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(57) ABSTRACT

Provided are a method of manufacturing an organic light
emitting display device and an organic light emitting display
device manufactured by the method. The method 1ncludes
calculating a peak-luminance current density for each of a
red sub-pixel, a blue sub-pixel, a green sub-pixel, and a
white sub-pixel, calculating an average use current density
for each of the red sub-pixel, blue sub-pixel, green sub-pixel,
and white sub-pixel; determining a size of each sub-pixel
with the peak-luminance current density and the average use
current density, and forming the sub-pixels with the deter-
mined sizes of the respective sub-pixels. The present inven-

tion sets the size of each sub-pixel 1n consideration of a
peak-luminance current density and an average use current
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density, thus easily achieving the peak luminance and
enhancing the color-coordinate life.

21 Claims, 12 Drawing Sheets
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FIG. 10
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the Korean Patent
Application No. 10-2011-0139620 filed on Dec. 21, 2011,

which 1s hereby incorporated by reference as if Tully set forth
herein.

BACKGROUND

1. Field of the Invention

The present invention relates to an organic light emitting
display device using organic light emitting diodes (OLEDs)
and a method of manufacturing the same.

2. Discussion of the Related Art

Recently, with the advancement of multimedia, the 1mpor-
tance of flat panel display (FPD) devices 1s increasing.
Theretfore, various FPD devices such as liqud crystal dis-
play (LCD) devices, plasma display panel (PDP) devices,
field emission display (FED) devices, and organic light
emitting display devices are being used practically. In such
FPD devices, the organic light emitting display devices have
a fast response time of 1 ms or less and low power
consumption, and have no limitation 1n a viewing angle
because the organic light emitting display devices self-emit
light. Accordingly, the organic light emitting display devices
are attracting much attention as next generation FPD
devices.

A related art organic light emitting display device
includes a plurality of pixels that are respectively formed 1n
a plurality of pixel areas defined by intersections between a
plurality of gate lines and a plurality of data lines, and each
of the pixels includes a red sub-pixel, a green sub-pixel, and
a blue sub-pixel. The related art organic light emitting
display device combines red light, green light, and blue light
emitted from the respective sub-pixels to realize a certain
color 1 units of a pixel, thereby displaying an image.

FIG. 1 1s a diagram 1illustrating sub-pixels of a related art
organic light emitting display device.

As seen 1n FIG. 1, the related art organic light emitting
display device 10 includes a red sub-pixel 11, a blue
sub-pixel 13, and a green sub-pixel 15.

According to the organic light emitting display device 10,
in a sub-pixel which 1s the most used based on the frequency
of use and an accumulated use time for each sub-pixel, a
current density increases compared to the other sub-pixels,
and thus, deterioration 1s rapidly made, thereby shortening
the service life of a corresponding sub-pixel. As a result, a
time for which the color coordinates of the organic light
emitting display device 10 are changed is shortened, and
thus, a color-coordinate life 1s shortened.

To overcome such limitations, a method has been pro-
posed 1 which, by enlarging the size of a sub-pixel (for
example, the blue sub-pixel 13) having the high frequency
of use and an accumulated much use time compared to the
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2

other sub-pixels 11 and 15, the current density of the blue
sub-pixel 13 1s lowered, and thus, the service lives of the
sub-pixels 11, 13 and 15 become equal, thereby extending
the color-coordinate life of the organic light emitting display
device 10.

However, as described above, when the size of a blue
sub-pixel 1s enlarged 1n order for the service lives of
sub-pixels to become similar, 1t 1s 1mpossible to realize the
peak luminance of a pure color of each of the other sub-
pixels.

SUMMARY

Accordingly, the present invention 1s directed to an
organic light emitting display device using organic light
emitting diodes (OLEDs) and a method of manufacturing
the same that substantially obviate one or more problems
due to limitations and disadvantages of the related art.

An aspect of the present mvention 1s directed to an
organic light emitting display device with the consideration
of both peak luminance and a color-coordinate life, and a
method of manufacturing the same.

Additional advantages and features of the invention will
be set forth 1 part 1n the description which follows and 1n
part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned
from practice of the invention. The objectives and other
advantages of the invention may be realized and attained by
the structure particularly pointed out 1n the written descrip-
tion and claims hereof as well as the appended drawings.

To achieve these and other advantages and 1n accordance

with the purpose of the invention, as embodied and broadly
described herein, there 1s provided a method of manufac-
turing an organic light emitting display device including;:
calculating a peak-luminance current density for each of a
red sub-pixel, a blue sub-pixel, a green sub-pixel, and a
white sub-pixel; calculating an average use current density
for each of the red sub-pixel, blue sub-pixel, green sub-pixel,
and white sub-pixel; determining a size of each sub-pixel
with the peak-luminance current density and the average use
current density; and forming the sub-pixels with the deter-
mined sizes of the respective sub-pixels.
In another aspect of the present invention, there 1s pro-
vided an organic light emitting display device including: a
red sub-pixel, a blue sub-pixel, a green sub-pixel, and a
white sub-pixel formed on a substrate, wherein each of the
sub-pixels 1s formed 1n the calculated size thereof with the
calculated peak-luminance current density and the calcu-
lated average use current density.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present mvention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the mvention. In the
drawings:

FIG. 1 1s a diagram 1llustrating sub-pixels of a related art
organic light emitting display device;



US RE47,544 E

3

FIG. 2 1s a diagram 1llustrating a schematic structure of an
organic light emitting display device according to an
embodiment of the present invention;

FIG. 3 1s a diagram 1illustrating the area of each sub-pixel
ol an organic light emitting display device according to an
embodiment of the present invention;

FI1G. 4 1s a diagram showing spectrum characteristic of an
organic light emitting display device according to an
embodiment of the present ivention;

FI1G. 5 15 a diagram 1llustrating a method of manufacturing
an organic light emitting display device according to an
embodiment of the present invention;

