected
with the first drain regions 1554 through the contact holes
1652 and are connected with the second gate electrodes
124b through the contact hole 164.

[0040] The second drain electrodes 175b are located sepa-
rate from the data lines 171 and the voltage transmission
lines 172. The second drain electrodes 175b are connected
with the second drain regions 155b through the contact holes
165b.

[0041] The data conductors 171,172, 1754, and 175b may
be made of refractory metal including, for example, Cr, Mo,
Ti, Ta, or similar alloys thereof. The data conductors 171,
172, 1754, and 175b may have a multi-layered structure and
the multi-layered structure may include a low resistivity film
and a good contact film. According to an embodiment of the
invention, the multi-layered structure may be a double-
layered structure comprising, for example, a lower Cr film
and an upper Al (alloy) film, a double-layered structure of a
lower Mo (alloy) film and an upper Al (alloy) film, or a
triple-layered structure of a lower Mo film, an intermediate
Al film, and an upper Mo film.
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[0042] The data conductors 171,172, 175a and 175b have
an inclined edge profile and the inclination angles thereof
range from a approximately 30-80 degrees.

[0043] A passivation layer 180 is formed on the data
conductors 171, 172, 1754 and 175b. According to an
embodiment of the invention, the passivation layer 180 is
may be made of photosensitive organic material having a
good flatness characteristic, low dielectric insulating mate-
rial such as a-Si:C:0 and a-Si:O:F formed by PECVD, or
inorganic material such as silicon nitride and silicon oxide.

[0044] The passivation layer 180 has a plurality of contact
holes 185 exposing the second drain electrodes 175b. The
passivation layer 180 may further have a plurality of contact
holes (not shown) exposing end portions of the data lines
171. The passivation layer 180 and the interlayer insulating
layer 160 may have a plurality of contact holes (not shown)
exposing end portions of the gate lines 121.

[0045] The passivation layer 180 has an uneven surface
that has prominences and/or depressions, each of the promi-
nances and depressions having lateral surfaces substantially
vertical to the surface of the substrate 110. According to an
embodiment of the invention, the lateral surfaces form
approximately an 80-100° angle with respect to the substrate
110, preferably the lateral surfaces form approximately a 90°
angle.

[0046] The prominences and the depressions may extend
linearally and the prominences may further have a lattice
pattern. The uneven surface area may cover the entire area
of the substrate 110 or only partly cover the substrate 110.

[0047] A plurality of pixel electrodes 190 are formed on
the passivation layer 180. The pixel electrodes 190 are
connected with the second drain electrodes 175b through the
contact holes 185. The pixel electrodes 190 may be made of
at least one of reflective opaque material, such as, for
example, Al or Ag alloy. According to another embodiment
of the invention, the pixel electrode 190 may be made of
transparent conductor material such as, for example, ITO or
1Z0, and opaque reflective conductor such as, for example,
Al, Ag, Ca, Ba and Mg. The pixel electrode 190 may be
incorporated with the second drain electrode 175b to reduce
the manufacturing cost.

[0048] A plurality of contact assistants or connecting
members (not shown) may be also formed on the passivation
layer 180 such that they are connected to the exposed end
portions of the gate lines 121 or the data lines 171.

[0049] A partition 360 for separating pixels of the TFT
array panel is formed on the passivation layer 180 and the
pixel electrodes 190. The partition 360 surrounds the pixel
electrodes 190 and defines openings to be filled with organic
light emitting material. The partition 360 may be made of
organic insulating material. The partition 360 may also be
made of a photosensitive material having black pigment,
which is exposed to light and developed, such that the
partition 360 functions as a light blocking member and a
manufacturing method thereof is simplified.

[0050] A plurality of light emitting members 370 are
formed on the pixel electrodes 190 and provided in the
openings defined by the partition 360. The light emitting
members 370 may be made of organic material emitting
primary-color lights such as red, green and blue lights. The
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red, green and blue light emitting members 370 are periodi-
cally arranged according to predetermined conditions.

