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ELECTROLUMINESCENT DISPLAY DEVICE AND
THERMAL TRANSFER DONOR FILM FOR THE
ELECTROLUMINESCENT DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2003-85819, filed on Nov. 28, 2003,
in the Korean Intellectual Property Office, which is herein
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent (EL) display device and a thermal transfer
donor film used in manufacturing an organic EL display
device. More particularly, the invention relates to an EL
display device having a high efficiency of light extraction
from an organic light-emitting portion. The higher efficiency
is caused in part by a photonic crystal layer located directly
on a stack formed on the substrate. Additionally, a laser
induced thermal transfer donor film for the EL display
device is used to form the photonic crystal layer on the stack.

[0004] 2. Description of the Related Art

[0005] An electroluminescent (EL) display device forms
viewable images by reflecting or shining light through an
organic thin film material (e.g., a light emitting portion)
sandwiched between millions of anodes and cathodes that
are formed on opposing surfaces of two parallel glass
substrates. Applying a voltage difference to each anode/
cathode pair (e.g., pixel) alters the physical properties of the
organic light emitting layer. When the voltage differences
are applied in discrete amounts, various shades of colors are
produced. Organic EL display devices are popular because
they are driven by low voltages, are light and thin, and offer
wide viewing angles and fast response times.

[0006] As mentioned above, the light-emitting portion of
the EL display device includes an anode, a light-emitting
layer, and a cathode sequentially formed on each other. The
light-emitting layer may include an emitting layer (EML) in
which exitons are formed by the recombination of holes and
electrons to create light. An exiton is an electrically neutral
excited state of an insulator or semiconductor, often
regarded as a bound state of an electron and an electron hole
(“hole™). A hole is a vacant position left in a crystal by the
absence of an electron. The EML may further include: an
electron transport layer (ETL) located between the cathode
and an emitting layer to transport holes and electrons more
smoothly to the emitting layer thereby increasing emitting
efficiency; a hole transport layer (HTL) located between the
anode and the emitting layer; a hole injection layer (HIL)
located between the anode and the hole transportation layer;
and an electron injection layer (EIL) located between the
cathode and the electron transportation layer. Exemplary
conventional light-emitting layers can be composed of cop-
per phthalocyanine (CuPc), N,N'-Di(naphthalene-1-y1)-N,
N'-diphenyl-benzidine (NPB), or tris-8-hydroxyquinoline
aluminum (Alg3).

[0007] The light efficiency (e.g., the efficiency at which
light is emitted) of such a light-emitting portion depends on
internal efficiency, and the efficiency of other layers of the
EL display device (external efficiency). A layer’s internal
efficiency varies depending on the photoelectric conversion
efficiency of the material of which the organic light-emitting
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portion is composed. Similarly, external efficiency varies
depending on the refractive index of each layer of the
organic EL display device. The external efficiency is also
called light coupling efficiency. A problem is that external
efficiency is reduced when light emitted from the organic
light-emitting layer has an outgoing angle greater than a
critical angle of one of the layers. When this happens,
reflection occurs at the surface of the layer. Reflection
reduces the light, and causes it to emit externally.

[0008] Table 1 illustratively shows the light coupling
efficiency of a transparent substrate formed of glass and an
electrode layer formed of indium-tin-oxide (ITO), for cach
of blue (B), red (R), and green (G) light. The light coupling
efficiency is calculated from the refractive index of each
layer, and N, and N_, indicate the refractive index of the

out

layer where the light enters and emits, respectively.

TABLE 1
Blue Emitting  Red Emitting  Green Emitting
Layer Layer Layer
Wave Length (nm) 450 620 530
Electrode Layer 2.01 1.76 1.93
Refractive Index (N)
Substrate Refractive 1525 1.515 1.52
Index (N)
Light Coupling 29% 37% 34%
Efficiency

[0009] It can be seen from table 1 that the light generated
from each emitting layer may be reduced by more than 60%
due to the refractive index difference between the electrode
layer and the substrate. Various methods have been pre-
sented to increase such light coupling efficiency.

