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7) ABSTRACT

An organic electroluminescent display includes a substrate
having an array portion with pixels, and a pad portion
coupled to an external power supply. A semiconductor
structure is formed on the substrate with a source electrode,
a drain electrode and a pad. A passivation layer is formed on
the semiconductor structure with via holes exposing regions
of the source and the drain electrodes at the array portion and
the pad at the pad portion. Portions of the passivation layer
contacting the via holes between the array portion and the
pad portion have the same thickness. A conductive layer fills
the via holes. A pixel defining layer is formed over the entire
surface of a flattening layer and the conductive layer with
pixel regions exposing regions of the conductive layer at the
array portion. An organic electroluminescent film is formed

D) Int. CL7 HO1L 29/04; HOIL 21/00  at each pixel region.
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ORGANIC ELECTROLUMINESCENT DISPLAY

[0001] This application claims the benefit of Korean
Patent Application No. 2003-0060016, filed on Aug. 28,
2003, 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 elec-
troluminescent display, and in particular, to an organic
electroluminescent display that prevents source and drain
electrodes from being over-etched by removing the thick-
ness difference of a passivation layer contacting via holes
between an array portion and a pad portion.

[0004] 2. Description of Related Art

[0005] Generally, an electroluminescent (EL) display is a
display device that utilizes the principle that electrons from
a cathode and holes from an anode are injected into a light
emission layer while being combined to form excitons, and
the light emission layer emits light when the excitons go
down from the excited state to the ground state.

[0006] In contrast to a conventional thin film transistor
liquid crystal display, an organic EL display does not need
a separate light source and uses a lightweight structure
having a reduced volume. In an organic EL display, organic
material films, which emit light under the application of
electric current, are arranged at respective pixels in a matrix
form, and the amount of electric current applied to the
organic material films is varied to display desired images.
The organic EL display has numerous advantages, such as
low-driving voltage, lightweight, flatness, wide viewing
angle, and fast response time. Furthermore, organic EL
displays are expected to be a next-generation display device.

[0007] The organic EL display includes a plurality of
pixels arranged in a matrix form, and many thin film patterns
formed at each pixel region, such as a thin film transistor for
a switching and driving element, a pixel electrode, and an
organic EL film.

[0008] Referring to the drawings, FIG. 1 is a cross-
sectional view of an organic EL display 15 configured in
accordance with the prior art. As shown in FIG. 1, the
organic EL display 15 has a panel with an array portion A for
forming pixels, and a circuit pad portion P placed at the
periphery thereof to be connected to an external power
supply (not shown). A blocking layer 2 made of SiO, is
formed on an insulating substrate layer 1, and a polycrys-
talline silicon layer 3 is formed on the blocking layer 2
having a predetermined width.

[0009] Source and drain regions 3« and 3c, respectively,
doped with a high concentration of impurities are formed at
the polycrystalline silicon layer 3, and a channel region 3b
is formed between the source region 3¢ and the drain region
3a.

[0010] A gate insulating layer 4 of SiO, or Si,N, is formed
over the entire surfaces of the blocking layer 2 and the
polycrystalline silicon layer 3. Gate electrodes 5a and 5b
made of Al are formed on the gate insulating layer 4 having
a predetermined width, and an inter-layered insulating layer
6 is formed on the gate insulating layer 4 and the gate
electrodes 5a and 5b.
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[0011] Source electrode 7a and drain electrode 75, respec-
tively, made of Al are formed on the inter-layered insulating
layer 6 so that the source electrode 7a and the drain electrode
7b are connected to the source region 3¢ and the drain region
3a, respectively. First and second insulating passivation
layers 8 and 9, respectively, are formed on the source
electrode 7a and the drain electrode 7b, forming a flat top
surface thereof.

[0012] The first and second insulating passivation layers 8
and 9, respectively, are selectively etched such that they
expose the source electrode 7a and the drain electrode 7b. A
conductive layer 10 fills the etched portion of the first
insulating passivation layer 8 and the second insulating
passivation layer 9 and a pixel defining layer 11 is formed on
the conductive layer 10. The pixel defining layer 11 is
selectively etched to form pixel regions 12.

