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(7) ABSTRACT

Disclosed herein are an organic light emitting display device
includes first to third sub-pixels realizing different colors,
wherein each of the first to third sub-pixels includes first and
second electrodes disposed on a substrate so as to face each
other, an emission layer formed between the first and second
electrodes, a multi-layered hole transporting layer formed
between the first electrode and the emission layer to be in
contact with the first electrode and the emission layer, and an
electron transporting layer formed between the second elec-
trode and the emission layer, wherein multi-layered hole
transporting layer of at least one of the first to third sub-pixels
includes an at least two-layered first hole transporting layer
formed of a hole host and a p-type dopant having a doping
concentration of 1 to 10% and a second hole transporting
layer formed of the hole host.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF FABRICATING
THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0157157, filed on Dec. 28, 2012,
which is hereby incorporated by reference in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to an organic light

emitting display device with reduced power consumption and
improved efficiency and lifespan and a method of fabricating
the same.

[0004] 2. Discussion of the Related Art

[0005] 1In line with recent information era, display field,
which visually displays electrical information signals, has
rapidly developed. To meet such development, various flat
panel display devices with excellent performance, such as
ultra-thin in thickness, lightweight, and low power consump-
tion, have been developed.

[0006] Examples of flat panel display devices include,
without being limited to, a liquid crystal display (LCD)
device, a plasma display panel (PDP) device, a field emission
display (FED) device, and an organic light emitting device
(OLED).

[0007] In particular, OLEDs, which are self-emissive
devices, have faster response time, higher luminous effi-
ciency, higher luminance and wider viewing angles than other
flat panel display devices.

[0008] An organic light emitting display device includes a
sub-pixel having an anode and a cathode opposite to each
other in a state in which an emission layer is disposed between
the anode and the cathode. Holes injected from the anode and
electrons injected from the cathode are re-coupled with each
other in the emission layer to form excitons, which are hole-
electron pairs. When the excitons return to a ground state, the
excitons generate energy, by which light is emitted.

[0009] In an conventional organic light emitting display
device, trap energy is increased due to a gap at an interface
between an anode and a hole injection layer. The increase of
the trap energy raises a hole injection barrier. For this reason,
it is not possible to stably supply holes 1o an emission layer.
As a result, power consumption of the device is increased and
efficiency and lifespan of the device are reduced.

SUMMARY

[0010] Accordingly, the present disclosure is directed to an
organic light emitting display device and a method of fabri-
cating the same that substantially obviate one or more prob-
lems due to limitations and disadvantages of the related art.
[0011] An object of the present disclosure is to provide an
organic light emitting display device with reduced power
consumption and improved efficiency and lifespan and a
method of fabricating the same.

[0012] Additional advantages, objects, and features of the
disclosure 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 disclosure. The objectives
and other advantages of the disclosure may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0013] To achieve these objects and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, an organic light emitting dis-
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play device includes first to third sub-pixels realizing differ-
ent colors, wherein each of the first to third sub-pixels
includes first and second electrodes ona substrate to face each
other, an emission layer formed between the first and second
electrodes, a multi-layered hole transporting layer formed
between the first electrode and the emission layer to be in
contact with the first electrode and the emission layer, and an
electron transporting layer formed between the second elec-
trode and the emission layer, and the multi-layered hole trans-
porting layer of at least one of the first to third sub-pixels
includes an at least two-layered first hole transporting layer
formed of a hole host and a p-type dopant having a doping
concentration of 1 to 10% and a second hole transporting
layer formed of the hole host.

[0014] The first sub-pixel may be a red sub-pixel realizing
red through a red emission layer, the second sub-pixel may be
a green sub-pixel realizing green through a green emission
layer, and the third sub-pixel may be a blue sub-pixel realiz-
ing blue through a blue emission layer, the hole transporting
layer of each of the red and green sub-pixels may include a
common hole transporting layer formed by sequentially
stacking the first and second hole transporting layers and an
optical adjustment layer formed between the common hole
transporting layer and the first electrode, and the hole trans-
porting layer of the blue sub-pixel may include a common
hole transporting layer formed by sequentially stacking the
first and second hole transporting layers.

[0015] Thered, green, and blue sub-pixels may in common
include blue emission layers, the blue emission layer of the
red sub-pixel may be formed between the red emission layer
and the electron transporting layer, and the blue emission
layer of the green sub-pixel may be formed between the green
emission layer and the electron transporting layer.

[0016] The optical adjustment layer may include first and
second optical adjustment layers sequentially formed
between the first electrode and the common hole transporting
layer, the first optical adjustment layer may be formed of a
hole host and a p-type dopant identical to or different from
that of the first hole transporting layer, and the second optical
adjustment layer may be formed of a hole host identical to or
different from that of the second hole transporting layer.
[0017] The optical adjustment layer may include a first
optical adjustment layer formed between the first electrode
and the common hole transporting layer and the first optical
adjustment layer may be formed of a hole host and a p-type
dopant identical to or different from that of the first hole
transporting layer.

[0018] The first optical adjustment layer of the red sub-
pixel may have a larger thickness than the first optical adjust-
ment layer of the green sub-pixel.

[0019] The p-type dopant may be formed of F4-TCNQ,
1,4-TCAQ, 6,3-TCPQ, TCAQ, TCNTHPQ, or TCNPQ and
the hole host may be formed of NPB, PPD, TPAC, BFA-1T, or
TBDB.

[0020] The p-type dopant may have a lowest unoccupied
molecular orbital (LUMO) level less than that of the hole
host.

[0021] The optical adjustment layer and the first hole trans-
porting layer including the p-type dopant may occupy 10 to
25% the multi-layered hole transporting layer.

