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etching of the translucent conductive layer; depositing a sec-
ond transparent conductive layer on the intermediate first
electrode and the first transparent conductive layer; forming a
first electrode of the first pixel which includes upper and
lower layers on the first pixel and a first electrode of the
second pixel which includes a lower first electrode, an inter-
mediate first electrode, and an upper first electrode by pho-
tolithography and etching of the second transparent conduc-
tive layer and the first transparent conductive layer; forming
an emission layer on the first electrodes of the first and second
pixels; and forming a second electrode on the emission layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 12/112,561, filed on Apr. 30, 2008,
which claims priority to Korean Patent Application No.
10-2008-0012622, filed on Feb. 12, 2008, the contents of
which in their entirety are herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (“OLED”) display and a manufacturing
method thereof.

[0004] (b) Description of the Related Art

[0005] Recently, as demands for lighter or thinner monitors
or TVs have been increasing, cathode ray tubes (“CRTs”) are
being replaced by liquid crystal displays (“LCDs”).

[0006] However, as light-receiving devices, the LCDs are
disadvantageous in that they require a light source such as a
backlight and have many limitations in terms of response
speed and viewing angle.

[0007] Recently, OLED displays have received much atten-
tion as display devices that can overcome such limitations of
the LCDs.

[0008] The OLED display includes two electrodes and an
emission layer sandwiched therebetween, in which electrons
injected from one electrode and holes injected from the other
electrode are recombined in the emission layer to form exci-
tons, and as the excitons release energy, the OLED display is
illuminated.

[0009] The OLED display isa self-emission type of display
that does not require a light source such as a backlight, so it is
advantageous in terms of power consumption. Furthermore,
the OLED display has good response speed, viewing angle
and contrast ratio.

[0010] The OLED display includes a plurality of pixels
such as red pixels, blue pixels and green pixels. A full color
spectrum can be expressed by combining the various red
pixels, blue pixels and green pixels.

[0011] In this case, the red pixel, the blue pixel and the
green pixel include a red emission layer, a blue emission layer
and a green emission layer, respectively, to express color. The
emission layers may be deposited pixel-by-pixel using a fine
shadow mask. However, as the size of the display device is
increased, there is a limitation in depositing such emission
layers at each pixel when using the fine shadow mask.
[0012] Therefore, a technique has been proposed in which
the red emission layer, the blue emission layer and the green
emission layer are sequentially stacked on the entire display
device using an open mask to emit white light. Color filters
are disposed at positions where the emitted light passes
through to thus express red, green and blue colors by pixel.
[0013] However, due to the limitation in color reproducibil-
ity of the color filters themselves, light that passes through the
color filters is bound to have color reproducibility which at
best may be the same as, or more likely lower than the color
reproducibility of the color filters. As a result of the limitation
in color reproducibility of the color filters, such high color
reproducibility as required by the National Television Sys-

Aug. 13,2009

tems Committee (“NTSC”) is difficult to achieve from the
light that passes through the color filters.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention has been made in an effort to
provide an organic light emitting diode (“OLED”) display
having aspects, features and advantages of achieving high
color reproducibility with white emission.

[0015] An exemplary embodiment of the present invention
provides an organic light emitting diode (“OLED”) display
including: first to third pixels each displaying a different
color, wherein each pixel includes a first electrode, a second
electrode facing the first electrode, and an emission layer
sandwiched between the first and second electrodes, wherein
first electrodes of the first and second pixels include a trans-
parent conductive oxide. The first electrode of the third pixel
includes a lower first electrode, an intermediate first elec-
trode, a transparent conductive oxide, and an upper first elec-
trode. The lower first electrode includes a transparent con-
ductive oxide, and the intermediate first electrode is formed
on the lower first electrode and includes a translucent con-
ductor which forms microcavities with the second electrode.
The upper first electrode is formed on the intermediate first
electrode, includes a transparent conductive oxide, and cov-
ers upper and lateral surfaces of the intermediate first elec-
trode.

[0016] Another exemplary embodiment of the present
invention provides a method for manufacturing an organic
light emitting diode (“OLED”) display which includes first
and second pixels each displaying a different color, the
method including: sequentially depositing a first transparent
conductive layer and a translucent conductive layer; forming
an intermediate first electrode on the second pixel by photo-
lithography and etching the translucent conductive layer;
depositing a second transparent conductive layer on the inter-
mediate first electrode and the first transparent conductive
layer; forming a first electrode of the first pixel which
includes upper and lower layers on the first pixel and a first
electrode of the second pixel which includes a lower first
electrode, an intermediate first electrode, and an upper first
electrode by photolithography and etching of the second
transparent conductive layer and the first transparent conduc-
tive layer; forming an emission layer on the first electrodes of
the first and second pixels; and forming a second electrode on
the emission layer.

[0017] The color purity and color reproducibility can be
improved by strengthening light of a narrow wavelength
region and suppressing light of wavelength regions other than
the narrow wavelength region at the green pixel. In addition,
by adjusting the thickness of a transparent conductive layer
and a transparent conductive layer at the green pixel, a spec-
trum having a peak of a desired wavelength range can be
formed and color purity can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1is an equivalent circuit schematic diagram of
an OLED display according to an exemplary embodiment of
the present invention.

