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(7) ABSTRACT

An organic light emitting diode display has uniform light
emission efficiency over the entire pixel area. The organic
light emitting diode display comprises: a substrate having a
red pixel area, a green pixel area, and a blue pixel area
arrayed in a matrix; an anode electrode in the red, green, and
blue pixel areas; a hole injection layer including an organic
material with an extinction coefficient less than about 0.13
and on the anode electrode covering a whole surface of the
substrate; an emission layer on the hole injection layer; an
electron injection layer on a whole surface of the emission
layer; and a cathode electrode on a whole surface of the
electron injection layer.
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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY

This application claims the benefit of Korea Patent Appli-
cation No. 10-2013-0104765 filed on Sep. 2, 2013, which is
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND

Field of the Disclosure

The present disclosure relates to an organic light emitting
diode display having a uniform light emission efficiency (or,
‘luminous efficiency’) throughout the entire pixel area.
Especially, the present disclosure relates to an organic light
emitting diode display having an organic light emitting layer
in which the light emission efficiency of the blue light
wavelength has the same level of light emission efficiency as
the other light wavelengths.

Discussion of the Related Art

Nowadays, various flat panel display devices are devel-
oped for overcoming many drawbacks of the cathode ray
tube such as heavy weight and high volume. The flat panel
display devices include the liquid crystal display device (or
LCD), the field emission display (or FED), the plasma
display panel (or PDP), and the electroluminescence device
(or EL).

The electroluminescence display device is categorized
into the inorganic light emitting diode display device and the
organic light emitting diode display device according to the
luminescence material. As a self-emitting display device, the
electroluminescence display device has the merits that the
response speed is fast, the brightness is high, and the view
angle is wide.

FIG. 1 is a diagram illustrating the structure of an organic
light emitting diode according to Related Art. As shown in
FIG. 1, the organic light emitting diode comprises the
organic light emitting material layer, and the cathode and the
anode which are facing each other with the organic light
emitting material layer therebetween. The organic light
emitting material layer comprises the hole injection layer
HIL, the hole transport layer HTL, the emission layer EML,
the electron transport layer ETL and the electron injection
layer EIL. The organic light emitting diode generates light
due to the energy from an excition formed at an excitation
state in which the hole and the electron are recombined at the
emission layer EML.

The organic light emitting diode display can image video
data by controlling the amount (or ‘brightness’) of the light
generated and radiated from the emission layer ELM of the
organic light emitting diode as shown in FIG. 1.

The organic light emitting diode display (or OLED) using
the organic light emitting diode can be categorized as a
passive matrix type organic light emitting diode display (or
PMOLED) or an active matrix type organic light emitting
diode display (or AMOLED).

The active matrix type organic light emitting diode dis-
play (or AMOLED) shows the video data by controlling the
current applied to the organic light emitting diode using a
thin film transistor (or TFT).

FIG. 2 is a circuit diagram illustrating the structure of one
pixel in the active matrix organic light emitting diode
display (or AMOLED) according to Related Art. FIG. 3 is a
plane view illustrating the structure of one pixel in the
AMOLED according to Related Art. FIG. 4 is a cross
sectional view along the cutting line I-I' for illustrating the
structure of the AMOLED also of Related Art.
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Referring to FIGS. 2 and 3, the active matrix organic light
emitting diode display comprises a switching thin film
transistor ST, a driving thin film transistor DT connected to
the switching thin film transistor ST, and an organic light
emitting diode OLED connected to the driving thin film
transistor DT. The scan line SL, the data line DL, and the
driving current line VDD are formed on the substrate SUB
to define the pixel area. The organic light emitting diode
OLED is formed within the pixel area to define the light
emitting area.

The switching thin film transistor ST is formed where the
scan line S and the data line DL is crossing. The switching
thin film transistor ST acts for selecting the pixel which is
connected to the switching thin film transistor ST. The
switching thin film transistor ST includes a gate electrode
SG branching from the scan line SL, a semiconductor
channel layer SA overlapping with the gate electrode SG, a
source electrode SS and a drain electrode SD. The driving
thin film transistor DT acts for driving an anode electrode
ANO of the organic light emitting diode OLED disposed at
the pixel selected by the switching thin film transistor ST.
The driving thin film transistor DT includes a gate electrode
DG connected to the drain electrode SD of the switching thin
film transistor ST, a semiconductor channel layer DA, a
source electrode DS connected to the driving current line
VDD, and a drain electrode DD. The drain electrode DD of
the driving thin film transistor DT is connected to the anode
electrode ANO of the organic light emitting diode OLED.
The organic light emitting layer OLE is inserted between the
anode electrode ANO and the cathode electrode CAT. The
cathode electrode CAT is connected to the base voltage (or,
ground voltage) VSS. There is a storage capacitor Cst
disposed between the gate electrode DG of the driving thin
film transistor DT and the driving current line VDD or
between the gate electrode DG of the driving thin film
transistor DT and the drain electrode DD of the driving thin
film transistor DT.

