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ORGANIC LIGHT EMITTING DEVICE AND
DISPLAY UNIT

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/612,984 filed Feb. 3, 2015, which is
a continuation of U.S. patent application Ser. No. 11/828,
746 filed Jul. 26, 2007, now U.S. Pat. No. 9,093,664 issued
Jul. 28, 2015, the entireties of which are incorporated herein
by reference to the extent permitted by law. The present
invention contains subject matter related to Japanese Patent
Application JP 2006-208051 filed in the Japanese Patent
Office on Jul. 31, 2006, the entire contents of which being
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting device having a light resonator structure and a
display unit using the organic light emitting device.

[0004] 2. Description of the Related Art

[0005] In these years, as one of flat panel displays, an
organic EL display that displays images by using the organic
EL (Electro Luminescence) phenomenon has been noted.
Since the organic EL display is a self-luminous type display
that displays images by using the foregoing light emitting
phenomenon, the organic EL display is superior in terms of
the wide view angle, the small power consumption, and the
light weight.

[0006] The organic EL device mounted on the organic EL
display mainly has a structure in which an organic layer is
provided between an anode and a cathode. The organic layer
includes a light emitting layer as a light emitting source and
ahole-transport layer, an electron transport layer and the like
for emitting light from the light emitting layer.

[0007] Specially, in an active matrix drive system organic
EL display unit, the top emission structure capable of
maintaining a large aperture ratio of a pixel has been
developed (for example, refer to Japanese Unexamined
Patent Application Publication Nos. 2003-203781, 2003-
203783, 2003-323987, 2004-146198, 2004-152542, 2005-
032618, 2005-276542, and 2005-530320). Such a structure
is a device structure having a light-reflective lower cathode
and a light-transparent upper anode, and different from the
structure having a light-transparent lower anode and a
light-reflective upper cathode that has been developed in the
past. The top emission structure is not affected by lowering
of the aperture ratio due to a TFT (Thin Film Transistor) and
wiring. Therefore, it is thought that the top emission struc-
ture can provide an organic EL display unit with high display
performance and superior long-term reliability.

[0008] Further, in the top emission structure, as a tech-
nique to improve color purity of blue light, green light, and
red light, the following technique has been known. In such
a technique, in the device structure having a light-reflective
lower anode and a light-semi-transparent upper cathode,
light generated from the light emitting layer in the organic
layer is reflected and resonated (for example, refer to Inter-
national Publication No. WO 01/039554 and Japanese
Unexamined Patent Application  Publication  No.
10-177896). The device structure of the organic EL device
having the light resonant function is generally called “light
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resonator structure (so-called micro-cavity structure).” In
particular, in the organic EL, device having the light reso-
nator structure, the light extraction efficiency is improved,
that is, the front optical power is increased, and the color
purity is improved. Therefore, the organic EL device having
the light resonator structure is suitable for a full color
display.

SUMMARY OF THE INVENTION

[0009] In these days, the practicality of the organic EL
display has been widely recognized. Accordingly, improve-
ment of the display performance thereof has been increas-
ingly aspired. However, in the past, the luminescent perfor-
mance of the organic EL device that affects the display
performance has not been sufficient yet, and has left much to
be improved.

[0010] For example, in the device structure in Japanese
Unexamined Patent Application Publication Nos. 2003-
203781, 2003-203783, 2003-323987, 2004-146198, 2004-
152542, 2005-032618, 2005-276542, and 2005-530320, the
technique is based on the premise that an upper anode with
the high light transmittance is used. The material of the
upper anode is limited to a metal oxide conductor. The metal
oxide conductor is generally sputter-deposited. When the
metal oxide conductor is directly deposited after the organic
layer is formed, the organic layer is largely damaged.
Therefore, in the above-mentioned Japanese Unexamined
Patent Application Publications, to decrease damage in
forming a film, it is considered to use various buffer layers
and devise the film forming method. However, the effect
thereof is limited, and the reliability and the luminance
efficiency decline. In addition, leakage due to sputtered
particles is generated. Further, when an additional process is
used to decrease the damage, the cost is increased.

[0011] In the case of the device structure having the light
resonator structure, in general, the optical distance L
between the reflective face and the semi-transparent face
satisfies Mathematical formula 1.

L=(m-D27m)\2

[0012] In the formula, [ represents the optical distance
between the reflective face and the semi-transparent face, m
represents an order (0 or a natural number), ® represents the
sum of the phase shift of the reflected light generated on the
reflective face and the phase shift of the reflected light
generated on the semi-transparent face (rad), and A repre-
sents the peak wavelength of a spectrum of light desired to
be extracted from the semi-transparent face side. In Math-
ematical formula 1, the unit used for I and A may be
common, for example, nm is used.

[0013] Between the reflective face and the semi-transpar-
ent face, there are positions (resonant faces) where the
extracted luminescence intensity becomes the maximum.
The number of the resonant faces is m+1. When m is 1 or
more, the half bandwidth of the emission spectrum is largest
in the case that the light emitting face is on the resonant face
closest to the reflective face.

[0014] In such a light resonator structure, the color purity
and the luminescence intensity of the front can be increased.
Meanwhile, color shift and intensity lowering to the view
angle are observed. As m becomes larger, significant view
angle dependency is shown. Considering only the visual
field characteristics, m is ideally 0. However, in that case, the
organic film thickness becomes thin. Therefore, there is a

Mathematical formula 1
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higher possibility that the light emitting characteristics are
affected and a defect due to leak is caused.

[0015] To solve the foregoing, for example, it is thought
that the following state is effective. That is, for example, m
is 1, and the light emitting layer is on the resonant face close
to the reflective face.

[0016] As a method to arrange the light emitting layer on
the resonant face close to the reflective face, the thickness of
electron transport layer may be increased, in the existing
device structure including the resonant structure typified by
International Publication No. WO 01/039554 and Japanese
Unexamined Patent Application Publication No. 10-177896,
that is, in the existing device in which a light-reflective
lower anode, a hole-transport layer, a light emitting layer, an
electron transport layer, and a light-semi-transparent upper
cathode are layered in this order. However, when the thick-
ness of the electron transport layer made of Alga generally
used is increased, the driving voltage is extremely increased,
leading to increase of the power consumption of the panel.
[0017] Meanwhile, in the active matrix organic EL drive
system panel, it is increasingly considered to use an amor-
phous TFT and an organic TFT, in addition to the low
temperature polysilicon TFT used from the past. Depending
on the structure of the TFT and the design of the drive
circuit, the reflective electrode on the substrate side is
preferably a cathode in some cases. However, in the existing
organic EL display unit having the light resonator structure,
only the case that the reflective electrode on the substrate
side is an anode is known. Thus, in some cases, it is not able
to address diversified active drive circuits.

