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EP 1936 715 A1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an organic light emitting display device capable of representing white light,
and a method of fabricating the same.

2. Description of the Related Art

[0002] An organic light emitting display device includes a substrate, an anode disposed on the substrate, an emission
layer (EML) disposed on the anode, and a cathode disposed on the emission layer. In the organic light emitting display
device, when a voltage is applied between the anode and the cathode, holes and electrons are injected into the emission
layer and recombined to create excitons. The excitons transition from an excited state to a ground state, thereby emitting
light.

[0003] Todisplay full colors, an organic light emitting display device can include emission layers corresponding to red
(R), green (G), and blue (B), respectively. However, such red, green and blue emission layers of the organic light emitting
display device have different luminance efficiencies (Cd/A). These different luminance efficiencies cause the red, green
and blue emission layers to emit light at different brightness. Generally, the brightness of the emission layer is approx-
imately proportional to a current. Therefore, when the same current is applied, one color light may be emitted to have
a relatively low brightness but another color light may be emitted to have a relatively high brightness, so that it is difficult
to have proper color balance or white balance. For example, the luminance efficiency of the green emission layer is from
three to six times higher than those of the red and blue emission layers, so that more current should be applied to the
red and blue emission layers to adjust the white balance.

[0004] To enhance white balance, an organic light emitting display device has been proposed which includes an
emission layer formed to emit monochromic light or polychromatic light (i.e., white light), and a color filter layer to filter
light corresponding to a predetermined color of light from the emission layer (or a color conversion layer to convert the
light emitted from the emission layer into a predetermined color of light).

[0005] FIG. 1is a cross-sectional view of a conventional top-emission organic light emitting display device.

[0006] Referring to FIG. 1, a substrate 100 is provided, and a first electrode 110 having a reflection layer is formed
on the substrate 100. Further, a thin film transistor and a capacitor may be provided between the first electrode 110 and
the substrate 100.

[0007] An organic layer 120 including an emission layer is formed on the first electrode 110. The emission layer may
be a single layer structure or a multiple layer structure. Further, a second electrode 130, which is transflective, is formed
on the organic layer 120.

[0008] In this conventional top-emission organic light emitting display device, a resonance effect occurs due to the
transflective second electrode 130. In addition, in the case where the white emission layer and the color filter are used
to realize full colors, red, green and blue emission layers are stacked adjacent to one another and employed as the
white emission layer. However, white light is not properly realized because of the resonance effect due to the transflective
second electrode 130. Further, the resonance effect causes light to be emitted with different wavelengths according to
viewing angles. Such a resonance effect largely depends on the thickness of the organic layer, so that a wavelength
band of the filtered light varies according to thickness distribution of the organic layer, thereby making color and brightness
representation unstable.

SUMMARY OF THE INVENTION

[0009] An aspect of an embodiment of the present invention is directed to an organic light emitting display device, in
which red, green and blue peaks are equivalent in transmittance in a wavelength band of visible light and which is capable
of representing white light, and a method of fabricating the same.

[0010] An aspect of an embodiment of the present invention is directed to an organic light emitting display device,
which has substantially the same transmittance in a wavelength band of visible light and is thus capable of representing
white light, and a method of fabricating the same.

[0011] An aspect of an embodiment of the present invention is directed to an organic light emitting display device,
which includes a transmittance controlled layer (TCL) and a metal layer, and a method of fabricating the same

[0012] According to an embodiment of the present invention, an organic light emitting display device includes: a
substrate; a first electrode disposed on the substrate and including a reflection layer; an organic layer disposed on the
first electrode and including a white emission layer; a second electrode disposed on the organic layer; a transmittance
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controlled layer disposed on the second electrode; and a metal layer disposed on the transmittance controlled layer.
Preferably, the reflection layer comprises a material selected from the group consisting of aluminum, silver, and alloys
thereof. The white emission layer may have a single layer structure. Alternatively, the white emission layer may have a
multiple layer structure. The multiple layers may comprise an orange-red emission layer and a blue emission layer.
Alternatively, the multiple layers may comprise a blue emission layer, a green emission layer, and a red emission layer.
Preferably, the transmittance controlled layer has an optical path length ranging from about 520 to about 2140A. Pref-
erably, the transmittance controlled layer comprises a material selected from the group consisting of SiN,, SiO, SiON,
MgF,, ZnS, ZnSe, TeO,, ZrO,, aylenediamine derivatives, triamine derivatives, CBP, aluminum-quinoline complex
(Alg3), and combinations thereof.

Preferably, the metal layer has a reflectance ranging from about 4.3 to about 48.3%.

Preferably, the metal layer comprises a material selected from the group consisting of magnesium (Mg), silver (Ag),
calcium (Ca), magnesium silver (MgAg), magnesium calcium (MgCa), aluminum silver (AlAg), ytterbium silver (YbAg),
and combinations thereof.

The organic light emitting display device may further comprise a passivation layer on the metal layer. The organic light
emitting display device may further comprise a color filter layer on the metal layer.

Preferably, the second electrode is a transflective electrode.

[0013] According to another embodiment of the present invention, a method of fabricating an organic light emitting
display device includes: providing a substrate; forming a first electrode including a reflection layer on the substrate;
forming an organic layer including a white emission layer on the first electrode; forming a second electrode on the organic
layer; forming a transmittance controlled layer on the second electrode; and forming a metal layer on the transmittance
controlled layer.

Preferably, the organic layer is formed by vacuum deposition, inkjet printing, and/or laser induced thermal imaging.
Preferably, the transmittance controlled layer is formed by vacuum deposition and/or lithography.

Preferably, the metal layer is formed by vacuum deposition and/or sputtering.

[0014] According to another embodiment of the present invention, an organic light emitting display device includes:
a substrate; a reflective electrode disposed on the substrate; an organic layer disposed on the reflective electrode; a
transflective electrode disposed on the organic layer; a transmittance controlled layer disposed on the transflective
electrode; and a metal layer disposed on the transmittance controlled layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, together with the specification, illustrate exemplary embodiments of the present
invention, and, together with the description, serve to explain the principles of the present invention.

[0016] FIG. 1 is a cross-sectional view of a conventional top-emission organic light emitting display device.

