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(57) ABSTRACT

Provided is a cathode deposition mask. The cathode deposi-
tion mask includes a plurality of first columns and a plurality
of second columns arranged alternately, the plurality of first
columns and the plurality of second columns being parallel to
each other and defining a column dimension along the length
of each column, the first columns and the second columns
each comprising a plurality of openings, the plurality of open-
ings included in each first column being arranged alternately
along the column dimension with respect to the openings in
each adjacent first column, and the plurality of openings
included in each second column being arranged alternately
along the column dimension with respect to the openings in
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CATHODE DEPOSITION MASK AND
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY DEVICE USING

THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application for CATHODE DEPOSI-
TION MASK AND METHOD OF MANUFACTURING
ORGANIC LIGHT-EMITTING DISPLAY DEVICE
USING THE SAME, eatlier filed in the Korean Intellectual
Property Office on Feb. 28, 2013 and there duly assigned
Serial No. 10-2013-0022154.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresentinventionrelates toa cathode deposition
mask and a method of manufacturing an organic light-emit-
ting display device using the same, and more particularly, to
acathode deposition mask used to form a cathode divided into
aplurality of separated regions and a method of manufactut-
ing an organic light-emitting display device using the cathode
deposition mask.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display device includes a
plurality of organic light-emitting diodes (OLEDs) and dis-
plays a desired image by controlling light emission of each of
the OLEDs. An OLED may emit light at a luminance level
corresponding to an electric current flowing therethrough. An
OLED may include an anode, a cathode and an organic layer
interposed between the anode and the cathode. Anodes
included in a plurality of OLEDs may be separated from each
other and may be controlled separately. Cathodes included in
the OLEDs may be formed at the same time as one cathode.
[0006] A plurality of OLEDs may require different driving
voltages according to the colors of light emitted from their
organic layers. Therefore, in order to reduce power consump-
tion of the OLEDs driven at relatively low voltages, different
voltages may be applied to a cathode according to the colors
of light emitted from the OLEDs. To apply different voltages
to the cathode according to the colors of light emitted from the
OLEDs, the cathode may bedivided into a plurality of regions
corresponding respectively to the colors oflight emitted from
the OLED:s. For example, the cathode may be divided into
three or two separate regions.

[0007] To form a cathode divided into a plurality of regions
by using one mask, a mask having island patterns separate
from the other regions thereof may be used. However, the
mask with the island patterns may reduce process efficiency.
When the mask with the island patterns is not used., a plurality
of masks may be required in order to form a cathode divided
into a plurality of regions.

SUMMARY OF THE INVENTION

[0008] Embodiments of the present invention provide a
cathode deposition mask which does not have island patterns
and can be used to form a cathode divided into a plurality of
regions.

[0009] Embodiments of the present invention also provide
a method of manufacturing an organic light-emitting display
device by using one cathode deposition mask without island
patterns.
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[0010] However, embodiments of the present invention are
not restricted to the one set forth herein. The above and other
aspects of the present invention will become more apparent to
one of ordinary skill in the art to which the present invention
pertains by referencing the detailed description of the present
invention given below.

[0011] According to an embodiment of the present inven-
tion, there is provided a cathode deposition mask comprising
aplurality of first columns and a plurality of second columns
arranged alternately, the plurality of first columns and the
plurality of second columns being parallel to each other and
defining a column dimension along the length of each col-
umn, the first columns and the second columns each compris-
ing a plurality of openings, the plurality of openings included
in each first column being arranged alternately along the
column dimension with respect to the openings in each adja-
cent first column, and the plurality of openings included in
each second column being arranged alternately along the
column dimension with respect to the openings in each adja-
cent second column.

[0012] According to another embodiment of the present
invention, there is provided a cathode deposition mask com-
prising a plurality of first columns, a plurality of second
columns and a plurality of third columns arranged alternately,
the plurality of first columns, the plurality of second columns
and the plurality of third columns being parallel to each other
and defining a column dimension along the length of each
column, the first columns, the second columns and the third
columns each comprising a plurality of openings, the plural-
ity of openings included in each first column being arranged
alternately along the column dimension with respect to the
openings in each adjacent first column, the plurality of open-
ings included in each second column being arranged alter-
nately along the column dimension with respect to the open-
ings in each adjacent second column, and the plurality of
openings included in each third column being arranged alter-
nately along the column dimension with respect to the open-
ings in each adjacent third column.

[0013] According to another embodiment of the present
invention, there is provided a method of manufacturing an
organic light-emitting display device, the method comprising
preparing a substrate comprising a plurality of pixel regions
which respectively comprise anodes and organic layers dis-
posed on the anodes, the pixel regions being arranged in a
matrix comprising a series of parallel columns and a series of
parallel rows, the axes of the columns defining a matrix col-
umn dimension, performing a first process of depositing a
conductive material using a cathode deposition mask and
performing a second process of depositing the conductive
material after moving the cathode deposition mask along the
matrix column dimension over a distance equal to a pitch of
the pixel regions along the matrix column dimension, the
cathode deposition mask comprising a plurality of first col-
umns and a plurality of second columns arranged alternately,
the plurality of first columns and the plurality of second
columns being parallel to each other and defining a mask
column dimension along the length of each column, a plural-
ity of openings included in each first column being arranged
alternately along the mask column dimension with respect to
the openings in each adjacent first column, and a plurality of
openings included in each second column being arranged
alternately along the mask column dimension with respect to
the openings in each adjacent second column.



US 2014/0242737 Al

[0014] According to another embodiment of the present
invention, there is provided a method of manufacturing an
organic light-emitting display device, the method comprising
preparing a substrate comprising a plurality of pixel regions
which respectively comprise anodes and organic layers dis-
posed on the anodes, the pixels being arranged in a matrix
comprising a series of parallel columns and a series of parallel
rows, the axes of the columns defining a matrix column
dimension, performing a first process of depositing a conduc-
tive material using a cathode deposition mask and performing
a second process of depositing the conductive material after
moving the cathode deposition mask along a matrix column
dimension over a distance equal to a pitch of the pixel regions
along the matrix column dimension, the cathode deposition
mask comprising a plurality of first columns, a plurality of
second columns and a plurality of third columns arranged
alternately, the plurality of first columns and the plurality of
second columns being parallel to each other and defining a
mask column dimension along the length of each column, a
plurality of openings included in each first column being
arranged alternately along the mask column dimension with
respect to the openings in each adjacent first column, a plu-
rality of openings included in each second column being
arranged alternately along the mask column dimension with
respect to the openings in each adjacent second column, and
a plurality of openings included in each third column being
arranged alternately along the mask column dimension with
respect to the openings in each adjacent third column.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0016] FIG.1is a flowchart illustrating a method of manu-
facturing an organic light-emitting display device according
to an embodiment of the present invention;

[0017] FIG. 2 is a plan view of a substrate according to an
embodiment of the present invention;

[0018] FIG. 3 is a cross-sectional view taken along line
[I-1IT' of FIG. 2;

[0019] FIG. 4 is a plan view of a cathode deposition mask
according to an embodiment of the present invention;
[0020] FIG.5isaplan view of a third opening according to
an embodiment of the present invention;

[0021] FIG. 6is a plan view of a fourth opening according
to an embodiment of the present invention;,

[0022] FIG.7isaplan view illustrating a state in which the
cathode deposition mask is placed on the substrate in a first
deposition process according to an embodiment of the present
invention;

[0023] FIG. 8 is a plan view of the substrate after the first
deposition process according to an embodiment of the present
invention;

[0024] FIG.9isa plan view illustrating a state in which the
cathode deposition mask is placed on the substrate in a second
deposition process according to an embodiment of the present
invention;

[0025] FIG. 10 is a plan view of the substrate after the
second deposition process according to an embodiment of the
present invention;
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[0026] FIG. 11 is a cross-sectional view taken along line
XI-XT of FIG. 10;

[0027] FIG. 12 is a plan view of a cathode deposition mask
according to another embodiment of the present invention;
[0028] FIG. 13 is a plan view of a cathode deposition mask
according to another embodiment of the present invention;
[0029] FIG.14isaplanview illustrating a state in which the
cathode deposition mask of FIG. 13 is placed on a substrate in
a first deposition process according to another embodiment of
the present invention;

[0030] FIG. 15 is a plan view of the substrate after the first
deposition process according to another embodiment of the
present invention;

[0031] FIG.16isaplanviewillustrating a state in which the
cathode deposition mask of FIG. 13 is placed on the substrate
in a second deposition process according to another embodi-
ment of the present invention; and

[0032] FIG. 17 is a plan view of the substrate after the
second deposition process according to another embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.
[0034] As used herein, the phrase “distance between two
openings” and similar phrases refer to the shortest distance
between any point on the edge of the first opening and any
point on the edge of the second opening. In contrast, the
phrase “a pitch of the pixel regions” and similar phrases refer
to the distance between corresponding points on adjacent
pixel regions within the same matrix column, such as a point
on a first pixel region closest to a first column end and a point
on a second pixel region closest to the first column end. The
phrase “a pitch of the first columns along the row dimension”
and similar phrases refer to the distance between adjacent and
parallel first columns as measured along a perpendicular
dimension relative to the column axes. The term “column
dimension” is equivalent to “mask column dimension” as
defined above unless otherwise indicated.

