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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0019212,
filed on Feb. 19, 2014, and entitled, “Organic Light Emitting
Display Apparatus and Method of Manufacturing the Same,”
is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments herein relate to an
organic light emitting display apparatus and a method of
manufacturing an organic light emitting display apparatus.
[0004] 2. Description of the Related Art

[0005] An organic light emitting display generates light
using organic light emitting devices (OLEDs). Each OLED
includes an organic emission layer between a hole injection
electrode and an electron injection electrode. In operation,
holes from the hole injection electrode and electrons from the
electron injection electrode combine in the organic emission
layer to form excitons. When the excitons transition from an
excited state to a ground state, light is generated to form an
image.

[0006] Because an organic light emitting display is self-
emissive (e.g., does not need a backlight source), it may be
driven at a low voltage and may also be thin and light. Also,
such a display has a wide viewing angle, high contrast, and
fast response speed.

SUMMARY

[0007] In accordance with one embodiment, an organic
light emitting display which includes a substrate; an organic
light emitting device on the substrate; and a pixel circuit to
supply current to the organic light emitting device, wherein
the pixel circuit includes a switching transistor and a driving
transistor on the substrate, the switching transistor including
a first insulating layer between a first gate electrode and an
oxide semiconductor layer, the driving transistor including a
second gate electrode on an active layer, the first insulating
layer between the active layer and the second gate electrode.
[0008] The oxide semiconductor layer may include one or
more selected from the group consisting of gallium, indium,
zine, hafnium, and tin, and oxygen. The first gate electrode
may include a polycrystalline silicon layer doped with impu-
rities. The active layer may include a source region and a drain
region on respective sides of a channel region, the source and
drain regions doped with impurities.

[0009] The display may include a second insulating layer
on the oxide semiconductor layer and the second gate elec-
trode, wherein the switching transistor may include a first
source electrode and a first drain electrode that connect to the
oxide semiconductor layer through the second insulating
layer.

[0010] The driving transistor may include a second source
electrode and a second drain electrode respectively connected
to the source region and the drain region through the first
insulating layer and the second insulating layer.

[0011] The pixel circuit may include a capacitor including
a first electrode on the substrate and a second electrode on the
first electrode, wherein the first insulating layer is between the
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first electrode and the second electrode. The first electrode
may include the polycrystalline silicon layer doped with the
impurities, and the second electrode includes the oxide semi-
conductor layer. The capacitor may include a third electrode
on the second electrode, wherein the second insulating layer
is between the second electrode and the third electrode. The
organic light emitting device may include an organic emis-
sion layer between an anode electrode and a cathode elec-
trode.

[0012] In accordance with another embodiment, a method
of manufacturing an organic light emitting display apparatus
includes patterning a polycrystalline silicon layer on a sub-
strate to form an intermediate layer of a first gate electrode
and an intermediate layer of an active layer; forming a first
insulating layer on the intermediate layer of the first gate
electrode and the intermediate layer of the active layer; form-
ing a second gate electrode on the first insulating layer above
the intermediate layer of the active layer; doping the interme-
diate layer of the first gate electrode and the intermediate
layer of the active layer with impurities; forming an oxide
semiconductor layer on the first insulating layer, so that the
oxide semiconductor layer is located on the first gate elec-
trode; forming a second insulating layer on the second gate
electrode and the oxide semiconductor layer; and forming a
first source electrode and a first drain electrode to connect to
the oxide semiconductor layer through the second insulating
layer.

[0013] The active layer includes a channel region overlap-
ping the second gate electrode, and a source region and a drain
region at respective sides of the channel region, the source
region and drain region including impurities.

[0014] The method may include forming a second source
electrode and a second drain electrode to respectively connect
to the source region and the drain region through the first
insulating layer and the second insulating layer. The first gate
electrode may be a gate electrode of a switching transistor,
and the second gate electrode may be a gate electrode of a
driving transistor. The oxide semiconductor layer may
include one or more selected from the group consisting of
gallium, indium, zinc, hafnium, and tin, and oxygen.

