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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to the Korean Patent
Application No. 10-2012-0094094 filed on Aug. 28, 2012, the
entirety of which is hereby incorporated by reference herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to an organic light

emitting diode (OLED)display device and a method of manu-
facturing the same, and more particularly, to an active-matrix
OLED (AMOLED) display device and a method of manufac-
turing the same.

[0004] 2. Discussion of the Related Art

[0005] Recently, as the information age has come and
research on flat panel display devices continues to accelerate,
OLED display devices posterior to liquid crystal display
(LCD) devices are being actively developed as next-genera-
tion flat panel display devices.

[0006] Since OLED display devices are self-emitting
devices, the OLED display devices do not need a backlight
unlike LCD devices, and thus can be more lightened and
thinned than the LCD devices. Also, the OLED display
devices are driven at a low voltage, realize colors close to
natural colors, and have high emission efficiency, a wide
viewing angle, and a fast response time. Accordingly, the
OLED display devices can vividly realize high-quality mov-
ing images.

[0007] OLED display devices are current driving devices,
and use a complicated driving circuit compared to LCD
devices. In each of a plurality of sub-pixels defined by inter-
section between a plurality of gate lines and data lines, a gate
signal transferred through a gate line is applied to a gate
electrode of a switching thin film transistor, and a data signal
transferred through a data line is applied to a driving thin film
transistor by the gate electrode. The data signal applied to a
gate electrode of the driving thin film transistor allows a
driving current transferred through a power source line to be
applied to an anode electrode of a corresponding sub-pixel,
thereby driving an organic light emitting layer.

[0008] As described above, each sub-pixel of an OLED
display device includes a switching thin film transistor and a
driving thin film transistor, namely, fundamentally needs two
or more thin film transistors. Also, each sub-pixel includes a
complicated compensation circuit, for emitting desired color
light during a desired time.

[0009] The aperture ratio of OLED display devices is con-
siderably lowered by the thin film transistors and the com-
pensation circuit, and thus the intensity of light emitted to the
outside is reduced, and light extraction efficiency decreases.
[0010] Moreover, light emitted from an OLED of an OLED
display device passes through a plurality of thin films, and is
finally transferred to the outside through a polarizer. The
polarizer is applied to OLED display devices, for preventing
the reflection of external light. The emitted light is totally
reflected by the thin films and thus lost, or at least 50% of the
emitted light is lost while the emitted light passes through the
polarizer. For this reason, luminance and light extraction effi-
ciency are reduced.
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SUMMARY

[0011] Accordingly, the present invention is directed to an
OLED display device and a method of manufacturing the
same that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0012] An aspect of the present invention is directed to
provide an OLED display device with enhanced light extrac-
tion efficiency and a method of manufacturing the same.
[0013] Additional advantages and features of the invention
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in the
art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0014] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, there is provided an OLED display
device including: a substrate segmented into a plurality sub-
pixel regions; a thin film transistor formed in each of the
sub-pixel regions; an insulating layer and a planarizion layer
formed on the thin film transistor; a semitransparent reflective
layer selectively formed in each sub-pixel region on the pla-
narizion layer, and including a transparent layer and a semi-
transparent metal layer; a protective layer formed on the
semitransparent reflective layer; an anode electrode formed in
aregion corresponding to the semitransparent reflective layer
on the protective layer, and connected to the thin film transis-
tor; an organic light emitting layer connected to the anode
electrode, and emitting light; and a cathode electrode formed
on the organic light emitting layer.

[0015] In another aspect of the present invention, there is
provided a method of manufacturing an OLED display device
including: forming a thin film transistor in each of a plurality
of sub-pixel regions on a substrate; selectively forming a
semitransparent reflective layer in each sub-pixel region on
the thin film transistor; forming a protective layer on the
semitransparent reflective layer; patterning the protective
layer to expose the thin film transistor; and forming an anode
electrode on the patterned protective layer, the anode elec-
trode being formed as at least one conductive material layer.
[0016] In another aspect of the present invention, there is
provided a method of manufacturing an OLED display device
including;: forming a thin film transistor in each of first to third
sub-pixel regions on a substrate; forming an insulating layer
on the thin film transistor; selectively forming a semitrans-
parent reflective layer in each sub-pixel region on the insu-
lating layer; forming a protective layer on the semitransparent
reflective layer; selectively forming a first conductive mate-
rial layer in each sub-pixel region on the protective layer; and
forming a second conductive material layer on the first con-
ductive material layer and the protective layer.

[0017] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
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trate embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0019] FIG. 1 is a sectional view illustrating an OLED
display device according to an embodiment of the present
invention;

[0020] FIG. 2 is a sectional view illustrating a resonance
structure according to an embodiment of the present inven-
tion;

[0021] FIGS. 3A to 3G are sectional views illustrating a
method of manufacturing an OLED display device according
to an embodiment of the present invention; and

[0022] FIGS. 4A to 4E are sectional views illustrating a
method of manufacturing an OLED display device according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0024] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0025] FIG. 1 is a sectional view illustrating an OLED
display device according to an embodiment of the present
invention.