Referring to FIG. 4 in more detail, on the substrate SUB
of the active matrix organic light emitting diode display, the
gate electrodes SG and DG of the switching thin film
transistor ST and the driving thin film transistor DT, respec-
tively, are formed. On the gate electrodes SG and DG, the
gate insulator GI is deposited. On the gate insulator GI
overlapping with the gate electrodes SG and DG, the semi-
conductor layers SA and DA are formed, respectively. On
the semiconductor layer SA and DA, the source electrode SS
and DS and the drain electrode SD and DD facing and
separating from each other are formed. The drain electrode
SD of the switching thin film transistor ST is connected to
the gate electrode DG of the driving thin film transistor DT
via the gate contact hole GH penetrating the gate insulator
GI. The passivation layer PAS is deposited on the substrate
SUB having the switching thin film transistor ST and the
driving thin film transistor DT.

As mentioned above, the substrate SUB having the thin
film transistors ST and DT has uneven surfaces and level
differences because there are many elements. It is preferable
for the organic light emitting layer OLE to be formed on an
even surface to ensure uniform light emitting distribution
over the entire area of the organic light emitting layer OLE.
Therefore, in order to make the surface of the substrate SUB
smooth, the over coat layer OC is deposited over the
substrate SUB.

On the over coat layer OC, an anode electrode ANO of the
organic light emitting diode OLED is formed. Here, the
anode electrode ANO is connected to the drain electrode DD
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of the driving thin film transistor DT via the pixel contact
hole PH formed at the over coat layer OC and the passiva-
tion layer PAS.

On the substrate SUB having the anode electrode ANO, a
bank (or ‘bank pattern’) BN is formed over the area having
the switching thin film transistor ST, the driving thin film
transistor DT and the various lines DL, SL, and VDD, for
defining the light emitting area. The exposed portion of the
anode electrode ANO by the bank BN would be the light
emitting area. On the anode electrode ANO exposed from
the bank BN, the organic light emitting layer OLE is formed.
On the organic light emitting layer OLE, the cathode elec-
trode CAT is formed.

FIG. 4 illustrates an example of the full-color bottom
emission type organic light emitting diode display. In this
case, the color filter CF may be further included between the
over coat layer OC and the passivation layer PAS, and the
anode electrode ANO may be made of the transparent
conductive material. The organic light emitting layer OLE
may include an organic material emitting white light. Fur-
ther, the organic light emitting layer OLE and the cathode
electrode CAT may be deposited as covering the whole
surface of the substrate.

In order to represent the natural full color with the organic
light emitting diode display as mentioned above, the color
reproduction range of the light emitted from each pixel is
important. However, in the related art of the organic light
emitting diode display, many developers are concerned with
the manufacturing process, the driving voltage, or efficiency
more than on the color reproduction range. That is, the
technology for the organic light emitting diode display has
been developed by accepting a lot of the degradation of the
color reproduction range.

However, as the mass production technology is required
at a high level, it is more important to manufacture an
organic light emitting diode display having an excellent
video quality. In order to enhance the video quality, it is
important to ensure the uniformity of the light emitting
efficiency over all pixels.

SUMMARY

In order to overcome the above mentioned drawbacks, an
advantage of the present invention is to disclose an organic
light emitting diode display having uniform light emission
efficiency over the entire pixel area. Another advantage of
the present invention is to disclose an organic light emitting
diode display having a uniform color reproduction range
over all display panels without increasing manufacturing
cost, manufacturing process complexity, and the production
tack time, and/or degrading the production yield.

In order to accomplish the above advantages, the present
disclosure illustrates an organic light emitting diode display
comprising: a substrate having a red pixel area, a green pixel
area, and a blue pixel area arrayed in a matrix; an anode
electrode in the red, the green, and the blue pixel areas; a
hole injection layer including an organic material having an
extinction coeflicient less than about 0.13 and on the anode
electrode covering a whole surface of the substrate; an
emission layer on the hole injection layer; an electron
injection layer on a whole surface of the emission layer; and
a cathode electrode on a whole surface of the electron
injection layer.

In one embodiment, the hole injection layer has a thick-
ness of 50 nm to 100 nm.
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In one embodiment, the emission layer includes: a red
emission layer formed in the red pixel; a blue emission layer
formed in the blue pixel; and a green emission layer formed
in the green pixel.

