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A display device capable of improving the view angle char-
acteristics without deteriorating the outside light contrast and
a display unit using it are provided. The display device
includes a first electrode, an organic layer including a light
emitting layer and a second electrode sequentially over a
substrate, and having a resonator structure in which light
generated in the light emitting layer is resonated between a
firstend and a second end. An end face of the first electrode on
the light emitting layer side is the first end having a step shape.
A distance adjustment layer that fills in the step shape and has
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DISPLAY DEVICE AND DISPLAY UNIT

RELATED APPLICATION DATA

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 11/670,120, filed Feb. 1, 2007, the entirety of
which is incorporated herein by reference to the extent per-
mitted by law. The present application claims the benefit of
priority to Japanese Patent Application Nos. JP 2006-027062
filed in the Japanese Patent Office on Feb. 3, 2006, and Japa-
nese Patent Application JP 2006-351863 filed in the Japanese
Patent Office on Dec. 27, 2006, the entirety both of which are
incorporated by reference herein to the extent permitted by
law.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a self-light emitting
display device such as an organic light emitting device and a
display unit, and particularly to a display device having a
resonator structure and a display unit.

[0004] 2. Description of the Related Art

[0005] In these years, as a display unit displacing a liquid
crystal display, an organic EL display using organic light
emitting devices has been in practical use. Since the organic
EL display is a self-light emitting display, its view angle is
wider than that of the liquid crystal display. Further, the
organic EL display is regarded as a display having sufficient
response to high-definition and high-speed video signals.
[0006] In the past, for the organic light emitting devices,
attempts to control light generated in the light emitting layer,
for example, attempts to improve the color purity of light
emitting colors and increase the light emitting efficiency by
introducing a resonator structure have been made (for
example, refer to International Publication No. 01/39554).

SUMMARY OF THE INVENTION

[0007] When the resonator structure is provided for the
organic light emitting device, since a spectrum of resonated
light has a high and narrow peak, the light extraction effi-
ciency in the front direction to the display screen is improved.
However, when the screen is viewed from an oblique direc-
tion, the light emitting wavelength is largely shifted and the
light emitting intensity is lowered. That is, in the past, lumi-
nance difference and color shift are generated according to
the viewing angle to the screen, leading to deterioration of the
view angle characteristics, lowering of the image quality and
the like.

[0008] Inthepast, toimprove the view angle characteristics
of the organic light emitting device, there has been an attempt
to enlarge the view angle by diffusing a light emitting direc-
tion and averaging the light directivity by forming a concave
structure, a light diffusion layer, and a light refraction layer on
the transparent substrate (for example, refer to Japanese
Unexamined Patent Application Publication No. 9-190883).
However, in such an existing method, there has been a disad-
vantage that outside light is also scattered by the concave
structure, the light diffusion layer, and the light refraction
layer formed on the transparent substrate, leading to largely
deteriorating the outside light contrast.

[0009] In Japanese Unexamined Patent Application Publi-
cation No. 2006-32327, it is proposed that by using a lami-
nation electrode including a metal reflective film and a trans-
parent conductive film and changing the thickness of the
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transparent conductive film, a plurality of resonator structures
with different optical distances are provided in one device.
However, in the structure of Japanese Unexamined Patent
Application Publication No. 2006-32327, the transparent
conductive film is essential. In addition, it is necessary to
change the thickness of the transparent conductive film in one
device. Tt results in necessity of a film forming process and a
patterning process thereof, leading to increase of the manu-
facturing cost. Further, a step where the thickness of the
transparent conductive film is changed is likely to become a
cause of non-light emitting defect or the like. To address such
a disadvantage, the step may be covered with an insulating
film. However, it causes lowering of aperture ratio.

[0010] Inview of the foregoing, in the invention, itis desir-
able to provide a display device capable of inhibiting deterio-
ration of the outside light contrast and improving the view
angle characteristics and a display unit.

[0011] According to an embodiment of the invention, there
is provided a first display device including a first electrode, an
organic layer having a light emitting layer, and a second
electrode sequentially over a substrate, and having a resonator
structure in which light generated in the light emitting layer is
resonated between a first end and a second end, wherein an
end face of the first electrode on the light emitting layer side
is the first end having a step shape, and a distance adjustment
layer that fills in the step shape and has a flat surface on the
second electrode side is provided between the first electrode
and the second electrode, and thereby the second end is pla-
narized, and an optical distance between the first end and the
second end is varied according to the step shape.

[0012] A first display unit according to an embodiment of
the invention includes the foregoing first display device of the
embodiment of the invention.

[0013] In the first display device according to the embodi-
ment of the invention or the first display unit according to the
embodiment of the invention, the first end of the resonator
structure has the step shape. The step shape is filled in by the
distance adjustment layer and planarized. Thereby, the opti-
cal distance between the first end and the second end is varied
according to the step shape. Therefore, the peak wavelength
of a spectrum of light to be extracted is varied according to the
optical distance, the half bandwidth ofa spectrum obtained by
synthesizing each peak spectrum becomes wide, and the view
angle characteristics become improved.

[0014] According to an embodiment of the invention, there
is provided a second display device including a first electrode,
an organic layer having a light emitting layer, and a second
electrode sequentially over a substrate, and having a resonator
structure in which light generated in the light emitting layer is
resonated between a first end and a second end, wherein an
end face of the first electrode on the light emitting layer side
is the first end having a continuous convexoconcave shape,
and a distance adjustment layer that fills in the convexocon-
cave shape and has a flat surface on the second electrode side
is provided between the first electrode and the second elec-
trode, and thereby the second end is planarized, and an optical
distance between the first end and the second end is continu-
ously varied according to the convexoconcave shape.

[0015] A second display unit according to an embodiment
of the invention includes the foregoing second display device
of the embodiment of the invention.

[0016] In the second display device according to the
embodiment of the invention or the second display unit
according to the embodiment of the invention, the first end of
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the resonator structure has the continuous convexoconcave
shape. The convexoconcave shape is filled in by the distance
adjustment layer and planarized. Thereby, the optical dis-
tance between the first end and the second end is continuously
changed. Therefore, the peak wavelength of a spectrum of
light to be extracted is continuously changed according to the
optical distance, the half bandwidth ofa spectrum obtained by
synthesizing each spectrum becomes wide, and the view
angle characteristics become improved.

[0017] According to an embodiment of the invention, there
is provided a third display unit including a plurality of pixels
including display devices that respectively has a first elec-
trode, an organic layer including a light emitting layer, and a
second electrode sequentially over a substrate, and has a
resonator structure in which light generated in the light emit-
ting layer is resonated between a first end and a second end,
wherein for at least two display devices that are included in
adjacent pixels and have the same light emitting wavelength
of the light emitting layer among the display devices, an
optical distance between the first end and the second end is
different from each other.

[0018] In the third display unit according to the embodi-
ment of the invention, in the at least two display devices that
are included in the adjacent pixels and have the same light
emitting wavelength of the light emitting layer out of the
display devices, the optical distance between the first end and
the second end of the resonator structure is different from
each other. Therefore, for light extracted from each display
device, though the light emitting color is the same, the peak
wavelength of the spectrum is different from each other.
Therefore, when the display devices emit light concurrently,
the half bandwidth of the synthesized spectrum is widened,
and the visual field characteristics are improved.

[0019] According to the first display device of the embodi-
ment of the invention or the first display unit of the embodi-
ment of the invention, the first end of the resonator structure
has the step shape. The step shape is filled in by the distance
adjustment layer and planarized. Thereby, the optical dis-
tance between the first end and the second end is varied
according to the step shape. Therefore, the peak wavelength
of a spectrum oflight to be extracted is varied according to the
optical distance, the half bandwidth ofa spectrum obtained by
synthesizing each spectrum can be wide, and the view angle
characteristics can be improved.

[0020] According to the second display device of the
embodiment of the invention or the second display unit of the
embodiment of the invention, the first end of the resonator
structure has the continuous convexoconcave shape. The con-
vexoconcave shape is filled in by the distance adjustment
layer and planarized. Thereby, the optical distance between
the first end and the second end is continuously changed.
Therefore, the peak wavelength of the spectrum of the light to
be extracted is continuously changed according to the optical
distance, the half bandwidth of the spectrum obtained by
synthesizing each spectrum can be wide, and the view angle
characteristics can be improved.

[0021] According to the third display unit of the embodi-
ment of the invention, in the at least two display devices that
are included in the adjacent pixels and have the same light
emitting wavelength of the light emitting layer among the
display devices, the optical distance between the firstend and
the second end of the resonator structure is different from
each other. Therefore, the peak wavelength of the spectrum of
the light to be extracted from the display device having the
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same light emitting wavelength can be varied, and the view
angle characteristics can be improved.

[0022] Further, inany of the first to the third display devices
or in any of the first to the third display units according to the
embodiments of the invention, it is not necessary to form the
structure having a possibility to scatter outside light such as a
concave face structure, a light diffusion layer, and a light
refraction layer on the transparent substrate that is used in the
related art. Therefore, there is no risk to cause deterioration of
the outside light contrast. Further, it is advantageous in the
view of the manufacturing cost as well.

[0023] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1isa view showing a configuration ofa display
unit according to a first embodiment of the invention;
[0025] FIG. 2 is a diagram showing an example of a pixel
driving circuit shown in FIG. 1;

[0026] FIG. 3isaplanview showing astructure ofa display
region shown in FIG. 1;

[0027] FIG. 4 is a plan view showing a structure of an
organic light emitting device shown in FIG. 3;

[0028] FIG. 5isa cross sectional structure showing a struc-
ture of the organic light emitting device shown in FIG. 3;
[0029] FIG. 6 is a diagram showing a spectrum of a reso-
nator filter when AL is changed,

[0030] FIG. 7 is a diagram showing luminance change
based on the view angle when AL is changed,

[0031] FIG. 8 is a diagram showing the color difference
Au'v' based on the view angle when AL is changed;

[0032] FIG. 9is a cross section showing another structure
of the organic light emitting device shown in FIG. 5;

[0033] FIGS. 10A and 10B are cross sections showing a
method of manufacturing the display unit shown in FIG. 1 in
the order of steps;

[0034] FIGS.11Aand 11B are cross sections showing steps
following FIG. 10B;

[0035] FIG. 12 is a cross section showing a step following
FIG. 11B;
[0036] FIG. 13 is a cross section showing a structure of an

organic light emitting device used for a display unit according
to a second embodiment of the invention;

[0037] FIG. 14 is a cross section showing a structure of an
organic light emitting device used for a display unit according
to a third embodiment of the invention;

[0038] FIG. 15 is a cross section showing another structure
of the organic light emitting device shown in FIG. 14;
[0039] FIG. 16 is a cross section showing a structure of an
organic light emitting device used for adisplay unit according
to a fourth embodiment of the invention;

[0040] FIG. 17 is a cross section showing another structure
of the organic light emitting device shown in FIG. 16;
[0041] FIG. 18 is a cross section showing still another
structure of the organic light emitting device shown in FIG.
16;

