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(57) ABSTRACT

A white organic light emitting device and a display device
using the same to which a 2-peak spectrum is applied to
execute white display comprises a first electrode and a second
electrode disposed opposite each other on a substrate, and a
blue light emitting unit and a phosphorescent light emitting
unit provided between the first electrode and the second elec-
trode, and a 2-peak white spectrum is formed through a first
light emitting peak of the blue light emitting unit at a wave-
length of 430 nm to 460 nm and a second light emitting peak
of the phosphorescent light emitting unit at a wavelength of
530 nm to 630 nm.
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WHITE ORGANIC LIGHT EMITTING
DEVICE AND DISPLAY DEVICE USING THE
SAME

[0001] This application claims the benefit of Korean Patent
Application No. P 10-2010-0136491, filed on Dec. 28, 2010,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting device, and more particularly, to a white organic
light emitting device and a display device using the same to
which a 2-peak spectrum is applied to execute white display.
[0004] 2. Discussion of the Related Art

[0005] Recently, as the information age has arrived in ear-
nest, a display field to visually express electric information
signals has rapidly developed. In order to satisfy such a trend,
various flat display devices having excellent performance,
such as a thin profile, a light weight, and low power consump-
tion, have been developed and have quickly replaced conven-
tional cathode ray tubes.

[0006] As examples of the flat display devices, there are
liquid crystal displays (LCDs), plasma display panels
(PDPs), field emission displays (FEDs), and organic light
emitting devices (OLEDs).

[0007] Among the above flat display devices, organic light
emitting devices are considered as a competitive application
to achieve compactness and clear color display of the devices
without a separate light source.

[0008] These organic light emitting devices essentially
require formation of an organic light emitting layer, and a
deposition method using a shadow mask has been conven-
tionally used to form the organic light emitting layer.

[0009] However, if the shadow mask has a large area, the
shadow mask sags due to load thereof and thus it is difficult to
use the shadow mask several times, and an error may occur
during formation of an organic light emitting layer pattern.
Therefore, methods to solve these problems are required.
[0010] As one of several methods substituted for the
shadow mask, a white organic light emitting display device is
used.

[0011] Hereinafter, the white organic light emitting display
device will be described.

[0012] The white organic light emitting display device is
formed by depositing respective layers between a cathode and
an anode without a mask during formation of light emitting
diodes. Here, organic films, such as an organic light emitting
layer, having different components are sequentially deposited
in a vacuum state.

[0013] The white organic light emitting display device is
used for various purposes, e.g., as a thin light source, a back-
light of a liquid crystal display device, and a full color display
device employing color filters.

[0014] In general, a spectrum applied to the white organic
light emitting display device generally has 3 peaks or more
such that respective peaks are generated at R, G and B regions
to achieve color implementation. The reason for this is to
relatively facilitate RGB color implementation of light trans-
mitted through a light emitting layer after transmission
through a color filter layer.
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[0015] As a structure of the white organic light emitting
display device, a 2 tandem structure including a blue light
emitting unit and a red-green light emitting unit is well
known. However, it is not easy to simultaneously emit red
light and green light from the red-green light emitting unit,
and to reproductively obtain light intensities of correspond-
ing peaks of the red light and the green light during a process.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to a
white organic light emitting device and a display device using
the same that substantially obviate one or more problems due
to limitations and disadvantages of the related art.

[0017] One of the objects of the present invention is to
provide a white organic light emitting device and a display
device using the same to which a 2-peak spectrum is applied
to execute white display.

[0018] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

[0019] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a white organic light emitting
device a first electrode and a second electrode disposed oppo-
site each other on a substrate, and a blue light emitting unit
and a phosphorescent light emitting unit provided between
the first electrode and the second electrode, wherein a 2-peak
white spectrum is formed through a first light emitting peak of
the blue light emitting unit and a second light emitting peak of
the phosphorescent light emitting unit.

[0020] Here, the blue light emitting unit may include a blue
light emitting layer having the first light emitting peak at a
wavelength of 380 nm to 479 nm, and the phosphorescent
light emitting unit may include a phosphorescent light emit-
ting layer having the second light emitting peak at a wave-
length of 480 nm to 780 nm.

[0021] The blue light emitting layer may be formed by
doping at least one host with a blue dopant.

