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ORGANIC LIGHT-EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0163367 filed in the
Korean Intellectual Property Office on Nov. 21, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode display and a manufacturing
method thereof.

[0004] 2. Description of the Related Technology

[0005] An organic light-emitting diode (OLED) includes
two electrodes and an organic light emitting layer positioned
therebetween. Electrons injected from a cathode electrode
and holes injected from an anode electrode are combined in
the organic light emitting layer to form excitons. Light is
emitted is emitted from the discharge of energy by the exci-
tons.

[0006] An OLED display includes a matrix of pixels
including an OLED formed of the cathode, the anode, and the
organic light emitting layer. A plurality of thin film transistors
and capacitors for driving the OLED are formed in each pixel.
To form the transistor and the capacitor, a photolithography
process including a dry etching process, a wet etching pro-
cess, and a doping process of doping the semiconductor are
required.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is a method of manufacturing
an OLED display for improving efficiency through simplifi-
cation of the manufacturing process.

[0008] Another aspect is an OLED display that includes: a
substrate; a semiconductor formed on the substrate and
including a channel that is channel-doped, and a contact
doping region positioned at both sides of the channel and
contact-doped; an insulating layer covering the semiconduc-
tor and having a contact hole exposing the contact doping
region; and an OLED formed on the insulating layer, wherein
the OLED is connected to the contact doping region through
the contact hole, and a position of the contact hole corre-
sponds to a position of the contact doping region.

[0009] A lowest boundary of the contact hole can accord
with an upper most boundary of the contact doping region.
[0010] The channel can include a switching channel and a
driving channel separated from each other, the insulating
layer can include a gate insulating layer covering the semi-
conductor and an interlayer insulating layer covering the gate
insulating layer, a driving gate electrode formed between the
gate insulating layer and the interlayer insulating layer and
overlapping a part of the driving channel can be further
included, and the length of the driving gate electrode can be
shorter than the length of the driving channel.

[0011] A driving gate electrode formed between the gate
insulating layer and the interlayer insulating layer and over-
lapping a part of the driving channel can be further included,
and the length of the switching gate electrode can be shorter
than the length of the switching channel.
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[0012] A passivation layer formed on the interlayer insu-
lating layer can be further included, and the OLED can
include a pixel electrode formed on the passivation layer and
connected to the semiconductor, an organic emission layer
formed on the pixel electrode, and a common electrode
formed on the organic emission layer.

[0013] Another aspect is a manufacturing method of an
OLED display that includes: forming a semiconductor on a
substrate; forming an insulating layer covering the semicon-
ductor; etching the insulating layer to form a contact hole
exposing a part of the semiconductor; and performing a con-
tact doping process to form a contact doping region at a part
of the semiconductor exposed by the contact hole.

[0014] The forming of the contact hole and the forming of
the contact doping region can be performed with the same
plasma processing device.

[0015] The dry etching process can be performed by using
a fluorine series gas in the plasma processing device in the
forming of the contact hole, and the ion doping process can be
performed by using a compound of Group 3 ions and a fluo-
rine series gas in the plasma processing device in the forming
of the contact doping region.

[0016] The position of the contact hole can correspond to
the position of the contact doping region.

[0017] The method can further include performing a chan-
nel doping process to form the channel in the semiconductor
after forming the semiconductor.

[0018] Another aspect is an organic light-emitting diode
(OLED) display, comprising a substrate and a semiconductor
layer formed over the substrate, wherein the semiconductor
layer includes a channel and a contact region formed on
opposing sides of the channel. The display also comprises an
insulating layer formed over the semiconductor layer and
having a contact hole exposing the contact region, and an
OLED formed over the insulating layer, wherein the OLED is
electrically connected to the contact region through the con-
tact hole, and wherein at least a portion of the contact hole is
formed directly above the contact region.

[0019] In the above display, the contact hole has top and
bottom portions opposing each other, wherein the contact
region has top and bottom portions opposing each other, and
wherein the bottom portion of the contact hole is connected to
the top portion of the contact region.

[0020] Intheabovedisplay, the width of the bottom portion
of the contact hole and the width of the top portion of the
contact region are substantially the same.

[0021] 1In the above display, the width of the contact hole
gradually increases from the bottom portion to the top portion
thereof.

[0022] The above OLED display further comprises a driv-
ing gate electrode formed over the channel, wherein the chan-
nel includes a switching channel and a driving channel sepa-
rated from each other, wherein the insulating layer includes a
gate insulating layer formed over the semiconductor layer and
an interlayer insulating layer formed over the gate insulating
layer, wherein the driving gate electrode is formed between
the gate insulating layer and the interlayer insulating layer
and overlapping a portion of the driving channel, and wherein
the length of the driving gate electrode is less than the length
of the driving channel.

[0023] The above OLED display further comprises a
switching gate electrode formed between the gate insulating
layer and the interlayer insulating layer and overlapping a
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portion of the switching channel, wherein the length of the
switching gate electrode is less than the length of the switch-
ing channel.

[0024] The above OLED display further comprises a pas-
sivation layer formed over the interlayer insulating layer,
wherein the OLED includes i) a pixel electrode formed over
the passivation layer and electrically connected to the semi-
conductor layer, ii) an organic emission layer formed over the
pixel electrode, and iii) a common electrode formed over the
organic emission layer.