[0010] For example, the Japanese Patent Publication
Gazette No. Hei 11-283751 discloses a structure that
includes a diffraction grating or zone plate formed on a
substrate. This reference also discloses diffracted light leav-
ing an organic film and an Indium Tin Oxide (ITO) elec-
trode.

[0011] In such an organic EL device, since irregularities
occur on a surface of a substrate, a fine electrode patiern
layer, or a separate diffraction grating must be included. This
requirement complicates the manufacturing process, making
it difficult to attain efficient productivity. Also, the formation
of an organic layer on the irregularities in the surface of the
substrate or the fine electrode pattern layer increases the
overall roughness of the organic layer, which increases
current leakage. Current leakage, in turn, deteriorates the
durability and reliability of the organic EL device.

[0012] An organic EL display device preventing a
decrease of light coupling efficiency is disclosed in the
Japanese Patent Publication Gazette No. Sho 63-17269. The
disclosed organic EL display device includes a substrate
having light condensers, such as projecting lenses.

[0013] Another organic EL display device is disclosed in
the Japanese Patent Publication Gazette No. Hei 1-29394.
The display includes a first diclectric layer interposed
between a transparent electrode layer and an emitting layer.
Additionally, a second dielectric layer having a refractive
index less than that of the first dielectric layer and greater
than that of the transparent electrode layer is also disclosed.
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[0014] FIG. 1 is a partial cross-sectional view of a con-
ventional organic EL display device. As shown, an organic
light emitting portion including two electrode layers 21 and
22 is formed on a substrate (not shown), and a sealing
substrate 10 is formed on a photonic crystal layer 41. A
spatial layer 40 formed between the photonic crystal layer
41 and an organic light-emitting portion is either a vacuum
or is filled with an inert gas.

[0015] Use of the photonic crystal layer 41 may increase
light coupling efficiency, however the path along which light
travels must be structurally even. Otherwise screen display
quality degrades. In order to achieve a uniform screen
display quality, the spatial layers 40 should be regularly
spaced in the regions where the light of an organic EL
display device travels. However, such constraints limit the
design and manufacture of EL display devices. Such prob-
lems also apply to active matrix (AM) organic EL display
devices.

SUMMARY OF THE INVENTION

[0016] The invention is directed to an organic electrolu-
minescent (EL) display device having an improved light
extracting efficiency due to a photonic crystal layer formed
proximate one side of an organic light-emitting portion. The
invention is further directed to a thermal transfer donor film
used in manufacturing an organic EL display device which
has an improved light extracting efficiency.

[0017] According to an aspect of the present invention,
there is provided an organic EL display device, which
includes a substrate. A first electrode layer is formed in a
predetermined pattern on the substrate. A stack is also
formed on the substrate that includes: a first electrode layer,
and an organic light emitting portion formed on the first
electrode layer. A photonic crystal layer formed directly on
the stack increases the light extracting efficiency of the
light-emitting portion.

[0018] According to another aspect of the present inven-
tion, an organic EL display device may include a photonic
crystal layer having a plurality of protrusions. The protru-
sions may face the stack or may face away from it. Addi-
tionally, recessed portions formed between the protrusions
may be in a vacuum state or filled with a predetermined gas.
Additionally, the recessed portions may be filled with a
material having a different refractive index than the material
of which the protrusions are composed.

[0019] In another embodiment, an organic EL display
device includes a photonic crystal layer having a plurality of
piercing holes, which may be in a vacuum state or filled with
a predetermined gas. Additionally, the plurality of piercing
holes may be filled with a material having a different
refractive index that the material of which the photonic
crystal layer is composed.

[0020] According to another aspect of the present inven-
tion, there is provided an organic EL display device which
includes a substrate. A stack formed on the substrate
includes: a first electrode layer formed with a predetermined
pattern on the substrate; a second electrode layer and an
organic light-emitting portion formed on the first electrode
layer; a photonic crystal layer that increases a light extrac-
tion efficiency of the light-emitting portion; a refractive
layer interposed between the photonic crystal layer and the
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stack such that the refractive layer is formed directly on the
stack. In one embodiment, the refractive layer may be a
material having a different refractive index than the material
of which the photonic crystal layer is composed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings.