[0035] FIG. 11is a flowchart illustrating a method of manu-
facturing an organic light-emitting display device according
to an embodiment of the present invention. Referring to FIG.
1, the method of manufacturing an organic light-emitting
display device comprises preparing a substrate including a
plurality of pixel regions which respectively include anodes
and organic layers disposed on the anodes, the pixel regions
being arranged in a matrix comprising a series of parallel
columns and a series of parallel rows, the axes of the columns
defining a matrix column dimension (operation S10), per-
forming a first deposition process using a cathode deposition
mask (operation S20), and performing a second deposition
process after moving the cathode deposition mask along the
matrix column dimension over a distance equal to a pitch of
the pixel regions along the matrix column dimension (opera-
tion S30).

[0036] A substrate prepared in the preparing of the sub-
strate including the pixel regions which respectively include
the anodes and the organic layers disposed on the anodes and
are arranged in a matrix (operation S10) will now be
described with reference to FIG. 2. FIG. 2 is a plan view of a
substrate 10 according to an embodiment of the present
invention.

[0037] Referring to FIG. 2, the substrate 10 includes a
plurality of pixel regions (P1 through P3) arranged in a
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matrix. The pixel regions (P1 through P3) may be arranged at
a pixel pitch PPC along the column direction. The pixel
regions (P1 through P3) may include first pixel regions P1,
second pixel regions P2, and third pixel regions P3. The first
through third pixel regions P1 through P3 may include
organic layers which emit light of different colors. For
example, each of the first pixel regions P1 may include an
organic layer which may emit red light, each of the second
pixel regions P2 may include an organic layer which may emit
green light, and each ofthe third pixel regions P3 may include
an organic layer which may emit blue light. However, this is
merely an example, and the colors of light emitted from the
organic layers included in the first through third pixel regions
P1 through P3 may vary depending on embodiments.

[0038] The first through third pixel regions P1 through P3
may include first through third pixel region columns PR1
through PR3. The first through third pixel region columns
PR1 through PR3 may be arranged alternately along a row
dimension that is perpendicular to the column dimension.
Each of the first pixel region columns PR1 may include a
plurality of first pixel regions PR1. The first pixel region
columns PR1 may not include pixel regions other than the
first pixel regions PR1. Each of the second pixel region col-
umns PR2 may include a plurality of second pixel regions
PR2. The second pixel region columns PR2 may not include
pixel regions other than the second pixel region PR2. Each of
the third pixel region columns PR3 may include a plurality of
third pixel regions PR3. The third pixel region columns PR3
may not include pixel regions other than the third pixel
regions PR3.

[0039] The substrate 10 will now be described in greater
detail with reference to FIG. 3. FIG. 3 is a cross-sectional
view taken along line III-IIT' of FIG. 2.

[0040] Referring to FIG. 3, the substrate 10 may include a
base substrate 11, a pixel defining layer 12, an anode 13, and
an organic layer 14. The anode 13 and the organic layer 14
may be included in a first pixel region P1.

[0041] Thebase substrate 11 may support other elements of
the substrate 10. The base substrate 11 may be formed of an
insulating material. The base substrate 11 may be formed of,
but not limited to, synthetic resin, glass, or silicon. The base
substrate 11 may be formed of a transparent material or an
opaque material. In a bottom emission type organic light-
emitting display device, the base substrate 11 may be formed
of a transparent material.

[0042] Although not shown in the drawing, the base sub-
strate 11 may include a thin-film transistor (TFT). The TFT
may be connected to the anode 13. The TFT may control light
emission of the organic layer 14 by controlling a voltage or
current applied to the anode 13.

[0043] The pixel defining layer 12 may be disposed on the
base substrate 11. The pixel defining layer 12 may be formed
of an insulating material. The first through third pixel regions
P1 through P3 may be defined by regions in which the pixel
defining layer 12 is not disposed.

[0044] Theanode 13 may be disposed on the base substrate
11. The anode 13 may be disposed in the first pixel region P1.
The anode 13 may be formed of a conductive material. Inatop
emission type organic light-emitting display device, the
anode 13 may be formed of a material that reflects light. In the
top emission type organic light-emitting display device, the
anode 13 may be formed of, but not limited to, lithium (L),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
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magnesium (Mg), or gold (Au). In a bottom emission type
organic light-emitting display device, the anode 13 may be
formed of an optically transparent material. In the bottom
emission organic light-emitting display device, the anode 13
may be formed of, but not limited to, a co-deposition material
including one or more of indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (ZnO), indium oxide (In,0,), Mg and
Ag, or may be formed of Mg, Ag, Ca, Li or Al.

[0045] The organic layer 14 may be disposed on the anode
12. The organic layer 14 may be included in the first pixel
region P1. The organic layer 14 may emit light in response to
an electric current flowing therethrough. More specifically,
holes and electrons provided to the organic layer 14 may
combine to form excitons. When an energy level of the exci-
tons is changed from an excited state to a ground state, the
organic layer 14 may emit light. The organic layer 14 may
emit light of one of, but not limited to, red, green and blue
colors. The brightness of light emitted from the organic layer
14 may correspond to the size of an electric current flowing
through the organic layer 14.

[0046] While the cross-section of the substrate 10 in the
first pixel region P1 only has been described above with
reference to FIG. 3, descriptions of the cross-section of the
substrate 10 in the second and third pixel regions P2 and P3
may be substantially identical to the description of the cross-
section of the substrate 10 in the first pixel region P1.
[0047] A cathode deposition mask used in the performing
of the first deposition process using the cathode deposition
mask (operation S20) will be described below with reference
to FIG. 4. FIG. 4 is a plan view of a cathode deposition mask
20 according to an embodiment of the present invention.
[0048] In certain embodiments, if the various openings in
the cathode deposition mask are formed with appropriate
dimensions, the second deposition process will form one
continuous cathode corresponding to the first columns of the
mask (pixels P1) and another continuous cathode correspond-
ing to the second columns of the mask (pixels P2 and P3). The
overall result of this scheme is illustrated in FIG. 10.

[0049] Referring to FIG. 4, the cathode deposition mask 20
includes a plurality of openings (O1 through O4). The open-
ings (O1 through 04) include a plurality of first columns R1
and a plurality of second columns R2. The first columns R1
and the second columns R2 may be arranged alternately, the
first columns and the second columns being parallel to each
other and defining a column dimension along the length of
each column. In certain embodiments, the first columns and
the second columns may be arranged in the same plane, with
arow dimension being defined as perpendicular to the column
dimension and within the plane including the first columns
and the second columns. A plurality of openings (O1, O3)
included in each first column R1 may be arranged alternately
along the column dimension with respect to the openings in
each adjacent first column. A plurality of openings (02, 04)
included in each second column R2 may be arranged alter-
nately along the column dimension with respect to the open-
ings in each adjacent second column.