FIG. 6 1s a sectional view illustrating an organic light
emitting display device according to an embodiment of the
present ivention;

FIG. 7 1s a view illustrating a sectional surface of an
organic light emitting display device according to another
embodiment of the present invention;

FIGS. 8 to 10 are graphs showing peak-luminance current
density requirements, peak-luminance design achievement
degree, and color-coordinate life when an area ratio of a red
sub-pixel, a green sub-pixel, a blue sub-pixel, and a white
sub-pixel 1s 28.5:28.5:45:34.2;

FIGS. 11 to 13 are graphs showing peak-luminance cur-
rent density requirements, peak-luminance design achieve-
ment degree, and color-coordinate life when an area ratio of
a red sub-pixel, a green sub-pixel, a blue sub-pixel, and a
white sub-pixel 1s 335:35:35:35;

FIGS. 14 to 16 are graphs showing peak-luminance
current density requirements, peak-luminance design
achievement degree, and color-coordinate life when an area
rat1o of a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel 15 45.5:38.5:39.8:16.3;

FIGS. 17 to 19 are graphs showing peak-luminance
current density requirements, peak-luminance design
achievement degree, and color-coordinate life when an area
rat1o of a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel 1s 45:35:35:30; and

FI1G. 20 1s a graph showing a comparison result of current
densities based on an area ratio of sub-pixels which are

described 1in FIGS. 8 to 19.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Reference will now be made 1n detail to the exemplary
embodiments of the present invention, examples of which
are 1llustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

Hereinafter, embodiments of the present invention will be
described 1n detall with reference to the accompanying
drawings.

In description of embodiments of the present invention,
when a structure 1s described as being formed at an upper
portion/lower portion of another structure or on/under the
other structure, this description should be construed as
including a case where the structures contact each other and
moreover a case where a third structure 1s disposed ther-
cbetween.

FI1G. 2 1s a diagram 1llustrating a schematic structure of an
organic light emitting display device according to an
embodiment of the present invention.

As seen 1 FIG. 2, the organic light emitting display
device according to an embodiment of the present invention
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4

includes a gate lines GL, a data line DL, a power line PL, a
red sub-pixel R, a white sub-pixel W, a green sub-pixel G,
and a blue sub-pixel B.

The gate line GL 1s formed to be extended in a first
direction, on a substrate. The data line DL 1s formed to
intersect the gate line GL and to be extended in a second
direction, on the substrate. The power line PL may be
formed apart from and 1n parallel to the data line DL.

A plurality of the gate lines GL and a plurality of the data
lines DL are cross-arranged to define the red sub-pixel R, the
white sub-pixel W, the green sub-pixel G, and the blue
sub-pixel B.

A thin film transistor (TFT) and an OLED are formed 1n
cach of a plurality of sub-pixel areas.

The TFT includes a switching TFT and a driving TET. The
switching TFT 1s connected to the gate line GL and the data
line DL, and receives a gate signal and a data signal. One end
of the switching TFT is connected to the driving TF'T. The

TFT driving transistor 1s connected to the power line PD and
the OLED.

The OLED 1s formed on the TEFT, and includes a cathode
clectrode, an organic light emitting layer, and an anode
clectrode. The organic light emitting layer includes an
clectron 1njection layer (EIL), an electron transport layer
(ETL), an emission layer (EML), a hole transport layer
(HTL), and a hole 1njection layer (HIL), and has a structure
in which the layers are stacked in a multilayer.

When a driving voltage 1s applied to the anode electrode
and the cathode electrode, a hole passing through the HTL
and an electron passing through the ETL move to the EML
to generate an exciton, and thus, the EML emits visible light.

In an embodiment of the organic light emitting display
device according to the present ivention, the OLED 1is
tformed as a white OLED (WOLED). Therefore, a color filter
that converts white light, emitted from the WOLED, 1nto red
light, green light, or blue light 1s formed such that the red
sub-pixel R, the white sub-pixel W, the green sub-pixel G,
and the blue sub-pixel B express respective colors. In this
case, the color filter may not be formed in an area 1n which
the white sub-pixel 1s disposed.

The combination of the red sub-pixel R, the white sub-
pixel W, the green sub-pixel G, and the blue sub-pixel B
forms a unit pixel to express various colors.

FIG. 3 15 a diagram 1llustrating the area of each sub-pixel
of an organic light emitting display device according to an
embodiment of the present invention.

As seen 1n FIG. 3, 1n the organic light emitting display
device according to an embodiment of the present invention,
the sub-pixels are designed to have diflerent areas.

In one scheme that differently designs the areas of the
sub-pixels, the red sub-pixel R, the white sub-pixel W, the
green sub-pixel G, and the blue sub-pixel B may have the
same height H, and respective lengths L1 to L4 of the
sub-pixels may be differently changed, specifically, the
respective lengths L1 to L4 of the sub-pixels may differ. In
this case, by only adjusting a interval between the data lines
DL, the respective areas of the sub-pixels are differently
changed. However, the present invention i1s not limited
thereto. As another example, the respective heights H of the
sub-pixels may be differently set, and may be differently
designed by various schemes.

According to an embodiment of the present invention, 1n
designing the areas of the red, white, green, and blue
sub-pixels, the peak-luminance current density of each of the
sub-pixels and the average use current density of each
sub-pixel are considered.
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The peak luminance denotes the maximum luminance that
1s shown at a color temperature reference satisiying the
design spec of the organic light emitting display device. In
an RGB structure, when realizing the peak luminance, the
peak luminance 1s achieved by a combination satisfying a
color temperature of a product by pure color of red, green,
and blue. In a WRGB structure, there are two methods,
which include a method that realizes the peak luminance
with the red, green, blue, and white sub-pixels and a method
that realizes the peak luminance by using only the red, green,
and blue sub-pixels with no white sub-pixel. In all of the two
methods, only when it 1s possible to realize the peak

luminance, image quality equal to the image-quality level of
the RGB structure 1s realized 1n expressing a pure color.