[0019] FIG. 2 is a top plan view showing disposition of a
plurality of pixels in the OLED display according to an exem-
plary embodiment of the present invention.
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[0020] FIG. 3isanenlarged top plan view showing a single
pixel group divided into two sub-pixel groups in the OLED
display in FIG. 2.

[0021] FIG. 4 is a cross-sectional view showing the OLED
display according to an exemplary embodiment ofthe present
invention.

[0022] FIGS. 5 to 14 are cross-sectional views sequentially
showing a method for manufacturing the OLED display in
FIG. 4 according to an exemplary embodiment of the present
invention.

[0023] FIG. 15A is a graph showing an emission spectrum
of the OLED display according to an exemplary embodiment
of the present invention.

[0024] FIG. 15B is a graph showing an emission spectrum
after white-emitted light passes through a color filter of the
OLED display according to an exemplary embodiment of the
present invention.

[0025] FIG. 15C is a graph showing an emission spectrum
of light that is white-emitted from an emission layer of the
OLED display according to an exemplary embodiment of the
present invention.

[0026] FIG. 16 is a graph of color coordinates showing
color reproducibility of the OLED display according to an
exemplary embodiment of the present invention.

[0027] FIGS. 17 and 18 are graphs showing changes in
positions of peak wavelengths when the thickness of an upper
transparent conductive layer is changed in the OLED display
according to an exemplary embodiment of the present inven-
tion.

[0028] FIG. 19 is a cross-sectional view of an OLED dis-
play according to another exemplary embodiment of the
present invention.

[0029] FIGS. 20 to 26 sequentially show cross-sectional
views of a method of manufacturing the OLED display of
FIG. 19 according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention
to those skilled in the art. Like reference numerals refer to like
elements throughout.

[0031] It will be understood that when an element or layer
1s referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0032] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
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guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0033] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0034] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0035] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0036] Hereinafter, the present invention will be explained
in further detail with reference to the accompanying draw-
ings. An organic light emitting diode (“OLED”) display
according to an exemplary embodiment of the present inven-
tion will now be described with reference to FIG. 1.

[0037] FIG. 1isanequivalent circuit schematic diagram of
the OLED display according to an exemplary embodiment of
the present invention.

[0038] The OLED display includes a plurality of signal
lines 121, 171 and 172 and a plurality of pixels (PX) con-
nected with the signal lines 121, 171 and 172, and the plural-
ity of pixels (PX) are arranged substantially in a matrix.
[0039] The signal lines include a plurality of gate lines 121
which transmit gate signals (or scan signals), a plurality of
data lines 171 which transmit data signals and a plurality of
driving voltage lines 172 which transmit driving voltages.
The gate lines 121 extend substantially in a row direction and
are substantially parallel to each other, and the data lines 171
and the driving voltage lines 172 extend substantially in a
column direction and are substantially parallel to each other,
as illustrated in F1G. 1.

[0040] Each pixel (PX) includes a switching thin film tran-
sistor (“TFT”) Qs, a driving TFT Qd, a storage capacitor Cst
and an organic light emitting diode (“OLED”) LD.
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[0041] The switching TFT Qs includes a control terminal,
an input terminal and an output terminal. The control terminal
is connected with the gate line 121, the input terminal is
connected with the data line 171 and the output terminal is
connected with the driving TFT Qd and the storage capacitor
Cst. In response to a scan signal applied to the gate line 121,
the switching TFT Qs transmits a data signal, which is applied
to the data line, to the driving TFT Qd.

[0042] The driving TFT Qd also includes a control termi-
nal, an input terminal and an output terminal. The control
terminal is connected with the output terminal of the switch-
ing TFT Qs, the input terminal is connected with the driving
voltage line 172, and the output terminal is connected with the
OLED LD. The driving TFT Qd provides an output current
ILD having a magnitude which varies depending on the volt-
age between the control terminal and the output terminal of
the driving TFT Qd.

[0043] The capacitor Cst is connected between the control
terminal and the input terminal of the driving transistor Qd.
The capacitor Cst charges a data signal applied to the control
terminal of the driving TFT Qd and maintains the data signal
even after the switching transistor Qs is turned off.

[0044] The OLED LD includes an anode connected with
the output terminal of the driving TFT Qd and a cathode
connected with a common voltage Vss. The OLED LD emit
light with intensity which changes according to the output
current ILD of the driving TFT Qd, to display an image.
[0045] The switching TFT Qs and the driving TFT Qd are
n-channel electric field effect transistors (“FETs”). In alter-
native embodiments, at least one of the switching TFT Qs and
the driving TFT Qd may be a p-channel FET. The connection
relationship among the TFTs Qs and Qd, the capacitor Cst,
and the OLED LD may change.

[0046] The OLED display as illustrated in FIG. 1 will be
described with reference to FIGS. 2 and 3.