[0018] In view of the foregoing, in the invention, it is
desirable to provide an organic light emitting device capable
of improving the light extraction characteristics while sup-
pressing the driving voltage and improving the luminescent
performance, and a display unit using the organic light
emitting device.

[0019] According to an embodiment of the invention,
there is provided an organic light emitting device including
a lamination structure that includes a cathode, a plurality of
layers including a light emitting layer made of an organic
material, and an anode including a metal thin film in this
order, in which the cathode is reflective and the anode is
semi-transparent to light generated in the light emitting
layer, and a resonator structure that resonates the light
generated in the light emitting layer between the cathode and
the anode. “Transparent” means that the transmittance of
visible light is 10% to 100%. “Reflective” means that the
reflectance of visible light is 10% to 100%. “Semi-transpar-
ent” means both transparent characteristics and reflective
characteristics are included.

[0020] According to an embodiment of the invention,
there is provided a display unit including a plurality of
organic light emitting devices. The plurality of organic light
emitting devices are composed of the foregoing organic light
emitting devices of the embodiment of the invention.
[0021] The organic light emitting device according to the
embodiment of the invention has the lamination structure in
which the reflective cathode, the plurality of layers including
the light emitting layer, and the semi-transparent anode
including the metal thin film are layered in this order.
Therefore, by increasing the thickness of the layer close to
the anode in the plurality of layers, the light emitting layer
is arranged on the resonance face close to the cathode where
the extraction luminescence intensity is highest in the reso-
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nator structure. In the result, lowering of extracted light
intensity and shift to the short wavelength side depending on
the view angle are suppressed without increasing the driving
voltage, and high light extraction efficiency can be obtained.
[0022] In the display unit according to the embodiment of
the invention, the organic light emitting device according to
the embodiment of the invention is used. Therefore, the
display performance is improved.

[0023] The organic light emitting device according to the
embodiment of the invention has the lamination structure in
which the reflective cathode, the plurality of layers including
the light emitting layer, and the semi-transparent anode
including the metal thin film are layered; and the resonator
structure including the cathode and the anode. Therefore, the
light emitting layer in the resonator structure can be opti-
mally positioned without increasing the driving voltage, the
high light extraction characteristics can be realized while the
view angle dependency is relaxed, and the luminescent
performance can be increased. Further, the display unit
according to the embodiment of the invention includes the
organic light emitting device of the embodiment of the
invention with the high luminescent performance. There-
fore, the display performance can be improved. In addition,
the display unit according to the embodiment of the inven-
tion is extremely suitable for addressing the diversified
active drive circuit such as an organic TFT.

[0024] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a cross section showing a structure of a
display unit according to an embodiment of the invention;
[0026] FIG. 2 is a cross section showing a structure of an
organic light emitting device shown in FIG. 1;

[0027] FIG. 3 is a diagram showing a relation between the
absorptance of a metal thin film composing an anode and the
emission spectrum intensity;

[0028] FIG. 4 is a cross section showing a structure of an
organic light emitting device formed in a comparative
example of the invention;

[0029] FIG. 5is a diagram showing results of examples of
the invention; and

[0030] FIG. 6 is a diagram showing results of the
examples of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0031] An embodiment of the invention will be hereinafter
described in detail with reference to the drawings.

First Embodiment

[0032] FIG. 1 shows a cross sectional structure of an
organic EL display unit according to a first embodiment of
the invention. The display unit is used as an ultrathin organic
light emitting display in which a driving panel 10 and a
sealing panel 20 are oppositely arranged, and the whole
areas thereof are bonded together by an adhesive layer 30
made of a thermosetting resin or the like. In the driving panel
10, for example, an organic light emitting device 10R for
generating red light, an organic light emitting device 100 for
generating green light, and an organic light emitting device
10B for generating blue light are sequentially provided in a
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state of matrix on a driving substrate 11 made of an
insulating material such as glass, with a TFT 12 and a
planarizing film 13 in between.

[0033] The TFT 12 is an active device corresponding to
the respective organic light emitting devices 10R, 10G and
10B. The organic light emitting devices 10R, 10G and 10B
are driven by active matrix system. A gate electrode (not
shown) of the TFT 12 is connected to a not-shown scanning
circuit. A source and a drain (either not shown) are con-
nected to a wiring 12B provided with an interlayer insulating
film 12A made of, for example, silicon oxide or PSG
(Phos-Silicate Glass) in between. The wiring 12B is con-
nected to the source and the drain of the TFT 12 through a
not-shown connection hole provided in the interlayer insu-
lating film 12A, and is used as a signal line. The wiring 12B
is, for example, about 1.0 pum thick, and is made of, for
example, aluminum (Al) or an aluminum (Al)-copper (Cu)
alloy. The structure of the TFT 12 is not particularly limited.
For example, the structure thereof may be bottom gate type
or top gate type.

[0034] The planarizing film 13 is a foundation layer for
planarizing the surface of the driving substrate 11 formed
with the TFT 12 and for uniformalizing the film thickness of
each layer of the organic light emitting devices 10R, 10G
and 10B. The planarizing film 13 is provided with a con-
nection hole 13A for connecting a cathode 14 of the organic
light emitting devices 10R, 10G and 10B to the wiring 12B.
[0035] In the organic light emitting devices 10R, 10G and
10B, for example, a cathode 14, an insulating film 15, a
display layer 16 having a plurality of layers including a light
emitting layer 16C made of an organic material, and an
anode 17 are layered in this order from the driving substrate
11 side with the TFT 12 and the planarizing film 13 in
between. In the display layer 16, for example, as shown in
FIG. 2, an electron injection layer 16A, an electron transport
layer 16B, a light emitting layer 16C, a hole-transport layer
16D, and a hole-injection layer 16E are layered from the
cathode 14 side. On the anode 17, a protective layer 18 is
formed if necessary.

[0036] Further, in the organic light emitting devices 10R,
10G and 10B, the cathode 14 is reflective for light generated
in the light emitting layer 16C, while the anode 17 is
semi-transparent. The cathode 14 and the anode 17 compose
a resonator structure for resonating the light generated in the
light emitting layer 16C.