A color filter 1s generally used for realizing red, green, and
blue with the WOLED, 1n which case the efliciency of red,
ogreen, and blue light passing through the color filter is
reduced to less than the efliciency of the WOLED. There-

fore, 1n the WRGB structure, a high current needs to flow 1n
cach of the red, green, and blue sub-pixels for realizing the
peak luminance with only the green, and blue sub-pixels,
and thus, the current density of each of the green, and blue
sub-pixels increases.

To design the area of each sub-pixel in consideration of
the peak-luminance current density and average use current
density of each sub-pixel, the peak luminance current den-
sity of each sub-pixel 1s calculated, and a sub-pixel having
a high peak-luminance current density is relatively greater
designed, thereby enabling the peak luminance of each
sub-pixel to be achieved more easily. Also, by calculating
the average use current density of each sub-pixel and
relatively greater designing a sub-pixel having a high aver-
age use current density, a deterioration speed diflerence
between the sub-pixels 1s minimized, and thus, a color-
coordinate life 1s extended.

As a result, the optimal area of each sub-pixel 1s designed
in consideration of both the peak-luminance current density
and the average use current density of each sub-pixel, and
thus, a peak luminance achievement rate of each sub-pixel
increases and a deterioration speed difference between the
sub-pixels 1s minimized.

First, the reason and method that calculates the peak-
luminance current density of each sub-pixel and relatively
greater designs a sub-pixel having a high peak-luminance
current density will now be described.

The peak luminance, as described above, denotes the
maximum luminance value that 1s predetermined in the
organic light emitting display device. When the peak lumi-
nance 1s set, each sub-pixel 1s formed to realize peak
luminance for each color. To realize the peak luminance 1n
this way, a current density necessary for each of the red,
green, blue, and white sub-pixels 1s defined as a peak-
luminance current density.

Performing comparison based on the same pixel area, the
WRGB sub-pixel structure that further includes a white
sub-pixel compared to the RGB sub-pixel structure 1s rela-
tively reduced in area of each of RGB sub-pixels thereof.

Therefore, to show the peak luminance of the same pure
color as that of the RGB sub-pixel structure, the WRGB
sub-pixel structure needs to increase the current density of
cach of the red, green, and blue sub-pixels. Especially, some
and all of the sub-pixels have different peak-luminance
current densities, and, in an embodiment of the present
invention, the area of a sub-pixel requiring the highest
peak-luminance current density 1s formed greater than those
of the other sub-pixels.

10

15

20

25

30

35

40

45

50

55

60

65

6

As a result, by enlarging the area of a sub-pixel requiring
the highest peak-luminance current density, the peak Iumi-
nance can be achieved even though the current density of the
sub-pixel 1s relatively lowered.

Herematter, a method according to an embodiment that
sets a peak-luminance current density for achieving the peak
luminance for each sub-pixel will be described with refer-
ence to FIG. 4.

FIG. 4 1s a diagram showing spectrum characteristic of an
organic light emitting display device according to an
embodiment of the present invention.

As seen 1 FIG. 4, 1t can be seen that the organic light
emitting display device according to an embodiment of the
present mvention icludes a 2-peak WOLED, and particu-
larly, intensity near a wavelength of about 650 nm display-
ing red 1s relatively low.

As seen 1n the spectrum characteristic of an OLED 1n
which the intensity of red i1s low, 1n the red sub-pixel, 1t 1s
required to set the highest peak-luminance current density
for achueving the peak luminance. In this case, therefore, the
area of the red sub-pixel may be formed greater than those
of the other sub-pixels so as to more easily achieve the peak
luminance.

On the other hand, 1n the white sub-pixel, since the white
sub-pixel uses an entire wavelength range of visible light,
the lowest peak-luminance current density may be set for
achieving the peak luminance. In this case, therefore, the
area of the white sub-pixel may be formed greater than those
of the other sub-pixels.

In this way, the peak-luminance current density may be
set 1n consideration of the spectrum characteristic of the
OLED, and, when the 2-peak WOLED of FIG. 4 1s applied,
the arca of the red sub-pixel may be relatively greater
formed. However, when the spectrum characteristic of the
OLED 1s changed, the area of a sub-pixel other than the red
sub-pixel may be relatively greater formed.

Next, the reason and method that calculates the average
use current density of each sub-pixel and relatively greater
designs a sub-pixel having a high average use current
density will now be described.

As the OLED 1s used, the OLED 1s deteriorated, and thus,
a sub-pixel emits light having color coordinates difierent
from the original color coordinates thereof. For this reason,
a time taken until reaching a predetermined color-coordinate
threshold change amount 1s measured and defined as the
color-coordinate life of the OLED.

A color-coordinate life 1s construed using the amount of
changed color coordinates (heremaiter referred to as a
color-coordinate change amount).

The color-coordinate change amount i1s defined as a
color-coordinate difference between 1nitial color coordinates
(u'0, v'0) and color coordinates (u't, v't) after a certain time
“t” elapses, according to the Commission Internationale de
I’Eclairage (CIE) 1931 standard colorimetric system (u', v').
The color-coordinate change amount 1s expressed as Equa-
tion (1).

color-coordinate change amount=[u’'~u'y )’ +(v'~v'y )]
1/2

(1)

As the color-coordinate change amount increases, a time
taken until reaching the predetermined color-coordinate
threshold change amount becomes shorter. Accordingly, as a
color-coordinate life becomes shorter and a color-coordinate
change amount becomes lower, the color-coordinate life
may be construed as being long.

As a factor aflecting the color-coordinate life, there 1s an
average use current density based on an accumulated use
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time and the frequency of use of a sub-pixel. That 1s, when
a sub-pixel 1s used for a long time at a high current density,
the color-coordinate life of an OLED 1is shortened. Accord-
ingly, by appropnately designing an average use current
density, the color-coordinate life 1s extended.