[0022] The phosphorescent light emitting layer may be
formed by doping at least one host with a greenish yellow
dopant, or by doping at least one host with a yellow dopant.
[0023] The first light emitting peak of the blue light emit-
ting layer may be in the range of a wavelength of 430 nm to
460 nm, and the second light emitting peak of the phospho-
rescent light emitting layer may be in the range of a wave-
length of 530 nm to 630 nm. Further, a trough of the 2-peak
white spectrum between the first light emitting peak and the
second light emitting peak may be at a wavelength of 480 nm
to 530 nm.

[0024] Further, the maximum peak of the 2-peak white
spectrum may be generated at a wavelength corresponding to
the first light emitting peak.

[0025] The white organic light emitting unit may further
include a charge generation layer provided between the blue
light emitting unit and the phosphorescent light emitting unit.
[0026] The white organic light emitting unit may further
include first to third common layers sequentially provided
between the first electrode and the blue light emitting unit,
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between the blue light emitting unit and the phosphorescent
light emitting unit and between the phosphorescent light
emitting unit and the second electrode.

[0027] In another aspect of the present invention, a display
device includes a substrate on which a cell drive unit is
formed, a first electrode connected to the cell drive unit, a
second electrode disposed opposite to the first electrode, a
charge generation layer provided between the first electrode
and the second electrode, a blue light emitting unit provided
between the first electrode and the charge generation layer
and having a first light emitting peak, and a phosphorescent
light emitting unit provided between the charge generation
layer and the second electrode and having a second light
emitting peak.

[0028] The blue light emitting unit may include a blue light
emitting layer having the first light emitting peak at a wave-
length of 380 nm to 479 nm, and the phosphorescent light
emitting unit may include a phosphorescent light emitting
layer having the second light emitting peak at a wavelength of
480 nm to 780 nm.

[0029] The display device may further include first to
fourth common layers sequentially provided between the first
electrode and the blue light emitting unit, between the blue
light emitting unit and the charge generation layer, between
the charge generation layer and the phosphorescent light
emitting unit and between the phosphorescent light emitting
unit and the second electrode.

[0030] TItistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0032] FIG.1isasectional view illustrating a white organic
light emitting device in accordance with the present inven-
tion;

[0033] FIG.2isagraphillustrating light intensities accord-
ing to wavelength of FIG. 1;

[0034] FIGS. 3A and 3B are sectional views illustrating
display devices in accordance with embodiments of the
present invention to which the white organic light emitting
device is applied;

[0035] FIG. 4 is a circuit diagram illustrating a circuit of
one pixel of the display device in accordance with the present
invention;

[0036] FIG.S5 isavertical-sectional view of one pixel of the
display device in accordance with the present invention;
[0037] FIG. 6 is a graph illustrating CIE color coordinate
systems of the white organic light emitting device in accor-
dance with the present invention and a 3-peak white organic
light emitting device for comparison therewith;

[0038] FIG. 7 is a graph illustrating luminous efficiencies
of the white organic light emitting device in accordance with
the present invention and the 3-peak white organic light emit-
ting device compared therewith according to luminance; and
[0039] FIG. 8 is a graph illustrating light intensities of the
white organic light emitting device in accordance with the
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present invention and the 3-peak white organic light emitting
device compared therewith according to wavelength.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Hereinafter, with reference to the accompanying
drawings, a white organic light emitting device in accordance
with one embodiment of the present invention will be
described in detail.

[0041] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts. In
the drawings, the thicknesses or sizes of respective layers and
regions may be exaggerated for convenience and clarity of
description.

[0042] FIG.1isasectional view illustrating a white organic
light emitting device in accordance with the present inven-
tion, and FIG. 2 is a graph illustrating light intensities accord-
ing to wavelength of FIG. 1.

[0043] The white organic light emitting device in accor-
dance with the present invention includes a first electrode 110
and a second electrode 150 disposed opposite each other on a
substrate 100, and a blue light emitting unit 120 and a phos-
phorescent light emitting unit 140 provided between the first
electrode 110 and the second electrode 150, and has a 2-peak
white spectrum through a first light emitting peak P1 of the
blue light emitting unit 120 and a second light emitting peak
P2 of the phosphorescent light emitting unit 140.

[0044] Further, the white organic light emitting device may
further include a charge generation layer (CGL) 130 between
the blue light emitting unit 120 and the phosphorescent light
emitting unit 140. Here, the CGL 130 serves as an electron
injection layer for the blue light emitting unit 120 and as a
hole injection layer or a hole transport layer for the phospho-
rescent light emitting unit 140.