[0026] As illustrated in FIG. 1, the OLED display device
according to an embodiment of the present invention includes
a substrate 110, a thin film transistor 120, an insulating layer
130, a planarizion layer 140, a semitransparent reflective
layer 150, a protective layer 160, an anode electrode 170, an
organic light emitting layer 180, and a cathode electrode 190.
[0027] The substrate 10 may be formed of glass, a trans-
parent flexible material, or an opaque insulating material. The
transparent flexible material may be polyimide, polyetherim-
ide (PEI), polyethyeleneterepthalate (PET) or the like. In a
bottom emission type in which light is transferred through the
substrate 110, the substrate 110 is required to be transparent.
However, in a top emission type in which light is transferred
to outside the cathode electrode 190, the substrate 110 is not
necessarily required to be transparent, and may be formed of
various materials.

[0028] The thin film transistor 120 is formed on the sub-
strate 110. The thin film transistor 120 of FIG. 2 is a driving
thin film transistor connected to the anode electrode 170.
[0029] In order for the organic light emitting layer 180 to
emit light with image information of a data signal that is
inputted according to a scan signal, a switching thin film
transistor (not shown) and a driving thin film transistor (not
shown) are necessary.

[0030] In the switching thin film transistor, when a scan
signal is applied to a gate electrode (not shown) extended
from a gate line (not shown), a source electrode (not shown)
extended from a data line (not shown) receives a data signal,
which is transferred to a gate electrode (not shown) of the
driving thin film transistor.

[0031] In the driving thin film transistor, a current trans-
ferred through a power source line (not shown) is applied to
the anode electrode 170 through a drain electrode (not shown)
with the transferred data signal from the switching thin film
transistor, and the emission of the organic light emitting layer
180 in a corresponding pixel is controlled with the current.
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[0032] Each of a plurality of pixels includes a compensa-
tion circuit for preventing abnormal driving that is caused by
the delay and/or phase change of various electrical signals,
and the compensation circuit may include an additional thin
film transistor. Also, the compensation circuit may include a
storage capacitor for holding the emission of the organic light
emitting layer 180 for a time lasting from a previous frame to
a next frame.

[0033] The insulating layer 130 is formed on the thin film
transistor 120. Also, the insulating layer 130 is formed on a
metal line including a gate line, a data line, and a compensa-
tion circuit that are necessary for driving the organic light
emitting layer 180 as well as the thin film transistor 120. The
insulating layer 130 protects the thin film transistor 120 and
the metal line from various chemical materials in performing
aprocess, and performs an insulating function inside a device.
The insulating layer 130 may be formed of silicon nitride
(SiNx).

[0034] The planarizion layer 140 is formed on the insulat-
ing layer 130. The thin film transistor 120 and the metal line
are formed under the insulating layer 130, and thus a surface
of the insulating layer 130 is not flat. Therefore, the planariz-
ion layer 140 planarizes a surface in order to stably form the
semitransparent reflective layer 150 and the organic light
emitting layer 180 (which are formed on the planarizion layer
140) and an upper stacking structure. The planarizion layer
140 may be formed of all acryl-based materials including
photo acryl (PAC) or all materials that form a flat film.
[0035] The semitransparent reflective layer 150 is formed
in a region corresponding to a region in which the organic
light emitting layer 180 on the planarizion layer 140 emits
light. The semitransparent reflective layer 150 includes a
semitransparent metal layer 151. The semitransparent metal
layer 151 may be formed of an alloy including silver (Ag).
However, metal such as Ag has low adhesive strength to a
material (for example, SiNx) that forms the planarizion layer
140 and the protective layer 160, and thus in order to prevent
the semitransparent metal layer 151 from being partially
detaching from the planarizion layer 140 and the protective
layer 160, adhesive strength can be enhanced by additionally
forming a transparent layer 152 (having high adhesive
strength) in a region in which the semitransparent metal layer
151 contacts the planarizion layer 140 and the protective layer
160. Therefore, the semitransparent reflective layer 150 may
include the semitransparent metal layer 151 and the transpar-
ent layer 152. The transparent layer 152 may be formed of a
transparent material having high adhesive strength to the
semitransparent metal layer 151, the planarizion layer 140,
and the protective layer 160. Accordingly, the transparent
layer 152 may be formed of transparent conductive oxide
such as indium tin oxide (ITO), indium zinc oxide (IZ0), or
indium tin zinc oxide (ITZO). Alternatively, the transparent
layer 152 may be formed of a material including zinc oxide or
tin oxide that is conductive oxide having transparency higher
than transparent conductive oxide. Also, the transparent layer
152 is not required to be formed of a conductor in which
electricity flows, and thus may be formed of a material that is
transparent and has high adhesive strength and low conduc-
tivity.

[0036] The semitransparent metal layer 151 transfers a por-
tion of light emitted from the organic light emitting layer 180
or a portion of light reflected by the cathode electrode 190 to
the outside, and reflects another portion of light in the direc-
tion of the cathode electrode 190. Inthis case, when a distance
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between the semitransparent reflective layer 150 and the cath-
ode electrode 190 is an integer multiple of the half-wave
length of light emitted from a corresponding pixel, light is
amplified through constructive interference. When such a
reflection operation is repeated, the degree of light amplifi-
cation increases continuously, and thus external extraction
efficiency of light emitted from the organic light emitting
layer 180 can be enhanced.