Here, the average use current density 1s defined as current
density that 1s averagely required according to an accumu-
lated use time and the frequency of use of each sub-pixel, 1n
reproducing general 1images.

When the average use current density of each sub-pixel 1s
measured by reproducing general images, it can be seen that
a sub-pixel having the highest average use current density 1s
a blue sub-pixel, a sub-pixel having the second highest
average use current density 1s a white sub-pixel, and red and
green sub-pixels have the third highest average use current
density.

Accordingly, in the present invention, the area of the blue
sub-pixel having the highest average use current density 1s
formed greater than those of the other sub-pixels. As the area
of the blue sub-pixel having the highest average use current
density increases, the average use current density becomes
lower, and thus, the color-coordinate life of the blue sub-
pixel 1s enhanced.

Image sticking occurs in an initial driving stage of the
organic light emitting display device. Image sticking
denotes that a specific image 1s stuck and shown due to a
sub-pixel whose a service life has been intensively short-
ened, 1n driving a panel. Image sticking has correlation with
the area, color-coordinate life, and 1mage-sticking life of
cach sub-pixel. A method of decreasing image sticking 1s
matched with a condition that maximizes the color-coordi-
nate life. Therefore, 1n an operation of determiming the area
ol a sub-pixel, when a color-coordinate life 1s considered, an
image-sticking life 1s not separately considered. However,
depending on the case, the i1mage-sticking life may be
considered in an operation of determining the area of a
sub-pixel.

The 1image-sticking life 1s defined as a time taken until an
average luminance reduction ratio becomes a certain ratio,
and the certain ratio may be set to 5%. RGBW sub-pixels
have diflerent luminance reduction ratios, and thus, the
average luminance reduction ratio of each sub-pixel 1s used
in analyzing image sticking.

Here, the multiplication of the luminance ratio and lumi-
nance reduction ratio of each sub-pixel 1s calculated, the
average luminance reduction ratio 1s defined as the sum of
the multiplications for the respective sub-pixels.

The present invention enhances the color-coordinate life,
and thereby improves the image-sticking life, thus decreas-
ing 1image sticking.

As described above, the peak-luminance current density
of each sub-pixel 1s calculated, and the area of a sub-pixel
having a high peak-luminance current density 1s relatively
greater set. Also, the average use current density of each
sub-pixel 1s calculated, and the area of a sub-pixel having a
high average use current density 1s relatively greater set. In
overall consideration of the two factors, the area of each
sub-pixel may be designed.

Therefore, depending on the case, even though a specific
sub-pixel has the highest peak-luminance current density,
the area of the specific sub-pixel may be set relatively less
than those of the other sub-pixels in the optimally designed
state. Similarly, even though a specific sub-pixel has the
highest average use current density, the area of the specific
sub-pixel may be set relatively less than those of the other
sub-pixels 1n the optimally designed state.
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Referring again to FIG. 3, according to an embodiment of
the present invention, the width L1 of the red sub-pixel, the
width L2 of the white sub-pixel, the width L3 of the green
sub-pixel, and the width L4 of the blue sub-pixel are
designed to meet a condition of “L1>L4=1.3>1.2".

That 1s, the area of the red sub-pixel 1s the greatest, the
area of the white sub-pixel 1s the least, and the area of the
blue sub-pixel 1s equal to or greater than that of the green
sub-pixel.

In more detail, the area of the red sub-pixel may be 1.25
to 1.5 times that of the white sub-pixel. Also, the area of the
blue sub-pixel may be 1.25 or less times that of the white
sub-pixel. Also, the area of the green sub-pixel may be 1.25
or less times that of the white sub-pixel.

In an embodiment when the sub-pixels are designed under
the conditions, an area ratio of the red, blue, green, and white
sub-pixels may be 40:35:35:30.

The sub-pixels may be arranged 1n a stripe type. In this
case, the arrangement order of the sub-pixels may be set as
the order of the red, blue, green, and white sub-pixels. Also,
a sub-pixel 1n which a high current flows and a sub-pixel 1n
which a low current flows may be designed to share a Vdd
line.

The reason 1s because the drop of a voltage (IR drop) 1s
caused by a local current difference of a power line because
a high current flows 1n the blue and white sub-pixels, and
decreases the overall luminance uniformity of the organic
light emitting display device, causing the reduction 1n reli-
ability of the organic light emitting display device. Also, the
reason 1s because a local temperature difference occurs due
to a current difference.

Accordingly, the blue and white sub-pixels 1n which the
highest current flows are arranged apart from each other, and
thus, the overall luminance uniformity of the organic light
emitting display device 1s enhanced. Therefore, a tempera-
ture difference becomes uniform, and reliability 1s enhanced.

In a type in which the sub-pixels are arranged, there 1s a
quad type 1n which the sub-pixels are arranged in a check-
ered shape, n addition to the stripe type. However, the
arrangement type of the sub-pixels 1s not limited to the stripe
type.

FIG. § 1s a diagram 1llustrating a method of manufacturing,
an organic light emitting display device according to an
embodiment of the present invention. The method of manu-
facturing the organic light emitting display device uses the
above-described method that sets the sizes of the sub-pixels.
In the following description, a repetitive description on the
same elements as the above-described elements 1s not pro-
vided.

First, the peak-luminance current density and average use
current density of each sub-pixel having the same area are
calculated 1n operation S100.

The peak luminance current density, as described above,
1s calculated 1n consideration of the spectrum characteristic
of an OLED, and more specifically, the spectrum character-
1stic of an organic light emitting layer.

The average use current density 1s calculated as a current
density that 1s averagely required according to an accumus-
lated use time and the frequency of use of each sub-pixel in
reproducing general 1images.

