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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/412,477, filed Mar. 5, 2012, which claims
the benefit of Korean Patent Application No. 10-2011-
0024993, filed on Mar. 21, 2011, in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein in their entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to an organic light-
emitting display device, and more particularly, to an organic
light-emitting display device that may minimize the reduc-
tion in contrast caused by reflection of external light.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display devices, which are
self-emitting display devices, have advantages of wide view-
ing angles and fast response times. However, the organic
light-emitting display devices have disadvantages in that if
the organic light-emitting display devices display images in
an external light environment, the external light is reflected by
metal materials for constituting electrodes and wires in the
organic light-emitting display devices, thereby reducing con-
trast.

[0006] In general, in order to minimize the reduction in
contrast, a polarization plate, which is expensive, may be
used. However, the use of such a polarization plate may
increase costs, reduce a transmittance because light emitted
from a light-emitting layer is blocked, and reduces bright-
ness.

[0007] In order to minimize the reduction in contrast, a
black matrix may be formed on electrodes or wires. However,
the use of such a black matrix may require an additional
masking process to form the black matrix, which makes a
manufacturing process complex.

SUMMARY

[0008] An aspect of the present invention provides an
organic light-emitting display device that may improve con-
trast by modifying the optical properties of surfaces of an
electrode unit and a wiring unit.

[0009] According to an aspect of the present invention,
there is provided an organic light-emitting display device
including: a first substrate and a second substrate that face
each other; an organic light-emitting device that is disposed
between the first and second substrates and includes a pixel
electrode separately formed in each pixel, a common elec-
trode facing the pixel electrode, and an organic light-emitting
layer disposed between the pixel electrode and the common
electrode; and an electrode unit and at least one wiring unit
that are disposed between the first substrate and the second
substrate, the electrode unit including at least one thin-film
transistor configured to transmit a light-emitting signal to the
pixel electrode and at least one capacitor, wherein an optical
property modification layer having an optical property modi-
fied from that of at least one of the electrode unit and the
wiring unit is formed on a surface of the at least one of the
electrode unit and the wiring unit.
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[0010] The optical property modification layer may have a
reflectance that is lower than a reflectance of each of the
electrode unit and the at least one wiring unit.

[0011] The optical property modification layer may have a
light-absorptance that is higher than a light-absorptance of
each of the electrode unit and the at least one wiring unit.
[0012] The optical property modification layer may be dif-
ferent from the at least one of the electrode unit and the wiring
unit in terms of at least one optical property selected from the
group consisting of a transmittance, a refractive index, a
diffraction, and a color.

[0013] The optical property modification layer may be
formed by applying femtosecond-duration laser beam pulses
to the surface of the at least one of the electrode unit and the
wiring unit at least one time.

[0014] An area of the optical property modification layer
modified by femtosecond-duration laser beam pulses may
have a nanoscale or microscale size.

[0015] The at least one thin-film transistor includes a gate
electrode, a source electrode, and a drain electrode, and the at
least one capacitor includes an electrode.

[0016] The at least one wiring unit may include a gate
wiring unit, a data wiring unit, and a power wiring unit.
[0017] Light emitted from the light-emitting layer may be
emitted toward the second substrate, wherein the optical
property modification layer is formed on the surface of the at
least one of the electrode unit and the wiring unit that faces the
second substrate, and wherein the organic light emitting dis-
play device comprises a second optical property modification
layer having an optical property modified from that of the
pixel electrode and formed on a surface of the pixel electrode
close to the organic light-emitting layer.

[0018] The second optical property modification layer may
have a reflectance that is lower than a reflectance of the pixel
electrode.

[0019] The second optical property modification layer may
have a light-absorptance that is higher than a light-absorp-
tance of the pixel electrode.

[0020] Light emitted from the organic light-emitting layer
may be emitted toward the first substrate, wherein the optical
property modification layer is formed on the surface of the at
least one of the electrode unit and the wiring unit that faces the
first substrate, and wherein the organic light emitting display
device comprises a second optical property modification
layer having an optical property modified from that of the
pixel electrode and formed on a surface of the common elec-
trode close to the organic light-emitting layer.

[0021] The second optical property modification layer may
have a reflectance that is lower than a reflectance of the
common electrode.

[0022] Thesecond optical property modification layer may
have a light-absorptance that is higher than a light-absorp-
tance of the common electrode.

[0023] Thesecond optical property modification layer may
be formed only on an area corresponding to the pixel elec-
trode.

[0024] At least one of the first substrate and the second
substrate may be a transparent substrate, wherein the organic
light-emitting display device further includes a transparent
interference layer that is disposed on a surface of the trans-
parent substrate on which external light is incident.

