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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CLAIMS OF PRIORITY

This application makes reference to, incorporates the same
herein, and claims all benefits accruing under 35 U.S.C. §119
from an application earlier filed in the Korean Intellectual
Property Office on Nov. 29, 2005 and there duly assigned
Serial No. 10-2005-0114794.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
display device, and more particularly to an organic light emit-
ting display device in which a voltage drop (i.e., IR drop) can
be minimized while using a metal substrate.

2. Description of the Related Art

An organic light emitting display device is a self-lumines-
cent device in which electrons and positive holes injected into
organic materials through an anode and a cathode are recom-
bined to generate excitons, and a predetermined wavelength
of light beams are generated by energy generated by excitons.

Since the organic light emitting display device does not
require a separate light source such as a backlight unit, it can
provide some advantages such as low power consumption, a
wide angle of view, and a fast response speed in comparison
with a liquid crystal display device. Therefore, the organic
light emitting display device has been highlighted as a next
generation display.

The light emitting elements of the organic light emitting
display device include an anode which is an electrode for
injecting holes, an organic layer, and a cathode which is an
electrode for injecting electrons. The organic layer includes
organic materials capable of emitting red, green, and blue
light to implement a full-color display.

In addition, the organic layer may have a mulii-layer struc-
ture that includes an emitting layer (EML), an electron trans-
port layer (ETL), and a hole transport layer (HTL) in order to
increase light emitting efficiency by balancing the electrons
and the holes. In some cases, the organic layer may further
include a separate electron injection layver (EIL) and a hole
injection layer (HIL).

Such an organic light emitting display device can be clas-
sified into a passive matrix type or an active matrix type,
depending on a driving method.

While the passive matrix type of organic light emitting
display device has advantages such as a simplified manufac-
turing process and a low manufacturing cost, it has large
power consumption, and does not provide a wide display
area.

On the other hand, while the active matrix type organic
light emitting display device has shortcomings such as a
complicated manufacturing process and a high manufactur-
ing cost in comparison with the passive type of organic light
emitting display device, it has advantages such as lower
power consumption, a high definition, a fast response speed,
a wide angle of view, and a sufficiently thin thickness due to
an RGB (red/green/blue) independent drive type.

In addition, the organic light emitting display device can be
classified into a bottom emission type, a top emission type, or
a dual emission type, depending on a light emitting direction
from the organic layer. While the light is emitted in a direction
opposite to the substrate having pixels in the top emission
type of organic light emitting display device, the light is
emitted toward the substrate having pixels in a bottom emis-
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sion type of organic light emitting display device. The bottom
emission type of organic light emitting display device has a
relatively high numerical aperture.

Since the light emitted from the organic layer ofthe pixel is
output in a direction opposite to the substrate in the top
emission type of organic light emitting display device, one of
the anode and the cathode interposing the organic layer
should be transparent if the light is output from it.

Typically, the transparent electrode of the organic light
emitting display device is formed of a transparent conductive
material such as Indium-Tin-Oxide (ITO). Unfortunately,
since the transparent conductive material such as ITO has a
high resistance value, a voltage drop is generated by the high
resistance of the transparent electrode, and irregular bright-
ness is generated in a display device due to the voltage drop.

For this reason, in one of the anode and cathode provided
on the top and bottom of the organic layer, and particularly, in
reference to the cathode, a cathode power line for supplying a
cathode voltage to the cathode is formed of metal. In this case,
the cathode voltage provided from the external terminal is
applied to the cathode power line, and is provided to the
cathode through a contact hole.

However, a voltage drop is generated from such a cathode
wire line itself, and a pixel area is limited by the space occu-
pied by the cathode wire line.

SUMMARY OF THE INVENTION

The present invention provides an organic light emitting
display device having a construction by which a voltage drop
generated by a cathode wire line can be minimized, and loss
of a pixel area can be minimized.

According to an aspect of the present invention, there is
provided an organic light emitting display device including: a
substrate formed of a conductive material; an organic layer
formed on the substrate; and an anode and a cathode inter-
posing the organic layer, wherein the substrate is electrically
connected to the cathode.

The organic light emitting display device may further
include an insulation film interposed between the cathode and
the substrate, and the substrate and the cathode may be con-
nected to each other through an opening formed in the insu-
lation film.

The substrate may include a display area and a non-display
surrounding the display area, and the opening may be dis-
posed in the non-display area.