[0047] FIG. 2 is a top plan view showing disposition of a
plurality of pixels in the OLED display according to an exem-
plary embodiment of the present invention. FIG. 3 is an
enlarged top plan view showing a single pixel group divided
into two sub-pixel groups in the OLED display in FIG. 2.
[0048] With reference to FIGS. 2 and 3, red pixels (R)
which display red color, green pixels (G) which display green
color, blue pixels (B) which display blue color, and white
pixels (W) are alternately arranged in the OLED display
according an exemplary embodiment of the present inven-
tion. The red pixel (R), the green pixel (G) and the blue pixel
(B) are primary pixels for expressing full colors, and the
luminance thereof can be enhanced by including the white
pixel (W).

[0049] The four pixels including the red pixel (R), the green
pixel (G), the blue pixel (B) and the white pixel (W) may be
grouped and repeated in rows or columns. The disposition of
the pixels may vary from that illustrated in FIGS. 2 and 3.
[0050] Of the pixels, the red pixel (R), the blue pixel (B),
and the white pixel (W) form a first sub-pixel group, and the
green pixel (G) forms a second sub-pixel group. Unlike the
first sub-pixel group, the second sub-pixel group includes a
microcavity structure.

[0051] A more detailed structure of the OLED display as
shown in FIGS. 2 and 3 will now be described with reference
to FIG. 4.

[0052] FIG. 4 is a cross-sectional view showing the OLED
display according to an exemplary embodiment of the present
invention.
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[0053] A plurality of TFT arrays are arranged on an insu-
lating substrate 110. The TFT array includes the switching
TFT Qs and the driving TFT Qd which are disposed at each
pixel (PX). The switching TFT Qs and the driving TFT Qd are
electrically connected to each other as described with respect
to FIG. 1.

[0054] A lower insulating layer 112 is formed on the TFT
arrays. The lower insulating layer 112 includes a plurality of
contact holes (not shown) which expose portions of the
switching TFTs Qs and the driving TFTs Qd.

[0055] Ared filter 230R, a green filter 230G and a blue filter
230B are formed on the lower insulating layer 112, at the red
pixel (R), the green pixel (G) and the blue pixel (B), respec-
tively. No color filter is formed or a transparent filter (not
shown) may be formed at the white pixel (W). The color filters
230R, 230G and 230B may be disposed according to a color
filter on array (“CoA”) method.

[0056] Anupperinsulating layer 180 is formed on the color
filters 230R, 230G and 230B and on the lower insulating layer
112. The upper insulating layer 180 includes a plurality of
contact holes (not shown).

[0057] Pixel electrodes 191R, 191G, 191B and 191W are
formed on the upper insulating layer 180. The pixel electrodes
191R, 191G, 191B and 191W are electrically connected with
the driving TFTs Qd via contact holes (not shown), and may
serve as anodes.

[0058] The pixel electrodes 191R, 191B and 191W at the
red pixel (R), the blue pixel (B) and the white pixel (W) are
single layers made of a transparent conductor, respectively.
Here, the transparent conductor may be a conductive oxide
such as indium tin oxide (“ITO”), indium zinc oxide (“I1Z0”),
zine oxide (“Zn0”), etc. The pixel electrodes 191R, 191B and
191W may have a thickness of about 600 A to about 1500 A,
respectively.

[0059] The pixel electrode 191G at the green pixel (G) is a
triple-layer including a lower transparent conductive layer
192, a translucent conductive layer 193, and an upper trans-
parent conductive layer 194. Here, the lower transparent con-
ductive layer 192 and the upper transparent conductive layer
194 may be made of a conductive oxide such as 1TO, 17O,
7Zn0, etc. The translucent conductive layer 193 may be made
of a material having such properties which allow a portion of
light to transmit therethrough and a portion of light to be
reflected therefrom, and may be made of silver (Ag), alumi-
num (Al), gold (Au), nickel (Ni), magnesium (Mg), including
alloys of the foregoing, etc., each with a thin thickness.
[0060] The lower transparent conductive layer 192 may be
formed on the same layer on which the pixel electrodes 191R,
191B and 191W are formed, respectively, at the red pixel (R),
the blue pixel (B) and the white pixel (W), and may have a
thickness of about 600 A to about 1500 A. The lower trans-
parent conductive layer 192 improves adhesion between the
translucent conductive layer 193 and the upper insulating
layer 180. In particular, because the upper insulating layer
180 includes the contact holes (not shown), if the translucent
conductive layer 193 is directly formed on the contact holes,
adhesion would deteriorate to possibly result in a disconnec-
tion between the TFTs and the pixel electrodes. The lower
transparent conductive layer 192 may serve to avoid such a
deficiency of adhesion.

[0061] The thickness L1 of the translucent conductive layer
193 is about 50 A to about 300 A, and the thickness 1.2 of the
upper transparent conductive layer 194 is about 300 A to
about 2000 A. The color purity and color reproducibility of
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the green pixel (G) can be improved by adjusting the thick-
nesses of L1 and L.2. This will be described later.

[0062] A plurality of insulating members 361 which define
each pixel are formed on and between the pixel electrodes
191R, 191B, 191G and 191W, and an organic light emitting
member is formed on the plurality of insulation members 361
and on the pixel electrodes 191R, 191B, 191G and 191W.
[0063] The organic light emitting member may include an
organic emission layer 370, and an auxiliary layer (not
shown) which may improve emission efficiency of the
organic emission layer 370.