[0013] During the process of forming the first insulating
and second insulating passivation layers 8, 9, the first
insulating passivation layer 8 having a thin thickness is first
formed, and the second insulating passivation layer 9 having
a thick thickness is then formed thereon having a flat top
surface to make a uniform topology. The first insulating
passivation layer 8 exhibits the topology of the underlying
structure as it is formed on that structure with a uniform
thickness, similar to the insulating substrate layer 1. The
second insulating passivation layer 9 removes the surface
stepped differences in the underlying structure and forms a
flat top surface over the entire area of the wafer.

[0014] The first and second insulating passivation layers §,
9 must have a flat top surface over the entire area of the
insulating substrate 1 in order to conduct a photolithography
process for forming via holes 20 subsequently. The via holes
20 exposing the source and drain electrodes 7a and 7b,
respectively, are formed after the formation of the first and
second insulating passivation layers 8, 9. By means of the
via holes 20, the pixel electrode 13 at the array portion A is
connected to the underlying metallic element or conductive
layer 10, while the pad electrode 19 at the pad portion P is
connected to the underlying metallic element or conductive
layer 10.

[0015] However, the first and second insulating passiva-
tion layers 8, 9 have different thickness depending upon the
surface step differences of the underlying structure. More
specifically, the source and drain electrodes 7a, 7b alone, or
the source and drain electrodes 7a, 7b plus the gate electrode
5b, or the source and drain electrodes 7a, 7D plus the gate
electrodes 5a, 5b plus the polycrystalline silicon layer 3 may
be under the first and second insulating passivation layers
89.

[0016] The difference in thicknesses of the first and second
insulating passivation layers 8, 9 is formed between the
array portion A and the pad portion P. Due to the thickness
difference of the first and second insulating passivation
layers 8, 9, the etching depth for forming the via holes 20 is
different between the array portion A and the pad portion P.

[0017] As shown in FIG. 1, the thickness of the second
insulating passivation layer 9 to be etched at the pad portion
P is indicated by T1, and the thickness of the second
insulating passivation layer 9 to be etched at the array
portion A is indicated by T2. T1 is clearly shown as being
smaller than T2. Except for the first insulating passivation
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layer 8 which has a uniform thickness, the etching depth for
forming the via holes 20 is different between the array
portion A and the pad portion P by the value of T2 subtracted
by T1.

[0018] As the difference in the etching depth for forming
the via holes 20 becomes greater, the thicker portions of the
first and second insulating passivation layers 8,9 at the array
portion A are etched until the underlying source and drain
electrodes 7a, 7b are exposed, while the thinner portions of
the first and second insulating passivation layers 8,9 at the
pad portion P, as well as the underlying source and drain
electrodes 7a, 7b, are etched continuously. This results in
over-etching of the pad 7c.

[0019] The over-etching of the pad 7c at the pad portion P
becomes more severe when the difference in the etching
depth of the first and second insulating passivation layers 8,
9 for forming the via holes is 3000 A or more. Then
electrode over-etching causes contact failures.

[0020] Accordingly, there is a need to prevent source and
drain electrodes from being over-etched during the via hole
formation process due to differences in thickness of the
passivation layer.

SUMMARY OF THE INVENTION

[0021] One of the aspects of the present invention is to
prevent the source electrode and the drain electrode from
being over-etched.

[0022] The present invention enables to reduce the thick-
ness difference of the passivation layer between the array
portion and the pad portion.

[0023] An organic EL display has a dummy gate pattern
formed under the source electrode and the drain electrode at
the array portion to reduce the thickness of the flattening
layer at the array portion to the same level as that at the pad
portion. Alternatively, the gate electrode at the pad portion
may be omitted to increase the thickness of the flattening
layer at the pad portion to the same level as that at the array
portion.