[0045] Here, the blue light emitting unit 120 includes a blue
light emitting layer 126 (with reference to FIG. 3A) having
the first light emitting peak P1 at a wavelength of 380 nm to
479 nm, and the phosphorescent light emitting unit 140
includes a phosphorescent light emitting layer 144 (with ref-
erence to FIG. 3A) having the second light emitting peak P2
at a wavelength of 480 nm to 780 nm.

[0046] The blue light emitting layer is formed by doping a
blue dopant in at least one host. The host(s) may include host
material having different characteristic. Here, the first light
emitting peak P1 of the blue light emitting layer preferably
has a wavelength of 430 nm to 460 nm, and the blue dopant
doping the at least one host uses a material expressing deep
blue. When the white organic light emitting device is imple-
mented as a display device through use of such a dopant, a
CIEy coordinate of an sRGB space corresponding to blue
after transmission through color filters may have a value of
0.01 to 0.06.

[0047] The second light emitting peak P2 of the phospho-
rescent light emitting layer preferably has a wavelength of
530 nm to 630 nm. That is, the phosphorescent light emitting
layer may be formed by doping at least one host with a
greenish yellow dopant or by doping at least one host with a
yellow dopant.

[0048] Further, a trough of the 2-peak white spectrum
between the first light emitting peak and the second light
emitting peak is preferably at a wavelength of 480 nm to 530
nm.
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[0049] Through the light emitting layers of the respective
light emitting units, each of which is formed by doping at
least one host with one dopant, as described above, the white
organic light emitting device in accordance with the present
invention may have 2 peaks in the white spectrum to execute
white display.

[0050] As shown in FIG. 2, the maximum peak of the
2-peak white spectrum is generated at a wavelength corre-
sponding to the first light emitting peak P1.

[0051] The reason why the first light emitting peak P1
emitting deep blue light has a higher light intensity than the
second light emitting peak P2 emitting greenish yellow light
or yellow light is to compensate for low internal quantum
efficiency generated when the blue light emitting unit includ-
ing a material emitting deep blue light, which is developed
now, is implemented. That is, the reason for this is to imple-
ment a uniform white spectrum by combination of the blue
light emitting unit having low efficiency and the phosphores-
cent light emitting unit emitting greenish yellow or yellow
light of a remaining broad wavelength band. Therethrough,
the white organic light emitting device may have a uniform
white spectrum without inclination to a specific color.
[0052] According to circumstances, if a deep blue material
having improved internal quantum efficiency and lifespan is
provided, light intensities of wavelengths at which the first
and second light emitting peaks are generated may be
adjusted to the same level or similar levels.

[0053] The first electrode 110 is formed of a transparent
conductive material, such as indium tin oxide (ITO) or indium
zinc oxide (IZO).

[0054] The second electrode 150 is formed of a reflective
metal, such as gold (Au), aluminum (Al), molybdenum (Mo),
chrome (Cr), or copper (Cu). Through such a structure, blue
light from the blue light emitting unit 120 and greenish yellow
light or yellow light from the phosphorescent light emitting
unit 140 are mixed through a bottom emission method,
thereby producing white light.

[0055] According to circumstances, the materials for the
first electrode 110 and the second electrode 150 may be
interchanged so that a top emission method may be applied.
[0056] One of the first electrode 110 and the second elec-
trode 150 serves as an anode, and the other serves as a cath-
ode.

[0057] Hereinafter, application of the above-described
white organic light emitting device in accordance with the
present invention to a display device will be described.
[0058] FIGS. 3A and 3B are sectional views illustrating
display devices in accordance with embodiments of the
present invention to which the white organic light emitting
device is applied.

[0059] As shown in FIG. 3A, the display device in accor-
dance with a first embodiment of the present invention
includes the blue light emitting unit 120 and the phosphores-
cent light emitting unit 140 of the above-described white
organic light emitting device, and further includes a color
filter layer 170 formed on the substrate 100.

[0060] Here, the blue light emitting unit 120 includes a first
hole injection layer 122, afirsthole transport layer 124, ablue
light emitting layer 126 and a first electron transport layer 128
sequentially formed on the first electrode 110.

