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(54) Organic Light-Emitting Display Device

(57) Provided is an organic light-emitting display ap-
paratus that can display a color image without a color
filter and prevent a reduction in contrast due to the re-
flection of external light. The organic light-emitting display
apparatus includes: a substrate (1); an organic light-emit-
ting device (3) disposed on the substrate and emitting
white light; a sealing member (5) disposed on the organic
light-emitting device; a dichroic layer (22) comprising el-
lipsoidal shaped metal particles which are imprinted on
one surface of the substrate and allowing light of a pre-
determined wavelength band to be transmitted there-
through according to an aspect ratio of the metal parti-
cles; and a 1/4 wavelength layer (21) deposited on one
of surfaces formed by the substrate and the dichroic lay-
er, and disposed farther away from a direction in which
an external light is incident than the dichroic layer, where-
in an image is displayed towards the substrate.
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Description

[0001] The present invention relates to an organic
light-emitting display device, and more particularly, to an
organic light-emitting display device capable of display-
ing a color image without a color filter and preventing a
reduction in contrast due to the reflection of external light.
[0002] Display devices have recently replaced thin-
type flat display devices. Organic or inorganic light-emit-
ting display devices, which are self-emissive devices, are
considered to be the next-generation of flat display de-
vices owing to their wide viewing angles, excellent con-
trast, and fast response speed, in comparison to other
flat display devices. Organic light-emitting display devic-
es in which emission layers are formed of an organic
material have excellent characteristics in terms of bright-
ness, driving voltage, and response speed compared to
inorganic light-emitting display devices, and can display
color images.
[0003] A method of displaying color images involves
emitting white light, transmitting the white light through a
color filter, and separating the white light into the three
primary colors of light. However, a color filter is required
for this method.
[0004] Meanwhile, organic light-emitting display devic-
es have reduced contrast due to light reflected therefrom
when images are viewed in bright environments (e.g., in
sunlight). One way of improving contrast in organic light-
emitting display devices is to use a circular polarizer.
[0005] A circular polarizer used in conventional organ-
ic light-emitting display devices is in the form of a film,
and is formed by attaching a linear polarization film and
a λ/4 retardation film to an image display surface using
an adhesive. However, it is difficult to form such a film-
type circular polarizer to be thin since it includes films
and an adhesive layer.
[0006] Accordingly, a thin, organic light-emitting dis-
play device that can display color images and improve
contrast without a circular polarizer film and a color filter
is required.
[0007] The present invention provides an organic light-
emitting display device that can be formed to be thin,
have better contrast, and display color images.
[0008] According to an aspect of the present invention,
there is provided an organic light-emitting display appa-
ratus comprising: a substrate; an organic light-emitting
device disposed on the substrate and emitting white light;
a sealing member disposed on the organic light-emitting
device; a dichroic layer comprising ellipsoidal shaped
metal particles which are imprinted on one surface of the
substrate and allowing light of a predetermined wave-
length band to be transmitted therethrough according to
an aspect ratio of the metal particles; and a 1/4 wave-
length layer deposited on one of surfaces formed by the
substrate and the dichroic layer, and disposed farther
away from a direction in which an external light is incident
than the dichroic layer, wherein an image is displayed
towards the substrate.

