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(57) ABSTRACT

A manufacturing method of an organic light emitting diode
(OLED) display includes manufacturing a mother substrate
including a plurality of panels formed with a plurality of
anodes for each pixel and a test pad connected to each anode
of the panel. The method further includes loading the mother
substrate into a plasma chamber and applying a plasma volt-
age to the test pad of the mother substrate to perform a plasma
surface treatment process. The test pad is applied with a
different plasma voltage for each pixel.
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FIG. 1

Manufacturing @ mother substrate including a test pad | _g10p

Loading a mother substrate to a plasma chamber | _sy00

Applying a different plasma voltage for a pixel

of each color for a plasma surface treatment 5300
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FIG. 3
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MANUFACTURING METHOD OF ORGANIC
LIGHT EMITTING DIODE DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2013-0049439, filed on
May 2, 2013, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present disclosure
relate to a manufacturing method of an organic light emitting
diode (OLED) display.

[0004] 2. Description of the Background

[0005] An organic light emitting diode display includes
two electrodes and an organic emission layer interposed ther-
ebetween. Electrons from one electrode (i.e., cathode) may
combine with holes from anotherelectrode (i.c., anode) in the
organic emission layer to form excitons. As a result of the
combination, light may be emitted when the excitons dis-
charge energy.

[0006] The anode of the organic light emitting diode
(OLED) display is formed of a transparent material, such as
ITO (indium tin oxide) or [ZO (indium zinc oxide). The anode
may be cleansed after being formed, and may then be treated
by an oxygen (O,) plasma surface treatment process. The
oxygen plasma surface treatment process reduces a work
function of the anode to increase an injection amount of the
holes and removes a remaining layer at the anode thereby
improving driving performance, such as a driving voltage, a
voltage-current density curve, luminous efficiency, and life-
span.

[0007] However, a conventional oxygen plasma surface
treatment process does not distinguish pixels according to
color. The plasma process may be performed on an entire
mother substrate in which the anode is formed, but may not
control a surface characteristic of the anode such as a hole
injection amount for the pixels of each color. As a result,
optimized surface characteristics for the pixels of each color
may not be controlled.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the disclosed subject matter, and therefore
may contain information that does not form the prior art that
is already known to a person of ordinary skill in the art.

SUMMARY

[0009] Exemplary embodiments of the present disclosure
provide a manufacturing method of an organic light emitting
diode (OLED) display having optimized driving performance
for each pixel by differently applying a surface treatment
process using oxygen plasma for a red pixel, a green pixel,
and a blue pixel.

[0010] Additional features of the present disclosure will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the disclosed subject matter.

[0011] Exemplary embodiments of the present disclosure
disclose a manufacturing method of an organic light emitting
diode (OLED) display. The method includes forming a
mother substrate including a plurality of panels formed with
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a plurality of anodes for each pixel in the substrate and a test
pad connected to each anode of the panels; and applying a
plasma voltage to the test pad to perform a plasma surface
treatment process. Applying a plasma voltage to the test pad
includes applying a first plasma voltage for a first pixel of the
pixels and a second plasma voltage for a second pixel of the
pixels.

[0012] Exemplary embodiments of the present disclosure
also disclose a method for performing a plasma process on a
mother substrate comprising a plurality of pixels. The method
includes applying, via a test pad of the mother substrate, a first
voltage to one of a first pixel associated with a first color, a
second pixel associated with a second color, and a third pixel
associated with a third color, and applying a second voltage to
adifferent one of the first pixel, the second pixel, and the third
pixel via the test pad, the second voltage being different from
the first voltage.

[0013] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the disclosed subject matter as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the disclosed subject mat-
ter and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the disclosed
subject matter, and together with the description serve to
explain the principles of the disclosed subject matter.

[0015] FIG. 1 is a flowchart of a manufacturing method of
an organic light emitting diode (OLED) display according to
exemplary embodiments of the present disclosure.

[0016] FIG. 2 is a top plan view of a mother substrate
according to exemplary embodiments of the present disclo-
sure.

[0017] FIG. 3 is a view of a state of applying a plasma
voltage to a mother substrate according to exemplary embodi-
ments of the present disclosure.

[0018] FIG. 4 is an equivalent circuit of an organic light
emitting diode (OLED) display according to exemplary
embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0019] Exemplary embodiments of the disclosed subject
matter are described more fully hereinafter with reference to
the accompanying drawings. The disclosed subject matter
may, however, be embodied in many different forms and
should not be construed as limited to the exemplary embodi-
ments set forth herein. Rather, the exemplary embodiments
are provided so that this disclosure is thorough and complete,
and will convey the scope of the disclosed subject matter to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-

ments.