[0037] The semitransparent reflective layer 150 is sepa-
rated from the cathode electrode 190 by a distance corre-
sponding to an integer multiple of the half-wave length of
corresponding light, and thus may be formed in only a sub-
pixel that emits light having color other than white. There-
fore, in a WRGB type in which four sub-pixels (white (W),
red (R), green (G), and blue (B) sub-pixels) comprises one
pixel, the semitransparent reflective layer 150 is not formed in
the white sub-pixel. White light includes an entire wavelength
range of visible light, and thus when the semitransparent
reflective layer 150 is formed in the white sub-pixel, specific
color light having wavelength in which a distance between the
semitransparent reflective layer 150 and the cathode electrode
190 satisfies an integer multiple of half-wave length is more
amplified than other color light. Accordingly, white light is
not emitted, and may be distorted into amplified color light
and emitted.

[0038] The positioning of the semitransparent reflective
layer 150 may be changed according to the OLED display
device having the bottom emission type or the top emission
type. In the bottom emission type, as described above, the
semitransparent reflective layer 150 may be disposed under
the anode electrode 170 or on the same plane as that of the
anode electrode 170. In the top emission type, the semitrans-
parent reflective layer 150 may be disposed on the same plane
as that of the cathode electrode 190 or on the cathode elec-
trode 190.

[0039] The protective layer 160 is formed on the semitrans-
parent reflective layer 150. The protective layer 160 may be
formed of SiNx, and may be formed of a transparent insulat-
ing material. The protective layer 160 is formed on the semi-
transparent reflective layer 150, and insulates the semitrans-
parent reflective layer 150 from the anode electrode 170.
Also, the protective layer 160 may be formed to completely
cover the semitransparent reflective layer 150 and completely
surrounded by the protective layer 160 and the planarizion
layer 140, and thus can prevent the damage of the transparent
layer 152 (which is formed of the same material as that of the
anode electrode 170) in etching the anode electrode 170 later.
[0040] The anode electrode 170 is formed in a region cor-
responding to the semitransparent reflective layer 150 on the
protective layer 160. The anode electrode 170 is formed of a
transparent conductive material, and may be generally
formed of transparent conductive oxide such as ITO, IZO, or
ITZO having a high work function. Alternatively, the anode
electrode 170 may be formed of a material including zinc
oxide or tin oxide that is conductive oxide having a work
function lower than 1TO.

[0041] Theanode electrode 170 is electrically connected to
the organic light emitting layer 180 formed in each pixel, and
supplies a hole to the organic light emitting layer 180. When
an electron supplied from the cathode electrode 190 is com-
bined with the hole supplied from the anode electrode 170 and
thus the organic light emitting layer 180 emits light, light is
transferred in upper and lower directions of the anode elec-
trode 170, and a light transfer direction is changed according
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to the position of a reflector (not shown). In the bottom emis-
sion type, light is required to be transferred in a lower direc-
tion of the anode electrode 170, and thus the cathode elec-
trode 190 may be used as the reflector. In the top emission
type, light is required to be transferred in an upper direction of
the anode electrode 170, and thus the reflector is formed
inside the anode electrode 170 or the substrate 110 itself is
formed of opaque metal, whereby light may be reflected in an
upper direction thereof, namely, in the cathode electrode 190
direction. Alternatively, the reflector is formed between the
substrate 110 and the anode electrode 170, and thus light may
be transferred to the outside through the transparent cathode
electrode 190.

[0042] The anode electrode 170 may directly contact the
organic light emitting layer 180, or may be electrically con-
nected to the organic light emitting layer 180 with a conduc-
tive material therebetween. The anode electrode 170 needs to
have a high work function as described above. When a work
function that denotes a difference between an internal energy
level and an external energy level is high, the number of
internal electrons transferred to the outside is reduced.
Accordingly, in a material having a high work function, the
degree of hole supply is high, and thus the material normally
acts as the anode electrode 170.

[0043] The anode electrodes 170 of different pixels may
have different thicknesses. This is because wavelengths of
lights emitted from different pixels differ, and thus it is
required to adjust a distance, in which waves resonate by
wavelength of emitted light, for realizing resonance. When a
value corresponding to the least common multiple of half-
wave lengths of emitted lights is set as a resonance distance,
at least one of emitted lights is repeatedly reflected between
the semitransparent reflective layer 150 and the cathode elec-
trode 190 without being transferred to the outside and thus
resonance occurs, and the amplitude of emitted light in which
the resonance occurs becomes higher through constructive
interference, thus enhancing the extraction efficiency of light
transferred to the outside.

[0044] Theorganic light emitting layer 180 is formed onthe
anode electrode 170. The organic light emitting layer 180 is
electrically connected to the anode electrode 170, receives a
hole from the anode electrode 170, receives an electron from
the cathode electrode 190, and emits light having specific
wavelength by the recombination of the hole and electron.
[0045] In an RGB type, the organic light emitting layers
180 of different sub-pixels are separated from each other, and
formed of different organic materials, which emit lights hav-
ing different wavelengths in respective sub-pixels. In the
WRGB type, the organic light emitting layer 180 is formed by
mixing organic materials that emit red light, green light, and
blue light, or formed by randomly stacking the organic mate-
rials that emit red light, green light, and blue light, in which
case white light is emitted from the organic light emitting
layer 180 and then lights having different colors are emitted
from respective sub-pixels through red, green, and blue color
refiners (not shown).