[0042] FIGS. 19A and 19B are cross sections showing a
method of manufacturing the display unit shown in FIG. 16 in
the order of steps;

[0043] FIGS.20A and 20B are cross sections showing steps
following FIG. 19B;
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[0044] FIGS. 21A and 21B are cross sections showing a
method of manufacturing the display unit shown in FIG. 17 in
the order of steps;

[0045] FIGS.22A and 22B are cross sections showing steps
following FIG. 21B;

[0046] FIG. 23 is a plan view showing a configuration of a
display unit according to a fifth embodiment of the invention;
[0047] FIG. 24 1s a cross section showing a structure of two
adjacent pixels shown in FIG. 23;

[0048] FIG.251s a cross section showing a structure of two
adjacent pixels of Modification 1;

[0049] FIGS. 26A and 26B are cross sections showing a
method of manufacturing a display unit shown in FIG. 25 in
the order of steps;

[0050] FIG. 27 is cross section showing a step following
FIG. 26B:;
[0051] FIG. 28is a cross section showing a structure of two

adjacent pixels of Modification 2;

[0052] FIGS. 29A and 29B are cross sections showing a
method of manufacturing a display unit shown in FIG. 28 in
the order of steps;

[0053] FIGS.30A and 30B are cross sections showing steps
following FIG. 29B;

[0054] FIG. 311s a cross section showing a structure of two
adjacent pixels of Modification 3;

[0055] FIG.32isaplanview showing a schematic structure
of a module including the display unit according to one of the
foregoing respective embodiments;

[0056] FIG. 33 is a perspective view showing an appear-
ance of Application example 1 of one display unit of the
foregoing respective embodiments;

[0057] FIG. 34A is a perspective view showing an appear-
ance viewed from the front side of Application example 2, and
FIG. 34B is a perspective view showing an appearance
viewed from the rear side of Application example 2;

[0058] FIG. 35 is a perspective view showing an appear-
ance of Application example 3;

[0059] FIG. 36 is a perspective view showing an appear-
ance of Application example 4;

[0060] FIG.37Aisafrontview of Application example 5 in
an open state,
[0061] FIG. 37B is a side view thereof, FIG. 37C is a front

view of Application example 5 in a closed state, FIG. 37D is
a left side view thereof, F1G. 37E is a right side view thereof,
FIG. 37F is a top view thereof, and FIG. 37G is a bottom view
thereof;

[0062] FIG. 38 is a plan view showing another example of
aplanshape of a firstregion and a second region of the organic
light emitting device shown in FIG. 2;

[0063] FIG.39isaplanview showing still another example
of aplan shape of the first region and the second region of the
organic light emitting device shown in FI1G. 2; and

[0064] FIG.40is aplan view showing still another example
of aplan shape of the first region and the second region of the
organic light emitting device shown in FIG. 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0065] Embodiments of the invention will be hereinafter
described in detail with reference to the drawings.
First Embodiment

[0066] FIG. 1 shows a configuration of a display unit using
an organic light emitting device according to a first embodi-
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ment of the invention. The display unit is used as an ultrathin
organic light emitting color display unit or the like. For
example, a display region 110 in which a plurality of organic
light emitting devices 10R, 10G and 10B described later are
arranged in a matrix state is formed on a substrate 11 made of
glass, a silicon (Si) wafer, a resin or the like. A signal line
driving circuit 120 and a scanning line driving circuit 130 that
are drivers for displaying an image are formed on the periph-
ery of the display region 110.

[0067] Inthe display region 110, a pixel driving circuit 140
is formed. FIG. 2 shows an example of the pixel driving
circuit 140. The pixel driving circuit 140 is formed in a layer
lower than a first electrode 15 described later. The pixel
driving circuit 140 s an active driving circuit having a driving
transistor Tr1, a writing transistor Tr2, a capacitor (retention
volume) Cs between the driving transistor Trl and the writing
transistor Tr2, and the organic light emitting device 10R (or
10G, 10B) serially connected to the driving transistor Trl
between a first power line (Vce) and a second power line
(GND). The driving transistor Trl and the writing transistor
Tr2 are formed of a general thin film transistor (IFT (Thin
Film Transistor)). The structure thereof is not particularly
limited, and may be, for example, inverted staggered type
(so-called bottom gate type) or co-planer type (top gate type).
[0068] In the pixel driving circuit 140, a plurality of signal
lines 120A are arranged in the column direction, and a plu-
rality of scanning lines 130A are arranged in the line direc-
tion. Each cross point between each signal line 120A and each
scanning line 130A corresponds to one of the organic light
emitting devices 10R, 10G and 10B (sub pixel). Each signal
line 120A is connected to the signal line driving circuit 120.
An image signal is supplied to a source electrode of the
writing transistor Tr2 from the signal line driving circuit 120
via the signal line 120A. Fach scanning line 130A is con-
nected to the scanning line driving circuit 130. A scanning
signal is sequentially supplied to a gate electrode of the writ-
ing transistor Tr2 from the scanning line driving circuit 130
via the scanning line 130A.

[0069] FIG. 3 shows an example of a plane structure of the
display region 110. In the display region 110, the organic light
emitting device 10R generating red light, the organic light
emitting device 10G generating green light, and the organic
light emitting device 10B generating blue light are sequen-
tially provided in a matrix state as a whole. A combination of
the organic light emitting devices 10R, 10G and 10B adjacent
to each other forms one pixel 10.

[0070] FIG. 4 shows a plane structure of the organic light
emitting devices 10R, 10G and 10B shown in F1G. 3. FIG. §
shows a cross sectional structure common to the organic light
emitting devices 10R, 10G and 10B. In the organic light
emitting devices 10R, 10G and 10B, the foregoing driving
transistor Trl of the pixel driving circuit 140, a planarizing
insulating film 13, a step forming layer 14, the first electrode
15 as an anode, an interelectrode insulting film 16, a distance
adjustment layer 17, an organic layer 18 including a light
emitting layer 18C described later, and a second electrode 19
as a cathode are layered in this order from the substrate 11
side. The light emitting layer 18C is divided into, for example,
a first region 21 in the central portion and a second region 22
in the right and left portions in the plane shape.

[0071] The organic light emitting devices 10R, 10G and
10B as above are coated with a protective film 30 made of
silicon nitride (SiNx) or the like. Further, a sealing substrate
50 made of glass or the like is bonded to the protective film 30
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with an adhesive layer 40 in between over the whole area, and
thereby the organic light emitting devices 10R, 10G and 10B
are sealed.

[0072] In the organic light emitting devices 10R, 10G and
10B, the first electrode 15 has a function as a reflective layer,
and the second electrode 19 has a function as a semi-trans-
parent reflective layer. The first electrode 15 and the second
electrode 19 form a resonator structure to resonate light gen-
erated in the light emitting layer 18C.

[0073] That is, the organic light emitting devices 10R, 10G
and 10B have the resonator structure in which the light gen-
erated in the light emitting layer 18C is resonated and
extracted from a second end P2 side, by setting an end face of
the first electrode 15 on the light emitting layer 18C side as a
first end P1, setting an end face of the second electrode 19 on
the light emitting layer 18C side as the second end P2, and
setting the organic layer 18 as a resonant portion. When the
organic light emitting elements 10R, 10G and 10B have such
a resonator structure, the light generated in the light emitting
layer 18C generates multiple interference, and operates as a
kind of a narrow band filter, so that the half bandwidth of a
spectrum of light to be extracted is decreased and the color
purity can be improved. Further, outside light that enters from
the sealing panel 50 side can be also attenuated by the mul-
tiple interference, and the reflectance of the outside light in
the organic light emitting devices 10R, 10G and 10B can be
extremely lowered by combining a color filter 51 described
later or a wave plate and a polarization plate (not shown).
[0074] The driving transistor Trl is electrically connected
to the first electrode 15 through a connection hole 13 A pro-
vided in the planarizing insulating film 13.

[0075] The planarizing insulating film 13 is intended to
planarize a surface of the substrate 11 formed with the pixel
driving circuit 140. Since the fine connection hole 13A is
formed in the planarizing insulating film 13, the planarizing
insulating film 13 is preferably made of a material with the
favorable pattern precision. As a component material of the
planarizing insulating film 13, for example, an organic mate-
rial such as polyimide, an inorganic material such as silicon
oxide (8i0,) or the like can be cited.

[0076] The step forming layer 14 is formed only in the
second region 22 over the substrate 11 and is used for forming
a step shape on the end face of the first electrode 15 on the
light emitting layer 18C side. The step forming layer 14 is
made of, for example, a simple substance or an alloy of metal
elements such as aluminum (Al), molybdenum (Mo), tita-
nium (Ti), chromium (Cr), gold (Au), platinum (Pt), nickel
(Ni), copper (Cw), tungsten (W), and silver (Ag). Further, the
step forming layer 14 may be formed of an insulating film
such as silicon oxide (Si0,) and silicon nitride (SiN,).
[0077] Since the first electrode 15 also has the function as
the reflective layer, the first electrode 15 desirably has the
high reflectance as long as possible to improve the light
emitting efficiency. The first electrode 15 has, for example,
the thickness in the lamination direction (hereinafter simply
referred to as thickness) from 100 nm to 1000 nm, and is made
of a simple substance or an alloy of metal elements such as
chromium (Cr), gold (Au), platinum (Pt), nickel (N1}, copper
(Cu), ungsten (W), and silver (Ag). Part of the first electrode
15 in the second region 22 is formed on the step forming layer
14. Thereby, the end face of'the first electrode 15 on the light
emitting layer 18C side, that is, the first end P1 of the fore-
going resonator structure has a step shape corresponding to
the step forming layer 14.
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[0078] The interelectrode insulating film 16 secures insu-
lation between the first electrode 15 and the second electrode
19, and is used for accurately obtaining a desired shape ofthe
light emitting region including the first region 21 and the
second region 22. For example, the interelectrode insulting
film 16 is made of a photosensitive resin. The interelectrode
insulating film 16 is provided with an opening corresponding
to the light emitting region. Though the organic layer 18 and
the second electrode 19 are continuously provided over the
interelectrode insulating film 16 in addition to over the first
region 21 and the second region 22, light is emitted only from
the opening of the interelectrode insulating film 16.

[0079] The distance adjustment layer 17 changes the opti-
cal distance between the first end P1 and the second end P2
according to the step shape. The distance adjustment layer 17
fills in the step shape of the first electrode 15, and has a flat
surface 17A onthe second electrode 19 side. That is, when the
distance adjustment layer 17 is provided, the second end P2 is
planarized, and the optical distance L1 between the first end
P1 and the second end P2 of the resonator in the first region 21
(hereinafter simply referred to as “optical distance L1 in the
first region 21”) is different from the optical distance [.2
between the first end P1 and the second end P2 of the reso-
nator in the second region 22 (hereinafter simply referred to
as “optical distance 1.2 in the second region 22”). Thereby, in
the organic light emitting devices 10R, 10G and 10B, the
resonant wavelength (peak wavelength of the spectrum of
light to be extracted) of the resonator in the first region 21 is
different from that in the second region 22, the half bandwidth
of a spectrum obtained by synthesizing each spectrum of the
light to be extracted respectively from the first region 21 and
the second region 22 is widened, and thus the view angle
characteristics can be improved.