[0037] That is, the organic light emitting devices 10R,
10G and 10B have a resonator structure to resonate the light
generated in the light emitting layer 16C and extract the light
from a second end P2 side, where the end face of the cathode
14 on the light emitting layer 16C side is a first end P1, the
end face of the anode 17 on the light emitting layer 16C side
is the second end P2, and the display layer 16 is a resonant
section. When the organic light emitting devices 10R, 10G
and 10B have the resonator structure as above, the light
generated in the light emitting layer 16C produces multiple
interference and works as a kind of narrow band-pass filter.
Thereby, the half bandwidth of the spectrum of the extracted
light is reduced, and the color purity can be improved.
Outside light entering from the sealing substrate 21 side can
be also attenuated by the multiple interference. The reflec-
tance of the outside light in the organic light emitting
devices 10R, 100 and 10B can be extremely decreased by
combining with a color filter 22 described later, a wave plate,
or a polarizing plate (not shown).
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[0038] To that end, it is preferable that the optical distance
L between the first end (reflective face) P1 and the second
end (semi-transparent face) P2 of the resonator satisfy
Mathematical formula 2, and a resonant wavelength of the
resonator (peak wavelength of the spectrum of the extracted
light) corresponds with the peak wavelength of the spectrum
of the light desired to be extracted.

L=(m-®Y 2m)2

[0039] In the formula, [ represents the optical distance
between the first end P1 and the second end P2, m represents
an order (0 or a natural number), @ represents the sum of the
phase shift @, of the reflected light generated at the first end
P1 and the phase shift @, of the reflected light generated at
the second end P2 (O=®,+®,) (rad), and X represents the
peak wavelength of the spectrum of the light desired to be
extracted from the second end P2 side. In Mathematical
formula 2, the unit used for L and A may be common, for
example, nm is used.

[0040] Between the first end P1 and the second end P2,
there are positions (resonant faces) where the extracted
luminescence intensity becomes the maximum. The number
of such positions is m+1. When m is 1 or more, the half
bandwidth of the emission spectrum is largest in the case
that the light emitting layer 16C is on the resonant face
closest to the first end P1, the lowering of the intensity of the
extracted light depending on the view angle is suppressed,
and the short wavelength shift of the extracted light is
decreased.

[0041] Though the order m is not particularly limited, m is
preferably 1, that is, two resonant faces exist, and the light
emitting layer 16C is arranged on the resonant face close to
the first end P1. As described above, as m becomes larger,
the view angle dependency is increased. Meanwhile, when
m is 0, the thickness of the display layer 16 becomes small,
and thus shortcomings of light emitting characteristics such
as current leakage easily occur.

[0042] As described above, the display unit has the lami-
nation structure in which the cathode 14, the display layer 16
including the light emitting layer 16C, and the anode 17 are
layered in this order from the driving substrate 11 side.
Thereby, in this display unit, by increasing the thickness of
the hole-transport layer 16D, the light emitting layer 16C
can be arranged on the resonant face close to the first end P1.
Thereby, the light extraction characteristics can be improved
without increasing the driving voltage, and the luminescent
performance can be improved.

[0043] The cathode 14 becoming the first end P1 of the
resonator structure desirably has the high reflectance as
much as possible, in order to increase the luminance effi-
ciency. Further, since the cathode 14 is an electron injection
electrode, an electron injection barrier to the display layer 16
is preferably small, and is desirably made of a metal with the
small work function. The thickness of the cathode 14 in the
lamination direction (hereinafter simply referred to as thick-
ness) is from 30 nm to 2000 nm, and is made of an alloy of
an alkali metal or an alkali earth metal such as lithium (L),
magnesium (Mg), and calcium (Ca); and a metal such as
silver (Ag), aluminum (Al), and indium (In). Further, the
cathode 14 may have a lamination structure including a layer
of the foregoing alkali metal or the foregoing alkali earth
metal and a layer of the foregoing metal.

[0044] The cathode 14 can be also made of a metal, a
metal oxide or the like with the relatively large work

Mathematical formula 2
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function, by using various surface treatments or the after-
mentioned electron injection layer 16A. The cathode 14 may
have a lamination structure including, for example, a thin
film made of a metal with the small work function or a dope
layer including a metal with the small work function; and a
transparent electrode made of a metal oxide such as tin oxide
(Sn0,), ITO (Indium tin Oxide), zinc oxide, and titanium
oxide.

[0045] Meanwhile, the anode 17 as the second end P2 is
desirably designed as a semi-transparent reflective layer so
that the total of the reflectance and the transmittance is close
to 100% as much as possible and the absorptance is small as
much as possible in order to decrease loss due to absorption.
Further, the anode 17 should function as an electrode, and
should have the conductivity sufficient for supplying elec-
tron holes to the organic EL device in the thin film as well.
[0046] As a material of the anode 17, for example, a metal
thin film made of an alloy of an alkali metal or an alkali earth
metal such as magnesium (Mg), calcium (Ca) and sodium
(Na) and silver (Ag) is preferable. In particular, a metal thin
film made of an alloy containing magnesium (Mg) and silver
(Ag) is more preferable. The metal thin film made of an alloy
containing magnesium (Mg) and silver (Ag) is able to be
stably vacuum-deposited, even the thickness of thereof is
about 5 nm to 10 nm, the organic EL device can be driven.
Therefore, such a metal thin film is suitable as an electrode
on the light extraction side in the light resonator structure.
The anode 17 made of the alloy of magnesium (Mg) and
silver (Ag) is able to be simply formed by a film-forming
method that does not damage an organic film much such as
resistance heating deposition. In the result, in this case, the
defect is decreased and light emission with the high reli-
ability can be obtained, compared to the organic EL device
of the related art described in Japanese Unexamined Patent
Application Publication Nos. 2003-203781, 2003-203783,
2003-323987, 2004-146198, 2004-152542, 2005-032618,
2005-276542, and 2005-530320. Further, the thickness of
the metal thin film of the anode 17 is from 5 nm to about 10
nm or to about 20 nm. Therefore, even when a defect is
generated in the display layer 16, there is less possibility that
the metal material of the anode 17 intrudes in the defect, and
thus a non-light emitting defect due to short circuit can be
prevented.

[0047] A single metal thin film made of, for example,
aluminum (Al), silver (Ag), gold (Au), or copper (Cu) can
be used as the anode 17. However, it is difficult to form an
ultrathin film with the conductivity capable of driving the
organic light emitting devices 10R, 10G and 10B with such
a film being about 10 nm thick.