Subsequently, the size of each sub-pixel 1s primarily set
with the calculated peak luminance current density 1n opera-
tion S200. For example, in a 2-peak white organic light
emitting layer, and thus, the size of the red sub-pixel is
greatest set.

Subsequently, the size of each sub-pixel 1s secondarily set
with the calculated average use current density 1n operation




US RE47,544 E

9

S300. For example, when the average use current density of
cach sub-pixel 1s measured by reproducing general 1mages,
a sub-pixel having the highest average use current density
may be the blue sub-pixel.

There 1s no predetermined order between operation S200
(which primarily sets the size of each sub-pixel with the
calculated peak luminance current density) and operation
S300 that secondarily sets the size of each sub-pixel with the
calculated average use current density. Therefore, after
operation S300 that secondarily sets the size of each sub-
pixel, operation S200 that primarily sets the size of each
sub-pixel may be performed.

Subsequently, the optimal size of each sub-pixel 1s deter-
mined with the setting value (which has been calculated in
the operation of primarily setting the size of each sub-pixel)
and the setting value that has been calculated 1n the opera-
tion of secondarily setting the size of each sub-pixel, in
operation S400.

That 1s, the optimal size of each sub-pixel 1s determined
with the primarily set size of each sub-pixel and the sec-
ondarily set size of each sub-pixel.

In this case, an average use current density of a sub-pixel
having the highest average use current density may be 6 or
less times that of a sub-pixel having the lowest average use
current density, and moreover, a peak-luminance design
achievement degree of a sub-pixel having the highest peak-
luminance design achievement degree may be 2 or less times
that of a sub-pixel having the lowest peak-luminance design
achievement degree, in which case a luminance deviation
between the sub-pixels 1s reduced. Also, the color-coordi-
nate life of the organic light emitting display device may be
20,000 hours or more.

Subsequently, each sub-pixel 1s formed according to the
determined sub-pixel sizes 1n operation S300.

A process of forming each sub-pixel may include a
process that forms a TFT array, a process that forms an
OLED (including an organic light emitting layer formed on
the TFT array) emitting white light, and a process that forms
a color filter converting light, emitted from the OLED, into
light having a certain color.

The process that forms the TFT array includes a process
that forms the gate line GL, data line DL, and power line PL
of FIG. 2, and a process that forms the switching TFT and
the driving TFT 1n each sub-pixel area defined by the gate
line GL and the data line DL.

The process of forming the OLED and the process of
forming the color filter may be differently performed for the
respective sub-pixels. Specifically, a process of forming the
red sub-pixel may include the process of forming the OLED
and a process of forming a red color filter, a process of
forming the blue sub-pixel may include the process of
forming the OLED and a process of forming a blue color
filter, a process of forming the green sub-pixel may include
the process of forming the OLED and a process of forming,
a green color filter, and a process of forming the white
sub-pixel may include the process of forming the OLED.

The detailed structure of each sub-pixel may be the
structure of FIGS. 6 and 7 to be described below.

FIG. 6 1s a sectional view illustrating an organic light
emitting display device according to an embodiment of the
present mvention.

As seen 1 FIG. 6, the organic light emitting display
device according to an embodiment of the present invention
includes a substrate 101, a gate electrode 103, a gate
insulator 110, a semiconductor layer 131, an etch stopper
132, a source electrode 135, a drain electrode 137, a first
passivation layer 140, a color filter 150, a second passivation
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layer 160, an anode electrode 170, a bank layer 175, an
organic light emitting layer 180, and a cathode electrode
190.

The substrate 101 may be formed of glass or transparent
plastic.

The gate electrode 103 1s formed on the substrate 101, and
connected to the gate line GL. The gate electrode 103 may

be a multilayer formed of one selected from the group
consisting of Mo, Al, Cr, Au, T1, N1, Nd, and Cu, and an alloy

thereof.

The gate mnsulator 110 1s formed on the gate electrode
103, and may be silicon oxide (S10x), silicon nitride (S1Nx),
or a multilayer thereof. However, the gate msulator 110 1s
not limited thereto.

The semiconductor layer 131 1s formed on the gate
insulator 110, and may include amorphous silicon or poly-
crystalline silicon 1n which the amorphous silicon 1s crys-
tallized.

The etch stopper 132 may be formed on the semiconduc-
tor layer 131, and protect the semiconductor layer 131.
However, the etch stopper 132 may not be provided depend-
ing on the case.

The source electrode 135 and the drain electrode 137 may
be formed on the semiconductor layer 131. The source
clectrode 1335 and the drain electrode 137 may be formed 1n
a single layer or a multilayer. The source electrode 135 and
the drain electrode 137 may be formed of one selected from
the group consisting of Mo, Al, Cr, Au, T1, N1, Nd, and Cu,
and an alloy thereof.

The first passivation layer 140 may be formed on the
source electrode 135 and the drain electrode 137, and may
be S10x, SiNx, or a multilayer thereol. However, the first
passivation layer 140 1s not limited thereto.

The color filter 150 1s formed in a red sub-pixel area, a
blue sub-pixel area, and a green sub-pixel area, on the first
passivation layer 140. The color filter 150 converts white
light, emitted from an OLED, into red, blue, and green light.

The second passivation layer 160 may be formed on the
color filter 150, and may be acryl-based resin, polyimide
resin, S10x, SiNx, or a multilayer thereof. However, the
second passivation layer 160 1s not limited thereto.

A light compensation layer (not shown) may be formed on
the second passivation layer 160. The light compensation
layer may be formed of S10x or SiNx, or in a multilayer
thereol, for enhancing the color viewing angle characteristic
of the organic light emitting display device.

The anode electrode 170 may be formed on the second
passivation layer 160, and formed of transparent indium tin
oxide (ITO) or indium zinc oxide (1Z0). However, the anode
clectrode 170 1s not limited thereto. The anode electrode 170
1s electrically connected to the source electrode 135. To this
end, a contact hole 1s formed 1n a certain region of the first
passivation layer 140, and a contact hole 1s formed 1n a
certain region of the second passivation layer 160.