[0024] According to one aspect of the present invention,
the organic EL display includes a substrate having an array
portion with pixels, and a pad portion connected to an
external power supply. A semiconductor structure is formed
on the substrate with source and drain electrodes. An insu-
lating passivation layer is formed on the semiconductor
structure having via holes exposing predetermined regions
of the source and the drain electrodes at the array portion and
the pad portion. The portions of the passivation layer in
contact with the via holes between the array portion and the
pad portion have the same thickness. A conductive layer fills
the via holes. A pixel defining layer is formed over the entire
surface of the flattening layer, and the conductive layer
having pixel regions exposing predetermined regions of the
conductive layer at the array portion. An organic EL film is
formed at each pixel region.

[0025] According to another aspect of the present inven-
tion, the organic EL display includes a substrate having an
array portion with pixels, and a pad portion connected to an
external power supply. A semiconductor structure is formed
on the substrate, and source and drain electrodes are formed
on the semiconductor structure. Top surfaces of the source
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and drain electrodes in the array portion and the top surface
of the pads in the pad portion are located on the same plane.
The insulating passivation layer is formed on the semicon-
ductor structure. Via holes exposing predetermined regions
of the source and the drain electrodes and the pads are
formed at the array portion and the pad portion. A conduc-
tive layer fills the via holes. A pixel defining layer is formed
over the entire surface of the flattening layer. The conductive
layer, having pixel regions exposing predetermined regions
of the conductive layer, is formed at the array portion. An
organic EL film is formed at each pixel region.

[0026] TLocated in the array portion under the via holes are
the substrate, a gate insulating layer, gate electrodes, an
inter-layer insulating layer, and the source and drain elec-
trodes, deposited in that order; while under the via holes at
the pad portion are the substrate, the gate insulating layer, a
dummy gate pattern, the inter-layer insulating layer, and the
pads, deposited in that order. The dummy gate pattern and
the gate electrodes are simultaneously formed with the same
material while bearing the same thickness.

[0027] Under the via holes at the array portion, the sub-
strate, a gate insulating layer, an inter-layer insulating layer,
and the source and drain electrodes, are deposited in that
order; while under the via holes at the pad portion the
substrate, the gate insulating layer, the inter-layer insulating
layer, and the pads are deposited in that order.

[0028] The insulating passivation layer has a first insulat-
ing layer reflecting the topology of the underlying structure
with a uniform thickness, and a second insulating layer
formed on the first insulating layer with a flat top surface.

[0029] A lower source and a lower drain are connected to
the source and the drain electrodes at the array portion,
respectively.

[0030] The lower source and the lower drain are formed
by doping impurities at the peripheries of the polycrystalline
silicon layer, and the portion of the polycrystalline silicon
layer located between the lower source and the lower drain
functions as a channel region. The gate electrodes and the
source and drain electrodes are formed of a metallic mate-
rial.

[0031] The substrate is formed with an insulating material,
and a blocking layer is formed at the interface between the
substrate and the polycrystalline silicon layer, and at the
interface between the substrate and the gate insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a cross-sectional view of a conventional
organic EL display;

[0033] FIG.2 is a plan view of an array portion and a pad
portion of an organic EL display configured according to one
exemplary embodiment of the present invention.

[0034] FIG. 3 is a cross-sectional view of an organic EL
display configured according to the exemplary embodiment
of the present invention.

[0035] FIG. 4 is a cross-sectional view of an organic EL

display configured according to another exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] FIGS. 2 and 3 illustrate an organic EL display 25
configured in accordance with one exemplary embodiment
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of the present invention. The EL display 25 has a panel 17
with an array portion A for forming pixels, and a pad portion
P located at the periphery thereof. Pads 19 are formed at the
pad portion P to apply driving electrical signals to power
transmission lines, scanning lines and data lines.

[0037] As shown in FIG. 3, the organic EL display 25 has
a blocking layer 102 formed of SiO, on an insulating
substrate 101, and a polycrystalline silicon layer 103 having
a predetermined width formed on the blocking layer 102.