[0009] The substrate may be formed of glass.
[0010] The dichroic layer may be formed on the sub-
strate, the 1/4 wavelength layer may be deposited on the
dichroic layer, and the organic light-emitting device may
be disposed on the 1 /4 wavelength layer.
[0011] The 1/4 wavelength layer may be deposited on
a surface of the substrate, the organic light-emitting de-
vice may be disposed on the 1/4 wavelength layer, and
the dichroic layer may be formed on a surface of the
substrate opposite to that on which the 1/4 wavelength
layer is deposited.
[0012] The dichroic layer may comprise three areas
through which red, blue, and green light is transmitted,
respectively.
[0013] According to another aspect of the present in-
vention, there is provided an organic light-emitting dis-
play apparatus comprising: a substrate; an organic light-
emitting device disposed on the substrate and emitting
white light; a sealing member disposed on the organic
light-emitting device; a dichroic layer comprising ellipsoi-
dal shaped metal particles which are imprinted on one
surface of the sealing member and absorb light of a pre-
determined wavelength band according to an aspect ratio
of the metal particles; and a 1/4 wavelength layer depos-
ited on one of surfaces formed by the organic light-emit-
ting device, the sealing member, and the dichroic layer,
and disposed farther away from a direction in which an
external light is incident than the dichroic layer, wherein
an image is displayed towards the sealing member.
[0014] The sealing member may be formed of glass.
[0015] The sealing member may be a transparent sub-
strate, the dichroic layer may be formed on a surface of
the sealing member facing the organic light-emitting de-
vice, and the 1/4 wavelength layer may be deposited on
a surface of the dichroic layer facing the organic light-
emitting device.
[0016] The sealing member may be a transparent sub-
strate, the 1/4 wavelength layer may be deposited on a
surface of the sealing member facing the organic light-
emitting device, and the dichroic layer may be formed on
a surface of the sealing member opposite to that on which
the 1/4 wavelength layer is deposited.
[0017] The organic light-emitting display apparatus
may further comprise a protective layer disposed on the
organic light-emitting device, wherein the sealing mem-
ber is a transparent substrate, the dichroic layer is formed
on a surface of the sealing member facing the organic
light-emitting device, and the 1 /4 wavelength layer is
deposited between the organic light-emitting device and
the protective layer.
[0018] The organic light-emitting display apparatus
may further comprise a protective layer disposed on the
organic light-emitting device, wherein the sealing mem-
ber is a transparent substrate, the 1/4 wavelength layer
is disposed between the organic light-emitting device and
the protective layer, and the dichroic layer is formed on
a surface of the sealing member opposite to that on which
the 1/4 wavelength layer is deposited.
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[0019] The protective layer may comprise at least one
of an organic insulating material and an inorganic insu-
lating material.
[0020] The dichroic layer may comprise three areas
through which red, blue, and green light is transmitted,
respectively.
[0021] According to another aspect of the present in-
vention, there is provided an organic light-emitting dis-
play apparatus comprising: a substrate; a thin film tran-
sistor disposed on the substrate; an organic light-emitting
device disposed on the substrate, emitting white light,
and electrically connected to the thin film transistor; a
sealing member disposed on the organic light-emitting
device; a dichroic layer comprising ellipsoidal shaped
metal particles which are imprited on one surface of the
substrate and allowing light of a predetermined wave-
length band to be transmitted therethrough according to
an aspect ratio of the metal particles; and a 1 /4 wave-
length layer deposited on one of surfaces formed by the
substrate and the dichroic layer, and disposed farther
away from a direction in which an external light is incident
than the dichroic layer, wherein an image is displayed
towards the substrate.
[0022] The dichroic layer may comprise three areas
through which red, blue, and green light is transmitted,
respectively.
[0023] The substrate may be formed of glass.
[0024] The dichroic layer may be formed on the sub-
strate, the 1/4 wavelength layer may be deposited on the
dichroic layer, and the thin film transistor and the organic
light-emitting device may be disposed on the 1/4 wave-
length layer.
[0025] The 1/4 wavelength layer may be deposited on
a surface of the substrate, the thin film transistor and the
organic light-emitting device may be disposed on the 1/4
wavelength layer, and the dichroic layer may be formed
on a surface of the substrate opposite to that on which
the 1/4 wavelength layer is deposited.
[0026] According to another aspect of the present in-
vention, there is provided an organic light-emitting dis-
play device comprising: a substrate; a thin film transistor
disposed on the substrate; an organic light-emitting de-
vice disposed on the substrate, emitting white light, and
electrically connected to the thin film transistor; a sealing
member disposed on the organic light-emitting device; a
dichroic layer formed of ellipsoidal shaped metal particles
which are imprinted on one surface of the sealing mem-
ber and allowing light of a predetermined wavelength
band according to an aspect ratio of the metal particles;
and a 1/4 wavelength layer deposited on one of surfaces
formed by the organic light-emitting device, the sealing
member, and the dichroic layer, and disposed farther
away from a direction in which an external light is incident
than the dichroic layer, wherein an image is displayed of
the sealing member.
[0027] The dichroic layer may comprise three areas
through which red, blue, and green light is transmitted,
respectively.

[0028] The sealing member may be formed of glass.
[0029] The sealing member may be a transparent sub-
strate, the dichroic layer may be formed on a surface of
the sealing member facing the organic light-emitting de-
vice, and the 1/4 wavelength layer may be deposited on
a surface of the dichroic layer facing the organic light-
emitting device.
[0030] The sealing member may be a transparent sub-
strate, the 1/4 wavelength layer may be deposited on a
surface of the sealing member facing the organic light-
emitting device, and the dichroic layer may be formed on
a surface of the sealing member opposite to that on which
the 1/4 wavelength layer is deposited.
[0031] The organic light-emitting display apparatus
may further comprise a protective layer disposed on the
organic light-emitting device, wherein the sealing mem-
ber is a transparent substrate, the dichroic layer is formed
on a surface of the sealing member facing the organic
light-emitting device, and the 1 /4 wavelength layer is
disposed between the organic light-emitting device and
the protective layer.
[0032] The organic light-emitting display apparatus
may further comprise a protective layer disposed on the
organic light-emitting device, wherein the sealing mem-
ber is a transparent substrate, the 1/4 wavelength layer
is disposed between the organic light-emitting device and
the protective layer, and the dichroic layer is formed on
a surface of the sealing member opposite to that on which
the 1/4 wavelength layer is deposited.
[0033] The protective layer may comprise at least one
of an organic insulating material and an inorganic insu-
lating material.
[0034] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 is a schematic sectional view illustrating a rear
emission type organic light-emitting display device
according to an embodiment of the present inven-
tion;
FIGS. 2 and 3 are graphs schematically illustrating
the characteristics of a dichroic layer of the rear emis-
sion type organic light-emitting display device of FIG.
1, according to an embodiment of the present inven-
tion;
FIG. 4 is a sectional view illustrating a 1/4 wavelength
layer of the rear emission type organic light-emitting
display device of FIG. 1, according to an embodiment
of the present invention;
FIG. 5 is a schematic sectional view illustrating a rear
emission type organic light-emitting display device
according to another embodiment of the present in-
vention;
FIGS. 6 through 9 are schematic sectional views il-
lustrating front emission type organic light-emitting
display devices according to embodiments of the
present invention;
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FIG. 10 is a sectional view illustrating a rear emission
type active matrix (AM) organic light-emitting display
device according to another embodiment of the
present invention; and
FIG. 11 is a sectional view illustrating a front emission
type AM organic light-emitting display device accord-
ing to an embodiment of the present invention.