The bank layer 175 may be formed on the anode electrode
170, and include an organic material such as benzocy-
clobutene (BCB)-based resin, acryl-based resin, or polyim-
ide resin. The bank layer 175 1s formed on the anode
clectrode 170 to have a certain opeming such that light
emitted from the organic light emitting layer 180 1s trans-
mitted.

The organic light emitting layer 180 1s formed on the bank
layer 175, and emits white light. The organic light emitting
layer 180 may include an EIL, an E'TL, an EML, an HTL,
and an HIL, and may be formed in a multilayer.

When a driving voltage 1s applied to the anode electrode

170 and the cathode electrode 190, a hole passing through
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the HTL and an electron passing through the ETL move to
the EML to generate an exciton, and thus, the EML emits

visible light.

The emitted white light passes through the color filter 150
and 1s externally transferred toward the substrate 101. At this
point, light passing through a red color filter 151 1s con-
verted into red light, light passing through a blue color filter
155 1s converted 1nto blue light, and light passing through a
green color filter 153 1s converted into green light.

The cathode electrode 190 may be formed on the organic
light emitting layer 180, and may use a metal material such
as Al, Ca, or Mg, or a transparent material such as ITO or
[70.

The organic light emitting display device of FIG. 6 relates
to an example of a bottom-emission type, and the present
invention may be applied to various examples of the bottom-
emission type known to those skilled 1n the art. Also, the
present invention may be applied to a top-emission type, in
addition to the bottom-emission type.

FIG. 7 1s a view 1llustrating a sectional surface of an
organic light emitting display device according to another
embodiment of the present invention.

As seen 1n FIG. 7, an organic light emitting layer 180 1s
formed between an anode electrode 170 and a cathode
clectrode 190, and includes a first stack 181, a charge
generation layer (CGL) 183, and a second stack 18S5.

The first stack 181 may include an EIL, an ETL, a first
EML, an HTL, and an HIL. The first EML may be formed
as an emission layer emitting blue light.

Then second stack 1835 may include an EIL, an F'1L, a
second EML, an HTL, and an HIL. The second EML may
be formed as an emission layer emitting yellow-green light.

The CGL 183 1s formed between the first and second
stacks 181 and 183, and formed of a material having low
optical loss characteristic and low electrical loss character-
1stic.

The organic light emitting layer 180 having the above-
described structure emits white light by combination of the
first EML (emitting blue light) and the second EML (emiut-
ting yellow-green light). Therefore, the organic light emat-
ting layer 180 having the structure of FIG. 7 may be easily
applied to the organic light emitting display device of FIG.
6.

In addition to the organic light emitting layer 180 includ-
ing the two EMLs and emitting white light, an organic light
emitting layer including three or more EMLs and emitting
white light may be applied to the organic light emitting
display device of FIG. 6.

Hereinafter, experiment data for determining area ratios
by sub-pixel will be described 1n detail with reference to
graphs.

Comparative Example 1

FIGS. 8 to 10 are graphs showing peak-luminance current
density requirements, peak-luminance design achievement
degree, and color-coordinate life when an area ratio of a red
sub-pixel, a green sub-pixel, a blue sub-pixel, and a white
sub-pixel 15 28.5:28.5:45:34.2.

That 1s, the comparative example 1 1s a case 1n which the
area of the blue sub-pixel 1s greatest formed. As seen 1n FIG.
10, since the area of the blue sub-pixel which 1s frequently
used 1n realizing a standard moving image 1s greatest
formed, 1t can be seen that the color-coordinate life 1s good.

However, the comparative example 1 does not consider a
peak-luminance current density, and thus, as seen in FIG. 9,
it can be seen that a peak-luminance design achievement
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degree of the red sub-pixel having the highest peak-lumi-
nance current density 1s 58.15% and 1s very low. That 1s, 1t
1s very diflicult to achieve the peak luminance.

Comparative Example 2

FIGS. 11 to 13 are graphs showing peak-luminance cur-

rent density requirements, peak-luminance design achieve-
ment degree, and color-coordinate life when an area ratio of
a red sub-pixel, a green sub-pixel, a blue sub-pixel, and a
white sub-pixel 1s 35:35:35:35.

That 1s, the comparative example 2 1s a case in which the
areas of all sub-pixels are formed equally. As seen 1n FIG.
13, it can be seen that the color-coordinate life 1s slightly
shortened compared to the comparative example 1.

Moreover, as seen in FIG. 12, in the peak-luminance
design achievement degree, it can be seen that an achieve-
ment ratio of the white sub-pixel 1s excessively high.

Comparative Example 3
FIGS. 14 to 16 are graphs showing peak-luminance
current density requirements, peak-luminance design

achievement degree, and color-coordinate life when an area
ratio of a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel 15 45.5:38.5:39.8:16.3.

The comparative example 3 1s a case 1n which the red
sub-pixel 1s formed to have the greatest area, the blue
sub-pixel 1s formed to have the second greatest area, the
green sub-pixel 1s formed to have the third greatest area, and
the white sub-pixel 1s formed to have the least area.

As seen 1n FIG. 15, 1t can be seen that the sub-pixels are
formed to have an overall equal peak-luminance design
achievement degree, and thus, the peak luminance 1s easily
achieved.

However, as seen 1n FIG. 16, it can be seen that the
color-coordinate life is relatively shortened compared to the
comparative examples 1 and 2. Also, as seen 1n FIG. 20, 1t
can be seen that an average current density difference
between the green sub-pixel and the white sub-pixel 1s large.
That 1s, the average current density of the white sub-pixel
exceeds 6 times that of the green sub-pixel.

FIG. 20 1s a graph showing a comparison result of current

densities based on an area ratio of sub-pixels which are
described 1n FIGS. 8 to 19.