[0048] The absorptance a of the metal thin film composing
such an anode 17 preferably satisfies Mathematical formula
3, and is more preferably under 40%. Thereby, the resonator
structure can be effectively functioned, and the light extrac-
tion efficiency can be increased.

a(%)=100-(R+T)

[0049] In the formula, o represents the light absorptance
(%) in the wavelength region from 400 nm to 800 nm of the
metal thin film, R represents the reflectance (%) of the metal
thin film to the display layer 16 side, and T represents the
transmittance (%) of the metal thin film.

[0050] FIG. 3 is a result of calculating the emission
spectrums in the case that the absorptance of the metal thin
film composing the anode 17 in 550 nm is 20% and 40%. In

Mathematical formula 3
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the case that the absorptance is 20%, the anode 17 is 10 nm
thick, and is made of a metal thin film made of an Mg—Ag
alloy. As evidenced by FIG. 3, the luminescence intensity in
the case that the absorptance is 40% is decreased down to the
degree about one half (%) of the case that the absorptance
is 20%. That is, when the absorptance of the metal thin film
composing the anode 17 is under 40%, the efficiency can be
increased, and it is extremely advantageous in order to
maintain the display quality.

[0051] The insulating film 15 shown in FIG. 1 is intended
to secure insulation properties between the cathode 14 and
the anode 17, and to accurately obtain a desired form of light
emitting regions in the organic light emitting devices 10R,
10G and 10B. The insulating film 15 is made of, for
example, a photosensitive resin such as polyimide. The
insulating film 15 is provided with an aperture 15A corre-
sponding to the light emitting regions.

[0052] The electron injection layer 16A shown in FIG. 2
is intended to increase the electron injection efficiency. The
electron transport layer 16B is intended to increase the
electron transport efficiency to the light emitting layer 16C.
The light emitting layer 16C generates light by electron-hole
recombination by applying an electric field. The hole-trans-
port layer 16D is intended to increase the electron hole
transport efficiency to the light emitting layer 16C. The
hole-injection layer 16E is intended to increase the electron
hole injection efficiency. Of the foregoing, layers other than
the light emitting layer 16C may be provided if necessary.
Further, the display layer 16 may have a different structure
according to the light emitting color of the organic light
emitting devices 10R, 10G and 10B.

[0053] The electron injection layer 16A is preferably made
of an alloy of an alkali metal or an alkali earth metal such
as lithium (Li), magnesium (Mg), and calcium (Ca) and a
metal such as silver (Ag), aluminum (Al), and indium (In),
specifically made of an Mg—Ag alloy. Further, the electron
injection layer 16A is preferably made of a compound of an
alkali metal or an alkali earth metal such as lithium (Li),
magnesium (Mg), and calcium (Ca) and halogen such as
fluorine and bromine or oxygen, specifically LiF. Further,
the electron injection layer 16A may be made of a material
in which an alkali metal such as magnesium (Mg) is added
to an electron transport organic material such as 8-quinoli-
nole aluminum complex (Alg,). The electron injection layer
16A may have a structure in which two or more of the
foregoing films are layered.

[0054] When the electron injection layer 16A is made of,
for example, a halogenide of an alkali metal such as LiF, a
halogenide of an alkali earth metal, an oxide of an alkali
metal, or an oxide of an alkali earth metal, the thickness of
the electron injection layer 16A is preferably from 0.3 nm to
1.3 nm. Thereby, the driving voltage can be decreased, and
the luminance efficiency can be increased.

[0055] The electron transport layer 16B is, for example,
from 5 nm to 50 nm, and is made of Alga.

[0056] The material of the light emitting layer 16C is
different according to the light emitting color of the organic
light emitting devices 10R, 10G and 10B. The light emitting
layer 16C of the organic light emitting device 10R is, for
example, 10 nm to 100 nm thick, and is made of a compound
in which volume % of 2,6-bis[4-[N-(4-methoxyphenyl)-N-
phenyl]aminostyryl|naphthalene-1,5-dicarbonitrile  (BSN-
BCN) is mixed with Alga. The light emitting layer 16C of
the organic light emitting device 10G is, for example, 10 nm
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to 100 nm thick, and is made of a compound in which 3
volume % of coumarine 6 is mixed with Alga. The light
emitting layer 16C of the organic light emitting device 10B
is, for example, 10 nm to 100 nm thick, and is made of a
compound in which 1 volume % of perylene is mixed with
ADN (9,10-di(2-naphthyl)anthracene.

[0057] The hole-transport layer 16D is, for example, 5 nm
to 300 nm thick, and is made of bis[ (N-naphthyl)-N-phenyl]
benzidine (c-NPD).

[0058] The hole injection layer 16E is preferably, for
example, 4 nm thick or more, and is preferably made of the
pyrazine derivative shown in Chemical formula 1. In addi-
tion, an oxide such as titanium oxide, niobium oxide,
molybdenum oxide metal is also preferable. The Mg—Ag
alloy composing the anode 17 is generally a material used as
an electron injection electrode, and the work function
thereof is about 3.7 eV, which is small. The foregoing
material is preferably used, since thereby the anode 17 made
of the Mg—Ag alloy can function as a hole-injection
electrode. Further, the anode 17 made of the Mg—Ag alloy
can be prevented from contacting with an organic material
composing the display layer 16 to generate chemical change,
increasing light absorption, and losing the function as the
electrode.

Chemical formula 1

N N
>\ /<
R R
[0059] Specially, a hexaazatriphenylene derivative shown

in Chemical formula 2 or molybdenum oxide is more
preferable. Such materials can be easily formed by resis-
tance heating type vacuum deposition method. In addition,
there is no possibility that the conductivity of the anode 17
made of the Mg—Ag alloy is lost due to such materials.

Chemical formula 2

Il NN\,
N\

[0060] The protective layer 18 is, for example, 500 nm to
10000 nm thick, and is a passivation film made of a
transparent derivative. The protective layer 18 is made of,
for example, silicon oxide (Si0,), silicon nitride (SiN) or the
like.

[0061] The sealing panel 20 is located on the anode 17 side
of the driving panel 10, and has a sealing substrate 21 that
seals the organic light emitting devices 10R, 10G and 10B
together with an adhesive layer 30. The sealing substrate 21
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is made of a material such as glass transparent to light
generated in the organic light emitting devices 10R, 10G and
10B. The sealing substrate 21 is, for example, provided with
a color filter 22 and a reflected light absorption film 23 as
black matrix. The color filter 22 and the reflected light
absorption film 23 extract the light generated in the organic
light emitting devices 10R, 10G and 10B, absorb outside
light reflected by the organic light emitting devices 10R,
10G and 10B and the wiring therebetween, and improves the
contrast.