[0015] The method may include applying an amorphous
silicon layer on the substrate and crystallizing the amorphous
silicon layer to form the polycrystalline silicon layer. The
impurities may be P-type impurities.

[0016] The method may include forming the intermediate
layer of the first gate electrode and the intermediate layer of
the active layer by forming an intermediate layer of a first
electrode, and wherein: doping the impurities including dop-
ing the intermediate layer of the first electrode with the impu-
rities to form the first electrode of the capacitor.

[0017] The operation of forming the oxide semiconductor
layer may include forming a second electrode of the capacitor
to overlap the first electrode. The method may include form-
ing a third electrode of the capacitor on the second insulating
layer to overlap the second electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0019] FIG. 1 illustrates an embodiment of an organic light
emitting display;

[0020] FIG. 2 illustrates an embodiment of a pixel circuit;
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[0021] FIG. 3illustrates examples oftransistors and capaci-
tors in the pixel circuit; and

[0022] FIGS. 4 to 8 illustrate an embodiment of a method
for manufacturing transistors and capacitors in a pixel circuit.

DETAILED DESCRIPTION

[0023] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0024] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0025] FIG. 1 illustrates an embodiment of organic light
emitting display 100, FIG. 2 illustrates an embodiment of a
pixel circuit, and FIG. 3 illustrates an example of a structure
of the pixel circuit which includes thin film transistors (TFT's)
and capacitors.

[0026] Referring to FIGS. 1 through 3, the organic light
emitting display 100 includes a pixel circuit C to supply
current to an OLED on a substrate 101. The substrate 101 may
include, for example, a transparent glass material (e.g, SiO,),
ceramic, plastic, and/or stainless steel. A buffer layer formed,
for example, of Si0, and/or SiNx, may be on the substrate 101
to provide flatness and to prevent impurity elements from
infiltrating into the substrate 101.

[0027] The substrate 101 includes a display area DA and a
non-display area ND. The display area DA includes a plural-
ity of pixels including OLEDs which emit light for generating
images. The non-display area ND may include a pad unit to
transfer electric signals from a power supply device or a
signal generating device to the display area DA.

[0028] Each of the pixels includes pixel circuit C for sup-
plying current to the OLED. The OLED includes an anode
electrode that serves as a hole injection electrode, a cathode
electrode that serves as an electron injection electrode, and an
organic emission layer between the anode electrode and the
cathode electrode. The anode electrode is connected to the
pixel circuit C, and the cathode electrode is connected to a
second power source ELVSS(t). The OLED generates light of
a predetermined luminance based on the current from the
pixel circuit C.

[0029] The pixel circuit C includes at least a first transistor
TR1, a second transistor TR2, and a capacitor C1. The first
transistor TR1 includes a first gate electrode 310 on the sub-
strate 101, an oxide semiconductor layer 320 on the first gate
electrode 310, and a first insulating layer 102 between the first
gate electrode 310 and the oxide semiconductor layer 320. A
first source electrode 332 and a first drain electrode 334 is
connected to the oxide semiconductor layer 320. The first
source electrode 332 and the first drain electrode 334 is con-
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nected to the oxide semiconductor layer 320, while penetrat-
ing through a second insulating layer 103 on the oxide semi-
conductor layer 320.

[0030] The first gate electrode 310 may be or include, for
example, a polycrystalline silicon layer doped with impuri-
ties, e.g., P-type impurities such as boron (B). In another
embodiment, the impurities may be N-type impurities such as
phosphorus (P).

[0031] The oxide semiconductor layer 320 may not be
doped with the impurities, and may include, for example,
gallium (Ga), indium (In), zinc (Zn), and tin (Sn), oxygen (O),
or a combination thereof.

[0032] The first gate electrode 310 of the first transistor
TR1 is connected to a scan line. The first source electrode 332
is connected to a data line. The first drain electrode 334 is
connected to a first node N1. A scan signal Scan(n) is input to
the first gate electrode 310 and a data signal Data(t) is input to
the first source electrode 332. The first transistor TR1, there-
fore, serves as a switching transistor for transmitting a data
signal.