[0022] FIG. 1 is a partial cross-sectional view of a general
organic electroluminescent (EL) display device.

[0023] FIGS. 2A, 2B, 2C, and 2D are partial cross-
sectional views of an organic EL display device according to
embodiments of the present invention.

[0024] FIGS. 3A and 3B are partial cross-sectional views
of an organic EL display device according to embodiments
of the present invention.

[0025] FIGS. 3C and 3D are partial cross-sectional views
of an organic EL display device according to the embodi-
ments of the present invention.

[0026] FIG. 4 is an organic EL display device according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] The claimed invention relates to an improved elec-
troluminescent (EL) display device having an improved
efficiency of light transmission by use of a refractive mate-
rial and a photonic crystal layer. The invention is further
directed to a thermal transfer layer which is used to build the
photonic crystal layer and to transfer it to an upper surface
of the stack.

[0028] FIGS. 2A through 2D are cross sectional views of
an organic electroluminescent (EL) display device according
to embodiments of the present invention. The organic EL
display device according to an embodiment of the present
invention includes a substrate 210, on which a first electrode
layer 230 is formed in a pattern. An organic light-emitting
portion 240 is formed on the first electrode layer. A second
electrode layer 250 is formed on the organic light emitting
portion 240. A photonic crystal layer 260 which increases
the light extraction efficiency of the an organic light-emitting
is formed on the second electrode 250.

[0029] The first electrode layer 230 acts as an anode and
the second electrode layer 250 acts as a cathode, however,
the present invention is not limited to such a structure and
can employ a different structure. The first electrode layer
230 may be composed of a transparent conductive material
such as ITO formed by vacuum deposition or sputtering. The
second electrode layer 250 may be composed of magnesium,
lithium, or other element having a small work function.
Alternatively, the electrode layer 250 may be a conductive
metal such as aluminum, an aluminum compound, silver, a
silver compound, etc.

[0030] The organic light-emitting portion 240, interposed
between the first electrode layer 230 and second electrode
layer 250, may further include: a hole injection layer, a hole
transportation layer, R, G, B emitting layers, an electron
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injection layer, and an electron transportation layer. Illus-
trative placements of these layers are shown in FIG. 4.

[0031] According to on embodiment of the present inven-
tion, a portion of the photonic crystal layer 260 of the
organic EL display device is arranged proximate the stack so
that it is firmly in contact with one side of the stack. In this
particular embodiment, there are no spatial layers formed
between the photonic crystal layer 260 and stack.

[0032] The photonic crystal layer 260 may be formed of
organic materials and inorganic materials. For example, the
photonic crystal layer 260 may be composed of a photoresist
(PR) or a transparent organic material, which is capable of
heat transfer, and which has a molecular weight less than
100,000. Alternatively, the photonic crystal layer 260 may
be composed of one or more of SiOx, SiNx, Si;N,, TiO,,
MgO, ZnO, AL,O,, Sn0,, In,0;, MGF,, and CaF,. When
using an organic material with a molecular weight greater
than 100,000 in the photonic crystal layer 260, the photonic
crystal layer 260 may be partially ripped off in a laser
induced thermal imaging process. Thus, depending on the
embodiment, the photonic crystal layer 260 may be
smoothly or non-smoothly detached from a thermal imaging
film to adhere to a top surface of a stack.

[0033] The photonic crystal layer 260 may have various
forms, and as shown in FIG. 2A, protrusions 2600 may
protrude from one side of the base layer 260a. The protru-
sions 2600 may protrude from a side facing the stack.
Alternatively, although not shown in FIG. 2A, the protru-
sions 260b may protrude away from the stack. As shown in
FIG. 2A, when the protrusions 260 protrude toward the
stack, they may firmly contact one side of the second
electrode layer 250.

[0034] When the photonic crystal layer 260 has protru-
sions 2605, recessed portions 260c are formed between the
protrusions 260b, and these recessed portions 260c may be
maintained as a vacuum state. Alternatively, as shown in
FIG. 2b, the recesses 260c may be filled with a predeter-
mined inert gas for example, Ne, He, etc. Diffraction occurs
in the photonic crystal layer by alternately arranging differ-
ent states and/or different materials in the individual recesses
260c. For example, all of the recesses may be in a vacuum
state or filled with a gas. Alternatively, at least one recess
may be filled with gas while at least one other recess is
maintained in a vacuum state. The various combinations that
may be formed are significant. Although not described here
for brevity’s sake, all such combinations are to be construed
as being within the scope of the claimed invention.