[0035] The present invention will now be described
more fully with reference to the accompanying drawings,
in which exemplary embodiments of the invention are
shown.
[0036] FIG. 1 is a schematic sectional view illustrating
a rear emission type organic light-emitting display device
according to an embodiment of the present invention.
Referring to FIG. 1, the organic light-emitting display de-
vice according to the current embodiment of the present
invention includes a substrate 1 formed of a transparent
material, a dichroic layer 22, a 1/4 wavelength layer 21,
an organic light-emitting device 3, and a sealing member
5 that are sequentially stacked on the substrate 1.
[0037] The substrate 1 may be a transparent glass
substrate formed of mainly Si02. Although not shown, a
buffer layer may be further disposed on the substrate 1
in order to increase substrate smoothness and prevent
the infiltration of impurities. The buffer layer may be
formed of at least one of Si02 and SiNx, or the like.
[0038] The dichroic layer 22 is formed on the substrate
1, and the 1/4 wavelength layer 21 is formed on the di-
chroic layer 22. The organic light-emitting device 3 is dis-
posed on the 1/4 wavelength layer 21. The dichroic layer
22 and the 1/4 wavelength layer 21 are stacked in such
a way that the dichroic layer 22 is disposed to be close
to the incidence side of external light, and the 1/4 wave-
length layer 21 is disposed on a surface of the dichroic
layer 22 opposite to that on which external light is inci-
dent. Any light-transmissive layer may be interposed be-
tween the dichroic layer 22 and the 1/4 wavelength layer
21.
[0039] The dichroic layer 22 may be formed of ellipsoi-
dal-shaped metal particles. The metal particles can be
Ag, Au, W, Cr or the like. For example, an ion exchange
technique of a metal mixture NaN03/AgN03can be used
to produce Ag particles on the substrate 1. If the substrate
1 on which a metal layer is formed is heated at a tem-
perature of about 650 °C and stretched, the Ag particles
are imprinted on a surface of the substrate 1 in a direction
in which the glass substrate 1 is stretched.
A laser beam or an E-beam is irradiated onto the metal
particles. A ratio of lengths of major and minor axes of
the ellipsoidal-shaped metal particles, i.e., an aspect ra-
tio, can vary according to the amount of the irradiated
energy. The characteristics of the dichroic layer 22
formed of the ellipsoidal-shaped metal particles are po-
larization of the incident light and absorption of light of a
predetermined wavelength band.
[0040] FIG. 2 is a graph illustrating the polarization
characteristic of the dichroic layer 22 formed of the Ag