[0061] Further, the phosphorescent light emitting unit 140
includes a second hole transport layer 142, a phosphorescent
light emitting layer 144, a second electron transport layer 146
and a first electron injection layer 148 sequentially formed in
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the upward direction. The phosphorescent light emitting layer
144 may be formed by doping at least one host with a greenish
yellow dopant or by doping at least one host with a yellow
dopant, as described above.

[0062] The CGL 130 is formed between the blue light emit-
ting unit 120 and the phosphorescent light emitting unit 140
and serves to adjust charge balance between the respective
units. For this purpose, a portion of the CGL 130 adjacent to
the blue light emitting unit 120 may be formed of an alkali
metal or an alkali metal compound serving as an electron
injection layer or an organic material or an organic compound
serving as an electron injection layer, and a portion of the
CGL 130 adjacent to the phosphorescent light emitting unit
140 may be formed of an organic material serving as a hole
injection layer. Further, according to circumstances, the CGL
130 may include buffer layer between the lower and upper
portions thereof to effectively achieve an electron injection
function at the lower portion thereof and a hole injection
function at the upper portion thereof.

[0063] Preferably, the first hole transport layer 124, the first
electron transport layer 128, the second hole transport layer
142 and the second electron transport layer 146 adjacent to
the respective light emitting layers 126 and 144 have a higher
triplet energy state than the triplet energy state of the respec-
tive light emitting layers 126 and 144 by 0.01 eV to 1.0 eV.
The reason for this is to confine triplet excitons used in light
emission in the respective light emitting layers 126 and 144
and to effectively use the triplet excitons in light emission.

[0064] Further, the color filter layer 170 includes color
filters 170a, 17056 and 170c¢ having different colors corre-
sponding to respective R, G and B sub-pixels into which one
pixel of the substrate 100 is divided.

[0065] In this case, the color filter layer 170 is located
between the substrate 100 and the first electrode 110, and the
respective color filters 170a, 1705 and 170¢ transmit light
emitted downwardly from the second electrode 150 to the first
electrode 110 so that the R, G and B sub-pixels transmit light
of corresponding colors.

[0066] Here, blue light transmittance of a blue color filter
170c¢ provided on a blue sub-pixel is improved by use of a
deep blue dopant in the blue light emitting layer 124, as
compared to use of a normal blue dopant. Further, a light
distribution of the phosphorescent light emitting layer 144 is
present at a long wavelength band by use of a greenish yellow
or yellow dopant, and thus the red and green color filters 170a
and 1705 may transmit red light and green light to emit the red
light and the green light. Further, the display device having
the two light emitting units has a high light intensity at a
wavelength where the second peak is generated, as compared
to a red/green light emitting unit having two peaks corre-
sponding to red and green colors, and thus has high luminance
and efficiency, as compared to the red/green light emitting
unit, thereby reducing power consumption.

[0067] The CGL 130 may be omitted, according to circum-
stances. In this case, the first electron transport layer 128 and
the second hole transport layer 142 may exhibit the function
of'the CGL.

[0068] Further, the first hole injection layer 122 and the first
hole transport layer 124 may be integrated into one layer, i.e.,
a first common layer, and the second electron transport layer
128 and the second electron injection layer 148 may be inte-
grated into one layer, i.e., a fourth common layer. In this case,
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the first electron transport layer 128 serves as a second com-
mon layer and the second hole transport layer 142 serves as a
third common layer.

[0069] As shown in FIG. 3B, the display device in accor-
dance with a second embodiment of the present invention
differs from the display device in accordance with the first
embodiment in that the display device in accordance with the
second embodiment further includes a white sub-pixel on the
substrate 100 in addition to the red, green and blue sub-pixels.
In this case, one pixel includes R, G, B and W sub-pixels.
Here, the color filter layer 180 includes a red color filter 180q,
a green color filter 18056 and a blue color filter 1805 corre-
sponding to the R, G and B sub-pixels, in the same manner as
the above-described first embodiment. Preferably, a portion
of'the color filter layer 180 corresponding to the W sub-pixel
is vacant, or is formed of a transparent organic material 1804
having a thickness equal or similar to that of the adjacent
color filters 180qa, 1805 and 180c¢, as shown in FIG. 3B, in
order to reduce step coverage of the structure of the white
organic light emitting device stacked thereon.

[0070] FIG. 4 is a circuit diagram illustrating a circuit of
one pixel of the display device in accordance with the present
invention, and FIG. 5 is a vertical-sectional view of one pixel
of the display device in accordance with the present inven-
tion.