[0038] N-type or p-type impurity ions are doped at the
peripheries of the polycrystalline silicon layer 103 at a high
concentration to form a lower drain region 103¢ and a lower
source region 103¢c. The region between the lower drain
region 103a and the lower source region 103¢ becomes a
channel region 103b where electrons or holes migrate.

[0039] A gate insulating layer 104 of SiO, or Si;N, is
formed over the entire surface of the blocking layer 102 and
the polycrystalline layer 103. A portion of the gate insulating
layer 104 located on the polycrystalline silicon layer 103 is
higher than the other portions thereof. Since the polycrys-
talline silicon layer 103 is relatively thin, the step difference
between the blocking layer 102 and the polycrystalline
silicon layer 103 is so small that the effect is insignificant.
Therefore, for ease of explanation, such step difference is
omitted and not illustrated in FIG. 3.

[0040] Gate electrodes 1054 and 105b and a dummy gate
pattern 300 made of Al are formed on the gate insulating
layer 104 having a predetermined width. An inter-layered
insulating layer 106 is formed on the gate insulating layer
104, the gate electrodes 1054 and 1055, and the dummy gate
pattern 300.

[0041] Itispreferable that the dummy gate pattern 300 and
the gate electrodes 105a and 105b are simultancously
formed through the same deposition and photolithography
process. Accordingly, the dummy gate pattern 300 and the
gate electrodes 1054 and 1055 are to be formed of the same
material while having the same thickness.

[0042] The dummy gate pattern 300 is located under the
drain electrode 107a to be formed with a via hole 200 later,
and this is intentionally formed to reduce the thickness of the
flattening layer 109 contacting the via hole 200 formed at the
array portion A. The etching depth for forming the via hole
200 is the same level as that at the pad portion P. The shape
of the dummy gate pattern 300 is not limited to a particular
one, but may be modified with any permissible variation.

[0043] The gate electrodes 1054, formed at the pad portion
P, lower the contact resistance of the pad 107b, which also
corresponds to pad electrode 18 of FIG. 2 and could be
electrically coupled to the external power supply through the
via holes 200.

[0044] The inter-layer insulating layer 106 directly reflects
the topology of the underlying structure. That is, the portion
of the inter-layer insulating layer 106 over the dummy gate
pattern 300 and the gate electrodes 105« and 1055 is located
on a plane higher than the other portions thereof.

[0045] The source electrode 107¢ and the drain electrode
107a and the pad 107b are made of Al and formed on the
inter-layered insulating layer 106 having a predetermined
width. The source electrode 107¢ and the drain electrodes
1074 at the array portion A are connected to the lower source
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region 103c and the lower drain region 103a of the poly-
crystalline silicon layer 103 respectively.

[0046] First and second insulating passivation layers 108
and 109 are formed over the entire surface of the inter-
layered insulating layer 106 as well as the source and drain
electrodes 107a and 107¢ and the pad 1075 to flatten the top
surface 109 thereof.

[0047] 1In order to make the first and second insulating
passivation layers 108, 109, a first insulating passivation
layer 108 is formed having a uniform thickness such that it
directly reflects the topology of the underlying structure, and
a second insulating passivation layer 109 is formed thereon
with a flat top surface. The first and second insulating
passivation layers 108 and 109, respectively, have a flat top
surface over the entire area of a wafer in order to conduct the
subsequent patterning process for forming via holes 200.

[0048] The first and second insulating passivation layers
108 and 109, respectively, have via holes 200 selectively
etched while exposing the drain electrodes 1074 and the pad
107b, respectively, at a predetermined degree, and a con-
ductive layer 110 fills the via holes 200 while being placed
thereon.

[0049] The via holes 200 at the array portion A connect the
pixel electrode 110 to the underlying metallic element drain
electrode 107a and those at the pad portion P connect the pad
electrodes 19 to the underlying metallic element or pad
1075.