[0025] The transparent interference layer may have a thick-
ness equal to about ¥4 of a wavelength of the external light.
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[0026] The transparent interference layer may have a
refractive index that is lower than a refractive index of the
transparent substrate.

[0027] The transparent interference layer may include one
material selected from the group consisting of magnesium
fluoride, silica, a transparent material having a high refractive
index, and a combination thereof.

[0028] The organic light-emitting display device further
comprises a plurality of transparent interference layers dis-
posed on a surface of the transparent substrate on which
external light is incident, wherein the at least one transparent
interference layer comprises a first transparent interference
layer and a second transparent interference layer which is
closer to the transparent substrate than the first transparent
interference layer and has a refractive index greater than that
of the first transparent interference layer.

[0029] Each transparent interference layer may have a
thickness equal to about Y4 of a wavelength of the external
light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features and advantages of the
present invention will become more apparent by describing in
detail embodiments thereof with reference to the attached
drawings in which:

[0031] FIG.11isa plan view illustrating a pixel structure of
an organic light-emitting display device;

[0032] FIG.2isacross-sectional view taken along line II-11
of FIG. 1;
[0033] FIG. 3 is an equivalent circuit of the organic light-

emitting display device of FIG. 1,

[0034] FIG. 4 is a plan view of an organic light-emitting
display device according to an embodiment of the present
invention;

[0035] FIG.51isacross-sectional view taken along line V-V
of F1G. 4;
[0036] FIG. 6 is a graph illustrating a relationship between

a reflectance and a wavelength when femtosecond-duration
laser beam pulses are applied to aluminum;

[0037] FIG. 7 is a plan view of an organic light-emitting
display device according to another embodiment of the
present invention;

[0038] FIG. 8 is a cross-sectional view taken along line
VIII-VIII of FIG. 7,

[0039] FIG. 9is a cross-sectional view of an organic light-
emitting display device according to another embodiment of
the present invention;

[0040] FIG. 10 is across-sectional view illustrating a trans-
parent interference layer;

[0041] FIG. 11 is a cross-sectional view illustrating a plu-
rality of transparent interference layers; and

[0042] FIG.121is across-sectional view of an organic light-
emitting display device according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0043] Embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings, in which embodiments of the invention are shown.
[0044] FIG. 1 is a plan view of an example of an organic
light-emitting display device 1. FIG. 2 is a cross-sectional
view taken along line II-II of FIG. 1. FIG. 3 is an equivalent
circuit of the organic light-emitting display device 1 of FIG. 1.
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[0045] Referring to FIGS. 1 through 3, the organic light-
emitting display device 1 includes a gate wiring unit 26, a data
wiring unit 27, and a power wiring unit 25 on a first substrate
110, and also includes a first thin-film transistor 21, a second
thin-film transistor 23, and a capacitor 22. The second thin-
film transistor 23 is connected to an organic light-emitting
device 24, which includes a pixel electrode 241, a common
electrode 243, and an organic light-emitting layer 242 dis-
posed between the pixel electrode 241 and the common elec-
trode 243.

[0046] In order to planarize the first substrate 110 and pre-
vent impurity elements from penetrating into the first sub-
strate 110, a buffer layer 111 formed of SiO, and/or SiNx may
be disposed on the first substrate 110. A first active layer 211
ofthe first thin-film transistor 21 and a second active layer 231
of the second thin-film transistor 23 are formed on the buffer
layer 111, and a gate insulating film 112 is formed on the first
and second active layers 211 and 231. A first gate electrode
212 of the first thin-film transistor 21 and a second gate
electrode 232 of the second thin-film transistor 23 are formed
on the gate insulating film 112. The first gate electrode 212 is
connected to the gate wiring unit 26, and the second gate
electrode 232 is connected to a first electrode 221 of the
capacitor 22. An interlayer insulating film 113 is formed on
the first gate electrode 212, the second gate electrode 232, and
the first electrode 221 of the capacitor 22. A first source
electrode 213 and a first drain electrode 214 are respectively
connected through contact holes to a source region (not
shown) and a drain region (not shown) of the first active layer
211. A second source electrode 233 and a second drain elec-
trode 234 are respectively connected to a source region (not
shown) and a drain region (not shown) of the second active
layer 221. The first source electrode 213 is connected to the
data wiring unit 27 to apply a data signal to the first active
layer 211, and the first drain electrode 214 is connected to the
first electrode 221 of the capacitor 22 to store the data signal
in the capacitor 22. The second source electrode 233 is con-
nected to a second electrode 222 of the capacitor 22, and the
second drain electrode 234 is connected to the pixel electrode
241 of the organic light-emitting device 24. A passivation
layer 114 is formed on the first and second source electrodes
213 and 233, the first and second drain electrodes 214 and
234, and the second electrode 222 of the capacitor 22. The
pixel electrode 241 is connected to the second drain electrode
234 through a via-hole in the passivation layer 114.

