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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

[0001] This application is a divisional of U.S. application
Ser. No. 12/112,684, filed on Apr. 30, 2008, which claims
priority to Korean Patent Application No. 10-2007-0112255,
filed on Nov. 5, 2008, and all the benefits accruing therefrom
under35U.S.C. §119, the contents of which in its 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 display and a manufacturing method thereof.
[0004] (b) Description of the Related Art

[0005] Recent trends toward lightweight and thin personal
computers and televisions sets have increased the desire for
lightweight and thin display devices associated therewith.
Flat panel displays, such as a liquid crystal display (“LCD”)
satisfying such requirements, are being substituted for con-
ventional cathode ray tubes (“CRTs”).

[0006] However, because the LCD is a passive display
device, an additional back-light as a light source is needed. In
addition, the LCD has additional drawbacks such as a slow
response time and a narrow viewing angle.

[0007] Among the flat panel displays, an organic light emit-
ting diode (“OLED”) display has recently been the most
promising as a display device for solving these drawbacks
associated with other flat panel displays.

[0008] The OLED display includes two electrodes and an
organic light emitting layer interposed between the two elec-
trodes. One of the two electrodes injects holes and the other
electrode injects electrons into the organic light emitting
layer. The injected electrons and holes are recombined to
form excitons, which emit light as release energy.

[0009] Because the OLED display is a self-emissive dis-
play device, an additional light source is not necessary such
that the OLED display has lower power consumption, as well
as a high response speed, wide viewing angle and high con-
trast ratio.

[0010] On the other hand, the OLED display includes a
plurality of pixels such as red pixels, blue pixels and green
pixels, and images of full colors may be displayed by selec-
tively combining these pixels.

[0011] However, the OLED display has different light emit-
ting efficiency according to light emitting materials. That is, a
material having low light emitting efficiency among red,
green and blue cannot represent the colors of a desired color
coordinate, and it is also difficult to display a desired white
color due to the material having the low light emitting effi-
ciency in the case of emitting white color by combining red,
green and blue.

[0012] To improve the light emitting efficiency, a micro-
cavity may be used.

[0013] In a micro-cavity, light is repeatedly reflected
between a reflection layer and a translucent layer in which
both layers are separated by a predetermined distance (e.g., an
optical path length) such that a strong interference effect is
generated in the light. Accordingly, light of a specific wave-
length is constructive, and light of remaining wavelengths is
destructive.
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[0014] Accordingly, the luminance and the color reproduc-
ibility may be simultaneously improved at the front side.
[0015] However, to represent full colors by using the
micro-cavity, the red pixel, green pixel and blue pixel must
have different optical path lengths corresponding to the wave-
lengths of each pixel. To form the different optical path
lengths for each pixel, additional processing steps are
required to form the micro-cavities for each pixel are
required, thus increasing the number of total manufacturing
processes.

BRIEF SUMMARY OF THE INVENTION

[0016] An aspect, feature and advantage provided by exem-
plary embodiments of the present invention include simplifi-
cation ofthe processes for forming the micro-cavity as well as
to improvement of the luminance and color reproducibility by
using the micro-cavity.

[0017] An OLED display according to an exemplary
embodiment of the present invention includes a first pixel, a
second pixel, and a third pixel displaying different colors
from each other, and each pixel includes a reflecting electrode
and a translucent member forming a micro-cavity along with
the reflecting electrode. An optical path length is a gap
between the reflecting electrode and the translucent member,
and the optical path lengths of at least two pixels among the
first pixel, the second pixel and the third pixel are the same.
[0018] The OLED display may further include a transpar-
ent member disposed between the reflecting electrode and the
translucent member, and the transparent member may be
formed in a portion of at least one pixel among the first pixel,
the second pixel and the third pixel.

[0019] The translucent member may include silver or alu-
minum, and the transparent member may include ITO or 1Z0.
[0020] The optical path lengths of the first pixel and the
second pixel may be the same, and the transparent member
may be formed in the third pixel and not in the first pixel and
the second pixel.

[0021] The first pixel may be a red pixel, the second pixel
may be a blue pixel, and the third pixel may be a green pixel.
[0022] The optical path lengths L., of the first pixel and the
second pixel may satisfy L, ~mA /2~(m+1)A,/2 and the opti-
cal path length L, of the third pixel may satisfy L,=(m+1)A,/
2, where m is a natural number, A, is a wavelength of the red
region, i, is a wavelength of the blue region, and A, is a
wavelength of the green region.