[0017] FIG.2isacross-sectional view of an organic light emitting display device according to an exemplary embodiment
of the present invention.

[0018] FIG. 3 is a graph showing a transmission spectrum according to a first exemplary embodiment of the present
invention.

[0019] FIG.4is agraph showing a transmission spectrum according to a second exemplary embodiment of the present
invention.

[0020] FIG. 5 is a graph showing a transmission spectrum according to a third exemplary embodiment of the present
invention.

[0021] FIG. 6 is a graph showing an electroluminescence spectrum according to the first exemplary embodiment of
the present invention.

[0022] FIG. 7 is a graph showing an electroluminescence spectrum according to the second exemplary embodiment
of the present invention.

[0023] FIG. 8 is a graph showing an electroluminescence spectrum according to the third exemplary embodiment of
the present invention.

[0024] FIG. 9is a graph showing an electroluminescence spectrum according to a comparative example.

[0025] FIG. 10is a graph showing transmission spectrums according to fourth, fifth and sixth exemplary embodiments
of the present invention.

[0026] FIG. 11 is a graph showing transmission spectrums according to seventh, eighth and ninth exemplary embod-
iments of the present invention.

[0027] FIG. 12 is a graph showing transmission spectrums according to tenth, eleventh and twelfth exemplary em-
bodiments of the present invention.
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DETAILED DESCRIPTION

[0028] In the following detailed description, only certain exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those skilled in the art would realize, the described embodiments
may be modified in various different ways, all without departing from the scope of the present invention. Accordingly,
the drawings and description are to be regarded as illustrative in nature and not restrictive. Also, in the context of the
present application, when an element (e.g., a layer or a substrate) is referred to as being "on" another element, it can
be directly on the another element or be indirectly on the another element with one or more intervening elements
interposed therebetween. Hereinafter, like reference numerals refer to like elements.

[0029] FIG.2isacross-sectional view of an organic light emitting display device according to an exemplary embodiment
of the present invention.

[0030] Referring to FIG. 2, a substrate 200 is provided, and a first electrode 210 having a reflection layer is formed
on the substrate 200. Here, the first electrode 210 may be a double electrode structure or a triple electrode structure.
When the first electrode 210 is formed to be a double electrode structure, it may be formed by sequentially stacking a
reflection layer made of aluminum, silver or alloys thereof, and a transparent conductive layer made of indium tin oxide
(ITO), indium zinc oxide (1Z0) and/or indium tin zinc oxide (ITZO). When the first electrode 210 is formed to be a triple
electrode structure, it may be formed by sequentially stacking a first layer made of titanium, molybdenum, ITO or alloys
thereof, a second layer made of aluminum, silver or alloys thereof, and a third layer made of ITO, IZO and/or ITZO.
[0031] Further, a thin film transistor, a capacitor, and the like may be provided between the substrate 200 and the first
electrode 210.

[0032] An organic layer 220 including a white emission layer is formed on the first electrode 210. Here, the white
emission layer may be a single layer structure or a multiple layer structure.

[0033] Whenthe white emission layer is formed to be a single layer structure, respective emission materials for different
colors are mixed together with a dopant or carbazole-based molecules (PVK) are mixed with PBD, TPB, coumarin 6,
DCM1 and Nile red in a proper ratio so as to represent white light. In one embodiment, two emission materials for two
different colors are mixed and then another emission material for another color is mixed thereto, thereby obtaining a
white emission material. For example, a red emission material and a green emission material are mixed and a blue
emission material is mixed thereto, thereby obtaining the white emission material. The red emission material includes
a material selected from the group consisting of a polymer material such as a polythiophene (PT) and its derivatives.
The green emission material includes a material selected from the group consisting of a low molecular material such as
Alg3, BeBg2 and Almq, and a polymer material such as poly(p-phenylenevinylene) (PPV) and their derivatives. The blue
emission material includes a material selected from the group consisting of a low molecular material such as ZnPBO,
BAlg, DPVBi and OXA-D, a polymer material such as polyphenylene, and their derivatives.

[0034] When the white emission layer is formed to be a multiple layer structure, it may include two layers which emit
light of different wavelength ranges. One layer is an emission layer for emitting light of an orange-red wavelength range,
and the other layer is an emission layer for emitting light of a blue wavelength range. Here, a phosphorescent emission
layer may be used to emit light of the orange-red wavelength range, and a fluorescent emission layer may be used to
emit light of the blue wavelength range. The phosphorescent emission layer has a relatively high luminous efficiency as
compared with the fluorescent emission layer for emitting light of the same wavelength range, while the fluorescent
emission layer has a relatively high durability. Thus, the white emission layer, in which the phosphorescent emission
layer that emits light of the orange-red wavelength range and the fluorescent emission layer that emits light of the blue
wavelength range are stacked, can have both a relatively high luminous efficiency and a relatively high durability. In one
embodiment, the white emission layer is formed to be a two layer structure that may include a polymer material, a low
molecular material, or a double layer thereof.

[0035] In one embodiment, the white emission layer is formed to be a three layer structure. For example, the white
emission layer is formed to have red, green, and blue emission layers, and the red, green, and blue emission layers
may be stacked with any suitable stacking order.

[0036] The red emission layer may include a low molecular material such as Alq3 (host)/DCJTB (fluorescent dopant),
Alg3 (host)/DCM (fluorescent dopant), CBP (host)/PtOEP (phosphorescent organic metal complex), or the like, or a
polymer material such as a PFO-based polymer, a PPV-based polymer, or the like.

[0037] The green emission layer may include a low molecular material such as Alg3, Alg3 (host)/C545t (dopant), CBP
(host) /IrPPY (phosphorescent organic metal complex), or the like, or a polymer material such as a PFO-based polymer,
a PPV-based polymer, or the like.

[0038] The blue emission layer may include a low molecular material such as DPVBI, spiro-DPVBI, spiro-6P, distyryl-
benzene (DSB), distyrylarylene (DSA), or the like, or a polymer material such as a PFO-based polymer, a PPV-based
polymer, or the like.