[0025] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, comprising
forming a semiconductor layer over a substrate, forming an
insulating laver over the semiconductor layer, etching the
insulating layer so as to form a contact hole exposing a por-
tion of the semiconductor layer, and performing a contact
doping process so as to form a contact region in a portion of
the semiconductor layer exposed by the contact hole.

[0026] Inthe above method, the forming of the contact hole
and the forming of the contact region are performed with the
same plasma processing device.

[0027] Inthe above method, the etching is performed with
a fluorine series gas in the plasma processing device, wherein
the contact doping process is performed with a compound of
Group 3 ions and a fluorine series gas in the plasma process-
ing device.

[0028] Inthe above method, at least a portion of the contact
hole is formed directly above the contact region.

[0029] The above method further comprises performing a
channel doping process so as to form the channel in the
semiconductor layer after forming the semiconductor layer.
[0030] In the above method, the contact hole has top and
bottom portions opposing each other, wherein the contact
region has top and bottom portions opposing each other, and
wherein the bottom portion of the contact hole is connected to
the top portion of the contact region.

[0031] Inthe above method, the width ofthe bottom portion
of the contact hole and the width of the top portion of the
contact region are substantially the same.

[0032] In the above method, the width of the contact hole
gradually increases from the bottom portion to the top portion
thereof.

[0033] Another aspect is an organic light-emitting diode
(OLED) display, comprising a substrate and a driving tran-
sistor including i) a driving semiconductor layer formed over
the substrate and including a driving channel having two
lateral ends and i1) a driving contact region formed adjacent to
the lateral ends. The display also comprises an insulating
layer formed over the driving semiconductor layer and having
a driving contact hole extending from the driving contact
region and an OLED formed over the insulating layer and
electrically connected to the driving contact region through
the driving contact hole.

[0034] Inthe above display, at least a portion of the contact
hole is formed directly above the contact region.

[0035] The above display further comprises a switching
transistor including i) a switching semiconductor layer
formed over the substrate and including a switching channel
having two lateral ends and ii) a switching contact region
formed adjacent to the lateral ends, wherein the switching
transistor is electrically connected to the driving transistor.
[0036] Inthe above display, the driving and switching con-
tact holes each has top and bottom portions opposing each
other, wherein the driving and switching contact regions each
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has top and bottom portions opposing each other, wherein the
bottom portions of the contact holes are respectively con-
nected to the top portions of the contact regions, and wherein
the widths of the bottom portions of the contact holes and the
widths of the top portions of the contact regions are substan-
tially the same, respectively.

[0037] Inthe above display, each of the widths of the driv-
ing and switching channels is respectively greater than each
of the widths of the driving and switching gate electrodes.
[0038] According to at least one of the disclosed embodi-
ments, by performing the dry etching process to form the
contact hole and the ion doping process to form the contact
doping region in the same plasma processing device, separate
implantation can be omitted, thereby simplifying the manu-
facturing process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1isa cross-sectional view of a transistor of an
OLED display according to an exemplary embodiment.
[0040] FIG. 2, FIG. 3, and FIG. 4 are cross-sectional views
sequentially showing a manufacturing method of an OLED
display according to an exemplary embodiment.

[0041] FIG. 5is an equivalent circuit diagram of one pixel
of an OLED display according to another exemplary embodi-
ment.

[0042] FIG. 6 is a detailed layout view of one pixel of an
OLED display according to another exemplary embodiment.

[0043] FIG. 7 is a cross-sectional view taken along a line
VII-VII of FIG. 6.

[0044] FIG. 8, FIG. 10, and FIG. 12 are layout views
sequentially showing a manufacturing method of an OLED
display according to an exemplary embodiment.

[0045] FIG. 9is across-sectional view ofthe OLED display
of FI1G. 8 taken along a line IX-IX.

[0046] FIG. 11 is a cross-sectional view of the OLED dis-
play of FIG. 10 taken along a line XI-XI.

[0047] FIG. 13 is a cross-sectional view of the OLED dis-
play of FIG. 12 taken along a line XIII-XTII.

[0048] FIG. 14 is a cross-sectional view of the OLED dis-
play of FIG. 12 taken along a line XIII-XIII after the manu-
facturing step shown in FIG. 13.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0049] In manufacturing an OLED display, a dry etching
process used to form a contact hole in a gate insulating layer
and an interlayer insulating layer and an ion doping process
used to make a portion of the semiconductor connected to the
anode into a conductor are separately performed. Also, the
dry etching process is performed by use of a dry etcher and the
ion doping process is performed by use of ion implantation.
The dry etching process and the ion doping process are sepa-
rately performed in each device and moving the substrate can
generate an unnecessary loss of time.

[0050] The present disclosure will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the disclosure are shown.
As those skilled in the art would realize, the described
embodiments can be modified in various different ways, all
without departing from the spirit or scope of the present
disclosure.
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[0051] Accordingly, the drawings and description are to be
regarded as illustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification.

[0052] In addition, the size and thickness of each configu-
ration shown in the drawings are arbitrarily shown for better
understanding and ease of description, but the present disclo-
sure is not limited thereto.