In one embodiment, the organic light emitting diode
display further comprises: a red color filter formed in the red
pixel; a green color filter formed in the green pixel; and a
blue color filter formed in the blue pixel, and wherein the
emission layer includes: a blue organic light emitting layer
covering the whole surface of the hole injection layer; and
a green organic light emitting layer disposed on the whole
surface of the blue organic light emitting layer.

In one embodiment, the blue organic light emitting layer
includes: a blue hole transport layer disposed on the whole
surface of the hole injection layer; a blue emission layer
disposed on the whole surface of the blue hole transport
layer; a blue electron transport layer disposed on the whole
surface of the blue emission layer; and a N-type carrier
generating layer disposed on the whole surface of the blue
electron transport layer, and wherein the green organic light
emitting layer includes: a P-type carrier generating layer
disposed on the whole surface of the N-type carrier genet-
ating layer; a green hole transport layer disposed on the
whole surface of the P-type carrier generating layer; a green
emission layer disposed on the whole surface of the green
hole transport layer; and a green electron transport layer
disposed on the whole surface of the green emission layer.

Further, the present disclosure illustrates an organic light
emitting diode display comprising: a substrate having a red
pixel area, a green pixel area, and a blue pixel area arrayed
in a matrix; an anode electrode in the red, the green, and the
blue pixel areas; a hole injection layer including an organic
material having an extinction coefficient higher than about
0.13 and having a thickness of 2 nm to 15 nm, and on the
anode electrode covering a whole surface of the substrate; an
emission layer on the hole injection layer; an electron
injection layer on a whole surface of the emission layer; and
a cathode electrode on a whole surface of the electron
injection layer.

In one embodiment, the emission layer includes: a red
emission layer formed in the red pixel; a blue emission layer
formed in the blue pixel; and a green emission layer formed
in the green pixel.

In one embodiment, the organic light emitting diode
display further comprises: a red color filter formed in the red
pixel; a green color filter formed in the green pixel; and a
blue color filter formed in the blue pixel, and wherein the
emission layer includes: a blue organic light emitting layer
covering the whole surface of the hole injection layer; and
a green organic light emitting layer disposed on the whole
surface of the blue organic light emitting layer.

In one embodiment, the blue organic light emitting layer
includes: a blue hole transport layer disposed on the whole
surface of the hole injection layer; a blue emission layer
disposed on the whole surface of the blue hole transport
layer; a blue electron transport layer disposed on the whole
surface of the blue emission layer; and a N-type carrier
generating layer disposed on the whole surface of the blue
electron transport layer, and wherein the green organic light
emitting layer includes: a P-type carrier generating layer
disposed on the whole surface of the N-type carrier gener-
ating layer; a green hole transport layer disposed on the
whole surface of the P-type carrier generating layer; a green
emission layer disposed on the whole surface of the green
hole transport layer; and a green electron transport layer
disposed on the whole surface of the green emission layer.
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According to the present disclosure, the characteristics of
the hole injection layer for the organic light emitting diode
is enhanced to ensure the uniformed light emission effi-
ciency in which the deviation of the light emission efliciency
is restricted within 5%. For one example in which the hole
injection layer includes an organic material of which extinc-
tion coefficient is less than about 0.13, the deviation of the
light emission efficiency would be within 5% for all color
pixels including red, green and blue pixels. For another
example in which the hole injection layer includes an
organic material of which extinction coefficiency is higher
than about 0.13, the hole injection layer has thickness of 2
nm to 15 nm to ensure that the deviation of the light emission
efficiency would be within 5% for all color pixels including
red, green and blue pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the disclo-
sure.

In the drawings:

FIG. 1 is a diagram illustrating the structure of the organic
light emitting diode according to the related art.

FIG. 2 is the exemplary circuit diagram illustrating the
structure of one pixel in the active matrix organic light
emitting diode display (or AMOLED) according to the
related art.

FIG. 3 is a plane view illustrating the structure of one
pixel in the AMOLED according to the related art.

FIG. 4 is a cross sectional view along the cutting line IT
in the FIG. 3 for illustrating the structure of the AMOLED
according to the related art.

FIG. 5 is a plan view illustrating an exemplary structure
of an organic light emitting diode display according to the
present disclosure.

FIG. 6 is a cross sectional view along the cutting line II-II'
in the FIG. 5 for illustrating a structure of an AMOLED
according to the first exemplary embodiment of the present
disclosure.

FIG. 7 is a cross sectional view along the cutting line II-II'
in the FIG. 5 for illustrating a structure of an AMOLED
according to the second exemplary embodiment of the
present disclosure.