[0023] The optical path lengths of the first pixel and the
second pixel may be the same, and the transparent member
may be formed in the first pixel and the second pixel and not
in the third pixel.

[0024] The first pixel may be a green pixel, the second pixel
may be a blue pixel, and the third pixel may be a red pixel.
[0025] The optical path length [, of the third pixel may
satisfy L,~mh,/2 and the optical path length L, of the first
pixel and the second pixel may satisty L, ~(m+1)A,/2~(m+2)
A,/2, where m is a natural number, A, is a wavelength of the
green region, A, is a wavelength of the blue region, and A, is
a wavelength of the red region.

[0026] The OLED display may further include a transpar-
ent electrode formed under the translucent member.

[0027] The translucent member may include a plurality of
layers, wherein the layers include a first layer and a second
layer which are alternately deposited and have different
refractive indexes, and at least one layer among the plurality
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of layers may be formed only in some pixels among the first
pixel, the second pixel and the third pixel.

[0028] The optical path lengths of the first pixel and the
second pixel may be the same, and the at least one layer may
be formed in the third pixel and not in the first pixel and the
second pixel.

[0029] The first pixel may be the red pixel, the second pixel
may be the blue pixel, and the third pixel may be the green
pixel.

[0030] The optical path lengths L, of the first pixel and the
second pixel may satisfy L, ~m\,/2~(m+1)A,/2 and the opti-
cal path length [, of the third pixel satisfies L,~(m+1)A;/2,
where m is a natural number, A, is a wavelength of the red
region, A, is a wavelength of the blue region, and A, is a
wavelength of the green region.

[0031] The optical path lengths of the first pixel and the
second pixel may be the same, and the at least one layer may
be formed in the first pixel and the second pixel and notin the
third pixel.

[0032] The first pixel may be the red pixel, the second pixel
may be the blue pixel, and the third pixel may be the green
pixel.

[0033] The optical path lengths L, of the first pixel and the
second pixel may satisfy L, ~mh. /2=(m+1)A,/2 and the opti-
cal path length L, of the third pixel may satisfy L ~mA,/2,
where m is a natural number, A, is a wavelength of the red
region, A, is a wavelength of the blue region, and A 1s a
wavelength of the green region.

[0034] The OLED display may further include a white
pixel, and the translucent member may be absent in the white
pixel.

[0035] The OLED display may further include a thin film
transistor, and a passivation layer formed on the thin film
transistor, and the passivation layer film may be absent in the
white pixel.

[0036] The first pixel, the second pixel, and the third pixel
may respectively include a corresponding color filter.

[0037] The OLED display may further include an emission
member disposed between the reflecting electrode and the
translucent member, the emission member may include a
plurality of sub-emission layers emitting light of different
wavelengths, and the emission member emits white light by
combining the light of the different wavelengths.

[0038] A method of manufacturing an OLED display
including a plurality of pixels displaying different colors from
each other according to the present invention includes form-
ing a translucent member, forming a reflecting electrode,
depositing a transparent conductive layer between the trans-
lucent member and the reflecting electrode, and photo-etch-
ing the transparent conductive layer, wherein the transparent
conductive layer is maintained in some of the pixels and is
removed in remaining pixels by the photo-etching.

[0039] A method of manufacturing an OLED display
including a plurality of pixels displaying different colors from
each other according to another exemplary embodiment of
the present invention includes forming a reflecting electrode,
forming an emission member under or on the reflecting elec-
trode, forming a plurality of translucent layers wherein a first
layer and a second layer having different refractive indexes
are alternately deposited to form the translucent layers, and
photo-etching a portion of the layers among the plurality of
translucent layers, wherein the translucent layers are main-
tained in some pixels and are removed in remaining pixels by
the photo-etching.
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[0040] The first layer may be made of a silicon nitride layer
and the second layer may be made of a silicon oxide layer, the
silicon nitride layer may be etched by using CF, and O,, and
the silicon oxide layer may be etched by using C,F and H,.
[0041] The OLED display may further include a white
pixel of the plurality of pixels, and before forming the trans-
lucent layer, the method may further include forming a pas-
sivation layer and removing the passivation layer in the white
pixel.