[0020] It will be understood that when an element or layer
is referred to as being “on”, “connected to”, or “coupled to”
another element or layer, it can be directly on, connected, or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to”, or

“directly coupled to” another element or layer, there are no
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intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items. It may also be understood
that for the purposes of this disclosure, “at least one of X, Y,
and Z” can be construed as X only, Y only, Z only, or any
combination of two or more items X, Y, and Z (e.g., XYZ,
XYY, YZ, 77).

[0021] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another region, layer or section. Thus, a first
element, component, region, layer, or section discussed
below could be termed a second element, component, region,
layer, or section without departing from the teachings of the
present disclosure.

[0022] The terminology used herein is for the purpose of
describing exemplary embodiments only and is not intended
to be limiting of the disclosed subject matter. As used herein,
the singular forms “a”, “an”, and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0023] Exemplary embodiments of the disclosed subject
matter are described herein with reference to cross-section
illustrations that are schematic illustrations of idealized
embodiments (and intermediate structures) of the disclosed
subject matter. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments of the disclosed subject matter should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing.

[0024] Hereinafter, exemplary embodiments of the dis-
closed subject matter will be described in detail with refer-
ence to the accompanying drawings. An organic light emit-
ting diode (OLED) display according to exemplary
embodiments will be described with reference to FIGS. 1, 2,
and FIG. 3.

[0025] As shown in FIG. 1 and FIG. 2, in a manufacturing
method of an organic light emitting diode (OLED) display
according to exemplary embodiments, a mother substrate 1
having a test pad 19 may be manufactured (S100).

[0026] The mother substrate 1 may include a plurality of
panels 18 formed with a plurality of anodes 191, atest pad 19
connected to each anode 191 of the panels 18, and a connec-
tion line 20 connecting the anode 191 and the test pad 19. In
general, the plurality of panels 18 may be formed at a center
portion P of the mother substrate 1, and the test pad 19 may be
formed at an edge portion Q of the mother substrate 1. How-
ever, it should be understood that the panels 18 and test pad 19
may be formed in any suitable portion of the substrate 1.
[0027] The panels 18 are formed to be separated from each
other on the mother substrate 1, and are separated from the
mother substrate 1 in a final completion step of the organic
light emitting diode (OLED) display. Horizontal and vertical
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cut lines, used in separating the panels 18 from each other, are
not shown in FIG. 2 to avoid unnecessarily obscuring the
drawing. Furthermore, although each panel 18 is shown with
only three anodes 191, it should be understood that each panel
18 includes thousands or millions of anodes 191, depending
on the panel’s resolution.

[0028] Theanodes 191 may be made of a transparent mate-
rial such as ITO (indium tin oxide) or IZO (indium zinc
oxide). A switching thin film transistor T1 and a driving thin
film transistor T2 may be formed under the anode 191, and a
driving voltage may be applied to the anode 191 by using
these transistors T1 and T2.

[0029] The test pad 19 may include a red test pad 19R, a
green test pad 19G, and a blue test pad 19B, respectively,
connected to a red pixel (R), a green pixel (), and a blue pixel
(B). The connection line 20 may include a red connection line
20R connecting the red pixel (R) to the red test pad 19R via
anode 191R, a green connection line 20G connecting the
green pixel () to the green test pad 19G via anode 191G, and
a blue connection line 20B connecting the blue pixel (B) to
the blue test pad 19 via anode 191B. Although each panel 18
is shown with anodes 191 of three pixels, a person having
ordinary skill in the art understands that all red pixels on each
panel 18 may be connected to the corresponding red test pad
19R via the red connection line 20R, all green pixels on each
panel 18 may be connected to the corresponding green test
pad 19G via the green connection line 20G, and all blue pixels
on each panel 18 may be connected to the corresponding blue
test pad 19B via the blue connection line 20B.

[0030] Thetest pad19 may apply a test voltage for perform-
ing a test on the mother substrate 1, and may be used to apply
a plasma voltage for a plasma surface treatment.