[0047] The organic light-emitting device 24 includes the
pixel electrode 241 separately formed for each pixel, the
common electrode 243 facing the pixel electrode 241, and the
organic light-emitting layer 242 disposed between the pixel
electrode 241 and the common electrode 243.

[0048] If the organic light-emitting display device 1 is a
top-emission type, the pixel electrode 241 may be a reflective
electrode and the common electrode 243 may be a transparent
electrode. On the contrary, if the organic light-emitting dis-
play device is a bottom-emission type, the pixel electrode 241
may be atransparent electrode and the common electrode 243
may be a reflective electrode.

[0049] In general, electrodes constituting the first and sec-
ond thin-film transistors 21 and 23 and the capacitor 22 are
formed of metals having a high reflectance, and wires con-
nected to the first and second thin-film transistors 21 and 23
and the capacitor 22 are formed of metals having a high
reflectance. Accordingly, external light incident on the
organic light-emitting display device 1 from the outside is
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reflected by the electrodes and the wires disposed over the
first substrate 110, and then is emitted together with light
emitted from the organic light-emitting layer 242. The light
reflected by the electrodes and the wires reduces the contrast
of the organic light-emitting display device 1.

[0050] An organic light-emitting display device 2 accord-
ing to an embodiment of the present invention will be
explained with reference to FIGS. 4 and 5. The organic light-
emitting display device 2 will be explained by focusing on
differences from the organic light-emitting display device 1.
The same elements as those in FIG. 1 are denoted by the same
reference numerals.

[0051] FIG. 4 is a plan view of the organic light-emitting
display device 2 that is a top-emission type, according to an
embodiment of the present invention. FIG. 5 is a cross-sec-
tional view taken along line V-V of FIG. 4.

[0052] Referring to FIGS. 4 and 5, the organic light-emit-
ting display device 2 includes the power wiring unit 25, the
gate wiring unit 26, and the data wiring unit 27 on the first
substrate 110, and also includes the first thin-film transistor
21, the capacitor 22, the second thin-film transistor 23, and
the organic light-emitting device 24.

[0053] In embodiments, optical property modification lay-
ers 31, 32, 33, 35, 36, and 37 are obtained by modifying the
optical properties of the wiring units 25, 26, and 27, the first
and second gateelectrodes 212 and 232 of the first and second
thin-film transistors 21 and 23, the first and second source
electrodes 213 and 233 of the first and second thin-film tran-
sistors 21 and 23, and the first and second drain electrodes 214
and 234 of the first and second thin-film transistors 21 and 23.
Thus, each of the optical property modification layers 31, 32,
33, 35, 36, and 37 has optical properties modified and differ-
ent from those of each of the wiring units 25, 26, and 27, the
first and second gate electrodes 212 and 232 of the first and
second thin-film transistors 21 and 23, the first and second
source electrodes 213 and 233 of'the first and second thin-film
transistors 21 and 23, and the first and second drain electrodes
214 and 234 of the first and second thin-film transistors 21 and
23. Each of the optical property modification layers 31, 32,
33, 35,36, and 37 is formed by treating a surface of each of the
wiring units 25, 26, and 27, the first and second gate elec-
trodes 212 and 232 of the first and second thin-film transistors
21 and 23, the first and second source electrodes 213 and 233
of the first and second thin-film transistors 21 and 23, and the
first and second drain electrodes 214 and 234 of the first and
second thin-film transistors 21 and 23.

