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(54) Organic light-emitting display device

(57)  Anorganic light emitting display device includes
a substrate (10) and a plurality of pixels (P1, P2, P3) on
the substrate (10). The pixels (P1, P2, P3) include a plu-
rality of first electrodes (21, 22, 23), a second electrode
(60), a white light emitting layer (40), and a first thin film

layer (31, 32) between the first electrodes (21, 22, 23)
and the second electrode (60). White light emitted from
the white light emitting layer (40) causes resonance to
occur between the first electrodes (21, 22, 23) and the
second electrode (60).
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Description
BACKGROUND
1. Field

[0001] The present invention relates to an organic light emitting display device and, more particularly, to an organic
light emitting display device having improved light efficiency.

2. Description of the Related Art

[0002] Organiclightemitting display devices are self-emission type display devices which emitlight by applying voltages
to an anode, a cathode, and an organic light emitting layer between the anode and the cathode, thereby recombining
electrons and holes in the organic light emitting layer. When white light is emitted from the organic light emitting layer
of some display devices, the white light passes through color filters on a light path, thereby realizing color display.
However, when the white light emitted from the organic light emitting layer passes through the color filters, light efficiency
may be deteriorated.

SUMMARY

[0003] The presentinvention sets outto provide an organic light emitting display device havingimproved light efficiency.
[0004] In an embodiment of the present invention, an organic light emitting display device is provided. The organic
light emitting display device includes a substrate and a plurality of pixels on the substrate. Each of the pixels is configured
to emit light of one of a plurality of second colors for forming white light when combined. The plurality of pixels includes
a plurality of first electrodes, a second electrode, a white light emitting layer between the first electrodes and the second
electrode, and a first thin film layer between the first electrodes and the second electrode. The white light emitting layer
includes a plurality of light emitting layers, each being configured to emit light of one of a plurality of first colors for forming
white light when combined. The first thin film layer has a plurality of thicknesses corresponding to the plurality of second
colors. Each of the plurality of pixels is further configured to emit light of the one of the plurality of second colors when
white light emitted from the white light emitting layer causes resonance to occur between the first electrodes and the
second electrode.

[0005] The first thin film layer may include at least one selected from the group consisting of a hole injection layer, a
hole transport layer, a hole blocking layer, an electron injection layer, an electron transport layer, and an electron blocking
layer.

[0006] The first thin film layer may exist in less than all of the plurality of pixels.

[0007] The first thin film layer may be formed by using laser induced thermal imaging (LITI).

[0008] The first thin film layer may be formed by using inkjet printing or nozzle printing.

[0009] The plurality of pixels may further include a second thin film layer between the first electrodes and the second
electrode.

[0010] The second thin film layer includes at least one selected from the group consisting of a hole injection layer, a
hole transport layer, a hole blocking layer, an electron injection layer, an electron transport layer, and an electron blocking
layer.

[0011] The second thin film layer may be concurrently formed for each of the plurality of pixels.

[0012] The plurality of first colors may be the same as the plurality of second colors.

[0013] The plurality of first colors may include three colors.

[0014] The plurality of first colors may include red, green, and blue.

[0015] The plurality of second colors may include three colors.

[0016] The plurality of second colors may include red, green, and blue.

[0017] The organic light emitting display device may further include a pixel-defining layer formed around the first
electrodes to define a light emitting region of the plurality of pixels.

[0018] The organic light emitting display device may further include a sealing member on the second electrode to seal
the white light emitting layer and the first thin film layer.

[0019] The sealing member may include a substrate formed of glass.

[0020] The sealing member may include a plurality of thin film layers formed by alternating a plurality of organic layers
and inorganic layers.

[0021] The organic light emitting display device may further include a filling member between the second electrode
and the sealing member.

[0022] The first electrodes and the second electrode may be respectively formed of reflective electrodes and a semi-
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transparent electrode.