[0064] The organic emission layer 370 may include a plu-
rality of sub-emission layers (not shown) formed by sequen-
tially stacking materials, each of which uniquely manifests
red, green or blue light, and may emit white light by combin-
ing the colors of the plurality of sub-emission layers. The
sub-emission layers may be formed to be horizontal, without
being limited to being formed to be vertical, and various
colors may be combined so long as they can manifest white
light, without being limited to the red, green and blue colors.
[0065] Theemission layer 370 may have sucha structure in
which the plurality of sub-emission layers are stacked repeat-
edly several times. That is, for example, a red sub-emission
layer, a blue sub-emission layer and a green sub-emission
layer may be sequentially stacked, on which a red sub-emis-
sion layer, a blue sub-emission layer and a green sub-emis-
sion layer are repeatedly stacked again.

[0066] The auxiliary layer may be one or more selected
from among an electron transport layer, a hole transport layer,
an electron injecting layer and a hole injecting layer.

[0067] A common electrode 270 is formed on the organic
light emitting member. The common electrode 270 may be
made of a metal having a high reflection factor, and serves as
acathode. The common electrode 270 is formed on the entire
surface of the substrate 110, and makes a pair of electrodes
with each of the pixel electrodes 191R, 191B, 191G and
191W serving as anodes to provide current to the organic
emission layer 370.

[0068] In the exemplary embodiment of the present inven-
tion, the green pixel (G) includes a microcavity structure,
while the red pixel (R), the blue pixel (B) and the white pixel
(W) do not include such a microcavity structure.

[0069] The microcavity structure refers to a structure in
which light is repeatedly reflected between a reflective layer
and a translucent layer which are spaced apart by an optical
path length to thus amplify light of a particular wavelength by
constructive interference. Here, the common electrode 270
serves as the reflective layer, and the translucent conductive
layer 193 serves as the translucent layer.

[0070] The common electrode 270 considerably modifies
the illumination characteristics of light emitted from the
organic emission layer 370. Of the modified light, light near
the wavelength corresponding to a resonance wavelength of
the microcavity is strengthened by the translucent conductive
layer 193, and light of the other wavelengths is suppressed.
[0071] The microcavity will now be described with refer-
ence to FIGS. 15A to 18 along with FIG. 4.

[0072] FIG. 15A is a graph showing an emission spectrum
of the OLED display according to an exemplary embodiment
of the present invention. FIG. 15B is a graph showing an
emission spectrum after white-emitted light passes through a
color filter of the OLED display. FIG. 15C is a graph showing
an emission spectrum of light white-emitted from an emis-
sion layer 370 of the OLED display. FIG. 16 is a graph of
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color coordinates showing color reproducibility of the OLED
display according to an exemplary embodiment ofthe present
invention. FIGS. 17 and 18 are graphs showing changes in
positions of peak wavelengths when the thickness of an upper
transparent conductive layer 194 is changed in the OLED
display according to an exemplary embodiment ofthe present
invention.

[0073] First, with reference to FIG. 15C, white light emit-
ted from the emission layer 370 exhibits emission spectrums
having peaks near about 460 nm (blue region), near about 530
nm (green region), and near about 610 nm (red region). Of
them, the spectrum of the green region extends in a wide
wavelength range and overlaps with the spectrum of a long
wavelength of the blue region, so their boundary is not clear.
[0074] With reference to FIG. 15B, when such white light
passes through a color filter, the green emission spectrum
transmits through the emission spectrum of the long wave-
length of blue color, so color purity of green color is drasti-
cally degraded.

[0075] Inthe exemplary embodiment of the present inven-
tion, the microcavity structure is included in the green pixel
(G), whereby light of a particular wavelength range of the
green wavelength region can be amplified and light of the
remaining wavelengths can be suppressed to thus form an
emission spectrum of a narrow wavelength range.

[0076] With reference to FIG. 15A, it is noted that, when
the green pixel (G) has the microcavity structure, white color-
emitted light can be emitted with a high intensity at a narrow
wavelength region of about 520 nm to about 550 nm. The fact
that green light has such a narrow wavelength region means
that the color purity and color reproducibility have been
improved, and the high intensity means that light efficiency
has been improved.

[0077] The green emission spectrum of such a narrow
wavelength range is obtained as light of the narrow wave-
length region of about 520 nm to about 550 nm and light of the
other wavelength regions is suppressed, owing to the micro-
cavity structure between the translucent conductive layer 193
at the green pixel (G) and the common electrode 270. Because
such green emission spectrum does not overlap with the
wavelength of the blue emission spectrum, the color purity
and color reproducibility of the green color can be improved.
[0078] With reference to FIG. 16, assuming that an NTSC
region has 100% color reproducibility, it can be noted that the
structure having the microcavities only at the green pixel (G)
according to the exemplary embodiment of the present inven-
tion has high color reproducibility of nearly 100%. This
means that the color reproducibility is remarkably improved
compared with the case where a structure without microcavi-
ties has about 72% color reproducibility.

[0079] A wavelength range of light strengthened in the
microcavity structure may be determined depending on the
optical path length. The optical path length may be deter-
mined by the thicknesses of the emission layer 370, the trans-
lucent conductive layer 193, and the upper transparent con-
ductive layer 194. Because the emission layer 370 is formed
on the entire surface under the same deposition conditions, it
can be assumed that the thickness of the emission layer 370 is
uniform. Thus, the optical path length can be adjusted with
the thickness of the translucent conductive layer 193 and the
upper transparent conductive layer 194.