[0054] In detail, the optical property modification layers
35, 36, and 37 are formed on the top surfaces of the power
wiring unit 25, the gate wiring unit 26, and the data wiring
unit 27, respectively. Optical property modification layers
312, 313, and 314 of the optical property modification layer
31 are formed on the top surfaces of the first gate electrode
212, the first source electrode 213, and the first drain electrode
214 of the first thin-film transistor 21, respectively. Optical
property modification layers 332, 333, and 334 of the optical
property modification layer 33 are formed on the top surfaces
of the second gate electrode 232, the second source electrode
233, and the second drain electrode 234 of the second thin-
film transistor 23, respectively. Optical property modification
layers 321 and 322 of the optical property modification layer
32 are formed on the top surfaces ofthe first electrode 221 and
the second electrode 222 of the capacitor 22, respectively.
[0055] The optical property modification layers 31, 32, 33,
35, 36, and 37 are formed on the wiring units 25, 26, and 27
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and the top surfaces of the electrodes 212, 213, 214, 232, 233,
234, 221, and 222 of the thin film transistors 21 and 23, and
the capacitor 22, and are obtained by modifying optical prop-
erties of the wiring units 25, 26, and 27 and the electrodes 212,
213, 214, 232, 233, 234, 221, and 222. For example, the
optical property modification layers 31, 32, 33, 35, 36, and 37
may be obtained by modifying at least one optical property
from among a reflectance, a light-absorptance, a transmit-
tance, a refractive index, a diffraction, and a color of metal
materials for constituting the wiring units 25, 26, and 27 and
the electrodes 212, 213, 214, 232, 233, 234, 221, and 222. In
FIG. 4, the optical property modificationlayers 31, 32, 33, 35,
36, and 37 may have a reflectance lower than that of metal
materials and a light-absorptance higher than that of metal
materials for constituting the wiring units 25, 26, and 27 and
the electrodes 212, 213, 214, 232, 233, 234, 221, and 222.
[0056] Inthe organic light-emitting display device 2 that is
a top-emission type where an image is formed away from the
first substrate 110, external light that enters the organic light-
emitting display device 2 may be reflected by surfaces of the
electrodes 212,213, 214, 232, 233, 234,221, and 222 and the
wiring units 25, 26, and 27, thereby reducing the contrast of
light emitted from the organic light-emitting layer 242. How-
ever, the optical property modification layers 31, 32, 33, 35,
36, and 37 are formed on surfaces of the electrodes 212, 213,
214,232, 233, 234, 221, and 222 and the wiring units 25, 26,
and 27, which face away from the first substrate 10. Thus, the
amount of external light reflected by the electrodes 212, 213,
214,232,233, 234, 221, and 222 and the wiring units 25, 26,
and 27 may be reduced, thereby improving contrast.

[0057] In WO 2008/097374 of Chunlei et al., published on
August 14,2008, entitled “Ultra-short duration laser methods
for the nanostructuring of materials”, which is incorporated
by reference herein, a method of modifying the optical prop-
erties of materials is disclosed. According to the above
method, the application of femtosecond-duration laser beam
pulses to a metal may change the surface structure of the
metal such that the modified structure of the metal can have a
nanoscale or microscle size, and the optical property of the
surface layer of the metal can be modified. In embodiments,
the metal can be exposed to femtosecond-duration laser beam
pulses at least once to obtain the modified structure change of
the metal.

[0058] FIG. 6is a graph illustrating a relationship between
a reflectance and a wavelength when 65 femtosecond pulses
of about 0.1 ml/pulse with a central wavelength at 800 nm
generated by a Ti:sapphire laser system are applied to alumi-
num. Referring to FIG. 6, when the wavelength ranges from
250 nm to 2500 nm, a reflectance of polished aluminum (Al)
having a treated surface is higher than the reflectance of
golden aluminum, Gray Al, and Black Al having untreated
surfaces. Of course, it is found that a color of a surface of
aluminum is changed.

[0059] Accordingly, when aluminum is used for the wiring
units 25, 26, and 27 and the electrodes 212, 213, 214, 232,
233, 234, 221, and 222 of the organic light-emitting display
device 2, such surface treatment is performed by using the
afore-described femtosecond laser beam technology on the
top surfaces of the wiring units 25, 26, and 27 and the elec-
trodes 212,213, 214, 232, 233, 234, 221, and 222 can change
the optical properties of the top surfaces of the wiring units
25,26, and 27 and the electrodes 212,213, 214,232,233, 234,
221, and 222. In other words, a treated surface of aluminum
having a lower reflectance or a higher light-absorptance than
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an untreated surface of aluminum forms the optical property
modification layers 31, 32, 33, 35, 36, and 37 on the top
surfaces of the wiring units 25, 26, and 27 and the electrodes
212,213,214, 232, 233, 234, 221, and 222. Thus, the amount
of external light reflected by the wiring units 25, 26, and 27
and the electrodes 212,213, 214, 232,233, 234,221, and 222
may be reduced.

[0060] Accordingly, without using an expensive polariza-
tion plate and without forming a black matrix by performing
an additional masking process, contrast may be improved by
simply modifying the optical properties of the wiring units
25,26, and 27 and the electrodes 212, 213, 214, 232,233,234,
221, and 222.

[0061] Although two thin-film transistors 21 and 23 and
one capacitor 22 constitute one pixel in FIGS. 4 through 5, the
present embodiment is not limited thereto. Accordingly, thin-
film transistors and capacitors may be combined in various
ways. Also, although the power wiring unit 25, the gate wiring
unit 26, and the data wiring unit 27 intersect each other
perpendicularly in each pixel in FIGS. 4 through 5, the
present embodiment is not limited thereto, and various modi-
fications may be made according to a design rule.