[0071] One pixel of the display device in accordance with
the present invention includes a cell drive unit 310 connected
to a gate line GL, a data line DL and a power line PL, and a
white organic light emitting device WOLED connected
between the cell drive unit 310 and a ground GND and equiva-
lently expressed as a diode.

[0072] The cell drive unit 310 includes a switch thin film
transistor T1 connected to the gate line GL and the data line
DL, a drive thin film transistor T2 connected to the switch thin
film transistor T1, the power line P1 and a first electrode of the
white organic light emitting device WOLED, and a storage
capacitor C connected between the power line PL and a drain
electrode of the switch thin film transistor T1.

[0073] A gate electrode of the switch thin film transistor T1
is connected to the gate line GL, a source electrode of the
switch thin film transistor T1 is connected to the data line DL,
and the drain electrode of the switch thin film transistor T1 is
connected to a gate electrode of the drive thin film transistor
T2 and the storage capacitor C. A source electrode of the drive
thin film transistor T2 is connected to the power line P1, and
a drain electrode of the drive thin film transistor T2 is con-
nected to the first electrode 342 of the white organic light
emitting device WOLED. The storage capacitor C is con-
nected between the power line PL and the gate electrode of the
drive thin film transistor T2.

[0074] When a scan pulse is supplied to the gate line GL,
the switch thin film transistor T1 is turned on and supplies a
data signal supplied to the data line DL to the storage capaci-
tor C and the gate electrode of the drive thin film transistor T2.
The drive thin film transistor T2 controls current I supplied
from the power line P1 to the white organic light emitting
device WOLED in response to the data signal supplied to the
gate electrode of the drive thin film transistor T2, thereby
adjusting an amount of light emitted from the white organic
light emitting device WOLED. Further, although the switch
thin film transistor T1 is turned off, the drive thin film tran-
sistor T2 supplies regular current T by means of voltage
charged in the storage capacitor C until a data signal of the
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next frame is supplied, thereby maintaining a light emitting
state of the white organic light emitting device WOLED.

[0075] The drive thin film transistor T2 includes, as shown
in FIG. 5, a gate electrode 322 formed on an insulating sub-
strate 100, a gate insulating film 324 covering the gate elec-
trode 322, a semiconductor layer 326 formed on the gate
insulating film 324, an interlayer insulating film 328 covering
the semiconductor layer 326, and a source electrode 334 and
a drain electrode 336 respectively connected to a source
region 3268 and a drain region 326D of the semiconductor
layer 326 through first and second contact holes 330 and 332
passing through the interlayer insulating film 328. The semi-
conductor layer 326 is formed of an LIPS thin film, and
includes a channel region 326C overlapping with the gate
electrode 322, and the source region 326S and the drain
region 326D which are located at both sides of the channel
region 326C and do not overlap with the gate electrode 322
and into which impurities are injected.

[0076] Although the present invention exemplarily illus-
trates the semiconductor layer 326 as being formed of the
LTPS thin film, the semiconductor layer 326 is not limited
thereto.

[0077] The white organic light emitting device WOLED
includes the first electrode 110, the blue light emitting unit
120 including the blue light emitting layer, the CGL 130, the
phosphorescent light emitting unit 140 and the second elec-
trode 150, which are sequentially formed over the whole
surface of the color filter layer 170 evenly covering the cell
drive unit 310, such as the drive thin film transistor T2, with-
out a mask.

[0078] Hereinafter, efficiency and optical characteristics of
the white organic light emitting device and the display device
using the same in accordance with the present invention will
be described with reference to tables below and the accom-
panying drawings.

[0079] FIG. 6 is a graph illustrating CIE color coordinate
systems of the white organic light emitting device in accor-
dance with the present invention and a 3-peak white organic
light emitting device for comparison therewith.

[0080] In order to satisfy white display required by the
display device, it is necessary to follow a Kelvin curve of a
CIE coordinate system representing a color temperature of
more than 10,000K and an sRGB space.

[0081] The white organic light emitting device in accor-
dance with the present invention is configured such that the
peak ofthe blue light emitting layer is generated at a deep blue
region in consideration of the fact that blue light transmit-
tance of ablue color filter satisfying the SRGB space is greatly
lowered, when the peak of the blue light emitting layer is
inclined to a long wavelength, and thus power consumption is
increased.