[0023] According to another embodiment of the present invention, another organic light emitting display device is
provided. The organic light emitting display device includes a substrate and a plurality of pixels on the substrate. Each
of the pixels is configured to emit red, green, or blue light. The plurality of pixels includes a plurality of first electrodes,
a second electrode, a white light emitting layer between the first electrodes and the second electrode, a first thin film
layer between the first electrodes and the second electrode, and color filters. The white light emitting layer includes light
emitting layers configured to emit red, green, and blue light for forming white light when combined. The first thin film
layer has a first thickness in each of the plurality of pixels configured to emit red light, a second thickness different than
the first thickness in each of the plurality of pixels configured to emit green light, and a third thickness different than the
first and second thicknesses in each of the plurality of pixels configured to emit blue light. The color filters are in only
some of the plurality of pixels based on the color of light emitted by the some of the plurality of pixels. Each of the plurality
of pixels is further configured to emit the one of red light, green light, or blue light when white light emitted from the white
light emitting layer causes resonance to occur between the first electrodes and the second electrode. Light in the only
some of the plurality of pixels is emitted through the color filters in the only some of the plurality of pixels. Lightin remaining
ones of the plurality of pixels is emitted without passing through the color filters.

[0024] The first thin film layer may include at least one selected from the group consisting of a hole injection layer, a
hole transport layer, a hole blocking layer, an electron injection layer, an electron transport layer, and an electron blocking
layer.

[0025] The plurality of pixels may further include a second thin film layer between the first electrodes and the second
electrode.

[0026] The second thin film layer may include at least one selected from the group consisting of a hole injection layer,
a hole transport layer, a hole blocking layer, an electron injection layer, an electron transport layer, and an electron
blocking layer.

[0027] The organic light emitting display device may further include a sealing member on the second electrode to seal
the white light emitting layer and the first thin film layer.

[0028] The organic light emitting display device may further include a filling member between the second electrode
and the sealing member.

[0029] The first electrodes and the second electrode may be respectively formed of reflective electrodes and a semi-
transparent electrode.

[0030] The color filters may be on a surface of a sealing member or the substrate.

[0031] The organic light emitting display device may further include black matrix between the color filters.

[0032] The above and other features of the invention are set out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the present invention will be described with reference to the attached drawings in which:
[0034] FIG. 1is a cross-sectional view schematically illustrating some pixels in an organic light emitting display device,
according to an embodiment of the present invention;

[0035] FIG. 2is a cross-sectional view schematically illustrating some pixels in an organic light emitting display device,
according to another embodiment of the present invention; and

[0036] FIG. 3 is a graph illustrating luminous intensity of blue light before and after passing through a blue color filter
in the organic light emitting display device of FIG. 2.

DETAILED DESCRIPTION

[0037] Referring to FIG. 1, the organic light emitting display device 1 includes a plurality of pixels P1, P2, and P3 on
a substrate 10. The substrate 10 may be formed of a transparent glass material such as SiO,. The substrate 10 may
be also formed of a non-transparent material or may be formed of other materials such as plastic.

[0038] In addition, a buffer layer (not illustrated) formed of SiO, and/or SiNx may be formed on the substrate 10 in
order, for example, for the substrate 10 to provide aflat surface on the substrate and to prevent impurities from penetrating.
Moreover, in an active matrix organic light emitting display device, a plurality of thin film transistors (not illustrated)
respectively connected to the plurality of pixels P1, P2, and P3 may be formed on the substrate 10.

[0039] Each of the plurality of pixels P1, P2, and P3 may emit a different color (for instance, one of primary colors,
such asred, green, orblue). If these colors are optically mixed (or combined), white light may be realized. For convenience
of description, it is assumed that the first pixel P1 emits red light, the second pixel P2 emits green light, and the third
pixel P3 emits blue light.

[0040] A plurality of first electrodes 21, 22, and 23 and a second electrode 60 are formed (or located) on the substrate
10. A white light emitting layer 40, first thin film layers 31 and 32, a second thin film layer 50, a filling member 70, and
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the second electrode 60 are interposed (or located) between the plurality of first electrodes 21, 22, and 23 and a sealing
substrate 80.

[0041] The first electrodes 21, 22, and 23 may be formed in a pattern (for example, a predetermined pattern) by using
photolithography. In FIG. 1, thicknesses of the first electrodes 21, 22, and 23 respectively formed in the pixels P1, P2,
and P3 are the same.

[0042] If the organic light emitting display device 1 is a passive matrix (PM) type, the patterns of the first electrodes
21, 22, and 23 may be stripe-lines that are spaced apart from each other. On the other hand, if the organic light emitting
display device 1 is an active matrix (AM) type, the first electrodes 21, 22, and 23 may respectively correspond to the
pixels P1, P2, and P3.