[0080] To thatend, the optical distance L1 in the first region
21 and the optical distance [.2 in the second region 22 pref-
erably satisfy Mathematical formula 1.

L1=L,+AL

12=L, AL

(2L . A+ DI (2=

[0081] In the formula, L, represents the average optical
distance ofthe optical distance L1 in the first region 21 and the
optical distance .2 in the second region 22, ® represents the
sum of the phase shift @, ofthe reflected light generated at the
first end P1 and the phase shift ®, of the reflected light
generated at the second end P2 (=@, +®,) (rad), A repre-
sents the peak wavelength of the spectrum of the light desired
to be extracted from the second end P2 side, and m represents
an integer number when L, becomes positive. In Math-
ematical formula 1, the unit used for L1, 1.2, L___, and A
should be common, for example, nm is used.

[0082] InMathematical formula 1, the third formula for the
average optical distance L, 1s for matching the resonant
wavelength (peak wavelength of the spectrum of light to be
extracted) of the resonator with the peak wavelength of the
spectrum of the light desired to be extracted, and to maximize
the light extraction efficiency. In reality, for the average opti-
cal distance L, m of the third formula of Mathematical
formula 1 is preferably O or 1.

[0083] As evidenced by Mathematical formula 1, in this
embodiment, even when the order m is identical, the optical
distance L1 in the first region 21 can be different from the
optical distance [.2 in the second region 22. Therefore, for

Mathematical formula 1

aves
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example, where m is 1, it is possible to increase the thickness
of the organic layer 18, thereby decreasing non-light emitting
defect. In the result, both improvement of productivity and
favorable view angle characteristics can be achieved. On the
contrary, in the related art, Japanese Unexamined Patent
Application Publication No. 2006-32327, the order m is
respectively set to, for example, 0 and 1 to provide a differ-
ence between the respective optical distances. Therefore, the
organic layer in the region of m=0 becomes thinner than that
in the region of m=1, leading to easily increasing the non-
light emitting defect or the like. Further, the difference of the
optical distances between the case of m=0 and the case of
m=1 (IL2-L11) s large, for example, about 120 nm in the case
of blue by converting to the thickness of ITO (Indium Tin
Oxide) and the organic layer. Therefore, compared to the case
that the order m is identical, the process to form the step shape
has been more difficult.

[0084] AL in the first formula and the second formula of
Mathematical formula 1 is preferably within 5% of the aver-
age optical distance L, and more preferably within 2% to
5%. When AL is larger than 5%, the light extraction efficiency
may be largely decreased. Meanwhile, when AL is smaller
than 2%, it is difficult to obtain sufficient effects.

[0085] FIG. 6 shows a spectrum obtained by synthesizing
spectrums of respective resonator filters in the first region 21
and the second region 22 when AL is changed under condi-
tions that Mathematical formula 1 is established where m is 1.
The organic light emitting device has a structure in which a
hole injection layer being 95 nm thick, a hole transport layer
being 95 nm thick, a light emitting layer being 25 nm thick
generating green light, an electron transport layer being 20
nm thick, and the second electrode being 8 nm thick are
sequentially layered over the first electrode 15. The area ratio
between the first region 21 and the second region 22 is 1:1,
and the peak wavelength A of the spectrum of the light desired
to be extracted is 530 nm.

[0086] As shown in FIG. 6, when the AL is within £5% of
the average optical distance L, the half bandwidth of the
synthesized spectrum is wider than the case that the AL is
within +0% of the average optical distance L, , that is, the
case that the optical distance L1 in the first region 21 and the
optical distance L2 in the second region 22 are equal, or the
case that the AL is within 2% of the average optical distance
L,,.- Thatis, itis found that the resonator effects are modified.
[0087] FIG. 7 and FIG. 8 respectively show a relation
between the relative luminance in the case that the screen is
viewed at an angle of 45 deg (view angle: 45 deg) with respect
to the case that the screen is viewed from the front (field angle:
0 deg) and the thickness variation in the organic layer 18, and
arelation between the color difference Au'v' and the thickness
variation in the organic layer 18 when AL is changed under
conditions that Mathematical formula 1 is established where
m is 1. The structure of the organic light emitting device, the
area ratio between the first region 21 and the second region
22, and the peak wavelength A of the spectrum of the light
desired to be extracted are the same as those of the case shown
in FIG. 6.

[0088] As shown in FIG. 7, when the AL is within £5% of
the average optical distance L, the luminance change due
to the view angle is smaller than the case that the AL is within
+0% of the average optical distance L, or the case that the
AL is within £2% of the average optical distance L, . Fur-
ther, as shown in FIG. 8, when the AL is within +5% of the
average optical distance [ ,,,,, the maximum value of the color

aves’

Oct. 21,2010

difference Au'v' is decreased in the range that the thickness
variation in the organic layer 18 is 2% or more. That is, it is
found that the view angle characteristics can be improved.
[0089] Though the case of m=1 has been described in FIG.
6 to FIG. 8, similar effects can be obtained when m is other
value including 0.

[0090] The distance adjustment layer 17 may be provided
between the first electrode 15 and the second electrode 19.
The position and the component material are not particularly
limited. However, for example, the distance adjustment layer
17 is preferably provided between the first electrode 15 and
the organic layer 18, and is preferably made of the same
material as that of a hole injection layer 18A of the organic
layer 18 described later. Thereby, the distance adjustment
layer 17 can also function as the hole injection layer 18A.
Otherwise, the distance adjustment layer 17 may be provided
between the hole injection layer 18A of the organic layer 18
and the light emitting layer 18C of the organic layer 18, made
of the same organic material as that of a hole transport layer
18B, and function as the hole transport layer 18B. Further, as
shown in FIG. 9, the distance adjustment layer 17 may be
provided separately from the hole injection layer 18A or the
hole transport layer 18B.

[0091] Theorganiclayer 18 shown in FIG. 5 has, a structure
for example, in which the hole injection layer 184, the hole
transport layer 18B, the light emitting layer 18C, and an
electron transport layer 18D are layered from the first elec-
trode 15 side. Of the foregoing layers, the layers other than the
light emitting layer 18C may be provided according to needs.
Further, the organic layer 18 may have a structure varied
according to the light emitting color of the organic light
emitting devices 10R, 10G and 10B. The hole injection layer
18A is for improving the electron hole injection efficiency
and functions as a buffer layer to prevent leakage. The elec-
tron transport layer 18B is for improving efficiency to trans-
port electrons into the light emitting layer 18C. The light
emitting layer 18C is for generating light due to electron-hole
recombination by applying the electric field. The electron
transport layer 18D is for improving efficiency to transport
electrons into the light emitting layer 18C. It is possible to
provide an electron injection layer (not shown) made of LiF,
Li,O or the like between the electron transport layer 18D and
the second electrode 19.

[0092] The hole injection layer 18A of the organic light
emitting device 10R is, for example, from 5 nm to 300 nm
thick, and is made of 4,4, 4"-tris(3-methylphenylamino)
triphenyl amine (m-MTDATA) or 4.4', 4"-tris(2-naphth-
ylphenylamino)triphenyl amine (2-TNATA). The hole trans-
port layer 18B of the organic light emitting device 10R is, for
example, from 5 nm to 300 nm thick, and is made of bis[(N-
naphthyl)-N-phenyl|benzidine (a-NPD). The light emitting
layer 18C of the organic light emitting device 10R is, for
example, from 10 nm to 100 nm thick, and is made of a
material in which 40 volume % of 2,6-bis[4-[N-(4-metox-
yphenyl)-N-phenyl Jaminostyril [naphthalene-1,5-dicarboni-
trile (BSN-BCN) is mixed with 8-quinolinol aluminum com-
plex (Alg,). The electron transport layer 18D of the organic
light emitting device 10R is, for example, from 5 nm to 300
nm thick, and is made of Alg,.

[0093] The hole injection layer 18A of the organic light
emitting device 10G is, for example, from 5 nm to 300 nm
thick, and is made of m-MTDATA or 2-TNATA. The hole
transport layer 18B of the organic light emitting device 10G
is, for example, from 5 nm to 300 nm thick, and is made of
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a-NPD. The light emitting layer 18C of the organic light
emitting device 10G is, for example, from 10 nm to 100 nm
thick, and is made of a material in which 3 volume % of
coumarin 6 is mixed with Alq,. The electron transport layer
18D of the organic light emitting device 10G is, for example,
from 5 nm to 300 nm thick, and is made of Alg;.

[0094] The hole injection layer 18A of the organic light
emitting device 10B is, for example, from 5 nm to 300 nm
thick, and is made of m-MTDATA or 2-TNATA. The hole
transport layer 18B of the organic light emitting device 10B
is, for example, from 5 nm to 300 nm thick, and is made of
a-NPD. The light emitting layer 18C of the organic light
emitting device 10B is, for example, from 10 nm to 100 nm
thick, and is made of spiro 6@. The electron transport layer
18D of the organic light emitting device 10B is, for example,
from 5 nm to 300 nm thick, and is made of Alg.

[0095] The second electrode 19 shown in FIG. 5 is, for
example, from 5 nm to 50 nm thick, and is made of a simple
substance or an alloy of metal elements such as aluminum
(Al), magnesium (Mg), calcium (Ca), and sodium (Na). Spe-
cially, an alloy of magnesium and silver (MgAg alloy) or an
alloy of aluminum (Al) and lithium (Li) (AlL1 alloy) is pref-
erable.

[0096] The adhesive layer 40 shown in FIG. 5 is, for
example, made of a thermosetting resin or an ultraviolet cur-
able resin.

[0097] The sealing substrate 50 shown in FIG. 5 is located
on the second electrode 19 side of the organic light emitting
devices 10R, 10G and 10B. The sealing substrate 50 seals the
organic light emitting devices 10R, 10G and 10B together
with the adhesive layer 40 and is made of a material such as
glass transparent to light generated in the organic light emit-
ting devices 10R, 10G and 10B. The sealing substrate 50 is,
for example, provided with the color filter 51 and extracts the
light generated in the organic light emitting devices 10R, 10G
and 10B, absorbs outside light reflected by the organic light
emitting devices 10R, 10G and 10B and the wirings therebe-
tween, and improves the contrast.

[0098] Though the color filter 51 may be provided on either
side of the sealing substrate 50, the color filter 51 is preferably
provided on the organic light emitting devices 10R, 10G and
10B side. Thereby, the color filter 51 is not exposed on the
surface and can be protected by the adhesive layer 40. In
addition, in this case, the distance between the light emitting
layer 18C and the color filter 51 is reduced. Thereby, it is
possible to prevent the light emitted from the light emitting
layer 18C from entering the color filter 51 of other color and
generating mixed color. The color filter 51 has a red filter, a
green filter, and a blue filter (not shown). The red filter, the
green filter, and the blue filter are sequentially arranged
according to the organic light emitting devices 10R, 10G and
10B.