Example 1

FIGS. 17 to 19 are graphs showing peak-luminance
current density requirements, peak-luminance design
achievement degree, and color-coordinate life when an area
ratio of a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel 1s 45:35:35:30.

The example 1 1s a case 1n which the red sub-pixel 1s
formed to have the greatest area, the blue and green sub-
pixels are formed to have the second greatest area, and the
white sub-pixel 1s formed to have the least white sub-pixel.

As seen 1n FIG. 18, the example 1 shows an achievement
ratio lower than the peak-luminance design achievement
degree of the comparative example 3, but, as seen 1 FIG.
19, it can be seen that the color-coordinate life 1s enhanced
compared to the comparative example 3. Also, as seen 1n
FIG. 20, 1t can be seen that the average current density
deviation of each sub-pixel 1s reduced compared to the
comparative example 3.

As described above, the present invention fundamentally
uses a white sub-pixel having good light emission efliciency,
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in addition to red, green, and blue sub-pixels, thus improving
the luminance characteristic of the organic light emitting
display device.

Especially, the present invention sets the size of each
sub-pixel 1n consideration of a peak-luminance current den-
sity and an average use current density, thus easily achieving
the peak luminance and enhancing the color-coordinate life.

The present invention enhances the color-coordinate life,
and thereby improves the image-sticking life, thus decreas-
ing image sticking.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it 1s intended that the present invention
covers the modifications and varnations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:
1. An organic light emitting display device, comprising:
a pixel including:

a single red sub-pixel [formed] on a substrate:;

a single blue sub-pixel [formed] on the substrate;

a single green sub-pixel [formed] on the substrate; and

a single white sub-pixel [formed] on the substrate,

wherein the sub-pixels are arvanged in the ovder of the red
sub-pixel, the white sub-pixel, the green sub-pixel, and
the blue sub-pixel in one divection, and

wherein, 1n the sub-pixels;

[a sub-pixel having a greatest area is one of] a sub-pixel
having a highest peak-luminance current [density
and a sub-pixel having a highest average use current
density] among the red, blue, greem, and white
sub-pixels has one of a largest area and a second
largest area among the ved, blue, green, and white

sub-pixels, and has a larger area than at least one of

the other three sub-pixels, and

[a sub-pixel having a second greatest area is the other
of the sub-pixel having the highest peak-luminance
current density and the sub-pixel having the highest
average use current density.}

the peak-luminance current [density] for each sub-pixel
is a current [density] necessary for the sub-pixel [for
realizing peak luminance that 1s predetermined
maximum peak, and

the average use current density 1s a current density that
is averagely used with a use time of the sub-pixel] 7o
realize a predetermined maximum luminance value
Jor the sub-pixel.

2. The organic light emitting display device of claim 1,
wherein,

an area of the red sub-pixel 1s 1.25 to 1.5 times an area of

the white sub-pixel;

an area of the blue sub-pixel 1s 1.25 or less times and

exceeds 1.0 times an area of the white sub-pixel; and
an area of the green sub-pixel 1s 1.25 or less times and
exceeds 1.0 times an area of the white sub-pixel.

3. The organic light emitting display device of claim 1,
wherein the sub-pixels have the same height], and are
arranged 1n the order of the red sub-pixel, the white sub-
pixel, the green sub-pixel, and the blue sub-pixel].

[4. A method of manufacturing an organic light emitting
display device, comprising:

forming a TF'T array;

forming a 2-peak white OLED emitting white light by

combination of light emaitted from first and second
emission layers (EMLs), on the TFT array; and
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forming a red sub-pixel, a blue sub-pixel, a green sub-
pixel and a white sub-pixel,
wherein, 1 the forming the sub-pixels:
one of a sub-pixel having a highest peak-luminance
current density and a sub-pixel having a highest
average use current density have a greatest area, and
the other of the sub-pixel having the highest peak-
luminance current density and the sub-pixel having
the highest average use current density have a second

greatest area.]

5. The method of claim [4] 22, wherein the sub-pixel
having the highest determined peak-luminance current den-
sity 1s the red sub-pixel.

[6. The method of claim 4, wherein, in the forming the
sub-pixels:

an average use current density of the sub-pixel having the
highest average use current density 1s 6 or less times an
average use current density of the sub-pixel having the
lowest average use current density,

a peak-luminance design achievement degree of a sub-
pixel having a highest peak-luminance design achieve-
ment degree 1s 2 or less times a peak-luminance design
achievement degree of a sub-pixel having the lowest
peak-luminance design achievement degree, and

a color-coordinate life of the organic light emitting dis-
play device 1s 20,000 hours or more, the color-coordi-
nate life being a time taken until reaching a predeter-
mined color-coordinate threshold change amount, the
predetermined color-coordinate threshold change
amount calculated by a color-coordinate change
amount bemng 0.015, the color-coordinate change
amount being expressed as [u',—u' )*+(v',—v',)*]"'2, the
color-coordinate change amount being a color-coordi-
nate diflerence between initial color coordinates (u'O,
v'0) and color coordinates (u't, v't) after a certain time
“t elapses.}

7. The organic light emitting display device of claim 1,
wherein a sub-pixel having a highest average use curvent
has the other of the largest area and the second largest area,
an average use current of each sub-pixel being a current of
the sub-pixel averaged over a use time of the sub-pixel, and

wherein the sub-pixel having the highest average use
current is the blue sub-pixel.

8. The organic light emitting display device of claim 7,
wherein the blue sub-pixel has the second largest area, the
second largest avea being smaller than the largest area.

9. The organic light emitting display device of claim 1,
wherein the orvganic light emitting display device has a
spectrum characteristic in which intensity at a wavelength
corresponding to a color of the sub-pixel having the highest

peak-luminance curvent among ved, green, and blue is lower

than intensity at wavelengths vespectively corresponding to
the other two of red, green, and blue.