[0043] The second electrode 60 is disposed (or located) on the first electrodes 21, 22, and 23. If the organic light
emitting display device is a PM type, the second electrode 60 may have a stripe form that is perpendicular to the patterns
of the first electrodes 21, 22, and 23. On the other hand, if the organic light emitting display device is an AM type, the
second electrode 60 may be formed as a common layer throughout an entire active region on which an image is realized.
The first electrodes 21, 22, and 23 may act as anode electrodes and the second electrode 60 may act as a cathode
electrode, or vice versa.

[0044] In order to realize a microcavity effect, the first electrodes 21, 22, and 23 and the second electrode 60 that face
each other with the white light emitting layer 40 interposed therebetween are formed of a combination of a reflective
electrode and a semitransparent electrode. For example, if the organic light emitting display device 1 is a bottom emission
type, whereby an image is realized in a direction of the substrate 10, the first electrodes 21, 22, and 23 may be semi-
transparent electrodes and the second electrode 60 may be a reflective electrode. By way of further example, if the
organic light emitting display device 1 is a top emission type, whereby an image is realized in a direction of the sealing
substrate 80, the first electrodes 21, 22, and 23 may be reflective electrodes and the second electrode 60 may be a
semitransparent electrode.

[0045] For ease of description, assume that the organic light emitting display device 1 in FIG. 1 is a top emission type,
so that the first electrodes 21, 22, and 23 are formed as reflective electrodes and the second electrode 60 is formed as
a semitransparent electrode. The first electrodes 21, 22, and 23 may be formed of a reflective metal such as silver (Ag),
aluminum (Al), gold (Au), platinum (Pt), or chromium (Cr), or an alloy containing one or more of these or other suitable
metals. In addition, the first electrodes 21, 22, and 23 may be formed as a double-layer or a triple-layer further including
an indium tin oxide (ITO) layer or an indium zinc oxide (IZO) layer on an upper portion and/or a lower portion of the
reflective metal.

[0046] Further, the second electrode 60 is formed as a common electrode. The second electrode 60 may be formed
of a semi-reflective/semitransparent metal. The semi-reflective/semitransparent metal may be an alloy of magnesium
(Mg) and silver (Ag), a metal such as silver (Ag), aluminum (Al), gold (Au), platinum (Pt), or chromium (Cr), or an alloy
containing one or more or these or other suitable metals. Here, the second electrode 60 may have a sufficient thickness
to reach a reflectivity of 5% or more and a transmissivity of 50% or more.

[0047] Although not illustrated in FIG. 1, a pixel-defining layer (PDL) may be formed outside of (for example, around)
the first electrodes 21, 22, and 23 to define a light emitting region.

[0048] First thin film layers 31 and 32, each having a different thickness, are formed in the pixels P1 and P2 on the
first electrodes 21 and 22. For instance, in FIG. 1, a thickness t1 of the first thin film layer 31 formed in the first pixel P1,
which emits red light, is the largest, while a thickness t2 of the first thin film layer 32 formed in the second pixel P2, which
emits green light, is less than the thickness t1 of the first thin film layer 31 formed in the first pixel P1. In the embodiment
shown in FIG. 1, no first thin film layer is formed in the third pixel P3, which emits blue light.

[0049] The first thin film layers 31 and 32 may include at least one selected from the group consisting of a hole injection
layer (HIL), a hole transport layer (HTL), a hole blocking layer (HBL), an electron injection layer (EIL), an electron transport
layer (ETL), and an electron blocking layer (EBL). For example, in FIG. 1, the hole injection layer (HIL) is selected as
the first thin film layers 31 and 32.

[0050] The first thin film layers 31 and 32 may be formed to each have a different thickness on each pixel by using
laser induced thermal imaging (LITI). In addition, the first thin film layers 31 and 32 may be patterned on each pixel with
each different thickness by using inkjet printing or nozzle printing.

[0051] The second thin film layer 50 formed in the plurality of pixels P1, P2, and P3 as a common layer having a same
thickness throughout is interposed between the first electrodes 21, 22, and 23 and the second electrode 60. In addition,
the white light emitting layer 40 is interposed between layers of the second thin film layer 50. The second thin film layer
50 may include at least one selected from the group consisting of a hole injection layer (HIL), a hole transport layer
(HTL), a hole blocking layer (HBL), an electron injection layer (EIL), an electron transport layer (ETL), and an electron
blocking layer (EBL).