[0050] Each ofthe first columns R1 may include a plurality
of first openings O1 and a third opening O3. The number of
the third openings O3 included in each of the first columns R1
may be one. The third opening O3 may be disposed adjacent
to an end of each of the first columns R1. A length d1 of the
first openings O1 along the column dimension may be greater
than a distance d2 between two first openings O1 which are
adjacent to each other along the column dimension. If the
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length d1 of the first openings O1 along the column dimen-
sion is greater than the distance d2 between the two first
openings O1 which are adjacent to each other along the col-
umn dimension, cathode patterns formed in the first deposi-
tion process through the first openings O1 arranged along the
column dimension may be connected with cathode patterns
formed in the second deposition process through the first
openings O1. The length d1 of the first openings O1 along the
column dimension may be greater than a distance d7 between
the third opening O3 and a first opening O1 which is adjacent
to the third opening O3 along the column dimension. If the
length d1 of the first openings O1 along the column dimen-
sion is greater than the distance d7 between the third opening
03 and the first opening O1 which is adjacent to the third
opening O3 along the column dimension, cathode patterns
formed in the first deposition process through the third open-
ing O3 and the first opening O1 which is adjacent to the third
opening O3 along the column dimension may be connected
by a cathode pattern formed in the second deposition process
through the first opening O1 which is adjacent to the third
opening O3 along the column dimension. The first openings
O1 included in each of the first columns R1 may partially
overlap, along the column dimension, the first openings O1
included in another first column R1 which is adjacent to the
first column R1. If the first openings O1 included in each of
the first columns R1 partially overlap, along the column
dimension, the first openings O1 included in another first
column R1 which is adjacent to the first column R1, cathode
patterns formed in the first deposition process through the
first openings O1 arranged along the column dimension may
be connected by cathode patterns formed in the second depo-
sition process through the first openings O1.

[0051] The third opening O3 will now be described in
greater detail with reference to FIG. 5. FIG. 5 is a plan view of
the third opening O3 according to an embodiment of the
present invention.

[0052] Referring to FIG. 5, alength d9 of the third opening
03 along the row dimension may be greater than a pitch C1 of
the first columns R1 along the row dimension shown in FIG.
4. If the length d9 of the third opening O3 along the row
dimension is greater than the pitch C1 of the first columns R1
along the row dimension, cathode patterns that are formed in
the first deposition process through the first openings O1 and
the third opening O3 included in each of the first columns R1
and are adjacent along the row dimension may be connected
by a cathode pattern formed in the second deposition process
through the third opening O3.

[0053] A length d10 of the third opening O3 along the
column dimension may be greater than the distance d7
between the third opening O3 and a first opening O1 which is
adjacent to the third opening O3 along the column dimension.
In FIGS. 7 and 9 to be described later, for the second depo-
sition process, the cathode deposition mask 20 is moved
downward by the pixel pitch PPC from its original position,
where the first deposition process was performed. However,
according to some embodiments, the position of the cathode
deposition mask 20 in the first deposition process and the
position of the cathode deposition mask 20 in the second
deposition process can be reversed. That is, for the second
deposition process, the cathode deposition mask 20 can be
moved upward by the pixel pitch PPC from its initial position,
where the first deposition process was performed. In this case,
if the length d10 of the third opening O3 along the column
dimension is greater than the distance d7 between the third
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opening O3 and the first opening O1 which is adjacent to the
third opening O3 along the column dimension, cathode pat-
terns formed in the first deposition process through the third
opening O3 and the first opening O1 which is adjacent to the
third opening O3 along the column dimension may be con-
nected by a cathode pattern formed in the second deposition
process through the third opening O3.

[0054] The third opening O3 may include a first region Al
and a second region A2. In the first region A1, alength of the
third opening O3 along the column dimension may be greater
than a width of region A1 along the row dimension. In the
second region A2, a length of the third opening O3 along the
row dimension may be greater than a width ofregion A2 along
the column dimension. A width d11 of the second region A2
of the third opening O3 along the column dimension may be
smaller than the distance d7 between the third opening O3 and
the first opening O1 which is adjacent to the third opening O3
along the column dimension. A width d12 of the first region
Al of the third opening O3 along the row dimension may be
equal to or less than a width d5 of the first openings O1 along
the row dimension.

[0055] Referring back to FIG. 4, each of the second col-
umns R2 may include a plurality of second openings O2 and
a fourth opening 04. The number of the second openings O2
included in one second column R2 may be equal to the num-
ber of the first openings O1 included in one first column R1.
The number of the fourth openings 04 included in each of the
second columns R2 may be one. In certain embodiments,
each first column and each second column may have a first
end and a second end, the first end of each first column being
adjacent to the first end of each adjacent second column, the
second end of each second column being adjacent to the
second end of each adjacent first column. The fourth opening
04 may be disposed adjacent to the second end of each of the
second columns R2. The third opening O3 may be disposed
adjacent to the first end of each of the first columns R1.
[0056] A length d3 of the second openings O2 along the
column dimension may be greater than a distance d4 between
two second openings O2 which are adjacent to each other
along the column dimension. If the length d3 of the second
openings 02 along the column dimension is greater than the
distance d4 between two second openings O2 which are adja-
cent to each other along the column dimension, cathode pat-
terns that are formed in the first deposition process through
the second openings O2 and are arranged along the column
dimension may be connected by cathode patterns formed in
the second deposition process through the second openings
02. The length d3 of the second openings O2 along the
column dimension may be greater than a distance d8§ between
the fourth opening O4 and a second opening O2 which is
adjacent to the fourth opening O4 along the column dimen-
sion. If the length d3 of the second openings O2 along the
column dimension is greater than the distance d8 between the
fourth opening O4 and the second opening O2 which is adja-
cent to the fourth opening O4 along the column dimension,
cathode patterns formed in the first deposition process
through the fourth opening O4 and the second opening O2
which is adjacent to the fourth opening O4 along the column
dimension may be connected by a cathode pattern formed in
the second deposition process through the second opening O2
which is adjacent to the fourth opening O4 along the column
dimension.

[0057] The second openings O2 included in each of the
second columns R2 may partially overlap, along the column
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dimension, the second openings O2 included in another sec-
ond column R2 which is adjacent to the second column R2
along the row dimension. If the second openings O2 included
in each of the second columns R2 partially overlap, along the
column dimension, the second openings O2 included in
another second column R2 which is adjacent to the second
column R2 along the row dimension, cathode patterns formed
in the first deposition process through the second openings
02 arranged along the column dimension may be connected
by cathode patterns formed in the second deposition process
through the second openings O2.

[0058] The fourth opening O4 will now be described in
greater detail with reference to FIG. 6. FIG. 6 is a plan view of
the fourth opening O4 according to an embodiment of the
present invention.

[0059] Referring to FIG. 6, a length d13 of'the fourth open-
ing O4 in the row direction may be greater than a pitch C2 of
the second columns R2 along the row dimension in FIG. 4. If
the length d13 of the fourth opening O4 along the row dimen-
sion is greater than the pitch C2 of the second columns R2
along the row dimension, adjacent cathode patterns formed in
the first deposition process through the second openings O2
and the fourth opening O4 included in each of the second
columns R2 may be connected by a cathode pattern formed in
the second deposition process through the fourth opening O4.
[0060] A length d14 of the fourth opening O4 along the
column dimension may be greater than the distance d8
between the fourth opening O4 and a second opening O2
which is adjacent to the fourth opening O4 along the column
dimension. If the length d14 of the fourth opening O4 along
the column dimension is greater than the distance d8 between
the fourth opening O4 and the second opening O2 which is
adjacent to the fourth opening O4 along the column dimen-
sion, cathode patterns formed in the first deposition process
through the fourth opening 04 and the second opening 02
which is adjacent to the fourth opening O4 along the column
dimension may be connected by a cathode pattern formed in
the second deposition process through the fourth opening O4.
[0061] The fourth opening O4 may include a third region
A3 and a fourth region A4. In the third region A3, a length of
the fourth opening O4 along the column dimension may be
greater than a width of region A3 along the row dimension. In
the fourth region A4, a length of the fourth opening 04 along
the row dimension may be greater than a width of region A4
along the column dimension. A width d15 of the fourth region
A4 ofthe fourth opening O4 along the column dimension may
be smaller than the distance d8 between the fourth opening
04 and the second opening O2 which is adjacent to the fourth
opening 04 along the column dimension. A width d16 of the
third region A3 of the fourth opening O4 along the row
dimension may be equal to or less than a width d6 of the
second openings O2 along the row dimension.