[0046] In the WRGB type, when the bottom emission type
is used, the white light is transferred in a lower direction of the
organic light emitting layer 180, and thus the white light
passes through a color refiner (not shown) formed under the
organic light emitting layer 180 and thus is transferred to the
outside as one of emitted lights including red, green, and blue.
When the top emission type is used, the white light is trans-
ferred in an upper direction of the organic light emitting layer
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180, and thus the white light passes through a color refiner
(not shown) formed on the organic light emitting layer 180
and thus is transferred to the outside as one of emitted lights
including red, green, and blue. The color of emitted light is
not limited thereto, and the emitted light may have one of
white, cyan, light blue, dark blue, orange, and yellow. Also, in
a pixel that emits white light, the organic light emitting layer
180 emits white light, and thus a separate color refiner may
not be provided.

[0047] As described above, since lights emitted from
respective organic light emitting layers 180 of different pixels
have different wavelengths, a resonance distance is set to be
suitable for the wavelength of each emitted light in the reso-
nance structure. The resonance distance is determined with
the thickness of the anode electrode 170. By stacking a dif-
ferent number of thin films in respective sub-pixels or differ-
ently setting the degree of etching for each sub-pixel, the
thickness of the anode electrode 170 may be adjusted to be
suitable for light emitted from each pixel.

[0048] The cathode electrode 190 is formed on the organic
light emitting layer 180. The same voltage is applied to the
cathode electrodes 190 of all pixels, and thus the cathode
electrode 190 may be a kind of common electrode. Therefore,
the cathode electrode 190 may be formed as a single layer that
covers the entirety of the substrate 110, without patterning.
Also, a resistance can be reduced by connecting an auxiliary
electrode to a top or bottom of the cathode electrode 190, for
preventing the drawback of driving due to the increase in a
resistance.

[0049] The cathode electrode 190 may be formed of Ag, Al,
and Mo having high electrical conductivity and a low work
function, or an alloy of Ag and Mg, or an alloy thereof. Also,
in the top emission type, light emitted from the organic light
emitting layer 180 needs to pass through the cathode elec-
trode 190, and thus the cathode electrode 190 may be formed
to a thickness of several hundreds A or less.

[0050] The cathode electrode 190 is electrically connected
to the organic light emitting layer 180 formed in each pixel,
and supplies an electron to the organic light emitting layer
180. When the electron supplied to the cathode electrode 190
is combined with a hole supplied from the anode electrode
170 and thus light is emitted from the organic light emitting
layer 180, light is transferred to upper and lower the anode
electrode 170. In the bottom emission type, the cathode elec-
trode 190 is formed of opaque metal and acts as a reflector, or
a reflector (not shown) is separately formed in correspon-
dence with the organic light emitting layer 180, in a region
opposite to a light transfer direction. In the top emission type,
light is required to be transferred in an upper direction of the
cathode electrode 190, and thus the cathode electrode 190
may be formed of a conductive material having light trans-
missivity, and a reflector may be formed inside the anode
electrode 170 or on the substrate 110, in which case the
substrate 110 itself is formed of opaque metal and thus emit-
ted light is induced to be transferred in the cathode electrode
190 direction.

[0051] FIG. 2 is a sectional view illustrating a resonance
structure according to an embodiment of the present inven-
tion.

[0052] As illustrated in FIG. 2, the resonance structure
according to an embodiment of the present invention includes
the organic light emitting layer 180, the anode electrode 170,
the cathode electrode 190, and the semitransparent reflective
layer 150.
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[0053] Resonance can enhance light extraction efficiency
with a resonance effect using repetitive reflection of light
(which is emitted from the organic light emitting layer 180)
between the semitransparent reflective layer 150 and the cath-
ode electrode 190.

[0054] The OLED display device includes a plurality of
pixels that emit different color lights. Each of the pixels
generally includes three sub-pixels that emit three color lights
of red, green, and blue, and may further include a plurality of
sub-pixels that respectively emit white, cyan, light blue, dark
blue, orange, and yellow lights.

[0055] Each of color lights such as red light, green light,
and blue light has a specific peak wavelength range, which is
represented as the wavelength of specific color light. FIG. 2
exemplarily illustrates the resonances of red and green lights
respectively emitted from a red sub-pixel and a green sub-
pixel, but is not limited thereto. Various color lights having
specific peak wavelength may resonate in the principle of
FIG. 2. Hereinafter, a red sub-pixel and a green sub-pixel that
are formed in the WRGB type will be described as an
example.

[0056] Inthe red sub-pixel, white light L1 emitted from the
organic light emitting layer 180 passes through a red color
refiner (not shown) and is thereby changed to red light L1,
which is reflected to the semitransparent metal layer 151 of
the semitransparent reflective layer 150. Also, the amplitude
ofthe red light L1 increases through constructive interference
by repeatedly performing an operation in which the red light
L1 is again reflected by the cathode electrode 190. A portion
of the red light L1 having the increased amplitude is again
reflected to the cathode electrode 190, and another portion of
the red light L1 is transferred to the outside through the
semitransparent reflective layer 150.

[0057] The resonance of red light .1 has been described
above, in the bottom emission type. There is a difference
between the bottom emission type and the top emission type
in that a direction in which the red light L1 is transferred to the
outside is the cathode electrode 190 direction in the top emis-
sion type.

[0058] Inred visible light, a wavelength range is about 610
nm to about 700 nm, and thus in a condition in which the
intermediate value of a peak wavelength is about 655 nm,
resonance occurs when a distance from the semitransparent
reflective layer 150 to the cathode electrode 190 becomes an
integer multiple of about 327.5 nm corresponding to half of
655 nm.