[0039] In addition, the organic layer 220 may be a single layer structure or a multiple layer structure, which includes
one or more layers selected from a hole injection layer, a hole transport layer, an electron injection layer, an electron
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transport layer, and a hole blocking layer.

[0040] The hole injection layer facilitates injection of holes into an organic emission layer of an organic light emitting
display device and increases the lifespan of the organic light emitting display device. The hole injection layer may include
an arylamine-based compound, starburst amine series, etc. In more detail, the hole injection layer may include 4,4,4-
tris(3-methylphenylphenylamino)triphenylamine(m-MTDATA),  1,3,5-tris[4-(3-methylphenylphenylamino)phenyl]ben-
zene(m-MTDATB), phthalocyanine copper (CuPc), etc.

[0041] The hole transport layer may include arylene diamine derivatives, a starburst compound, spiro-biphenyldiamine
derivatives, a ladder compound, etc. In more detail, the hole transport layer may include N,N’-diphenyl-N,N’-bis(4-
methylphenyl)-1,1’-biphenyl-4,4’-diamine (TPD) or 4,4’-bis[N-(1-naphthyl)-N-phenyl] -1,1’-biphenyl-4,4’-diamine (NPB).
[0042] The hole blocking layer prevents (or blocks) holes from moving to the electron injection layer when electron
mobility is larger than hole mobility in the organic emission layer. Here, the hole blocking layer may include a material
selected from the group consisting of 2-(4-biphenyl)-5-(4-t-buthylphenyl)-1,3,4-oxadiazole (PBD), spiro-PBD, 3-(4-t-
buthylphenyl)-4-phenyl-5-(4-biphenyl)-1,2,4-triazol (TAZ), and combinations thereof.

[0043] The electron transport layer may include a metal compound to facilitate transport of electrons. For example,
the electron transport layer includes 8-hydroquinoline aluminum (Alg3) to more stably transport electrons from a cathode.
[0044] The electron injection layer may include a material selected from the group consisting of 1,3,4-oxadiazole
derivatives, 1,2,4-triazol derivatives, LiF, and combinations thereof.

[0045] Further, the organic layer 220 may be formed by vacuum deposition, inkjet printing, and/or laser induced thermal
imaging.

[0046] A second electrode 230 is formed on the organic layer 220. The second electrode 230 may be a transflective
electrode. The second electrode 230 may be formed of magnesium silver (MgAg) and/or aluminum silver (AlAg). Here,
MgAg is formed by codeposition of magnesium and silver, and the aluminum silver (AlAg) is formed in a stacked structure
in which aluminum and silver are deposited in sequence. Further, a transparent conductive layer such as ITO or IZO
may be formed on the second electrode 230.

[0047] A transmittance controlled layer (TCL) 240 is formed on the second electrode 230. The transmittance controlled
layer 240 uses an interference effect to control transmittance and reflectance of the second electrode 230, thereby
adjusting the intensity of a transmission spectrum according to wavelength bands. In more detail, the organic light emitting
display device for realizing white light should have substantially (or approximately) the same transmittance in awavelength
band of visible light, particularly, should have substantially the same transmittance in the wavelength band ranging from
about 450 to about 650nm. However, red, green and blue spectrums themselves are likely to differ in intensity from one
another, so that the transmittance controlled layer 240 is needed for controlling the transmittance.

[0048] Here, the transmission spectrum is referred to as an emission rate according to wavelengths of light when the
lightis emitted from the organic layer 220 of the organic light emitting display device to the outside. Further, the interference
effect is referred to as a phenomenon of when light reflected from an interface between the transmittance controlled
layer 240 and a metal layer 250 (formed in a process described in more detail below) is reflected again from the surface
of the underlying second electrode 230 to the outside. Here, an important physical property for the interference effect
is a refractive index. The refractive index may vary depending on the wavelength of light and the material of the trans-
mittance controlled layer.

[0049] In addition, when the organic light emitting display device for realizing the white light has a flat transmission
spectrum in a wavelength band from 450 to 650nm, it can be referred to as an optimal design. The transmittance at the
optimal design is set as a reference transmittance, and when transmittance is higher than half of the reference trans-
mittance in the wavelength band of visible light, i.e., from 450 to 650nm, the organic light emitting display device can
realize the white light. To satisfy this condition and in consideration of the metal layer 250 (formed in a process described
in more detail below), the transmittance controlled layer 240 according to one embodiment of the present invention has
an optical path length (OPL) ranging from 520 to 2140A. The white light can be checked by an electroluminescence
(EL) spectrum obtained by a product of the light source spectrum and the transmission spectrum.

[0050] Here, the optical path length (OPL) is obtained by the product of the refractive index and the thickness of the
transmittance controlled layer 240, and is proportional to the wavelength corresponding to the transmission spectrum.
As mentioned above, the refractive index may vary according to the wavelength, and the thickness of the transmittance
controller layer 240 may vary depending on the refractive index of a substance. Therefore, in one embodiment of the
present invention, the refractive index and the thickness are not specifically limited as long as the product of the refractive
index and the thickness satisfies the foregoing optical path length (OPL) of the transmittance controlled layer 240.
[0051] In one embodiment, a material for the transmittance controlled layer 240 is not limited specifically, but its
absorption and reflection characteristics should not be too large. Thus, pure metal or substances having low transmittance
should be excluded from the materials for the transmittance controlled layer 240. For example, the transmittance controlled
layer 240 may include a material selected from the group consisting of SiN,, SiO,, SiON, MgF,, ZnS, ZnSe, TeO,, ZrO,,
arylenediamine derivatives, triamine derivatives, CBP, an aluminum-quinoline complex (Alg3), and combinations thereof.
Further, the transmittance controlled layer 240 may be formed by vacuum deposition and/or lithography.
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[0052] Then, the metal layer 250 is formed on the transmittance controlled layer 240. The metal layer 250 assists
performance of the transmittance controlled layer 240, and serves as a blocking layer to separate the transmittance
controlled layer 240 from an upper layer such as a protective layer and/or a color filter layer. Further, the metal layer
250 together with the transmittance controlled layer 240 maintains the interference effect of the transmittance controlled
layer 240 and prevents (or reduces) the performance of the transmittance controlled layer 240 from being lowered due
to the upper layer. Also, the metal layer 250 minimizes an effect (or an adverse effect) due to the upper layer.