[0053] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Further, in the
drawings, the thickness of layers and regions are partially
exaggerated for better understanding and ease of description.
It will be understood that when an element such as a layer,
film, region, or substrate is referred to as being “on” another
element, it can be directly on the other element or intervening
elements can also be present.

[0054] Further, in the specification, a statement regarding
an upper part of a target portion indicates an upper part or a
lower part of a target portion, rather than the target portion
always being positioned at the upper side based on a gravity
direction.

[0055] Further, in the specification, the phrase “in a plan
view” means when an object portion is viewed from above,
and the phrase “in across-section” means when a cross-sec-
tion taken by vertically cutting an object portion is viewed
from the side. While the inventive technology has been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details can be made therein without departing from
the spirit and scope as defined by the following claims.
[0056] Now, an OLED display according to an exemplary
embodiment will be described with reference to FIG. 1 to
FIG. 4.

[0057] FIG.1is a cross-sectional view of a transistor of an
OLED display according to an exemplary embodiment.
[0058] As shown in FIG. 1, the transistor includes a sub-
strate 110, a semiconductor or semiconductor layer 130
formed on the substrate 110, a gate insulating layer 140
covering the semiconductor 130, a gate electrode 125 formed
on the gate insulating layer 140, and an interlayer insulating
layer 160 covering the gate electrode 125 and the gate insu-
lating layer 140.

[0059] The semiconductor 130 includes a channel 131 that
is channel-doped and contact doping regions or contact
regions 132 and 133 that are positioned at both sides of the
channel 131 and are contact-doped. The gate electrode 125
overlaps a part of the channel 131, and the contact doping
regions 132 and 133 include a source region 132 and a drain
region 133.

[0060] Also, the gate insulating layer 140 and the interlayer
insulating layer 160 have a contact hole 60 exposing the
contact doping regions 132 and 133.

[0061] The position of the contact hole 60 corresponds to
the position of the contact doping regions 132 and 133. That
is, a lowest boundary 60a of the contact hole 60 accords with
an uppermost boundary 1324 of the contact doping regions
132 and 133. For example, if a plane shape of the contact hole
60 is circular, the plane shape of the contact doping regions
132 and 133 is also circular, and if the plane shape of the
contacthole 60 is quadrangular, the plane shape ofthe contact
doping regions 132 and 133 is also quadrangular.

[0062] Further, since the contact doping regions 132 and
133 are formed without the usage of the gate electrode 125 as
a doping mask, a length d1 of the gate electrode 125 is
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different from a length d2 of the channel 131. That is, the
length d1 of the gate electrode 125 is shorter than the length
d2 of the channel 131.

[0063] The structure of the transistor in FIG. 1 is the struc-
ture according to the manufacturing method of the OLED
display. The manufacturing method of the OLED display
according to an exemplary embodiment will be described
with reference to FIG. 2 to FIG. 4.

[0064] FIG. 2 to FIG. 4 are cross-sectional views sequen-
tially showing a manufacturing method of an OLED display
according to an exemplary embodiment.

[0065] First, as shown in FIG. 2, the semiconductor 130 is
formed on the substrate 110. The semiconductor 130 in this
case is an intrinsic semiconductor that is not doped with an
impurity. Also, the semiconductor 130 is subjected to a chan-
nel doping process. The semiconductor 130 in this case is an
impurity semiconductor. The gate insulating layer 140 cov-
ering the semiconductor 130 is formed and the gate electrode
125 is formed on the gate insulating layer 140. The interlayer
insulating layer 160 covering the gate electrode 125 is
formed.

[0066] Next, as shown in FIG. 3, the gate insulating layer
140 and the interlayer insulating layer are etched to form the
contact hole 60 exposing a part of the semiconductor 130. In
this case, the dry etching process is performed in a plasma
processing device 10 to form the contact hole 60, and a
fluorine-series gas is used. As the fluorine series gas, there are
SF, and CF,.

[0067] Next, as shown in FIG. 4, the contact doping process
is performed to form the contact doping regions 132 and 133
at the part of the semiconductor 130 exposed by the contact
hole 60. In this case, the ion doping process is continuously
performed in the plasma processing device 10 in which the
dry etching process is performed to form the contact doping
regions 132 and 133 while using a compound of Group 3 ions
and a fluorine series gas. For example, the ion doping process
is performed with BF; using boron (B) as Group 3 ions.
[0068] As described above, in the same plasma processing
device, by performing the dry etching process to form the
contact hole together with the ion doping process to form the
contact doping region, separate implantation can be omitted
such that the manufacturing process can be simplified.
[0069] However, another exemplary embodiment for the
OLED display including a plurality of transistors applied
with the characteristics of the present disclosure can be real-
ized.

[0070] Next, the OLED display according to another exem-
plary embodiment will be described with reference to FIG. 5
to FIG. 7.

[0071] FIG. 5is an equivalent circuit diagram of one pixel
of an OLED display according to another exemplary embodi-
ment.

[0072] As shown in FIG. 5, one pixel PX of the OLED
display includes a plurality of signal lines 121, 171, and 172,
a plurality of transistors T1 and T2 connected to the signal
lines, a storage capacitor (Cst), and an OLED.