[0052] For example, in FIG. 1, the second thin film layer 50 sequentially includes a HIL 51, a HTL 52, an ETL 53, and
an EIL 54 in a direction from the first electrodes 21, 22, and 23 to the second electrode 60. However, the second thin
film layer 50 is not limited to the above selected layers.
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[0053] The HIL 51 is formed in each of the pixels P1, P2, and P3 as a common layer. The HIL 51 may be formed of
a generally used material selected from the group including copper phthalocyanine (CuPc), 4,4’,4"-tris(N-(3-methylphe-
nyl)-N-phenylamino)triphenylamine)(MTDATA), and mixtures thereof.

[0054] For example, in FIG. 1, a HIL is selected as the first thin film layers 31 and 32, and the HIL 51 is selected as
one of the layers for forming the second thin film layer 50 as a common layer having the same thickness throughout and
is formed on the first thin film layers 31 and 32 in the entire pixels P1 and P2, respectively, and on first electrode 23 in
the entire pixel P3. Accordingly, total thicknesses T1, T2, and T3 obtained by adding the first thin film layers 31 and 32
and the HIL 51 of the second thin film layer 50 vary in each pixel P1, P2, and P3. That is, the thickness T1 of the HILs
31 and 51 in the first pixel P1 is the largest, the thickness of the HILs 32 and 51 in the second pixel P2 is less than T1,
and the thickness T3 of the HIL 51 in the third pixel P3 is the smallest.

[0055] The HTL 52 is formed on the HIL 51 in the pixels P1, P2, and P3 as a common layer having the same thickness
throughout. The HTL 52 may be, for example, formed of N,N’-Di(naphthalene-1-yl)-N,N’-diphenyl-benzidine (NPB) or
polyethylenedioxythiophene (PEDOT).

[0056] The white light emitting layer 40 sequentially including light emitting layers 41, 42, and 43 that respectively emit
red, green, and blue light that are combined to produce white light, is formed on the HTL 52 in the pixels P1, P2, and
P3 as a common layer.

[0057] Note that in FIG. 1, red, green, and blue are selected as a combination for light emitting layers to emit white
light. However, the present invention is not limited thereto and various colors, which may combine with each other to
emit white light, may be used. Also, the order of the layers being stacked does not affect the emitting of white light. In
addition, three emitting layers are separately formed in FIG. 1. However, itis possible to mix three luminescent substances
to form one layer. Moreover, two or more luminescent substances may be mixed (or combined) and one layer or two
layers may be formed.

[0058] The light emitting layer 41 realizing red light may be formed of a phosphorescent substance which includes
carbazole biphenyl (CBP) or mCP as a host material and includes at least one selected from the group including bis(1-
phenylisoquinoline)acetylacetonate iridium (PIQIr(acac)), bis(1-phenylquinoline)acetylacetonate iridium PQlr(acac)), tris
(1-phenylquinoline) iridium (PQIr), and octaethylporphyrin platinum (PtPEP) as a dopant material. In addition, the light
emitting layer 41 may be formed of a fluorescent substance such as PED:Eu(DBM)3(Phen) or Perylene.

[0059] The light emitting layer 42 realizing green light may be formed of a phosphorescent substance that includes
CBP or mCP as a host material and includes fac tris(2-phenylpyridine) iridium (Ir(ppy)3) as a dopant material. In addition,
the light emitting layer 42 may be formed of a fluorescent substance such as tris(8-hydroxyquinoline) aluminum (Alg3).
[0060] The light emitting layer 43 realizing blue light may be formed of a fluorescent substance including one selected
from the group consisting of DPVBI, spiro-DPVBI, spiro-6P, distill benzene (DSB), distyrylarylene (DSA), a PFO-based
polymer, a PPV-based polymer, and mixtures thereof.

[0061] The light emitting layers 41, 42, and 43 respectively emit red, green, and blue light may be formed as a common
layer by depositing them in the plurality of pixels P1, P2, and P3 by using one open mask. Conversely, in an organic
light emitting display device in which light emitting layers emitting separate colors in each pixel are formed (and thus
separate colors are emitted by each pixel), the light emitting layers having each different color may be patterned in each
pixel by using laser induced thermal imaging (LITI), inkjet printing, or vacuum depositing using a fine metal mask (FMM).
Accordingly, the white light emitting layer 40 according to the embodiment of FIG. 1 may be easily formed without a
separate patterning process for each pixel.