[0062] Though the color filter 22 and the reflected light
absorption film 23 may be provided on either side of the
sealing substrate 21, the color filter 22 and the reflected light
absorption film 23 are preferably provided on the driving
panel 10 side. Thereby, the color filter 22 and the reflected
light absorption film 23 are not exposed on the surface and
can be protected by the adhesive layer 30. The color filter 22
has a red filter 22R, a green filter 22G, and a blue filter 22B.
The red filter 22R, the green filter 22G, and the blue filter
22B are sequentially arranged according to the organic light
emitting devices 10R, 10G and 10B.

[0063] Thered filter 22R, the green filter 22G, and the blue
filter 22B are, for example, respectively rectangle, and
formed with no space therebetween. The red filter 22R, the
green filter 22G, and the blue filter 22B are respectively
made of a resin mixed with a pigment. The red filter 22R, the
green filter 22G, and the blue filter 22B are adjusted so that
the light transmittance in the targeted red, green, or blue
wavelength band becomes high and the light transmittance
in the other wavelength bands becomes low by selecting the
pigment.

[0064] The reflected light absorption film 23 is provided
along the border between the red filter 22R/the green filter
22G/the blue filter 22B. The reflected light absorption film
23 is made of, for example, a black resin film in which a
black pigment is mixed therein and the optical density is 1
or more, or a thin film filter using interference of a thin film.
Of the foregoing, the black resin film is preferably used,
since such a film can be formed inexpensively and easily. In
the thin film filter, for example, one or more thin films made
of a metal, a metal nitride, or a metal oxide are layered, and
light is attenuated by using the interference of the thin films.
As the thin film filter, specifically, a lamination in which
chromium and chromium oxide (III)(Cr,0;) are alternately
layered can be cited.

[0065] The display unit can be manufactured, for example,
as follows.
[0066] First, the reflected light absorption film 23 made of

the foregoing material is formed on the sealing substrate 21
made of the foregoing material, and patterned into a given
shape. Next, the sealing substrate 21 is coated with a
material of the red filter 22R by spin coating or the like, the
resultant is patterned by photolithography technique and
fired, and thereby the red filter 22R is formed. In patterning,
the peripheral edge portion of the red filter 22R preferably
covers part of the reflected light absorption film 23. It is
difficult to pattern with high precision without covering the
reflected light absorption film 23. In addition, the portion of
the red filter 22R covering the reflected light absorption film
23 does not affect the image display. Subsequently, in the
same manner as in the red filter 22R, the blue filter 22B and
the green filter 22G are sequentially formed. Thereby, the
sealing panel 20 is formed.
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[0067] Then, for example, the TFT 12, the interlayer
insulating film 12A, and the wiring 12B are formed over the
driving substrate 11 made of the foregoing material. The
planarizing film 13 made of the foregoing material is formed
over the whole area by, for example, spin coat method. Then,
the planarizing film 13 is formed into a given shape by
providing exposure and development and the connection
hole 13A is formed, and fired.

[0068] Next, the cathode 14 made of the foregoing mate-
rial is formed by, for example, sputtering or deposition.
Then, etching is made to form the cathode 14 into a given
shape.

[0069] Subsequently, the whole area of the driving sub-
strate 11 is coated with a photosensitive resin, which is
formed by, for example, photolithography method to provide
the aperture 15A in the portion corresponding to the cathode
14. The resultant is fired to form the insulating film 15.
[0070] After that, corresponding to the aperture 15A of the
insulating film 15, the electron injection layer 16A, the
electron transport layer 16B, the light emitting layer 16C,
the hole-transport layer 16D, the hole-injection layer 16E,
and the anode 17 that have the foregoing thickness and are
made of the foregoing material are sequentially formed by,
for example, deposition to form the organic light emitting
devices 10R, 10G and 10B as shown in FIG. 2. Subse-
quently, the protective layer 18 is formed on the organic light
emitting devices 10R, 10G and 10B if necessary. Thereby,
the driving panel 10 is formed.

[0071] After the sealing panel 20 and the driving panel 10
are formed, the adhesive layer 30 made of the foregoing
material is formed by coating over the driving substrate 11
on the side where the organic light emitting devices 10R,
10G and 10B are formed. The driving panel 10 and the
sealing substrate 20 are bonded to each other with the
adhesive layer 30 in between. Consequently, the display unit
shown in FIG. 1 is completed.

[0072] In the display unit, when a given voltage is applied
between the anode 17 and the cathode 14 in the respective
organic light emitting devices 10R, 10G and 10B, a current
is injected in the light emitting layer 16C, electron-hole
recombination occurs, and thereby light is generated. The
light is multiply reflected between the anode 17 and the
cathode 14, and extracted through the semi-transparent
anode 17, the color filter 22, and the sealing substrate 21. In
this embodiment, the reflective cathode 14, the display layer
16 including the light emitting layer 16C, and the semi-
transparent anode 17 including a metal thin film are sequen-
tially layered in this order. Thereby, by increasing the
thickness of the hole-transport layer 16D, the light emitting
layer 16C can be arranged on the resonant face close to the
cathode 14 in the resonator structure. Therefore, lowering of
the intensity of the extracted light and the short wavelength
shift depending on the view angle are suppressed. Thus, the
light generated in the light emitting layer 16C can be
extracted with the high extraction efficiency. Further, selec-
tion of the material of the hole-transport layer 16D is more
extensive than that of the electron transport material. In
addition, the electron hole mobility of the material of the
hole-transport layer is relatively higher than the electron
mobility of the electron transport material. Therefore, even
when the thickness of the hole-transport layer 16D is
increased and the light emitting layer 16D is arranged on the
resonant face close to the first end P1, the driving voltage
hardly rises.

Dec. 8, 2016

[0073] Further, the TFT 12, the wiring 12B and the like
that affect the aperture ratio are provided on the reflective
cathode 14 side, and thereby the high aperture ratio can be
maintained. In addition, by increasing the thickness of the
hole-transport layer 16D, coating effect on the substrate by
the organic film of the display layer 16 is increased, and thus
a defect resulting from defective film-forming on the cath-
ode 14, attachment of foreign matters thereon and the like,
and short circuit resulting from loss of the organic film are
prevented.