10. The organic light emitting display device of claim 1,
the sub-pixel having the highest peak-luminance current is
the red sub-pixel, and

wherein the red sub-pixel has the larger arvea than each of

the green, blue, and white sub-pixels.

11. An organic light emitting display device, comprising:

a pixel including a ved sub-pixel, a blue sub-pixel, a green

sub-pixel, and a white sub-pixel arranged consecu-
tively in one dirvection on a substrate;

wherein, among the ved, blue, green, and white sub-pixels,

the ved sub-pixel has one of a largest area and a second
lavgest avea, and has a larger avea than at least one of
the blue, green, and white sub-pixels.
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12. The organic light emitting display device of claim 11,
wherein, among the red, blue, green, and white sub-pixels,
the blue sub-pixel has the other of the largest arvea and the
second largest area.

[3. The organic light emitting display device of claim 12,
wherein the second largest avea is larger than an area of the
white sub-pixel, and

wherein the white sub-pixel has a smallest area among the

ved, blue, green, and white sub-pixels.

14. The organic light emitting display device of claim 11,
wherein.

an area of the red sub-pixel is 1.25 to 1.5 times an area

of the white sub-pixel;

the area of the blue sub-pixel is 1.0 to 1.25 times the area

of the white sub-pixel; and

an area of the green sub-pixel is 1.0 to 1.25 times the area

of the white sub-pixel.
13. The organic light emitting display device of claim 11,
wherein the organic light emitting display device has a
spectrum chavacteristic in which intensity at a wavelength
corresponding to red is lower than intensity at wavelengths
respectively corresponding to green and blue.
16. An organic light emitting display device, comprising:
a pixel including:
a single red sub-pixel on a substrate;
a single blue sub-pixel on the substrate;
a single green sub-pixel on the substrate; and
a single white sub-pixel on the substrate,

whevrein the sub-pixels are arranged in the ovder of the ved
sub-pixel, the white sub-pixel, the green sub-pixel, and
the blue sub-pixel in one divection, and

wherein the organic light emitting display device has a

spectrum charvacteristic with respective intensity at
wavelengths respectively corresponding to red, green,
and blue, and

wherein a sub-pixel having a colov with a lowest corre-

sponding intensity in the spectrum characteristic
among rved, blue, and green has a largest area among
the ved, blue, green, and white sub-pixels, and has a
lavger area than at least one of the other three sub-
pixels.

17. The organic light emitting display device of claim 16,
wherein the sub-pixel having the colov with the lowest
corrvesponding intensity in the spectrum characteristic
among red, blue, and green is red, and the red sub-pixel has
the largest area among the ved, blue, green, and white
sub-pixels.

[8. The organic light emitting display device of claim 16,
wherein the sub-pixel having the colov with the lowest
corresponding intensity in the spectrum characteristic
among red, blue, and green has a highest peak-luminance
curvent among the ved, blue, green, and white sub-pixels.

19. The organic light emitting display device of claim 16,
wherein a sub-pixel having a highest average use curvent
has a second largest area among the red, blue, green, and
white sub-pixels, an average use curvent of each sub-pixel

being a current of the sub-pixel averaged over a use time of

the sub-pixel.

20. The organic light emitting display device of claim 19, 6 an

wherein the sub-pixel having the highest average use curvent
is the blue sub-pixel, and
the second largest area is smaller than the largest area.
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21. The organic light emitting display device of claim 16,
wherein the white sub-pixel has a smallest area among the
ved, blue, green, and white sub-pixels.

22. A method of fabricating an organic light emitting
display device having a substrate, the method comprising:

determining a peak-luminance current density for each of

a ved sub-pixel, a blue sub-pixel, a green sub-pixel, and
a white sub-pixel having a same area;

determining an average use current density for each of the
ved, blue, green, and white sub-pixels having the same

area;

determining a primary size of each of the red, blue, green,
and white sub-pixels based on the determined peak
[luminance curvent density;

determining a secondary size of each of the red, blue,
green, and white sub-pixels based on the determined
average use curvent density;

forming on the substrate a ved sub-pixel, a blue sub-pixel,
a green sub-pixel, and a white sub-pixel, each having
a respective size detevmined based on the primary size

and the secondary size,
wherein the forming of the ved, blue, green, and white

sub-pixels includes:
respectively setting the size of each of the red, blue,

green, and white sub-pixels based on the primary
size and the secondary size; and

forming each of the red, blue, green, and white sub-
pixels on the substrate based on the rvespectively set
size, and

wherein:

a sub-pixel having a highest determined peak-luminance
currvent density is formed to have a largest size among
the ved, blue, green, and white sub-pixels, and to have
a greater size than at least one of the other three
sub-pixel,

an average use current density of the sub-pixel having the
highest determined average use curvent density is 6 or
less times an average use curvent density of the sub-
pixel having the lowest determined average use current
density,

a peak-luminance design achievement degree of a sub-
pixel having a highest peak-luminance design achieve-
ment degree is 2 or less times a peak-luminance design
achievement degree of a sub-pixel having the lowest
peak-luminance design achievement degree, and

a color-coordinate life of the organic light emitting dis-
play device is 20,000 hours or more, the color-coordi-
nate life being a time taken until veaching a predeter-
mined color-coordinate threshold change amount, the
predetermined colov-coordinate threshold change
amount calculated by a color-coordinate change
amount being 0.015, the color-coordinate change
amount being expressed as [u'~u',) +(v' ~v' )", the
color-coordinate change amount being a color-coordi-
nate difference between initial color coordinates (1'0,
v'0) and color coorvdinates (u't, v't) after a certain time
“t” elapses.

23. The method of claim 22, wherein a sub-pixel having

a highest determined average use curvent density is formed

to have a second largest arvea smaller than the largest area,

d

wherein the sub-pixel having the highest determined aver-
age use current density is the blue sub-pixel.
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