[0035] In an alternate embodiment shown in FIG. 2d,
diffraction may be increased by filling the recessed portion
260c formed with a material, or combination of materials,
that have a different refractive index from the material which
composes the protrusions 260b. For example, a suitable filler
material may be chosen from various organic materials and
inorganic materials such as SiNx, TiO,, etc. If the material
filling the recessed portion 260c is to adhere to one side of
the stack (for example, the second electrode layer 250), an
organic material may be used as the material filling the
recessed portion 260c to increase the contactability of the
contact surfaces. Additionally, the base layer 260a may be
composed of an inorganic material to increase the con-
tactability between the base layer 260a and the recessed
portion 260c.
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[0036] In another embodiment of the present invention, as
shown in FIG. 2¢, the photonic crystal layer 260 may be a
photonic crystal layer with a dot format in which a plurality
of piercing holes 260d are formed in the base layer 260q.
The piercing holes 2604 may be arranged at regular intervals
within the base layer 260a, and on one side of the stack.
Additionally, when arranged proximate one side of the
second electrode layer 250, the piercing holes 260d may be
maintained in a vacuum state, or may be filled with a
designated gas, for example, an inert gas such as Ne, He, etc.

[0037] Additionally, like the organic EL device shown in
FIG. 2D, the refractive index may be increased by filling the
piercing holes 260d of the photonic crystal layer 260 with a
material having a different refractive index from the refrac-
tive index of the material of which the base layer 260a is
composed. For example, the piercing holes 260d may be
filled with an organic material or an inorganic material such
as SiNx, or TiO,, etc. Because the material filling the
piercing holes 2604 should adhere to one side of the stack
(for example, the second electrode layer 250), the material
filling the piercing holes 2604 may be an organic material
that increases the contactability between the second elec-
trode layer 250 and the photonic crystal layer 260. Addi-
tionally, the base layer 260a of the photonic crystal layer 260
may be composed of an organic material to increase the
contactability between the material filling the piercing holes
260d and the base layer 260a.

[0038] Partial cross-sectional views of an active driving
EL display device according to an embodiment of the
present invention are shown in FIGS. 3A and 3B. As
illustrated, buffer layer 311 may be formed on a substrate
310 of the EL display device 300. One or more thin film
transistors (TFT) for driving pixel forming portions, and one
or more driving portions, each having a capacitor, may be
arranged on top of the buffer layer 311 to produce pixels.

[0039] Buffer layer 311 may be formed of a material such
as Si02 by plasma enhanced chemical vapor deposition.
However, the buffer layer 311 may be formed of other
materials using other manufacturing processes. The driving
portion includes a TFT and a capacitor. The TFT also
includes: a p- or n-type semiconductor layer 321 formed on
part of the buffer layer 311; a gate insulating layer 322
formed on the semiconductor layer 321 and the buffer layer
311; a gate electrode layer 323 formed on part of the gate
insulating layer 322 above the p- or n-type semiconductor
layer 321; and a first insulating layer 324 formed on the a
gate insulating layer 322 and a gate electrode layer 323. The
drain electrode 325 and a source electrode 326 are formed on
the first insulating layer 324 and extend down to the semi-
conductor layer 321 via contact holes 3254, which pierce
through the first insulating layer 324 and the gate insulating
layer 322. The capacitor comprises a first auxiliary electrode
327a which extends from the source electrode 326, and a
second auxiliary electrode 327b which is arranged on one
side of the gate insulating layer 322 corresponding to the
first auxiliary electrode 327a and is buried by the first
insulating layer 324. A second insulating layer 328 buries the
TFT and capacitor, that is, the drain electrode 325, the
source electrode 326, and the first auxiliary electrode 3274.