[0051] The light emitting members 370 are curved along
the uneven surface of the passivation layer 180. The light
emitting members 370 have surfaces that are substantially
vertical to the surface of the substrate 110. According to an
embodiment of the invention, the vertical surfaces form an
angle of approximately 80-100°, more preferably, the ver-
tical surfaces form an angle of approximately 90° with
respect to the substrate 110.

[0052] This vertical profile of the surfaces of the light
emitting members 370 improves the light efficiency by
allowing for the reflected lights to be used in the display. The
above-described feature will be described in more detail
herein below with reference to FIG. 4.

[0053] FIG. 4 illustrates a path of light reflected at the
surfaces of the light emitting member shown in FIG. 3.
Referring to FIG. 4, a light emitting member 370 has
horizontal surfaces 371 and vertical surfaces 372. As such,
the total light emitting area is increased as compared with a
light emitting member having only a horizontal surface
because the light Lv emitted from the vertical surfaces 372
as well as the light Lh emitted from the horizontal surfaces
371 both contribute to the display of images. When the
inclination angles of the horizontal surfaces 371 and vertical
surfaces 372 exceed approximately 80-100°, relative to a
surface of the substrate 110 light emitted from the inclined
surfaces is apt to be lost.

[0054] Referring again to FIG. 1, FIG. 2 and FIG. 3, a
buffer layer 380 is formed on the light emitting members 370
and the partition 360. The buffer layer 380 may be omitted
if the buffer layer 380 is not required.

[0055] A common electrode 270 supplied with a prede-
termined voltage, such as a common voltage, is formed on
the buffer layer 380. The common electrode 270 may be
made of a transparent conductive material such as, for
example, ITO and 1ZO, or opaque metal such as, for
example, Al, Ag, Ca, Ba and Mg.

[0056] An auxiliary electrode (not shown) made of low
resistivity material may be provided to compensate the
conductivity of the common electrode 270. The auxiliary
electrode may be provided between the common electrode
270 and the buffer layer 380 or on the common electrode
270. Additionally, the auxiliary electrode may have a matrix
form and be provided along the partition 360 such that the
auxiliary electrode does not overlap the light emitting mem-
ber 370.

[0057] In the above-described TFT array panel, a first
semiconductor island 151 a, a first gate electrode 124a
connected to the gate line 121, a first source electrode 173a
connected to the data line 171, and a first drain electrode
175a form a switching TFT Qa. A second semiconductor
island 1515, a second gate electrode 124b connected to the
first drain electrode 1754, a second source ¢lectrode 1736
connected to the voltage transmission line 172, and a second
drain electrode 175b connected to a pixel electrode 190 form
a driving TFT Qb. Further, a pixel electrode 190 and a
common electrode 270 operate as an anode and a cathode,
respectively. A storage region 157 connected to a first drain
region 155¢ and a storage electrode 127 connected to a

Oct. 6, 2005

voltage transmission line 172 through a second source
electrode 173b form a storage capacitor Cst.

[0058] The switching TFT Qa transmits data signals from
the data line 171 to the driving TFT Qb in response to the
gate signal from the gate line 121. Upon the receipt of the
data signal, the driving TFT Qb generates a current having
a magnitude according to the voltage difference between the
second gate electrode 124b and the second source electrode
173b. The voltage difference is charged in the storage
capacitor Cst and maintained after the switching TFT Qa is
turned off.

[0059] The current driven by the driving TFT Qb enters
into the light emitting member 370 through the pixel elec-
trode 190 and reaches the common electrode 270. The
current flowing in the light emitting member 370 indicates
that positive charge carriers, such as holes, and negative
charge carriers, such as electrons, are injected into the light
emitting member 370 from the anode 190 and the cathode
270, respectively, and the positive charge carriers and nega-
tive charge carriers are drifted by an electric field generated
by the voltage difference between the anode 190 and the
cathode 270. The holes and the electrons in the light emitting
member 370 meet each other and are recombined into
excitons, which emit light with a predetermined wavelength.
The intensity of the emitted light varies according to the
current driven by the driving TFT Qb and flowing in the light
emitting member 370.