[0031] Next, as shown in FIG. 1 and FIG. 3, the manufac-
tured mother substrate 1 may be inserted into a plasma cham-
ber 10 in which an oxygen plasma process is performed
(5200). The mother substrate 1 may be loaded into the plasma
chamber 10 by using any suitable transfer unit. Then, a
plasma voltage is applied to the test pad 19 of the mother
substrate 1 to perform an oxygen plasma surface treatment
process (S300). A probe pin 30 may contact the test pad 19 of
the mother substrate 1 to apply the plasma voltage. The oxy-
gen plasma surface treatment process has a function of pro-
viding hydrophilicity to the surface of the anode 191 by using
negative oxygen ions, and reducing a work function.

[0032] 1In applying the plasma voltage to the test pad 19,
different plasma voltages may be applied to the test pad 19 for
various pixels. For example, a different plasma voltage may
be applied to each of the red test pad 19R, the green test pad
19G, and the blue test pad 19B. In this case, different voltages
may be applied to the red pixel (R), the green pixel (G), and
the blue pixel (B) such that a degree that the surface is etched
by the negative oxygen ions is different for the pixels of each
color.

[0033] For example, when the blue pixel (B) has a large
hole injection amount compared with a pixel of a different
color such that the luminous efficiency is low, a lower voltage
than that of the red test pad 19R and the green test pad 19G
may be applied to the blue test pad 198 during the plasma
surface treatment process such that the blue pixel (B) is more
weakly etched by the negative oxygen ions. Accordingly, a
reduction width of the work function in the blue pixel (B) is
smaller than a reduction width of the red pixel (R) and the
green pixel (G), and the hole injection amount is decreased
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such that a balance with an electron injection amount is
adjusted, thereby improving luminous efficiency.

[0034] Incontrast, when the blue pixel (B) has a small hole
injection amount compared with a pixel of a different color
such that the luminous efficiency is low, a higher voltage than
that of the red test pad 19R and the green test pad 19G may be
applied to the blue test pad 19B in the plasma surface treat-
ment process such that the blue pixel (B) is etched more by the
negative oxygen ions. Accordingly, the reduction width of the
work function in the blue pixel (B) is larger than the reduction
width ofthe red pixel (R) and the green pixel (G), and the hole
injection amount is increased such that the balance with the
electron injection amount is adjusted, thereby improving
luminous efficiency.

[0035] The plasma voltage applied to each pixel may be
determined by using a hole only device (HOD) or an electron
only device (EOD) for measuring the hole injection amount
or the electron injection amount.

[0036] As described above, by applying the different
plasma voltages to the test pad 19 of the mother substrate 1 for
the pixels of various colors, the plasma surface treatment is
different for the pixels of each color such that the work func-
tion of the anode 191 may be different for the pixels of each
color. Accordingly, by differently controlling the hole injec-
tion amount for the pixels of each color, the driving perfor-
mance, such as the driving voltage, the luminous efficiency,
and the life-span, may be optimized for the pixels of each
color.

[0037] Next, the edge portion Q formed with the test pad 19
may be cut. Accordingly, an external electrostatic inflow may
be prevented, and the area of the organic light emitting diode
(OLED) display may be minimized.

[0038] FIG. 4 is an equivalent circuit of a pixel PX in an
organic light emitting diode (OLED) display according to
exemplary embodiments.

[0039] As shown in FIG. 4, a pixel PX in an organic light
emitting diode (OLED) display may include a plurality of
signal lines 121, 171, and 172. The pixel PX may be repre-
sentative of a plurality of pixels PX in the OLED display that
is arranged in an approximate matrix form.

[0040] The signal lines may includea plurality of scan lines
121 for transmitting scan signals (or gate signals), a plurality
of data lines 171 for transmitting data signals, and a plurality
of driving voltage lines 172 for transmitting a driving voltage
ELVDD. The scan lines 121 run parallel with each other in a
row direction, and the data lines 171 and the driving voltage
lines 172 run parallel with each other in a column direction.
Each pixel PX includes a switching thin film transistor T1, a
driving thin film transistor T2, a storage capacitor Cst, and an
organic light emitting diode (OLED).

[0041] The switching thin film transistor T1 has a control
terminal, an input terminal, and an output terminal. The con-
trol terminal is connected to the scan line 121, the input
terminal is connected to the data line 171, and the output
terminal is connected to a control terminal of the driving thin
film transistor T2. The switching thin film transistor T1 trans-
mits a data signal applied to the data line 171 to the driving
thin film transistor T2 in response to a scan signal applied to
the scan line 121.