[0033] The first transistor TR1 transmits a data voltage to a
capacitor C1, which stores a received data voltage. The first
transistor TR1 uses the oxide semiconductor layer 320 as an
active layer. As a result, leakage current from the first tran-
sistor TR1 may be reduced less than a case where a polycrys-
talline silicon layer is used as an active layer. Therefore, a
reduction in voltage stored in the capacitor C1 may be
reduced, and a capacitor C1 may have a small size.

[0034] The second transistor TR2 may include an active
layer 210 on the substrate 101 and a second gate electrode 220
ontheactive layer 21. The first insulating layer 102 is between
the active layer 210 and the second gate electrode 220. A
second source electrode 232 and a second drain electrode 234
is connected to the active layer 210. The second source elec-
trode 232 and the second drain electrode 234 may be con-
nected to the active layer 210 while penetrating through the
second insulating layer 103 on the first insulating layer 102
and the second gate electrode 220.

[0035] Theactive layer 210 may be or include, for example,
a polycrystalline silicon layer which includes a channel
region 212 that is not doped with impurities at a predeter-
mined (e.g., center) region. A source region 214 and a drain
region 216 are located at opposite sides of the channel region
212 and are doped with impurities.

[0036] The second source electrode 232 and the second
drain electrode 234 are respectively connected to the source
region 214 and the drain region 216. The impurities may be
the same as or different from the impurities doped on the first
gate electrode 310.

[0037] The gate electrode 220 of the second transistor TR2
is connected to the first node N1. The second source electrode
232 is connected to the first power ELVDD(t). The second
electrode 234 is connected to the pixel electrode of the OLED.
The second transistor TR2, therefore, serves as a driving
transistor for driving the OLED according to a data signal. For
example, the second transistor TR2 may supply an output
current that is in proportional to a square value of a difference
between the voltage stored in the capacitor C1 and a threshold
voltage to the OLED.

[0038] Especially in the case where the active layer 210 of
the second transistor TR2 includes the polycrystalline silicon
layer, the active layer 210 may have excellent electron mobil-
ity. Therefore, the second transistor TR2 may have a small
size.
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[0039] The capacitor C1 includes a first electrode 410 on
the substrate 101 and a second electrode 420 on the first
electrode 410. The first insulating layer 102 is between the
first electrode 410 and the second electrode 420. The capaci-
tor C1 also includes a third electrode 430 on the second
electrode 420. The second insulating layer 103 is between the
second electrode 420 and the third electrode 430. Therefore,
the first and second insulating layers 102 and 103 may serve
as dielectric layers of the capacitor C1.

[0040] Thefirstelectrode 410 may include a material which
is the same as or different from that of the first gate electrode
310, e.g., polycrystalline silicon layer doped with impurities.
The second electrode 420 may include a material which is the
same as or different from that of the oxide semiconductor
layer 320.

[0041] The third electrode 430 may include a material
which is the same as or different from those of the first source
electrode 332, the first drain electrode 334, the second source
electrode 232, and/or the second drain electrode 234.

[0042] The capacitor C1 may be formed by connecting two
capacitors between the first electrode 140 and the second
electrode 420 and between the second electrode 420 and the
third electrode 430 in parallel to increase density. Thus, the
size of the capacitor C1 may be reduced. The capacitor C1 is
connected between the first node N1 and the first electrode of
the second transistor TR2, e.g., the first power ELVDD(t).
The capacitor C1 stores a voltage corresponding to a differ-
ence between the voltage transferred from the first transistor
TR1 and the voltage supplied from the first power ELVDD(t).

[0043] In FIGS. 2 and 3, the pixel circuit includes two
transistors TR1 and TR2 and one capacitor C1. In other
embodiments, the pixel circuit may include three or more
TFTs and two or more capacitors, and/or may include addi-
tional wirings as needed to form various structures.