[0040] A pixel forming portion is formed on the driving
portion to produce pixels. The organic light-emitting portion
includes the drain electrode 325. The first electrode layer
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331 (acting as an anode pole) and the second electrode layer
343 are formed on the second insulating layer 328 which
buries the source electrode 326 and the first insulating layer
324. The organic light-emitting portion also includes a
second electrode layer 343 as a cathode pole, and an organic
light-emitting portion 342 interposed between a first elec-
trode layer 331 and the second electrode layer 343. The
present embodiment further includes a passivation layer 344
protecting the organic light-emitting portion 342 and pre-
venting the organic light-emitting portion 342 from deterio-
rating by absorbing moisture. The first electrode layer 331
comprises a conductive connecting portion 331a, which
contacts one end of the drain electrode 325 via a piercing
hole formed in the second insulating layer 328.

[0041] Referring to FIG. 3a, the method of manufacturing
an organic EL display device according to an embodiment of
the present invention begins with accumulatively forming
the driving portion and the pixel region on the substrate 310.

[0042] As mentioned previously, the claimed invention is
further directed to a thermal transfer donor film used to
prepare the photonic crystal layer and adhere the photonic
crystal layer to the stack via thermal imaging. In one
embodiment, a laser transfer donor film is manufactured by
sequentially forming a photothermal conversion layer 371
and a photonic crystal layer 360 below an imaging base
substrate 372. The imaging base substrate 372 may be
composed of a polymolecule film including a polymolecule
material, and the polymolecule film may be composed of a
polymolecule material such as polycarbonate, polyethylene
terephthalate, polyester, poly acryl, poly epoxy, polyethyl-
ene, or polystyrene, etc. The photothermal conversion layer
371 converts light energy of the laser beam into thermal
energy and can be composed of a polymer material such as
carbon black and black lead, a metal such as aluminum or an
aluminum oxide product.

[0043] Although not shown in the drawings, a separate
interior layer composed of acryl may be formed to protect
the photothermal conversion layer 371 and an exfoliating
layer may be formed for the smooth exfoliation of the
transfer portion and to prevent the transferring of the pho-
tothermal conversion layer 371 material on one side of the
photothermal layer. The thermal transfer donor film is not
limited to this and may be employed in various versions
within a range of including a photonic crystal layer or
excluding a photothermal conversion layer. The thermal
transfer donor film has been described in specific embodi-
ments of the present invention, however, the thermal transfer
donor film may take other various forms, and may include
a photonic crystal layer, according to the embodiment of the
present invention.

[0044] The photonic crystal layer 360 is closely formed
directly below the photothermal conversion layer 371 in
FIG. 3¢ and may be composed of an organic material having
a thickness of several um or of one or more from the group
of consisting SiOx, SiNx, Si;N,, TiO,, Mg0, ZnO, Al,O,,
Sn0,, In,0,, MGF, and CaF,. The photonic crystal layer
360 may be formed by thermal compression using a pho-
tonic crystal mold that uses Ni coating. The photonic crystal
layer 360 has a base layer 3604 and a plurality of protrusions
3605, which may face the substrate 310. The base layer 360a
of the photonic crystal layer 360 may be a thin film and the
protrusions 360b may form recessed portions or piercing
holes. The recessed portions may be in a vacuum state, filled
with a predetermined gas such as an inert gas, or filled with
a material having a different refractive index than the
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material of which the protrusions 3605 is composed (refer to
FIGS. 3C and 3D). In addition, the protrusions 3605 and
base layer 360a may be composed of different materials or
identical materials.

[0045] After the photonic crystal layer 360 is formed on
the thermal transfer donor film, the refractive layer 350,
which is composed of an organic material or one or more
inorganic materials such as SiNx and TiO,, may be formed
below the photonic crystal layer 360. In addition, the refrac-
tive layer 350 may be planarized to prevent a bad connection
with one side of the stack due to an uneven surface. The
refractive layer 350 may have protrusions that correspond to
the recessed portions formed by the protrusions 360b. When
the protrusions 360 face the substrate 310, a structure
which engages with the recessed portion formed by the
protrusions may be adopted. The protrusions 3605 are not
limited to these structures, and the protrusions 360b may be
formed on the side of the photonic crystal layer 360 opposite
the refractive layer 350 of the photonic crystal layer.