particles illustrated in FIG. 1, according to an embodi-
ment of the present invention. Referring to FIG. 2, optical
density is high in a visible light area of the dichroic layer
22 in a polarization direction (a vertical axis) parallel to
a direction in which the ellipsoidal-shaped Ag particles
are arranged, whereas the optical density is approxi-
mately 0 in the visible light area of the dichroic layer 22
in a polarization direction (a horizontal axis) perpendic-
ular to the direction in which the ellipsoidal-shaped Ag
particles are arranged. That is, the dichroic layer 22 has
the polarization characteristics that the direction parallel
to the direction in which the ellipsoidal-shaped Ag parti-
cles are arranged is an optical transmission axis, and the
polarization direction perpendicular to the direction in
which the ellipsoidal-shaped Ag particles are arranged
is an optical absorption axis.
[0041] FIG. 3 is a graph illustrating the variation of an
optical absorption rate of the Ag particles with respect to
wavelength according to an aspect ratio a/b of the Ag
particles, i.e., a ratio of lengths of major b and minor a
axes of the ellipsoidal-shaped metal particles. Referring
to FIG. 3, when the aspect ratio a/b of the Ag particles is
2, the optical absorption rate is the highest at a wave-
length of about 540 nm close to a green band. When the
aspect ratio a/b of the Ag particles is 3, the optical ab-
sorption rate is the highest at a wavelength of about 650
nm close to a red band. In other words, the amount of
energy of a laser beam or an E-beam irradiated onto the
Ag particles is appropriately adjusted to vary the aspect
ratio a/b of the Ag particles, so that white light emitted
from an emission layer 32 of the organic light-emitting
device 3 can converted into light of a desired color.
[0042] The dichroic layer 22 can include three areas
through which red, blue, and green light, respectively, is
transmitted. Therefore, according to an embodiment of
the present invention, a color image of a white organic
light-emitting device can be formed using the dichroic
layer 22 formed on the substrate 1 without a color filter,
thereby dramatically reducing the thickness of the white
organic light-emitting device.
[0043] The 1/4 wavelength layer 21 is formed on the
dichroic layer 22 having the color image display and the
polarization characteristics as illustrated in FIG. 4.
[0044] Referring to FIG. 4, the 1/4 wavelength layer 21
can be formed by coating a liquid crystal film or by oblique
deposition using an inorganic material. In the latter, mi-
cro-columns 211 extend in an oblique direction on the
surface of the 1/4 wavelength layer 21, which is disclosed
in Korean Patent Application No. 2006-0136887. The mi-
cro-columns 211 are aligned along the direction of the
crystal growth.
[0045] When depositing an inorganic material, the in-
organic material grows in a cylindrical shape. Thus, in
oblique deposition, these cylinders are tilted at a prede-
termined angle with respect to the horizontal direction of
FIG. 4. As a result, the 1/4 wavelength layer 21 has bi-
refringence characteristics. The inorganic material that
can be used to form the 1/4 wavelength layer 21 may be
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selected from various materials such as Ti02 and TaOx.
When the 1/4 wavelength layer 21 is formed of CaO or
BaO, it can have moisture absorption properties, in ad-
dition to the birefringence characteristics.
[0046] According to an embodiment of the present in-
vention, the dichroic layer 22 and the 1/4 wavelength
layer 21 constitute a circular polarizer, thereby minimiz-
ing the reflection of external light.
[0047] Among external light incident on the bottom side
of the substrate 1, light components corresponding to an
absorption axis of the dichroic layer 22 are absorbed in
the dichroic layer 22, and light components correspond-
ing to a transmission axis of the dichroic layer 22 are
transmitted through the dichroic layer 22. The light com-
ponents corresponding to the transmission axis of the
dichroic layer 22 are converted to circularly polarized light
components rotating in one direction while they pass
through the 1/4 wavelength layer 21, and are then re-
flected from a second electrode layer 33 of the organic
light-emitting device 3. When they are reflected from the
second electrode layer 33, the circularly polarized light
components rotating in one direction are converted to
circularly polarized light components rotating in another
direction. While they again pass through the 1/4 wave-
length layer 21, the circularly polarized light components
rotating in the other direction are converted to linearly
polarized light components which are perpendicular to
the transmission axis of the dichroic layer 22. Thus, the
linearly polarized light components are absorbed into the
dichroic layer 22 along the absorption axis of the dichroic
layer 22, so that they are not emitted from the bottom
side of the substrate 1. Therefore, the reflection of exter-
nal light is minimized, thereby resulting in better contrast.
[0048] In addition, since the dichroic layer 22 and the
1/4 wavelength layer 21 are formed on the substrate 1
with no adhesive interposed therebetween, the thickness
of the rear emission type organic light-emitting display
apparatus according to the current embodiment of the
present invention can be reduced compared to conven-
tional organic light-emitting display devices. Moreover,
since there is no adhesive layer, an image from the emis-
sion layer 32 does not pass through an adhesive layer,
like in conventional organic light-emitting display devic-
es, thereby resulting in better brightness.
[0049] The organic light-emitting device 3 is disposed
on the 1/4 wavelength layer 21. The organic light-emitting
device 3 includes a first electrode layer 31 and the second
electrode layer 33 which face each other, and the emis-
sion layer 32 interposed therebetween.
[0050] The first electrode layer 31 may be formed of a
transparent and conductive material, e.g., indium tin ox-
ide (ITO), indium zinc oxide (IZO), In2O3, or ZnO. The
first electrode layer 31 may be patterned using photoli-
thography.
[0051] In passive matrix (PM) organic light-emitting
display devices, patterns of the first electrode layer 31
may be in the form of striped lines which are spaced apart
from each other at predetermined intervals. In active ma-