[0022] Inanother aspect of the present disclosure, a method
of fabricating an organic light emitting display device includ-
ing first to third sub-pixels realizing different colors includes
forming first electrodes of the first to third sub-pixels on a
substrate, forming multi-layered hole transporting layers on
the first electrodes, forming emission layers on the hole trans-
porting layers, forming electron transporting layers on the
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emission layers, and forming second electrodes on the elec-
tron transporting layers, wherein the multi-layered hole trans-
porting layer of at least one of the first to third sub-pixels
includes an at least two-layered first hole transporting layer
formed of a hole host and a p-type dopant having a doping
concentration of 1 to 10% and a second hole transporting
layer formed of the hole host.

[0023] The first sub-pixel may be a red sub-pixel realizing
red through a red emission layer, the second sub-pixel may be
a green sub-pixel realizing green through a green emission
layer, and the third sub-pixel may be a blue sub-pixel realiz-
ing blue through a blue emission layer, the step of forming the
hole transporting layers of the red, green, and blue sub-pixels
may include forming optical adjustment layers on the first
electrodes of the red and green sub-pixels and forming com-
mon hole transporting layers each comprising the first and
second hole transporting layers at the red, green, and blue
sub-pixels, and at least one of optical adjustment layers, first
hole transporting layers, and second hole transporting layers
may be formed by scanning or deposition using a shutter.
[0024] TItisto beunderstood that both the foregoing general
description and the following detailed description of are
exemplary and explanatory and are intended to provide fur-
ther explanation of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to
provide a further understanding of the present disclosure and
are incorporated in and constitute a part of this application,
illustrate embodiment(s) and together with the description
serve to explain the principle of the present disclosure. In the
drawings:

[0026] FIG.1 is a sectional view showing an organic light
emitting display device according to a first embodiment;
[0027] FIG.2isa view illustrating a relationship between a
hole host and a p-type dopant shown in FIG. 1;

[0028] FIGS. 3A and 3B are views illustrating voltage and
lifespan characteristics of the organic light emitting display
device shown in FIG. 1 and a comparative example;

[0029] FIG. 4 is a view showing an apparatus for forming a
hole transporting layer shown in FIG. 1;

[0030] FIG. 5 is a sectional view showing an organic light
emitting display device according to a second embodiment;
[0031] FIGS. 6A and 6B are views illustrating voltage and
lifespan characteristics of a red sub-pixel of the organic light
emitting display device shown in FIG. 5 and a red sub-pixel of
a comparative example;

[0032] FIGS.7A and 7B are views illustrating voltage and
lifespan characteristics of a green sub-pixel of the organic
light emitting display device shown in FIG. 5 and a green
sub-pixel of the comparative example;

[0033] FIG. 8 is a sectional view showing an organic light
emitting display device according to a third embodiment;
[0034] FIG.9 is a sectional view showing an organic light
emitting display device according to a fourth embodiment;
[0035] FIG. 10 is a sectional view showing another form of
the organic light emitting display device according to the
fourth embodiment;

[0036] FIGS. 11A and 11B are views illustrating voltage
and lifespan characteristics of a red sub-pixel of the organic
light emitting display device shown in FIG. 9 and a red
sub-pixel of a comparative example;

[0037] FIGS. 12A and 12B are views illustrating voltage
and lifespan characteristics of a green sub-pixel of the organic
light emitting display device shown in FIG. 9 and a green
sub-pixel of the comparative example; and
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[0038] FIGS. 13A to 13F are sectional views illustrating a
method of forming a hole transporting layer of the organic
light emitting display device shown in FIG. 5.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to the embodi-
ments, examples of which are illustrated in the accompanying
drawings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same or
like parts.

[0040] FIG. 1 is a sectional view showing an organic light
emitting display device according to the present disclosure.

[0041] The organic light emitting display device shown in
FIG. 1 includes a first electrode 102, a multi-layered hole
transporting layer 114, an emission layer 110, an electron

transporting layer 116, a second electrode 104, and a capping
layer 120.

[0042] Any one of the first and second electrodes 102 and
104 is formed of a semi-transparent electrode and the other of
the first and second electrodes 102 and 104 is formed of a
reflective electrode. In a case in which the first electrode 102
is a semi-transparent electrode and the second electrode 104
is a reflective electrode, the organic light emitting display
device is configured to have a rear light emitting structure in
which light is emitted downward. In a case in which the
second electrode 104 is a semi-transparent electrode and the
first electrode 102 is a reflective electrode, the organic light
emitting display device is configured to have a front light
emitting structure in which light is emitted upward. In the
present disclosure, the first electrode 102, as an anode,
formed of a reflective electrode and the second electrode 104,
as a cathode, formed of a semi-transparent electrode will be
described by way of example.

[0043] The first electrode 102 is configured to have a multi-
layered structure including a metal layer formed of aluminum
(Al) or an aluminum alloy, such as AINd, and a transparent
layer formed of indium tin oxide (ITO) or indium zinc oxide
(IZO). The first electrode 102 functions as a reflective elec-
trode.

[0044] The second electrode 104 is configured to have a
single-layered structure or a multi-layered structure. Each
layer constituting the second electrode 104 may be formed of
a metal, an inorganic substance, a mixture of metals, a mix-
ture of a metal and an inorganic substance, or a mixture
thereof. In a case in which each layer is formed of a mixture
of a metal and an inorganic substance, a volume ratio of the
metal to the inorganic substance is 10:1 to 1:10. In a case in
which each layer is formed of a mixture of metals, a ratio of
one to the other of the metals is 10:1 to 1:10. The second
electrode 104 is formed of a metal, such as Ag, Mg, Yb, Li, or
Ca. The second electrode 104 is formed of an inorganic sub-
stance, LiO,, CaO, LiF, or MgF,. The second electrode 104
assists movement of electrons such that a large amount of
electrons are supplied to the emission layer 110.