[0059] In the green sub-pixel, white light 1.2 emitted from
the organic light emitting layer 180 passes through a green
color refiner (not shown) and is thereby changed to green light
L2, which is reflected to the semitransparent metal layer 151
of the semitransparent reflective layer 150. Also, the ampli-
tude of the green light 1.2 increases through constructive
interference by repeatedly performing an operation in which
the green light L2 is again reflected by the cathode electrode
190. A portion of the green light [.2 having the increased
amplitude is again reflected to the cathode electrode 190, and
another portion of the green light [.2 is transferred to the
outside through the semitransparent reflective layer 150.
[0060] The resonance of green light has been described
above, in the bottom emission type. There is a difference
between the bottom emission type and the top emission type
in that a direction in which the green light is transferred to the
outside is the cathode electrode 190 direction in the top emis-
sion type.
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[0061] In green visible light, a wavelength range is about
500 nm to about 570 nm, and thus in a condition in which the
intermediate value of a peak wavelength is about 535 nm,
resonance occurs when a distance from the semitransparent
reflective layer 150 to the cathode electrode 190 becomes an
integer multiple of about 267.5 nm corresponding to half of
535 nm.

[0062] Inblue visiblelight, a wavelengthrange is about 450
nm to about 500 nm, and thus in a condition in which the
intermediate value of a peak wavelength is about 475 nm,
resonance occurs when a distance from the semitransparent
reflective layer 150 to the cathode electrode 190 becomes an
integer multiple of about 237.5 nm corresponding to half of
475 nm.

[0063] FIGS. 3A to 3G are sectional views illustrating a
method of manufacturing an OLED display device according
to an embodiment of the present invention.

[0064] Asillustrated in FIG.3A, the thin film transistor 120
including a gate electrode (not shown) is formed on the sub-
strate 110. A metal layer of the thin film transistor 120 may be
formed of one of the group consisting of MO, Cr, and Ti, and
formed by one of a sputtering process and an evaporation
process.

[0065] Subsequently, the insulating layer 130 is formed by
depositing SiNx on the thin film transistor 120. The insulating
layer 130 may be formed of a transparent insulating material
as well as SiNx, and formed by a plasma enhanced chemical
vapor deposition (PECVD) process.

[0066] Subsequently, the planarizion layer 140 is formed
by depositing PAC on the insulating layer 130. The planariz-
ion layer 140 has a function of planarizing the unevenness of
a lower structure, and therefore needs to have very excellent
film uvniformity.

[0067] Subsequently, as illustrated in FIG. 3B, the insulat-
ing layer 130 corresponding to the thin film transistor 120
formed in each sub-pixel is exposed by patterning the pla-
narizion layer 140

[0068] Subsequently, as illustrated in FIG. 3C, the semi-
transparent reflective layer 150 is formed on the planarizion
layer 140. The semitransparent reflective layer 150 includes
the semitransparent metal layer 151. Alternatively, the semi-
transparent reflective layer 150 includes the transparent layer
152 and the semitransparent metal layer 151, and may be
formed by alternately stacking the transparent layer 152 and
the semitransparent metal layer 151. The semitransparent
metal layer 151 may be formed of a metal material suchas Ag,
Al, or Cr, and formed as a thin film for partially transmitting
light and reflecting the other light. The semitransparent metal
layer 151 may be formed to a thickness of about several
hundreds A for the optimal reflectivity, but the thickness of
the semitransparent metal layer 151 is not limited thereto. The
transparent layer 152 may be formed of transparent conduc-
tive oxide or a non-conductive transparent material for
enhancing adhesive strength to SiNx that is a material of the
semitransparent metal layer 151 and a material of the protec-
tive layer 160 to be formed later. Therefore, the transparent
layer 152 may be formed in a region that enables the semi-
transparent metal layer 151 to contact SiNx.

[0069] The semitransparent reflective layer 150 is formed
on the planarizion layer 140 and the insulating layer 130
under the substrate 110, and then a region other than a region
in which the anode electrode 170 will be formed later (i.e., a
region to which light emitted from the organic light emitting
layer 180 is transferred) may be removed through patterning.
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The semitransparent reflective layer 150 is a region for caus-
ing the resonance of light emitted from the organic light
emitting layer 180 of each sub-pixel, and thus as described
above, the semitransparent reflective layer 150 may be
formed in only a light emitting region, but is not limited to the
above description. The semitransparent reflective layer 150
may be formed to overlap the anode electrode 170 in a region
that is completely surrounded by the protective layer 160 and
the planarizion layer 140.

[0070] Moreover, when the OLED display device includes
a white sub-pixel, the semitransparent reflective layer 150
may not be formed in the white sub-pixel. This is because
white light includes several wavelengths as described above,
and thus when the white light is repeatedly reflected by the
semitransparent reflective layer 150 and thus resonance
occurs, color is distorted. However, the semitransparent
reflective layer 150 or a similar structure having reflectivity
lower than that of the semitransparent reflective layer 150
may be formed within a range in which the color of the white
light is not distorted, but is not limited to the above descrip-
tion.