[0050] The first and second insulating passivation layers
108,109 containing the via holes 200 placed at the array
portion A have the same thickness as those at the pad portion
P. Hence, the etching depths of the first and second insulat-
ing passivation layers 108,109 for forming the via holes 200
at both array portion A and pad portion P are the same.

[0051] Compared to the conventional design shown in
FIG. 1 where T1 and T2 are different, the etching depth D1
at the pad portion P and the etching depth D2 at the array
portion A, which exclude the uniform thickness of the first
insulating passivation layer 108 but include only the is
thickness of the second insulating passivation layer 109, are
the same. The thickness of the insulating passivation layer
contacting the via hole 200 at the pad portion P is the same
as that at the array portion A.

[0052] Accordingly, when the first and second insulating
passivation layers 108,109 are etched to form via holes 200,
the drain electrodes 107a at the array portion A and the pad
107b at the pad portion P are simultaneously exposed.
Accordingly, the pad 107b at the pad portion P are protected
from over-etching.

[0053] A pixel defining layer 111 is formed on the con-
ductive layer 110 and the flattening layer 109, and selec-
tively etched to form pixel regions 112. An organic El film
113 is formed at each pixel region 112.

[0054] FIG. 4 illustrates an organic EL display 35 con-
figured according to another embodiment of the present
invention. Compared to the EL display 25 shown in FIG. 3
where a dummy gate pattern 300 is formed at the array
portion A, the EL display 35 configured according to the
another embodiment of the present invention does not have
the gate electrodes 105a previously shown in FIG. 3 at the
pad portion P.
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[0055] In the EL display 35, the gate electrodes 1054 of
FIG. 3 at the pad portion P are omitted while reducing the
surface step so that the thickness difference of the first and
second insulating passivation layers 108, 109 contacting the
via holes 200 between the pad portion P and the array
portion A is removed.

[0056] Consequently, the etching depth D3 at the pad
portion P and the etching depth D4 at the array portion A,
which exclude the thickness of the first insulating layer 108
but include only that of the second insulating layer 109, are
the same. Compared to the case according to the first
embodiment, D3 is greater than D1.

[0057] As described above, a dummy gate patternis
formed at the array portion, or the gate electrodes at the pad
portion are omitted to remove the thickness difference of the
passivation layer between the array portion and the pad
portion, thereby protecting the source and drain electrodes or
the pad from over-etching.

[0058] Although preferred embodiments of the present
invention have been described in detail hereinabove, it
should be clearly understood that many variations and/or
modifications of the basic inventive concept herein taught
which may appear to those skilled in the art will still fall
within the spirit and scope of the present invention, as
defined in the appended claims.

What is claimed is:
1. An organic electroluminescent display, comprising:

a substrate having an array portion with pixels, and a pad
portion with a pad;

a semiconductor structure formed on the substrate with a
source ¢lectrode and a drain electrode;

apassivation layer formed on the semiconductor structure
with via holes exposing regions of the source electrode
and the drain electrode at the array portion and the pad
at the pad portion, wherein portions of the passivation
layer containing the via holes between the array portion
and the pad portion have the same thickness;

a conductive layer filling the via holes;

a pixel defining layer formed on the passivation layer and
the conductive layer with pixel regions exposing
regions of the conductive layer at the array portion; and

an organic electroluminescent film formed at each pixel

region.

2. The organic electroluminescent display of claim 1,
wherein the semiconductor structure on the substrate at the
pad portion includes a gate insulating layer, gate electrodes,
an inter-layer insulating layer and the pad that are sequen-
tially deposited over the substrate, while the semiconductor
structure on the substrate at the array portion includes the
gate insulating layer over the substrate, a dummy gate
pattern, the inter-layer insulating layer and the source elec-
trode and the drain electrode that are sequentially deposited
over the substrate.

3. The organic electroluminescent display of claim 2,
wherein the dummy gate pattern is formed under the via
holes at the array portion.
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4. The organic electroluminescent display of claim 2,
wherein the dummy gate pattern and the gate electrodes are
simultaneously formed of the same material while bearing
the same thickness.