[0045] Thecapping layer 120 is formed of a material exhib-
iting a higher refractive index than an external air layer. Light
transmitted through the capping layer 120 is reflected from an
interface between the capping layer 120 and the external air
layer and exits out through the capping layer 120 while
repeatedly reflected and transmitted between the first elec-
trode 102 and the capping layer 120. As a result, the amount
of light lost due to total reflection from the interface between
the capping layer 120 and the external air layer is reduced and
the amount of light transmitted is increased, thereby improv-
ing light emission efficiency.
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[0046] In the emission layer 110, holes supplied through
the hole transporting layer 114 and electrons supplied
through the electron transporting layer 116 are re-coupled to
generate light.

[0047] The electron transporting layer 116 supplies elec-
trons from the second electrode 104 to the emission layer 110.

[0048] The hole transporting layer 114 includes first hole
transporting layers 114a doped with a p-type dopant and
second hole transporting layers 1145 not doped with a p-type
dopant, which are alternately formed. The first hole transport-
ing layers 114a doped with the p-type dopant are formed to
have a two-layered structure between the first electrode 102
and the emission layer 110. FIG. 1, the first and second hole
transporting layers 114a and 1145 being alternately formed
twice is described by way of example. However, embodi-
ments of the present disclosure are not limited thereto.

[0049] Each first hole transporting layer 114a is formed by
doping a hole host with a p-type dopant at a doping concen-
tration of 1 to 10%. If the doping concentration of the p-type
dopant is less than 1%, it is not possible to obtain device
characteristics. If the doping concentration of the p-type
dopant is greater than 10%, the amount of holes exceeds that
of electrons. As a result, excitons are formed at an interface
between the electron transporting layer 116 and the emission
layer 110, not in the emission layer 110, whereby efficiency is
lowered and lifespan is shortened. At this time, the hole host
has a highest occupied molecular orbital (HOMO) level of 5.0
eV or more. The p-type dopant has a lowest unoccupied
molecular orbital (LUMO) level less than that of the hole
host. The firsthole transporting layers 114a occupy 10 to 25%
the entirety of the hole transporting layer 114. If the first hole
transporting layers 114a occupy less than 10% the entirety of
the hole transporting layer 114, it is not possible to obtain an
effect superior to that of a comparative example. If the first
hole transporting layers 114a occupy greater than 25% the
entirety of the hole transporting layer 114, the amount of
holes exceeds that of electrons. As a result, excitons are
formed at the interface between the electron transporting
layer 116 and the emission layer 110, notin the emission layer
110, whereby efficiency is lowered and lifespan is shortened.

[0050] Each second hole transporting layer 1144 is formed
of a hole host having the same material as each first hole
transporting laver 114a. Consequently, each second hole
transporting layer 1145 has a HOMO level of 5.0 €V or more.
The second hole transporting layers 114 occupy 75 to 90%
the entirety of the hole transporting layer 114.

[0051] Thehost used in the first and second hole transport-
ing layers 114a and 1145 is formed of a material, such as
NPB, PPD, TPAC, BFA-1T, or TBDB, as represented by
Chemical formula 1.

[Chemical formula 1]

Roc
— ) )

Jul. 3,2014

-continued

oY,

Shhevse
e
e

2

BFA-1T

© o %o

~
5
S
<

PPD

S
=

ST

)

oy el

=

TPAC

“?‘
(]
oadiee

TBDB
[0052] The p-type dopant is formed of a material, such as
[F4-TCNQ], [1.4-TCAQ], [63-TCPQ], [TCAQ],

[TCNTHPQ], or [TCNPQ)], as represented by Chemical for-
mula 2.
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[Chemical formula 2]

NC CN
F F |
NC CN
NC CN
T T |
ELTONG NC CN
14-TCAQ
NC CN
Nj iCN
6,3-TCPQ
NC CN NC CN
Nj iCN
TCAQ
NC CN
TCNTHPQ
NC CN
NcI lCN
TCNPQ

[0053] Thep-type dopant doped in each first hole transport-
ing layer 114a may fill gaps of the hole host having a lami-
nated structure to improve stability of the interface between
the first electrode 102 and the hole transporting layer 114 and
to lower a hole injection barrier. Consequently, Joule heating
at the interface between the first electrode 102 and the hole
transporting layer 114 may be reduced. As a result, the holes
may be stably supplied to the emission layer 110, thereby
improving efficiency and lifespan characteristics.
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[0054] Specifically, as shown in FIG. 3A, it can be seen that
an example in which first hole transporting layers 114a and
second hole transporting layers 1145 each doped with 3% of
a p-type dopant are formed between a first electrode 102 and
an emission layer 110 and another example in which first hole
transporting layers 114a and second hole transporting layers
1145 each doped with 5% of a p-type dopant are formed
between a first electrode 102 and an emission layer 110 have
lower driving voltage to generate the same current density
than a comparative example in which a hole injection layer
and a hole transporting layer are formed between a first elec-
trode and an emission layer.

TABLE 1

Efficiency (cd/A) T95 lifespan (hrs)

R G B W R G B W

Example 35.6 493 385 244 160 80G 320 510
Comparative 341 500 33 238 110 400 420 220
example

[0055] As shown in Table 1, it can be seen that the example

has an efficiency characteristic equal to that of the compara-
tive example. In addition, as shown in Table 1 and FIG. 3B, it
can be seen that the example has a lifespan characteristic
100% greater than that of the comparative example. In Table
1, T95 means time until the lifespan of a white organic light
emitting device reaches about 95%.