[0042] In an exemplary embodiment of the present inven-
tion, the color reproducibility and luminance may be
improved by using the micro-cavity. Further, at least two
pixels among the plurality of pixels displaying the different
colors from each other have the same optical path lengths
such that the number of processes for forming the different
optical path lengths for each pixel may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1is an equivalent circuit schematic diagram of
an OLED display according to an exemplary embodiment of
the present invention;

[0044] FIG. 2 is a schematic diagram showing an arrange-
ment of a plurality of pixels in the OLED display according to
an exemplary embodiment of the present invention;

[0045] FIG. 3 isa cross-sectional view showing four neigh-
boring pixels in the OLED display shown in FIG. 2;

[0046] FIG. 4 is a cross-sectional view showing an OLED
display according to another exemplary embodiment of the
present invention;

[0047] FIG. 5 is a cross-sectional view showing an OLED
display according to another exemplary embodiment of the
present invention;

[0048] FIG. 6 and FIG. 7 are cross-sectional views showing
an OLED display, respectively, according to alternative
exemplary embodiments of the present invention;

[0049] FIG. 8 is a graph showing red, green, and blue light
spectrums and a white light spectrum in the OLED display
according to the present exemplary embodiment; and
[0050] FIG. 9 is a graph showing an increased and
decreased ratio of the intensity of the light spectrum by the
micro-cavity in the graph shown in FIG. 8 compared with the
intensity of a white light spectrum in the predetermined wave-

length.

DETAILED DESCRIPTION OF THE INVENTION

[0051] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
present invention may, however, be embodied in many differ-
ent forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0052] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
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like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0053] 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-
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.
[0054] 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.

[0055] 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.

[0056] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
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.

[0057] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0058] Now, an OLED display according to an exemplary
embodiment of the present invention will be described in
further detail with reference to FIG. 1.

[0059] FIG.1isan equivalent circuit schematic diagram of
an OLED display according to an exemplary embodiment of
the present invention.

[0060] Referring to FIG. 1, the OLED display according to
the present exemplary embodiment includes a plurality of
signal lines 121, 171 and 172, and a plurality of pixels PX
connected thereto and arranged substantially in a matrix.
[0061] The signal lines include a plurality of gate lines 121
for transmitting gate signals (or scanning signals), a plurality
of data lines 171 for transmitting data signals, and a plurality
of driving voltage lines 172 for transmitting a driving voltage.
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The gate lines 121 extend substantially in a row direction and
substantially parallel to each other, and the data lines 171 and
the driving voltage lines 172 extend substantially in a column
direction and substantially parallel to each other. as illustrated
in FIG. 1.

[0062] Each pixel PX includes a switching transistor Qs, a
driving transistor Qd, a capacitor Cst and an organic light
emitting diode LD.

[0063] The switching transistor Qs has a control terminal
connected to one of the gate lines 121, an input terminal
connected to one of the data lines 171, and an output terminal
connected to the driving transistor Qd. The switching transis-
tor Qs transmits the data signals applied to the data line 171 to
the driving transistor Qd in response to a gate signal applied
to the gate line 121.

[0064] The driving transistor Qd has a control terminal
connected to the switching transistor Qs, an input terminal
connected to the driving voltage line 172, and an output
terminal connected to the organic light emitting diode LD.
The driving transistor Qd drives an output current I, , having
a magnitude depending on the voltage between the control
terminal and the output terminal thereof, and outputs the
output current I,  to the organic light emitting diode LD.
[0065] The capacitor Cst is connected between the control
terminal and the input terminal of the driving transistor Qd.
The capacitor Cst stores a data signal applied to the control
terminal of the driving transistor Qd and maintains the data
signal after the switching transistor Qs turns off.

[0066] The organic light emitting diode LD has an anode
connected to the output terminal of the driving transistor Qd
and a cathode connected to a common voltage Vss. The
organic light emitting diode LD emits light having an inten-
sity depending on the output current I, ,, of the driving tran-
sistor Qd, thereby displaying images.

[0067] The switching transistor Qs and the driving transis-
tor Qd are n-channel field effect transistors (“FETs”). How-
ever, at least one of the switching transistor Qs and the driving
transistor Qd may be a p-channel FET. In addition, the con-
nections among the transistors Qs and Qd, the capacitor Cst,
and the organic light emitting diode LD may be modified in
alternative exemplary embodiments.

[0068] Now, the structure of the OLED display will be
described in further detail with reference to FIGS. 2 and 3
along with FIG. 1.