[0062] The performing ofthe first deposition process using
the cathode deposition mask (operation S20) will now be
described with reference to FIGS. 7 and 8. FIG. 7 is a plan
view illustrating a state in which the cathode deposition mask
20 is placed on the substrate 10 in the first deposition process
according to an embodiment of the present invention. FIG. 8
is a plan view of the substrate 10 after the first deposition
process according to an embodiment of the present invention.
[0063] Referring to FIG. 7, the performing of the first depo-
sition process using the cathode deposition mask (operation
S20) includes placing the cathode deposition mask 20 on the
substrate 10 as shown in FIG. 7. In the first deposition pro-
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cess, the first columns R1 may be placed on the first pixel
region columns PR1, and the second columns R2 may be
placed on the second pixel region columns PR2 and the third
pixel region columns PR3.

[0064] Inthe first deposition process, the first pixel regions
P1 may be exposed through the first openings O1 of the
cathode deposition mask 20. One first opening O1 of the
cathode deposition mask 20 may expose one first pixel region
P1. In certain embodiments, first openings O1 of the cathode
deposition mask 20 each expose no more than one first pixel
region P1 in the first deposition step, and the mask pattern
shown in the embodiment of FIG. 7 ensures that the second
deposition step will not add more cathode material to the
same first pixel regions P1 that were exposed in the first
deposition step. The deterioration of display quality of an
organic light-emitting display device that might result from
nonuniform cathode structures and the corresponding varia-
tion in index of refraction of the pixel cathode layers may
thereby be prevented.

[0065] In certain embodiments, the cathode deposition
mask may be designed to be useful for exposing substrates
having a varied number of pixel regions in each of the first
columns and the second columns. At least one ofa plurality of
first openings O1 included in one first column R1 of the
cathode deposition mask may overlay a region of the sub-
strate that does notinclude a first pixel region P1. The number
of first openings O1 included in one first column R1 of the
cathode deposition mask may be greater than half the number
of the first pixel regions P1 included in one first pixel region
column PR1 on the substrate.

[0066] In the first deposition process, the second and third
pixel regions P2 and P3 may be exposed through the second
openings 02 of the cathode deposition mask 20. One second
opening O2 of the cathode deposition mask 20 may expose
one second pixel region P2 and one third pixel region P3. In
certain embodiments, one second opening O2 of the cathode
deposition mask 20 exposes no more than one second pixel
region P2 and one third pixel region P3 in the first deposition
step, and the mask pattern shown in the embodiment of FIG.
7 ensures that the second deposition step will not add more
cathode material to the same first pixel regions P2 and P3 that
were exposed in the first deposition step. The deterioration of
display quality of the organic light-emitting display device
that might result from nonuniform cathode structures and the
corresponding variation in index of refraction of the pixel
cathode layers may thereby be prevented.

[0067] Again, with respect to pixel columns PR2 and PR3
on the substrate, which are overlaid by the second columns of
the cathode deposition mask, the cathode deposition mask
may be designed for exposing substrates having a varied
number of pixel regions. At least one of a plurality of second
openings 02 included in one second column R2 of the cath-
ode deposition mask may overlay a region of the substrate
that does not include a second pixel region P2 and a third pixel
region P3. The number ofthe second openings O2 included in
one second column R2 may be greater than half the number of
the second pixel regions P2 included in one second pixel
region column PR2 and half the number of the third pixel
regions P3 included in one third pixel region column PR3.
[0068] Referring to FIG. 8, first through fourth step S20
cathode patterns Cal through Cad4 may be formed on the
substrate 10 by the first deposition process as described
above. The first through fourth step S20 cathode patterns Cal
through Cad may be formed of a conductive material. In atop
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emission type organic light-emitting display device, the first
through fourth step S20 cathode patterns Cal through Ca4
may be formed of a transparent material. In the top emission
type organic light-emitting display device, the first through
fourth step S20 cathode patterns Cal through Cad may be
formed of, but are not limited to, a co-deposition material
including one or more of indium tin oxide (ITO), indium zinc
oxide (IZ0), ZnO, In,0;, Mg and Ag. First through fourth
cathode patterns Cal through Cad may also be formed of one
of Mg, Ag, Ca, Liand Al. In a bottom emission type organic
light-emitting display device, the first through fourth step S20
cathode patterns Cal through Ca4 may be formed of a mate-
rial that reflects light. In the bottom emission type organic
light-emitting display device, the first through fourth step S20
cathode patterns Cal through Cad4 may be formed of, but are
not limited to, one of Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg and
Au.

[0069] The first through fourth step S20 cathode patterns
Cal through Cad4 may be cathode patterns deposited on the
substrate 10 through the first through fourth openings, O1
through O4, respectively. Positions and shapes of the first
through fourth step S20 cathode patterns Cal through Ca4
may be substantially identical to those of the first through
fourth openings O1 through O4 shown in FIG. 7, respectively.
[0070] The performing of the second deposition process
after moving the cathode deposition mask a distance equal to
the pitch of the pixel regions along the column dimension
from the position where the first deposition process was pet-
formed (operation S30) will now be described with reference
to FIGS. 9 and 10. FIG. 9 is a plan view illustrating a state in
which the cathode deposition mask 20 is placed on the sub-
strate 10 in the second deposition process according to an
embodiment of the present invention. FIG. 10 is a plan view
ofthe substrate 10 after the second deposition process accord-
ing to an embodiment of the present invention.

[0071] Referring to FIG. 9, the performing of the second
deposition process using the cathode deposition mask (opera-
tion S30) includes placing the cathode deposition mask 20 on
the substrate 10 as shown in FIG. 9. For the second deposition
process, the cathode deposition mask 20 may be moved a
distance equal to the pixel pitch PPC of a plurality of pixel
regions along the column dimension from the position where
the first deposition process was performed. To be placed as
shown in FIG. 9, the cathode deposition mask 20 may be
moved downward in the column direction a distance equal to
the pixel pitch PPC of the pixel regions along the column
dimension from the position of the cathode deposition mask
20 in FIG. 7. However, this is merely an example. According
to some embodiments, the position of the cathode deposition
mask 20 in the first deposition process shown in FIG. 7 and
the position of the cathode deposition mask 20 in the second
deposition process shown in FIG. 9 can be reversed.

[0072] In the second deposition process, after adjustment
of the position of the cathode deposition mask by a distance
equal to the pixel pitch PPC along the column dimension, the
first columns R1 may again be placed on the first pixel region
columns PR1, and the second columns R2 may again be
placed on the second pixel region columns PR2 and the third
pixel region columns PR3.

[0073] In the second deposition process, the first pixel
regions P1 may be exposed through the first openings O1 of
the cathode deposition mask 20. One first opening O1 of the
cathode deposition mask 20 may expose one first pixel region
P1.Ifone first opening O1 of the cathode deposition mask 20

Aug. 28,2014

exposes one first pixel region P1, the second deposition pro-
cess will not deposit cathode material over the same positions
of the first pixel region P1 where cathode material was depos-
ited by the first deposition process. Deterioration of display
quality of the organic light-emitting display device may be
prevented when cathode materials are deposited in one opera-
tion in a uniform and homogeneous manner on each indi-
vidual pixel and variation in the index of refraction of the
cathode layers of the pixel regions may be minimized. At least
one of a plurality of first openings O1 included in one first
column R1 of the cathode deposition mask may overlay a
region of the substrate that does not include a first pixel region
P1. This allows for use of the cathode deposition mask on
substrates prepared with varied numbers of pixel regions P1.
According to some embodiments, in the second deposition
process, the second and third pixel regions P2 and P3 may be
exposed through the second openings O2 of the cathode depo-
sition mask 20. One second opening O2 of the cathode depo-
sition mask 20 may expose one second pixel region P2 and
one third pixel region P3. If one second opening O2 of the
cathode deposition mask 20 exposes one second pixel region
P2 and one third pixel region P3, the second deposition pro-
cess will not deposit cathode material over the same positions
of the second pixel region P2 and the third pixel region P3
where cathode material was deposited by the first deposition
process. Deterioration of display quality of the organic light-
emitting display device may be prevented when cathode
materials are deposited in one operation in a uniform and
homogeneous manner on each individual pixel and variation
in the index of refraction of the cathode layers of the pixel
regions may be minimized. At least one of a plurality of
second openings O2 included in one second column R2 of the
cathode deposition mask may overlay a region of the sub-
strate that does not include second pixel region P2 and a third
pixel region P3.