trix (AM) organic light-emitting display devices, patterns
of the first electrode layer 31 may be formed to corre-
spond to pixels. Moreover, in AM organic light-emitting
display devices, a thin film transistor (TFT) layer including
at least one TFT is further disposed on the substrate 1
below the first electrode layer 31, and the first electrode
layer 31 is electrically connected to the TFT layer.
[0052] The first electrode layer 31 structured as a
transparent electrode can serve as an anode when it is
connected to an external terminal (not shown).
[0053] The second electrode layer 33 is disposed
above the first electrode layer 31. The second electrode
layer 33 may be a reflective electrode and may be formed
of at least one of aluminum, silver, and calcium. The sec-
ond electrode layer 33 can serve as a cathode when it
is connected to a second electrode terminal (not shown).
[0054] In a PM organic light-emitting display appara-
tus, the second electrode layer 33 may be in the form of
striped lines perpendicular to the patterns of the first elec-
trode layer 31. In an AM organic light-emitting display
apparatus, the second electrode layer 33 may be formed
to correspond to each pixel. In the AM organic light-emit-
ting display apparatus, the second electrode layer 33
may be formed over the entire surface of an active area
in which images are displayed. A detailed description
thereof will be provided later.
[0055] The polarity of the first electrode layer 31 may
be opposite to that of the second electrode layer 33.
[0056] The emission layer 32 interposed between the
first electrode layer 31 and the second electrode layer
33 emits white light in response to the electrical driving
of the first electrode layer 31 and the second electrode
layer 33. The white light may have a good color rendering
index (CRI) (> 75), and be close to a coordinate of (0.33,
0.33) in a Commission Internationale de I’Eclairage (CIE)
diagram. However, the present invention is not limited
thereto.
[0057] The emission layer 32 may be formed of a low
molecular weight organic material or a polymer organic
material. When the emission layer 32 is a low molecular
weight organic layer formed of a low molecular weight
organic material, a hole transport layer and a hole injec-
tion layer are stacked on a surface of an organic emission
layer (EML) facing the first electrode layer 31, and an
electron transport layer and an electron injection layer
are stacked on a surface of the organic emission layer
facing the second electrode layer 33. Of course, in addi-
tion to the hole injection layer, the hole transport layer,
the electron transport layer, and the electron injection
layer, various layers may be formed when needed.
[0058] When the emission layer 32 is a polymer organ-
ic layer formed of a polymer organic material, only a hole
transport layer (HTL) may be formed on a surface of an
organic emission layer facing the first electrode layer 31.
The polymer hole transport layer may be formed on the
first electrode layer 31 by inkjet printing or spin-coating
using poly-(2,4)-ethylene-dihydroxy thiophene (PE-
DOT), polyaniline (PANI), or the like.
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[0059] In order for the emission layer 32 to emit white
light, a wave conversion technique such as down con-
version in which phosphor is excited with blue light or
violet light, various colors emitted from the phosphor are
mixed, and a wide band of a wavelength spectrum is
formed, a color mixing technique in which two primary
colors (blue and orange) or three primary colors (red,
green, and blue) are mixed and white light is formed, or
the like can be used. However, the present invention is
not limited thereto. A variety of materials and techniques
can be applied to emit the white light.
[0060] The sealing member 5 such as glass, a thin film
member, a metal cap, etc. for sealing the organic light-
emitting device 3 is disposed on the organic light-emitting
device 3 in order to protect the organic light-emitting de-
vice 3 from external moisture or oxygen. Referring again
to FIG. 1, the sealing member 5 is spaced apart from the
organic light-emitting device 3 by a predetermined inter-
val. However, the sealing member 5 illustrated in FIG. 1
is only one embodiment of the present invention,. As de-
scribed above, organic and inorganic thin films are not
spaced apart from the organic light-emitting device 3 but
can be stacked on the organic light-emitting device 3.
[0061] According to an embodiment of the present in-
vention, the white light emitted from the emission layer
32 of the organic light-emitting device 3 passes through
the dichroic layer 22, thereby being changed into light of
a predetermined color, and the reflection of external light
incident on the bottom side of the substrate 1 is minimized
by the dichroic layer 22 and the 1/4 wavelength layer 21,
thereby preventing a reduction in contrast. Also, the di-
chroic layer 22 and the 1/4 wavelength layer 21 are
formed on the substrate 1 without a color filter and a
circular polarization film, thereby reducing the thickness
of the organic light-emitting display apparatus according
to the current embodiment of the present invention.
[0062] FIG. 5 is a schematic sectional view illustrating
a rear emission type organic light-emitting display appa-
ratus according to anther embodiment of the present in-
vention. Referring to FIG. 5, a dichroic layer 22 is formed
on the surface of a substrate 1 on which external light is
incident, and a 1/4 wavelength layer 21 is formed on the
other surface of the substrate 1. An organic light-emitting
device 3 is disposed on the 1 /4 wavelength layer 21.
These constitutional devices are as described above.
[0063] According to the current embodiment of the
present invention, as described above, external light in-
cident on the substrate 1 is converted to linearly polarized
light which is parallel to the transmission axis of the di-
chroic layer 22 while it passes through the dichroic layer
22. The linearly polarized light is transmitted through the
substrate 1 and then converted to circularly polarized
light rotating in one direction while it passes through the
1/4 wavelength layer 21. The circularly polarized light
rotating in one direction is reflected from a second elec-
trode layer 33 of the organic light-emitting device 3 and
then converted to circularly polarized light rotating in an-
other direction. While it again passes through the 1/4