[0069] FIG. 2 is a schematic diagram showing an arrange-
ment of a plurality of pixels in the OLED display according to
an exemplary embodiment of the present invention. FIG. 3 is
across-sectional view showing four neighboring pixels in the
OLED display shown in FIG. 2.

[0070] Referring to FIG. 2, the OLED display according to
an exemplary embodiment of the present invention includes
red pixels R for displaying a red color, green pixels G for
displaying a green color, blue pixels B for displaying a blue
color and white pixels W for displaying a white color, which
are sequentially and alternately disposed. The red pixels R,
the green pixels G and the blue pixels B are basic pixels to
display full colors, and the white pixels W are included to
improve the luminance.

[0071] Four pixels of a red pixel R, a green pixel G, a blue
pixel B and a white pixel W form one group, and may be
repeatedly arranged according to rows and/or columns. How-
ever, the arrangement and the shape of the pixels may be
variously changed in alternative exemplary embodiments.
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[0072] Next, amore detailed structure of the OLED display
of FIG. 2 will be described with reference to FIG. 3.

[0073] In FIG. 3, one pixel group indicated by the dotted
line of FIG. 2 and including a red pixel R, a green pixel G, a
blue pixel B and a white pixel W in the OLED display shown
in FIG. 2 is represented.

[0074] A plurality of thin film transistor arrays are arranged
on an insulating substrate 110. The thin film transistor arrays
include switching thin film transistors Qs and driving thin
film transistors Qd which are disposed and electrically con-
nected in each pixel.

[0075] A lower insulating layer 112 is formed on the thin
film transistor arrays.

[0076] Red filters 230R, green filters 230G and blue filters
230B are formed in the red pixels, green pixels and blue
pixels, respectively, on the lower insulating layer 112, and a
color filter may not be formed or transparent filters (not
shown) may be formed in the white pixels W. The color filters
230R, 230G and 230B may be disposed as a color filter on
array (“CoA”) type.

[0077] Anupperinsulating layer 180 is formed on the color
filters 230R, 230G and 230B, and a translucent member 192
is formed on the insulating layer 180. The translucent mem-
ber 192 is made of a material having characteristics such that
a portion of light is transmitted and a portion of light is
reflected. For example, the translucent member 193 may be
formed of an opaque conductor having a low absorption ratio
such as aluminum (Al) or silver (Ag) with a thickness ofabout
10 A to about 100 A. The translucent member 192 is not
present in the white pixels W.

[0078] The translucent member 192 simultaneously func-
tions as an anode electrode.

[0079] A plurality of transparent members 193 are formed
on the translucent member 192 and the upper insulating layer
180, and the transparent members 193 are only arranged on
some of the pixels and are not present on other pixels. In the
present exemplary embodiment, the transparent members
193 are only disposed on the green pixels G and the white
pixels W, and are not present on the red pixels R and the blue
pixels B. The transparent members 193 disposed on the white
pixels W function as the anode electrode.

[0080] The transparent members 193 may be made of a
transparent conductor such as ITO or 1Z0.

[0081] A plurality of organic light emitting members are
formed on the translucent member 192 and the transparent
member 193.

[0082] The organic light emitting members may include an
auxiliary layer (not shown) for improving light emitting effi-
ciency of a light emission layer 370 as well as the light
emission layer 370 for emitting light.

[0083] The emission layer 370 may include a plurality of
sequentially deposited sub-emission layers emitting red,
green and blue light, respectively, and may emit white light by
combining the wavelengths of the red, green and blue light.
Herein, the present invention is not limited to vertically form-
ing the sub-emission layers, as the sub-emission layers may
be horizontally formed. Also, the combination of light to emit
the white light is not limited to red, green and blue color light.
The sub-emission layers may be formed with various color
combinations that emit the white light.

[0084] In addition, the auxiliary layer may include at least
one selected from an electron transport layer (not shown), a
hole transport layer (not shown), an electron injecting layer
(not shown) and a hole injecting layer (not shown).
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[0085] A common electrode 270 is formed on the organic
light emitting members. In exemplary embodiments, the
common electrode 270 is made of a material with a high
reflection rate, and functions as a cathode electrode. The
commor electrode 270 is formed to cover the whole surface
of the substrate 110, and forms a pair of electrodes with each
translucent member 192 or transparent member 193 which
function as the anode electrode to flow the current to the
organic light emitting members 370.