[0062] Although not illustrated, a material generally used to form the second thin film layer 50 is used to further form
a hole blocking layer (HBL) (not illustrated). The HBL (not illustrated) may be formed of biphenoxy-bi(8-quinolitolato)
aluminum (Balq).

[0063] The ETL 53 is formed on the white light emitting layer 40 in each pixel P1, P2, and P3 as a common layer with
the same thickness. The ETL 53 may be formed of a polycyclic hydrocarbon based derivative, a heterocyclic compound,
or tris(8-hydroxyquinolinato)aluminum (Alg3).

[0064] The EIL 54 is formed on the ETL in each pixel P1, P2, and P3 as a common layer having the same thickness
throughout. The EIL 54 may be formed of LiF, Liq, NaF, or Naq.

[0065] InFIG. 1, a plurality of thin film layers including the HIL 51, the HTL 52, the ETL 53, and the EIL 54 is illustrated
as the second thin film layer 50. However, the present invention is not limited thereto and other thin film layers may be
added or removed, if necessary.

[0066] A filling member 70, which is filled with a filler so as to protect the organic light emitting display device 1, may
be interposed between the second electrode 60 and the sealing substrate 80.

[0067] The sealing substrate 80 for sealing the first thin film layers 31 and 32, the white light emitting layer 40, and
the second thin film layer 50 is formed on the filing member 70. In FIG. 1, the sealing substrate 80 sealed with a sealant
(not illustrated) is disposed on the substrate 10; however, the present invention is not limited thereto. For example, a
sealing structure (not illustrated) of a thin film formed by alternating a plurality of organic layers and inorganic layers
may be formed on the filling member 70.
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[0068] A typical organic light emitting display device including a white light emitting layer includes color filters (to realize
a color display device). Accordingly, white light emitted from the white light emitting layer passes red, green, and blue
color filters located in each pixel and emits red light, green light, and blue light in each pixel. Accordingly, different colors
are realized in the display device due to combinations of the emitted colors of light.

[0069] However, in the organic light emitting display device 1 according to the embodiment in FIG. 1, red light R is
emitted from the first pixel P1, green light G is emitted from the second pixel P2, and blue light B is emitted from the
third pixel P3 without a separate color filter being installed. A principle of emitting specific colors in each pixel without
color filters (by using the microcavity effect) is as follows.

[0070] When voltage is respectively applied to the first electrodes 21, 22, and 23 and the second electrode 60 in the
organic light emitting display device 1, the first electrodes 21, 22, and 23 provide holes and the second electrode 60
provides electrons. When the holes and electrons are combined in the red light emitting layer 41, the green light emitting
layer 42, and the blue light emitting layer 43, excitons (which are particles in an excited state) are generated and the
excitons fall to a ground state, thereby emitting, for example, red, green, and blue light. The emitted colors of light are
optically mixed with each other and the white light emitting layer 40 emits white light.

[0071] The white light emitted from the white light emitting layer 40 causes resonance to occur between the first
electrodes 21, 22, and 23, which are reflective electrodes, and the second electrode 60, which is a semi-reflective/
semitransparent electrode. Here, the thicknesses of the first electrodes 21, 22, and 23, the second electrode 60, the
white light emitting layer 40, and the second thin film layer 50 are the same in all pixels P1, and P2, and P3. However,
the thicknesses of the first thin film layers 31 and 32 vary according to each pixel P1, P2, and P3. That is, the thickness
T1 of the HILs 31 and 51 in the first pixel P1 is the largest, the thickness T2 of the HILs 32 and 51 in the second pixel
P2 is less than the thickness T1, and the thickness T3 of the HIL 51 in the third pixel P3 is the smallest. Accordingly,
the optical distance of the first pixel is longer than the optical distance of the second pixel P2 and the optical distance
of the second pixel P2 is longer than the optical distance of the third pixel P3.

[0072] Accordingly, the optical distance of each respective pixel P1, P2, and P3 strengthens light emission of light
that has a wavelength that is close to a wavelength corresponding to a resonant wavelength designed for that pixel P1,
P2, and P3, and suppresses light emission of light that has a wavelength that is close to other wavelengths. Accordingly,
in the light emitted from the first pixel P1, the second pixel P2, and the third pixel P3, red light R, green light G, and blue
light B are respectively strengthened and emitted.