[0082] As seen from the lower end of the left of the graph of
FIG. 6 corresponding to blue, it may be understood that the
2-peak white organic light emitting device in accordance with
the present invention emits blue light at a lower wavelength
band than the 3-peak white organic light emitting device. It
may be expected that the graph is lowered, as the maximum
light emitting peak of the blue dopant of the blue light emit-
ting layer is lowered. The white organic light emitting device
in accordance with the present invention is configured to
adjust the light emitting peak of the blue light emitting layer
so that a blue CIEy color coordinate of the sSRGB space has a
value of less than 0.06.
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[0083] Further, as shown in FIG. 6, the white organic light
emitting device of the present invention has the CIE coordi-
nate system close to the Kelvin curve under the condition of
a color temperature of more than 1000K required by the
display device, thus achieving a reduction in power consump-
tion.

[0084] Further, the white organic light emitting device of
the present invention uses the yellow dopant or the greenish
yellow dopant distributed at a broad wavelength region of the
spectrum, thereby allowing the phosphorescent light emitting
layer to emit both red light and green light after transmission
through the color filters. In this case, the phosphorescent light
emitting layer uses one dopant and thus facilitates reproduc-
tive peak implementation, and particularly, has a second light
emitting peak in a range similar to 555 nm at which the
maximum value is generated in the luminosity curve and thus
has high luminous efficiency. Therethrough, a light intensity
of more than a designated level at a long wavelength region
band is obtained, and thus luminous efficiency of more than a
designated level when red light and green light pass through
the color filter layer is expected.

[0085] FIG. 7 is a graph illustrating luminous efficiencies
of the white organic light emitting device in accordance with
the present invention and the 3-peak white organic light emit-
ting device compared therewith according to luminance.
[0086] As shown in FIG. 7, through comparison between
the 3-peak white organic light emitting device having a white
spectrum in which peaks are respectively generated at R, G
and B regions and the white organic light emitting device
having the 2-peak white spectrum in accordance with the
present invention, it is understood that luminous efficiency of
the 2-peak white spectrum in accordance with the present
invention is higher than that of the 3-peak white spectrum at
any luminance.

[0087] Further, as stated in Table 1 below, through compari-
son between the 3-peak white organic light emitting device
having the white spectrum in which peaks are respectively
generated at R, G and B regions and the white organic light
emitting device having the 2-peak white spectrum in accor-
dance with the present invention, it may be understood that
luminance (Cd/A) and luminous efficiency (1 m/W) of the
2-peak white organic light emitting device in accordance with
the present invention are more excellent than those of the
3-peak white organic light emitting device.

[0088] Table 1 states values of a result of a test in which
current condition is set to 10 mA/cm?.
TABLE 1

Blue light Phosphorescent

emitting light emitting Cd/ 1/

layer layer A W  CIEx CIEy
3-peak Normal blue R+ G 56.6 23.8 0341 0.323
WOLED
2-peak Deep blue YG 64.1 269 0320 0.341
WOLED

[0089] FIG. 8 is a graph illustrating light intensities of the
white organic light emitting device in accordance with the
present invention and the 3-peak white organic light emitting
device compared therewith according to wavelength.

[0090] As shown in FIG. 8, it is understood that the white
organic light emitting device having the 2-peak white spec-
trum in accordance with the present invention has a first light
emitting peak at a deep blue region and a second light emit-
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ting peak at a yellow or greenish yellow region, as compared
to the 3-peak white organic light emitting device having the
white spectrum in which peaks are respectively generated at
R, G and B regions. Here, the light intensity at the first light
emitting peak of the white organic light emitting device in
accordance with the present invention is slightly lower than
the blue light emitting peak of the 3-peak white organic light
emitting device, and the light intensity at the second light
emitting peak of the white organic light emitting device in
accordance with the present invention is higher than the
remaining light emitting peaks of the 3-peak white organic
light emitting device. These light intensities represent
increase of relative light intensities of materials having rela-
tively low efficiencies from among materials for the light
emitting layer which are recently developed, and may be
adjusted to similar values or opposite values through devel-
opment of materials.

[0091] Hereinafter, the white organic light emitting device
(3-peak WOLED) having the 3-peak white spectrum and the
white organic light emitting device (2-peak WOLED) having
the 2-peak white spectrum when they are actually applied to
the display device will be compared to each other.