[0062] An organic light-emitting display device 3 that is a
top-emission type, according to another embodiment of the
present invention, will be explained with reference to FIGS. 7
and 8. The organic light-emitting display device 3 will be
explained by focusing on differences from the organic light-
emitting display device 2, and the same elements as those in
FIGS. 4 through 5 are denoted by the same reference numer-
als.

[0063] FIG. 7 is a plan view of the organic light-emitting
display device 3 according to another embodiment of the
present invention. FIG. 8 is a cross-sectional view takenalong
line VIII-VIII of FIG. 7.

[0064] Referring to FIGS. 7 and 8, the organic light-emit-
ting display device 3 includes the power wiring unit 25, the
gate wiring unit 26, and the data wiring unit 27 on the first
substrate 110, and also includes the first thin-film transistor
21, the capacitor 22, the second thin-film transistor 23, and
the organic light-emitting device 24.

[0065] The optical property modification layers 31, 32, 33,
35, 36, and 37 obtained by modifying the optical properties of
the wiring units 25, 26, and 27, the first and second gate
electrodes 212 and 232 of the first and second thin-film tran-
sistors 21 and 23, the first and second source electrodes 213
and 233 of'the first and second thin-film transistors 21 and 23,
and the first and second drain electrodes 214 and 234 of the
first and second thin-film transistors 21 and 23 are disposed
on top surfaces of the wiring units 25, 26, and 27, the first and
second gate electrodes 212 and 232 of the first and second
thin-film transistors 21 and 23, the first and second source
electrodes 213 and 233 of the first and second thin-film tran-
sistors 21 and 23, and the first and second drain electrodes 214
and 234 of'the first and second thin-film transistors 21 and 23.

[0066] Also, in the illustrated embodiments, an optical
property modification layer 34 is disposed on a top surface of
the pixel electrode 241.

[0067] Inthe organic light-emitting display device 3 that is
a top-emission type, the pixel electrode 241 is a reflective
electrode. Accordingly. external light incident on the organic
light-emitting display device 3 may be reflected by the top
surface of the pixel electrode 241 and then may be emitted
along with light emitted from the organic light-emitting layer
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242. The external light reflected by the top surface of the pixel
electrode 241 may reduce contrast of the organic light-emit-
ting display device 3.

[0068] However, in the organic light-emitting display
device 3 of FIGS. 7 and 8, since the optical property modifi-
cation layer 34 having a reflectance lower than that of the
pixel electrode 241 or a light-absorptance higher than that of
the pixel electrode 241 is formed on the top surface of the
pixel electrode 241 thatis a reflective electrode, the amount of
external light reflected by the pixel electrode 241 may be
reduced.

[0069] Of course, like in FIGS. 4 and 5, since the optical
property modification layers 31, 32, 33, 35,36, and 37 having
a reflectance lower than or a light-absorptance higher than
that of the wiring units 25, 26, and 27 and the electrodes 212,
213,214,232,233, 234,221, and 222 are respectively formed
on the top surfaces of the wiring units 25, 26, and 27 and the
electrodes 212, 213, 214, 232, 233, 234, 221, and 222, the
amount of external light reflected by the wiring units 25, 26,
and 27 and the electrodes 212, 213, 214, 232, 233, 234, 221,
and 222 may be reduced.

[0070] An organic light-emitting display device 4 that is a
top-emission type, according to another embodiment of the
present invention, will be explained with reference to FIGS. 9
through 11. The organic light-emitting display device 4 will
be explained by focusing on differences from the organic
light-emitting display device 3 of FIGS. 7 and 8. The same
elements as those in FIGS. 7 and 8 are denoted by the same
reference numerals.

[0071] FIG. 9 is a plan view of the organic light-emitting
display device 4 according to another embodiment of the
present invention. FIG. 10 is a cross-sectional view illustrat-
ing a transparent interference layer 60. FIG. 11 is a cross-
sectional view illustrating first through third transparent inter-
ference layers 61, 62, and 63.

[0072] Referring to FIG. 9, the organic light-emitting dis-
play device 4 includes the power wiring unit 25, the gate
wiring unit 26, and the data wiring unit 27 on the first sub-
strate 110, and also includes the first thin-film transistor 21,
the capacitor 22, the second thin-film transistor 23, and the
organic light-emitting device 24.