[0056] Theholetransporting layer 114 is formed on the first
electrode 102 using a deposition apparatus shown in FIG. 4
(822). The deposition apparatus shown in FIG. 4 includes a
guide rail 158, a body 156 to perform reciprocating scan
motion along the guide rail 158, and first and second deposi-
tion sources 152 and 154 provided in the body 156. The first
deposition source 152 supplies a hole host to a substrate 101
and the second deposition source 154 supplies a p-type
dopant to the substrate 101. At this time, supply speeds of the
hole host and the p-type dopant may be changed to adjust a
mixture ratio of the hole host to the p-type dopant. As the hole
host from the first deposition source 152 and the p-type
dopant form the second deposition source 154 are supplied to
the substrate 101 as described above, a first hole transporting
layer 114a constituted by the p-type dopant and the hole host
is formed on the substrate. Subsequently, a second hole trans-
porting layer 1145 constituted by a hole host is formed on the
first hole transporting layer 114a. Meanwhile, in a case in
which the body 156 having the first and second deposition
sources 152 and 154 performs reciprocating scan motion in
one direction and in the opposite direction, first and second
hole transporting layers 1144 and 1145 are alternately formed
as shown in FIG. 1. The number of the first and second hole
transporting layers 114a and 1145 may be adjusted according
to the number of times of reciprocating scan motion.

[0057] FIG. 5 is a sectional view showing an organic light
emitting display device according to a second embodiment of
the present disclosure.

[0058] The organic light emitting display device shown in
FIG. 5 is identical in construction to that shown in FIG. 1
except that red, green, and blue sub-pixels have different
distances between a first electrode 102 and an emission layer
110 and, therefore, a detailed description of the same com-
ponents will be omitted.
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[0059] The distance between the first electrode 102 and the
emission layer 110 of the blue (B) sub-pixel is the smallest.
The distance between the first electrode 102 and the emission
layer 110 the red (R) sub-pixel is the largest. The distance
between the first electrode 102 and the emission layer 110 the
green (G) sub-pixel is intermediate. The respective sub-pixels
constructively interfere with exit light, thereby optimizing
vertical efficiency at each sub-pixel.

[0060] To this end, the red (R), green (G), and blue (B)
sub-pixels each include a common hole transporting layer
114. The red (R) and green (G) sub-pixels each include an
optical adjustment layer 112 formed between the common
hole transporting layer 114 and the first electrode 102. In this
case, the optical adjustment layer 112 of the red (R) sub-pixel
has a larger thickness than the optical adjustment layer 112 of
the green (G) sub-pixel.

[0061] The optical adjustment layer 112 includes first and
second optical adjustment layers 112a and 112b. The com-
mon hole transporting layer 114 includes first and second
hole transporting layers 114a and 1145.

[0062] The first optical adjustment layer 1124 and the first
hole transporting layer 114a are formed by doping a hole host
with a p-type dopant at a doping concentration of 1to 10%. At
this time, the hole host has a HOMO level of 5.0 €V or more.
The p-type dopant has a LUMO level less than the HOMO
level of the hole host.

[0063] The second optical adjustment layer 1125 and the
second hole transporting layer 1144 are formed of a hole host
having the same material as or different materials from the
first optical adjustment layer 112 and the first hole transport-
ing layer 114a. Consequently, the second optical adjustment
layer 1125 and the second hole transporting layer 1145 each
have a HOMO level of 5.0 eV or more. The second optical
adjustment layer 1125 and the second hole transporting layer
1145 occupy 75% to 90% the entirety of the hole transporting
layer 114.

[0064] The host used in the first and second optical adjust-
ment layers 112a and 1124 and the first and second hole
transporting layers 114a and 1145 is formed of a material,
such as NPB, PPD, TPAC, BFA-1T, or TBDB, as represented
by Chemical formula 1. The same host or different hosts may
be used in the first and second optical adjustment layers 112a
and 1125 and the host used in the first and second hole
transporting layers 114a and 1144,

[0065] The p-type dopant is formed of a material, such as
[F4-TCNQ], [14-TCAQ], [63-TCPQ], [TCAQ],
[TCNTHPQ)], or [TCNPQ)], as represented by Chemical for-
mula 2. The same p-type dopant or different p-type dopants
may be used in the first optical adjustment layer 1124 and the
first hole transporting layer 114a. The p-type dopant used in
the first optical adjustment layer 112a and the first hole trans-
porting layer 114¢ may have the same doping concentration
or different concentrations. In a case in which the doping
concentration of the p-type dopant in the first optical adjust-
ment layer 112a of the red sub-pixel having the largest thick-
ness 1s higher than that of the p-type dopant in the first optical
adjustment layer 112a of the green sub-pixel, driving voltage
of the red (R) sub-pixel may be lowered, thereby reducing
power consumption.