TABLE 2
R G B W
CIEx 0.675 0.260 0.132 0.285
CIEy 0.323 0.653 0.064 0.298
Y transmittance 0.136 0.273 0.045 1.000
Cd/A 8.31 16.66 2.77 61.00
TABLE 3
R G B W
CIEx 0.665 0.280 0.145 0.320
CIEy 0.329 0.662 0.058 0.340
Y transmittance 0.081 0.410 0.049 1.000
Cd/A 5.20 26.26 3.14 64.06

[0092] Tables 2 and 3 represent the CIE coordinate systems
of the 3-peak white organic light emitting device and the
2-peak white organic light emitting device in accordance with
the present invention after transmission through the color
filters when the 3-peak white organic light emitting device
and the 2-peak white organic light emitting device are applied
to the display device.

[0093] Here, in terms of y color coordinates of blue light,
when the 2-peak white organic light emitting device in accor-
dance with the present invention is applied to the display
device, CIEy has a value of 0.058 and thus satisfies the con-
dition of the sRGB space, i.e., less than 0.06, and has lumi-
nance and transmittance of the color filter layer which are
slightly higher than those of the 3-peak white organic light
emitting device, and thus a reduction in power consumption
may be expected.

[0094] Hereinafter, the 3-peak white organic light emitting
device and the 2-peak white organic light emitting device
which are actually applied to the display device are compared
to each other in terms of luminance, current, current density
and current ratio related thereto, drive voltage and power
consumption.
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TABLE 4

R G B W Total
Efficiency(Cd/A) after 8.3 16.7 2.8 61.0
transmission through color
filter
Panel luminance(Cd/m?) 2.0 13.1 29 35.0 53.0
Panel current(A) 0.47 1.56  2.11 1.14 5.29
Current density(mA/cm?) 0.45 1.50  2.03 1.09 5.07
Current ratio 0.22 0.74  1.00 0.54
vdd(v) 23
Power consumption(W) 121.6

TABLE 5

R G B W Total
Efficiency(Cd/A) after 5.2 26.3 3.0 64.0
transmission through color
filter
Panel luminance(Cd/m?) 2.2 9.5 24 389 53.0
Panel current(A) 0.81 0.71 1.55 1.20 4.28
Current density(mA/cm?) 0.77 0.68 1.48 1.15 4.09
Current ratio 0.52 0.46  1.00 0.78
vdd(v) 23
Power consumption(W) 98.2

[0095] Test values of Tables 4 and 5 above are values when
a standard moving image is displayed at a color temperature
of 1000K using a 55 inch RGBW panel, and it is confirmed
that when the 2-peak white organic light emitting device in
accordance with the present invention is used, power con-
sumption is reduced by more than 20%. Therefore, itis under-
stood that the display device to which the 2-peak white
organic light emitting device in accordance with the present
invention is applied has excellent efficiency as compared to
the display device to which the 3-peak white organic light
emitting device is applied.

[0096] In order to improve the feeling of color and to
increase a lifespan of the display device during viewing white
display, the display device requires emission of bluish white
light. For this purpose, the y color coordinate of blue in the
sRGB color coordinate system should have a value of less
than 0.06, and it is difficult to produce such a value using a
normal blue (sky blue) dopant generally used in the blue light
emitting layer. Even in case in which the normal blue dopant
is used, the level of the color coordinate may be set using a
blue color filter applied to transmittance thereof. However, in
this case, a blue spectrum is inclined to a long wavelength,
and thus transmittance at the blue color filter satisfying the
sRGB is greatly lowered and power consumption is inevita-
bly increased.

[0097] The display device employing the 2-peak white
organic light emitting device in accordance with the present
invention allows the maximum peak of the blue light emitting
layer to be formed at a region of 430 nm to 460 nm using a
blue dopant formed of a material emitting deep blue light,
thereby achieving a reduction in power consumption and
preventing lowering of blue light transmittance, simulta-
neously.

[0098] The above-described white organic light emitting
device and display device using the same in accordance with
the present invention have effects, as follows.

[0099] The blue light emitting unit includes the blue light
emitting layer including at least one host and a deep blue
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dopant and the phosphorescent light emitting unit stacked on
the blue light emitting unit includes at least one host and a
yellow or greenish yellow dopant, thereby being capable of
implementing a reproductive white organic light emitting
device.

[0100] Further, when the color filters transmits light, trans-
mittance of blue light of a short wavelength band is improved,
and thus power consumption may be reduced. Moreover, a
color coordinate at a blue wavelength significant in the dis-
play device has a value of less than 0.06, and thus the feeling
of color may be improved.