[0044] FIGS. 4 to 8 are cross-sectional views illustrating an
embodiment of a method for manufacturing a pixel circuit
including the TFTs and the capacitor in FIG. 3.

[0045] Referring to FIG. 4, the method includes forming a
polycrystalline silicon layer on the substrate 101, and pattern-
ing the polycrystalline silicon layer to form an intermediate
layer 202 of the first gate electrode and an intermediate layer
201 of the active layer. Subsequently, the first insulating layer
102 is formed on the intermediate layer 202 of the first gate
electrode and the intermediate layer 201 of the active layer.
Additionally, when patterning the polycrystalline silicon
layer, an intermediate layer 203 of the first electrode of the
capacitor may be formed.

[0046] Before forming the polycrystalline silicon layer, a
buffer layer may be formed on the substrate 101. The buffer
layer may include, for example, SiO, and/or SiNx, and may
be formed by using various deposition methods such as but
not limited to a plasma enhanced chemical vapor deposition
(PECVD) method, an atmospheric pressure CVD (APCVD)
method, and a low pressure CVD (LPCVD) method.

[0047] The polycrystalline silicon layer may be formed by
crystallizing, for example, amorphous silicon. The amor-
phous silicon may be crystallized using, for example, a rapid
thermal annealing (RTA) method, a solid phase crystalliza-
tion (SPC) method, an excimer laser annealing (ELA)
method, a metal induced crystallization (MIC) method, a
metal induced lateral crystallization (MILC) method, and/or
a sequential lateral solidification (SLS) method.
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[0048] The first insulating layer 102 may include a single
layer or multiple layers of SiO, or SiNx, and may be formed
using a PECVD method, an APCVD method, or an LPCVD
method.

[0049] Referringto FIG. 5, the second gate electrode 220 is
formed on the first insulating layer 102 so as to be located on
the intermediate layer 201 of the active layer. The gate elec-
trode 220 may include, for example, Au, Ag, Cu, Ni, Pt, Pd,
Al, and/or Mo, or an alloy such as Al:Nd alloy, and Mo:W
alloy.

[0050] Referring to FIG. 6, the intermediate layer 201 of
the active layer, the intermediate layer 202 of the first gate
electrode, and the intermediate layer 203 of the first electrode
are doped with impurities to form the active layer 210, the first
gate electrode 310, and the first electrode 410, respectively.
The impurities may be, for example, P-type impurities such as
B or N-type impurities such as P.

[0051] When doping the impurities, the active layer 210
uses the second gate electrode 220 as a self-align mask. The
active layer 210 may therefore include the channel region 212
at a location which overlaps the second gate electrode 220.
The source region 214 and the drain region 216 are located at
opposite sides of the channel region 212 and are doped with
impurities.

[0052] The first gate electrode 310 and the first electrode
410 may be or include, for example, polycrystalline silicon
layers doped with impurities. Because the first gate electrode
310 and the first electrode 410 are formed simultaneously
with the active layer 210, the number of masks that are used
is less than that of a case in which the first gate electrode 310
and the first electrode 410 are formed of metal. Accordingly,
the manufacturing method may be simplified.

[0053] Referring to FIG. 7, the oxide semiconductor layer
320 is formed on the first insulating layer 102, and the second
insulating layer 103 is formed on the oxide semiconductor
layer 320 and the second gate electrode 220. When forming
the oxide semiconductor layer 320, the second electrode 420
may be formed on the first electrode 410 using the same
material as that of the oxide semiconductor layer 320.

[0054] The oxide semiconductor layer 320 is located on the
first gate electrode 310, and may include one or more of Ga,
In, Zn, and Sn, and O. Because the oxide semiconductor layer
320 is formed after the doping process of impurities in FIG. 6,
the oxide semiconductor layer 320 is not doped with impuri-
ties. Thus, a change in the characteristics of the first transistor
(TR1 of FIG. 2) while doping the impurities on the oxide
semiconductor layer 320 may be prevented. As a result, deg-
radation in reliability of the first transistor (TR1 of FIG. 2)
may be reduced or prevented.