[0074] Referring to FIG. 10, first through fourth step S30
cathode patterns Cbl through Cb4 may be formed on the
substrate 10 by the second deposition process. The first
through fourth step S30 cathode patterns Cb1 through Ch4
may be formed of substantially the same material as the first
through fourth step S20 cathode patterns Cal through Ca4
that were formed in the first deposition process. The first
through fourth step S30 cathode patterns Cb1 through Cb4
may be cathode patterns deposited on the substrate 10
through the first through fourth openings O1 through O4,
respectively.

[0075] Each of'the first step S30 cathode patterns Ch1 may
be formed to partially overlap a first step S20 cathode pattern
Cal or a third step S20 cathode pattern Ca3 which is adjacent
to the first step S30 cathode pattern Cb1 along the column
dimension. Each of the third step S30 cathode patterns Cb3
may be formed to overlap third step S20 cathode patterns Ca3,
in particular, a third step S20 cathode pattern Ca3 which is
adjacent to the third step S30 cathode pattern Cb3 along the
column dimension and a third step S20 cathode pattern Ca3
which is adjacent to the third step S30 cathode pattern Cb3
along the row dimension. In this way, the first step S20 cath-
ode patterns Cal, the third step S20 cathode patterns Ca3, the
first step S30 cathode patterns Cb1, and the third step S30
cathode patterns Cb3 disposed on the substrate 10 may all be
connected to form a first cathode. The first cathode may be
disposed on the first pixel regions P1 so that the cathodes of all
first pixel regions P1 are interconnected.
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[0076] Each of the second step S30 cathode patterns Cb2
may be formed to partially overlap a second step S20 cathode
pattern Ca2 or a fourth step S20 cathode pattern Cad which is
adjacent to the second step S30 cathode pattern Cb2 along the
column dimension. Each of the fourth step S30 cathode pat-
terns Cb4 may be formed to overlap a second step S20 cath-
ode pattern Ca2 which is adjacent to the fourth step S30
cathode pattern Cb4 along the column dimension or a fourth
step S20 cathode pattern Cad and a fourth step S20 cathode
pattern Cad which is adjacent to the fourth step S30 cathode
pattern Cb4 along the row dimension. In this way, the second
step S20 cathode patterns Ca2, the fourth step S20 cathode
patterns Cad, the second step S30 cathode patterns Ch2, and
the fourth step S30 cathode patterns Cb4 disposed on the
substrate 10 may all be connected to form a second cathode.
The second cathode may be disposed on the second and third
pixel regions P2 and P3. The second cathode may be sepa-
rated from the first cathode.

[0077] As described above, according to one embodiment
of the present invention, an organic light-emitting display
device including first and second cathodes which are sepa-
rated from each other can be formed using one cathode depo-
sition mask 20 without island patterns. The number of masks
needed to deposit cathodes can be reduced, thereby simpli-
fying the manufacturing process. In addition, since different
voltages can be applied to the cathodes according to the colors
of pixels, power consumption of the organic light-emitting
display device can be reduced.

[0078] An overlap region between a first step S20 cathode
pattern Cal and a first step S30 cathode pattern Ch1 will now
be described in greater detail with reference to FIG. 11. FIG.
11 is a cross-sectional view taken along line XI-XTI' of FIG.
10.

[0079] Referring to FIG. 11, an overlap region between a
first step S20 cathode pattern Cal and a first step S30 cathode
pattern Cb1l may be formed on the pixel defining layer 12.
Importantly, according to certain embodiments, no overlap
region between the first step S20 cathode pattern Cal and the
first step S30 cathode pattern Cb1 is formed on the first pixel
regions P1. In a top emission type organic light-emitting
display device, if there is no overlap region between the first
step S20 cathode pattern Cal and the first step S30 cathode
pattern Cbl on the first pixel regions P1, a change in the
refractive index of a cathode disposed on a path of light
emitted from the organic layer 14 can be reduced, thereby
preventing deterioration of display quality of the organic
light-emitting display device.

[0080] While the overlap region between the first step S20
cathode pattern Cal and the first step S30 cathode pattern Ch1
has been described above with reference to F1G. 11, a descrip-
tion of an overlap region between a second step S20 cathode
pattern Ca2 and a second step S30 cathode pattern Cb2 may
be substantially identical to the description of the overlap
region between the first step S20 cathode pattern Cal and the
first step S30 cathode pattern Cbl.

[0081] Another embodiment of the present invention will
now be described with reference to FIG. 12. FIG. 12 is a plan
view of a cathode deposition mask 21 according to another
embodiment of the present invention.

[0082] Referring to FIG. 12, third and fourth openings O3
and O4 in the cathode deposition mask 21 may have different
shapes from the third and fourth openings O3 and O4 in the
cathode deposition mask 20 of FIG. 4. While the third and
fourth openings O3 and O4 in the cathode deposition mask 20
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of FIG. 4 are ‘+’-shaped, the third openings O3 in the cathode
deposition mask 21 of FIG. 12 may be ‘L’-shaped, and the
fourth openings O4 in the cathode deposition mask 21 of FIG.
12 may be “T”-shaped. Other features of the cathode deposi-
tion mask 21 are substantially identical to those of the cathode
deposition mask 20 described above with reference to FIG. 4,
and thus a description thereof will be omitted. A method of
manufacturing an organic light-emitting display device using
the cathode deposition mask 21 is substantially identical to
the method of manufacturing an organic light-emitting dis-
play device using the cathode deposition mask 20 described
above with reference to FIGS. 1 through 11, and thus a
description thereof will be omitted.

[0083] The shapes of the third and fourth openings O3 and
04 shown in FIG. 12 are merely an example and can vary
depending on embodiments.

[0084] Another embodiment of the present invention will
now be described with reference to FIGS. 13 through 17. FIG.
13 is a plan view of a cathode deposition mask 22 according
to another embodiment of the present invention. The terms
“column dimension” and “row dimension” are defined in a
manner analogous to that described above.

[0085] Referring to FIG. 13, the cathode deposition mask
22 includes a plurality of openings (O1 through O5). The
openings (O1 through O5) are disposed in a plurality of first
columns R1, a plurality of second columns R2, and a plurality
of third columns R3. The first columns R1, the second col-
umns R2, and the third columns R3 are arranged in parallel
and alternately along a row dimension. A plurality of open-
ings (01, O3) included in each first column R1 are arranged
alternately along the column dimension with respect to the
openings in each adjacent first column. A plurality of open-
ings (02, O4) included in each second column R2 are
arranged alternately along the column dimension with respect
to the openings in each adjacent second column. A plurality of
openings (O5) included in each third column R3 are arranged
alternately along the column dimension with respect to the
openings in each adjacent third column.

[0086] Each ofthe first columns R1 may include a plurality
of first openings O1 and a third opening O3. The first open-
ings O1 and the third opening O3 included in each of the first
columns R1 are substantially identical to the first openings
O1 and the third opening O3 included in each of the first
columns R1 of FIG. 4, and thus a description thereof will be
omitted.

[0087] Each of the second columns R2 may include a plu-
rality of second openings O2 and a fourth opening O4. The
second openings O2 and the fourth opening O4 included in
each of the second columns R2 are substantially identical to
the second openings O2 and the fourth opening O4 included
in each of the second columns R2 of FIG. 4, and thus a
description thereof will be omitted.

[0088] Each of the third columns R3 may include a plural-
ity of fifth openings O5. The number of the fifth openings O5
included in one third column R3 may be equal to the number
of the first openings O1 included in one first column R1 or the
number of the second openings O2 included in one second
column R2. A length of the fifth openings O5 along the
column dimension may be greater than a distance between
two fifth openings O5 which are adjacent to each other along
the column dimension. If the length of the fifth openings O35
along the column dimension is greater than the distance
between the two fifth openings O5 which are adjacent to each
other along the column dimension, cathode patterns formed
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in a first deposition process through the fifth openings O5
arranged along the column dimension may be connected by
cathode patterns formed in a second deposition process
through the fifth openings O5. The fifth openings O5 included
in each of the third columns R3 may partially overlap, along
the column dimension, the fifth openings O5 included in
another third column R3 which is adjacent to the third column
R3 along the row dimension. Ifthe fifth openings OS5 included
in each of the third columns R3 partially overlap, along the
column dimension, the fifth openings OS5 included in another
third column R3 which is adjacent to the third column R3
along the row dimension, cathode patterns formed in the first
deposition process through the fifth openings O3 arranged
along the column dimension may be connected by cathode
patterns formed in the second deposition process through the
fifth openings O1.