wavelength layer 21, the circularly polarized light rotating
in the other direction is converted to linearly polarized
light which is perpendicular to the transmission axis of
the dichroic layer 22. The linearly polarized light cannot
pass through the dichroic layer 22, and thus, the external
light incident on the substrate 1 cannot be reflected from
the substrate 1.
[0064] White light emitted from an emission layer 32
of the organic light-emitting device 3 is transmitted
through the dichroic layer 22 that selectively absorbs light
of a specific wavelength band according to an aspect
ratio and is converted into a predetermined color, thereby
forming a color image without a color filter.
[0065] FIG. 6 is a schematic sectional view illustrating
a front emission type organic light-emitting display appa-
ratus according to an embodiment of the present inven-
tion. Referring to FIG. 6, an organic light-emitting device
3 is disposed on a substrate 1. A sealing member 5 for
sealing the organic light-emitting device 3 is disposed on
the organic light-emitting device 3. A dichroic layer 22
and a 1/4 wavelength layer 21 are sequentially formed
on a surface of the sealing member 5 facing the organic
light-emitting device 3.
[0066] The substrate 1 may be a transparent glass
substrate as described above, but does not necessarily
have to be transparent since light emitted from an emis-
sion layer 32 is transmitted toward the sealing member
5. The substrate 1 may be formed of a plastic material
or a metal material, in addition to glass. When the sub-
strate 1 is formed of a metal, an insulating film may be
disposed on a surface of the metal. Although not shown,
a buffer layer may be further disposed on the substrate
1 in order to increase substrate smoothness and prevent
the infiltration of impurities. The buffer layer may be
formed of at least one of Si02 and SiNx, or the like.
[0067] A first electrode layer 31 of the organic light-
emitting device 3 may be formed on the substrate 1. The
material for forming the organic light-emitting device 3
may have a high work function, for example, a material
such as ITO, IZO, ZnO, or In2O3. In this case, the first
electrode layer 31 serves as an anode. If the first elec-
trode layer 31 is used as a cathode, the first electrode
layer 31 may be formed of Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, or a compound thereof so that the first electrode layer
31 can also serve as a reflective layer. Hereinafter, the
present invention will be described in terms of the use of
the first electrode layer 31 as an anode.
[0068] A second electrode layer 33 of the organic light-
emitting device 3 may be formed as a transmissive elec-
trode. Thus, the second electrode layer 33 may be formed
as a thin translucent film using a metal with a low work
function, e.g., Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or Ag. Of
course, when a transparent and conductive structure
formed of ITO, IZO, ZnO, or In2O3 is formed on such a
metal translucent film, a high resistance problem due to
the thinness of the translucent film can be overcome.
[0069] The emission layer 32 is interposed between
the first electrode layer 31 and the second electrode layer
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33 and is as described above.
[0070] A sealing member 5 for sealing the organic light-
emitting device 3 is further disposed on the organic light-
emitting device 3 in order to protect the organic light-
emitting device 3 from external moisture or oxygen. In
the current embodiment of the present invention, the
sealing member 5 is formed of transparent glass, a dich-
roic layer 22 is formed on a surface of the sealing member
5, and a 1/4 wavelength layer 21 is formed on the surface
of the dichroic layer 22 facing the organic light-emitting
device 3. Therefore, white light emitted from the emission
layer 32 is transmitted through the dichroic layer 22 and
forms a predetermined color image. Also, external light
incident on an upper surface of the sealing member 5
passes through the sealing member 5 which is transpar-
ent and then passes through the dichroic layer 22 and
the 1/4 wavelength layer 21 in sequence. The incident
light, after being reflected from each of the first and sec-
ond electrode layers 31 and 33 of the organic light-emit-
ting device 3 cannot pass through the 1/4 wavelength
layer 21, thereby preventing a reduction in contrast. The
principle is as described above, and thus, a detailed de-
scription thereof will be omitted.
[0071] FIG. 7 is a schematic sectional view illustrating
a front emission type organic light-emitting display appa-
ratus according to another embodiment of the present
invention. Referring to FIG. 7, a dichroic layer 22 is
formed on an outside surface of a sealing member 5, i.e.,
a surface on which external light is incident, and a 1/4
wavelength layer 21 is formed on an inside surface of
the sealing member 5, i.e., the surface facing an organic
light-emitting device 3. As described above, external light
incident on the front emission type organic light-emitting
display apparatus, indicated by the arrows, is converted
to linearly polarized light which is parallel to the trans-
mission axis of the dichroic layer 22 while it passes
through the dichroic layer 22. The linearly polarized light
is converted to circularly polarized light rotating in one
direction while it passes through the 1/4 wavelength layer
21. The circularly polarized light rotating in one direction
is reflected from the organic light-emitting device 3 and
then converted to circularly polarized light rotating in an-
other direction. While it again passes through the 1/4
wavelength layer 21, the circularly polarized light rotating
in the other direction is converted to linearly polarized
light which is perpendicular to the transmission axis of
the dichroic layer 22. The linearly polarized light cannot
pass through the dichroic layer 22, and thus, the exter-
nally incident light cannot be reflected from the front emis-
sion type organic light-emitting display apparatus accord-
ing to the current embodiment of the present invention.
White light emitted from the emission layer 32 is trans-
mitted through the dichroic layer 22 and forms a prede-
termined color image.
[0072] FIGS. 8 and 9 are schematic sectional views
illustrating front emission type organic light-emitting dis-
play apparatuses where a protective layer 4 is further
disposed on an organic light-emitting device 3, and a 1/4