[0066] Specifically, Table 2 illustrates electro-optic charac-
teristics of red sub-pixels of a comparative example and
examples.
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TABLE 2

Structure Volt cd/A  Im/W  CIEx CIEy
Comparative 4.8 54.1 35.6 0.665 0.332
example

Example (3%) 4.4 52.8 37.6 0.664 0.334
Example (5%) 43 54.6 39.9 0.662 0.331
Example (7%) 4.2 54.1 40.4 0.662 0.335

[0067] In Table 2, the comparative example and the

examples are devices having the following stacked structures.
[0068] Comparative example: a hole transporting layer
(100 A) doped with a 3% p-type dopant/hole transport-
ing layer (1900 A)ired emission layer/electron trans-
porting layer/second electrode/capping layer
[0069] Example (3%): a first optical adjustment layer
(100 A) doped with a 3% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/red emission layer/electron
transporting layer/second electrode/capping layer
[0070] Example (5%): a first optical adjustment layer
(100 &) doped with a 5% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/red emission layer/electron
transporting layer/second electrode/capping layer
[0071] Example (7%): a first optical adjustment layer
(100 A) doped with a 7% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/red emission layer/electron
transporting layer/second electrode/capping layer
[0072] As shownin Table 2 and FIG. 6A, it can be seen that
the example in which the first optical adjustment layer 112a
of the red sub-pixel is doped with the 7% p-type dopant has
maximally 0.6V lower driving voltage to generate the same
current density than the comparative example. In addition, as
shown in FIG. 6B, it can be seen that lifespan of the example
is somewhat increased.

[0073] Table 3 illustrates electro-optic characteristics of
green sub-pixels of a comparative example and examples.
TABLE 3
Structure Volt cd/A Im/W  CIEx CIEy
Comparative 4.8 54.1 35.6 0.665 0.332
example
Example (3%) 44 528 376 0664 0334
Example (5%) 43 546 399 0662 0331
Example (7%) 4.2 541 404 0662 0335
[0074] In Table 3, the comparative example and the

examples are devices having the following stacked structures.
[0075] Comparative example: a hole transporting layer
(100 A) doped with a 3% p-type dopant/hole transport-
ing layer (1900 A)/green emission layer/electron trans-
porting layer/second electrode/capping layer
[0076] Example (3%): a first optical adjustment layer
(100 A) doped with a 3% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/green emission layer/elec-
tron transporting layer/second electrode/capping layer
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[0077] Example (5%): a first optical adjustment layer
(100 &) doped with a 5% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/green emission layer/elec-
tron transporting layer/second electrode/capping layer

[0078] Example (7%): a first optical adjustment layer
(100 A) doped with a 7% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/green emission layer/elec-
tron transporting layer/second electrode/capping layer

[0079] As shown in Table 3 and FIG. 7A, it can be seen that
the example in which the first optical adjustment layer 112a
of the green sub-pixel is doped with the 5% p-type dopant and
the example in which the first optical adjustment layer 112a
of the green sub-pixel is doped with the 7% p-type dopant
have maximally 0.3V lower driving voltage to generate the
same current density than the comparative example. In addi-
tion, as shown in FIG. 7B, it can be seen that lifespan of each
example is increased.

[0080] FIG. 8 is a sectional view showing an organic light
emitting display device according to a third embodiment of
the present disclosure. The organic light emitting display
device shown in FIG. 8 is identical in construction to that
shown in FIG. 5 except that optical adjustment layers 112 of
red and green sub-pixels each include only a first optical
adjustment layer and, therefore, a detailed description of the
same components will be omitted.

[0081] A red (R) sub-pixel includes an optical adjustment
layer 112 formed between a common hole transporting layer
114 and a first electrode 102. A green (G) sub-pixel includes
an optical adjustment layer 112, having a smaller thickness
than the optical adjustment layer 112 of the red R sub-pixel,
formed between a common hole transporting layer 114 and a
first electrode 102.

[0082] The optical adjustment layer 112 of each of the red
and green sub-pixels includes only a first optical adjustment
layer. The common hole transporting layer 114 is formed by
sequentially stacking first and second hole transporting layers
114a and 1145.

[0083] The optical adjustment layer 112 and the first hole
transporting layer 114a are formed by doping a hole host with
ap-type dopant at a doping concentration of 1to 10%. At this
time, the hole host has a HOMO level of 5.0 eV or more. The
p-type dopant has a LUMO level less than the HOMO level of
the hole host.

[0084] The second hole transporting layer 1145 is formed
of a hole host having the same material as the first hole
transporting layer 114a. Consequently, the second hole trans-
porting layer 1145 has a HOMO level of 5.0 eV or more.
[0085] The host used in the optical adjustment layer 112
and the first and second hole transporting layers 114a and
1145 is formed of a material, such as NPB, PPD, TPAC,
BFA-1T, or TBDB, as represented by Chemical formula 1.
The same host or different hosts may be used in the optical
adjustment layer 112 and the first and second hole transport-
ing layers 114a and 1145.

[0086] The p-type dopant is formed of a material, such as
[F4-TCNQ], [L4-TCAQ], [6,3-TCPQ], [TCAQ],
[TCNTHPQ)], or [TCNPQ)], as represented by Chemical for-
mula 2. The same p-type dopant or different p-type dopants
may be used in the optical adjustment layer 112 and the first
hole transporting layer 114a. The p-type dopant used in the
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optical adjustment layer 112 and the first hole transporting
layer 114a may have the same doping concentration or dif-
ferent concentrations. In a case in which the doping concen-
tration of the p-type dopant in the optical adjustment layer
112 of the red sub-pixel, which is thick, is higher than that of
the p-type dopant in the optical adjustment layer 112 of the
green (G) sub-pixel, driving voltage of the red sub-pixel may
be lowered, thereby reducing power consumption.

[0087] FIGS. 9 and 10 are sectional views showing an
organic light emitting display device according to a fourth
embodiment of the present disclosure. The organic light emit-
ting display device shown in FIGS. 9 and 10 are identical in
construction to those shown in FIGS. 5 and 8 except that red,
green, and blue sub-pixels in common have blue emission
layers having the same thickness and, therefore, a detailed
description of the same components will be omitted.