[0074] Meanwhile, in the past, the light-reflective anode,
the hole-transport layer, the light emitting layer, the electron
transport layer, and the light-semi-transparent cathode are
layered in this order over the substrate. Therefore, to arrange
the light emitting layer on the resonant face close to the
anode, the electron transport layer is thickened. In the result,
the driving voltage is significantly increased, leading to
increase of the power consumption of the panel.

[0075] As above, in this embodiment, in the organic light
emitting devices 10R, 10G and 10B having a resonator
structure, the reflective cathode 14, the display layer 16
including the light emitting layer 16C, and the semi-trans-
parent anode 17 are layered in this order. Therefore, it is
possible to suppress the view angle dependency without
increasing the driving voltage, improve the light extraction
characteristics, and improve the luminescent performance.
In the result, the display unit including the organic light
emitting devices 10R, 10G and 10B with the high lumines-
cent performance can improve the display performance. In
particular, the display unit in this embodiment is extremely
suitable for a case using an organic TFT or the like as the
TFT 12.

[0076] Further, the thickness of the hole-transport layer
16D can be increased. Therefore, defects due to short circuit
can be decreased, and the reliability can be improved.
[0077] Further, the TFT 12, the wiring 12B and the like
that affect the aperture ratio are provided on the reflective
cathode 14 side, and thereby the high aperture ratio can be
maintained.

EXAMPLES

[0078] Further, specific examples of the invention will be
described in detail.

Examples 1-1 and 1-2

[0079] The organic light emitting devices 10B were
formed in the same manner as in the foregoing embodiment.

[0080] First, the cathode 14 made of an aluminum-neo-
dymium alloy being 100 nm thick was formed over the
driving substrate 11 made of glass. Next, the insulating film
15 made of the foregoing organic insulating material was
formed. The insulating film 15 was patterned and thereby the
aperture 15A of 2 mmx2 mm was provided corresponding to
the light emitting region to expose the cathode 14.

[0081] Subsequently, the metal mask having the aperture
corresponding to the exposed portion of the cathode 14 was
arranged in the vicinity of the driving substrate 11. With the
use of vacuum vapor deposition method under the vacuum
of 107* Pa or less, a co-vapor deposition film of magnesium
(Mg) and silver (Ag) (Mg:Ag=10:1) being 2 nm thick and a
LiF film being 0.3 nm thick were layered to form the
electron injection layer 16A.
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[0082] After that, with the use of vacuum vapor deposition
method again, the electron transport layer 16B, the light
emitting layer 16C, the hole-transport layer 16D, and the
electron injection layer 16E that were made of the foregoing
material were sequentially formed, and thereby the display
layer 16 was formed. At that time., as a material of the
hole-injection layer 16F, the hexaazatriphenylene derivative
shown in Chemical formula 2 was used in Example 1-1, and
molybdenum oxide was used in Example 1-2. The thickness
of each layer was set so that the optical distance L between
the cathode 14 and the anode 17 satisfied Mathematical
formula 2, and the blue light emission was amplified by the
resonator structure. That is, the electron transport layer 16B
was 20 nm thick, the light emitting layer 16C was 25 nm
thick, the hole-transport layer 16D was 130 nm thick, and
the hole-injection layer 16E was 8§ nm thick.

[0083] After the display layer 16 was formed, with the use
of vacuum vapor deposition method again, as the anode 17,
a co-vapor deposition film of magnesium (Mg) and silver
(Ag) Mg:Ag=10:1) being 10 nm thick was formed. Con-
sequently, the organic light emitting device 10B shown in
FIG. 2 was obtained.

[0084] Further, a film made of the hexaazatriphenylene
derivative shown in Chemical formula 2 being 8 nm thick
and an Mg—Ag alloy film (Mg:Ag=10:1) being 10 nm thick
were sequentially layered over a quartz glass plate, and the
transmittance and the reflectance in the wavelength of 550
nm were examined. In the result, semi-transparent charac-
teristics with the transmittance of 41% and the reflectance of
39% were observed. For molybdenum oxide, examination
was made similarly. That is, a film made of molybdenum
oxide being 8 nm thick and an Mg—Ag alloy film (Mg:
Ag=10:1) being 10 nm thick were sequentially layered over
aquartz glass plate, and the transmittance and the reflectance
in the wavelength of 550 nm were examined. In the result,
semi-transparent characteristics with the transmittance of
46% and the reflectance of 23% were observed.

[0085] As Comparative example 1, an organic light emit-
ting device that has the existing top emission structure in
which a reflective anode 117, an electron injection layer
116E, a hole-transport layer 116D, a light emitting layer
116C, an electron transport layer 116B, an electron injection
layer 116 A, and a semi-transparent cathode 114 are layered
in this order from a driving substrate 111 side as shown in
FIG. 4, and that generates blue light was formed.

[0086] That is, the anode 117 made of an aluminum-
neodymium alloy being 100 nm thick was formed over the
driving substrate 111 made of glass. Next, an insulating film
(not shown) was formed in the same manner as in Examples
1-1 and 1-2. Subsequently, the hole-injection layer 116E
made of the hexaazatriphenylene derivative shown in
Chemical formula 2, the hole-transport layer 116D made of
a-NPD, the light emitting layer 116C made of a material
similar to that of Example 1-1, the electron transport layer
1168 made of Alga, and the electron injection layer 116A
made of LiF were sequentially formed. The thickness of
each layer was set so that the optical distance L between the
anode 117 and the cathode 114 satisfied Mathematical
formula 2, and the blue light emission was amplified by the
resonator structure. That is, the hole-injection layer 116E
was 8 nm thick, the hole-transport layer 116D was 140 nm
thick, the light emitting layer 116C was 25 nm thick, the
electron transport layer 116B was 20 nm thick, and the
electron injection layer 116A was 0.3 nm thick. After that,
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the cathode 114 made of a co-vapor deposition film of
magnesium (Mg) and silver (Ag) (Mg:Ag=10:1) being 10
nm thick was formed.

[0087] For the obtained organic light emitting devices of
Examples 1-1, 1-2 and Comparative example 1, the current
density-voltage characteristics and the emission spectrums
where the current density was 10 mA/cm® were examined.
The results are shown in FIG. 5 and FIG. 6.