[0073] For convenience of description, the first pixel P1 realizes red light, the second pixel P2 realizes green light,
and the third pixel P3 realizes blue light; however, the present invention is not limited thereto. That is, each of the pixels
P1, P2, and P3 may be configured realize any one of red, green, and blue light regardless of the order. In addition, a
combination of other colors, instead of red, green, and blue, which realize full color may be used. In addition, full color
may be realized by a combination of four or more colors of pixels, instead of three colors of pixels.

[0074] Inthe organic light emitting display device 1 according to the embodiment of FIG. 1, color filters are notincluded.
Therefore, problems such as a decrease in light emitting efficiency that takes place when light penetrates a color filter,
and high voltage and high current required when color filters are used, may be solved and thus power consumption may
be reduced. In addition, the light emitting layer is not formed by each pixel individually but is instead formed as a common
layer, which simplifies fabrication of the light emitting layer.

[0075] Hereinafter, an organic light emitting display device 2 according to another embodiment is described with
reference to FIGS. 2 and 3. FIG. 2 is a cross-sectional view schematically illustrating some pixels in the organic light
emitting display device 2, and FIG. 3 is a graph illustrating luminous intensity of blue light before and after the blue light
passes through a blue color filter in the organic light emitting display device of FIG. 2. For consistency and convenience
of description, structures in FIG. 2 representing the same or substantially similar structures with those of FIG. 1 use the
same reference numerals.

[0076] Referring to FIG. 2, the organic light emitting display device 2 includes the plurality of first electrodes 21, 22,
and 23 on the substrate 10, and the second electrode 60. The white light emitting layer 40, the first thin film layers 31
and 32, the second thin film layer 50, the filling member 70, and the second electrode 60 may be interposed between
the plurality of first electrodes 21, 22, and 23 and the sealing substrate 80. Color filters 90 are located in some of the
pixels P1 and P2 among the plurality of pixels P1, P2, and P3 on a surface of the sealing substrate 80 and black matrix
BM is alternately arranged between the color filters 90. Here, like reference numerals in the organic light emitting display
device 2 denote like elements in the organic light emitting display device 1.

[0077] Similar to the organic light emitting display device 1, the organic light emitting display device 2 includes the
white light emitting layer 40, which emits white light, between the first electrodes 21, 22, and 23, which are reflective
electrodes, and the second electrode 60, which is a semitransparent electrode. Also, a HIL is selected as the first thin
film layers 31 and 32, and the HIL 51 is selected as one of the layers for forming the second thin film layer 50 as a
common layer having the same thickness throughout and is formed on the first thin film layers 31 and 32 in all of the
pixels P1, P2, and P3. Accordingly, as in the previous embodiment, total thicknesses T1, T2, and T3 obtained by adding
the first thin film layers 31 and 32 and the HIL 51 of the second thin film layer 50 vary in each of the pixels P1, P2, and P3.
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[0078] However, in the organic light emitting display device 2 according to the embodiment of FIG. 2, the color filters
90 are formed on the surface of the sealing substrate 80. The color filters 90 are not located in all colors of pixels as in
a typical color filter arrangement, but are instead only located in some colors of pixels. For example, in the embodiment
of FIG. 2, a red color filter 90R, which allows red light to penetrate, is located to correspond to the first pixel P1 and a
green color filter 90G, which allows green light to penetrate, is located to correspond to the second pixel P2. However,
a blue color filter is not located to correspond to the third pixel P3.

[0079] As in the embodiment of FIG. 1, in the organic light emitting display device 2, in which optical distances are
designed to each have a different length in each pixel P1, P2, and P3 and a fine resonance effect is used, light emission
of light that has a wavelength that is close to a wavelength corresponding to the resonant wavelength designed by each
pixel P1, P2, and P3 of the white light emitted from the white light emitting layer 40 is strengthened while light emission
of light that has a wavelength that is close to other wavelengths is suppressed. Accordingly, in the light emitted from the
first pixel P1, the second pixel P2, and the third pixel P3, red light, green light, and blue light are respectively strengthened
(e.g., enhanced to improve color purity) and emitted.