[0046] In addition, although not shown in the drawings,
when the photonic crystal layer is a dot type having a
plurality of piercing holes, the protrusions formed on the one
side facing the photonic crystal layer may have a structure
that engages with the piercing holes. To increase diffraction
and prevent possible defects when the photonic crystal layer
is formed, the refractive layer 350, which is formed directly
below the photonic crystal layer 360, should be composed of
different elements than the photonic crystal layer. Addition-
ally, the refractive index of the base layer 360z of the
photonic crystal layer 360 should be different from the
refractive index of the refractive layer 350.

[0047] After preparing the thermal transfer donor film,
which includes the photonic crystal layer, the photonic
crystal layer 360 is thermally imaged onto a surface of the
stack. For example, the thermal transfer donor film is placed
close to the upper surface of the EL display device 300 such
that the lower surface of the thermal transfer donor film
faces the upper surface of the EL display device 300.

[0048] Heat is then applied to the imaging base substrate
using a heat bar, electron inductive heating, ultrasound
friction heating, or a laser. Laser beams may be used due to
their high precision. Thus, in one embodiment, a laser
irradiation source irradiates a laser beam onto a desired
region of the imaging base substrate 372. The irradiated
laser beam passes through the transparent imaging base
substrate and delivers energy to the photothermal conversion
layer 371, which may be carbon black layers or similar
layers. The photothermal conversion layer 371 converts the
light energy of the irradiated laser beam to heat energy and
detaches the photonic crystal layer 360 from the photother-
mal conversion layer 371. As shown in FIG. 3b, the
detached photonic crystal layer 360 and refractive layer 350,
etc. are transferred to one side of the pixel region of the EL
display device 300 (c.g., on the passivation layer 344), and
no spatial layer is formed between the photonic crystal layer
360 and the passivation layer 344. In addition, for example,
when the passivation layer 344 is composed of an inorganic
material such as SiO2, SiNx, etc,, adherence with the
passivation layer 344 may be increased by forming the
refractive layer 350 of an organic material and the base layer
360a of an inorganic material.

[0049] In another embodiment shown in FIG. 3¢, the
refractive layer 350 is not included on one side of the
photonic crystal layer 360 so that at least a portion of the
photonic crystal layer 360 is formed directly on the passi-
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vation layer 344. The recessed portions 360c¢ formed by the
protrusions 360b may be maintained in a vacuum state, filled
with a designated gas, or may be filled with a material
having a different refractive index from the material of
which the protrusions 3605 is composed (refer to FIG. 3d).
The photonic crystal layer 360 may be a dot type photonic
crystal layer with a plurality of piercing holes formed in the
base layer, which may be maintained in a vacuum state,
filled with designated gas, or filled with a material having a
different refractive index than the base layer.

[0050] An EL display device according to another
embodiment of the present invention is shown in FIG. 4.
The first electrode layer 421 is formed on a substrate 410. An
electron injection layer 422, an electron transportation layer
423, an organic light-emitting portion including R, G, and B
light-emitting layers, 425q, 425b, and 425c, an electron
transportation layer 424, and a second electrode layer 426
are sequentially formed on the substrate 410 and the previ-
ously installed first electrode layer 421. A passivation layer
430 may be formed on top to protect the organic light-
emitting portion.

[0051] In addition, photonic crystal layers 450 are formed
on the passivation layer 430 and refractive layers 440 may
be formed between the photonic crystal layers 450 and the
passivation layer 430. Because the wavelengths of the light
emitting from the R, G, and B light-emitting layers, 4254,
425b, and 425¢ differ, the photonic crystal layers 4504,
4500, and 450c may be individually configured to corre-
spond to the respective wavelengths of colored light. Thus,
in one embodiment, the photonic crystal layers 450 formed
on the passivation layer 430 are each custom patterned
according to the types of light-emitting layers 4254, 4255,
and 425c, (e.g., per one of colors R, G, or B).