[0088] As evidenced by FIG. 5 and FIG. 6, in Examples
1-1 and 1-2, the electron hole injection characteristics and
the luminescence intensity were preferable almost equally to
those of Comparative example 1, and the driving voltage
was not increased. That is, it was found that in the organic
light emitting device 10B having the resonator structure,
when the reflective cathode 14, the display layer 16 includ-
ing the light emitting layer 16C, and the semi-transparent
anode 17 were layered in this order, the organic light
emitting device 10B with the superior light extraction char-
acteristics and the high luminescent performance can be
realized without increasing the driving voltage.

[0089] Further, in Example 1-1, both the electron hole
injection characteristics and the luminescence intensity were
more preferable than in Example 1-2. That is, it was found
that when the hole-injection layer 16E was made of the
hexaazatriphenylene derivative shown in Chemical formula
2, the electron hole injection characteristics and the lumi-
nescence intensity could be more improved.

Examples 2-1 to 2-4

[0090] The organic light emitting devices 10B were
formed in the same manner as in Example 1-1, except that
the thickness of the hole-injection layer 16E was changed as
shown in Table 1. For the obtained organic light emitting
devices 10B of Examples 2-1 to 2-4, the driving voltage and
the luminance efficiency at the current density of 10 mA/cm?®
were examined. The results are shown in Table 1 together.

TABLE 1
Luminance
Thickness of Driving voltage efficiency
hole-injection at 10 mA/em? at 10 mA/cm?
layer (nm) W) (cd/A)
Example 2-1 2 19.9 0.14
Example 2-2 3 20.0 1.06
Example 2-3 4 6.3 577
Example 2-4 8 5.2 5.16
[0091] As evidenced by Table 1, in Examples 2-3 and 2-4

in which the thickness of the hole-injection layer 16E was 4
nm and 8 nm, the driving voltage was lower and the
luminance efficiency was higher than in Examples 2-1 and
2-2 in which the thickness of the hole-injection layer 16E
was 2 nm and 3 nm. That is, it was found that when the
thickness of the hole-injection layer 16E was 4 nm or more,
high luminance efficiency could be obtained with the lower
driving voltage.

Examples 3-1 to 3-8

[0092] The organic light emitting devices 10B were
formed in the same manner as in Example 1-1, except that
the thickness of the LiF film of the electron injection layer
16A was changed as shown in Table 2. For the obtained
organic light emitting devices 10B of Examples 3-1 to 3-8,
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the driving voltage and the luminance efficiency at the
current density of 10 mA/cm?* were examined. The results
are shown in Table 2 together.

TABLE 2
Luminance
Driving voltage efficiency
Thickness of LiF  at 10 mA/em?  at 10 mA/cm?
film (nm) V) (cd/A)

Example 3-1 0 7.6 4.35
Example 3-2 0.3 6.1 5.19
Example 3-3 0.6 5.3 5.12
Example 3-4 1.0 6.2 5.15
Example 3-5 1.3 6.2 5.24
Example 3-6 1.6 6.7 5.06
Example 3-7 2.0 6.7 4.71
Example 3-8 2.5 7.1 4.62

[0093] As evidenced by Table 2, in Examples 3-2, 3-3,
3-4, and 3-5 in which the thickness of the LiF film of the
electron injection layer 16 A was 0.3 nm, 0.6 nm, 1.0 nm, and
1.3 nm, respectively, the driving voltage was lower and the
luminance efficiency was higher than in Example 3-1 in
which the thickness of the LiF film of the electron injection
layer 16A was 0 nm and in Examples 3-6, 3-7, and 3-8 in
which the thickness of the LiF film of the electron injection
layer 16A was 1.6 nm, 2.0 nm, and 2.5 nm, respectively. In
particular, in Example 3-3 in which the thickness of the LiF
film of the electron injection layer 16A was 0.6 nm, the
driving voltage was the minimum, which was preferable in
terms of reduction in the power consumption as well. In a
general device structure in which the anode, the display
layer including a light emitting layer, and the cathode are
layered in this order from the driving substrate side (refer to
Comparative example 1), the thickness of the electron
injection layer made of LiF is most preferably about 0.3 nm.
Meanwhile, in these examples, since the cathode 14, the
display layer 16, and the anode 17 are layered in this order
from the driving substrate 11 side, diffusion of LiF into the
electron transport layer 16B made of Alg; was small. There-
fore, it is thought that increasing the thickness of the LiF film
in the electron injection layer 16 A more than in the general
structure was appropriate in order to improve the electron
injection characteristics.

[0094] That is, it was found that when the thickness of the
LiF film of the electron injection layer 16A was 0.3 nm to
1.3 nm, high luminance efficiency could be obtained with the
lower driving voltage. It is expected that not only in the case
of using LiF, but also in the case of using a halogenide of
other alkali metal, a halogenide of an alkali earth metal, an
oxide of an alkali metal, or an oxide of an alkali earth metal,
effects similar to those of these examples may be obtained.

Examples 4-1 to 4-5

[0095] The organic light emitting devices 10B were
formed in the same manner as in Example 1-1, except that
the structure of the electron injection layer 16 A was different
from that of Example 1-1. That is, in Example 4-1, the
electron injection layer 16A was made of a LiF film being
0.6 nm thick. In Example 4-2, the electron injection layer
16A had a structure in which an Mg—Ag alloy film being 2
nm thick and a LiF film being 0.6 nm thick were layered in
this order from the cathode 14 side. In Example 4-3, the
electron injection layer 16A had a structure in which an
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Mg—Ag alloy film being 2 nm thick, a LiF film being 0.6
nm thick, and a mixed film in which 5 volume % of
magnesium (Mg) was added to Alga being 5 nm thick were
layered in this order from the cathode 14 side. In Example
4-4, the electron injection layer 16 A had a structure in which
an Mg—Ag alloy film being 2 nm thick, a mixed film in
which 5 volume % of magnesium (Mg) was added to Alga
being 5 nm thick, and a LiF film being 0.6 nm thick were
layered in this order from the cathode 14 side. In Example
4-5, the electron injection layer 16 A had a structure in which
an Mg—Ag alloy film being 2 nm thick and a mixed film in
which 5 volume % of magnesium (Mg) was added to Alga
being 5 nm thick were layered in this order from the cathode
14 side. The thickness of the electron transport layer 16B
was 20 nm in Examples 4-1 and 4-2, and 15 nm in Examples
4-3 to 4-5.

[0096] For the obtained organic light emitting devices 10B
of Examples 4-1 to 4-5, the driving voltage and the lumi-
nance efficiency at the current density of 10 mA/cm® were
examined. The results are shown in Table 3 together.