[0073] The transistors T1 and T2 include a switching tran-
sistor T1 and a driving transistor T2.

[0074] Thesignal lines 121 171, and 172 include a scan line
121 transmitting a scan signal Sn, a data line 171 crossing the
scan line 121 and transmitting a data signal Dm, and a driving
voltage line 172 transmitting a driving voltage ELVDD and
being substantially parallel to the data line 171.
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[0075] The switching transistor T1 has a control terminal,
an input terminal, and an output terminal. The control termi-
nal is connected to the scan line 121, the input terminal is
connected to the data line 171, and the output terminal is
connected to the driving thin film transistor T2. The switching
thin film transistor T1 transmits the data signal Dm to the
driving transistor T2 in response to the scan signal Sn.
[0076] Thedriving transistor T2 also has a control terminal,
an input terminal, and an output terminal. The control termi-
nal is connected to the switching transistor T1, the input
terminal is connected to the driving voltage line 172, and the
output terminal is connected to the OLED. A driving current
1d flows through the driving transistor T2. The driving current
1d has a magnitude that varies based at least in part on the
voltage between the control terminal and the output terminal.
[0077] The storage capacitor Cst is connected between the
control terminal and the input terminal of the driving transis-
tor T2. The storage capacitor Cst charges the data signal
applied to the control terminal of the driving transistor T2 and
maintains it after the switching transistor T1 is turned off.
[0078] The OLED has an anode connected to the output
terminal of the driving transistor T2 and a cathode connected
to the common voltage ELVSS. The OLED emits light by
changing its intensity depending on an output current 1LD,
thereby displaying an image.

[0079] The switching transistor T1 and the driving transis-
tor T2 can be n-channel electric field effect transistors (FET)
or p-channel electric field effect transistors. Also, the connec-
tionrelation of the transistors T1 and T2, the storage capacitor
Cst, and the OLED can be changed.

[0080] Next, the detailed structure of the pixel of the OLED
display according to the exemplary embodiment shown in
FIG. 5 will be described with reference to FIG. 6 and FIG. 7
as well as FIG. 5.

[0081] FIG. 6 is a detailed layout view of one pixel of an
OLED display according to another exemplary embodiment.
FIG. 7 is a cross-sectional view taken along a line VII-VII of
FIG. 6.

[0082] As shown in FIG. 6 and FIG. 7, the OLED display
includes a buffer layer 120 on a substrate 110. The substrate
110 can include an insulation substrate formed of glass,
quartz, a ceramic material, or a plastic material. The buffer
layer 120 can be formed to be a single layer of a silicon nitride
(SiNx) or a dual layer structure in which a silicon nitride
(SiNx) and a silicon oxide (SiOx) are laminated. The buffer
layer 120 serves to prevent an unnecessary component such
as impurity or moisture from being permeated and substan-
tially simultaneously planarize a surface.

[0083] A semiconductor 130 is formed on the buffer layer
120. The semiconductor 130 includes a switching semicon-
ductor or a switching semiconductor layer 133q and a driving
semiconductor or a driving semiconductor layer 1355 that are
separated from each other. The semiconductors 1354 and
13556 can be formed of a polycrystalline semiconductor mate-
rial or an oxide semiconductor material. The oxide semicon-
ductor material can include any one oxide based on titanium
(Ti), hafnium (Hf), zirconium (Zr), aluminum (Al), tantalum
(Ta), germanium (Ge), zinc (Zn), gallium (Ga), tin (Sn), or
indium (In), and indium-gallium-zinc oxide (InGaZnO4),
indium-zine oxide (Zn—In—0), zinc tin oxide (Zn—Sn—
0), indium-gallium oxide (In—Ga—O), indium-tin oxide
(In—Sn—0), indium-zirconium oxide (In—Zr—0),
indium-zirconium-zinc oxide (In—Zr—7n—0), indium-zir-
conium-tin oxide (In—Zr—Sn—~0), indium-zirconium-gal-
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lium oxide (In—Zr—Ga—0), indium aluminum oxide (In—
Al—O0), indium-zinc-aluminum oxide (In—7n—Al—0),
indium-tin-aluminum oxide (In—Sn—A1—0), indium-alu-
minum-gallium oxide (In—Al—Ga—O0), indium-tantalum
oxide (In—Ta—0Q), indium-tantalum-zinc oxide (In—Ta—
Zn—0), indium-tantalum-tin oxide (In—Ta—Sn—O0),
indium-tantalum-gallium oxide (In—Ta—Ga—O), indium-
germanium oxide (In—Ge—0O), indium-germanium-zinc
oxide (In—Ge—7n—0), indium-germanium-tin oxide
(In—Ge—Sn—0), indium-germanium-gallium oxide (In—
Ge—Ga—0), titanium-indium-zinc oxide (Ti—In—Zn—
0), or hafnium-indium-zinc oxide (Hf—In—7n—0) which
is a compound oxide thereof. In the case when the semicon-
ductor layer 131 is formed of the oxide semiconductor, in
order to protect the oxide semiconductor that is vulnerable to
an external environment such as a high temperature, a sepa-
rate passivation layer can be added.