[0073] The optical property modification layers 31, 32, 33,
34, 35, 36, and 37 obtained by modifying the optical propet-
ties of the wiring units 25,26, and 27, the first and second gate
electrodes 212 and 232 of the first and second thin-film tran-
sistors 21 and 23, the first and second source electrodes 213
and 233 of'the first and second thin-film transistors 21 and 23,
the first and second drain electrodes 214 and 234 of the first
and second thin-film transistors 21 and 23, and the pixel
electrode 241 are disposed on top surfaces of the wiring units
25, 26, and 27, the first and second gate electrodes 212 and
232 of the first and second thin-film transistors 21 and 23, the
first and second source electrodes 213 and 233 of the first and
second thin-film transistors 21 and 23, the first and second
drain electrodes 214 and 234 of the first and second thin-film
transistors 21 and 23, and the pixel electrode 241, respec-
tively.

[0074] Also, the transparent interference layer 60 is dis-
posed on a surface of a second substrate 50.

[0075] The transparent interference layer 60 is disposed on
a surface of the second substrate 50, which is a transparent
substrate, on which external light is incident. The external
light enters the organic light-emitting display device 4 by
passing through the second substrate 50, but part of the exter-
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nal light is directly reflected by the surface of the second
substrate 50. Accordingly, the light reflected by the surface of
the second substrate 50 may enter an observer’s eyes along
with light emitted from the organic light-emitting layer 242,
and may reduce contrast.

[0076] However, in the organic light-emitting display
device 4 of FIGS. 9 through 11, since the transparent inter-
ference layer 60 having a thickness corresponding to %4 of a
wavelength of the external light is disposed on the surface of
the second substrate 50, the amount of external light reflected
by the surface of the substrate 50 may be reduced.

[0077] Referring to FIG. 10, part L, of external light L,
passes through the transparent interference layer 60 from the
air and is incident on the second substrate 50, and part [ , of
the external light L, is reflected by a surface of the transparent
interference layer 60. Also, part L ' of the light [, is reflected
at a boundary between the second substrate 50 and the trans-
parent interference layer 60. In this case, if a thickness ‘d’ of
the transparent interference layer 60 corresponds to ¥4 of a
wavelength A of the external light L,, the light L, reflected by
the transparent interference layer 60 and the light L '
reflected by the second substrate 50 are offset due to interfer-
ence, thus the amount of external light reflected on a surface
of the second substrate 50 can be reduced.

[0078] In this case, the thickness ‘d’ of the transparent
interference layer 60 may be determined in various ways, for
example, based on a wavelength of external light, by using an
arithmetical mean of wavelengths defining a visible spectrum
of light, or an arithmetical mean of wavelengths defining a
spectrum of external light.

[0079] Itis preferable that the transparent interference layer
60 has a refractive index n; between a refractive index ny=1 of
air and a refractive index n, of the second substrate 50. If the
second substrate 50 is a general glass having a refractive
index n, ofabout 1.5, in one embodiment, the refractive index
n, of the transparent interference layer 60 can be about 1.23,
but it is difficult to find a material having an appropriate
refractive index.

[0080] Inthe present embodiment, the transparent interfer-
ence layer 60 is formed of magnesium fluoride having a
refractive index of about 1.38. Magnesium fluoride has high
durability and is easily deposited by physical vapour deposi-
tion (PVD). Alternatively, the transparent interference layer
60 may be formed of silica or any of various transparent
materials having a high refractive index.

[0081] In FIG. 11, the first through third transparent inter-
ference layers 61, 62, and 63 are disposed on a surface of the
second substrate 50.

[0082] Referring to FIG. 11, part L, of external light L,
passes through the first through third transparent interference
layers 61, 62, and 63 from the air and is incident on the second
substrate 50. The nearer to the second substrate 50 the trans-
parent interface layer is disposed, the greater the refractive
index of the transparent interference layer is. In the illustrated
embodiments, the refractive index n13 of the transparent
interference layer 63 is greater than the refractive indices n11
and n12 of the transparent interference layers 61 and 62, and
the refractive index n12 of the transparent interference layer
62 is greater than the refractive index n11 of the transparent
interference layer 61. This can be expressed as n11<nl2<n13.
[0083] PartL,, oftheexternal light L, is reflected by the first
transparent interference layer 61, and part L,," of the light L,
is reflected at a boundary between the second transparent
interference layer 62 and the first transparent interference
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layer 61. In this case, if a thickness d1 of the first transparent
interference layer 61 corresponds to ¥4 of a wavelength & of
the external light L,, the light T, reflected by the first trans-
parent interference layer 61 and the light L' reflected at the
boundary between the second transparent interference layer
62 and the first transparent interference layer 61 are offset due
to interference.