[0099] Thered filter, the green filter, and the blue filter are,
for example, respectively rectangle, and formed with no
space in between. The red filter, the green filter, and the blue
filter are respectively made of a resin mixed with a pigment.
The red filter, the green filter, and the blue filter are adjusted
so that the light transmittance in the targeted red, green, or
blue wavelength band becomes high and the light transmit-
tance in the other wavelength bands becomes low by selecting
the pigment.

[0100] Further, a wavelength range with the high transmit-
tance in the color filter 51 corresponds with the peak wave-
length A, of the spectrum of the light desired to be extracted
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from the resonator structure. Thereby, among the outside light
entering from the sealing substrate 50, only the light having
the wavelength equal to the peak wavelength A, of the spec-
trum of the light desired to be extracted passes the color filter
51, and other outside light having other wavelength is pre-
vented from entering the organic light emitting devices 10R,
10G and 10B.

[0101] The display unit can be manufactured, for example,
as follows.
[0102] FIG. 10A to FIG. 12 show a method of manufactur-

ing the display unit in the order of steps. First, as shown in
FIG. 10A, the pixel driving circuit 140 including the driving
transistor Trl is formed on the substrate 11 made of the
foregoing material. After that, the planarizing insulating film
13 is formed by, for example, coating the whole area with a
sensitive resin. Then, the planarizing insulating film 13 is
patterned in a given shape by providing exposure and devel-
opment. In addition, the connection hole 13A is formed and
fired.

[0103] Next, as shown in FIG. 10B, the step forming layer
14 made of the foregoing material is formed by, for example,
sputtering method. Subsequently, a resist pattern (not shown)
is formed on the step forming layer 14 by using lithography
method. The step forming layer 14 is selectively removed by
wet etching with the use of the resist pattern as a mask.
Thereby, the step forming layer 14 is formed only in the
second region 22.

[0104] After that, as shown in FIG. 11A, the first electrode
15 made of the foregoing material is formed by, for example,
sputtering method. Then, the first electrode 15 is selectively
removed by wet etching and separated according to each
organic light emitting device, 10R, 10G and 10B. Thereby,
the step shape as shown in FIG. 5 is formed on the top face of
the first electrode 15.

[0105] After the first electrode 15 is formed, as shown in
FIG. 11A, coating is made with a photosensitive resin over the
whole area of the substrate 11, and for example, photolithog-
raphy is made to provide an opening corresponding to the
light emitting region including the first region 21 and the
second region 22. The resultant is fired to form the interelec-
trode insulating film 16.

[0106] Afterthe interelectrode insulating film 16 is formed,
as shown in FIG. 11B, the distance adjustment layer 17 made
of the foregoing material is formed on the first electrode 15
by, for example, vacuum vapor deposition method. The dis-
tance adjustment layer 17 is heated to temperatures equal to or
more than the glass transition point of the component mate-
rial. Thereby, as shown in FIG. 12, the step shape of the first
electrode 15 is filled in by the distance adjustment layer 17,
and the top face 17A is planarized.

[0107] After the distance adjustment layer 17 is formed, the
hole injection layer 18A, the hole transport layer 18B, the
light emitting layer 18C, the electron transport layer 18D, and
the second electrode 19 that have the foregoing thickness and
are made of the foregoing material are sequentially formed
by, for example, vapor deposition method to form the organic
light emitting devices 10R, 10G, and 10B as shown in FIG. 5.
Since the step shape of the first electrode 15 has been filled in
by the distance adjustment layer 17 and the top face 17A has
been planarized, the end face of the second electrode 19 onthe
light emitting layer 18C side, that is, the second end P2 is
planarized. Subsequently, the protective film 30 made of the
foregoing material is formed on the organic light emitting
devices 10R, 10G and 10B.
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[0108] Further, for example, the sealing substrate 50 made
of the foregoing material is coated with a material of the red
filter by spin coat method or the like, the resultant is patterned
by photolithography technology and fired, and thereby thered
filter is formed. Subsequently, as in the red filter, the blue filter
and the green filter are sequentially formed.

[0109] After that, the adhesive layer 40 is formed on the
protective film 30, and the sealing substrate 50 is bonded to
the protective film 30 with the adhesive layer 40 in between.
Then, the face of the sealing substrate 50 formed with the
color filter 51 is preferably arranged on the organic light
emitting devices 10R, 10G and 10B side. Consequently, the
display unit shown in FIG. 3 is completed.

[0110] In the display unit obtained as above, a scanning
signal is supplied from the scanning line driving circuit 130 to
each pixel via the gate electrode of the writing transistor Tr2.
An image signal from the signal line driving circuit 120 is
retained in the retention capacity Cs via the writing transistor
Tr2. That 1s, the driving transistor Trl is on/off-controlled
according to the signal retained in the retention capacity Cs.
Thereby, the driving current Id is injected into the respective
organic light emitting devices 10R, 10G and 10B. In the
result, electron-hole recombination occurs, and thereby light
is emitted. The light is multiply reflected between the first
electrode 15 and the second electrode 19, and extracted
through the second electrode 19, the color filter 51, and then
the sealing substrate 50. In this embodiment, as shown in FIG.
5, the first end P1 of the resonator structure has the step shape.
The step shape is filled in by the distance adjustment layer 17
and planarized, and thereby the second end P2 is planarized.
In addition, the optical distance L1 in the first region 21 and
the optical distance L2 in the second region 22 are different
from each other. Therefore, the peak wavelength of the spec-
trum of the light to be extracted in the first region 21 is
different from that in the second region 22. In the result, the
spectrum of the light extracted in each device becomes a
resultant obtained by synthesizing each spectrum. The half
bandwidth ofthe spectrum thereof becomes wider than that in
the existing case that the optical distance is identical over the
entire device. That is, in this embodiment, the view angle
characteristics are improved.

[0111] As above, in this embodiment, the first end P1 of the
resonator structure has the step shape and the step shape is
filled in by the distance adjustment layer 17 and planarized,
and thereby the second end P2 is planarized. In addition, the
optical distance L1 in the first region 21 and the optical
distance .2 in the second region 22 are different from each
other. Therefore, the peak wavelength of the spectrum of the
light to be extracted from the first region 21 is different from
that from the second region 22. In the result, the half band-
width of the spectrum obtained by synthesizing each spec-
trum can be increased, and the view angle characteristics can
be improved. Further, it is not necessary to form the structure
for the transparent substrate such as a concave structure, a
light diffusion layer, and a light refraction layer that may
cause scattering of outside light. In the result, there is no risk
to cause deterioration of the outside light contrast. Further, it
is advantageous in the view of the manufacturing cost as well.
[0112] Furthermore, the transparent conductive film for
adjusting the optical distance becomes unnecessary. In the
result, there is no risk to cause non-light emitting defect or
lowering of the aperture ratio. Further, the complexed pat-
terning process for changing the thickness of the transparent
conductive film is not needed, and thus it is advantageous in
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the view of the manufacturing cost. Therefore, it is possible to
realize the display unit including the high-quality organic
light emitting devices 10R, 10G and 10B by the simple struc-
ture and the simple steps.

Second Embodiment

[0113] FIG. 13 shows a cross sectional structure of the
organic light emitting devices 10R, 10G and 10B of a display
unit according to a second embodiment of the invention. The
organic light emitting devices 10R, 10G and 10B of the dis-
play unit according to the second embodiment is the same as
those of the display unit described in the first embodiment,
except that an arrangement relation between the driving tran-
sistor Trl of the pixel driving circuit 140 and the first elec-
trode 15 is adjusted so that a step is formed on the interface of
the first electrode 15 on the light emitting layer 18C side, and
the step forming layer 14 is not provided. Therefore, a
description will be given by affixing the same symbols to the
same elements as those of the first embodiment.

[0114] The driving transistor Tr1 is provided in the second
region 22 on the substrate 11. By providing a sufficient large
step formed by the driving transistor Trl, a step reflecting the
driving transistor Tr1 is left on the surface of the planarizing
insulating film 13. Thereby, the end face of the first electrode
15 on the light emitting layer 18C side, that is, the first end P1
ofthe resonator structure can have a step shape corresponding
to the shape of the driving transistor Trl. Except for this, the
first electrode 15 is structured as in the first embodiment.
[0115] In FIG. 13, as the driving transistor Trl, a driving
transistor having inverted staggered type (so-called bottom
gate type) is shown. In the driving transistor Tr1, for example,
a gate electrode 151 made of a metal material such as molyb-
denum (Mo), aluminum (Al), and chromium (Cr) is provided
on the substrate 11. A gate insulating film 152 made of silicon
nitride or silicon oxide and a channel layer 153 made of a
semiconductor thin film such as amorphous silicon are
sequentially formed to cover the gate electrode 151. In the
central region of the channel layer 153 above the gate elec-
trode 151, an insulative channel protective film 154 is pro-
vided. In the both side regions of the channel layer 153 that
are exposed from the channel protective film 154, a source
electrode 155S and a drain electrode 155D made of an n-type
semiconductor thin film such as n-type amorphous silicon are
formed. The source electrode 155S and the drain electrode
155D are separated from each other by the channel protective
film 154. The source electrode 155S and the drain electrode
155D are respectively formed with a source wiring 156S and
a drain wiring 156D in which a titanium (Ti) layer, an alumi-
num (Al) layer, and a titanium (Ti) layer are sequentially
layered. Further, the entire surface of the resultant is covered
with a protective film 157 made of silicon nitride or the like.
A structure of the driving transistor Trl of the co-planer type
(so-called top gate type) driving transistor Trl is similar to
that of the inverted staggered type, except that the lamination
order of the elements are inversed as described above.
[0116] Theoptical distance L1 in the first region 21 and the
optical distance L2 in the second region 22 preferably satisfy
Mathematical formula 1 as in the first embodiment.

[0117] The display unit can be manufactured, for example,
as follows. First, the pixel driving circuit 140 1s formed on the
substrate 11. Then, the driving transistor Tr1 is formed in the
second region 22. That is, the gate electrode 151 made of the
foregoing material is formed by, for example, sputtering
method, and a given pattern is formed by, for example, pho-
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tolithography method and dry etching or wet etching. Next,
the gate insulating film 152 made of the foregoing material is
formed over the whole area of the substrate 11. Subsequently,
the channel layer 153, the channel protective film 154, the
source electrode 1558, the drain electrode 155D, the source
wiring 156S, and the drain wiring 156D are sequentially
formed in a given shape over the gate insulating film 152.
After that, the entire surface of the resultant is covered with
the protective film 157 made of the foregoing material, and
thereby the driving transistor Trl is formed.

[0118] After the pixel driving circuit 140 including the
driving transistor Trl is formed, as in the first embodiment,
the planarizing insulating film 13, the first electrode 15, the
interelectrode insulating film 16, the distance adjustment
layer 17, the organic layer 18, and the second electrode 19 are
sequentially formed. and the organic light emitting devices
10R, 10G and 10B are formed.