[0101] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A white organic light emitting device comprising:

a first electrode and a second electrode disposed opposite
each other on a substrate, and a blue light emitting unit
and a phosphorescent light emitting unit provided
between the first electrode and the second electrode,

wherein a 2-peak white spectrum is formed through a first
light emitting peak of the blue light emitting unit at a
wavelength of 430 nm to 460 nm and a second light
emitting peak of the phosphorescent light emitting unit
at a wavelength of 530 nm to 630 nm.

2. The white organic light emitting unit according to claim

1, wherein the blue light emitting unit includes a blue light
emitting layer formed by doping at least one host with a blue
dopant.

3. The white organic light emitting unit according to claim

1, wherein the phosphorescent light emitting unit includes a
phosphorescent light emitting layer formed by doping at least
one host with a greenish yellow dopant.

4. The white organic light emitting unit according to claim

1, wherein the phosphorescent light emitting unit includes a
phosphorescent light emitting layer formed by doping at least
one host with a yellow dopant.

5. The white organic light emitting unit according to claim

1, wherein the maximum peak of the 2-peak white spectrum
is generated at a wavelength corresponding to the first light
emitting peak.

6. The white organic light emitting unit according to claim

1, further comprising a charge generation layer provided
between the blue light emitting unit and the phosphorescent
light emitting unit.

7. The white organic light emitting unit according to claim

1, further comprising first to third common layers sequen-
tially provided between the first electrode and the blue light
emitting unit, between the blue light emitting unit and the
phosphorescent light emitting unit, and between the phospho-
rescent light emitting unit and the second electrode.

8. The white organic light emitting unit according to claim

1, wherein a trough of the 2-peak white spectrum between the
first light emitting peak and the second light emitting peak is
at a wavelength of 480 nm to 530 nm.

9. A display device comprising:

a substrate on which a cell drive unit is formed;

a color filter layer provided on the substrate;

a first electrode connected to the cell drive unit;

a second electrode disposed opposite to the first electrode;
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a charge generation layer provided between the first elec-
trode and the second electrode;

a blue light emitting unit provided between the first elec-
trode and the charge generation layer and having a first
light emitting peak ata wavelength of 430 nm to 460 nm;
and

a phosphorescent light emitting unit provided between the
charge generation layer and the second electrode and
having a second light emitting peak at a wavelength of
530 nm to 630 nm.

10. The display device according to claim 9, wherein the
blue light emitting unit includes a blue light emitting layer
formed by doping at least one host with a blue dopant.

11. The display device according to claim 9, wherein the
value of a CIEy color coordinate of blue light after transmis-
sion through the color filter layer via the phosphorescent light
emitting unit and the blue light emitting unit is in the range of
0.01 t0 0.06.

12. The display device according to claim 9, wherein the
phosphorescent light emitting unit includes a phosphorescent
light emitting layer formed by doping at least one host with a
greenish yellow dopant.

13. The display device according to claim 9, wherein the
phosphorescent light emitting unit includes a phosphorescent
light emitting layer formed by doping at least one host with a
yellow dopant.

14. The display device according to claim 9, wherein the
maximum peak of a 2-peak white spectrum having the first
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light emitting peak and the second light emitting peak is
generated at a wavelength corresponding to the first light
emitting peak.

15. The display device according to claim 9, further com-
prising first to fourth common layers sequentially provided
between the first electrode and the blue light emitting unit,
between the blue light emitting unit and the charge generation
layer, between the charge generation layer and the phospho-
rescent light emitting unit, and between the phosphorescent
light emitting unit and the second electrode.

16. The display device according to claim 9, wherein the
substrate includes a red sub-pixel, a green sub-pixel and a
blue sub-pixel provided at different regions, and the color
filter layer includes a red color filter layer, a green color filter
layer and a blue color filter layer corresponding to the respec-
tive sub-pixels.

17. The display device according to claim 9, wherein the
substrate includes a red sub-pixel, a green sub-pixel, a blue
sub-pixel and a white sub-pixel provided at different regions,
and the color filter layer includes a red color filter layer, a
green color filter layer and a blue color filter layer correspond-
ing to the respective sub-pixels.

18. The display device according to claim 9, wherein a
trough of the 2-peak white spectrum between the first light
emitting peak and the second light emitting peak is at a
wavelength of 480 nm to 530 nm.
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