[0089] A flowchart illustrating a method of manufacturing
an organic light-emitting display device using the cathode
deposition mask 22 may be substantially identical to the
flowchart of FIG. 1. That is, the method of manufacturing an
organic light-emitting display device using the cathode depo-
sition mask 22 may include preparing a substrate including a
plurality of pixel regions which respectively include anodes
and organic layers disposed on the anodes and are arranged in
a matrix (operation S10), performing a first deposition pro-
cess using a cathode deposition mask (operation S20), and
performing a second deposition process (operation S30) after
moving the cathode deposition mask a distance equal to a
pitch of the pixel regions along a column dimension from the
position where the first deposition process (operation S20)
was performed.

[0090] A substrate prepared to include the pixel regions
which respectively include the anodes and the organic layers
disposed on the anodes and are arranged in a matrix (opera-
tion S10) may be substantially identical to the substrate 10 of
FIG. 2.

[0091] The performing ofthe first deposition process using
the cathode deposition mask (operation S20) will now be
described with reference to FIGS. 14 and 15. FIG. 141s a plan
view illustrating a state in which the cathode deposition mask
22 is placed on a substrate 10 in the first deposition process
according to another embodiment of the present invention.
FIG. 15 is a plan view of the substrate 10 after the first
deposition process according to another embodiment of the
present invention.

[0092] Referring to FIG. 14, the performing of the first
deposition process using the cathode deposition mask (opera-
tion S20) includes placing the cathode deposition mask 22 on
the substrate 10 as shown in FIG. 14. In the first deposition
process, the first columns R1 of the cathode deposition mask
may be placed on first pixel region columns PR1, the second
columns R2 of the mask may be placed on second pixel region
columns PR2, and the third columns R3 of the mask may be
placed on third pixel region columns PR3.

[0093] In the first deposition process, first pixel regions P1
may be exposed through the first openings O1 of the cathode
deposition mask 22. One first opening O1 of the cathode
deposition mask 22 may expose one first pixel region P1. If
one first opening O1 of the cathode deposition mask 22
exposes one first pixel region P1, the second deposition pro-
cess will not deposit cathode material over the same positions
of the first pixel region P1 where cathode material was depos-
ited in the first deposition process. Deterioration of display
quality of an organic light-emitting display device may be
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prevented when cathode materials are deposited in one opera-
tion in a uniform and homogeneous manner on each indi-
vidual pixel, allowing the pixels to collectively exhibit a
consistent index of refraction. At least one of a plurality of
first openings O1 included in one first column R1 of the
cathode deposition mask may overlay a region of the sub-
strate that does not include first pixel region P1. The number
of the first openings O1 included in one first column R1 may
be greater than half the number of the first pixel regions P1
included in one first pixel region column PR1. Again, this
allows for use of the cathode deposition mask on substrates
prepared with varied numbers of pixel regions P1.

[0094] In the first deposition process, second pixel regions
P2 may be exposed through the second openings O2 of the
cathode deposition mask 22. One second opening O2 of the
cathode deposition mask 22 may expose one second pixel
region P2. If one second opening O2 of the cathode deposi-
tion mask 22 exposes one second pixel region P2, the second
deposition process will not deposit cathode material over the
same positions of the second pixel region P2 where cathode
material was deposited in the first deposition process. Dete-
rioration of display quality of the organic light-emitting dis-
play device may be prevented when cathode materials are
deposited in one operation in a uniform and homogeneous
manner on each individual pixel, allowing the pixels to col-
lectively exhibit a consistent index of refraction. At least one
of a plurality of second openings O2 included in one second
column R2 of the cathode deposition mask may overlay a
region of the substrate that does not include a second pixel
region P2. The number ofthe second openings O2 included in
one second column R2 may be greater than half the number of
the second pixel regions P2 included in one second pixel
region column PR2. This allows for use of the cathode depo-
sition mask on substrates prepared with varied numbers of
pixel regions P2.

[0095] Inthe first deposition process, third pixel regions P3
may be exposed through the fifth openings O3 of the cathode
deposition mask 22. One fifth opening O5 of the cathode
deposition mask 22 may expose one third pixel region P3. If
one fifth opening O5 of the cathode deposition mask 22
exposes one third pixel region P3, the second deposition
process will not deposit cathode material over the same posi-
tions of the third pixel region P3 where cathode material was
deposited in the first deposition process. Deterioration of
display quality of the organic light-emitting display device
may be prevented when cathode materials are deposited in
one operation in a uniform and homogeneous manner on each
individual pixel, allowing the pixels to collectively exhibit a
consistent index of refraction. At least one of a plurality of
fifth openings OS5 included in one third column R3 of the
cathode deposition mask may overlay a region of the sub-
strate that does not include a third pixel region P3. Thus, the
third pixel region P3 may not be exposed by the at least one of
the plurality of fifth openings O5 included in one third column
R3 which overlays a region of the substrate that does not
include a third pixel region P3. The number of the fifth open-
ings O5 included in one third column R3 of the mask may be
greater than half the number of the third pixel regions P3
included in one third pixel region column PR3 of the sub-
strate. This allows for use of the cathode deposition mask on
substrates prepared with varied numbers of pixel regions P3.
[0096] Referring to FIG. 15, first through fifth step S20
cathode patterns Cal through Ca5 may be formed on the
substrate 10 by the first deposition process. The first through
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fifth step S20 cathode patterns Cal through Ca5 may be
formed of substantially the same material as the first through
fourth step S20 cathode patterns Cal through Cad of FIG. 8.
The first through fifth step S20 cathode patterns Cal through
Ca5 may be cathode patterns deposited on the substrate 10
through the first through fifth openings O1 through OS5,
respectively. Positions and shapes of the first through fifth
step S20 cathode patterns Cal through Ca5 may be substan-
tially identical to those of the first through fifth openings O1
through O5 shown in FIG. 14, respectively.

[0097] The performing of the second deposition process
(operation S30) after moving the cathode deposition mask a
distance equal to the pitch of the pixel regions along the
column dimension from the point where the first deposition
process (operation S20) was performed will now be described
with reference to FIGS. 16 and 17. FIG. 16 is a plan view
illustrating a state in which the cathode deposition mask 22 is
placed on the substrate 10 in the second deposition process
according to another embodiment of the present invention.
FIG. 17 is a plan view of the substrate 10 after the second
deposition process according to an embodiment of the present
invention.

[0098] Referring to FIG. 16, the performing of the second
deposition process using the cathode deposition mask (opera-
tion S30) includes placing the cathode deposition mask 22 on
the substrate 10 as shown in FIG. 16. For the second deposi-
tion process, the cathode deposition mask 22 may be moved
adistance equal to a pixel pitch PPC along the column dimen-
sion from the point where the first deposition process was
performed. To be placed as shown in FIG. 16, the cathode
deposition mask 22 may be moved downward in the column
direction a distance equal to the pixel pitch PPC along the
column dimension from the position of the cathode deposi-
tion mask 22 in FIG. 14. However, this is merely an example.
According to some embodiments, the position of the cathode
deposition mask 22 in the first deposition process shown in
FIG. 14 and the position of the cathode deposition mask 22 in
the second deposition process shown in FIG. 16 can be
reversed.