[0119] After that, the protective film 30 and the adhesive
layer 40 are formed on the organic light emitting devices 10R,
10G and 10B, and the sealing substrate 50 provided with the
color filter 51 is bonded thereto. Consequently, the display
unit shown in FIG. 13 is completed.

[0120] The operation of the display unit is similar to that of
the first embodiment.

[0121] As above, in this embodiment, by using the step
formed by the driving transistor Trl, the first end P1 of the
resonator structure has the step shape corresponding to the
shape of the driving transistor Trl. Therefore, in addition to
the effects similar to those of the first embodiment, there is an
advantage that it is not necessary to form the step forming
layer 14. In the result, the structure and the manufacturing
steps can be more simplified.

[0122] In this embodiment, the description has been given
ofthe case that the first electrode 15 is formed over the driving
transistor Tr1 and thereby the first end P1 is provided with the
step shape. However, instead of the driving transistor Trl, itis
possible that the first end P1 is provided with the step shape by
an arrangement relation between the retention capacity Cs or
the writing transistor Tr2 and the first electrode 15.

[0123] Further, it is possible that the wiring such as the
signal line 120A, the scanning line 130A, and the power line
is arranged in the second region 22 on the substrate 11, and the
first electrode 15 is formed thereon. In this case, when the
thickness of the wiring is thickened to further increase the
step, the wiring resistance is lowered, and thus it is advanta-
geous in the view of jumboizing the display unit. Otherwise,
the wiring may be multilayered to further increase the step. In
this case, the open area ratio can be improved, the current
density flowing into the organic light emitting devices 10R,
10G and 10B can be decreased, and thus the life can be
improved.

[0124] Further, it is possible that, when an auxiliary wiring
is formed to lower the resistance of the second electrode 19,
the first electrode 15 is formed on the auxiliary wiring and
thereby the first end P1 is provided with the step shape.
[0125] Further, in addition to the driving transistor Trl, the
wiring, or the auxiliary wiring of this embodiment, the step
forming layer 14 similar to that of the first embodiment may
be formed on the planarizing insulating film 13.

Third Embodiment

[0126] FIG. 14 shows a cross sectional structure of the
organic light emitting devices 10R, 10G and 10B of a display
unit according to a third embodiment of the invention. The
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organic light emitting devices 10R, 10G and 10B of the dis-
play unit according to the third embodiment are the same as
those of the display unit described in the first embodiment,
except that the step forming layer 14 is made of the same
material as that of the driving transistor Trl. Therefore, a
description will be given by affixing the same symbols to the
same elements as those of the first embodiment.

[0127] The step forming layer 14 is provided in the second
region 22 on the substrate 11. The step forming layer 14 is
made of the same material as that of the source wiring 156S
and the drain wiring 156D of the driving transistor Tr1. That
1s, the step forming layer 14 has a structure in which a tita-
nium (Ti) layer 166A, an aluminum (Al) layer 166B, a tita-
nium (T1) layer 166C, and the protective film 157 are layered
in this order.

[0128] The first electrode 15 is formed over the step form-
ing layer 14 with the planarizing insulating film 13 in
between. By providing a sufficient large step formed by the
step forming layer 14, a step reflecting the step forming layer
14 is left on the surface of the planarizing insulating film 13.
Thereby, the end face of the first electrode 15 on the light
emitting layer 18C side, that is, the first end P1 of the reso-
nator structure can have a step shape corresponding to the
shape of the driving transistor Trl. Except for such a struc-
ture, the first electrode 15 is structured as in the first embodi-
ment.

[0129] Theoptical distance L1 in the first region 21 and the
optical distance [.2 in the second region 22 preferably satisfy
Mathematical formula 1 as in the first embodiment.

[0130] The display unit of this embodiment can be manu-
factured as in the second embodiment, except that, for
example, when the driving transistor Trl of the pixel driving
circuit 140 is formed, the step forming layer 14 made of the
foregoing material having the foregoing lamination structure
1s formed in the second region 22 on the substrate 11.
[0131] The operation and the effect of the display unit are
similar to those of the second embodiment.

[0132] In this embodiment, the description has been given
of the case that the step forming layer 14 is made of the same
material and have the same lamination structure as that of the
source wiring 156S and the drain wiring 156D of the driving
transistor Trl. However, the step forming layer 14 may be
made of the same material and have the same lamination
structure as those of other layer of the driving transistor Trl.
For example, as shown in FIG. 15, the step forming layer 14
may be formed of a layer 161 made of the same material as
that of the gate electrode 151 of the driving transistor Trl, a
gate insulating film 122, a layer 163 made of the same mate-
rial as that of the channel layer 153, a layer 164 made of the
same material as that of the channel protective layer 154, a
layer 165 made of the same material as those of the source
electrode 1558 and the drain electrode 155D, and a layer 166
made ofthe same material as thatof the source electrode 156S
and the drain electrode 156D. By composing the step forming
layer 14 by using more layers of the driving transistor Trl, a
higher step can be formed.

[0133] Further, the step forming layer 14 may be made of
the same material and have the same lamination structure as
those of the retention capacity Cs or the writing transistor Tr2,
or the wiring such as the signal line 1204, the scanning line
130A, and the power line. Otherwise, the step forming layer
14 may be made of the same material and have the same
lamination structure as those of the auxiliary wiring for
decreasing the resistance of the second electrode 19.
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[0134] Further, in addition to the step forming layer 14 of
this embodiment, the step forming layer 14 similar to that of
the first embodiment may be formed on the planarizing insu-
lating film 13 to form a higher step.

Fourth Embodiment

[0135] Next, a description will be given of a display unit
according to a fourth embodiment of the invention. As shown
in FIG. 16, the display unit of the fourth embodiment is the
same as the display unit described in the first embodiment,
except that the first electrode 15 is formed on a convexocon-
cave structure 61 provided on the substrate 11.

[0136] The convexoconcave structure 61 is made of, for
example, a photosensitive resin, and has a convexoconcave
shape on the surface of the first electrode 15 side. The con-
vexoconcave structure 61 may be formed of one layer as
shown in FIG. 16. Otherwise, the convexoconcave structure
61 may be formed as shown in FIG. 17. In this case, the
convexoconcave structure 61 has a plurality of projections
61A and a covering layer 61B that covers the projection 61A.
The surface of the covering layer 61B on the first electrode 15
side has a convexoconcave shape corresponding to the pro-
jection 61A. The convexoconcave structure 61 may also func-
tion as the planarizing insulating film 13 described in the first
embodiment. Further, the convexoconcave structure 61 may
have a connection hole 61C.

[0137] The end face of the first electrode 15 on the light
emitting layer 18C side is the first end P1 having the continu-
ous convexoconcave shape corresponding to the convexocon-
cave structure 61. On the first electrode 15, the distance
adjustment layer 17 that fills in the convexoconcave shape
and has the flat surface 17A on the light emitting layer 18C
side is provided. Thus, the second end P2 is planarized, and
the optical distance L between the first end P1 and the second
end P2 is continuously changed according to the convexocon-
cave shape of the first end P1. Thereby, in the organic light
emitting devices 10R, 10G and 10B, the peak wavelength of
spectrums of light to be extracted is continuously changed
according to the optical distance L, the half bandwidth of the
spectrum obtained by synthesizing each spectrum is widened,
and thus the view angle characteristics can be improved.
[0138] The convexoconcave shape of the first end P1 is
preferably a convexoconcave shape having a super low angle
such as an average oblique angle of 2 deg or less. When the
convexoconcave shape has a large oblique angle, the outside
light scattering becomes large, causing a low contrast.
[0139] The distance adjustment layer 17 is made of the
same organic material as that of the hole injection layer 18A
or the hole transport layer 18B of the organic layer 18, for
example. The distance adjustment layer 17 may also function
as the hole injection layer 18 A or the hole transport layer 18B.
Further, as shown in FI1G. 18, the distance adjustment layer 17
may be provided separately from the hole injection layer 18A
or the hole transport layer 18B.

[0140] The display unit can be manufactured, for example,
as follows.
[0141] FIG. 19A to FIG. 20B show a method of manufac-

turing the display unit in the order of steps. The method shows
a case of forming the first electrode 15 on the single-layer
convexoconcave structure 61 as shown in FIG. 16.

[0142] First, as shown in FIG. 19A, a photosensitive resin
film 71 is formed by coating the substrate 11 formed with the
pixel driving circuit 140 including the driving transistor Trl
with a photosensitive resin.
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[0143] Next, as shown in FIG. 19B, the photosensitive resin
film 71 is exposed and developed by photolithography
method using, for example, a halftone reticle 72 or two pieces
of reticles to form the convexoconcave structure 61. Then, as
amethod to form the super low angle convexoconcave struc-
ture, for example, the pattern of the reticle used for exposure
may be finer than the resolution of a photolithography
machine. The method is not limited thereto, and other method
can be used. Further, when the convexoconcave structure 61
also functions as the planarizing insulating film 13, the con-
nection hole 61C may be formed concurrently.

[0144] Subsequently, as shown in FIG. 204, after the con-
vexoconcave structure 61 is fired, the first electrode 15 is
formed by, for example, sputtering method on the convexo-
concave structure 61. Thereby, the continuous convexocon-
cave shape corresponding to the convexoconcave structure 61
is formed on the end face of the first electrode 15 on the light
emitting layer 18C side. After that, as shown in FIG. 204,
coating is made with a photosensitive resin as in the first
embodiment, the resultant is formed by, for example, photo-
lithography method, and fired. Thereby, the interelectrode
insulating film 16 is formed.

[0145] After the interelectrode insulating film 16 is formed,
the distance adjustment layer 17 made of the foregoing mate-
rial is formed on the first electrode 15 by, for example,
vacuum vapor deposition method. The distance adjustment
layer 17 is heated to temperatures equal to or more than the
glass transition point of the component material of the dis-
tance adjustment layer 17. Thereby, as shown in FIG. 20B, the
surface 17A of the distance adjustment layer 17 on the light
emitting layer 18C is planarized.

[0146] After the distance adjustment layer 17 is formed, the
organic layer 18 and the second electrode 19 are sequentially
formed on the distance adjustment layer 17. Then, when the
distance adjustment layer 17 is made of the same material as
that of the hole injection layer 18A or the hole transport layer
18B, the hole injection layer 18A or the hole transport layer
18B can be formed again separately from the distance adjust-
ment layer 17. Otherwise, the hole injection layer 18 A and the
hole transport layer 18B may be omitted and only the light
emitting layer 18C and the electron transport layer 18D may
be formed.

[0147] After that, the protective film 30 and the adhesive
layer 40 are formed on the organic light emitting devices 10R,
10G and 10B. Then, the sealing substrate 50 provided with
the color filter 51 is bonded thereto. Consequently, the display
unit shown in FIG. 16 is completed.

[0148] Otherwise, the display unit can be manufactured as
follows.
[0149] FIG. 21A to FIG. 22B show another method of

manufacturing the display unit in the order of steps. The
method shows a case of forming the first electrode 15 on the
convexoconcave structure 61 in which the plurality of projec-
tions 61A are covered with the covering layer 61B as shown
in FIG. 17.