[0053] The metal layer 250 causes the interference effect of the light, so that the metal layer 250 according to one
embodiment is formed of a material in consideration of how light is reflected from a metal layer.

[0054] In addition, when the organic light emitting display device realizing the white light has a flat transmission
spectrum in a wavelength band ranging from 450 to 650nm, it can be called an optimal design. The transmittance at the
optimal design is set as a reference transmittance, and when transmittance is higher than half of reference transmittance
in the wavelength band of visible light, i.e., from 450 to 650nm, the organic light emitting display device can realize the
white light. To satisfy this condition by interaction between the transmittance controlled layer 240 and the metal layer
250, the metal layer 250 has a reflectance ranging from 4.3 to 48.3%. The white light can be checked by an electrolu-
minescence (EL) spectrum obtained by a product of the light source spectrum and the transmission spectrum.

[0055] The reflectance and the transmittance of the metal layer 250 vary according to physical properties of a material
even though it has the same thickness, so that the metal layer 250 is not limited to a specific thickness as long as it
satisfies the reflectance ranging from 4.3 to 48.3%. In one exemplary embodiment, the metal layer 250 includes a
transflective metal. Here, the transflective metal is selected from magnesium (Mg), silver (Ag), calcium (Ca), magnesium
silver (MgAg), magnesium calcium (MgCa), aluminum silver (AIAg), ytterbium silver (YbAg), and combinations thereof.
Also, the metal layer 250 may be formed by vacuum deposition and/or sputtering.

[0056] Additionally, a passivation layer and a color filter layer may be formed on the metal layer 250. The passivation
layer may include an inorganic layer, an organic layer or an organic-inorganic hybrid layer. For example, the inorganic
layer includes a material selected from the group consisting of ITO, 12O, SiO,, SiN,, Y,05, Al,O3, and combinations
thereof The organic layer includes parylene and/or high density polyethylene (HDPE). The organic-inorganic hybrid layer
includes a hybrid layer of Al,O5 and an organic polymer.

[0057] Further, the color filter layer may include a pigment, a polymer binder, and a functional monomer in addition
to an acrylic resin used as a support. The color filter layer may be divided into a red color filter layer, a green color filter
layer, and a blue color filter layer according to the pigment for representing colors. The red, green, and blue color filter
layers make the light emitted from the organic layer 220 and transmitted therethrough have wavelengths corresponding
tored, green, and blue ranges, respectively. Here, the pigments correspond to red, green, and blue colors, respectively.
The polymer binder protects a liquid monomer from a developer (or from developing into polymer) in room temperature,
and controls reliability such as stability of pigment dispersion; thermal, light, and chemical resistance of an RGB pattern;
etc. The pigment includes organic particles, which have relatively high light resistance and thermal resistance and
disperse light. The smaller the size of the particle (or the average size of the particles) is, the better the transparency
and the dispersion properties of the color filter layer are. The color filter layer may be formed by vacuum deposition
and/or laser induced thermal imaging.

[0058] As such and in view of the foregoing, an organic light emitting display device according to an exemplary
embodiment of the present invention can be formed.

[0059] The following exemplary embodiments (and/or examples) illustrate the present invention in more detail. How-
ever, the present invention is not limited by these embodiments (and/or examples).

[0060] In the following exemplary embodiments and in the comparative example Silver (Ag) was formed to a thickness
of 1000A on a substrate, and indium tin oxide (ITO) was formed to a thickness of 70A on the Ag. IDE406 available from
Idemitsu was formed to a thickness of 250A on the ITO as a hole injection layer, and IDE320 available from Idemitsu
was formed to a thickness of 150A on the hole injection layer as a hole transport layer. A blue emission layer that contains
BH215 available from Idemitsu as a host and BD052 available from Idemitsu as a dopant by 1 wt% was formed to a
thickness of 80A on the hole transport layer. A green emission layer that contains CBP available from UDC as a host
and GD33 available from UDC as a dopant by 7 wt% was formed to a thickness of 100 A on the blue emission layer. A
red emission layer that contains CBP available from UDC as a host and TER004 available from COVION as a dopant
by 12 wt% was formed to a thickness of 120A on the green emission layer. BAlq available from UDC was formed to a
thickness of 50A on the red emission layer as a hole blocking layer. Alg3 was formed to a thickness of 100A on the hole
blocking layer as an electron transport layer. LiF was formed to a thickness of 5A on the electron transport layer as an
electron injection layer. A second electrode formed of Al having a thickness of 20A and Ag having a thickness of 70 A
was formed on the electron injection layer.

First Exemplary Embodiment

[0061] BAIgAl,O5 was formed to a thickness of 900A on the Ag as a transmittance controlled layer. Ag was formed
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to a thickness of 90A on the transmittance controlled layer as a metal layer.
Second Exemplary Embodiment

[0062] BAIgAI,O; was formed to a thickness of 1000A on the Ag as a transmittance controlled layer, and Ag was
formed to a thickness of 90A on the transmittance controlled layer as a metal layer.

Third Exemplary Embodiment

[0063] BAIgAl,O4 was formed to a thickness of 1100A on the Ag as a transmittance controlled layer, and Ag was
formed to a thickness of 90A on the transmittance controlled layer as a metal layer.

Fourth Exemplary Embodiment

[0064] BAIgAl,O5 was formed to a thickness of 1000A on the Ag as a transmittance controlled layer. Ag was formed
to a thickness of 13A on the transmittance controlled layer as a metal layer.

Fifth Exemplary Embodiment

[0065] BAIgAl,O5 was formed to a thickness of 1000A on the Ag as a transmittance controlled layer, and silver was
formed to a thickness of 70 A on the transmittance controlled layer as a metal layer.

Sixth Exemplary Embodiment

[0066] BAIgAl,O5 was formed to a thickness of 1000A on the Ag as a transmittance controlled layer, and Ag was
formed to a thickness of 210A on the transmittance controlled layer as a metal layer.

Seventh Exemplary Embodiment

[0067] BAIgMgF, was formed to a thickness of 1050A on the Ag as a transmittance controlled layer, and Ag was
formed to a thickness of 90A on the transmittance controlled layer as a metal layer.