[0084] The switching semiconductor 135a are divided into
a channel 13554, source region 13564 and a drain region
1357a formed at respective sides of the channel 1355a. The
driving semiconductor 1356 are divided into a channel
13555, a source region 13565 and a drain region 13576
formed at respective sides of the channel 13554. The channel
13554 of the switching semiconductor 1354 and the channel
13555 of the driving semiconductor 1355 are channel-doped
with a doping impurity of a N-type impurity or a P-type
impurity. The source region 13564 and the drain region 13574
of the switching semiconductor 135a and the source region
13565 and the drain region 13575 of the driving semiconduc-
tor 1355 are contact doping regions, or contact regions, that
are contact-doped with the higher doping concentration of the
doping impurity than the channel doping.

[0085] A gateinsulating layer 140 is formed on the switch-
ing semiconductor 135a and the driving semiconductor 1355.
The gate insulating layer 140 can be formed as the single layer
or the multilayer formed of at least one of a silicon nitride and
a silicon oxide.

[0086] A scanline121,a driving gate electrode 1255, and a
first storage capacitor plate 128 are formed on the gate insu-
lating layer 140. The scan line 121 extends in the horizontal
direction and transmits the scan signal Sn. A switching gate
electrode 1254 protrudes from the scan line 121 to the switch-
ing semiconductor 135a. The driving gate electrode 1255
protrudes from the first storage capacitor plate 128 to the
driving semiconductor 135b. The switching gate electrode
125a and the driving gate electrode 1255 respectively overlap
the switching and driving channels 13554 and 13555.

[0087] An interlayer insulating layer 160 is formed on the
scan line 121, the driving gate electrode 1255, and the first
storage capacitor plate 128. The interlayer insulating layer
160 can be formed of a silicon nitride or a silicon oxide like
the gate insulating layer 140.

[0088] The interlayer insulating layer 160 and the gate
insulating layer 140 have a source contact hole 61 and a drain
contact hole 62 respectively exposing the source region 1356
and the drain region 1357. The interlayer insulating layer 160
and the gate insulating layer 140 also have a storage contact
hole 63 exposing a part of the first storage capacitor plate 128.
[0089] A dataline 171 having a switching source electrode
176a, a driving voltage line 172 having a driving source
electrode 1760 and a second storage capacitor plate 178, a
switching drain electrode 177a connected to the first storage
capacitor plate 128, and a driving drain electrode 177b are
formed on the interlayer insulating layer 160.
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[0090] The data line 171 transmits the data signal Dm and
extends in the direction crossing the gate line 121. The driving
voltage line 172 transmits the driving voltage ELVDD, is
separated from the data line 171, and extends in the same
direction.

[0091] Theswitching source electrode 176a protrudes from
the data line 171 toward the switching semiconductor 135a.
The driving source electrode 1765 protrudes from the driving
voltage line 172 to the driving semiconductor 1354 The
switching source electrode 1764 and the driving source elec-
trode 1765 are respectively connected to the source regions
1356 through the source contact hole 61.

[0092] The switching drain electrode 177a faces the
switching source electrode 176a and the driving drain elec-
trode 1775 faces the driving source electrode 1765. And the
switching drain electrode 177a and the driving drain elec-
trode 1775 are respectively connected to the drain regions
1357 through the drain contact hole 62.

[0093] The source contact hole 61 exposing the source
region 1356 and the drain contact hole 62 exposing the drain
region 1357 are formed together in the gate insulating layer
140 and the interlayer insulating layer 160. The positions of
the source contact hole 61 and the drain contact hole 62
respectively correspond to the positions of the source region
1356 and the drain region 1357. That is, lowest boundaries
6la and 62a of the source contact hole 61 and the drain
contact hole 62 accord with uppermost boundaries 13564 and
1357a of the source region 1356 and the drain region 1357.
Also, the switching gate electrode 1254 and the driving gate
electrode 1256 do not have the structure in which the source
region 1356 and the drain region 1357 are formed through a
doping mask such that a length d11 of the switching gate
electrode 125¢ and a length d12 of the switching channel
13554 are different from each other. Similarly, a length d21 of
the driving gate electrode 125band alength d22 of'the driving
channel 13554 are different from each other. That is, the
length d11 is shorter than the length d12, and the length d21
is shorter than the length d22.

[0094] The switching drain electrode 177a extends and is
electrically connected to the first storage capacitor plate 128
and the driving gate electrode 1256 through the contact hole
63 formed in the interlayer insulating layer 160.

[0095] The second storage capacitor plate 178 protrudes
from the driving voltage line 171 and overlaps the first storage
capacitor plate 128. Accordingly, the first storage capacitor
plate 128 and the second storage capacitor plate 178 form the
storage capacitor Cst using the interlayer insulating layer 160
as a dielectric material.

[0096] The switching semiconductor 1354, the switching
gate electrode 1254, the switching source electrode 176a, and
the switching drain electrode 177a form the switching tran-
sistor T1. The driving semiconductor 1355, the driving gate
electrode 125, the driving source electrode 1765, and the
driving drain electrode 1775 form the driving transistor T2.
[0097] A passivation layer 180 is formed on the switching
source electrode 176a, the driving source electrode 1765, the
switching drain electrode 1774, and the driving drain elec-
trode 177b.