[0150] First, as shown in FIG. 21A, a photosensitive resin
film is formed by coating the substrate 11 formed with the
pixel driving circuit 140 including the driving transistor Trl
with a photosensitive resin. Next, the photosensitive resin
film is exposed and developed by photolithography method
by using, for example, a mask 81 to form and fire the projec-
tion 61A.
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[0151] Next, as shown in FIG. 21B, the substrate 11 formed
with the projection 61A is coated with a photosensitive resin
again, and thereby the projection 61A is covered with the
covering layer 61B.

[0152] Subsequently, as shown in FIG. 22 A, the connection
hole 61C is formed in the covering layer 61B by photolithog-
raphy method using, for example, a mask 82 and fired.
[0153] Subsequently, as shown in FIG. 22B, the first elec-
trode 15 is formed by, for example, sputtering method on the
convexoconcave structure 61. Thereby, the continuous con-
vexoconcave shape corresponding to the convexoconcave
structure 61 is formed on the end face of the first electrode 15
on the light emitting layer 18C side.

[0154] After that, as in the foregoing manufacturing
method, coating is made with a photosensitive resin, the
resultant is formed by, for example, photolithography
method, and fired. Therehby, the interelectrode insulating film
16 is formed. Subsequently, as in the foregoing manufactur-
ing method, the distance adjustment layer 17 1s formed on the
firstelectrode 15, the distance adjustment layer 17 is heated to
temperatures equal to or more than the glass transition point
of the component material of the distance adjustment layer
17. Thereby, the surface 17 A of the distance adjustment layer
17 on the light emitting layer 18C side is planarized.

[0155]  After the distance adjustment layer 17 is formed, as
in the foregoing manufacturing method, the organic layer 18
and the second electrode 19 are sequentially formed. After
that, the protective film 30 and the adhesive layer 40 are
formed on the organic light emitting devices 10R, 10G and
10B. Then, the sealing substrate 50 provided with the color
filter 51 is bonded thereto. Consequently, the display umt
shown in FIG. 17 is completed.

[0156] In this display unit, when a given voltage is applied
between the first electrode 15 and the second electrode 19,
light 1s emitted as in the first embodiment. The light is mul-
tiply reflected between the first electrode 15 and the second
electrode 19, and extracted from the second electrode 19 side.
In this embodiment, the first end P1 has the continuous con-
vexoconcave shape. The continuous convexoconcave shape
is filled in by the distance adjustment layer 17 and planarized.
Thereby, the optical distance L is continuously changed.
Therefore, the peak wavelength of spectrums of light to be
extracted is continuously changed according to the optical
distance L, the half bandwidth of the spectrum obtained by
synthesizing each spectrun is widened, and thus the view
angle characteristics are improved.

[0157] As above, in this embodiment, the first end P1 has
the continuous convexoconcave shape. The convexoconcave
shape is filled in by the distance adjustment layer 17 and
planarized. Thereby, the optical distance L is continuously
changed. Therefore, the peak wavelength of spectrums of the
light to be extracted is continuously changed according to the
optical distance L, and thus the view angle characteristics can
be improved.

[0158] Inthe foregoing first to fourth embodiments, regions
with the optical distance different from each other are pro-
vided in each organic light emitting device. Meanwhile, it is
also possible that an optical distance between adjacent
organic light emitting devices having the same color may be
different from each other. A description will be hereinafter
given of examples thereof.

Fifth Embodiment

[0159] FIG.23 shows an example of a plane structure of the
display region 110 of a display unit according to a fifth
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embodiment of the invention. In this display unit, organic
light emitting devices 10R1 and 10R2, which are respectively
included in adjacent pixels 101 and 102 and have the same
light emitting wavelength, have optical distances LR1 and
LR2 between the first end P1 and the second end P2 that are
different from each other.

[0160] Similarly, the optical distances LG1 and LG2 of
organic light emitting devices 10G1 and 10G2 are different
from each other, and the optical distances LB1 and LB2 of
organic light emitting devices 10B1 and 10B2 are different
from each other. Each internal portion of the organic light
emitting devices 10R1, 10R2, 10G1,10G2,10B1,10B2 isnot
separated into the first region 21 and the second region 22.
Thus, the optical distance in each device is identical. Thereby,
in the display unit, the peak wavelength of a spectrum of light
extracted from the organic light emitting devices 10R1 and
10R2 (or 10G1 and 10G2, or 10B1 and 10B2) with the same
light emitting wavelength can be different from each other.
Therefore, the view angle characteristics can be improved.

[0161] Thepixels 101 and 102 are arranged, for example, in
a checked pattern. However, the pixels 101 and 102 may be
linearly arrayed, or any other arrangement may be adopted as
long as there is no visual problem. In FI1G. 23, the pixel 101 is
meshed.

[0162] FIG. 24 shows a cross sectional structure of the
adjacent pixels 101 and 102. In the region of the pixel 102 of
the substrate 11, the step forming layer 14 is formed. The first
electrode 15 of the pixel 102 is formed on the step forming
layer 14. Thereby, a vertical interval is provided between the
first electrode 15 of the pixel 101 and the first electrode 15 of
the pixel 102. That is, each end face of the first electrode 15 on
the light emitting layer 18C side of the pixels 101 and 102 is
the first end P1 having the vertical interval corresponding to
the step forming layer 14. Further, on the first electrode 15,
the distance adjustment layer 17 that fills in the vertical inter-
val between each first electrode 15 of the pixels 101 and 102
and has the flat surface 17A on the second electrode 19 side is
provided. Thus, the second end P2 is planarized, and the
optical distance between the first end P1 and the second end
P2 is different according to the vertical interval between each
first electrode 15 of the pixels 101 and 102. Except for the
foregoing structure, the organic light emitting devices 10R1,
10R2, 10G1 and 10G2, 10B1 and 10B2 are structured as in
the first embodiment.

[0163] As in the first embodiment, the distance adjustment
layer 17 is made of the same organic material as that of the
hole injection layer 18A or a hole transport layer 18B of the
organic layer 18. The distance adjustment layer 17 may also
function as the hole injection layer 18 A or the hole transport
layer 18B as well. Further, though not shown, the distance
adjustment layer 17 may be provided separately from the hole
injection layer 18A or the hole transport layer 18B.

[0164] The optical distance LR1 in the organic light emit-
ting device 10R1 and the optical distance LR2 in the organic
light emitting device 10R2 preferably satisfy Mathematical
formula 2. The optical distance L.G1 in the organic light
emitting device 10G1 and the optical distance G2 in the
organic light emitting device 10G2 preferably satisfy Math-
ematical formula 3. The optical distance LB1 in the organic
light emitting device 10B1 and the optical distance LB2 inthe
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organic light emitting device 10B2 preferably satisfy Math-
ematical formula 4.

LRI=LR, +ALR
LR2=IR, ~ALR

(2LR ., )M/ (2)=m

[0165] Inthe formula, LR, represents the average optical
distance of the optical distance LR1 in the organic light emit-
ting device 10R1 and the optical distance LR2 in the organic
light emitting device 10R2, ® 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 (d=D, +D,) (rad), A represents the peak wavelength of
the spectrum of the light desired to be extracted from the
second end P2 side, and m represents an integer number when
LR,,, becomes positive. In Mathematical formula 2, the unit
used for LR1 and LR2, LR, ., and A should be common, for
example, nm is used.

Mathematical formula 2

LG1=LG,, +ALG

LG2=LG,

ave

-ALG

(2LG,, )+ D/Qn)=m

[0166] Inthe formula, LG,,, represents the average optical
distance of the optical distance LG1 in the organic light
emitting device 10G1 and the optical distance LG2 in the
organic light emitting device 10G2, @ 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 (0=®, +®,) (rad), i represents the peak
wavelength of the spectrum of the light desired to be extracted
from the second end P2 side, and m represents an integer
number when LG, becomes positive. In Mathematical for-
mula 3, the unit used for LG1 and LG2, LG, and A should
be common, for example, nm is used.

Mathematical formula 3

ave?’

LBI=LB, +ALB
LR2=LB, ~ALB

(2LB ., .)/ MO/ 21)=m Mathematical formula 4

[0167] Inthe formula, LB, represents the average optical
distance of the optical distance LB1 in the organic light emit-
ting device 10B1 and the optical distance LB2 in the organic
light emitting device 10B2, ® 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 (=D, +d,) (rad), A represents the peak wavelength of
the spectrum of the light desired to be extracted from the
second end P2 side, and m represents an integer number when
LB,,, becomes positive. In Mathematical formula 4, the unit
used for LB1 and LB2, LB,, ., and A should be common, for
example, nm is used.

[0168] Mathematical formula 2 to Mathematical formula 4
express Mathematical formula 1 for every light emitting color
(R, G, B). The meanings of the respective first, second, and
third formulas are similar to those of Mathematical formula 1.
[0169] The display unit can be manufactured as in the first
embodiment, except that the step forming layer 14 is formed
in the prospective region where the pixel 102 is to be formed.
[0170] Inthe display unit of this embodiment, when a given
voltage is applied between the first electrode 15 and the
second electrode 19, light is emitted as in the first embodi-
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ment. The light is multiply reflected between the first elec-
trode 15 and the second electrode 19, and extracted from the
second electrode 19 side. In this embodiment, the organic
light emitting devices 10R1 and 10R2, which are respectively
included in the adjacent pixels 101 and 102 and have the same
light emitting wavelength, have optical distances LR1 and
LR2 between the first end P1 and the second end P2 that are
different from each other. Therefore, the peak wavelength of
a spectrum of light to be extracted from the organic light
emitting devices 10R1 and 10R2 is different from each other.
In the result, when the organic light emitting devices 10R1
and 10R2 concurrently emit light, as in the first embodiment,
the half bandwidth of the synthesized spectrum is widened,
and the view angle characteristics are improved. Such effects
can be similarly obtained for the organic light emitting
devices 10G1 and 10G2, and the organic light emitting
devices 10B1 and 10B2.

[0171] As above, in this embodiment, the organic light
emitting devices 10R1 and 10R2 (or 10G1 and 10G2, or 10B1
and 10B2), which are included in the adjacent pixels 101 and
102 and have the same light emitting wavelength, have optical
distances LR1 and LR2 (or LG1 and LG2, or LB1 and L.B2)
between the first end P1 and the second end P2 that are
different from each other. Therefore, the peak wavelength of
the spectrum of the light to be extracted from the devices
having the same light emitting wavelength can be different
from each other. In the result, the view angle characteristics
can be improved.

[0172] In the foregoing embodiment, the description has
been given of the case that the optical distance LR1/LG1/LB1
is set different from the optical distance LR2/1.G2/1.B2 by
using the step forming layer 14 and the distance adjustment
layer 17 as in the first embodiment. However, it is also pos-
sible that the optical distance LR1/LG1/LB1 is set different
from the optical distance LR2/L.G2/L.B2 by using a step
formed by the driving transistor Tr1, the wiring or the like as
in the second or the third embodiment.