Eighth Exemplary Embodiment

[0068] BAIgMgF, was formed to a thickness of 1304A on the Ag as a transmittance controlled layer, and Ag was
formed to a thickness of 90A on the transmittance controlled layer as a metal layer.

Ninth Exemplary Embodiment

[0069] BAIgMgF, was formed to a thickness of 1550A on the Ag as a transmittance controlled layer, and Ag was
formed to a thickness of 90A on the transmittance controlled layer as a metal layer.

Tenth Exemplary Embodiment

[0070] BAIgZnSe was formed to a thickness of 200A on the Ag as a transmittance controlled layer, and Ag was formed
to a thickness of 90A on the transmittance controlled layer as a metal layer.

Eleventh Exemplary Embodiment

[0071] BAIgZnSe was formed to a thickness of 400A on the Ag as a transmittance controlled layer, and silver was
formed to a thickness of 90 A on the transmittance controlled layer as a metal layer.

Twelfth Exemplary Embodiment

[0072] BAIgZnSe was formed to a thickness of 620A on the Ag as a transmittance controlled layer, and Ag was formed
to a thickness of 90A on the transmittance controlled layer as a metal layer.
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Comparative Example

[0073] BAIlgAl,O5 was formed to a thickness of 1000A on the Ag as a transmittance controlled layer.

[0074] FIG. 3is a graph showing a transmission spectrum according to the first exemplary embodiment of the present
invention, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes a transmittance. The trans-
mittance is intended as the ratio of the transmitted light to the incident light. Therefore the transmittance may range from
0 (opaque) to 1 (transparent).

[0075] Referring to FIG. 3, in the first exemplary embodiment, transmittance is 0.4 at a wavelength of 450nm and
increases to 0.6 at a wavelength of 550nm. At a wavelength of 600nm, the transmittance has a maximum value of 0.7.
In a wavelength band from 600 to 650nm, the transmittance slowly decreases from 0.7 to 0.6. Thus, the transmittance
according to the first exemplary embodiment is from 0.4 to 0.7 in a wavelength band of visible light. Here, the transmittance
controlled layer according to the first exemplary embodiment has a refractive index of 1.75, and an optical path length
of 1575A. Further, the metal layer has a reflectance of 24.3%.

[0076] FIG. 4 is a graph showing a transmission spectrum according to the second exemplary embodiment of the
present invention, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes a transmittance.
[0077] Referring to FIG. 4, in the second exemplary embodiment, transmittance has a maximum value of 0.65 at a
wavelength of about 470nm, and decreases to about 0.6 in a wavelength band of from 500 to 650nm with a starting
point of 470nm. Thus, the transmittance according to the second exemplary embodiment is stable in the wavelength
band (from 450nm to 650nm) of visible light. Here, the transmittance controlled layer according to the second exemplary
embodiment has a refractive index of 1.75, and an optical path length of 1750A. Further, the metal layer has a reflectance
of 24.3%.

[0078] FIG.5is a graph showing a transmission spectrum according to the third exemplary embodiment of the present
invention, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes a transmittance.

[0079] Referring to FIG. 5, in the third exemplary embodiment, transmittance has a maximum value of 0.8 in a wave-
length band from 450 to 550nm, and rapidly decreases to 0.5 in a wavelength band from 600 to 650nm. Thus, the
transmittance according to the third exemplary embodiment decreases from 0.8 to 0.5 in the wavelength band of visible
light. Here, the transmittance controlled layer according to the third exemplary embodiment has a refractive index of
1.75, and an optical path length of 1925A. Further, the metal layer has a reflectance of 24.3%.

[0080] In the first, second, and third exemplary embodiments, 0.6 of the second exemplary embodiment is determined
as a reference transmittance, as the transmission spectrum of the second embodiment is almost flat in the wavelength
range between 450nm and 650 nm. However, because the transmittances of the first and third exemplary embodiments
are also higher than 0.3, and the transmittance controlled layer and the metal layer of the first and third exemplary
embodiments can also be used to realize white light.

[0081] FIG. 6 is a graph showing an electroluminescence spectrum according to the first exemplary embodiment of
the present invention; FIG. 7 is a graph showing an electroluminescence spectrum according to the second exemplary
embodiment of the present invention; FIG. 8 is a graph showing an electroluminescence spectrum according to the third
exemplary embodiment of the present invention; and FIG. 9 is a graph showing an electroluminescence spectrum
according to the comparative example, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes
an intensity (a. u.).

[0082] Referring to FIG. 6, a blue peak has a maximum value in a wavelength band ranging from 424 to 468nm and
an intensity of about 0.4. A green peak has a maximum value in a wavelength band ranging from 512 to 556nm and an
intensity of about 0.8. A red peak has a maximum value in a wavelength band ranging from 600 to 644nm and an intensity
of about 1. Here, the transmittance controlled layer according to the first exemplary embodiment has a refractive index
of 1.75, and an optical path length of 1575A. Further, the metal layer has a reflectance of 24.3%.

[0083] Referring to FIG. 7, a blue peak has a maximum value in a wavelength band ranging from 424 to 468nm and
an intensity of about 0.6. A green peak has a maximum value in a wavelength band ranging from 512 to 556nm and an
intensity of about 0.9. A red peak has a maximum value in a wavelength band ranging from 600 to 644nm and an intensity
of about 1. Here, the transmittance controlled layer according to the second exemplary embodiment has a refractive
index of 1.75, and an optical path length of 1750A. Further, the metal layer has a reflectance of 24.3%.

[0084] Referring to FIG. 8, a blue peak has some shoulder in a wavelength band ranging from 424 to 468nm and an
intensity of about 0.45. A green peak has a maximum value at a wavelength of 512nm and an intensity of about 1. A
red peak has a maximum value in a wavelength band ranging from 600 to 644nm and an intensity of about 0.8. Here,
the transmittance controlled layer according to the third exemplary embodiment has a refractive index of 1.75, and an
optical path length of 1925A. Further, the metal layer has a reflectance of 24.3%.