FIG. 8 is a cross sectional view along the cutting line II-II'
in the FIG. 5 for illustrating a structure of an AMOLED
according to the third exemplary embodiment of the present
disclosure.

FIG. 9 is a cross sectional view along the cutting line II-II'
in the FIG. 5 for illustrating a structure of an AMOLED
according to the fourth exemplary embodiment of the pres-
ent disclosure.

FIG. 10 is a graph illustrating the extinction coefficient
when each wavelength of the visible lights are irradiated
onto the organic material for the hole injection layer.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Referring to attached figures, preferred embodiments of
the present disclosure will be explained. Like reference
numerals designate like elements throughout the detailed
description. However, the present disclosure is not restricted
by these embodiments but can be applied to various changes
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or modifications without changing the technical spirit. In the
following embodiments, the names of the elements are
selected by considering the easiness for explanation so that
they may be different from actual names.

Hereinafter, referring to FIGS. 5 and 6, an organic light
emitting diode display according to the first exemplary
embodiment of the present disclosure will be explained.
FIG. 5 is a plan view illustrating the structure of an organic
light emitting diode display according to the present disclo-
sure. FIG. 6 is a cross sectional view along the cutting line
I-IT" in the FIG. 5 for illustrating the structure of an
AMOLED according to the first exemplary embodiment of
the present disclosure. The various examples according to
the present disclosure have their own features on the cross-
sectional views. Therefore, FIG. 5 is used for the plan view
for the various examples.

Referring to FIGS. 5 and 6, an organic light emitting
diode display according to the first embodiment of the
present disclosure has a plurality of pixels disposed in a
manner of R(red)-G{green)-B(blue) array. In each pixel, an
organic light emitting diode may be disposed. The organic
light emitting diode comprises an anode electrode ANO, an
organic light emitting layer OLE and a cathode electrode
CAT.

The organic light emitting layer OLE includes a hole
injection layer HIL, a hole transport layer HTL, an emission
layer EML, an electron transfer layer ETL and an electron
injection layer EIL. Theses stacked layers include the
organic materials. Here, for the emission layer EML, a red
emission layer REML is disposed in the red pixel area, a
green emission layer GEML is disposed in the green pixel
area, and a blue emission layer BEML is disposed in the blue
pixel area.

There are many methods for stacking the organic light
emitting layer OLE. In the first embodiment, the hole
injection layer HIL and the hole transport layer HTL may be
first deposited on the whole surface of the substrate SUB.
Theses layers cover most of all area of the substrate as a one
layer. Especially, the hole injection layer HIL includes a first
hole injection layer HIL1 having a first thickness and
disposed within the blue pixel, and a second hole injection
layer HIL2 having a second thickness and disposed within
the other pixels (red pixel and green pixel). After that, in
each pixel area, any one of the red emission layer REML, the
green emission layer GEML, and the blue emission layer
BEML is deposited in accordance with the manner of color
allocation. Lastly, the electron transfer layer ETL and the
electron injection layer EIL are deposited on the whole
surface of the substrate SUB.

In this structure, light from the red emission layer REML,
the green emission layer GEML, and the blue emission layer
BEML are radiated to the top side or the bottom side, so the
color is generated. For example, in the case of the top
emission type, light from the red emission layer REML, the
green emission layer GEML, and the blue emission layer
BEML pass through the electron transfer layer ETL and the
electron injection layer EIL and radiate through the cathode
electrode CAT. In this case, there is no or only tiny devia-
tions over all color pixels in the light emission efficiency (or
‘color reproduction range’).

For another example, in the case of the bottom emission
type, the light from the red emission layer REML, the green
emission layer GEML, and the blue emission layer BEML
pass through the hole transport layer HTL and the hole
injection layer HIL and radiate through the anode electrode
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ANO. In this case, the blue light (less than 460 nm wave-
length) may have at least 20% degraded light emission
efficiency.

To solve this problem, it is very important to understand
the reason of the degradation of the light emission efliciency
(or ‘color reproduction range’). In the present disclosure, the
optical characteristics of the organic materials included in
the organic light emitting layer OLE are analyzed. As a
result, the hole injection layer HIL is the main element for
reducing the light emission efliciency of the blue light.

By analysis, the light emission efficiency of the blue light
is compared in various cases. At first, an experiment for the
variations of the light emission efficiency according to the
thickness of the hole injection layer HIL was conducted. The
following Table 1 shows the variations of the light emission
efficiency of the blue emission layer BEML in accordance
with the thickness of the hole injection layer HIL in the blue
pixel. Table 2 shows the variations of the light emission
efficiencies of the red emission layer REML and the green
emission layer GEML in accordance with the thickness of
the hole injection layer HIL in the red and green pixels. To
measure and/or evaluate the light emission efliciency, the
equation ‘Lumen/Watt’ may be used for the measuring/
evaluating value. Otherwise, the internal quantum efficiency
(IQE) or the external quantum efficiency (EQE) may be used
for the the measuring/evaluating value. Here, for the light
emission efficiency, the ‘external quantum efficiency (EQE)’
as the measuring value is used for convenience.