[0086] In an exemplary embodiment of the present inven-
tion, the translucent member 192 generates a micro-cavity
effect along with the common electrode 270. The micro-
cavity effect occurs when light is repeatedly reflected
between a reflection layer and translucent layers, which are
spaced from each other by an optical path length such that
light of a predetermined wavelength is enhanced by construc-
tive interference. Here, the common electrode 270 functions
as the reflection layer, and the translucent member 193 func-
tions as the translucent layers.

[0087] The common electrode 270 modifies the light emit-
ting characteristics of the light from the light emission layers
370, and light near a wavelength corresponding to the reso-
nance wavelength of the micro-cavity among the modified
light is enhanced through the translucent member 193 while
light of different wavelengths is suppressed.

[0088] Here, the enhancement and the suppression of the
predetermined wavelength may be determined according to
the optical path length. The optical path length must satisfy
the constructive interference condition for each wavelength
according to the corresponding red, green and blue pixels.
[0089] Optical path lengths of at least two pixels among the
red pixel R, the blue pixel B and the green pixel G are the same
in an exemplary embodiment of the present invention.
[0090] For example, as shown in FIG. 3, the optical path
lengths I, ofthe red pixel R and the blue pixel B are the same,
and the optical path lengths L, may be determined as a value
that simultaneously satisfies the constructive interference
condition in the wavelength of the red region and the wave-
length of the blue region, respectively.

[0091] The optical path length L, which simultaneously
satisfies the constructive interference condition in the red
pixel R and the blue pixel B may be represented as in Equation
L.

Lm0t 1)y)2 o)

[0092] Here, m is a natural number, A, is a wavelength of
the red region, and A, is a wavelength of the blue region. For
example, it may be that m=1.

[0093] Optical path lengths of at least two pixels among the
red pixel R, the blue pixel B and the green pixel G are the same
such that the processes required for forming the different
optical path lengths for each pixel may be reduced. That s, to
form the different optical path lengths for each pixel, at least
three photolithography processes to form the different thick-
nesses of the transparent members 193 disposed in each pixel
are required or the emitting materials are respectively depos-
ited in each pixel by using shadow masks to form the different
thicknesses of the organic light emitting members including
the emission layers 370. However, optical path lengths of at
least two pixels among the red pixel R, the blue pixel B and
the green pixel G are the same such that the number of
required processes may be reduced.

[0094] On the other hand, the optical path length L, of the
green pixel G is different from the optical path lengths [, of
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the red pixel R and the blue pixel B. That is, the optical path
length L, of the green pixel G may be less than or more than
the optical path lengths I, of the red pixel R and the blue pixel
B.InFIG. 3, the optical path length L, of the green pixel G is
more than the optical path lengths T, of the red pixel R and the
blue pixel B.

[0095] When the optical path length T, of the green pixel G
is more than the optical path lengths L, of the red pixel R and
the blue pixel B, the optical path length L, of the green pixel
G may be represented as in Equation 2.

Los(m+1)hy/2 %)

[0096] Here, m is a natural number and A, is a wavelength
of the green region.

[0097] Conversely, when the optical path length L, of the
green pixel G is less than the optical path lengths [, of the red
pixel R and the blue pixel B, the optical path length L, of the
green pixel G may be represented as in Equation 3.

Lomidy)2 G)

[0098] Here, m is a natural number and A, is a wavelength
of the green region.

[0099] This optical path length may be controlled by the
transparent member 193. In FIG. 3, the green pixel G has the
transparent member 193 on the translucent member 192, and
thus has a longer optical path length L,. In contrast, the red
pixel R and the blue pixel do not have the transparent member
193 and thus they have shorter optical path lengths L, .
[0100] Because the white pixel W does not form the micro-
cavity, it is not necessary to additionally control the optical
path length thereof.

[0101] FIG.4isa cross-sectional view of an OLED display
according to another exemplary embodiment of the present
invention.

[0102] Referring to FIG. 4, most of the constituent ele-
ments of the present exemplary embodiment are the same as
those of the OLED display shown in FIG. 3, but the optical
path lengths L, of the green pixel G and the blue pixel B are
the same, and the optical path length [, of the red pixel R is
different, contrary to the previously described exemplary
embodiment.

[0103] The optical path length L, of the red pixel R may be
less than or more than the optical path length L, of the green
pixel G and the blue pixel B. FIG. 4 represents the case in
which the optical path length L, of the red pixel R is less than
the optical path length L, of the green pixel G and the blue
pixel B.