[0173] A description will be hereinafter given of Modifica-
tion 1 to Modification 3 of the fifth embodiment in which the
optical distance LR1/L.G1/LB1 is set different from the opti-
cal distance LR2/LG2/LB2 by using other structure. In the
Modifications 1 to 3, the optical distance LR1/LG1/LB1 is set
different from the optical distance LR2/L.G2/L.B2 by using
the difference of the structure of the first electrode 15, or the
difference of the thickness of the organic layer 18.

Modification 1

[0174] FIG. 25 shows a cross sectional structure of the
pixels 101 and 102 according to Modification 1. In the first
electrode 15 of the display device of the Modification 1, a
reflective electrode 15A made of an alloy including silver
(Ag) and a transparent electrode 15B are layered in this order
from the substrate 11 side. In this case, the transparent elec-
trode 15B of the pixel 101 has a structure in which a lower
layer 15BB made of a polycrystal ITO and an upper layer
15BT made of amorphous ITO or 1ZO are layered in this
order. The transparent electrode 15B of the pixel 102 has only
the lower layer 15BB.

[0175] The display unit can be manufactured, for example,
as follows.
[0176] FIG. 26A to FIG. 27 show a method of manufactur-

ing the display unit in the order of steps. First, as shown in
FIG. 26A, the pixel driving circuit 140 including the driving
transistor Trl and the planarizing insulating film 13 are
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formed on the substrate 11 made of the foregoing material as
in the first embodiment. After that, the reflective electrode
15A and the transparent electrode 15B including the lower
layer 15BB and the upper layer 15BT that are made of the
foregoing material are sequentially formed by, for example,
sputtering method.

[0177] Next, on the upper layer 15BT, a resist pattern (not
shown) is formed by using, for example, lithography method.
As shown in FIG. 26B, the upper layer 15BT of'the pixel 102
is selectively removed by wet etching with the use of the resist
pattern as a mask. Then, for example, when the lower layer
15BB is made of polycrystal ITO and the upper layer 15BT is
made of amorphous ITO or 1Z0, and when a mixture of
phosphoric acid, nitric acid, and acetic acid is used as a wet
etchant, only the upper layer 15BT can be selectively
removed by using the wet etching selectivity between amor-
phous ITO or IZO and polycrystal ITO.

[0178] Further, as shown in FIG. 27, the transparent elec-
trode 15B and the reflective electrode 15A are selectively
removed by, for example, dry etching, and separated to each
organic light emitting device, 10R, 10G and 10B. Thereby,
the first electrode 15 as shown in FIG. 25 is formed.

[0179] After that, the interelectrode insulating film 16 (re-
fer to F1G. 5) is formed between first electrodes 15. Then, the
hole injection layer 18A, the hole transport layer 18B, the
light emitting layer 18C, the electron transport layer 18D, and
the second electrode 19 that have the foregoing thickness and
are made of the foregoing material are sequentially formed
by, for example, vapor deposition method to form the organic
light emitting devices 10R, 10G and 10B as shownin FI1G. 25.
Subsequently, the protective film 30 and the adhesive layer 40
are formed on the organic light emitting devices 10R, 10G
and 10B, and the sealing substrate 50 provided with the color
filter 51 is bonded thereto. Consequently, the display unit
shown in FIG. 25 is completed.

Modification 2

[0180] FIG. 28 shows another example of the structure of
the first electrode 15. The first electrode 15 of this modifica-
tion has a lamination structure in which the reflective elec-
trode 15A and the transparent electrode 15B are alternately
layered. The first electrode 15 of the pixel 101 has a structure
in which a first reflective electrode 15A1 made of an alloy
including silver (Ag), a first transparent electrode 15B1 made
of polycrystal ITO, a second reflective electrode 15A2 made
of an alloy including silver (Ag), a second transparent elec-
trode 15B2 made of polycrystal ITO are layered in this order
from the substrate 11 side. The first electrode 15 of the pixel
102 has a structure in which the first reflective electrode 15A1
and the first transparent electrode 15B1 are layered in this
order from the substrate 11 side. The thickness of the first
transparent electrode 15B1 and the second transparent elec-
trode 15B2 is different according to the optical distances
LR1, LG1. LB1 and the optical distances LR2, LG2, LB2.
The second transparent electrode 15B2 is thicker than the first
transparent electrode 15B1. The position of a first end P11 in
the pixel 101 is the end face of the second reflective electrode
15A2 on the light emitting layer 18C side. The position of a
first end P12 in the pixel 102 is the end face of the first
reflective electrode 15A1 on the light emitting layer 18C side.

[0181] The display unit can be manufactured, for example,
as follows.
[0182] FIG. 29A to FIG. 30B show a method of manufac-

turing the display unit in the order of steps. First, as shown in
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FIG. 29A, after the pixel driving circuit 140 including the
driving transistor Tr1 and the planarizing insulating layer 13
are formed on the substrate 11 made of the foregoing material
as in the first embodiment, the first reflective electrode 15A1,
the first transparent electrode 15B1, the second reflective
electrode 15A2, and the second transparent electrode 15B2
that are made of the foregoing material are respectively
formed by, for example, sputtering method. Then, for
example, the first transparent electrode 15B1 is made of poly-
crystal ITO, and the second reflective electrode 15A2 is made
of the alloy including silver (Ag), respectively.

[0183] Next, on the second transparent electrode 15B2, a
resist pattern (not shown) is formed by using, for example,
lithography method. As shown in FIG. 29B, the second trans-
parent electrode 15B2 and part of the second reflective elec-
trode 15A2 in the thickness direction in regions other than the
pixel 101 are selectively removed.

[0184] Further, as shown in FIG. 30A, the remaining por-
tion of the second reflective electrode 15A2 in the thickness
direction is selectively removed by wet etching using, for
example, a mixture of phosphoric acid, nitric acid, and acetic
acid as a wet etchant to expose the first transparent electrode
15B1. Then, only the second reflective electrode 15A2 can be
removed by using the wet etching selectivity between 1TO
and the alloy including silver (Ag).

[0185] Subsequently. as shown in FIG. 30B, the first trans-
parent electrode 15B1 and the first reflective electrode 15A1
are removed by, for example, dry etching and separated to
each organic light emitting device, 10R, 10G and 10B.
Thereby, the first electrode 15 as shown in FIG. 28 is formed.
[0186] After that, the interelectrode insulating film 16 (re-
fer to FIG. 5) is formed between first electrodes 15. Then, as
in the foregoing method, the hole injection layer 18 A, the hole
transport layer 18B, the light emitting layer 18C, the electron
transport layer 18D, and the second electrode 19 are sequen-
tially formed to form the organic light emitting devices 10R,
10G and 10B as shown in FIG. 28. After that, the protective
film 30 and the adhesive layer 40 are formed on the organic
light emitting devices 10R, 10G and 10B, and the sealing
substrate 50 provided with the color filter 51 is bonded
thereto. Consequently, the display unit shown in FIG. 28 is
completed.

Modification 3

[0187] FIG. 31 shows a cross sectional structure of the
pixels 101 and 102 according to the Modification 3. In the
display unit of the Modification 3, the thickness ofthe organic
layer 18 of the pixel 101 s thicker than that of the pixel 102.
In this case, for example, one or more layers out of the hole
injection layer 18A, the hole transport layer 18B, the light
emitting layer 18C, and the electron transport layer 18D may
be changed. In particular, the thickness of the hole injection
layer 18A or the hole transport layer 18B is preferably
changed, since these layers have the high carrier mobility and
the small voltage dependence degree on the thickness. In
general, when the thickness of the light emitting layer 18C or
the electron transport layer 18D is changed, its effects on the
driving voltage of the device are large, that is, the voltage
becomes high in the thick region and low in the thin region,
leading to unevenness in the light emitting luminance.

[0188] Asacomponent material of the hole injection layer
18A, in general, a phthalocyanine compound, an amine com-
pound, an azaaryl compound or the like can be cited. When
the thickness of the organic layer 18 of the pixel 101 is
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different from that of the pixel 102, an azaanthracene deriva-
tive, an azatriphenylene derivative or the like as an azaaryl
compound is preferable.

[0189] The display unit can be manufactured, for example,
as follows. First, the pixel driving circuit 140 including the
driving transistor Tr1, the planarizing insulating film 13, the
first electrode 15, and the interelectrode insulating film 16
that are made of the foregoing materials are formed over the
substrate 11 as in the first embodiment.

[0190] Next, theholeinjectionlayer 18A, the hole transport
layer 18B, the light emitting layer 18C, the electron transport
layer 18D, and the second electrode 19 are sequentially
formed over the first electrode 15. Then, the thickness of the
organic layer 18 of the pixel 101 is different from that of the
pixel 102. As a method to form the organic layer 18 with
various thicknesses, one of general methods used for forming
the organic layer 18 such as vapor deposition method using a
mask, inkjet method, laser transfer, and printing method can
be used.

[0191] Subsequently, the protective film 30 and the adhe-
sive layer 40 are formed on the organic light emitting devices
10R, 10G and 10B, and the sealing substrate 50 provided with
the color filter 51 is bonded thereto. Consequently, the display
unit shown in FIG. 31 is completed.

MODULE AND APPLICATION EXAMPLE

[0192] Application examples of the display unit herein-
above described in the first to fifth embodiments will be
hereinafter described. The display units of the foregoing
respective embodiments can be applied as a display unit of
electronic devices in any field for displaying a video signal
inputted from outside or a video signal created inside as an
image or a video, such as a TV apparatus, a digital camera, a
notebook personal computer, a mobile terminal such as a
cellular phone, and a video camera.

Module

[0193] The display unit according to the foregoing respec-
tive embodiments is, for example, as the module shown in
FIG. 32, incorporated into various electronic devices such as
after-mentioned Application examples 1 to 5. In the module,
for exaniple, a region 210 exposed from the sealing substrate
50 and the adhesive layer 40 is provided at one side of the
substrate 11, and the wiring of the signal line driving circuit
120 and the scanning line driving circuit 130 is extended to
the exposed region 210 to form an external connection termi-
nal (not shown). The external connection terminal may be
provided with a flexible printed (FPC) wiring substrate 220
for inputting and outputting a signal.

Application Example 1

[0194] FIG. 33 shows an appearance of a TV apparatus to
which the display unit of the foregoing respective embodi-
ments is applied. The television apparatus has, for example, a
video display screen 300 including a front panel 310 and a
filter glass 320. The video display screen 300 is formed of the
display unit according to the foregoing embodiments.

Application Example 2

[0195] FIGS. 34A and 34B show an appearance of a digital
camera to which the display unit of the foregoing respective
embodiments is applied. The digital camera has, for example,
a light emitting portion for flash 410, a display 420, a menu
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switch 430, and a shutter button 440. The display 420 is
formed of the display unit according to the foregoing embodi-
ments.

Application Example 3

[0196] FIG. 35 shows an appearance of a notebook per-
sonal computer to which the display unit of the foregoing
respective embodiments is applied. The notebook personal
computer has, for example, a body 510, a keyboard 520 for
inputting characters and the like, and a display 530 for dis-
playing an image. The display 530 is formed of the display
unit according to the foregoing embodiments.