[0071] Subsequently. as illustrated in FIG. 3D, the protec-
tive layer 160 is formed on the semitransparent reflective
layer 150, the planarizion layer 140 exposed through the
semitransparent reflective layer 150, and the insulating layer
130 that is exposed by patterning the planarizion layer 140.
The protective layer 160 may be formed of SiNx or a trans-
parent material similar to SiNx. The protective layer 160
separates the semitransparent reflective layer 150 from first
and second conductive material layer 171 and 172 that will be
formed later.

[0072] Inacase where the transparent layer 152 is formed
of the same material as that of the first and second conductive
material layer 171 and 172, when the transparent layer 152 is
exposed to the outside, the transparent layer 152 can be dam-
aged in wet-etching the first and second conductive material
layers 171 and 172 that are formed later. Accordingly, the
protective layer 160 can prevent the transparent layer 152
from being damaged in wet-etching the first and second con-
ductive material layers 171 and 172.

[0073] Subsequently. as illustrated in FIG. 3E, the first con-
ductive material layer 171 configuring the anode electrode
170 is selectively formed in each sub-pixel region. The first
conductive material layer 171 is a layer that is inserted for
adjusting a resonance distance to an integer multiple of half-
wave length of light emitted from a corresponding sub-pixel.
Therefore, the first conductive material layer 171 is formed in
aregion corresponding to the semitransparent reflective layer
150, and may be formed by stacking a conductive material
layer at least one time for adjusting a distance. However, the
number of stacks is not limited.

[0074] The first conductive material layer 171 may be
formed of transparent conductive oxide such as ITO, IZO, or
ITZO. Alternatively, the anode electrode 170 may be formed
of a material including zinc oxide or tin oxide that is conduc-
tive oxide having a work function lower than ITO.

[0075] To describe ITO as an example, ITO is first depos-
ited on the protective layer 160 and exposed, and then, after
wet-etching ITO with oxialic acid as an etchant, the first
conductive material layer 171 may be selectively formed in
each sub-pixel.

[0076] InFIG. 3, the first conductive material 171 is formed
in only two sub-pixels. However, the first conductive material
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layer 171 may be formed in several cases, for adjusting an
integer multiple of half-wave length of light emitted from
each sub-pixel.

[0077] For example, in a case where red light, green light,
and blue light are emitted from respective sub-pixels, when
the half-wave length of red light is 10k, the half-wave length
of green light becomes about 8 k, and the half-wave length of
blue light becomes about 7 k. In a first scheme that sets a
resonance distance, a resonance distance of a sub-pixel emit-
ting red light, a resonance distance of a sub-pixel emitting
green light, and a resonance distance of a sub-pixel emitting
blue light may be set at a ratio of 10:8:7. That is, resonance
distances of respective sub-pixels may be differently set.
[0078] In a second scheme that sets a resonance distance,
resonance distances of two sub-pixels among three sub-pixels
may be identically set. For example, when desiring to identi-
cally seta resonance distance of a sub-pixel emitting red light
and a resonance distance of a sub-pixel emitting green light,
the resonance distances of the two sub-pixels may be identi-
cally set to 40 k by applying 40 that is the least common
multiple of 10 and 8.

[0079] Moreover, when desiring to identically set a reso-
nance distance of a sub-pixel emitting green light and a reso-
nance distance of a sub-pixel emitting blue light, the reso-
nancedistances of the two sub-pixels may be identically set to
56 k by applying 56 that is the least common multiple of 8 and
7

[0080] Moreover, when desiring to identically set a reso-
nance distance of a sub-pixel emitting blue light and a reso-
nance distance of a sub-pixel emitting red light, the resonance
distances of the two sub-pixels may be identically set to 70 k
by applying 70 that is the least common multiple of 7 and 10.
[0081] As illustrated in FIG. 3E, when the resonance dis-
tances of two sub-pixels are identically set, a photolithogra-
phy process can be simplified. Also, when 56 k that is the
shortest distance among the resonance distances is selected as
a resonance distance, the resonance distance is not largely
increased, and thus as a light movement path increases, the
decrease in light efficiency can be minimized.

[0082] When desiring to identically set the resonance dis-
tances of the respective sub-pixels emitting the red light,
green light, and blue light, a resonance distance may be set to
560k by applying 560 that is the least common multiple of 10,
8, and 7. When the resonance distance is set to 560k, a device
becomes thicker, and the movement path of emitted light
becomes longer, causing the loss of light. For this reason,
identically adjusting the resonance distances of two sub-pix-
els selected from among a plurality of sub-pixels may be an
appropriate embodiment that enhances light efficiency and
moreover satisfies the advantages of a process.

[0083] Subsequently, as illustrated in FIG. 3F, the thin film
transistor 120 is exposed by patterning the insulating layer
130 and the protective layer 160 (which are formed in a region
corresponding to the thin film transistor 120) before forming
the second conductive material layer 172. The exposed region
of the thin film transistor 120 is a region that is connected to
the second conductive material layer 172 later, and more
specifically, may be a drain electrode to which a driving
current for driving the organic light emitting layer 180 is
applied. The insulating layer 130 and the protective layer 160
may be patterned through dry etching.

[0084] Subsequently, as illustrated in FIG. 3G, the second
conductive material layer 172 is formed on the first conduc-
tive material layer 171 of a sub-pixel with the first conductive
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material layer 171 formed therein, and simultaneously, the
second conductive material layer 172 is formed on the pro-
tective layer 160 of a sub-pixel in which the first conductive
material layer 171 is not formed.