[0055] Also, as described above, because the active layer of
the first transistor (TR1 of FIG. 2), which serves as a switch-
ing transistor, is formed as the oxide semiconductor layer
320, leakage current from the first transistor (TR1 of FIG. 2)
may be reduced and a size reduction of the capacitor (C1 of
FIG. 2) may be realized.

[0056] The second insulating layer 103 may be formed to
include one or more organic insulating materials, e.g., poly-
imide, polyamide, acryl resin, benzocyclobutene, and/or phe-
nol resin. The second insulating layer 103 may be formed, for
example, using a spin coating method. Also, the second insu-
lating layer 103 may be formed of an inorganic insulating
material, e.g., SiO,, SiN,, Al,0,, CuO,, Tb,0,, Y,O,,
Nb,Os, and/or Pr,0;.
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[0057] In another embodiment, the second insulating layer
103 may be formed to have amulti-layered structure, in which
organic insulating materials and inorganic insulating materi-
als are alternately stacked.

[0058] The second insulating layer 103 may operate as a
planarization layer on which the cathode electrode of the
OLED (see FIG. 2) will be formed, or as a passivation layer
for protecting the oxide semiconductor layer 320 and the
second gate electrode 220.

[0059] After the second insulating layer 103 is formed, the
first insulating layer 102 and the second insulating layer 103
are patterned to form a first via hole hl and a second via hole
h2 that respectively expose the source region 214 and the
drain region 216. Also, the second insulating layer 103 is
patterned to form a third via hole h3 and a fourth via hole h4
that expose the oxide semiconductor layer 320.

[0060] Referring to FIG. 8, the first source electrode 332
and the first drain electrode 334 are formed to penetrate
through the second insulating layer 103 for connection to the
oxide semiconductor layer 320. The first source electrode 332
and the first drain electrode 334 are filled in the third via hole
h3 and the fourth via hole hd, respectively, to establish con-
nection to the oxide semiconductor layer 320.

[0061] Inaddition, the second source electrode 232 and the
second drain electrode 234 are formed to penetrate through
the first insulating layer 102 and the second insulating layer
103 for connection to the source region 214 and the drain
region 216, respectively. The second source electrode 232 and
the second drain electrode 234 are respectively filled in the
first via hole h1 and the second via hole h2, and are connected
to the source region 214 and the drain region 216.

[0062] The third electrode 430 is formed on the second
insulating layer 103 to overlap the second electrode 420.
[0063] By way of summation and review, in accordance
with one or more of the aforementioned embodiments, a pixel
circuit has a first transistor TR1 which serves as a switching
transistor. The first transistor TR1 is formed to include the
oxide semiconductor layer 320 to reduce the leakage current.
Accordingly, the size of the capacitor C1 may be reduced. In
addition, because the oxide semiconductor layer 320 is not
doped with impurities, degradation in the characteristics and
reliability of the first transistor TR1, that otherwise would be
attributable to the doping of impurities, may be prevented.
[0064] Also, the second transistor TR2 (e.g., the driving
transistor) of the pixel circuit is formed to include the poly-
crystalline silicon layer doped with impurities in order to
achieve excellent electron mobility. As a result, the size of the
second transistor TR2 may be reduced.

[0065] Thus, according to one or more of the above
embodiments, the polycrystalline silicon layer having excel-
lent electron mobility and the oxide semiconductor layer
having reduced leakage current may be used as active layers
of the transistors.

[0066] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
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form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An organic light emitting display, comprising:

a substrate;

an organic light emitting device on the substrate; and

apixel circuit to supply current to the organic light emitting
device,

wherein the pixel circuit includes a switching transistor
and a driving transistor on the substrate, the switching
transistor including a first insulating layer between a first
gate electrode and an oxide semiconductor layer, the
driving transistor including a second gate electrode on
an active layer, the first insulating layer between the
active layer and the second gate electrode.