Application Example 4

[0197] FIG. 36 shows an appearance of a video camera to
which the display unit of the foregoing respective embodi-
ments is applied. The video camera has, for example, a body
610, a lens for shooting an object 620 provided on the front
side face of the body 610, a start/stop switch 630 in shooting
the object, and a display 640. The display 640 is formed of the
display unit according to the foregoing embodiments.

Application Example 5

[0198] FIGS. 37A to 37F show an appearance of a cellular
phone to which the display unit of the foregoing respective
embodiments is applied. The cellular phone has a structure in
which, for example, an upper housing 710 and a lower hous-
ing 720 are connected through a connection part (hinge) 730.
The cellular phone has a display 740, a sub display 750, a
picture light 760, and a camera 770. The display 740 or the
sub display 750 is formed of the display unit according to the
foregoing embodiments.

[0199] While the invention has been described with refer-
ence to the embodiments, the invention is not limited to the
foregoing embodiments, and various modifications may be
made. For example, in the foregoing first to third embodi-
ments, the case in which the light emitting layer 18C is
divided into the central first region 21 and the right and left
second region 22 in the plane shape has been described.
However, as shown in FIG. 38, the light emitting layer 18C
may be divided into the right side half second region 22 and
the left side half first region 21 in the plane shape. Otherwise,
as shown in FIG. 39, the light emitting layer 18C may be
divided into the upper side half first region 21 and the lower
side half second region 22. Otherwise, as shown in FIG. 40,
the light emitting layer 18C may be divided by a diagonal
borderline. That is, the first region 21 and the second region
22 may be defined in any fashion as long as there is no
problem visually.

[0200] Further, the step forming layer 14 is not necessarily
formed only on part of the substrate 11, and may be formed
over the whole area of the substrate 11. In this case, by
changing the thickness of the step forming layer 14, a step can
be formed on the end face of the first electrode 15 on the light
emitting layer 18C side.

[0201] Further, in the foregoing fourth embodiment, the
case in which the first end P1 has the continuous convexo-
concave shape has been described. However, it is enough that
at least one of the first end P1 and the second end P2 has the
continuous convexoconcave shape.

[0202] In addition, the organic light emitting devices 10R,
10G and 10B are not necessarily divided into two regions of
the first region 21 and the second region 22, but may be
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divided into three regions or more. In this case, it is enough
that at least two regions thereof have the optical distance
different from each other.

[0203] Furthermore, for example, the material, the thick-
ness, the film-forming method, the film-forming conditions
and the like of each layer are not limited to those described in
the foregoing embodiments, but other material, other thick-
ness, other film-forming method, and other film-forming con-
ditions may be adopted. For example, in the foregoing
embodiments, the description has been given of the case in
which the first electrode 15, the organic layer 18, and the
second electrode 19 are sequentially layered from the sub-
strate 11 side over the substrate 11, and light is extracted from
the sealing substrate 50 side. However, it is possible that the
lamination order is reversed, that is, the second electrode 19,
the organiclayer 18, and the first electrode 15 are sequentially
layered from the substrate 11 side over the substrate 11, and
light is extracted from the substrate 11 side.

[0204] In addition, for example, in the foregoing embodi-
ments, the description has been given of the case in which the
first electrode 15 is an anode and the second electrode 19 is a
cathode. However, it is possible that the polarity is reversed,
that 1s, the first electrode 15 is a cathode and the second
electrode 19 is an anode. Further, it is possible that the first
electrode 15 is a cathode and the second electrode 19 is an
anode, the second electrode 19, the organic layer 18, and the
first electrode 15 are sequentially layered from the substrate
11 side over the substrate 11, and light is extracted from the
substrate 11 side.

[0205] Furthermore, in the foregoing embodiments, the
structures of the organic light emitting devices 10R, 10G and
10B are described with the specific examples. However, it is
not always necessary to provide all layers, and other layer
may be further provided. For example, it is possible to provide
a hole injection thin film layer made of chromium oxide (I11)
(Cr,0,),ITO (Indium-Tin Oxide: oxide mixed film of indium
(In) and tin (Sn)) between the first electrode 15 and the
organic layer 18. Further, for example, the first electrode 15 or
the reflective electrode 15A may be formed of a dielectric
multilayer film.

[0206] In addition, in the foregoing embodiments, the
description has been given of the case that the second elec-
trode 19 is formed of the semi-transparent reflective layer.
However, the second electrode 19 may have a structure in
which a semi-transparent reflective layer and a transparent
electrode are sequentially layered from the first electrode 15
side. The transparent electrode is for decreasing the electric
resistance of the semi-transparent reflective layer, and is
made of a conductive material having sufficient translucency
for the light generated in the light emitting layer. As a material
for the transparent electrode, for example, ITO, or a com-
pound including indium, zinc (Zn), and oxygen is preferable.
Thereby, favorable conductivity can be obtained even when
deposition is made at room temperatures. The thickness of the
transparent electrode can be, for example 30 nm to 1000 nm.
In this case, it is possible to form a resonator structure in
which the semi-transparent reflective layer is set as one end,
the other end is set at the position opposing to the semi-
transparent electrode with the transparent electrode in
between, and the transparent electrode is set as a resonator
portion. Further, when such a resonator structure is provided,
it is preferable that the organic light emitting devices 10R,
10G and 10B are covered with the protective film 30, and the
protective film 30 is made of a material having the refractive
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index similar to that of the material composing the transparent
electrode, since thereby the protective film 30 can be part of
the resonator.

[0207] Further, the embodiments of the invention can be
applied to the case that the second electrode 19 is formed of a
transparent electrode, the reflectance of the end face of the
transparent electrode on the opposite side of the organic layer
18 is large, and a resonator structure in which the end face of
the first electrode 15 on the light emitting layer 18C side is the
first end and the end face of the transparent electrode on the
other side of the organic layer is the second end. For example,
it is possible that the transparent electrode is contacted to an
atmospheric layer, the reflectance of the boundary face
between the transparent electrode and the atmospheric layer
is increased, and the boundary face is set as the second end.
Otherwise, it is possible that the reflectance of the boundary
face with the adhesive layer is increased, and the boundary
face is set as the second end. Otherwise, it is possible that the
organic light emitting devices 10R, 10G and 10B are covered
with the protective film 30, the reflectance of the boundary
face with the protective film 30 is increased, and the boundary
face is set as the second end.

[0208] In addition, in the foregoing embodiments, the
description has been given of the active matrix display unit.
However, the embodiments of the invention can be applied to
a passive matrix display unit. Furthermore, the structure of
the pixel driving circuit for the active matrix driving is not
limited to the structure described in the foregoing respective
embodiments. If necessary, a capacity device or a transistor
may be added. In this case, according to the change of the
pixel driving circuit, a necessary driving circuit may be added
in addition to the foregoing signal driving circuit 120 and the
scanning line driving circuit 130.

[0209] 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. A display device comprising:

a first electrode;

an organic layer including a light emitting layer; and

a second electrode sequentially over a substrate, and hav-

ing a resonator structure in which light generated in the
light emitting layer is resonated between a first end and
a second end,

wherein

an end face of the first electrode on the light emitting layer

side 1s the first end having a step shape, and

a distance adjustment layer that fills in the step shape and

has a flat surface on the second electrode side is provided
between the first electrode and the second electrode, and
thereby the second end is planarized, and an optical
distance between the first end and the second end is
varied according to the step shape.

2. The display device according to claim 1, wherein the
distance adjustment layer is made of the same material as a
material of one layer of the organic layer.

3. The display device according to claim 1, wherein a step
forming layer is formed in a partial region of the substrate,

part of the first electrode is formed on the step forming

layer, and

the first end has a step shape corresponding to the step

forming layer.
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4. The display device according to claim 1, wherein a pixel
driving circuit including a thin film transistor and a wiring is
provided on the substrate,

part of the first electrode is formed on at least one of the thin
film transistor and the wiring, and

the first end has a step shape corresponding to at least one
shape of the thin film transistor and the wiring.

5. The display device according to claim 3, wherein a pixel
driving circuit including a thin film transistor and a wiring is
provided on the substrate, and

the step forming layer is made of the same material as a
material of at least one of the thin film transistor and the
wiring.

6. A display unit comprising:

a display device that includes a first electrode, an organic
layer including a light emitting layer, and a second elec-
trode sequentially over a substrate, and has a resonator
structure in which light generated in the light emitting
layer is resonated between a first end and a second end,

wherein

an end face of the first electrode on the light emitting layer
side is the first end having a step shape, and

a distance adjustment layer that fills in the step shape and
has a flat surface on the second electrode side is provided
between the first electrode and the second electrode, and
thereby the second end is planarized, and an optical
distance between the first end and the second end is
varied according to the step shape.

7. The display unit according to claim 6, wherein the dis-
tance adjustment layer is made of the same material as a
material of one layer of the organic layer.

8. The display unit according to claim 6, wherein a step
forming layer is formed in a partial region of the substrate,

part of the first electrode is formed on the step forming
layer, and

the first end has a step shape corresponding to the step
forming layer.

9. The display unit according to claim 6, wherein a pixel
driving circuit including a thin film transistor and a wiring is
provided on the substrate,

partofthe first electrode is formed on at least one of the thin
film transistor and the wiring, and

the first end has a step shape corresponding to at least one
shape of the thin film transistor and the wiring.

Oct. 21,2010

10. The display unit according to claim 8, wherein a pixel
driving circuit including a thin film transistor and a wiring is
provided on the substrate, and

the step forming layer is made of the same material as a
material of at least one of the thin film transistor and the
wiring.

11. A display unit comprising;

a plurality of pixels including display devices that respec-
tively includes a first electrode, an organic layer includ-
ing alight emitting layer, and a second electrode sequen-
tially over a substrate, and has a resonator structure in
which light generated in the light emitting layer is reso-
nated between a first end and a second end, wherein

foratleast two display devices that are included in adjacent
pixels and have the same light emitting wavelength of
the light emitting layer among the display devices, an
optical distance between the first end and the second end
is different from each other.

12. The display unit according to claim 11, wherein a step

forming layer is formed in a partial region of the substrate,
one first electrode out of the two display devices is formed
on the step forming layer, and thereby a vertical interval
is provided between the one first electrode and the other
first electrode of the two display devices,

an end face of the first electrodes on the light emitting layer
side of the two display devices is the first end having the
vertical interval, and

a distance adjustment layer that fills in the vertical interval
and has a flat surface on the second electrode side is
provided between the first electrode and the second elec-
trode, and thereby the second end is planarized and an
optical distance between the first end and the second end
is varied according to the vertical interval.

13. The display unit according to claim 12, wherein the
distance adjustment layer is made of the same material as a
material of one layer of the organic layer.

14. The display unit according to claim 11, wherein the first
electrode has a lamination structure including a reflective
electrode and a transparent electrode, and

the two display devices have the transparent electrode with
a thickness different from each other, and have the
organic layer with a thickness equal to each other.

15. The display unit according to claim 11, wherein the two

display devices have the organic layer with a thickness dif-
ferent from each other.
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