[0098] A pixel electrode 710 is formed on the passivation
layer 180, and the pixel electrode 710 can be formed of a
transparent conductive material such as indium tin oxide
(ITO), indium zine oxide (1Z0), zinc oxide (Zn0), or indium
oxide (In203), or a reflective metal such as lithium (Li),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
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fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
magnesium (Mg), or gold (Au). The pixel electrode 710 is
electrically connected to the driving drain electrode 177
through a contact hole 81 formed in the interlayer insulating
layer 160 to become an anode of an OLED.

[0099] A pixel definition layer 350 is positioned on the
passivation layer 180 and an edge of the pixel electrode 710.
The pixel definition layer 350 has a pixel opening 351 expos-
ing the pixel electrode 710. The pixel definition layer 180 can
be formed of a resin such as polyacrylates or polyimides, a
silica-based inorganic material, and the like.

[0100] An organic emission layer 720 is formed in the pixel
opening 351 of the pixel definition layer 350. The organic
emission layer 720 is formed as a multilayer including one or
more of an emission layer, a hole-injection layer (HIL), a
hole-transporting layer (HTL), an electron-transporting layer
(ETL), and an electron-injection layer (EIL). In the case
where the organic emission layer 720 includes all the layers,
the hole-injection layer is positioned on the pixel electrode
710 which is an anode. Further, the hole-transporting layer,
the emission layer, the electron-transporting layer, and the
electron-injection layer can be sequentially laminated
thereon.

[0101] The organic emission layer 720 can include a red
organic emission layer emitting red light, a green organic
emission layer emitting green light, and a blue organic emis-
sion layer emitting blue light. The red organic emission layer,
the green organic emission layer, and the blue organic emis-
sion layer are respectively formed in a red pixel, a green pixel,
and a blue pixel, thereby implementing a color image.
[0102] Further, the organic emission layer 720 can imple-
ment the color image by laminating the red organic emission
layer, the green organic emission layer, and the blue organic
emission layer together in the red pixel, the green pixel, and
the blue pixel, and forming a red color filter, a green color
filter, and a blue color filter for each pixel. As another
example, white organic emission layers emitting white light
are formed in all of the red pixel, the green pixel, and the blue
pixel. A red color filter, a green color filter, and a blue color
filter are formed for each pixel, thereby implementing the
color image. In the case of implementing the color image by
using the white organic emission layer and the color filters, a
deposition mask for depositing the red organic emission
layer, the green organic emission layer, and the blue organic
emission layer on respective pixels, that is, the red pixel, the
green pixel, and the blue pixel, does not need to be used.
[0103] The white organic emission layer described in
another example can be formed by one organic emission
layer, and includes a configuration in which a plurality of
organic emission layers are laminated to emit white light. For
example, the white organic emission layer includes a configu-
ration which can emit white light by combining at least one
vellow organic emission layer and at least one blue organic
emission layer, a configuration which can emit white light by
combining at least one cyan organic emission layer and at
least one red organic emission layer, a configuration which
can emit white light by combining at least one magenta
organic emission layer and at least one green organic emis-
sion layer, and the like.

[0104] A common electrode 730 is formed on the pixel
definition layer 350 and the organic emission layer 720. The
common electrode 730 can be formed of a transparent con-
ductive material such as indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (Zn0), or indium oxide (In203), ora



US 2016/0148983 A1

reflective metal such as lithium (Li), calcium (Ca), lithium
fluoride/calcium (LiF/Ca), lithium fluoride/aluminum (LiF/
Al), aluminum (Al), silver (Ag), magnesium (Mg), or gold
(Au). The common electrode 730 becomes the cathode of the
OLED. The pixel electrode 710, the organic emission layer
720, and the common electrode 730 can configure the OLED.
[0105] Next, the manufacturing method of the OLED dis-
play according to another exemplary embodiment will be
described with reference to accompanying drawings.

[0106] FIG. 8, FIG. 10, and FIG. 12 are layout views
sequentially showing a manufacturing method of an OLED
display according to an exemplary embodiment. FIG. 9 is a
cross-sectional view of the OLED display of FIG. 8 taken
along a line IX-IX. FIG. 11 is a cross-sectional view of the
OLED display of FIG. 10 taken along a line XI-XI. FIG. 13 is
a cross-sectional view of the OLED display of FIG. 12 taken
along a line XITI-XTII. FIG. 14 is a cross-sectional view of the
OLED display of FIG. 12 taken along a line XIII-XIII as a
following step of FIG. 13.