TABLE 1

Thickness of the hole injection Driving voltage Light Emission

layer in blue pixel (nm) of OLED (V) Efficiency (EQE)
2 4.0 8.30
10 4.0 8.25
20 4.2 7.80
30 4.4 7.50
40 4.6 6.90

Referring to Table 1, as the thickness of the hole injection
layer HIL in the blue pixel is thicker, the light emission
efficiency is lowered. Further, when the thickness of the hole
injection layer is thicker than 20 nm, the light emission
efficiency is lowered even though the driving voltage is
increased. The thickness of the hole injection layer HIL in
the blue pixel would be less than 20 nm for ensuring a high
light emission efficiency. Consequently, in the blue pixel, it
is preferable that the thickness of the hole injection layer
HIL would be selected from 2 nm to 15 nm thicknesses for
keeping the light emission efficiency deviation within 5%.

TABLE 2

Thickness of the hole injection  Driving voltage  Light Emission

layer in red and green pixels (nm) of OLED (V)  Efficiency (EQE)
2 3.6 71.2
10 3.6 71.6
20 3.6 70.9
30 3.6 713
40 3.6 715

Referring to above Table 2, for the red and green pixels,
the light emission efliciencies can be uniform regardless of
the thickness variations of the hole injection layer HIL. In
the Table 2, the driving voltage of the OLED is 3.6V for
convenience. It is preferable that the driving voltage of the
OLED would be 4V in red, green, and blue pixels.
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In the first embodiment of the present disclosure, the first
hole injection layer HIL1 of the blue pixel is 2~15 nm for
ensuring the uniformed light emission efficiency over all
pixel areas including red, green, and blue pixels. In the
interim, in the red and green pixels, the second hole injection
layer HIL2 is preferable to have a thickness of 50~100 nm,
even though the light emission efliciency is not affected by
the thickness of the hole injection layer HIL2, for the 4V of
the driving voltage.

A method for disposing the hole injection layer HIL with
different thicknesses, is illustrated as follows. On the sub-
strate SUB having the anode electrode ANO, an organic
material used for hole injection layer HIL is deposited with
the first thickness of 2 nm~15 nm. After that, while placing
a screen mask opening the red and green pixels but blocking
the blue pixel on the substrate SUB, the organic material is
deposited until the thickness i.e., the second thickness, is 50
nm~100 nm.

Referring to FIG. 6, the organic light emitting diode
display according to the first embodiment of the present
disclosure comprises a blue pixel area including a first hole
injection layer HIL1 having thickness of 2 nm~15 nm on an
anode electrode ANO, and a red and a green pixel areas
including a second hole injection layer HIL2 having thick-
ness of 50 nm 100 nm on the anode electrode ANO. That is,
the first embodiment suggests an organic light emitting
diode display in which the hole injection layer HIL of the
blue pixel area has a different thickness than that of the other
pixel areas.

On the hole injection layer HIL (including the first and
second hole injection layers HIL1 and HIL2), a hole trans-
port layer HTL is deposited over the entire surface of the
substrate SUB. On the hole transport layer HTL, a red
emission layer REML, a green emission layer GEML, and a
blue emission layer BEML are disposed in each red, green,
and blue pixels, respectively. And then, an electron transfer
layer ETL is deposited over the entire surface of the sub-
strate SUB. On the electron transfer layer ETL, an electron
injection layer EIL is also deposited over the entire surface
of the substrate SUB. Finally, on the electron injection layer
EIL, a cathode electrode CAT is also deposited over the
entire surface of the substrate SUB.

Doing so, the organic light emitting diode display accord-
ing to the first embodiment of the present disclosure ensures
uniform light emission efficiency over the whole surface of
the substrate SUB. In the first embodiment, the hole injec-
tion layer HIL covering the whole surface of the substrate
should have different thicknesses. This requires somewhat
difficult or complex manufacturing process. Further, the
mass production yield would be lowered or the manufac-
turing tact time would be longer.

Hereinafter, the second embodiment of the present dis-
closure for resolving the manufacturing problems in the first
embodiment is described. FIG. 7 is a cross sectional view
along the cutting line II-IT' in the FIG. 5 for illustrating a
structure of an AMOLED according to the second exem-
plary embodiment of the present disclosure.