[0084] Part L,, of the external light L, is reflected by the
second transparent interference layer 62, and part L' of the
light L, is reflected at a boundary between the third transpar-
ent interference layer 63 and the second transparent interfer-
ence layer 62. In this case, if a thickness d2 of the second
transparent interference layer 62 corresponds to % of the
wavelength A of the external light L,, the light L, reflected by
the second transparent interference layer 62 and the light L,,'
reflected at the boundary between the third transparent inter-
ference layer 63 and the second transparent interference layer
62 are offset due to interference.

[0085] Part L, of the external light L, is reflected by the
third transparent interference layer 63, and part L,;' of the
light L, is reflected at a boundary between the second sub-
strate 50 and the third transparent interference layer 63. In this
case, if a thickness d3 of the third transparent interference
layer 63 corresponds to %4 of the wavelength A of the external
light L,, the light L, reflected by the third transparent inter-
ference layer 63 and the light L,;' reflected at the boundary
between the second substrate 50 and the third transparent
interference layer 63 are offset due to interference. Accord-
ingly, the amount of external light reflected is reduced and
thus contrast is improved.

[0086] An organic light-emitting display device 5 accord-
ing to another embodiment of the present invention will be
explained with reference to FIG. 12. The organic light-emit-
ting display device 5 will be explained by focusing on differ-
ences from the organic light-emitting display device 4 of
FIGS. 9 through 11. The same elements as those in FIGS. 9
through 11 are denoted by the same reference numerals.
[0087] FIG. 12 is a cross-sectional view of the organic
light-emitting display device 5 that is a bottom-emission type,
according to another embodiment of the present invention.
[0088] Referring to FIG. 12, the organic light-emitting dis-
play device 5 includes the power wiring unit 25, the gate
wiring unit 26, and the data wiring unit 27 on the first sub-
strate 110, and also includes the first thin-film transistor 21,
the capacitor 22, the second thin-film transistor 23, and the
organic light-emitting device 24.

[0089] Since the organic light-emitting display device 5is a
bottom-emission type where light is emitted from the organic
light-emitting layer 242 toward the first substrate 110, the first
substrate 110 is a transparent substrate. The common elec-
trode 243 is a reflective electrode, and the pixel electrode 241
is a transparent electrode.

[0090] External light that enters the organic light-emitting
display device 5 through the first substrate 110 may be
reflected by electrodes and wiring units having a higher
reflectance, and then may be emitted along with light emitted
from the organic light-emitting layer 242, thereby reducing
contrast.

[0091] Accordingly, in the organic light-emitting display
device 5, since optical property modification layers 41, 42,
43, 45, 46, and 47 obtained by modifying the optical proper-
ties of the wiring units 25,26, and 27, the first and second gate
electrodes 212 and 232 of the first and second thin-film tran-
sistors 21 and 23, the first and second source electrodes 213
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and 233 of'the first and second thin-film transistors 21 and 23,
and the first and second drain electrodes 214 and 234 of the
first and second thin-film transistors 21 and 23 are disposed
on bottom surfaces of the wiring units 25, 26, and 27, the first
and second gate electrodes 212 and 232 ofthe first and second
thin-film transistors 21 and 23, the first and second source
electrodes 213 and 233 of the first and second thin-film tran-
sistors 21 and 23, and the first and second drain electrodes 214
and 234 of'the first and second thin-film transistors 21 and 23,
the amount of external light reflected by the wiring units 25,
26, and 27 and the electrodes 212, 213, 214,232,233, and 234
may be reduced.

[0092] Also, an optical property modification layer 44
obtained by modifying an optical property of the common
electrode 243 is formed on a surface of the common electrode
243, which is a reflective electrode, facing the organic light-
emitting layer 242. Accordingly, since the optical property
modification layer 44 has a reflectance lower than that of the
common electrode 243 or a light-absorptance higher than that
of the common electrode 243, the amount of external light
reflected by the common electrode 213 that is a reflective
electrode may be reduced. Although the optical property
modification layer 44 may be formed on an entire area of the
common electrode 243, the optical property modification
layer 44 may be formed on a part A corresponding to an area
where the organic light-emitting layer 242 is to be formed, as
shown in FIG. 12.

[0093] Also, the transparent interference layer 60 is dis-
posed on a surface of the first substrate 110, which is a
transparent substrate, on which external light is incident. The
transparent interference layer 60 may reduce the amount of
external light directly reflected by the surface of the first
substrate 110, and improve contrast.

[0094] As described above, an organic light-emitting dis-
play device according to the one or more embodiments of the
present invention has the following effects:

[0095] First, since optical property modification layers are
formed on surfaces of electrodes and wiring units, the amount
of external light reflected by the electrodes and the wiring
units may be reduced and contrast may be improved.