[0107] First, as illustrated in FIG. 8 and FIG. 9, the buffer
layer 120 is formed on the substrate 110. The buffer layer 120
can be formed of a single layer formed of a silicon nitride or
a laminate layer of a silicon nitride and a silicon oxide. The
buffer layer 120 is deposited on the entire surface of the
substrate 110 by a method such as plasma enhanced chemical
vapor deposition (PECVD). In addition, the semiconductor
layer 131 is formed on the buffer layer 120. The semiconduc-
tor layer 131 can be formed of polysilicon or an oxide semi-
conductor, and the polysilicon can be formed by a method of
forming an amorphous silicon layer and then crystallizing the
layer. Various known methods can be applied as the crystal-
lizing method, and for example, the amorphous silicon layer
is crystallized by using heat, a laser, Joule heat, an electric
field, a catalyst metal, or the like. By forming a photolithog-
raphy process using a first mask on the polycrystalline semi-
conductor layer, the polycrystalline semiconductor layer is
patterned into the switching semiconductor 135a and the
driving semiconductor 1355 of the shape shown in FIG. 8 and
FIG. 9. In this case, since the switching semiconductor 135a
and the driving semiconductor 1355 are not doped, they are
divided into the channel, the source region, and the drain
region. Also, the switching semiconductor 1354 and the driv-
ing semiconductor 1355 are subjected to a channel doping
process by an N type or a P type impurity. For example, the
channel doping process is performed by the N type impurity
or the P type impurity CD1 of the doping concentration about
2x10" /em? and about 10 keV doping energy.

[0108] Next, as shown in FIG. 10 and FIG. 11, the gate
insulating layer 140 covering the buffer layer 120, the switch-
ing semiconductor 1354, and the driving semiconductor 1355
is formed thereon. The gate insulating layer 140 can be
formed of a silicon nitride (SiN,), a silicon oxide (S10x), or
the like, and is deposited on an entire surface by a method
such as plasma enhanced chemical vapor deposition
(PECVD). A gate metal layer is deposited on the gate insu-
lating layer 140. The gate metal layer is patterned by the
photolithography process using a second mask. As a result,
the gate wire including the scan line 121, the switching gate
electrode 1254, the driving gate electrode 1255, and the first
storage capacitive plate 128 is formed. The gate metal layer
can be formed of a multilayer where a metal layer including
any one of copper (Cu), a copper alloy, aluminum (Al), and an
aluminum alloy, and a metal layer including any one of
molybdenum (Mo) and a molybdenum alloy, are laminated.
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[0109] Next, as shown in FIG. 12 and FIG. 13, the inter-
layer insulating layer 160 covering the gate insulating layer
140, the switching gate electrode 1254, the driving gate elec-
trode 125b, and the first storage capacitive plate 128 is
formed. The interlayer insulating layer 160 can be formed of
asiliconnitride (SiN, ), a silicon oxide (SiOx), or the like, and
is deposited on the entire surface by a method such as plasma
enhanced chemical vapor deposition (PECVD). The gate
insulating layer 140 and the interlayer insulating layer 160 are
patterned to form a plurality of contactholes 61, 62, and 63 by
the photolithography process using a third mask. In this case,
in the plasma processing device 10, the dry etching process is
performed to form the contact holes 61, 62, and 63 with the
fluorine series gas CD2. The fluorine series gas can be SF4 or
CF,.

[0110] Next, as shown in FIG. 14, the contact doping pro-
cess is performed to form the source region 1356 and the drain
region 1357 in the part of the switching semiconductor 135a
and the driving semiconductor 1355 respectively exposed by
the source contact hole 61 and the drain contact hole 62. In
this case, in the plasma processing device 10 with which the
dry etching process is performed, the ion doping process is
performed to form the source region 1356 and the drain
region 1357, and the compound CD?3 of the Group 3 ions and
the fluorine series gas is used. For example, the ion doping
process is performed by BF; using Boron (B) as Group 3 ions.

[0111] As described above, in the same plasma processing
device, by performing the dry etching process to form the
contact hole and the ion doping process together to form the
source region and the drain region, separate implantation can
be omitted such that the manufacturing process can be sim-
plified.

[0112] Next, as shown in FIG. 7 and FIG. 8, the data metal
layer is formed on the interlayer insulating layer 160. The data
metal layer can be formed of a multilayer where a metal layer
formed of any one of copper, a copper alloy, aluminum, and
an aluminum alloy, and a metal layer including any one of
molybdenum and a molybdenum alloy, are laminated. In
addition, the data metal layer is patterned by a photolithog-
raphy process using a fourth mask. Thereby, on the interlayer
insulating layer 160, the data wire including the data line 171
including the switching source electrode 1764, the switching
drain electrode 1774, the driving voltage line 172 including
the driving source electrode 1764, the driving drain electrode
177b, and the second storage capacitive plate 178 is formed.
Also, the passivation layer 180 is formed on the interlayer
insulating layer 160 and the contact hole 81 is formed in the
passivation layer 180 by the photolithography process using a
fifth mask, Further, a pixel electrode layer is formed on the
protective layer 180, and patterned by the photolithography
process using a sixth mask. Accordingly, a pixel electrode 710
connected to the driving drain electrode 1775 through the
contact hole 81 is formed on the passivation layer 180. The
pixel definition layer 350 covering the pixel electrode 710 is
formed on the passivation layer 180 and a pixel opening 351
exposing a part of the pixel electrode 191 is formed in the
pixel definition layer 350 by using a seventh mask. The
organic emission layer 720 is formed on the pixel electrode
191 exposed through the pixel opening 351 of the pixel defi-
nition layer 350. The OLED is completed by forming the
common electrode 730 on the organic emission layer 720.
The common electrode 730 is formed throughout the entire
region including one the pixel definition layer 350, thereby
omitting a separate mask.
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[0113] A sealing member (not illustrated) for protecting the
OLED can be formed on the common electrode 730 and
sealed by a sealant on the substrate 110. The sealing member
can be formed of various materials such as glass, quartz,
ceramic, plastics, and metal. Meanwhile, a sealing thin film
layer can be formed by depositing an inorganic layer and an
organic layer on the common electrode 730 while not using
the sealant.