In the second embodiment, an organic light emitting diode
display in which the hole injection layer HIL has the same
thickness over the entire substrate is disclosed, and there is
no deviation in light emission efficiency. In the second
embodiment, a reason for reducing the light emission effi-
ciency in the blue pixel area is analyzed. As a result, it is
found that the extinction coeflicient, k, (or ‘light absorptiv-
ity’) of the hole injection layer HIL is directly related to the
light emission efficiency. Here, the extinction coefficient
refers to several different measures of the absorption of light
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in a medium and is a parameter defining how strongly a
substance absorbs light at a given wavelength.

FIG. 10 is a graph illustrating the extinction coefficient for
each wavelength of visible light irradiated onto the organic
material for the hole injection layer HIL. Referring to FIG.
10, the materials used for the hole injection layer has the
extinction coeflicient of higher than 0.15 for light having a
wavelength lower than blue light (450 nm). On the contrary,
for the red or green light wavelengths, the extinction coef-
ficient of the hole injection layer is less than 0.10. That the
extinction coeflicient is abruptly increased at the blue light
wavelength means that the hole injection layer HIL is easily
absorbing the light having the blue wavelength.

However, the hole injection layer has the extinction
coeflicient which is about 0.05 for green and red wave-
lengths. That means, the organic material used for hole
injection layer HIL does not absorb the red and green light
wavelengths. Therefore, selecting the hole injection layer
HIL from the organic light emitting materials of which
extinction coeflicients are less than about 0.13, the light
emission efliciency of the hole injection layer can be uni-
form throughout visible light wavelengths.

Further, when the extinction coeflicient of the organic
material for the hole injection layer HIL is greater than about
0.13, in accordance with the variations of the thickness as
shown in Table 1, the light emission efficiency has larger
deviations for the blue pixel. However, when the extinction
coeflicient of the organic material for the hole injection layer
HIL is less than 0.13, the deviation of the light emission
efficiency over all blue pixel areas of the substrate is less
than 5%, regardless of the thickness of the hole injection
layer. In addition, for the red and green pixels, the light
emission efficiency can be uniformly maintained regardless
of the thickness of the hole injection layer HIL.

Referring to FIG. 7, the organic light emitting diode
display according to the second embodiment comprises a
substrate on which a red pixel, a green pixel, and a blue pixel
are disposed in a matrix manner. Further, the organic light
emitting diode display comprises a hole injection layer HIL
having extinction coefficient of about 0.13 or less and
thickness of 50~100 nm, on the anode electrode ANO.

On the hole injection layer HIL, a hole transport layer
HTL is deposited on the whole surface of the substrate SUB.
On the hole transport layer HTL, a red emission layer
REML, a green emission layer GEML, and a blue emission
layer BEML are disposed within the red, the green, and the
blue pixel areas, respectively. Thereon, an electron transport
layer ETL is deposited over the whole surface of the
substrate SUB. On the electron transport layer ETL, an
electron injection layer EIL is also deposited over the whole
surface of the substrate SUB. Finally, on the electron injec-
tion layer EIL, a cathode electrode CAT is deposited over the
whole surface of the substrate SUB.

The organic light emitting diode display according to the
second embodiment can ensure the uniformly controlled
light emission efficiency of which deviations are within 5%
over the whole surface of the substrate SUB. In the first
embodiment, controlling the thickness of the hole injection
layer HIL can ensure the uniform light emission efficiency
within a 5% deviation. In the second embodiment, control-
ling the extinction coeflicient of the hole injection layer can
ensure the uniform light emission efficiency within a 5%
deviation.

Hereinafter, referring to FIG. 8, the third exemplary
embodiment of the present disclosure will be described.
FIG. 8 is a cross sectional view along the cutting line II-II'
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in the FIG. 5 for illustrating the structure of an AMOLED
according to the third exemplary embodiment of the present
disclosure.

In the above first embodiment, in order to make the
driving voltage for the organic light emitting diode OLED
for radiating red and green lights optimized to 4V, the
thickness of the hole injection layer HIL is selected between
50 nm to 100 nm. In another method, by controlling the
thicknesses of other organic layers rather than the hole
injection layer HIL, the driving voltage for the organic light
emitting diode OLED can be optimized to 4V.

In the other method. the hole injection layer HIL may be
deposited on the substrate SUB with a uniform thickness of
2 nm to 15 nm, regardless of the extinction coeflicient. As
shown in FIG. 8, an organic light emitting diode display
according to the third embodiment comprises a red pixel R,
a green pixel G, and a blue pixel B disposed in a matrix
manner on a substrate SUB. Further, the organic light
emitting diode display comprises a hole injection layer HIL
depositing on the anode electrode ANO covering the red
pixel R, the green pixel G, and the blue pixel B, wherein the
thickness of the hole injection layer HIL is selected between
2~15 nm and the extinction coeflicient is about 0.13 or more.