[0104] The optical path length L, of the red pixel R may be
represented as in Equation 4.

L~y /2 (©)

[0105] Here, m is a natural number and A is a wavelength
of the red region.

[0106] For example, it may be that m=1.

[0107] The optical path lengths L, of the green pixel G and
the blue pixel B are determined as a value which simulta-
neously satisfies the constructive interference condition in the
wavelength of the green region and the wavelength of the blue
region, and may be represented as in Equation 5.

Ly(m+1)hyf2e(m+2) 2 )

[0108] Here, m is a natural number, A, is a wavelength of
the green region, and A5 is a wavelength of the blue region.

[0109] The optical path length may be controlled by the
transparent member 193. The transparent members 193 are
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only formed in the green pixel G and the blue pixel B and are
not present in the red pixel R, so that the green pixel G and the
blue pixel B have long optical path lengths and the red pixel
R has a short optical path length. Because the white pixel W
does not form the micro-cavity, it is not necessary to addi-
tionally control the optical path length thereof.

[0110] The emission characteristics of the OLED display
according to the above-described exemplary embodiment
will be described in further detail with reference to FIGS. 8
and 9.

[0111] FIG. 8 is a graph showing red, green, and blue light
spectrums and a white light spectrum in the OLED display
according to the present exemplary embodiment. FIG. 9 is a
graph showing an increased or decreased ratio of the intensity
of the light spectrum by the micro-cavity in the graph shown
in FI1G. 8 compared with the intensity of white light spectrum
in the predetermined wavelength.

[0112] In FIGS. 8 and 9, “A” is a light spectrum of the
micro-cavity condition according to the first exemplary
embodiment as in FIG. 3, that is, in the case in which the
optical path lengths of the red pixel R and the blue pixel B are
the same, the peaks appear at the red wavelength region at
about 610 nm and at the blue wavelength region at about 460
nm.

[0113] “B”isalight spectrum of the micro-cavity condition
according to the second exemplary embodiment as in FIG. 4,
that is, in the case in which the optical path lengths of the
green pixel G and the blue pixel B are the same, and the peaks
appear at the green wavelength region at about 540 nm and at
the blue wavelength region at about 460 nm.

[0114] As shown in the graphs, although the optical path
lengths are controlled to be the same in two pixels among the
red pixel R, the green pixel G and the blue pixel B, each pixel
may display the red, green and blue pixels. Accordingly, the
number of processes to form the different optical path lengths
for each pixel may be reduced and the desired color may be
displayed.

[0115] FIG. 5is a cross-sectional view of an OLED display
according to yet another exemplary embodiment of the
present invention.

[0116] Referring to FIG. 5, most of the constituent ele-
ments of the present exemplary embodiment are the same or
almost the same as those of the OLED display shown in FIG.
3, but a transparent electrode 191 is formed under a translu-
cent member 192 in each pixel, different from the above-
described exemplary embodiment.

[0117] The transparent electrode 191 improves the adhe-
sion between the translucent member 192 and the upper insu-
lating layer 180. Particularly, the upper insulating layer 180
has contact holes (not shown) for connecting the driving thin
film transistor Qd to an anode electrode, and when the trans-
lucent member 192 is directly formed on the contact holes,
the thin film transistor and the anode electrode may be dis-
connected due to deterioration of the adhesion. The transpar-
ent electrode 191 may eliminate or effectively reduce this
deterioration of the adhesion.

[0118] Now, other alternative exemplary embodiments of
the present invention will be described in further detail with
reference to FIGS. 6 and 7.

[0119] FIGS. 6 and 7 are cross-sectional views of OLED
displays according to other alternative exemplary embodi-
ments of the present invention.

[0120] In FIGS. 6 and 7, like the above-described exem-
plary embodiment, OLED displays include red pixels R,
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green pixels G, blue pixels B and white pixels W, and each
pixel includes a switching thin film transistor Qs and a driving
thin film transistor Qd which are electrically connected to
each other.

[0121] A lower insulating layer 112 preferably made of
silicon nitride is formed on the switching thin film transistor
Qs and the driving thin film transistor Qd, and a red filter
230R, a green filter 230G and a blue filter 230B are formed in
ared pixel R, a green pixel G and a blue pixel B, respectively,
on the lower insulating layer 112.