[0080] When the strengthened light is matched to a light source of the white light emitting layer 40 and passes through
color filters having excellent transmissivity, the color gamut may be significantly improved. However, if color filters for
all of the pixels, for example, red, green, and blue color filters, are employed, luminous efficiency of the organic light
emitting display device is reduced by 1/3.

[0081] Accordingly, in the organic light emitting display device 2, the color filters are located in some pixels so that a
decrease in luminous efficiency is reduced or minimized while the improved or maximum color gamut is maintained.
[0082] The red light emitted from the first pixel P1 passes through the red color filter 90R so as to be emitted as red
light R’ having a narrow bandwidth, the green light emitted from the first pixel P2 passes through the color filter 90G so
as to be emitted as green light G’ having a narrow bandwidth, and blue light B emitted from the third pixel P3 is directly
emitted without passing through the color filter.

[0083] FIG. 3 illustrates an emission spectrum of blue light before and after passing through a blue color filter in the
organic light emitting display device 2 of FIG. 2. Referring to FIG. 3, emission spectrum characteristics such as bandwidths
before and after passing through the color filter are not significantly changed.

[0084] Table 1 below shows changes in characteristics of the organic light emitting display device before and after
the blue color filter is employed.

[0085] Referring to Table 1, when the display device is driven to display the same desired brightness (in this case,
250 nits of panel brightness, white standard, and 74 nits of blue emission brightness) both without a blue color filter and
when the blue color filter is employed, driving voltage and current density after the blue color filter is employed increases
and efficiency decreases compared with the driving voltage and current density before the blue color filter is employed.
In addition, emission characteristics, for example, blue coordinates and emission spectrum (refer to FIG. 3), are not
significantly changed.

Table 1
Driving voltage (V) Applied current Efficiency (Cd/A) | Blue coordinates (X,Y)
(mA/cm2)
Before Blue C/F is 5.79 14.581 0.49 (0.15, 0.03)
employed
After Blue C/F is 6.17 23.964 0.30 (0.15, 0.03)
employed

[0086] In the organic light emitting display device according to the embodiment of FIG. 2, a blue color filter is not
employed so that power consumption of the organic light emitting display device may be reduced due to the decrease
in the driving voltage and current for blue light emission (as illustrated in Table 1), which corresponds to a desired
brightness. Also, an efficiency decrease caused when the blue color filter is employed does not occur and thus panel
efficiency of the organic light emitting display device may increase. In addition, some color filters (red and green) are
employed and thus the color gamut of the organic light emitting display device may be strengthened. Moreover, the light
emitting layer is not formed separately by each individual pixel but instead is formed as a common layer, and thus the
light emitting layer fabrication may be simplified.

[0087] In the detailed description of the embodiment of FIG. 2, the organic light emitting display device in which the
blue color filter is not employed is described. However, the present invention is not limited thereto. That is, red and/or
green color filters may not be employed if power consumption is reduced and efficiency decrease does not occur while
the same emission characteristics (color coordinates and emission spectrum) are substantially maintained.

[0088] According to the organic light emitting display device of embodiments of the present invention, all or some of
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the color filters are not employed so that problems such as a decrease in efficiency caused by light penetrating the color
filters, and high voltage and high current required when the color filters are used, may be solved, and thus power
consumption may be reduced. In addition, the light emitting layer is not formed by each pixel but is instead formed as
a common layer so that the light emitting layer may be fabricated more simply.

[0089] While aspects of the present invention have been particularly shown and described with reference to embod-
iments 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 scope of the present invention as defined by the following claims, and equivalents
thereof.

Claims

1.

10.

An organic light emitting display device comprising:

a substrate; and
a plurality of pixels on the substrate, each being configured to emit light of one of a plurality of second colors
for forming white light when combined, the plurality of pixels comprising:

a plurality of first electrodes;

a second electrode;

a white light emitting layer between the first electrodes and the second electrode and comprising a plurality
of light emitting layers, each being configured to emit light of one of a plurality of first colors for forming
white light when combined; and

a first thin film layer between the first electrodes and the second electrode, the first thin film layer having a
plurality of thicknesses corresponding to the plurality of second colors,

wherein each of the plurality of pixels is further configured to emit light of the one of the plurality of second colors
when white light emitted from the white light emitting layer causes resonance to occur between the first electrodes
and the second electrode.

An organic light emitting display device according to claim 1, wherein the first thin film layer exists in fewer than all
of the plurality of pixels.