On the hole injection layer HIL, a hole transport layer
HTL is deposited over all surface of the substrate SUB. On
the hole transport layer HTL, a red emission layer REML, a
green emission layer GEML, and a blue emission layer
BEML are disposed in each red, green, and blue pixels,
respectively. And then, an electron transfer layer ETL is
deposited over the entire surface of the substrate SUB. On
the electron transfer layer ETL, an electron injection layer
EIL is also deposited over the entire surface of the substrate
SUB. Finally, on the electron injection layer EIL, a cathode
electrode CAT is also deposited over the entire surface of the
substrate SUB.

Hereinafter, the fourth exemplary embodiment of the
present disclosure is explained. In the fourth embodiment,
the organic light emitting diode display includes a white
organic light emitting layer WOLE irradiating the white
light. FIG. 9 is a cross sectional view along the cutting line
II-IT" in the FIG. 5 for illustrating the structure of an
AMOLED according to the fourth embodiment of the pres-
ent disclosure.

Referring to FIG. 9, the organic light emitting diode
display according to the fourth embodiment comprises a red
pixel R, a green pixel G, and a blue pixel B disposed in a
matrix manner on a substrate SUB.

On the substrate SUB having the thin film transistors ST
and DT, a passivation layer PAS may be deposited. Within
each pixel area on the passivation layer PAS, a color filter is
disposed for representing the allocated colors. For example,
a red color filter RCF is disposed in the red pixel R, a green
color filter GCF is disposed in the green pixel, and a blue
color filter BCF is disposed in the blue pixel.

As various elements are formed on the substrate SUB, the
top surface of the substrate SUB is uneven with various level
differences. The organic light emitting layer OLE should be
deposited on an even surface to optimize light generation.
Therefore, in order to make the top surface of the substrate
be even or smooth, an over coat layer OC is deposited on the
whole surface of the substrate SUB.

On the over coat layer OC, an anode electrode ANO of the
organic light emitting diode OLED is formed. Here, the
anode electrode ANO may be connected to the drain elec-
trode DD of the driving thin film transistor DT via the pixel
contact hole PH formed at the over coat layer OC and the
passivation layer PAS.



US 9,590,201 B2

11

On the substrate SUB having the anode electrode ANO, a
bank BN is formed covering the switching thin film tran-
sistor ST, the driving thin film transistor DT, and various
lines DL, SL, and VDD defining the emitting area. The
exposed portion of the anode electrode by the bank BN
would be the emitting area. On the anode electrode ANO
exposed by the bank BN, a white organic light emitting layer
WOLE is deposited. Here, the white organic light emitting
layer WOLE may be deposited over the whole surface of the
substrate SUB. On the white organic light emitting layer
WOLE, a cathode electrode CAT is deposited.

The white organic light emitting layer WOLE may have
a blue organic light emitting layer BOLE and a green
organic light emitting layer GOLE in a stacked structure. As
the blue organic light emitting layer BOLE is included into
the white organic light emitting layer WOLE, the hole
injection layer HIL deposited on the whole surface of the
substrate SUB having the anode electrode ANO may be
satisfied with any one of the following two conditions.

For one condition, when the hole injection layer HIL has
an organic material with extinction coeflicient higher than
about 0.13, the thickness of the hole injection layer HIL. may
be selected between 2 nm~15 nm. For another condition,
when the hole injection layer HIL has an organic material
with extinction coefficient lower than about 0.13, the thick-
ness of the hole injection layer HIL. may not be specially
restricted. Preferably, for satisfying the 4V driving voltage
condition, the hole injection layer HIL may have a thickness
between 50 nm~100 nm.

The blue organic light emitting layer BOLE may include
a blue hole transport layer BHTL, a blue emission layer
BEML, a blue electrode transport layer, and a n-type carrier
generating layer NCGL, which are sequentially stacked as
covering the whole surface of the substrate SUB on the hole
injection layer HIL. Further, the green organic light emitting
layer GOLE may include a p-type carrier generating layer
PCGL, a green hole transport layer GHTL, a green emission
layer GEML, and a green electron transport layer GETL,
which are sequentially stacked as covering the whole surface
SUB one the blue organic light emitting layer BLOE.

On the green organic light emitting layer GOLE, an
electron injection layer EIL, may be deposited as covering
the whole surface of the substrate SUB. Further, on the
electron injection layer EIL, a cathode electrode CAT may
be deposited as covering the whole surface of the substrate
SUB.