5. The organic electroluminescent display of claim 1,
wherein the semiconductor structure on the substrate at the
array portion includes a gate insulating layer, gate elec-
trodes, an inter-layer insulating layer and the source and
drain electrodes which are sequentially deposited over the
substrate.

6. The organic electroluminescent display of claim 1,
wherein the passivation layer has a first insulating layer
reflecting the topology of the underlying structure with a
uniform thickness, and a second insulating layer formed on
the first insulating layer with a flat top surface.

7. The organic electroluminescent display of claim 1,
wherein a source region and a drain region are connected to
the source electrode and the drain electrode at the array
portion, respectively.

8. The organic electroluminescent display of claim 7,
wherein the source region and the drain region are formed by
doping impurities at peripheries of a polycrystalline silicon
layer, and a portion of the polycrystalline silicon layer
placed between the source region and the drain region
functions as a channel region.

9. The organic electroluminescent display of claim 1,
wherein the gate electrode, the source electrode and the
drain electrode are formed with a metallic material.

10. The organic electroluminescent display of claim 8,
wherein the substrate is an insulating material, and a block-
ing layer is formed between the substrate and the polycrys-
talline silicon layer, and between the substrate and the gate
insulating layer.

11. An organic electroluminescent display, comprising:

a substrate having an array portion with pixels, and a pad
portion with a pad to be connected to an external power

supply;
a semiconductor structure formed on the substrate;

a source electrode and a drain electrode formed on the
semiconductor structure, wherein top surfaces of the
drain electrode at the array portion and the pad at the
pad portion are located within the same approximate
plane;

a passivation layer formed on the semiconductor structure
with via holes exposing regions of the drain electrodes
at the array portion and the pad at the pad portion;

a conductive layer filling the via holes;

a pixel defining layer formed on the passivation layer and
the conductive layer with pixel regions exposing
regions of the conductive layer at the array portion; and

an organic electroluminescent film formed at each pixel

region.

12. The organic electroluminescent display of claim 11,
wherein the semiconductor structure on the substrate at the
pad portion includes a gate insulating layer, gate electrodes,
an inter-layer insulating layer and the pad that are sequen-
tially deposited over the substrate, and wherein the semi-
conductor structure on the substrate at the array portion
includes the gate insulating layer over the substrate, a
dummy gate pattern, the inter-layer insulating layer and the
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source electrode and the drain electrodes that are sequen-
tially deposited over the substrate.

13. The organic electroluminescent display of claim 12,
wherein the dummy gate pattern is formed under the via
holes at the array portion

14. The organic electroluminescent display of claim 12,
wherein the dummy gate pattern and the gate electrodes are
simultaneously formed of the same material while bearing
the same thickness.

15. The organic electroluminescent display of claim 11,
wherein the semiconductor structure on the substrate at the
pad portion includes a gate insulating layer, gate electrodes,
an inter-layer insulating layer and the pad that are sequen-
tially deposited over the substrate.

16. The organic electroluminescent display of claim 11,
wherein the passivation layer have a first insulating layer
reflecting topology of underlying structure with a uniform
thickness, and a second insulating layer formed on the first
insulating layer with a flat top surface.
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17. The organic electroluminescent display of claim 11,
wherein a source region and a drain region are connected to
the source electrode and the drain electrode at the array
portion, respectively.

18. The organic electroluminescent display of claim 17,
wherein the source region and the drain region are formed by
doping impurities at sided peripheries of polycrystalline
silicon layer, and the portion of the polycrystalline silicon
layer placed between the source region and the drain region
functions as a channel region.

19. The organic electroluminescent display of claim 11,
wherein the gate electrode, the source electrode, and the
drain electrode are formed of a metallic material.

20. The organic electroluminescent display of claim 18,
wherein the substrate is an insulating material, and a block-
ing layer is formed between the substrate and the polycrys-
talline silicon layer, and between the substrate and the gate
insulating layer.
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