[0052] Patterns may be made according to the sub-pixel
group corresponding to the color R, the sub-pixel group
corresponding to the color G, and the sub-pixel group
corresponding to the color B. In one embodiment, the forms
of photonic crystal layers within a sub-pixel group are
different than the forms of the photonic crystal layers of any
one of the other sub-pixel groups. In some cases, the
photonic crystal layers within an identical group can have
different forms or measurements.

[0053] Meanwhile, referring to FIG. 2a through FIG. 4,
the laser thermal transfer donor film may include a photo-
thermal conversion layer. It may further include a photonic
crystal layer which has a plurality of protrusions. Addition-
ally included may be a plurality of piercing holes formed on
the transfer donor film. The laser thermal transfer donor film
may also include a refractive layer composed of a material
having a different refractive index from that of a material
that composes one side of the photonic crystal layer which
is the furthest from the photothermal conversion layer of the
photonic crystal layer. In addition, the photonic crystal layer
formed on the laser thermal transfer donor film may be
formed in a plurality of groups, and the measurements and
physical properties of the photonic crystal layer of the
groups may be different for different groups.

[0054] The above-described embodiments are described in
terms of a passive driving type or an active driving type

organic EL display device, however, the present invention is
not limited to any one type.

[0055] The present invention with the above-described
structure has the following effects.

[0056] According to embodiments of the present inven-
tion, the organic EL display device does not include spatial
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layers between a photonic crystal layer and a stack. Addi-
tionally, forming the photonic crystal layer on the stack
improves light extraction efficiency, and solves physical
problems in the manufacturing process by obviating the
need to manufacture spatial layers between the photonic
crystal layer and stack.

[0057] Efficiency of light extraction is further improved by
including a refractive layer with the photonic crystal layer.
Additionally, photonic crystal layers, which are individually
formed for respective R, G, and B groups, can increase the
light extraction efficiency for each wavelength of colored
light emitted.

[0058] Embodiments of the organic EL display device and
thermal transfer donor film described herein enable precise
manufacturing using a thermal imaging method, especially
a laser induced thermal imaging (LITI) method. Use of such
a process significantly reduces manufacturing costs and time
by eliminating the need to form spatial layers, which was a
problem in the conventional manufacturing of an organic EL
display device.

[0059] The various embodiments of the present invention
may apply to not only a passive driving matrix (PM) organic
EL display device, but also to an active driving (AM)
organic EL display device.

[0060] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, 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 EL display device, comprising:

a substrate;
a first electrode layer formed on the substrate;

a stack including a second electrode layer and an organic
light emitting portion formed on the first electrode
layer; and

a photonic crystal layer formed directly on the stack, the
photonic crystal layer increasing light extracting effi-
ciency from the light-emitting portion.

2. The organic EL display device of claim 1, wherein the

photonic crystal layer has a plurality of protrusions.

3. The organic EL display device of claim 2, wherein the
protrusions face the stack.

4. The organic EL display device of claim 2, wherein the
protrusions face away the stack.

5. The organic EL display device of claim 2, wherein
recessed portions between the protrusions are in a vacuum
state.

6. The organic EL display device of claim 2, wherein the
recessed portions between the protrusions are filled with a
predetermined gas.

7. The organic EL display device of claim 2, wherein
recessed portions between the protrusions are filled with a
material having a different refractive index than the material
of which the protrusions are composed.

8. The organic EL display device of claim 1, wherein the
photonic crystal layer has a plurality of piercing holes.

9. The organic EL display device of claim 8, wherein the
plurality of piercing holes are in a vacuum state.
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10. The organic EL display device of claim 8, wherein the
plurality of piercing holes are filled with predetermined gas.

11. The organic EL display device of claim 8, wherein the
plurality of piercing holes are filled with a material having
a different refractive index that the material of which the
photonic crystal layer is composed.

12. The organic EL display device of claim 7, wherein the
material filling the recessed portion is organic material.

13. The organic EL display device of claim 12, wherein
the photonic crystal layer is composed of an inorganic
material.

14. The organic EL display device of claim &, wherein the
material filling the piercing holes is an organic material.

15. The organic EL display device of claim 14, wherein
the photonic crystal layer is composed of an inorganic
material.

16. The organic EL display device of claim 1, wherein at
least a portion of the photonic erystal layer is formed directly
on the second electrode.