[0088] The red (R) sub-pixel shown in FIGS. 9 and 10
includes a red emission layer 110a and a blue emission layer
1105 sequentially stacked on a second hole transporting layer
1145 of a common hole transporting layer 114. In this case,
short-wavelength blue light generated from the blue emission
layer 1105 is absorbed by long-wavelength red light gener-
ated from the red emission layer 110a. Consequently, the red
sub-pixel embodies red (R) without being mixed with blue
light.

[0089] The green (G) sub-pixel shown in FIGS. 9 and 10
includes a green (G)' emission layer 1104 and a blue emission
layer 1105 sequentially stacked on a second hole transporting
layer 1145 of a common hole transporting layer 114. In this
case, short-wavelength blue light generated from the blue
emission layer 1105 is absorbed by long-wavelength green
light generated from the green (G) emission layer 110a. Con-
sequently, the green sub-pixel embodies green (G) without
being mixed with blue light.

[0090] At this time, the red emission layer 110a of the red
(R) sub-pixel is formed such that the thickness of the red
emission layer 110a of the red (R) sub-pixel is greater than
that of the green emission layer 110a of the green (G) sub-
pixel. Consequently, the total thickness of the red (R) sub-
pixel is the largest, the total thickness of the green (G) sub-
pixel is intermediate, and the total thickness of the blue (B)
sub-pixel is the smallest. In the organic light emitting display
device according to the fourth embodiment of the present
disclosure, therefore, the total thicknesses of the red (R),
green (G), and blue (B) sub-pixels are adjusted using the
optical adjustment layer 112, the red (R) emission layer 110q,
and the green (G) emission layer 110a to constructively inter-
fere with exit light, thereby optimizing vertical efficiency at
each sub-pixel.

[0091] Table 4 illustrates electro-optic characteristics of
red sub-pixels of a comparative example and an example
according to the fourth embodiment of the present disclosure.

TABLE 4
Structure Volt cd/A Im/W  CIEx CIEy
Comparative 4.9 551 357 0.662 0.335
example
Example (7%) 44 55.8 39.6 0.660 0.338
[0092] In Table 4, the comparative example and the

example are devices having the following stacked structures.
[0093] Comparative example: a hole transporting layer
(100 A) doped with a 3% p-type dopant/hole transport-
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ing layer (1900 A)/red emission layer/blue emission
layer/electron transporting layer/second electrode/cap-
ping layer
[0094] Example (7%): a first optical adjustment layer
(100 A) doped with a 7% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 g)/red emission layer/blue
emission layer/electron transporting layer/second elec-
trode/capping layer
[0095] As shown in Table 4 and FIG. 11A, it can be seen
that the example in which the first optical adjustment layer
112a of the optical adjustment layer 112 of the red sub-pixel
is doped with the 7% p-type dopant has maximally 0.5V
lower driving voltage to generate the same current density
than the comparative example. In addition, as shown in FIG.
11B, it can be seen that lifespan of the example is somewhat
increased.

[0096] Table 5 illustrates electro-optic characteristics of
green sub-pixels of a comparative example and an example.
TABLE 5
Structure Volt cd/A Im/W  CIEx CIEy
Comparative 5.1 53.6 33.0 0.268 0.705

example
Example (5%) 4.6 549 376 0271 0.703
[0097] In Table 5, the comparative example and the

example are devices having the following stacked structures.
[0098] Comparative example: a hole transporting layer
(100 A) doped with a 3% p-type dopant/hole transport-
ing layer (1900 A)/green emission layer/blue emission
layer/electron transporting layer/second electrode/cap-
ping layer
[0099] Example (5%): a first optical adjustment layer
(100 A) doped with a 5% p-type dopant/second optical
adjustment layer (700 A)/first hole transporting layer
(100 A) doped with a 3% p-type dopant/second hole
transporting layer (1100 A)/green emission layer/blue
emission layer/electron transporting layer/second elec-
trode/capping layer
[0100] As shown in Table 5 and FIG. 12A, it can be seen
that the example in which the first optical adjustment layer
112a of the optical adjustment layer 112 of the green sub-
pixel is doped with the 5% p-type dopant has maximally 0.5V
lower driving voltage to generate the same current density
than the comparative example. In addition, as shown in FIG.
12B, it can be seen that lifespan of the example is equal to that
of the comparative example.
[0101] FIGS. 13A to 13F are sectional views illustrating a
method of fabricating an organic light emitting display device
according to the present disclosure. Hereinafter, a method of
fabricating the organic light emitting display device shown in
FIG. 5 will be described by way of example.

[0102] First, a metal layer and a transparent layer are
sequentially deposited on a substrate 101 and the metal layer
and the transparent layer are patterned by photolithography
and etching to form a first electrode 102. The first electrode
102 is formed to have a multi-layered structure including a
metal layer formed of aluminum (Al) or an aluminum alloy,
such as AINd, and a transparent layer formed of indium tin
oxide (ITO) or indium zinc oxide (1Z0).
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[0103] Subsequently. an optical adjustment layer 112 and a
common hole transporting layer 114 are sequentially formed
on the substrate 101, on which the first electrode 102 is
formed.

[0104] Specifically, as shown in FIG. 13A, a first evapora-
tion source 1324 containing a p-type dopant D and a second
evaporation source 1324 containing a hole host H are pro-
vided in a vacuum chamber 138. In addition, shutters 122a
and 1225 are formed at the first and second evaporation
sources 132a and 1326, respectively.

[0105] Thesubstrate 101, on which the firstelectrode 102 is
formed, is located in the vacuum chamber 138. Subsequently,
the shutters 122a and 1225 of the first and second evaporation
sources 132a and 1325 are opened. The p-type dopant D and
the hole host H evaporated from the first and second evapo-
ration sources 132a and 13254 are deposited on the substrate
101 through an opening of a shadow mask 128 to form a first
optical adjustment layer 112a of an optical adjustment layer
112 of ared (R) sub-pixel.