[0060] The light emits from the display panel after passing
through the common electrode 270 or the pixel electrode
190. A transparent common electrode 270 and an opaque
pixel electrode 190 are applicable to a top emission type
OLED, which displays an image on its top surface. A
transparent pixel electrode 190 and an opaque common
electrode 270 are applicable to a bottom emission type
OLED, which displays an image on its bottom surface.

[0061] The semiconductor islands 1514 and 1515 may be
made of amorphous silicon without impurity regions. When
the semiconductor islands 151a and 151b are made of
amorphous silicon without impurity regions, ohmic contacts
preferably made of silicide or amorphous silicon heavily
doped with N type impurity may be provided between the
semiconductor islands 151¢ and 1515 and the data conduc-
tors 171, 172, 175a and 175b.

[0062] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. An organic light emitting display, comprising:

a pixel electrode;

an organic light emitting member formed on the pixel
electrode, the organic light emitting member having an
angled surface; and

a common electrode provided on the organic light emit-
ting member.
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2. The organic light emitting display of claim 1, wherein
the angled surface of the light emitting member is inclined
at an angle of approximately 80-100°.

3. The organic light emitting display of claim 2, further
comprising;

an insulating substrate;

a plurality of semiconductors formed on the insulating
substrate; and

a passivation layer that is formed on each of the semi-
conductors, wherein the passivation layer has an angled
surface forming the angled surface of the light emitting
member.

4. The organic light emitting display of claim 3, wherein
the angled surface of the passivation layer is inclined at an
angle of approximately 80-100°.

5. The organic light emitting display of claim 3, wherein
each of the semiconductors comprises a source region, a
drain region, and a channel region.

6. The organic light emitting display of claim 4, further
comprising:

a gate insulating layer formed on each of the semicon-
ductors;

a gate line formed on the gate insulating layer and
comprises a first gate electrode provided over the
channel region of a first semiconductor;

a second gate electrode formed on the gate insulating
layer, separated from the gate line, and provided over
the channel region of a second semiconductor;

an interlayer insulating layer formed on the gate line and
on the second gate electrode;

a data line formed on the interlayer insulating layer, the
data line comprises a first source electrode coupled
with the source region of the first semiconductor;

a voltage transmission line formed on the interlayer
insulating layer, the voltage transmission line com-
prises a second source electrode coupled with the
source region of the second semiconductor;

a first drain electrode formed on the interlayer insulating
layer and coupled with the drain region of the first
semiconductor and the second gate electrode; and

a second drain electrode formed on the interlayer insu-
lating layer and coupled with the drain region of the
second semiconductor.
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7. The organic light emitting display of claim 5, wherein
the pixel electrode is provided in a location defined by the
gate line and the data line.

8. The organic light emitting display of claim 1, further
comprising:

a partition having an opening exposing the pixel elec-
trode, wherein the organic light emitting member is
provided in the opening.

9. The organic light emitting display of claim 8, further

comprising;

a buffer layer provided between the common electrode
and the organic light emitting member.
10. A light emitting member provided in an organic light
emitting display, comprising:

a horizontal surface portion; and

a vertical surface portion that is angled at approximately

80-100° with respect to the horizontal surface portion.

11. The light emitting member of claim 10, wherein the

vertical surface portion is angled at substantially 90° with
respect to the horizontal surface portion.

12. An organic light emitting display, comprising:
a pixel electrode;

an organic light emitting member formed on the pixel
electrode, the organic light emitting member having an
angled surface;

a common electrode formed on the organic light emitting
member;

an insulating substrate;

a first semiconductor and a second semiconductor formed
on the insulating substrate; and

a passivation layer that is formed on the first semicon-
ductor and the second semiconductor, the passivation
layer having an angled surface that forms the angled
surface of the organic light emitting member,

wherein the angled surface of the organic light emitting
member and the angled surface of the passivation layer
are both angled at approximately 80-100° with respect
to the insulating substrate.
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