[0085] The second conductive material layer 172 is formed
over a portion of the substrate 110 on the first conductive
material layer 171 and the protective layer 160, and then by
patterning the second conductive material layer 172 for each
sub-pixel through wet etching, the second conductive mate-
rial layer 172 connected to the thin film transistor 120 of each
sub-pixel may be formed.

[0086] FIGS. 4A to 4E are sectional views illustrating a
method of manufacturing an OLED display device according
to another embodiment of the present invention.

[0087] As illustrated in FIG. 4A, a thin film transistor 120,
a protective layer 130, a planarizion layer 140, a semitrans-
parent reflective layer 150, a protective layer 160, and a first
conductive material layer 171 are sequentially formed on the
substrate 110.

[0088] Subsequently, a photoresist material is deposited
over the substrate 110, and diffraction-exposed with a diffrac-
tion exposure mask M. Subsequently, a region corresponding
to the thin film transistor 120 and a boundary region of each
of a plurality of sub-pixels are completely exposed to light
and removed through wet etching. Also, a region (ie., a
region to which light emitted from the organic light emitting
layer 180 is transferred) corresponding to the semitransparent
reflective layer 150 of each sub-pixel is exposed to light by
half, and thus a portion of an upper layer of a photoresist layer
PR is removed, thereby forming a photoresist layer PR having
a first thickness T1 in some sub-pixel regions. Furthermore, a
photoresist layer PR having a second thickness T2 is formed
in a sub-pixel region in which light is completely blocked.
[0089] The photoresist layer PR having the second thick-
ness T2 is formed in a sub-pixel in which the first conductive
material layer 171 will be formed, and the photoresist layer
PR having the first thickness T1 is formed in a sub-pixel in
which the first conductive material layer 171 is not formed.
The sub-pixel with the first conductive material layer 171
formed therein is not limited to FIG. 4A, and a sub-pixel may
be selectively formed in various cases.

[0090] Subsequently, as illustrated in FIG. 4B, the first
conductive material layer 171 exposed through the photore-
sist layer PR is removed through wet etching, with the pho-
toresist layer PR as a mask. Subsequently, the thin film tran-
sistor 120 is exposed by dry-etching the protective layer 160
and the insulating layer 130. Subsequently to an operation of
etching the first conductive material layer 171, the protective
layer 160 and insulating layer 130 exposed through the pho-
toresist layer PR may be removed without performing a sepa-
rate exposure process, thus decreasing the number of pro-
cesses and the number of masks.

[0091] Subsequently. as illustrated in FI1G. 4C, by ashing
the photoresist layer PR, the photoresist layer PR having the
first thickness T1 is removed, and the first conductive material
layer 171 formed under the removed photoresist layer PR is
exposed. The ashing process removes only a specific portion
by combusting the photoresist layer PR unlike in a process
that removes a thin film through etching. The first conductive
material layers 171 in some sub-pixel regions are additionally
exposed through the asching process.

[0092] Subsequently. as illustrated in FIG. 4D, the first
conductive material layer 171 that has been additionally
exposed through the ashing process is removed through wet



US 2014/0061595 A1l

etching. A sub-pixel region, from which the first conductive
material layer 171 has been removed, may be a sub-pixel
having a resonance distance that is set shorter than that of the
other sub-pixels. Therefore, the first conductive material
layer 171 may be selectively formed in each sub-pixel.
[0093] Subsequently, as illustrated in FIG. 4E, a second
conductive material layer 172 is formed in each pixel region.
The second conductive material layer 172 may be formed on
the first conductive material layer 171 depending on each
pixel region. In the sub-pixel from which the first conductive
material layer 171 has been removed, the second conductive
material layer 172 may be formed on the protective layer 160.
Also, the second conductive material layer 172 is connected
to the exposed thin film transistor 120. Therefore, an anode
electrode configured with the first and second conductive
material layers 171 and 172 may be formed.

[0094] As described above, anode electrodes 170 having
different thicknesses are formed by stacking a plurality of
conductive material layers, and thus light efficiency can be
enhanced through resonance of emitted light.

[0095] Moreover, the anode electrodes 170 having different
thicknesses are formed through the diffraction exposure pro-
cess and the process of ashing the photoresist layer PR, thus
decreasing the number of processes and the number of masks.
Furthermore, the protective layer 160 is formed between the
semitransparent reflective layer 150 and the anode electrode
170, thus preventing the semitransparent reflective layer 150
from being damaged in performing a process.

[0096] According to the embodiments of the present inven-
tion, light extraction efficiency can be enhanced by forming
the resonance structure that amplifies light emitted from the
organic light emitting layer.

[0097] Moreover, according to the embodiments of the
present invention, the semitransparent reflective layer and the
anode electrode are formed to be separated from each other by
the protective layer formed therebetween, and thus can pre-
vent the semitransparent reflective layer to be damaged in a
process of etching the anode electrode.

[0098] Moreover, according to the embodiments of the
present invention, the resonance structure is formed through
the diffraction exposure process and the ashing process, thus
decreasing the number of masks and the number of processes.
[0099] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting diode (OLED) display device,

comprising:

a substrate segmented into a plurality of sub-pixel regions;

a thin film transistor formed in each of the sub-pixel
regions;

an insulating layer and a planarizion layer formed on the
thin film transistor;

a semitransparent reflective layer selectively formed in
each sub-pixel region on the planarizion layer, and com-
prising a transparent layer and a semitransparent metal
layer;

a protective layer formed on the semitransparent reflective
layer;
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an anode electrode formed in a region corresponding to the
semitransparent reflective layer on the protective layer,
and connected to the thin film transistor;

an organic light emitting layer connected to the anode

electrode, and emitting light; and

a cathode electrode formed on the organic light emitting

layer.