[0106] Subsequently, as shown in FIG. 13B, the shutter
1224 of the first evaporation source 132a is closed and the
shutter 1225 of the second evaporation source 1325 1s opened.
The hole host H evaporated from the second evaporation
source 1325 is deposited on the first optical adjustment layer
112a of the red (R) sub-pixel through the opening of the
shadow mask 128 to form a second optical adjustment layer
1125.

[0107] Subsequently. as shown in FIG. 13C, the shutters
122a and 1225 of the first and second evaporation sources
132a and 1325 are opened. The p-type dopant D and the hole
host H evaporated from the first and second evaporation
sources 132a and 1326 are deposited on the substrate 101
through the opening of the shadow mask 128 to form a first
optical adjustment layer 112a of a green (G) sub-pixel. At this
time, doping concentration of the p-type dopant doped in the
first optical adjustment layer 112a of the green (G) sub-pixel
is lower than that of the p-type dopant doped in the first optical
adjustment layer 112a of the red (R) sub-pixel.

[0108] Subsequently. as shown in FIG. 13D, the shutter
122a of the first evaporation source 1324 is closed and the
shutter 1225 of the second evaporation source 1325 is opened.
The hole host H evaporated from the second evaporation
source 1325 is deposited on the first optical adjustment layer
112a of the green (G) sub-pixel through the opening of the
shadow mask 128 to form a second optical adjustment layer
1125 of the green (G) sub-pixel.

[0109] At this time, the second optical adjustment layer
1125 of the green (G) sub-pixel is formed such that the thick-
ness of the second optical adjustment layer 1124 of the green
(G) sub-pixelis less than that of the second optical adjustment
layer 1125 of the optical adjustment layer 112 of the red (R)
sub-pixel.

[0110] Subsequently. as shown in FIG. 13E, the shutters
122¢ and 1225 of the first and second evaporation sources
132a and 1325 are opened. The p-type dopant D and the hole
host H evaporated from the first and second evaporation
sources 132a and 1325 are deposited on the substrate 101
through the opening of the shadow mask 128 to form first hole
transporting layers 114a of common hole transporting layers
114 of the red (R) sub-pixel, the green (G) sub-pixel, and a
blue (B) sub-pixel.

[0111] Subsequently. as shown in FIG. 13F, the shutter
1224 of the first evaporation source 1324 is closed and the
shutter 1225 of the second evaporation source 1325 1s opened.
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The hole host H evaporated from the second evaporation
source 1324 is deposited on the first hole transporting layers
114a of the common hole transporting layers 114 through the
opening of the shadow mask 128 to form second hole trans-
porting layers 1145 of the common hole transporting layers
114 of the red (R), green (G), and blue (B) sub-pixels. In
FIGS. 13A to 13F, the hole host and the p-type dopant depos-
ited on the optical adjustment layers 112 and the common
hole transporting layers 114 are formed of the same material
and, therefore, the first and second evaporation sources 1324
and 1324 are provided. In a case in which the hole host and the
p-type dopant are formed of different materials, however,
additional evaporation sources are needed.

[0112] Subsequently, red (R), green (G), and blue (B) emis-
sion layers 110 are sequentially formed on the substrate 101,
on which the optical adjustment layers 112 and the common
hole transporting layers 114 are formed. Electron transport-
ing layers 116 are formed on the substrate 101, on which the
red (R), green (G), and blue (B) emission layers 110 are
formed. Second electrodes 104 and capping layers 120 are
sequentially formed on the substrate 101, on which the elec-
tron transporting layers 116 are formed. Each second elec-
trode 104 is formed of a metal, an inorganic substance, a
mixture of metals, a mixture of a metal and an inorganic
substance, or a mixture thereof. Fach second electrode 104 is
formed as a semi-transparent electrode.

[0113] As is apparent from the above description, the
organic light emitting display device according to the present
disclosure is configured such that at least two layers of the
multi-layered hole transporting layer are formed as hole
transporting layers doped with the p-type dopant. In the
organic light emitting display device according to the present
disclosure, therefore, power consumption is reduced and
lifespan and efficiency characteristics are improved.

[0114] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present disclo-
sure covers the modifications and variations of the embodi-
ments provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:

1. An organic light emitting display device comprising a
first sub-pixel, a second sub-pixel, and a third sub-pixel for
emitting different colored light, each of the sub-pixels com-
prising:

a first electrode and a second electrode on a substrate

configured to face each other;

an emission layer formed between the first electrode and
the second electrode;

a multi-layered hole transporting layer formed between,
and in contact with, the first electrode and the emission
layer; and

an electron transporting layer formed between the second
electrode and the emission layer,

wherein the multi-layered hole transporting layer of at least
one of the first sub-pixel, the second sub-pixel and the
third sub-pixel comprises:

a first hole transporting layer of at least two layers, the two
layers including a hole host and a p-type dopant having
a doping concentration of 1 vol. % to 10 vol. %; and

a second hole transporting layer formed of the hole host.

2. The organic light emitting display device according to
claim 1, wherein:
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the first sub-pixel is a red sub-pixel configured to emit red
light through a red emission layer:;

the second sub-pixel is a green sub-pixel configured to emit
green light through a green emission layer; and

the third sub-pixel is a blue sub-pixel configured to emit
blue light through a blue emission layer,

wherein the hole transporting layer of each of the red and
green sub-pixels comprises:

a common hole transporting layer formed by sequentially
stacking the first hole transporting layer and the second
hole transporting layer; and

an optical adjustment layer formed between the common
hole transporting layer and the first electrode, and

wherein the hole transporting layer of the blue sub-pixel
comprises a common hole transporting layer formed by
sequentially stacking the first hole transporting layer and
the second hole transporting layer.