wavelength layer 21 is formed on the protective layer 4
according to other embodiments of the present invention.
[0073] In the front emission type organic light-emitting
display apparatus of FIG. 8, a dichroic layer 22 is formed
on an inside surface of a sealing member 5, while in the
front emission type organic light-emitting display appa-
ratus of FIG. 9, a dichroic layer 22 is formed on an outside
surface of a sealing member 5. However, both embodi-
ments are identical to each other in that a 1/4 wavelength
layer 21 is formed on a protective layer 4 that is disposed
on an organic light-emitting device 3.
[0074] The protective layer 4 serves to prevent dam-
age to a second electrode layer 33 of the organic light-
emitting device 3 during the formation of the 1/4 wave-
length layer 21, and may be formed of a transparent in-
organic or organic material.
[0075] Examples of the inorganic material that may be
used to form the protective layer 4 include metal oxide,
metal nitride, metal carbide, metal oxynitride, and com-
pounds thereof. The metal oxide may be silicon oxide,
aluminum oxide, titanium oxide, indium oxide, tin oxide,
indium tin oxide, or a compound thereof. The metal nitride
may be aluminum nitride, silicon nitride, or a compound
thereof. The metal carbide may be silicon carbide, and
the metal oxynitride may be silicon oxynitride. The inor-
ganic material may also be silicon, a ceramic derivative
of silicon, or a ceramic derivative of metal. In addition,
the inorganic material may be diamondlike carbon (DLC)
or the like.
[0076] Examples of the organic material that may be
used to form the protective layer 4 include organic poly-
mers, inorganic polymers, organometallic polymers, and
hybrid organic/inorganic polymers. An acryl resin may
also be used.
[0077] As described above, white light emitted from an
emission layer 32 of the organic light-emitting device 3
is transmitted through the dichroic layer 22 and forms a
predetermined color image. Also, external light incident
on an upper surface of the sealing member 5 cannot pass
through the 1/4 wavelength layer 21, thereby preventing
a reduction in contrast. The principle is as described
above, and thus, a detailed description thereof will be
omitted.
[0078] FIG. 10 is a sectional view illustrating a rear
emission type active matrix (AM) organic light-emitting
display device according to another embodiment of the
present invention.
[0079] Referring to FIG. 10, a dichroic layer 22 is
formed on a surface of a substrate 1 on which external
light is incident. A thin film transistor (TFT) is disposed
on a surface of the substrate 1 opposite to that on which
external light is incident. Each of a plurality of pixels of
the rear emission type AM organic light-emitting display
apapratus includes at least one TFT. The TFT is electri-
cally connected to an organic light-emitting device 3.
[0080] In detail, a 1/4 wavelength layer 21 is formed
on the surface of the substrate 1. Although not shown, a
buffer layer is disposed on an upper surface or a lower
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surface of the 1/4 wavelength layer 21. A semiconductor
active layer 12 is formed in a predetermined pattern on
the 1/4 wavelength layer 21. A gate insulating film 13
formed of Si02, SiNx, or the like is disposed on the sem-
iconductor active layer 12, and a gate electrode 14 is
disposed on a portion of the gate insulating film 13. The
gate electrode 14 is connected to a gate line (not shown)
applying a TFT ON/OFF signal. An inter-insulating layer
15 is disposed on the gate electrode 14, and source/drain
electrodes 16 and 17 contact a source/drain region of
the semiconductor active layer 12 through a contact hole.
[0081] A passivation layer 18 is formed of at least one
of an organic material and an inorganic material, and is
disposed on the source/drain electrodes 16 and 17. A
first electrode layer 31, which is used as an anode, is
disposed on the 1/4 wavelength layer 21 and is covered
with a pixel-defining layer 36 formed of an insulating ma-
terial. An opening is formed in the pixel-defining layer 36,
and an emission layer 32 of the organic light-emitting
device 3 is formed in a region defined by the opening. A
second electrode layer 33 of the organic light-emitting
device 3 is formed on the emission layer 32 so that all
pixels are covered with the second electrode layer 33. A
sealing member 5 is formed on the organic light-emitting
device 3. The sealing member 5 can be formed of glass
or a metal cap and has a multi-layer structure of organic/
inorganic thin films.
[0082] In the above-described AM-type structure, the
dichroic layer 22 and the 1/4 wavelength layer 21 can
prevent the reflection of external light incident on the bot-
tom side of the substrate 1 since the external light passes
through the dichroic layer 22 and the 1/4 wavelength layer
21 in sequence. White light emitted from the emission
layer 32 is transmitted through the substrate 1 and the
dichroic layer 22, thereby forming a predetermined color
image.
[0083] In the rear emission type AM organic light-emit-
ting display apparatus according to the current embodi-
ment of the present invention, provided that the dichroic
layer 22 is disposed such that external light is incident
thereon, and the 1/4 wavelength layer 21 is disposed to
face the organic light-emitting device 3 and the 1/4 wave-
length layer 21 may be formed on any surface of the
substrate 1, the TFT, or the organic light-emitting device
3.
[0084] FIG. 11 is a sectional view illustrating a front
emission type AM organic light-emitting display device
according to an embodiment of the present invention.
[0085] Referring to FIG. 11, a TFT is disposed on a
substrate 1. Each of a plurality of pixels of the front emis-
sion type AM organic light-emitting display device in-
cludes at least one TFT, and the TFT is electrically con-
nected to an organic light-emitting device 3. The structure
of the TFT is as described above with reference to FIG.
12, and thus, a detailed description thereof will be omit-
ted.
[0086] The TFT is covered with a passivation layer 18.
A first electrode layer 31, which is used as an anode, is

disposed on the passivation layer 18, and is covered with
a pixel-defining layer 36 formed of an insulating material.
An opening is formed in the pixel-defining layer 36, and
an emission layer 32 is disposed in a region defined by
the opening. A second electrode layer 33 is disposed on
the emission layer 32 to cover all the pixels.
[0087] In the current embodiment of the present inven-
tion, a 1/4 wavelength layer 21 is disposed on a surface
of a sealing member 5 facing the organic light-emitting
device 3 and a dichroic layer 22 is formed on the other
surface of the sealing member 5. Therefore, the dichroic
layer 22 and the 1/4 wavelength layer 21 can prevent the
reflection of light incident on the top surface of the sealing
member 5, and white light emitted from the emission layer
32 is transmitted through the dichroic layer 22, thereby
forming a predetermined color image.
[0088] Although not shown, provided that the dichroic
layer 22 is disposed such that external light is incident
thereon, and the 1/4 wavelength layer 21 is disposed to
face the organic light-emitting device 3, the same princi-
ple as described in the current embodiment may be ap-
plied to AM organic light-emitting display apparatuses.
Although not shown, provided that a dichroic layer is dis-
posed such that external light is incident thereon and a
1/4 wavelength layer is disposed to face an organic light-
emitting device, the same principle as described in the
current embodiment may be applied to PM organic light-
emitting display apparatuses.
[0089] The above-described embodiments of the
present invention are not limited to organic light-emitting
display devices, and can also be applied to inorganic
light-emitting devices, and other flat panel displays such
as LCDs and electron emission devices.
[0090] According to the above-described light-emitting
devices of the present invention, the following advantag-
es can be obtained.
[0091] First, a circular polarization layer can be formed
using a dichroic layer and a 1/4 wavelength layer, thereby
preventing the reflection of external light, resulting in bet-
ter contrast.
[0092] Second, an adhesive for attaching the circular
polarization layer is not used, thereby decreasing the
thickness of a display device and preventing a reduction
in brightness.
[0093] Third, a white organic light-emitting device can
display a color image without a color filter.
[0094] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments 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.