2. The display device of claim 1, wherein the semitrans-
parent reflective layer is formed in a region where the organic
light emitting layer emits light.

3. The display device of claim 2, wherein the plurality of
sub-pixel regions correspond to at least a red, green, blue and
a white color, and

wherein the semitransparent reflective layer is formed in a

sub-pixel region corresponding to the red, green and
blue colors only.

4. The display device of claim 1, wherein a first semitrans-
parent reflective layer is formed in a first sub-pixel region of
a first sub-pixel, and the first semitransparent reflective layer
is configured to be within a first distance from the cathode
electrode, wherein the first distance corresponds to an integer
multiple of a half-wavelength of a color corresponding to the
first sub-pixel.

5. The display device of claim 4, wherein a second semi-
transparent reflective layer is formed in a second sub-pixel
region of a second sub-pixel, and the second semitransparent
reflective layer is configured to be within a second distance
from the cathode electrode, wherein the second distance cor-
responds to an integer multiple ofa half-wavelength of a color
corresponding to the second sub-pixel.

6. The display device of claim 5, wherein the first sub-pixel
corresponds to a red color, the second sub-pixel corresponds
to a green color, and the first distance is different than the
second distance.

7. The display device of claim 1, wherein the protective
layer is configured to be between the anode electrode and the
semitransparent reflective layer such that the semitransparent
reflective layer is protected during a formation of the anode
layer.

8. A method of manufacturing an organic light emitting
diode (OLED) display device, the method comprising;

forming a thin film transistor in each of a plurality of

sub-pixel regions on a substrate;

selectively forming a semitransparent reflective layer in

each sub-pixel region on the thin film transistor;
forming a protective layer on the semitransparent reflective
layer;

patterning the protective layer to expose the thin film tran-

sistor; and

forming an anode electrode on the patterned protective

layer, wherein the anode electrode comprises at least one
conductive material layer.

9. The method of claim 8, wherein the plurality of sub-pixel
regions correspond to at least a red, green, blue and a white
color, and

wherein the semitransparent reflective layer is formed in a

sub-pixel region corresponding to the red, green and
blue colors only.

10. The method of claim 8, wherein forming the protective
layer comprises:

forming the protective layer between the anode electrode

and the semitransparent reflective layer in order to pro-
tect the semitransparent reflective layer during the for-
mation of the anode electrode.
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11. The method of claim 8, wherein forming the anode
electrode comprises:
forming a conductive material layer on the protective layer,
and
forming one or more conductive material layers on the
conductive material layer, wherein one of the one or
more conductive material layers is formed to be in con-
tact with the thin film transistor.
12. The method of claim 8, wherein forming the anode
electrode comprises:
forming one or more conductive material layers in a first
sub-pixel region corresponding to a first color, and
forming one or more conductive material layers in a second
sub-pixel region corresponding to a second color,
wherein a first thickness of the one or more conductive
material layers in the first sub-pixel region is different
from a second thickness of the one or more conductive
material layers in the second sub-pixel region.
13. The method of claim 12, wherein the first color and
second color corresponds to one of a red, green and blue color.
14. A method of manufacturing an organic light emitting
diode (OLED) display device, the method comprising:
forming a thin film transistor in each of a plurality of
sub-pixel regions on a substrate;
forming an insulating layer and a planarizion layer on the
thin film transistor;
selectively forming a semitransparent reflective layer in
each sub-pixel region on the planarizion layer;
forming a protective layer on the semitransparent reflective
layer;
selectively forming a first conductive material layer on the
protective layer; and
selectively forming a photoresist layer on the first conduc-
tive material layer, wherein a thickness of the photoresist
layer in a corresponding sub-pixel region is dependent
on an exposure of the photoresist layer in the corre-
sponding sub-pixel region.
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15. The method of claim 14, wherein a first thickness of the
photoresist layer in a first sub-pixel region corresponding to a
first color is different from a second thickness of the photo-
resist layer in a second sub-pixel region corresponding to a
second color.

16. The method of claim 14, further comprising:

etching at least the photoresist layer, first conductive mate-
rial layer, protective layer, and the insulating layer in
order to expose the thin film transistor in each corre-
sponding sub-pixel region.

17. The method of claim 16, further comprising:

exposing the first conductive material layer, and

forming a second conductive material layer on at least the
exposed first conductive material layer so that the sec-
ond conductive material layer contacting the exposed
thin film transistor in each corresponding sub-pixel
region.
18. The method of claim 17, wherein the first conductive
material layer is exposed via an ashing process.

19. The method of claim 186, further comprising:

exposing the first conductive material layer in a sub-pixel
region having a corresponding photoresist layer,

exposing the protective layer in a sub-pixel region not
having a corresponding photoresist layer, and

forming a second conductive material layer on at least a
portion of the exposed first conductive material layer
and on at least a portion of the exposed protective layer
so that the second conductive material layer contacting
the exposed thin film transistor in each corresponding
sub-pixel region.

20. The method of claim 19, wherein the first conductive

material layer and the protective layer are exposed via an
ashing process.
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