2. The display as claimed in claim 1, wherein the oxide
semiconductor layer includes one or more of gallium, indium,
zine, hafnium, or tin, and oxygen.

3. The display as claimed in claim 1, wherein the first gate
electrode includes a polycrystalline silicon layer doped with
impurities.

4. The display as claimed in claim 3, wherein the active
layer includes a source region and a drain region on respective
sides of a channel region, the source and drain regions doped
with impurities.

5. The display as claimed in claim 4, further comprising:

a second insulating layer on the oxide semiconductor layer
and the second gate electrode, wherein the switching
transistor includes a first source electrode and a first
drain electrode that connect to the oxide semiconductor
layer through the second insulating layer.

6. The display as claimed in claim 5, wherein the driving
transistor includes a second source electrode and a second
drain electrode respectively connected to the source region
and the drain region through the first insulating layer and the
second insulating laver.

7. The display as claimed in claim 4, wherein the pixel
circuit includes:

a capacitor including a first electrode on the substrate and
asecond electrode on the first electrode, wherein the first
insulating layer is between the first electrode and the
second electrode.

8. The display as claimed in claim 7, wherein:

the first electrode includes the polycrystalline silicon layer
doped with the impurities, and the second electrode
includes the oxide semiconductor layer.

9. The display as claimed in claim 7, wherein the capacitor

includes:

a third electrode on the second electrode,

wherein the second insulating layer is between the second
electrode and the third electrode.

10. The display as claimed in claim 1, wherein the organic
light emitting device includes an organic emission layer
between an anode electrode and a cathode electrode.

11. A method of manufacturing an organic light emitting
display apparatus, the method comprising:

patterning a polycrystalline silicon layer on a substrate to
form an intermediate layer of a first gate electrode and an
intermediate layer of an active layer;

forming a first insulating layer on the intermediate layer of
the first gate electrode and the intermediate layer of the
active layer;
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forming a second gate electrode on the first insulating layer
above the intermediate layer of the active layer;

doping the intermediate layer of the first gate electrode and
the intermediate layer of the active layer with impurities;

forming an oxide semiconductor layer on the first insulat-
ing layer, so that the oxide semiconductor layer is
located on the first gate electrode;

forming a second insulating layer on the second gate elec-
trode and the oxide semiconductor layer; and

forming a first source electrode and a first drain electrode to
connect to the oxide semiconductor layer through the
second insulating layer.

12. The method as claimed in claim 11, wherein the active

layer includes:

a channel region overlapping the second gate electrode,
and

asource region and a drain region at respective sides of the
channel region, the source region and drain region
including impurities.

13. The method as claimed in claim 12, further comprising:

forming a second source electrode and a second drain
electrode to respectively connect to the source region
and the drain region through the first insulating layer and
the second insulating layer.

14. The method as claimed in claim 11, wherein:

the first gate electrode is a gate electrode of a switching
transistor, and
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the second gate electrode is a gate electrode of a driving

transistor.

15. The method as claimed in claim 11, wherein the oxide
semiconductor layer includes one or more of gallium, indium,
zine, hafnium, or tin, and oxygen.

16. The method as claimed in claim 11, further comprising:

applying an amorphous silicon layer on the substrate and

crystallizing the amorphous silicon layer to form the
polycrystalline silicon layer.
17. The method as claimed in claim 11, wherein the impu-
rities are P-type impurities.
18. The method as claimed in claim 11, further comprising:
forming the intermediate layer of the first gate electrode
and the intermediate layer of the active layer by forming
an intermediate layer of a first electrode, and wherein:

doping the impurities including doping the intermediate
layer of the first electrode with the impurities to form the
first electrode of the capacitor.

19. The method as claimed in claim 18, wherein forming
the oxide semiconductor layer includes forming a second
electrode of the capacitor to overlap the first electrode.

20. The method as claimed in claim 19, further comprising:

forming a third electrode of the capacitor on the second
insulating layer to overlap the second electrode.
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