Claims

1. An organic light-emitting display apparatus compris-
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ing:

a transparent substrate (1, 5) through which an
image is displayed;
an organic light-emitting device (3) capable of
emitting white light disposed below the transpar-
ent substrate (1, 5);
a dichroic layer (22) comprising ellipsoidal
shaped metal particles which are imprinted on
one surface of the transparent substrate (1, 5)
and allow light of a predetermined wavelength
band to be transmitted therethrough according
to an aspect ratio of the metal particles; and
a quarter wavelength layer (21) disposed below
the dichroic layer (22) and above the organic
light-emitting device (3).

2. The organic light-emitting display apparatus of claim
1, wherein the quarter wavelength layer (21) is de-
posited on one of the surfaces formed by the trans-
parent substrate (1, 5) and the dichroic layer (22).

3. The organic light-emitting display apparatus of claim
2, wherein the dichroic layer (22) is formed on the
lower surface of the transparent substrate (1, 5), and
the quarter wavelength layer (21) is deposited on the
dichroic layer (22).

4. The organic light-emitting display apparatus of claim
2, wherein the dichroic layer (22) is formed on the
upper surface of the transparent substrate (1, 5) and
the quarter wavelength layer (21) is deposited on the
lower surface of the substrate.

5. The organic light-emitting display apparatus of claim
3 or 4, wherein the organic light-emitting device (3)
is disposed on the quarter wavelength layer (21).

6. The organic light-emitting display apparatus of claim
1, further comprising a protective layer (4) disposed
on an upper surface of the organic light-emitting de-
vice (3), wherein the quarter wavelength layer (21)
is formed on the protective layer (4).

7. The organic light-emitting display apparatus of claim
6, wherein the dichroic layer (22) is formed on the
upper surface of the transparent substrate (5).

8. The organic light-emitting display apparatus of claim
6, wherein the dichroic layer (22) is formed on the
lower surface of the transparent substrate (5).

9. The organic light-emitting display apparatus of claim
6, 7 or 8, wherein the protective layer (4) comprises
at least one of an organic insulating material and an
inorganic insulating material.

10. The organic light-emitting display apparatus accord-

ing to claim 1, further comprising:

a thin film transistor electronically connected to
the organic light-emitting device (3).

11. The organic light-emitting display apparatus of claim
10, wherein the dichroic layer (22) is formed on the
lower surface of the substrate (1), the quarter wave-
length layer (21) is deposited on the dichroic layer
(22), and the thin film transistor and the organic light-
emitting device (3) are disposed on the quarter wave-
length layer (21).

12. The organic light-emitting display apparatus of claim
10, wherein the quarter wavelength layer (21) is de-
posited on a lower surface of the substrate (1), the
thin film transistor and the organic light-emitting de-
vice (13) are disposed on the quarter wavelength
layer (21), and the dichroic layer (22) is formed on a
top surface of the substrate (1).

13. The organic light-emitting display apparatus accord-
ing to claim 10, further comprising:

a lower substrate (1);

wherein the thin film transistor is disposed on the
lower substrate (1); and the organic light-emitting de-
vice (3) is disposed on the thin film transistor.

14. The organic light-emitting display apparatus of claim
13, wherein the dichroic layer (22) is formed on a
lower surface of the transparent substrate (5) and
the quarter wavelength layer (21) is deposited on a
surface of the dichroic layer (22).

15. The organic light-emitting display apparatus of claim
13, wherein the quarter wavelength layer (21) is de-
posited on a lower surface of the transparent sub-
strate (5) and the dichroic layer (22) is formed on an
upper surface of the transparent substrate (5).

16. The organic light-emitting display apparatus of claim
13, further comprising a protective layer disposed on
the organic light-emitting device (3),
wherein the dichroic layer (22) is formed on a lower
surface of the transparent substrate (5) and the quar-
ter wavelength layer (21) is disposed between the
organic light-emitting device (3) and the protective
layer.

17. The organic light-emitting display apparatus of claim
13, further comprising a protective layer disposed on
the organic light-emitting device (3),
wherein the quarter wavelength layer (21) is dis-
posed between the organic light-emitting device (3)
and the protective layer, and the dichroic layer (22)
is formed on an upper surface of the transparent sub-
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strate (5).

18. The organic light-emitting display apparatus of claim
16 or 17, wherein the protective layer comprises at
least one of an organic insulating material and an
inorganic insulating material.

19. The organic light-emitting display apparatus of any
one of the preceding claims, wherein the dichroic
layer (22) comprises three areas through which red,
blue, and green light is transmitted, respectively.

20. The organic light-emitting display apparatus of any
one of the preceding claims, wherein the transparent
substrate (1, 5) is formed of glass.
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