[0042] The driving thin film transistor T2 also has a control
terminal, an input terminal, and an output terminal. The con-
trol terminal is connected to the switching thin film transistor
T1, the input terminal is connected to the driving voltage line
172, and the output terminal is connected to the organic light

Nov. 6, 2014

emitting diode OLED. The driving thin film transistor T2
causes output current Id to flow, which varies in amplitude in
accordance with a voltage applied between the control termi-
nal and the output terminal.
[0043] The storage capacitor Cst is connected between the
control terminal and input terminal of the driving thin film
transistor T2. The storage capacitor Cst charges a data signal
applied to the control terminal of the driving thin film tran-
sistor T2, and maintains the data signal after the switching
thin film transistor T1 is turned off.
[0044] The organic light emitting diode OLED has an
anode connected to the output terminal of the driving thin film
transistor T2 and a cathode connected to a common voltage
ELVSS. The organic light emitting diode OLED displays an
image by emitting light with different intensity according to
an output current Id of the driving thin film transistor T2.
[0045] The switching thin film transistor T1 and the driving
thin film transistor T2 may be n-channel field effect transis-
tors (FETs) or p-channel field effect transistors. The connec-
tion relationship among the thin film transistors T1 and T2,
the storage capacitor Cst, and the organic light emitting diode
OLED may vary.
[0046] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosed subject matter. Thus, it is intended that the
present disclosure cover the modifications and variations of
the disclosed subject matter provided they come within the
scope of the appended claims and their equivalents.
What is claimed is:
1. A manufacturing method of an organic light emitting
diode (OLED) display, comprising:
forming a mother substrate comprising:
aplurality of panels formed with a plurality of anodes for
each pixel in the mother substrate; and
a test pad connected to each anode of the panels; and
applying a plasma voltage to the test pad to perform a
plasma surface treatment process,
wherein applying a plasma voltage to the test pad com-
prises applying a first plasma voltage for a first pixel of
the pixels and a second plasma voltage for a second pixel
of the pixels, and
wherein the first plasma voltage is different than the second
plasma voltage.
2. The method of claim 1, wherein:
the test pad comprises a red test pad connected to a red
pixel, a green test pad connected to a green pixel, and a
blue test pad connected to a blue pixel; and
one of the red test pad, the green test pad, and the blue test
pad is applied with a different plasma voltage relative to
aplasma voltage applied to a different one of the red test
pad, the green test pad, and the blue test pad.
3. The method of claim 1, wherein forming the substrate
comprises:
forming the plurality of anodes in each panel; and
forming the test pad at an edge portion of the mother
substrate.
4. The method of claim 3, wherein applying the plasma
voltage comprises:
applying the plasma voltage to the test pad via a probe pin.
5. The method of claim 3, further comprising
cutting the edge portion of the mother substrate.
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6. The method of claim 1, wherein the first pixel is one of
a red pixel, a blue pixel, and a green pixel, and the second
pixel is another pixel having a color different than the first
pixel.

7. The method of claim 1, wherein applying the plasma
voltage to the test pad comprises applying a different plasma
voltage for each type of pixel, the type of pixel being associ-
ated with a color of the pixel.

8. The method of claim 3, wherein forming the plurality of
anodes in each panel comprises forming a first anode in a red
pixel, forming a second anode in a blue pixel, and forming a
third anode in a green pixel.

9. A method for performing a plasma process on a mother
substrate comprising a plurality of pixels, the method com-
prising:

applying, via a test pad of the mother substrate, a first

voltage to one of a first pixel associated with a first color,
asecond pixel associated with a second color, and a third
pixel associated with a third color; and

applying, via the test pad, a second voltage to a different

one of the first pixel, the second pixel, and the third pixel
the second voltage being different from the first voltage.
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10. The method of claim 9, further comprising:

forming the mother substrate comprising the test pad and a
plurality of panels, each of the panels comprising a
plurality of anodes, the plurality of anodes comprising a
first anode, a second anode, and a third anode,

wherein the first anode is disposed in the first pixel, the

second anode is disposed in the second pixel, and the
third anode is disposed in the third pixel.

12. The method of claim 9, wherein forming the mother
substrate comprises forming a connection line to connect the
test pad to the plurality of the anodes, and

wherein the first voltage and second voltage are applied via

the connection line.

13. The method of claim 10, wherein the test pad comprises
a first test pad, a second test pad, and a third test pad, and

wherein the first test pad is coupled to the first pixel viathe

first anode, the second test pad is coupled to the second
pixel via the second anode, and the third test pad is
coupled to the third pixel via the third anode.

14. The method of claim 9, wherein the first color com-
prises a red color, the second color comprises a green color,
and the third color comprises a blue color.
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