[0122] Anupperinsulating layer 180 preferably made of an
organic material is formed on the color filters 230R, 230G and
230B. The upper insulating layer 180 is not present in the
white pixel W.

[0123] A translucent member 192 is formed on the upper
insulating layer 180 and the lower insulating layer 112. The
translucent member 192 has characteristics such that a por-
tion of light is transmitted and a portion of light is reflected,
and uses distributed Bragg reflection (“DBR”) for controlling
the reflection ratio of the specific wavelength.

[0124] The translucent member 192 includes a plurality of
layers which are alternately deposited. In exemplary embodi-
ments, the plurality of layers are made of inorganic materials
having different refractive indexes. When the translucent
member 192 is made of inorganic materials with a plurality of
layers, aloss of light may be reduced under the transmitting or
the reflection of the light compared with using a metal.
[0125] As shown FIGS. 6 and 7, the translucent member
192 includes a lower layer 192p, a middle layer 1924 and an
upper layer 192r

[0126] In FIG. 6, the upper layer 192 is not present in the
red pixel R and the blue pixel B, and the upper layer 192~ is
not present in green pixel G in FIG. 7. This is to control the
optical path length in the red pixel R, the green pixel G and the
blue pixel B, and will be described later.

[0127] The three-layered structure is represented in FIGS.
6 and 7, but the present invention is not limited thereto and the
lower layer 192p and the upper layer 192¢ may be alternately
deposited.

[0128] Here, the lower layer 192p and the upper layer 192»
are made of the same material having a first refractive index,
and the middle layer 192¢ is made of a material having a
second refractive index. For example, the lower 192p and the
upper layer 192+ may be made of silicon nitride SiN_ having
arefractive index of about 1.8, and the middle layer 1924 may
be made of silicon oxide SiO, having a refractive index of
about 1.5, but is not limited thereto.

[0129] A pixel electrode 191 is formed on the translucent
member 192, and an emission layer 370 and a common elec-
trode 270 are formed on the pixel electrode 191.

[0130] In the present exemplary embodiment, like the
above-described exemplary embodiment, the optical path
lengths of at least two pixels among the red pixel R, the blue
pixel B and the green pixel G are the same. Here, the optical
path length may be controlled by the upper layer 192r
[0131] As shown in FIGS. 6 and 7, the optical path lengths
L, of the red pixel R and the blue pixel B are the same in the
present exemplary embodiment. The optical path length L, is
determined as a value which simultaneously satisfies the con-
structive interference condition in the wavelengths of the red
region and the blue region, and may be represented as in
Equation 6.

Lyt 2o(mt D)2 (©)
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[0132] Here, m is a natural number, A, is a wavelength of
the red region, and A, is a wavelength of the blue region.
[0133] The optical path length L, of the green pixel G may
be more than or less than the optical path lengths L, of thered
pixel R and the blue pixel B. In FIG. 6, the optical path length
L, of the green pixel G is more than the optical path lengths L,
of the red pixel R and the blue pixel B. In FIG. 7, the optical
path length L, of the green pixel G is less than the optical path
lengths I, of the red pixel R and the blue pixel B.

[0134] In FIG. 6, when the optical path length L, of the
green pixel G is more than the optical path lengths 1., of the
red pixel R and the blue pixel B, the optical path length L, of
the green pixel G may be represented as in Equation 7.

Lo~(m+1)hy2 ™

[0135] Here, m is a natural number and A, is a wavelength
of the green region.

[0136] In this case, because the upper layer 192r is only
formed in the green pixel G in FIG. 6 and is not present in the
red pixel R and the blue pixel B, the thickness of the upper
layer 192p may control the optical path length I, of the green
pixel G.

[0137] Conversely, as shown in FIG. 7, when the optical
path length L, of the green pixel G is less than the optical path
lengths L, of the red pixel R and the blue pixel B, the optical
path length [, of the green pixel G may be represented as in
Equation 8.

Lomha? ®)

[0138] Here, m is a natural number and A is a wavelength
of the green region.

[0139] Here, because the upper layer 192r is only formed in
the red pixel R and the blue pixel B and is not present in the
green pixel G, the thickness of the upper layer 192r may
control the optical path lengths [; of the red pixel R and the
blue pixel B.

[0140] On the other hand, because the white pixel W
includes the visible rays of all wavelengths, the micro-cavity
amplifying the predetermined wavelength is not formed
thereto.