[0085] Referring to FIG. 9, a blue peak has a maximum value in a wavelength band ranging from 424 to 468nm and
an intensity of about 0.3. A green peak has a maximum value in a wavelength ranging from 512 to 556nm and an intensity
of about 1. A red peak has a maximum value in a wavelength band ranging from 600 to 644nm and an intensity of about
0.7. Here, the transmittance controlled layer according to the comparative example has a refractive index of 1.75, and
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an optical path length of 1075A.

[0086] Consequently, the blue, green, and red peaks of the first, second, and third exemplary embodiments are uniform
as compared with the comparative example. Among the first, second and third exemplary embodiments, the blue, green
and red peaks of the second exemplary embodiment are the most uniform.

[0087] Table 1 shows the color coordinates of the second exemplary embodiment and the comparative example.

Table 1

x-color coordinates | y-color coordinates
Second exemplary embodiment | 0.3645 0.3726
Comparative example 0.3553 0.4491

[0088] Referring to Table 1, the y-color coordinate of the second exemplary embodiment is better than that of the
comparative example for representing white light (e.g., closer to 0.31), but the x-color coordinate of the second exemplary
embodiment is worse than that of the comparative example for representing white light (e.g., further from 0.31). However,
a white characteristic becomes better when both the x- and y-color coordinates match (or approximate) with the coor-
dinates of white light (e.g., both closer to 0.31, 0.31), so that the second exemplary embodiment is much better than the
comparative example.

[0089] FIG. 10 is a graph showing transmission spectrums according to the fourth, fifth and sixth exemplary embod-
iments of the present invention, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes a
transmittance.

[0090] Referring to FIG. 10, in the fourth exemplary embodiment, transmittance is from 0.3 to 0.9 in a wavelength
band ranging from 450 to 650nm, and the maximum peak appears in a wavelength band ranging from 500 to 550nm
with a transmittance of 0.9. In the fifth exemplary embodiment, transmittance is relatively flat around 0.6 in a wavelength
band ranging from 450 to 650nm. In the sixth exemplary embodiment, transmittance varies between 0.3 and 0.7 in a
wavelength band ranging from 450 to 650nm.

[0091] Thus, the transmission spectrum of the fifth exemplary embodiment becomes flat around a transmittance of
0.6. This transmittance is called a reference transmittance. Further, the transmission spectrums of the fourth, fifth and
sixth exemplary embodiments are all higher than a half of the reference transmittance, i.e., a transmittance of 0.3. Here,
the transmittance controlled layer according to the fourth, fifth and sixth exemplary embodiments has a refractive index
of 1.75, and an optical path length of 1750A. Further, the metal layers of the fourth, fifth and sixth exemplary embodiments
have reflectances of 4.3%, 24.3% and 48.3%, respectively.

[0092] FIG. 11 is a graph showing transmission spectrums according to the seventh, eighth and ninth exemplary
embodiments of the present invention, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes
a transmittance.

[0093] Referring to FIG. 11, in the seventh exemplary embodiment, transmittance varies somewhat between 0.3 and
0.9 in a wavelength band ranging from 450 to 650nm, and the maximum peak appears in a wavelength band ranging
550 from 600nm with a transmittance of 0.9. In the eighth exemplary embodiment, transmittance is relatively constant
at about 0.6 in a wavelength band ranging from 450 to 650nm. In the ninth exemplary embodiment, transmittance varies
between 0.3 and 0.9 in a wavelength band ranging from 450 to 650nm, and the maximum peak appears at a wavelength
of 500nm with a transmittance of 0.9.

[0094] Inthe seventh, eighth and ninth exemplary embodiments, magnesium fluoride (MgF,) used as the transmittance
controlled layer has a refractive index of 1.38, and thus the optical path lengths of the seventh, eighth and ninth exemplary
embodiments are 1450 A, 1800A and 2140A, respectively. Further, the metal layers of the seventh, eighth and ninth
exemplary embodiments each have a reflectance of 24.3%.

[0095] Also, the transmission spectrum of the eighth exemplary embodiment becomes flat at a transmittance of about
0.6. This transmittance is called a reference transmittance. Further, the transmission spectrums of the seventh and ninth
exemplary embodiments are all higher than a half of the reference transmittance, i.e., a transmittance of 0.3, so that
they are suitable for the transmittance controlled layer and the metal layer according to embodiments of the present
invention (e.g., they can be used to realize white light).

[0096] FIG. 12 is a graph showing transmission spectrums according to the tenth, eleventh, and twelfth exemplary
embodiments of the present invention, in which a horizontal axis denotes a wavelength (nm) and a vertical axis denotes
a transmittance.

[0097] Referring to FIG. 12, in the tenth exemplary embodiment, transmittance varies somewhat between 0.3 and 0.9
in a wavelength band ranging from 450 to 650nm, and the maximum peak appears in a wavelength band ranging from
550 to 600nm with a transmittance of 0.9. In the eleventh exemplary embodiment, transmittance is relatively constant
at about 0.6 in a wavelength band ranging from 450 to 650nm. In the twelfth exemplary embodiment, transmittance
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varies between 0.3 and 0.9 in a wavelength band ranging from 450 to 650nm, and the maximum peak appears in a
wavelength band ranging from 450 to 500nm with a transmittance of about 1.

[0098] In the tenth, eleventh and twelfth exemplary embodiments, selenium zinc (ZnSe) used as the transmittance
controlled layer has a refractive index of 2.6, and thus the optical path lengths of the seventh, eighth and ninth exemplary
embodiments are 520A, 1040A and 1610A, respectively. Further, the metal layers of the tenth, eleventh and twelfth
exemplary embodiments each have a reflectance of 24.3%.

[0099] Also, the transmission spectrum of the eleventh exemplary embodiment becomes flat at a transmittance of
about 0.6. This transmittance is called a reference transmittance. Further, the transmission spectrums of the tenth and
twelfth exemplary embodiments are all higher than a half of the reference transmittance, i.e., a transmittance of 0.3, so
that they are suitable for the transmittance controlled layer and the metal layer according to embodiments of the present
invention.

[0100] As described above and according to certain embodiments of the present invention, a transmittance controlled
layer and a metal layer are disposed on a second electrode in sequence, so that an organic light emitting display device
can realize white light because the transmittance is substantially (or approximately) the same within a wavelength band
of visible light. Further, the resonance effect is suppressed, and the brightness is enhanced.