[0096] Second, since an optical property modification layer
1s formed on a surface of a reflective electrode, the amount of
external light reflected by the reflective electrode may be
reduced, and contrast reduction may be minimized.

[0097] Third, since a transparent interference layer is
formed on a transparent substrate of the organic light-emit-
ting display device, the amount of external light reflected by
the transparent substrate may be reduced and contrast may be
prevented from being reduced.

[0098] While embodiments of the present invention have
been particularly shown and described, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the present invention as defined by the
following claims.

What is claimed is:
1. An organic light-emitting display device comprising:
a first substrate and a second substrate;

an array of a plurality of pixels disposed between the first
and second substrates, each pixel comprising an organic
light-emitting device, the array comprising a pixel defin-
ing layer defining a plurality of light-emitting areas cor-
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responding to the plurality of pixels, wherein light from
the organic light-emitting device is emitted toward the
first substrate;

a thin film transistor (TFT) electrically connected to the
organic light-emitting device and the TFT comprising a
metallic electrode; and

the metallic electrode comprising a laser-treated surface on
the side facing the first substrate, wherein the laser-
treated surface has an optical property that is different
from that of the same surface but for a laser-treatment.

2. The organic light-emitting display device of claim 1,
wherein the laser-treated surface has a reflectance that is
lower than a reflectance of the surface before the laser-treat-
ment.

3. The organic light-emitting display device of claim 1,
wherein the laser-treated surface has a light-absorptance that
is higher than a light-absorptance of the surface before the
laser-treatment.

4. The organic light-emitting display device of claim 1,
wherein the laser-treated surface is different from the surface
before the laser-treatment in terms of at least one optical
property selected from the group consisting of a transmit-
tance, a refractive index, a diffraction, and a color.

5. The organic light-emitting display device of claim 1,
wherein the laser-treatment comprises applying femtosec-
ond-duration laser beam pulses to the surface of the metallic
electrode at least one time.

6. The organic light-emitting display device of claim 5,
wherein an area of the surface of the metallic electrode modi-
fied by femtosecond-duration laser beam pulses has a nanos-
cale or microscale size.

7. The organic light-emitting display device of claim 1,
further comprising a capacitor having an electrode, wherein
the TFT comprises a gate electrode, a source electrode, and a
drain electrode.

8. The organic light-emitting display device of claim 1,
wherein the metallic electrode comprises a gate wiring unit, a
data wiring unit, or a power wiring unit.

9. The organic light-emitting display device of claim 1,
wherein the organic light emitting device comprises a pixel
electrode separately formed in each pixel, a common elec-
trode facing the pixel electrode, and an organic light-emitting
layer disposed between the pixel electrode and the common
electrode, and wherein the pixel electrode has a surface facing
the organic light-emitting layer, wherein the surface is laser-
treated to provide an optical property that is different from
that of the same surface but for a laser-treatment.

10. The organic light-emitting display device of claim 9,
wherein the laser-treated surface of the pixel electrode has a
reflectance that is lower than a reflectance of the pixel elec-
trode before the laser-treatment.

11. The organic light-emitting display device of claim 9,
wherein the laser-treated surface of the pixel electrode has a
light-absorptance that is higher than a light-absorptance of
the pixel electrode before the laser-treatment.

12. The organic light-emitting display device of claim 1,
wherein at least one of the first substrate and the second
substrate is a transparent substrate, wherein the organic light-
emitting display device further comprises at least one trans-
parent interference layer that is disposed on a surface of the
transparent substrate on which external light is incident.

13. The organic light-emitting display device of claim 11,
wherein the transparent interference layer has a thickness
equal to about ¥4 of a wavelength of the external light.
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14. The organic light-emitting display device of claim 11,
wherein the transparent interference layer has a refractive
index that is lower than a refractive index of the transparent
substrate.

15. The organic light-emitting display device of claim 11,
wherein the transparent interference layer comprises one
material selected from the group consisting of magnesium
fluoride, silica, a transparent material having a high refractive
index, and a combination thereof.

16. The organic light-emitting display device of claim 11,
wherein the at least one transparent interference layer com-
prises a first transparent interference layer and a second trans-
parent interference layer which is closer to the transparent
substrate than the first transparent interference layer and has
a refractive index greater than that of the first transparent
interference layer.

17. The organic light-emitting display device of claim 11,
wherein the at least one transparent interference layer com-
prises a plurality of the transparent interference layers and
each transparent interference layer has a thickness equal to
about %4 of a wavelength of the external light.

I I T T
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