[0114] While the inventive technology has been described
in connection with what is presently considered to be practi-
cal exemplary embodiments, it is to be understood that the
disclosure is not limited to the disclosed embodiments, but,
onthe contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

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

a substrate;

a semiconductor layer formed over the substrate, wherein
the semiconductor layer includes a channel and a contact
region formed on opposing sides of the channel;

an insulating layer formed over the semiconductor layer
and having a contact hole exposing the contact region;
and

an OLED formed over the insulating layer,

wherein the OLED is electrically connected to the contact
region through the contact hole, and

wherein at least a portion of the contact hole is formed
directly above the contact region.

2. The OLED display of claim 1, wherein the contact hole
has top and bottom portions opposing each other, wherein the
contact region has top and bottom portions opposing each
other, and wherein the bottom portion of the contact hole is
connected to the top portion of the contact region.

3. The OLED display of claim 2, wherein the width of the
bottom portion of the contact hole and the width of the top
portion of the contact region are substantially the same.

4. The OLED display of claim 3, wherein the width of the
contact hole gradually increases from the bottom portion to
the top portion thereof.

5. The OLED display of claim 1, further comprising a
driving gate electrode formed over the channel, wherein the
channel includes a switching channel and a driving channel
separated from each other,

wherein the insulating layer includes a gate insulating layer
formed over the semiconductor layer and an interlayer
insulating layer formed over the gate insulating layer,

wherein the driving gate electrode is formed between the
gate insulating layer and the interlayer insulating layer
and overlapping a portion of the driving channel, and

wherein the length of the driving gate electrode is less than
the length of the driving channel.

6. The OLED display of claim 5, further comprising a
switching gate electrode formed between the gate insulating
layer and the interlayer insulating layer and overlapping a
portion of the switching channel, wherein the length of the
switching gate electrode is less than the length of the switch-
ing channel.

7. The OLED display of claim 1, further comprising a
passivation layer formed over the interlayer insulating layer,

wherein the OLED includes 1) a pixel electrode formed
over the passivation layer and electrically connected to
the semiconductor layer, ii) an organic emission layer
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formed over the pixel electrode, and iii) a common elec-
trode formed over the organic emission layer.

8. A method of manufacturing an organic light-emitting
diode (OLED) display, comprising;

forming a semiconductor layer over a substrate;

forming an insulating layer over the semiconductor layer;

etching the insulating layer so as to form a contact hole
exposing a portion of the semiconductor layer; and

performing acontact doping process so as to form a contact
region in a portion of the semiconductor layer exposed
by the contact hole.

9. The method of claim 8, wherein the forming of the
contact hole and the forming of the contact region are pet-
formed with the same plasma processing device.

10. The method of claim 9, wherein the etching is per-
formed with a fluorine series gas in the plasma processing
device, and wherein the contact doping process is performed
with a compound of Group 3 ions and a fluorine series gas in
the plasma processing device.

11. The method of claim 10, wherein at least a portion of
the contact hole is formed directly above the contact region.

12. The method of claim 8, further comprising performing
a channel doping process so as to form the channel in the
semiconductor layer after forming the semiconductor layer.

13. The method of claim 8, wherein the contact hole has top
and bottom portions opposing each other, wherein the contact
region has top and bottom portions opposing each other, and
wherein the bottom portion of the contact hole is connected to
the top portion of the contact region.

14. The OLED display of claim 13, wherein the width of
the bottom portion of the contact hole and the width of the top
portion of the contact region are substantially the same.

15. The OLED display of claim 13, wherein the width of
the contact hole gradually increases from the bottom portion
to the top portion thereof.

16. An organic light-emitting diode (OLED) display, com-
prising:

a substrate;

a driving transistor including i) a driving semiconductor
layer formed over the substrate and including a driving
channel having two lateral ends and ii) a driving contact
region formed adjacent to the lateral ends;

an insulating layer formed over the driving semiconductor
layer and having a driving contact hole extending from
the driving contact region; and

an OLED formed over the insulating layer and electrically
connected to the driving contact region through the driv-
ing contact hole.

17. The display of claim 16, wherein at least a portionof the

contact hole is formed directly above the contact region.

18. The display ofclaim 16, further comprising a switching
transistor including i) a switching semiconductor layer
formed over the substrate and including a switching channel
having two lateral ends and ii) a switching contact region
formed adjacent to the lateral ends, wherein the switching
transistor is electrically connected to the driving transistor.

19. The display of claim 18, wherein the driving and
switching contact holes each has top and bottom portions
opposing each other, wherein the driving and switching con-
tact regions each has top and bottom portions opposing each
other, wherein the bottom portions of the contact holes are
respectively connected to the top portions of the contact
regions, and wherein the widths of the bottom portions of the
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contact holes and the widths of the top portions of the contact
regions are substantially the same, respectively.

20. The display of claim 18, wherein each of the widths of
the driving and switching channels is respectively greater
than each of the widths of the driving and switching gate
electrodes.
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