[0080] Infurther detail, the thickness of the upper transpar-
ent conductive layer 194 determines a peak position in the
emission spectrum.
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[0081] With reference to FIG. 17, in the structure in which
asingle white emission layer formed by sequentially stacking
the red sub-emission layer, the green sub-emission layer and
the blue sub-emission layer is used as the emission layer 370,
when the thickness of the translucent conductive layer 193
made of silver (Ag) was fixed as about 300 A while the
thickness of the upper transparent conductive layer 194 was
changed to be about 360 A, 380 A, 420 A and 440 A, respec-
tively, it is noted that the position of the peak wavelength of
the green emission region moved toward the long wavelength.

[0082] Likewise, with reference to FIG. 18, in the structure
in which a dual-white emission layer formed by stacking the
red sub-emission layer, the green sub-emission layer and the
blue sub-emission layer twice is used as the emission layer
370, when the thickness of the translucent conductive layer
193 made of silver (Ag) was fixed as about 150 A while the
thickness of the upper transparent conductive layer 194 was
changed to be about 405 A, 461 A, 517 A and 577 A, respec-
tively, it is noted that the position of the peak wavelength of
the green emission region moved toward the long wavelength.

[0083] In this manner, it can be noted that the peak wave-
length of the emission spectrum is determined by adjusting
the thickness of the upper transparent conductive layer 194. In
the exemplary embodiment of the present invention, the peak
can be formed at the green wavelength region when the upper
transparent conductive layer 194 has the thickness of about
300 A to 2000 A. In particular, when the upper transparent
conductive layer 194 has a thickness of about 450 A to 700 A,
the peak wavelength can be shown at an optimum position of
about 520 nm to about 550 nm.

[0084] The thickness of the translucent conductive layer
193 determines the width of the emission spectrum. The
width of the emission spectrum determines how wide the
range of wavelength of the emission spectrum appears. When
the emission spectrum extends with a wide width, the color
purity and color reproducibility are degraded, whereas when
the emission spectrum appears sharply with a narrow width,
high color purity and high color reproducibility can be
obtained. In the exemplary embodiment of the present inven-
tion, if the translucent conductive layer 193 has a thickness of
about 50 A to about 300 A, a sharp green spectrum with a
narrow width can be obtained.

[0085] Inthe OLED display using the white emission layer
and the color filters according to the exemplary embodiment
of the present invention, because the green pixel (G) has the
microcavity structure, light of the narrow wavelength can be
strengthened while light of the other wavelength regions can
be suppressed, and thus the color purity and color reproduc-
ibility can be improved. In addition, by adjusting the thick-
ness of the translucent conductive layer and the transparent
conductive layer at the green pixel, the spectrum having a
peak of a desired wavelength range can be obtained and the
color purity can be enhanced.

[0086] A method for manufacturing the OLED display in
FIG. 4 will now be described with reference to FIGS. 5to 14.
[0087] FIGS. 5 to 14 are cross-sectional views sequentially
showing a method for manufacturing the OLED display in
FIG. 4 according to an exemplary embodiment of the present
invention.

[0088] Here, only the red pixel (R) and the green pixel (G)
are shown for the sake of clarity, but as described above, the
red pixel (R), the green blue pixel (B) and the white pixel (W)
belong to the first sub-group which does not have the micro-
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cavity structure, so the blue pixel (B) and the white pixel (W)
can be formed in the same manner as that of the red pixel (R).
[0089] As shown in FIG. 5, a plurality of switching TFTs
Qs and a plurality of driving TFTs Qd are formed on the
insulating substrate 110. Here, the forming of the switching
TFTs Qs and the driving TFTs Qd includes stacking and
patterning a conductive layer, an insulating layer and a semi-
conductor layer.

[0090] Next, as shown in FIG. 6, the lower insulating layer
112 is formed on the switching TFTs Qs, the driving TFTs Qd
and the substrate 110, and then patterned to form a plurality of
contact holes (not shown).

[0091] Then, as shown in FIG. 6, the color filters 230R and
230G are formed on the lower insulating layer 112.

[0092] Thereafter, the upper insulating layer 180 is formed
on the lower insulating layer 112 and on the color filters 230R
and 230G. The upper insulating layer 180 is then patterned to
form a plurality of contact holes (not shown).

[0093] Subsequently. as shown in FIG. 7, a transparent
conductive layer is deposited on the upper insulating layer
180, on which a photolithography process is performed to
form the pixel electrode 191R at the red pixel (R) and the
lower transparent conductive layer 192 at the green pixel (G).
[0094] As shown in FIG. 8, a first photosensitive film 40 is
then coated on the entire surface of the substrate including the
pixel electrode 191R, the lower transparent conductive layer
192 and the upper insulating layer 180.

[0095] And,as shown in FIG. 9, the first photosensitive film
40 is patterned to form a first photosensitive pattern 40a. The
first photosensitive pattern 40a includes a plurality of open-
ings 45 exposing a portion of the green pixel (G) and the lower
transparent conductive layer 192.