[0141] In an exemplary embodiment of the present inven-
tion, the upper insulating layer 180 is removed in the white
pixel W to remove the micro-cavity in the white pixel W.
Accordingly, because the lower layer 192p made of silicon
nitride is directly formed on the lower insulating layer 112
made of silicon nitride, the difference of the refractive index
therebetween is not present such that the reflection and the
interference are not generated. Also, because the upper layer
1927 is also removed, the middle layer 192¢ is made of silicon
oxide such that the micro-cavity may not be formed. Accord-
ingly, the white light emitted from the emission layer 370 is
not affected by a micro-cavity in the white pixel W and is
emitted as it is.

[0142] In the present exemplary embodiment, the upper
layer 1927 in a portion of the pixels is removed such that the
optical path length may be controlled. Because the removal of
the upper layer 1927 requires one photolithography process,
the process may be simplified in comparison with the several
photolithography processes to form the different optical path
lengths in the red pixel R, the blue pixel B and the green pixel
G.

[0143] Ontheother hand, because the lower layer 192p, the
middle layer 192¢ and the upper layer 1927 are formed on the
upper insulating layer 180 made of an organic material, it is
preferable that they are formed by chemical vapor deposition
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(“CVD) at a relatively low temperature of less than about
200° C. Also, as above-described, silicon nitride, silicon
oxide and silicon nitride are sequentially deposited to form
the lower layer 192p, the middle layer 192¢ and the upper
layer 1927, and when etching the silicon nitride an etch gas
including CF, and O, is used and when etching the silicon
oxide an etch gas including C,Fg and H, is used, for etch
selectivity between the silicon nitride and the silicon oxide.
[0144] In the present exemplary embodiment, the optical
path lengths of the red pixel R and the blue pixel B are the
same and the optical path length of the green pixel G is
different therefrom, but the present invention is not limited
thereto, and it may be determined that the optical path lengths
of at least two pixels among the red pixel R, the green pixel G
and the blue pixel B are the same.

[0145] In the above-described exemplary embodiments,
the emission layer 370 emits the white light, but this is not
limiting, and a structure including a red emission layer, a
green emission layer and a blue emission layer respectively
formed in the red pixel R, the green pixel G and the blue pixel
B may be identically adapted, and the color filters 230R,
230G and 230B disposed in each corresponding pixel may be
omitted.

[0146] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed exemplary embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An organic light emitting diode (OLED) display com-
prising a first pixel, a second pixel and a third pixel displaying
different colors from each other, the OLED display com-
prises:

a substrate;

areflecting electrode on the substrate; and

a translucent member forming a micro-cavity along with

the reflecting electrode,

wherein an optical path length is a gap between the reflect-

ing electrode and the translucent member,

Apr. 19,2012

wherein the first pixel is a green pixel, the second pixel is a
blue pixel, and the third pixel is a red pixel,

wherein optical path lengths of the first pixel and the sec-
ond pixel are the same, and

wherein the optical path length of the first pixel is different
from an optical path length of the third pixel.

2. The OLED display of claim 1, further comprising

atransparent member disposed between the reflecting elec-
trode and the translucent member, and the transparent
member is formed in a portion of at least one pixel
among the first pixel, the second pixel and the third
pixel.

3. The OLED display of claim 2, wherein

the translucent member includes silver or aluminum, and

the transparent member includes 1TO or IZO.

4. The OLED display of claim 2, wherein

the transparent member is formed in the first pixel the
second pixel and not in the third pixel.

5. The OLED display of claim 1, wherein

the optical path length L2 of the third pixel satisfies
L2~mA3/2 and

the optical path length L1 of the first pixel and the second
pixel satisfies L1=~(m+1)A1/2~(m+2)A2/2,

where m is a natural number, A1 is a wavelength of the
green region, A2 is a wavelength of the blue region, and
23 is a wavelength of the red region.

6. The OLED display of claim 1, further comprising

a white pixel,

wherein the translucent meniber is absent in the white
pixel.

7. The OLED display of claim 1, wherein

the first pixel, the second pixel and the third pixel include a
corresponding color filter.

8. The OLED display of claim 7, further comprising

an emission layer disposed between the reflecting elec-
trode and the translucent member, and the emission
layer includes a plurality of sub-emission layers emit-
ting light of different wavelengths and emits a white
light by combining the light of the different
wavelengths.
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