A plurality of openings may be provided on both sides of
the display area.

The cathode may cover the entire display area.

The substrate may be formed of steel or a steel alloy.

A voltage supplied to the cathode may be applied to the
substrate.

According to another aspect of the present invention, there
is provided an organic light emitting display device compris-
ing a substrate formed of a conductive material; a thin film
transistors formed on the substrate; and a luminescent ele-
ment formed on the thin film transistor. The luminescent
element comprising: an anode connected to a drain electrode
of the thin film transistor; an organic layer formed on the
anode; and a cathode formed on the organic layer, the cathode
being in contact with the substrate to establish an electrical
connection therebetween.

The organic light emitting display device may further com-
prise a bottom insulation layer disposed on the substrate; a
gate insulation layer disposed on the bottom insulation layer;
an interlayer insulation film disposed on the gate insulation
layer; a flattening film disposed on the interlayer insulation
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film; and a pixel defining film disposed on the flattening film
with the cathode being disposed on the pixel defining film,
wherein the cathode makes contact with the substrate through
an opening formed through the pixel defining film, the flat-
tening film, the interlayer insulation film, the gate insulation
layer and the bottom insulation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention, and
many of the attendant advantages thereof, will become
readily apparent as the same becomes better understood by
reference to the following detailed description when consid-
ered in conjunction with the accompanying drawings in
which like reference symbols indicate the same or similar
components, wherein:

FIG. 1 is a plan view illustrating a substrate of an organic
light emitting display device according to an embodiment of
the present invention.

FIG. 2 is a cross-sectional view across a line 1I-II' shown in
FIG. 1.

FIG. 3 is a cross-sectional view across a line III-I1I' shown
in FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the attached
drawings such that the present invention can be easily put into
practice by those skilled in the art. As the invention may be
embodied and modified in a variety of forms, and they are not
intended to limit the invention.

FIG. 1 is a plan view illustrating a substrate of an organic
light emitting display device according to an embodiment of
the present invention. A display area 22 and a non-display
area 24 surrounding the display area 22 are provided on a
substrate 10 of the organic light emitting display device.

The substrate 10 is formed of a conductive material such as
metal including steel or a steel alloy. For example, the sub-
strate 10 may be formed of a steel foil. When the substrate 10
is formed of metal, the organic light emitting display device
may be manufactured as a flexible display.

Meanwhile, the pixels are arranged in a matrix shape on the
display area 22 provided on the substrate 10. A scan line SL is
arranged in a certain direction on each pixel P, and a data line
DL and a power line VDD are arranged (perpendicularly)
across the scan line SL. Thin film transistors (TFTs) T1 and
T2, a capacitor Cst, and a luminescent element L are formed
on an area defined by the scan line SL, the data line DL, and
the power line VDD.

Thin film transistor T1 is connected to the scan line SL and
the data line DL, so as to apply the data voltage input from the
data line DL according to a switching signal from the scan
line, to a gate electrode of thin film transistor T2. The capaci-
tor Cst is connected to the first thin film transistor T1 and the
power line VDD, so as to accumulate electric charges of as
much as a voltage difference between the power line VDD
and the gate electrode of thin film transistor T2 according to
the voltage applied from the data line DL.

The thin film transistor T2 is connected to the power line
VDD and the capacitor Cst, so as to supply an output current
that is proportional to a square of a difference between a
voltage difference V, stored in the capacitor Cstand a thresh-
old voltage V, of thin film transistor T2 to the luminescent
element L. An output current I, can be expressed as follows:
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L)XV o=V,

where [ is a constant, V, denotes a voltage difference
stored in the capacitor Cst, and V,,, denotes a threshold volt-
age.
Although a single thin film transistor T1, a single thin film
transistor T2, and a single capacitor Cst are provided in the
organic light emitting display device illustrated in FIG. 1, the
numbers of the thin film transistors and capacitors are not
limited thereto.

Meanwhile, openings 341 for electrically connecting the
conductive substrate 10 to the electrodes of the pixels are
provided on the non-display area 24 of the substrate 10.

According to an embodiment of the invention, the openings
341 are arranged on both sides of the display area 22, and a
plurality of openings may be provided. The arrangement and
the number of openings 341 are not limited to those shown in
the drawing, and may be changed depending on require-
ments. A detailed construction of the openings 341 will be
described in detail later.