[0096] As shown in FIG. 10, a translucent conductive layer
1904 and an upper transparent conductive layer 190 are
sequentially stacked on the entire surface of the substrate
including the first photosensitive pattern 40a and the lower
transparent conductive layer 192, on which a second photo-
sensitive film 60 is then coated.

[0097] Thereafter, as shown in FIG. 11, the second photo-
sensitive film 60 is patterned to form a second photosensitive
pattern 60q at the opening 45.

[0098] Andthen, asshownin FIG. 12, the upper transparent
conductive layer 1907 and the translucent conductive layer
1904 (FIG. 10) are etched through photolithography by using
the second photosensitive pattern 60a as a mask to form a
translucent conductive layer 193 and an upper transparent
conductive layer 194 which are positioned on the lower trans-
parent conductive layer 192. The lower transparent conduc-
tive layer 192, the translucent conductive layer 193 and the
upper transparent conductive layer 194 form the pixel elec-
trode 191G of the green pixel (G).

[0099] As shown in FIG. 13, the first photosensitive pattern
40a (FIG. 12) at the red pixel (R) and the second photosen-
sitive pattern 60a (FIG. 12) at the green pixel (G) are simul-
taneously removed.

[0100] AsshowninFIG. 14, aninsulating layer is coated on
the pixel electrodes 191R and 191G and on the upper insu-
lating layer 180 and then patterned to form an insulating layer
361 having a plurality of openings exposing the pixel elec-
trodes 191R and 191G.

[0101] The emission layer 370 is then formed by sequen-
tially stacking a red emission layer (not shown), a blue emis-
sion layer (not shown) and a green emission layer (not shown)
on the entire surface of the substrate 110. In this case, the red
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emission layer, the blue emission layer and the green emis-
sion layer may be repeatedly stacked two or more times.
[0102] Subsequently, the common electrode 270 (FIG. 4) is
formed on the emission layer 370.

[0103] FIG. 19 is a cross-sectional view of an OLED dis-
play according to another exemplary embodiment of the
present invention.

[0104] Hereinafter, the following descriptions cover parts
of the current exemplary embodiment which are different
from those of the exemplary embodiment of F1G. 4.

[0105] With reference to FIG. 19, a translucent conductive
layer 193 which forms a pixel electrode 191G of a green pixel
G is completely surrounded by an upper transparent conduc-
tive layer 194 and a lower transparent conductive layer 192.
That is, the upper transparent conductive layer 194 covers an
upper plane and a side plane defining the translucent conduc-
tive layer 193 formed on the lower transparent conductive
layer 192.

[0106] Pixel electrodes 191R, 191B and 191W of a red
pixel R, a blue pixel B, and a while pixel W, respectively, and
a lower transparent conductive layer 192 and an upper trans-
parent conductive layer 194 of a green pixel G, may be made
of silver (Ag), aluminum (Al), gold (Au), nickel (Ni), mag-
nesium (Mg), alloys of the foregoing, etc. For example, the
lower transparent conductive layer 192 and the upper trans-
parent conductive layer 194 may be made of 170, and the
translucent conductive layer 193 may be made of silver (Ag).
[0107] In addition, a sum of the thickness of the upper
transparent conductive layer 194 and the thickness of a lower
transparent conductive layer 193 which form a pixel electrode
191G of the green pixel G is substantially equivalent to the
thickness of the pixel electrode 191R of the red pixel R, the
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may be about 700 A to about 1100 A. Green light may
increase when the upper transparent conductive layer 194 has
a thickness of about 400 A to about 800 A, and particularly,
the increase in green light may be maximized when the upper
transparent conductive layer 194 has a thickness of about 600
A. The pixel electrodes 191R, 191B and 191W formed by
overlapping the lower layers 191Rp, 191Bp and 191Wp and
the upper layers 191Rr, 191Br and 191 Wr serve as an anode.
The lifespan and efficiency of the anode can be improved
when the pixel electrodes 191R, 191B and 191W have a
thickness of about 700 A to about 1100 A. In particular, the
lifespan and efficiency of the anode can be maximized when
the pixel electrodes 191R, 191B and 191W have a thickness
of about 900 A.

[0108] As described, when a microcavity structure is
formed in the green pixel G, only green light can be amplified
by constructive interference while light generated from the
emission layer 370 is iteratively reflected between the com-
mon electrode 270 and the translucent conductive layer 193.
Accordingly, color reproducibility of the OLED display can
be improved.

[0109] Table 1 shows color reproducibility comparison
between a case in which the microcavity structure is applied
(present) and a case in which the microcavity structure is not
applied (not present). The translucent conductive layer 193 is
made of Ag and the upper transparent conductive layer 194
and the lower transparent conductive layer 192 are made of
170, and 1702 implies the upper transparent conductive layer
194. Color gamut (CG) denotes color reproducibility.