An organic light emitting display device according to claim 1 or 2, wherein the first thin film layer comprises at least
one selected from the group consisting of a hole injection layer, a hole transport layer, a hole blocking layer, an
electron injection layer, an electron transport layer, and an electron blocking layer.

An organic light emitting display device according to any preceding claim, wherein the plurality of pixels further
comprises a second thin film layer between the first electrodes and the second electrode.

The organic light emitting display device according to claim 4, wherein the second thin film layer is formed on the
plurality of pixels as a common layer having the same thickness throughout.

An organic light emitting display device according to claim 5, wherein the second thin film layer comprises at least
one selected from the group consisting of a hole injection layer, a hole transport layer, a hole blocking layer, an
electron injection layer, an electron transport layer, and an electron blocking layer.

An organic light emitting display device according to any preceding claim, wherein the plurality of first colors is the
same as the plurality of second colors.

An organiclight emitting display device according to any preceding claim, wherein the plurality of first colors comprises
three colors.

An organic light emitting display device according to claim 8, wherein the plurality of first colors comprises red,
green, and blue.

An organic light emitting display device according to any preceding claim, wherein the plurality of second colors
comprises three colors.
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An organic light emitting display device according to claim 10, wherein the plurality of second colors comprises red,
green, and blue.

An organic light emitting display device according to any preceding claim, further comprising a pixel-defining layer
formed around the first electrodes to define a light emitting region of the plurality of pixels.

An organic light emitting display device according to any preceding claim, further comprising a sealing member on
the second electrode to seal the white light emitting layer and the first thin film layer.

An organic light emitting display device according to claim 13, wherein the sealing member comprises a substrate
formed of glass.

An organic light emitting display device according to claim 13 or 14, wherein the sealing member comprises a
plurality of thin film layers formed by alternating a plurality of organic layers and inorganic layers.

An organic light emitting display device according to any one of claims 13 to 15, further comprising a filling member
between the second electrode and the sealing member.

An organic light emitting display device according to any preceding claim, wherein the first electrodes are one of
reflective electrodes and semitransparent electrodes and the second electrode is one of a reflective electrode and
a semitransparent electrode.

An organic light emitting display device according to any preceding claim comprising:

color filters located in only some of the plurality of pixels,

wherein light in the only some of the plurality of pixels is emitted through the color filters in the only some of the
plurality of pixels, and lightin remaining ones of the plurality of pixels is emitted without passing through the color filters.

An organic light emitting display device according to claim 18, wherein the color filters are on a surface of a sealing
member or the substrate.

An organic light emitting display device according to claim 18 or 19, further comprising black matrix between the
color filters.
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FIG. 3

B C/F before

B C/F after

—

|
500 600

WAVELENGTH [nm]

12



patsnap

TRBR(F) BNEAREREE
DF(RE)F EP2296203A2 DF(E)A 2011-03-16
HiFs EP2010251604 RiFH 2010-09-15

FRRB(EFR)AE) =ZE2ETERXA
RF(EFR)AGE) ZEBHERBFRLA.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

¥R &8 A JO JAE YOUNG
REBAA JO. JAE YOUNG
IPCH#S HO1L51/50 HO1L51/52
CPCH% S HO1L51/5036 HO1L51/5265 H01L2251/558
1k £ 1020090086935 2009-09-15 KR
H AN FF Sk EP2296203A3
SAERBEE Espacenet
BEGR) FIG. 1
BNEXRE REESEER (10) MER (10) EWSMEE (P1,
P2,P3), 1&%& (P1,P2,P3) @i NE—81IR (212223) , & i . . ;
—@fR (60) , BBEKE (40) FIHE WS (31,32 ) E— B i 0 4 e
(21,22,23 ) ME=BW (60 ) 2B, MABEKE (40 ) KEHWEK - !
SHESE—HR (21,22,23 ) ME=H4R (60 ) 2@ K EHIR, R N
e ——70
._—60
— S —54
40{212_"/ \53}50
! ) UTIRS > 'f—gf

. P 7z P24y” /T3 P3 g
e s /s R
g s s S . S s &—10
2 s S X
S, Ly O s
/ v '


https://share-analytics.zhihuiya.com/view/ca8c3d9e-a1fa-4eb3-88ac-851ac0854145
https://worldwide.espacenet.com/patent/search/family/043499916/publication/EP2296203A2?q=EP2296203A2