[0101] While the present invention has been described in connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements included within the scope of the appended claims, and equivalents
thereof.

Claims
1. Anorganic light emitting display device comprising:

a substrate (200);

a first electrode (210) disposed on the substrate (200) and including a reflection layer;

an organic layer (220) disposed on the first electrode (210) and including a white emission layer;
a second electrode (230) disposed on the organic layer (220);

a transmittance controlled layer (240) disposed on the second electrode (230); and

a metal layer (250) disposed on the transmittance controlled layer (240).

2. The organic light emitting display device according to claim 1, wherein the reflection layer comprises a material
selected from the group consisting of aluminum, silver, and alloys thereof.

3. The organic light emitting display device according to one of claims 1 and 2, wherein the white emission layer is a
single layer structure.

4. The organic light emitting display device according to one of claims 1 and 2, wherein the white emission layer is a
multiple layer structure.

5. The organic light emitting display device according to claim 4, wherein the multiple layers comprise an orange-red
emission layer and a blue emission layer.

6. The organic light emitting display device according to claim 4, wherein the multiple layers comprise a blue emission
layer, a green emission layer, and a red emission layer.

7. The organic light emitting display device according to one of the preceding claims, wherein the transmittance con-
trolled layer (240) has an optical path length ranging from about 520A to about 2140A.

8. The organic light emitting display device according to one of the preceding claims, wherein the transmittance con-
trolled layer (240) comprises a material selected from the group consisting of SiN,, SiO,, SiON, MgF,, ZnS, ZnSe,
TeO,, ZrO,, arylenediamine derivatives, triamine derivatives, CBP, aluminum-quinoline complex (Alq3), and com-
binations thereof.

9. The organic light emitting display device according to one of the preceding claims, wherein the metal layer (250)
has a reflectance ranging from about 4.3% to about 48.3%.
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The organic light emitting display device according to one of the preceding claims, wherein the metal layer (250)
comprises a material selected from the group consisting of magnesium (Mg), silver (Ag), calcium (Ca), magnesium
silver (MgAg), magnesium calcium (MgCa), aluminum silver (AlAg), ytterbium silver (YbAg), and combinations
thereof.

The organic light emitting display device according to one of the preceding claims, further comprising a passivation
layer on the metal layer (250).

The organic light emitting display device according to one of the preceding claims, further comprising a color filter
layer on the metal layer (250).

The organic light emitting display device according to one of the preceding claims, wherein the second electrode
(230) is a transflective electrode.

A method of fabricating an organic light emitting display device, the method comprising:

providing a substrate (200);

forming a first electrode (210) including a reflection layer on the substrate (200);

forming an organic layer (220) including a white emission layer on the first electrode (210);
forming a second electrode (230) on the organic layer (220);

forming a transmittance controlled layer (240) on the second electrode (230); and

forming a metal layer (250) on the transmittance controlled layer (240).

The method according to claim 14, wherein the organic layer (220) is formed by vacuum deposition, inkjet printing,
and/or laser induced thermal imaging.

The method according to one of claims 14 and 15, wherein the transmittance controlled layer (240) is formed by
vacuum deposition and/or lithography.

The method according to one of claims 14-16, wherein the metal layer (250) is formed by vacuum deposition and/or
sputtering.

11



EP 1936 715 A1

FIG. 1

~130

+120

1110

A-100

FIG. 2

- 250

- 240

- 230

N TA

- 220

-210

— 200

12



EP 1936 715 A1

(WUHIONIIIAYM

059 009 0SS 00S

Y (U NP 5

T

‘G ) S

G0
90
L0
80
60

(%)3ONVLLINSNVYHL

13



EP 1936 715 A1

059

(WU)HLONTTIAVM

009

06§

0Gy 0oy

00S

0

L0

[AV)

€0

7o {(%)3ONVLLINSNVYHL
G0

90

L0

80

60

14



EP 1936 715 A1

(WU)HLONITTIAYM
0S2 00/ 059 009 0SS 00S oSy 00V

. e

N G —— -

(%)3ONVLLINSNVHL

60

R gy [ S
il it e

[
|
|
|
|
|
i
|
|
|
|
1
|
|
|
|
|
|
|
|
i
|
I
|
|
|
|
|
|
|
4
1
|
|
|
|
|
|
|
|
|
|
-+ ———
|
|
|
|
|
|
|
|
|
|
|
- ——--
|
|
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|

15



EP 1936 715 A1

(WU)HLONITIAVM
9./ ¢&L 889 vv9 009 966G  ¢1§

891 vey  08€

T T 0

9 "Old

A"

¢

N )ALISNILNI

16



EP 1936 715 A1

9.2

(WUYHIDNITIAYM
ge. 889 v¥9 009 9SS  2IS 89y  v2r 08¢

T T I 1 T I V 1

L Ol

¢

¥0

90

80

¢l

¢

N"e)ALISNILNI

17



EP 1936 715 A1

(WUYH1HNITIAYM
9// 28/ 889 v¥9 009 9SS 2IS 89y v2¥ 08¢

I T ' T L) T T I T

8 DOl

20
0
("N"B)ALISNILNI

90

80

ANt

18



EP 1936 715 A1

(WU)HLHONITIAVM
9L ¢eL 889 vv9 009 98¢ ¢l 89y  ¥er  08€

6 Ol

A
v'0
('N"B)ALISNILNI

90

80

¢}

19



EP 1936 715 A1

(WUYHIDNTIIAVM
0§/ 004 059 009 0SS 00s 0svy 0ov

(INIWIQO8N3 (LNIFWIaogw3 (LNIWIQogn3

AHVIdWIXT HIXIS) AHV1dW3X3 H1dIH) A”Y1dNIX3 H1HNOL)

ol "9l

0

90

80

A"

(%)3ONVLLINSNYHL

20



EP 1936 715 A1

(WU)HIHNITIAVM
059 009 0GS 00S oSy

il e e

(LNIWIqogn3

(LNIFWIaodw3 (LNIFWIAOg3

AHVTdWEXT HININ)  AHYIAWNIX3 HIHDIF) AHVIdW3X3 HINTIAIS)