Meanwhile, a wire line 26 including a scan line extension,
a power line extension, and a data line extension extended
from the scan line SL, the power line VDD, and the data line
DL, respectively, and an external signal line connected to an
external drive circuit (not shown in the drawing) are arranged
around the non-display area 24 provided on the substrate 10.
The arrangement of the wire line 26 is not limited to that
shown in the drawing.

FIG. 2 is a cross-sectional view across a line II' shown in
FIG. 1. As shown in FIG. 2, a bottom insulation film 112, an
active layer 210, a gate insulation film 220, and a gate elec-
trode 230 are sequentially formed on substrate 110. the active
layer is formed in the area of thin film transistor T2. The gate
electrode 230 is formed under an interlayer insulation film
240, and a source electrode 251 and a drain electrode 252 are
formed on the interlayer insulation film 240.

The active layer 210 includes source and drain regions 211
and 212 onto which impurities are doped, and a channel
region 213 interposed therebetween. The gate electrode 230
corresponding to the channel region 213 is formed of metal
such as MoW (Molybdenum-tungsten), Al (Aluminum), Cr
(Chromium), and Al/Cr.

The source and drain electrodes 251 and 252 are electri-
cally connected to the source and drain regions 211 and 212 of
the active layer 210 through contact holes 221 and 222 pro-
vided in the gate insulation film 220, and contact holes 241
and 242 provided in the interlayer insulation film 240, and
they are formed of metal Ti/Al (Ti=Titanium) and Ti/Al/Ti.

Although the gate 230, source 251 and drain electrodes 252
are disposed on the active layer 210 in the thin film transistor
T2 according to an embodiment of the invention, the arrange-
ment of the active layer 210, and the gate 230, source 251 and
drain electrodes 252 is not limited thereto.

The luminescent element I is formed on the thin film
transistor T2 with a flattening film 260 interposed therebe-
tween, and has a stack structure in which an anode 310, an
organic layer 330, and a cathode 340 are sequentially stacked.

The anode 310 is electrically connected to the drain elec-
trode 252 through a via-hole 261 provided in the flattening
film 260. In addition, a pixel defining film 320 having an
opening 321 is formed on the flattening film 261, so that the
corresponding pixel P is electrically separated from neigh-
boring pixels (not shown in the drawing).

The organic layer 330 makes contact with the anode 310
through the opening 321 of the pixel defining film 320.

The anode 310 may have a single layer structure formed of
Indium-Tin-Oxide (ITO) or Indium-Zinc-Oxide (I1Z0), or a

[Equation 1]
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multilayer structure obtained by stacking at least two layers
including ITO or IZO. The cathode 340 may be formed of
MgAg (Magnesium-Silver), ITO, Al, or the like.

Particularly, when the organic light emitting display device
is a top emission type in which the light is emitted toward the
cathode 340, the anode 310 may have a multilayer structure
including ITO/Ag/ATO (Antimony Tin Oxide), and the cath-
ode 340 may be a transparent electrode formed of MgAg or
ITO.

The organic layer 330 may be an organic polymeric mate-
rial or alow-molecular organic material selected from a group
consisting of copper phthalocyanine (CuPc). N,N'-Di(naph-
thalene-1-y1)-N,N'-diphenyl-benzidine and NPB, tris-8-hy-
droxyquinoline aluminum (Alq,).

For example, when the organic layer 330 is formed of a
low-molecular organic material, the organic layer 330 may
have a multilayer structure including a hole injection layer
(HIL), ahole transport layer (HTL), an emitting layer (EML)
and an electron transport layer (ETL).

On the contrary, when the organic layer 330 is formed of an
organic polymeric material, the organic layer 330 may
include a hole transport layer (HTL) and an emitting layer
(EML). The hole transport layer may be formed of polyeth-
ylenedioxythiophene (PEDOT), and the emitting layer may
be formed of a poly-phenylenevinylene (PPV) based or poly-
fluorene based material.

Meanwhile, the non-display area 24 has an opening 341 for
electrically connecting the cathode 340 with the substrate
110.

FIG. 3 is a cross-sectional view across a line II-III' shown
in FIG. 1. Referring to F1G. 3, the opening 341 passes through
the pixel defining film 320, the flattening film 260, the inter-
layer insulation film 240, the gate insulation film 220, and the
bottom insulation film 112 to connect the cathode 340 to the
substrate 110. The opening 341 may have a thru-hole shape as
shown in the drawing, and a plurality of openings may be
provided on the non-display area 24 around the display area
22.