TABLE 1

Ag 1202 R G w CG

Micro Cavity (&) (&) X y X y X y X y (%)

Not Applied 0 900 0.664 0334 0.218 0.623 0.131 0.088 0282 0.298 83

Applied 100 577 0.667 0330 0.184 0.724 0130 0.085 0280 0.270 104

160 637 0.667 0332 0.179 0.738 0131 0.082 0277 0.267 107

160 697 0.662 0330 0.263 0.695 0.130 0.086 0274 0.268 92

180 637 0.668 0331 0.216 0.721 0130 0.084 0282 0.271 102

200 697 0.662 0329 0.252 0.703 0.128 0.093 0275 0273 94

thickness of the pixel electrode 191B of the blue pixel B and [0110] AsshowninTable 1, the color reproducibility is less

the thickness of the pixel electrode W of the white pixel W.
The pixel electrodes 191R, 191B and 191W of the red pixel R,
the blue pixel B and the white pixel W, respectively, include
lower layers 191Rp, 191Bp and 191Wp and upper layers
191Rr, 191Br and 191 Wr, respectively. The thickness of each
of the lower layers 191Rp, 191Bp and 191 Wp is substantially
equivalent to that of the lower transparent conductive layer
192 of the green pixel G. The thickness of each of the upper
layers 191Rr, 191Br and 191W is substantially equivalent to
that of the upper transparent conductive layer 194 of the green
pixel G. Here, the lower layers 191Rp, 191Bpand 191Wpand
the lower transparent conductive layer 192 of the green pixel
G may have a thickness ofabout 100 A toabout 500 A, and the
upper layers 191Rr, 191Br and 191Wr and the upper trans-
parent conductive layer 194 of the green pixel G may have a
thickness of about 400 A to about 800 A. A sum of the
thickness of the lower layers 191Rp, 191Bp and 191Wp and
the thickness of the upper layers 191Rr, 191Br and 191Wr

than 83% when the microcavity structure is not applied, and
the color reproducibility is greater than 92% when the micro-
cavity structure is applied. In particular, the color reproduc-
ibility is over 100% when the thickness of the upper transpar-
ent conductive layer 194 is about 577 A or 637 A. That is, the
color reproducibility is improved when the microcavity struc-
ture is applied, and is significantly improved when the upper
transparent conductive layer 194 has a thickness of about 550
A to about 650 A.

[0111] A method for manufacturing the OLED display of
FIG. 19 will be described with reference to FIGS. 20 to 26.
[0112] FIGS. 20 to 26 sequentially show cross-sectional
views of a manufacturing process of the OLED display of
FIG. 19 according to an exemplary embodiment of the
present invention.

[0113] Although only a red pixel R and a green pixel G are
illustrated for convenience of description, ared pixel R, a blue
pixel B and a white pixel W are grouped in a first sub-group 1
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which does not employ the microcavity structure as described
above, and therefore the blue pixel B and the white pixel W
can be formed by the same method as that of the red pixel R.
[0114] Referring to FIG. 20, a plurality of switching thin
film transistors (“TFTs”) Qs and a plurality of driving TFTs
Qd are formed on an insulation substrate 110. Here, the form-
ing of the switching TFT Qs and the driving TFT Qd include
laminating and patterning of a conductive layer, an insulation
layer and a semiconductor layer.

[0115] Referring to FIG. 21, a lower insulating layer 112 is
stacked and patterned on the switching TFT Qs and the driv-
ing TFT Qd so that a plurality of contact holes (not shown) are
formed.

[0116] Subsequently, a plurality of color filters 230R and
23G are formed on the insulating layer 112.

[0117] Referring to FIG. 22, an upper insulating layer 180
is stacked and patterned on the lower insulating layer 112 and
the color filters 230R and 230G so that a plurality of contact
holes (not shown) are formed.

[0118] Subsequently, a lower transparent conductive layer
190p and a translucent conductive layer 1904 are sequentially
stacked on the upper insulating layer 180.

[0119] Referring to FIG. 23, a photosensitive film is formed
and patterned on the translucent conductive layer 190¢ so that
a first photosensitive film pattern 50a is formed. The first
photosensitive film pattern 50a is formed only in a green pixel
G, as illustrated in FIG. 23.

[0120] The translucent conductive layer 1904 is etched
using the translucent conductive layer 190¢ as a mask so that
a translucent conductive layer 193 is formed. Next, referring
to FIG. 24, a remaining first photosensitive film pattern 50a is
removed, and an upper transparent conductive layer 190 is
deposited on the translucent conductive layer 193.

[0121] Referring to FIG. 25, the photosensitive film is
formed and patterned on the upper transparent conductive
layer 190~ so that a second photosensitive film pattern 70a is
formed. The second photosensitive film pattern 70a is formed
on both of the red pixel R and the green pixel G.

[0122] Subsequently, a pixel electrode 191R of the red
pixel R and a pixel electrode 191G of the green pixel G are
formed by simultaneously etching the upper transparent con-
ductive layer 190 and the lower transparent conductive layer
190p by using the second photosensitive film pattern 70a as a
mask.

[0123] Referring to FIG. 26, a remaining second photosen-
sitive film pattern 70a is removed and an insulating layer is
formed and patterned on the pixel electrodes 191R and 191G
and the upper insulating layer 180 so as to form a plurality of
insulating members 361 which are interposed between the
pixel electrodes 191R and 191G.