3. The organic light emitting display device according to

claim 2, wherein:

the red, green, and blue sub-pixels in common comprise
blue emission layers;

the blue emission layer of the red sub-pixel is formed
between the red emission layer and the electron trans-
porting layer; and

the blue emission layer of the green sub-pixel is formed
between the green emission layer and the electron trans-
porting layer.

4. The organic light emitting display device according to

claim 2, wherein:

the optical adjustment layer comprises a first optical
adjustment layer and a second optical adjustment layer
sequentially formed between the first electrode and the
common hole transporting layer, wherein:

the first optical adjustment layer is formed of a hole host
and a p-type dopant identical to or different from that of
the first hole transporting layer; and

the second optical adjustment layer is formed of a hole host
identical to or different from that of the second hole
transporting layer.

5. The organic light emitting display device according to
claim 4, wherein the first optical adjustment layer of the red
sub-pixel has a larger thickness than the first optical adjust-
ment layer of the green sub-pixel.

6. The organic light emitting display device according to
claim 4, wherein the optical adjustment layer and the first hole
transporting layer comprising the p-type dopant occupy 10
vol. % to 25 vol. % in the multi-layered hole transporting
layer.

7. The organic light emitting display device according to
claim 2, wherein:

the optical adjustment layer comprises a first optical
adjustment layer formed between the first electrode and
the common hole transporting layer; and

the first optical adjustment layver is formed of a hole host
and a p-type dopant identical to or different from that of
the first hole transporting layer.

8. The organic light emitting display device according to
claim 7, wherein the first optical adjustment layer of the red
sub-pixel has a larger thickness than the first optical adjust-
ment layer of the green sub-pixel.

9. The organic light emitting display device according to
claim 7, wherein the optical adjustment layer and the first hole
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transporting layer comprising the p-type dopant occupy 10
vol. % to 25 vol. % in the multi-layered hole transporting
layer.
10. The organic light emitting display device according to
claim 1, wherein:
the p-type dopant is formed of a compound selected from
the group consisting of F4-TCNQ, 1,4-TCAQ, 6,3-
TCPQ, TCAQ, TCNTHPQ, and TCNPQ; and

the hole host is formed of a compound selected from the
group consisting of NPB, PPD, TPAC, BFA-1T, and
TBDB.

11. The organic light emitting display device according to
claim 10, wherein the p-type dopant has a lowest unoccupied
molecular orbital (LUMO) level less than that of the hole
host.

12. A method of fabricating an organic light emitting dis-
play device comprising a first sub-pixel, a second sub-pixel,
and a third sub-pixel for emitting colored light, the method
comprising:

forming first electrodes of the first sub-pixel, the second

sub-pixel, and the third sub-pixel on a substrate;
forming multi-layered hole transporting layers on the first
electrodes;

forming emission layers on the hole transporting layers;

forming electron transporting layers on the emission lay-

ers; and

forming second electrodes on the electron transporting

layers,

wherein the multi-layered hole transporting layer of at least

one of the first sub-pixel, the second sub-pixel, and the
third sub-pixel comprises:

an at least two-layered first hole transporting layer formed

of a hole host and a p-type dopant having a doping
concentration of 1 vol. % to 10 vol. %; and

a second hole transporting layer formed of the hole host.

13. The method according to claim 12, wherein:

the first sub-pixel is a red sub-pixel configured to emit red

light through a red emission layer;

the second sub-pixel is a green sub-pixel configured to emit

green light through a green emission layer; and

the third sub-pixel is a blue sub-pixel configured to emit

blue light through a blue emission layer;

wherein forming the hole transporting layers of the red

sub-pixel, the green sub-pixel, and blue sub-pixel com-
prises:
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forming optical adjustment layers on the first electrodes of

the red sub-pixel and the green sub-pixel; and

forming common hole transporting layers each comprising

the first and second hole transporting layers on the opti-
cal adjustment layers of the red and green sub-pixels and
on the first electrode of the blue sub-pixel; and

at least one of optical adjustment layers, first hole trans-

porting layers, and second hole transporting layers is
formed by scanning or deposition using a shutter.

14. The method according to claim 12, wherein

the step of forming each optical adjustment layer com-

prises sequentially forming a first optical adjustment
layer and a second optical adjustment layer between the
first electrode and the common hole transporting layer,
wherein:

the first optical adjustment layer is formed of a hole host

and a p-type dopant identical to or different from that of
the first hole transporting layer; and

the second optical adjustment layer is formed of a hole host

identical to or different from that of the second hole
transporting layer.

15. The method according to claim 14, wherein the first
optical adjustment layer of a red sub-pixel has a larger thick-
ness than the first optical adjustment layer of a green sub-
pixel.

16. The method according to claim 12, wherein:

the step of forming each optical adjustment layer com-

prises forming a first optical adjustment layer between
the first electrode and the common hole transporting
layer; and

the first optical adjustment layer is formed of a hole host

and a p-type dopant identical to or different from that of
the first hole transporting layer.
17. The method according to claim 16, wherein the first
optical adjustment layer of the red sub-pixel has a larger
thickness than the first optical adjustment layer of the green
sub-pixel.
18. The method according to claim 12, wherein:
the p-type dopant is formed of a compound selected from
the group consisting of F4-TCNQ, 1,4-TCAQ, 6,3-
TCPQ, TCAQ, TCNTHPQ, and TCNPQ: and

the hole host is formed of a compound selected from the
group consisting of NPB, PPD, TPAC, BFA-1T, and
TBDB.
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