According to the aforementioned construction, it is pos-
sible to apply a voltage to the cathode without a separate
metal wire line by connecting the cathode 340 to the substrate
110 formed of metal. Therefore, it is possible to prevent a
voltage drop generated in the metal wire line, and it is possible
to enlarge the pixel area by forming a wire structure without
a separate metal wire line.

According to the organic light emitting display device of
the present invention, it is possible to prevent a voltage drop
generated in a separate metal wire line by electrically con-
necting the cathode to the substrate formed of a conductive
material. In addition, it is possible to enlarge the pixel area by
saving the space for the wire line. Furthermore, it is possible
to provide a flexible display unit if the organic light emitting
display device according to the invention includes a flexible
metallic substrate.

Although the exemplary embodiments of the present
invention have been described, the present invention is not
limited to the embodiments, but may be modified in various
forms without departing from the scope of the appended
claims, the detailed description, and the accompanying draw-
ings of the present invention. Therefore, it is natural that such
modifications belong to the scope of the present invention.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate formed of a conductive material, the substrate
including a non-display area formed around an edge
portion of the substrate and a display area enclosed by
the non-display area;
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an organic layer formed on the substrate; and
an anode and a cathode interposing the organic layer, the
cathode being in contact with the non-display area of the
substrate to establish an electrical connection between
the cathode and the substrate, the cathode being in con-
tact with the substrate only through the non-display area
of the substrate.
2. The organic light emitting display device of claim 1,
further comprising an insulation film interposed between the
cathode and the substrate, wherein the substrate and the cath-
ode contact each other through an opening formed in the
insulation film.
3. The organic light emitting display device of claim 2,
wherein said opening is disposed in the non-display area.
4. The organic light emitting display device of claim 3,
wherein a plurality of openings are provided in non-display
areas on opposite sides of the display area.
5. The organic light emitting display device of claim 1,
wherein the cathode covers the entire display area.
6. The organic light emitting display device of claim 1,
wherein the substrate is formed of metal.
7. The organic light emitting display device of claim 1,
wherein the substrate is formed of steel or a steel alloy.
8. The organic light emitting display device of claim 1,
wherein a voltage is supplied to the cathode through the
substrate.
9. An organic light emitting display device comprising:
a substrate formed of a conductive material, the substrate
including a non-display area formed around an edge
portion of the substrate and a display area enclosed by
the non-display area;
a thin film transistor formed on said substrate; and
a luminescent element connected to said thin film transis-
tor, said luminescent element comprising:
an anode connected to a drain electrode of said thin film
transistor;

an organic layer formed on said anode; and

a cathode formed on said organic layer, said cathode
being in contact with the non-display area of the sub-
strate to establish an electrical connection between
the cathode and the substrate, the cathode being in
contact with the substrate only through the non-dis-
play area of the substrate.

10. The organic light emitting display device of claim 9,
further comprising:

a bottom insulation layer disposed on said substrate;

a gate insulation layer disposed on said bottom insulation

layer;

an interlayer insulation film disposed on said gate insula-
tion layer;

a flattening film disposed on said interlayer insulation film;
and

a pixel defining film disposed on said flattening film with
said cathode being disposed on said pixel defining film,
wherein the cathode makes contact with the substrate
through an opening formed through the pixel defining
film, the flattening film, the interlayer insulation film, the
gate insulation layer and the bottom insulation layer.

11. The organic light emitting display device of claim 10,
wherein said opening is disposed in the non-display area and
said luminescent element is disposed in said display area.

12. The organic light emitting display device of claim 11,
wherein a plurality of openings are provided in non-display
areas on opposite sides of the display area.

13. The organic light emitting display device of claim 9,
wherein the cathode covers the entire display area.
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14. The organic light emitting display device of claim 9, 17. The organic light emitting display device of claim 2,
wherein the substrate is formed of metal. wherein the cathode entirely covers the opening.
15. The organic light emitting display device of claim 9, 18. The organic light emitting display device of claim 9,
wherein the substrate is formed of steel or a steel alloy. wherein both of the thin film transistor and the luminescent

16. The organic light emitting display device of claim 9, 5 element are disposed in the display area.
wherein a voltage is supplied to the cathode through the
substrate. X ok ok k¥
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