TABLE 3
Luminance
Driving voltage  efficiency
Structure of electron at 10 mA/em?®  at 10 mA/em?
injection layer W) (cd/A)
Example 4-1 LiF 0.6 nm 13.1 2.44
Example 4-2  Mg—Ag 2 nv/LiF 0.6 6.5 4.70
nm
Example 4-3  Mg—Ag 2 nv/LiF 0.6 5.2 4.53
nm/Alq; + Mg
(5%) 5 nm
Example 44  Mg—Ag 2 nm/Alg; + 5.1 4.22
Mg (5%) 5 nm/LiF 0.6
nm
Example 4-5  Mg—Ag 2 nm/Alq; + 6.8 3.53
Mg (5%) 5 nm
[0097] As evidenced by Table 3, in Examples 4-2 to 4-5 in

which the electron injection layer 16A had a lamination
structure including the Mg—Ag alloy film, the driving
voltage was lower and the luminance efficiency was higher
than in Example 4-1 in which the electron injection layer
16A was made of only the LiF film and did not include the
Mg—Ag alloy film. In particular, in Examples 4-3 and 4-4
in which the electron injection layer 16 A had the lamination
structure including the Mg—Ag alloy film, the mixed film in
which 5 volume % of magnesium (Mg) was added to Alga,
and the LiF film, both the driving voltage and the luminance
efficiency were favorable. That is, it was found that when the
electron injection layer 16 A was made of the Mg—Ag alloy,
high luminance efficiency could be obtained with the lower
driving voltage. In addition, it was found that when the
electron injection layer 16A was made of a material in which
5 volume % of magnesium (Mg) was added to Alga, high
luminance efficiency could be obtained with the further
lower driving voltage.

[0098] While the invention has been described with ref-
erence to the embodiment and the examples, the invention is
not limited to the foregoing embodiment and the foregoing
examples, and various modifications may be made. For
example, the material, the thickness, the film-forming
method, the film-forming conditions and the like of each
layer are not limited to those described in the foregoing
embodiment, but other material, other thickness, other film-
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forming method, and other film-forming conditions may be
adopted. For example, the driving substrate 11 may be made
of silicon (Si) or a plastic instead of glass. Further, the
driving substrate 11 is not necessarily the TFT substrate.
[0099] Further, the invention is not limited to the active
matrix drive system display unit, but can be also applied to
the simple matrix drive system display unit.

[0100] In addition, in the foregoing embodiment and the
foregoing examples, the structure of the organic light emit-
ting devices 10R, 10G and 10B has been specifically
described. However it is not necessary to provide all layers
such as the protective layer 18, and other layer may be
further provided. For example, the cathode 14 can have
two-layer structure in which an transparent conductive film
is layered on a dielectric multilayer film or a reflective film
such as Al In this case, the end face of the reflective film on
the light emitting layer side forms the end of a resonant
section, and the transparent conductive film forms part of the
resonant section.

[0101] Further, in the foregoing embodiment and the fore-
going examples, the description has been given of the case
that the organic light emitting devices 10R, 10G and 10B
have the resonator structure to resonate the light generated
in the light emitting layer 16C and extract the light from the
second end P2 side, where the end face of the cathode 14 on
the light emitting layer 16C side is the first end P1, the end
face of the anode 17 on the light emitting layer 16C side is
the second end P2, and the display layer 16 is the resonant
section. However, the first end P1 and the second end P2
may be formed on the interface between layers made of two
types of materials with the refractive index different from
each other. For example, in the foregoing embodiment and
the foregoing examples, the description has been given of
the case that the anode 17 is made of the semi-transparent
metal thin film. However, the anode 17 may have a structure
in which a semi-transparent metal thin film and a transparent
electrode are sequentially layered from the anode 14 side.
The transparent electrode is intended to decrease the electric
resistance of the semi-transparent metal thin film, and is
made of a conductive material having translucency sufficient
for the light generated in the light emitting layer. As a
material of the transparent electrode, for example, ITO, or a
compound containing indium, zinc (Zn), and oxygen is
preferable. Thereby, even when film forming is made at the
room temperatures, favorable conductivity can be obtained.
The thickness of the transparent electrode can be, for
example, from 30 nm to 1000 nm. In this case, a resonator
structure in which the semi-transparent metal thin film is
used as one end, the other end is provided in the position
facing the semi-transparent metal thin film with the trans-
parent electrode in between, and the transparent electrode is
used as a resonant section. Further, it is preferable that such
a resonator structure is provided, the organic light emitting
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devices 10R, 10G and 10B are covered with a protective
film, and the protective film is made of a material having the
refractive index almost the same as that of the material of the
transparent electrode. Thus, the protective film can become
part of the resonant section.
[0102] In addition, the invention can be also applied to a
case in which the anode 17 is composed of a transparent
electrode, the reflectance of the end face of the transparent
electrode on the opposite side of the display layer 16 is large,
and a resonator structure in which the end face of the
cathode 14 on the light emitting layer 16C side is the first
end, and the end face of the transparent electrode on the
opposite side of the display layer 16 is the second end. For
example, it is possible that the transparent electrode is
contacted with the air layer, the reflectance of the interface
between the transparent electrode and the air layer is large,
and the interface is used as the second end. Otherwise, it is
possible that the reflectance of the interface with the adhe-
sive layer is large, and the interface is used as the second
end. Otherwise, it is possible that the organic light emitting
devices 10R, 10G and 10B are covered with a protective
film, the reflectance of the interface with the protective layer
is large, and the interface is used as the second end.
[0103] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alternations may occur depending on design require-
ments and other factors insofar as they are within the scope
of the appended claims or the equivalents thereof.
What is claimed is:
1. An organic light emitting device on a substrate com-
prising:
a lamination structure that includes, in this order,
(a) a lower electrode,
(b) a light emitting layer made of an organic material,
(c) an upper electrode including a metal thin film, and
(d) a protective layer; and
a resonator structure between the lower electrode and the
upper electrode configured to resonate the light gener-
ated in the light emitting layer such that the light is
emitted through the upper electrode,
wherein,
the lower electrode comprises silver,
the thickness of the lower electrode is from 30 nm to
2000 nm,
the upper electrode comprises a magnesium-silver
alloy,
the thickness of the upper electrode is from 5 nm to 20
nm,
the protective layer comprises silicon oxide or silicon
nitride, and
the thickness of the protective layer is from 500 nm to
10000 nm.
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