17. The organic EL display device of claim 5, wherein the
photonic crystal layer is composed of an organic material.

18. The organic EL display device of claim 1, wherein the
stack further comprises a passivation layer protecting the
organic light-emitting portion and formed on the photonic
crystal layer.

19. The organic EL display device of claim 18, wherein
the photonic crystal layer is composed of an organic mate-
rial.

20. The organic EL display device of claim 1, wherein R,
G, and B sub-pixel groups are formed in respective organic
light-emitting layers of the organic light-emitting portion,
and the photonic crystal layer is patterned for at least two
sub-pixels of each of the sub pixel groups.

21. The organic EL display device of claim 20, wherein a
measurement of the photonic crystal layer for any one or
more of the sub-pixels of each of the R, G, and B sub-pixel
groups is different than the measurement of the photonic
crystal layer for any one or more of the other sub-pixels.

22. An organic EL display device, comprising:

a substrate;

a stack including a first electrode layer formed with a
predetermined pattern on the substrate, a second elec-
trode layer and an organic light-emitting portion
formed on the first electrode layer;

a photonic crystal layer increasing light extraction effi-
ciency of the light-emitting portion; and

a refractive layer interposed between the photonic crystal
layer and the stack such that a portion of the refractive
layer is formed directly on the stack, the refractive layer
being composed of a material having a different refrac-
tive index than the material of which the photonic
crystal layer is composed.

23. The organic EL display device of claim 22, wherein

the photonic crystal layer includes a plurality of protrusions.

24. The organic EL display device of claim 23, wherein

the protrusions face the refractive layer.

25. The organic EL display device of claim 23, wherein

the protrusions face away from the refractive layer.

26. The organic EL display device of claim 23, wherein,

on one side facing the photonic crystal layer of the refractive
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layer, protrusions are formed corresponding to recessed
portions formed between the protrusions.

27. The organic EL display device of claim 22, wherein
the photonic crystal layer has a plurality of piercing holes.

28. The organic EL display device of claim 27, wherein,
on one side facing the photonic crystal layer of the refractive
layer, a plurality of protrusions are formed corresponding to
a plurality of piercing holes formed on the photonic crystal
layer.

29. The organic EL display device of claim 22, wherein
the refractive layer is composed of an organic material.

30. The organic EL display device of claim 29, wherein
the photonic crystal layer is composed of an inorganic
material.

31. The organic EL display device of claim 22, the
refractive layer is formed on the second electrode.

32. The organic EL display device of claim 31, wherein
the refractive layer is composed of an organic material.

33. The organic EL display device of claim 32, wherein
the photonic crystal layer is composed of an inorganic
material.

34. The organic EL display device of any one of claims
22, wherein the stack further includes a passivation layer
protecting the organic light-emitting portion, and the refrac-
tive layer is formed on the passivation layer.

35. The organic EL display device of claim 34, wherein
the refractive layer is composed of an organic material.

36. The organic EL display device of claim 35, wherein
the photonic crystal layer is composed of an inorganic
material.

37. The organic EL display device of claim 22, wherein
the organic light-emitting layers of the organic electrolumi-
nescence portion each include R, G, and B sub-pixel groups,
and the photonic crystal layer is patterned for at least two
sub-pixels of the sub-pixel groups.

38. The organic EL display device of claim 37, wherein a
measurement of the photonic crystal layer for any one or
more of the sub-pixels of each of the R, G, and B sub-pixel
groups is different than the measurement of the photonic
crystal layer for any one or more of the other sub-pixels.

39. A thermal transfer donor film comprising:

a thermal imaging base film;
a photothermal conversion layer below the base film;

an intermediate layer formed below the photothermal
conversion layer; and

a photonic crystal layer formed below the intermediate
layer.

40. The thermal transfer donor film of claim 39, wherein
the photonic crystal layer has a plurality of protrusions.

41. The thermal transfer donor film of claim 39, wherein
the photonic crystal layer has a plurality of piercing holes.

42. The thermal transfer donor film of claim 39, wherein
a refractive layer composed of a material having a different
refractive index than the material of which the photonic
crystal layer is composed is formed under the photonic
crystal layer.
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