[0124] Referring again to FIG. 19, an emission layer 370 is
formed by sequentially stacking a red emission layer (not
shown), a blue emission layer (not shown), and green emis-
sion layer (not shown) on a front plane of the substrate. In this
instance, the red emission layer, the blue emission layer, and
the green emission layer may be stacked more than once.
[0125] Subsequently, a common electrode 270 is formed on
the emission layer 370.

[0126] While the present invention has been described in
connection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
present invention is not limited to the disclosed exemplary
embodiments, but on the contrary, is intended to cover various
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modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What is claimed is:

1. An organic light emitting diode (OLED) display com-
prising first to third pixels each displaying a different color,
wherein each pixel comprises:

a first electrode;

a second electrode facing the first electrode; and

an emission layer sandwiched between the first and second

electrodes, wherein first electrodes of the first and sec-
ond pixels comprise a transparent conductive oxide, and

a first electrode of the third pixel comprises

alower first electrode that comprises a transparent conduc-

tive oxide,

an intermediate first electrode formed on the lower first

electrode and comprising a translucent conductor which
forms microcavities with the second electrode, and

an upper first electrode formed on the intermediate first

electrode, comprising a transparent conductive oxide,
and covering upper and lateral surfaces of the interme-
diate first electrode.

2. The OLED display of claim 1, wherein the upper first
electrode has a thickness 0f 400 A to 800 A, and the lower first
electrode has a thickness of 100 A to 500 A.

3. The OLED display of claim 2, wherein first electrodes of
the first and second pixels comprise lower and upper layers,
and the lower layer has a thickness which is substantially the
same as the thickness of a lower first electrode of the third
pixel and the upper layer has a thickness which is substan-
tially the same as the thickness of an upper first electrode of
the third pixel.

4. The OLED display of claim 3, wherein the intermediate
first electrode has a thickness of 50 A to 300 A.

5. The OLED display of claim 4, wherein the lower first
electrode and the upper first electrode comprise at least one
selected from ITO, 1Z0 and ZnO.

6. The OLED display of claim 5, wherein the intermediate
first electrode comprises at least one selected from among
silver (Ag), aluminum (Al), gold (Au), nickel (Ni), magne-
sium (Mg), and an alloy of at least one of the foregoing.

7. The OLED display of claim 6, wherein the first pixel is
ared pixel, the second pixel is a blue pixel and the third pixel
is a green pixel.

8. The OLED display of claim 7, wherein the emission
layer comprises a plurality of sub-emission layers each emit-
ting light of a different wavelength, and which emits white
light by combining the lights of different wavelengths.

9. The OLED display of claim 8, wherein each of the first
to third pixels further comprises a color filter formed under
the first electrode.

10. The OLED display of claim 8, further comprising a
white pixel, wherein the white pixel comprises:

a first electrode,

a second electrode facing the first electrode; and

an emission layer sandwiched between the first and second

electrodes,

wherein the first electrode of the white pixel comprises

lower and upper layers comprising a conductive oxide.

11. The OLED display of claim 2, wherein the upper first
electrode has a thickness of 550 A to 650 A.

12. The OLED display of claim 1, wherein the first pixel is
ared pixel, the second pixel is a blue pixel and the third pixel
is a green pixel.
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13. The OLED display of claim 12, wherein the emission
layer comprises a plurality of sub-emission layers each emit-
ting light of a different wavelength, and which emits white
light by combining the light of different wavelengths.

14. The OLED display of claim 13, wherein the first to third
pixels further comprise a color filter formed under the first
electrode, respectively.

15. The OLED display of claim 12, further comprising

a white pixel, wherein the white pixel comprises:

a first electrode;

a second electrode facing the first electrode; and

an emission layer sandwiched between the first and second

electrodes,

wherein the first electrode of the white pixel comprises

lower and upper layers comprising a conductive oxide.

16. A method for manufacturing an organic light emitting
diode (OLED) display which includes first and second pixels
each displaying a different color, the method comprising:

sequentially depositing a first transparent conductive layer

and a translucent conductive layer;

forming an intermediate first electrode on the second pixel

by photolithography and etching of the translucent con-
ductive layer;

depositing a second transparent conductive layer on the

intermediate first electrode and the first transparent con-
ductive layer;

forming a first electrode of the first pixel which comprises

upper and lower layers on the first pixel and a first
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electrode of the second pixel which comprises a lower
first electrode, an intermediate first electrode, and an
upper first electrode by photolithography and etching of
the second transparent conductive layer and the first
transparent conductive layer;

forming an emission layer on the first electrodes of the first

and second pixels; and

forming a second electrode on the emission layer.

17. The method of claim 16, further comprising forming a
color filter before the forming the first electrodes.

18. The method of claim 17, wherein the first pixel com-
prises a red pixel in which a red filter is formed and a blue
pixel in which a blue filter is formed, and a green filter is
formed on the second pixel.

19. The method of claim 18, wherein the first pixel further
comprises a white pixel in which neither a color filter is
formed nor a transparent film is formed.

20. The method of claim 19, wherein when forming the first
electrode of the second pixel, the second transparent conduc-
tive layer and the first transparent layer are formed by photo-
lithography and etching for surrounding the intermediate first
electrode with the lower and upper first electrodes.

21. The method of claim 20, wherein the first and second
transparent conductive layers comprise [ZO, and the translu-
cent conductive layer comprises Ag.
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