[0099] In the second deposition process, the first columns
R1 of the mask may be placed on the first pixel region col-
umns PR1 of the substrate, the second columns R2 of the
mask may be placed on the second pixel region columns PR2
of the substrate, and the third columns R3 of the mask may be
placed on the third pixel region columns PR3 of the substrate.
[0100] In the second deposition process, the first pixel
regions P1 may be exposed through the first openings O1 of
the cathode deposition mask 22. One first opening O1 of the
cathode deposition mask 22 may expose one first pixel region
P1.Ifone first opening O1 of the cathode deposition mask 22
exposes one first pixel region P1, the second deposition pro-
cess will not deposit cathode material over the same positions
of the first pixel regions P1 where cathode material was
deposited in the first deposition process. Deterioration of
display quality of the organic light-emitting display device
may be prevented when cathode materials are deposited in
oneoperation in a uniform and homogeneous manner on each
individual pixel, allowing the pixels to collectively exhibit a
consistent index of refraction. At least one of a plurality of
first openings O1 included in one first column R1 of the
cathode deposition mask may overlay a region of the sub-
strate that does not include a first pixel region P1. In the
second deposition process, the second pixel regions P2 may
be exposed through the second openings O2 of the cathode
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deposition mask 22. One second opening O2 of the cathode
deposition mask 22 may expose one second pixel region P2.
If one second opening O2 of the cathode deposition mask 22
exposes one second pixel region P2, the second deposition
process will not deposit cathode material over the same posi-
tions of the second pixel regions P2 where cathode material
was deposited in the first deposition process. Deterioration of
display quality of the organic light-emitting display device
may be prevented when cathode materials are deposited in
one operation in a uniform and homogeneous manner on each
individual pixel, allowing the pixels to collectively exhibit a
consistent index of refraction. At least one of a plurality of
second openings O2 included in one second column R2 of the
cathode deposition mask may overlay a region of the sub-
strate that does not include a second pixel region P2.

[0101] In the second deposition process, the third pixel
regions P3 may be exposed through the fifth openings O5 of
the cathode deposition mask 22. One fifth opening O5 of the
cathode deposition mask 22 may expose one third pixel
region P3. If one fifth opening O5 of the cathode deposition
mask 22 exposes one third pixel region P3, the second depo-
sition process will not deposit cathode material over the same
positions of the third pixel regions P3 where cathode material
was deposited in the first deposition process. Deterioration of
display quality of the organic light-emitting display device
may be prevented when cathode materials are deposited in
one operation in a uniform and homogeneous manner on each
individual pixel, allowing the pixels to collectively exhibit a
consistent index of refraction. At least one of a plurality of
fifth openings O5 included in one third column R3 of the
cathode deposition mask may overlay a region of the sub-
strate that does not include a third pixel region P3. Referring
to FIG. 17, first through fifth step S30 cathode patterns Cbl
through Cb5 may be formed on the substrate 10 by the second
deposition process. The first through fifth step S30 cathode
patterns Cb1 through Cb35 may be formed of substantially the
same material as the first through fifth step S20 cathode
patterns Cal through Ca5. The first through fifth step S30
cathode patterns Cbl through Cb5 may be cathode patterns
deposited on the substrate 10 through the first through fifth
openings O1 through O35, respectively.

[0102] Each of'the first step 330 cathode patterns Cb1 may
be formed to partially overlap a first step S20 cathode pattern
Cal or a third step S20 cathode pattern Ca3 which is adjacent
to the first step S30 cathode pattern Cb1 along the column
dimension. Each of the third step S30 cathode patterns Cb3
may be formed to overlap third step S20 cathode patterns Ca3,
in particular, a third step S20 cathode pattern Ca3 which is
adjacent to the third step S30 cathode pattern Cb3 along the
column dimension and a third step S20 cathode pattern Ca3
which is adjacent to the third step S30 cathode pattern Cb3
along the row dimension. Therefore, the first step S20 cathode
patterns Cal, the third step S20 cathode patterns Ca3, the first
step S30 cathode patterns Cb1, and the third step S30 cathode
patterns Cb3 disposed on the substrate 10 may all be con-
nected to form a first cathode. The first cathode may be
disposed on the first pixel regions P1.

[0103] Each of the second step S30 cathode patterns Ch2
may be formed to partially overlap a second step S20 cathode
pattern Ca2 or a fourth step S20 cathode pattern Cad which is
adjacent to the second step S30 cathode pattern Cb2 along the
column dimension. Each of the fourth step S30 cathode pat-
terns Cb4 may be formed to overlap a second step S20 cath-
ode pattern Ca2 or a fourth step S20 cathode pattern Cad
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which is adjacent to the fourth step S30 cathode pattern Cb4
in the column direction and a fourth step S20 cathode pattern
Cad which is adjacent to the fourth step S30 cathode pattern
Cb4 along the row dimension. In this way, the second step S20
cathode patterns Ca2, the fourth step S20 cathode patterns
Cad, the second step S30 cathode patterns Cb2, and the fourth
step S30 cathode patterns Cb4 disposed on the substrate 10
may all be connected to form a second cathode. The second
cathode may be disposed on the second pixel regions P2. The
second cathode may be separated from the first cathode.
[0104] Each of the fifth step S30 cathode patterns Cb5 may
be formed to partially overlap a fifth step S20 cathode pattern
Ca5 which is adjacent to the fifth step S30 cathode pattern
Cb5 along the column dimension. Therefore, a plurality of
cathode pattern lines, each including a plurality of fifth step
S20 cathode patterns Ca5 and a plurality of fifth step S30
cathode patterns Cb3 connected to the fifth step S20 cathode
patterns Ca5, may be formed on the substrate 10. The cathode
pattern lines may be separated from each other. Although not
shown in the drawing, the separate cathode pattern lines, each
including the fifth step S20 cathode patterns Ca5 and the fifth
step S30 cathode patterns Cb3 connected to the fifth step S20
cathode patterns Ca5, may be connected to each other on a
layer different from a layer on which the first and second
cathodes have been formed, thereby forming a third cathode.
The third cathode may be separated from the first cathode and
the second cathode.
[0105]  As described above, according to an embodiment of
the present invention, an organic light-emitting display
device including first, second and third cathodes which are
separated from each other may be formed using one cathode
deposition mask 22 without island patterns. An examination
of FIG. 17 shows the island patterns that would be required to
form a comparable organic light-emitting display device
using a single mask with a single deposition process. In
practice in the conventional art, the illustrated device might
be formed using a plurality of masks. By means of the present
invention, the number of masks needed to deposit cathodes
may be reduced in comparison, thereby simplifying the
manufacturing process. In addition, since different voltages
may be applied to the cathodes according to the colors of the
corresponding pixels, power consumption of the organic
light-emitting display device may be reduced.
[0106] Embodiments of the present invention provide at
least one of the following advantages.
[0107] That is, a cathode deposition mask which does not
have island patterns, such as those suggested by FIGS. 10 and
17, and can be used to form a cathode divided into a plurality
of regions may be provided.
[0108] Inaddition, efficiency of the process of manufactur-
ing an organic light-emitting display device may be
improved.
[0109] However, the present invention is not restricted to
the embodiments set forth herein. The above and other effects
of the present invention will become more apparent to a
person of ordinary skill in the art to which the present inven-
tion pertains by referencing the claims appended below.
What is claimed is:
1. A cathode deposition mask comprising:
a plurality of first columns and a plurality of second col-
umns arranged alternately,
the plurality of first columns and the plurality of second
columns being parallel to each other and defining a
column dimension along the length of each column,
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the first columns and the second columns each comprising
a plurality of openings,

the plurality of openings included in each first column
being arranged alternately along the column dimension
with respect to the openings in each adjacent first col-
umn, and

the plurality of openings included in each second column

being arranged alternately along the column dimension
with respect to the openings in each adjacent second
column.

2. The cathode deposition mask of claim 1, the mask hav-
ing a single row dimension that is perpendicular to the column
dimension, the openings included in the first columns and the
second columns comprising first through fourth openings,
each of the first columns comprising a plurality of first open-
ings and a third opening, and each of the second columns
comprising a plurality of second openings and a fourth open-
ing, a length of the third opening along the row dimension
being greater than a pitch of the first columns along the row
dimension, and a length of the fourth opening along the row
dimension being greater than a pitch of the second columns
along the row dimension.

3. The cathode deposition mask of claim 2, a length of the
first openings in each first column along the column dimen-
sion being greater than a distance between two first openings
which are adjacent to each other along the column dimension,
and a length of the second openings in each second column
along the column dimension being greater than a distance
between two second openings which are adjacent to each
other along the column dimension.

4. The cathode deposition mask of claim 2, the portions of
the column dimension being occupied by the first openings
included in each of the first columns overlapping the portions
of the column dimension occupied by the first openings that
are adjacent along the column dimension and are included in
adjacent first columns, and the portions of the column dimen-
sion being occupied by the second openings included in each
of the second columns overlapping the portions of the column
dimension occupied by the second openings that are adjacent
along the column dimension and are included in adjacent
second columns.