LE"OI4

¥'0
(%)3ONVLLIWSNYHL
90

80

¢l

21



EP 1936 715 A1

0§42 00Z

(WU)HIDNITIAYM
0S9 009 0SS

————— L
1
1
1
I
I
i
i
|
|
|
'
|

e
i
1
1
I
1
1
1
(
1
1
|
I
r
1
|
|
1
1
i

(LNIWIQO8I3
AHVIdNTX3 HL14T13amL)

(INaWIgogwI
AHV1dWIX3 HINIATTI)

¢l 94

00s 0S¥ oov
0
20
v'0
(%)3ONVLLINSNYYH L
9°0
| i 8°0
R
..... N S I
| ” -

_  (IN3WIcogn3
AV IdWNIX3 HINTL)

22



no

EPO FORM 1503 03.82 (P04C01)

EP 1936 715 A1

0’) E‘;’?pea“ Patent EUROPEAN SEARCH REPORT
ice

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 07 12 3983

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

EP 1 662 574 A (SAMSUNG SDI CO LTD [KR])
31 May 2006 (2006-05-31)

* paragraphs [0023] - [0033]; figure 2 *
T. SHIGA ET AL.: "Design of
multiwavelength resonant cavities for
white organic light-emitting diodes"
JOURNAL OF APPLIED PHYSICS,

vol. 93, no. 1,

1 January 2003 (2003-01-01), pages 19-22,
XP002473413

AIP, USA

* paragraphs [0IIA], [OIII]; figure 2 *
NEYTS K ET AL: "SEMITRANSPARENT METAL OR
DISTRIBUTED BRAGG REFLECTOR FOR
WIDE-VIEWING-ANGLE ORGANIC
LIGHT-EMITTING-DIODE MICROCAVITIES"
January 2000 (2000-01), JOURNAL OF THE
OPTICAL SOCIETY OF AMERICA - B, OPTICAL
SOCIETY OF AMERICA, WASHINGTON, US,
PAGE(S) 114-119 , XP002936799

ISSN: 0740-3224

* page 114, column 1, paragraph 2 - column
2, paragraph 1; figure 1 *

US 2005/162075 Al (MADATHIL JOSEPH K [US]
ET AL) 28 July 2005 (2005-07-28)

* paragraphs [0029] - [0032], [0056] -
[0060]; figure 4 *

US 2006/049747 Al (MATSUDA EISUKE [JP] ET
AL) 9 March 2006 (2006-03-09)

* paragraphs [0021] - [0024], [0030],
[0038] - [0041]; figure 1 *

US 20057249974 Al (MORI TOSHITAKA [JP] ET
AL) 10 November 2005 (2005-11-10)

* paragraphs [0073] - [0087]; figure 2 *

The present search report has been drawn up for all claims

1-10,
13-17

1-6,8,
10-17

1-6,8,
10-17

1-17

1-17

1-17

INV.
HO1L51/52

TECHNICAL FIELDS
SEARCHED (IPC)

HO1L
HO5B

Place of search Date of completion of the search

The Hague 19 March 2008

Examiner

Bakos, Tamas

X: particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

23




EPO FORM P0459

EP 1936 715 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 07 12 3983

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

19-03-2008
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1662574 A 31-05-2006 CN 1805636 A 19-07-2006
JP 2006156396 A 15-06-2006
KR 20060059721 A 02-06-2006
US 2006113529 Al 01-06-2006

US 2005162075 Al 28-07-2005  NONE

US 2006049747 Al 09-03-2006  CN 1747615 A 15-03-2006
JP 2006079836 A 23-03-2006
KR 20060051032 A 19-05-2006

US 2005249974 Al 10-11-2005 GB 2412496 A 28-09-2005
JP 2005243411 A 08-09-2005

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

24



patsnap

LT RIBER(F) BHMAREREBRESIERZE
DFH(RE)S EP1936715A1 NIF(AEH)A 2008-06-25
HiES EP2007123983 HiEH 2007-12-21
IRIRBEERFPOAR) ZEHHEZEROERATE
BiE (T R A (F) =ESDICO., LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.
[$R1 & BB A JEONG HEE SEONG SAMSUNG SDI CO LTD
KHO SAM IL SAMSUNG SDI CO LTD
YOO BYEONG WOOK SAMSUNG SDI CO LTD
LEE SEONG TAEK SAMSUNG SDI CO LTD
OH JUN SIK SAMSUNG SDI CO LTD
KIM GUN SHIK SAMSUNG SDI CO LTD
KBAA JEONG, HEE-SEONG SAMSUNG SDI CO., LTD.
KHO, SAM-IL SAMSUNG SDI CO., LTD.
YOO, BYEONG-WOOK SAMSUNG SDI CO., LTD.
LEE, SEONG-TAEK SAMSUNG SDI CO., LTD.
OH, JUN-SIK SAMSUNG SDI CO., LTD.
KIM, GUN-SHIK SAMSUNG SDI CO., LTD.
IPCH %S HO1L51/52
CPCH¥EE HO01L51/5265 HO1L2251/5315 Y10T428/31678
REHNA(F) hengelhaupt , Jiirgen
£ £ 1020060132925 2006-12-22 KR
H N FF 3Rk EP1936715B1
SAEREE$E Espacenet
HEGR) FIG. 4
—TENEAEREBERESESE , HPET NN KT HESR
HAMHE. BVNAXEREESE  EWX (200) ;58— (210) , i& 1
BEENR (200) EHBERSEEAVE (220) , REESE—BH e s e e
(210) EHBEBARENE;FE =8 (230) REEEVE (220) L; 08—~
BEEEFIRE (240 ) RBEFE B4R (230) L;2ERE (250 ) REBHEE Rl P~ G
STRBEIR (240) Lo . /
TRANSMITTANCE(%)
0.4
0.3

0.2

0.1 -

400

450

500 550

WAVELEN

€00
GTH(nm)

650



https://share-analytics.zhihuiya.com/view/95bfc8d4-a471-4378-9ead-e563baf5bc6a
https://worldwide.espacenet.com/patent/search/family/039167738/publication/EP1936715A1?q=EP1936715A1