According to the present disclosure, in order to ensure a
uniform light emission efficiency within 5% deviation, the
organic light emitting diode display comprises a hole injec-
tion layer HIL including an organic material with extinction
coeflicient less than about 0.13. In this case, in order to
satisfy the 4V driving voltage condition, it is preferable that
the hole injection layer HIL has a thickness between 50 nm
to 100 nm. In the interim, for the case that the hole injection
layer HIL comprises an organic material with extinction
coeflicient higher than 0.13, it is preferable that the thickness
of the hole injection layer HIL is from 2 nm to 15 nm.

While the exemplary embodiments of the present inven-
tion haves been described in detail with reference to the
drawings, it will be understood by those skilled in the art that
the invention can be implemented in other specific forms
without changing the technical spirit or essential features of
the disclosure. Therefore, it should be noted that the forgo-
ing embodiments are merely illustrative in all aspects and
are not to be construed as limiting the invention. The scope
of the embodiments is defined by the appended claims rather
than the detailed description of the disclosure. All changes
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or modifications or their equivalents made within the mean-
ings and scope of the claims should be construed as falling
within the scope of the invention.

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate having a red pixel area, a green pixel area, and
a blue pixel area arrayed in a matrix;

an anode electrode in the red, the green, and the blue pixel
areas;

a hole injection layer on the anode electrode including an
organic material with an extinction coeflicient from
about 0.05 to about 0.13 and covering a whole surface
of the substrate;

an emission layer on the hole injection layer;

an electron injection layer on a whole surface of the
emission layer; and

a cathode electrode on a whole surface of the electron
injection layer.

2. The device according to the claim 1, wherein the hole

injection layer has a thickness of 50 nm to 100 nm.

3. The device according to the claim 1, wherein the

emission layer includes:

a red emission layer in the red pixel;

a blue emission layer in the blue pixel; and

a green emission layer in the green pixel.

4. The device according to the claim 1, further compris-

ing:

a red color filter in the red pixel;

a green color filter in the green pixel; and

a blue color filter in the blue pixel, and

wherein the emission layer includes:

a blue organic light emitting layer covering a whole
surface of the hole injection layer; and

a green organic light emitting layer disposed on a whole
surface of the blue organic light emitting layer.

5. The device according to the claim 4, wherein the blue

organic light emitting layer includes:

a blue hole transport layer on the whole surface of the hole
injection layer;

a blue emission layer on a whole surface of the blue hole
transport layer;

a blue electron transport layer on a whole surface of the
blue emission layer; and

a N-type carrier generating layer on a whole surface of the
blue electron transport layer, and

wherein the green organic light emitting layer includes:

a P-type carrier generating layer on a whole surface of the
N-type carrier generating layer;

a green hole transport layer on a whole surface of the
P-type carrier generating layer;

a green emission layer on a whole surface of the green
hole transport layer; and

a green electron transport layer on a whole surface of the
green emission layer.

6. An organic light emitting diode display comprising:

a substrate having a red pixel area, a green pixel area, and
a blue pixel area arrayed in a matrix;

an anode electrode in the red, the green, and the blue pixel
areas;

a hole injection layer on the anode electrode and including
an organic material with an extinction coefficient
higher than about 0.13 and having a thickness of 2 nm
to 15 nm, and covering a whole surface of the substrate;

an emission layer on the hole injection layer;

an electron injection layer on a whole surface of the
emission layer; and
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a cathode electrode on a whole surface of the electron
injection layer.
7. The device according to the claim 6, wherein the
emission layer includes:
a red emission layer in the red pixel,
a blue emission layer in the blue pixel; and
a green emission layer in the green pixel.
8. The device according to the claim 6, further compris-
ing:
a red color filter in the red pixel,
a green color filter in the green pixel; and
a blue color filter in the blue pixel, and
wherein the emission layer includes:
a blue organic light emitting layer covering a whole
surface of the hole injection layer; and
a green organic light emitting layer on a whole surface of
the blue organic light emitting layer.
9. The device according to the claim 8, wherein the blue
organic light emitting layer includes:
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a blue hole transport layer on the whole surface of the hole
injection layer;

a blue emission layer on a whole surface of the blue hole
transport layer;

a blue electron transport layer on a whole surface of the
blue emission layer; and

a N-type carrier generating layer on a whole surface of the
blue electron transport layer, and

wherein the green organic light emitting layer includes:

a P-type carrier generating layer on a whole surface of the
N-type carrier generating layer;

a green hole transport layer on a whole surface of the
P-type carrier generating layer;

a green emission layer on a whole surface of the green
hole transport layer; and

a green electron transport layer on a whole surface of the
green emission layer.
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