5. The cathode deposition mask of claim 2, each first col-
umn and each second column having a first end and a second
end, the first end of each first column being adjacent to the
first end of each adjacent second column, the second end of
each second column being adjacent to the second end of each
adjacent first column, one of the third openings being dis-
posed adjacent to a first end of each of the first columns, and
one of the fourth openings being disposed adjacent to a sec-
ond end of each of the second columns.

6. The cathode deposition mask of claim 5, a length of each
first opening along the column dimension and a length of each
third opening along the column dimension each being greater
than a distance between the third opening and a first opening
which is in the same first column and adjacent to the third
opening along the column dimension, and a length of each
second opening along the column dimension and a length of
each fourth opening along the column dimension each being
greater than a distance between the fourth opening and a
second opening which is in the same second column and
adjacent to the fourth opening along the column dimension.

7. The cathode deposition mask of claim 5, the third open-
ing comprising a first region having a length along the column
dimension which is longer than its width along the row
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dimension and a second region having a length along the row
dimension which is longer than its width along the column
dimension, and the fourth opening comprising a third region
having a length along the column dimension which is longer
than its width along the row direction and a fourth region
having a length along the row dimension which is longer than
its width along the column dimension.
8. The cathode deposition mask of claim 7, the width of the
second region of the third opening being smaller than the
distance between the third opening and the first opening
which is adjacent to the third opening along the column
dimension, and the width of the fourth region of the fourth
opening being smaller than the distance between the fourth
opening and the second opening which is adjacent to the
fourth opening along the column dimension.
9. The cathode deposition mask of claim 7, the width of the
first region of each third opening being equal to or less than a
length of the first openings along the row dimension, and the
width of the third region of the fourth opening being equal to
or less than a length of the second openings along the row
dimension.
10. A cathode deposition mask comprising:
a plurality of first columns, a plurality of second columns
and a plurality of third columns arranged alternately,

the plurality of first columns, the plurality of second col-
umns and the plurality of third columns being parallel to
each other and defining a column dimension along the
length of each column,

the first columns, the second columns and the third col-

umns each comprising a plurality of openings,

the plurality of openings included in each first column

being arranged alternately along the column dimension
with respect to the openings in each adjacent first col-
umn,

the plurality of openings included in each second column

being arranged alternately along the column dimension
with respect to the openings in each adjacent second
column, and

the plurality of openings included in each third column

being arranged alternately along the column dimension
with respect to the openings in each adjacent third col-
umn.

11. The cathode deposition mask of claim 10, the openings
included in the first columns, the second columns and the
third columns comprising first through fifth openings, each of
the first columns comprising a plurality of first openings and
a third opening, each of the second columns comprising a
plurality of second openings and a fourth opening, and each
of the third columns comprising a plurality of fifth openings.

12. The cathode deposition mask of claim 11, a length of
the first openings in each first column along the column
dimension being greater than a distance between two first
openings which are adjacent to each other along the column
dimension, a length of the second openings in each second
column along the column dimension being greater than a
distance between two second openings which are adjacent to
each other along the column dimension, and a length of the
fifth openings in each third column along the column dimen-
sion being greater than a distance between two fifth openings
which are adjacent to each other along the column dimension.

13. The cathode deposition mask of claim 11, the mask
having a single row dimension that is perpendicular to the
column dimension, alength of the third opening along the row
dimension being greater than a pitch of the first columns
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along the row dimension, and a length of the fourth opening
along the row dimension being greater than a pitch of the
second columns along the row dimension.

14. The cathode deposition mask of claim 11, the first
columns, the second columns and the third columns each
having a first end and a second end, each first end being
adjacent to all other first ends and each second end being
adjacent to all other second ends, the third opening being
disposed adjacent to a first end of each of the first columuns,
and the fourth opening being disposed adjacent to a second
end of each of the second columns.

15. A method of manufacturing an organic light-emitting
display device, the method comprising:

preparing a substrate comprising a plurality of pixel
regions which respectively comprise anodes and organic
layers disposed on the anodes, the pixel regions being
arranged in a matrix comprising a series of parallel col-
umns and a series of parallel rows, the axes of the col-
umns defining a matrix column dimension;

performing a first process of depositing a conductive mate-
rial using a cathode deposition mask; and

performing a second process of depositing the conductive
material after moving the cathode deposition mask
along the matrix column dimension over a distance
equal to a pitch of the pixel regions along the matrix
column dimension,

the cathode deposition mask comprising a plurality of first
columns and a plurality of second columns arranged
alternately, the plurality of first columns and the plural-
ity of second columns being parallel to each other and
defining a mask column dimension along the length of
each column,

a plurality of openings included in each first column being
arranged alternately along the mask column dimension
with respect to the openings in each adjacent first col-
umn, and

a plurality of openings included in each second column
being arranged alternately along the mask column
dimension with respect to the openings in each adjacent
second column.

16. The method of claim 15, the pixel regions comprising:

a plurality of first pixel region columns, each comprising a
plurality of first pixel regions;

a plurality of second pixel region columuns, each compris-
ing a plurality of second pixel regions; and

a plurality of third pixel region columns, each comprising
a plurality of third pixel regions,

the first through third pixel region columns being arranged
alternately, and, in the first deposition process, the first
columns of the mask being placed on the first pixel
region columns of the matrix, and the second columns of
the mask being placed on the second and third pixel
region columns of the matrix.

17. The method of claim 16, the openings of the first
column and the second column comprising first through
fourth openings, each of the first columns comprising a plu-
rality of first openings and a third opening, and each of the
second columns comprising a plurality of second openings
and a fourth opening, one first opening of the cathode depo-
sition mask exposing in the first performing step one first
pixel region, and one second opening of the cathode deposi-
tion mask exposing in the first performing step one second
pixel region and one third pixel region.
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18. A method of manufacturing an organic light-emitting

display device, the method comprising:

preparing a substrate comprising a plurality of pixel
regions which respectively comprise anodes and organic
layers disposed on the anodes, the pixel regions being
arranged in a matrix comprising a series of parallel col-
umns and a series of parallel rows, the axes of the col-
umns defining a matrix column dimension;

performing a first process of depositing a conductive mate-
rial using a cathode deposition mask; and

performing a second process of depositing the conductive
material after moving the cathode deposition mask
along the matrix column dimension over a distance
equal to a pitch of the pixel regions along the matrix
column dimension,

the cathode deposition mask comprising a plurality of first
columns, a plurality of second columns and a plurality of
third columns arranged alternately, the plurality of first
columns and the plurality of second columns being par-
allel to each other and defining a mask column dimen-
sion along the length of each column,

aplurality of openings included in each first column being
arranged alternately along the mask column dimension
with respect to the openings in each adjacent first col-
umn,

a plurality of openings included in each second column
being arranged alternately along the mask column
dimension with respect to the openings in each adjacent
second column, and

aplurality of openings included in each third column being
arranged alternately along the mask column dimension
with respect to the openings in each adjacent third col-
umn.
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19. The method of claim 18, the pixel regions comprising:

a plurality of first pixel region columns, each comprising a
plurality of first pixel regions;

a plurality of second pixel region columns, each compris-
ing a plurality of second pixel regions; and

a plurality of third pixel region columns, each comprising
a plurality of third pixel regions,

the first through third pixel region columns being arranged
alternately, and, in the first performing step, the first
columns of the mask being placed on the first pixel
region columns, the second columns of the mask being
placed on the second pixel region columns, and the third
columns of the mask being placed on the third pixel
region columns.

20. The method of claim 19, the openings in the first col-
umn, the second column and the third column comprising first
through fifth openings, each of the first columns comprising a
plurality of first openings and a third opening, each of the
second columns comprising a plurality of second openings
and a fourth opening, and each of the third columns compris-
ing a plurality of fifth openings, one first opening of the
cathode deposition mask exposing in each of the first and
second performing steps one first pixel region, one second
opening of the cathode deposition mask exposing in each of
the first and second performing steps one second pixel region,
and one fifth opening of the cathode deposition mask expos-
ing in each of the first and second performing steps one third
pixel region.
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