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ELECTRONIC DEVICE , DISPLAY 
APPARATUS , PHOTOELECTRIC 

CONVERSION APPARATUS , ELECTRONIC 
APPARATUS , ILLUMINATION APPARATUS , 

AND MOVING OBJECT 

BACKGROUND OF THE DISCLOSURE 

[ 0007 ] Further , Japanese Patent Laid - Open No. 2007 
73608 describes the relation between the layer thickness of 
the organic layer in the pixel central area and the layer 
thickness of the organic layer in the pixel peripheral area , but 
does not describe , on a slope portion of the rib for dividing 
pixels , the layer thickness of the organic layer measured in 
a direction perpendicular to the slope portion . The control of 
the ratio of the thickness of the organic layer in the pixel 
central area to the thickness of the organic layer in the pixel 
peripheral area alone is insufficient for a reduction in the 
leakage current between the upper electrode and the lower 
electrode due to , on the slope portion of the rib for dividing 
pixels , the layer thickness of the organic layer measured in 
a direction perpendicular to the slope portion . 

Field of the Disclosure 

[ 0001 ] The present disclosure relates to an electronic 
device , a display apparatus , a photoelectric conversion appa 
ratus , an electronic apparatus , an illumination apparatus , and 
a moving object . 

SUMMARY OF THE DISCLOSURE Description of the Related Art 
[ 0002 ] As electronic devices including an organic layer , 
organic light emitting elements and organic photoelectric 
conversion elements have been proposed . Organic light 
emitting elements are elements that include an upper elec 
trode , a lower electrode , and an organic layer disposed 
therebetween , and are configured to excite an organic com 
pound included in the organic layer to thereby emit light . In 
recent years , electronic devices including an organic light 
emitting element have been attracting attention . In particu 
lar , display apparatuses are widely used . 
[ 0003 ] There are known modes of forming organic layers 
of organic light emitting elements : a mode of forming 
organic layers having different configurations for individual 
emission colors , and a mode of forming organic layers 
having the same configuration for different emission colors . 
In the mode of forming organic layers having the same 
configuration for different emission colors , an organic layer 
is typically formed so as to continuously extend for a 
plurality of light emitting elements . Even in the case of 
forming organic layers having different configurations for 
individual emission colors , some of the organic layers may 
be formed so as to continuously extend for a plurality of 
light emitting elements . 
[ 0004 ] However , in such a structure in which organic 
layers continuously extend for a plurality of light emitting 
elements and between a plurality of light emitting elements , 
current tends to leak via organic layers between adjacent 
light emitting elements . The leakage current between light 
emitting elements causes unintentional emission from light 
emitting elements . The unintentional emission from light 
emitting elements narrows color gamut , which indicates the 
display performance of the display apparatus . 
[ 0005 ] In a photoelectric conversion element including an 
organic layer , an organic photoelectric conversion layer is 
disposed so as to continuously extend to cover a plurality of 
lower electrodes . In this case , leakage current flows via the 
organic photoelectric conversion layer between the plurality 
of lower electrodes , which may result in generation of noise . 
[ 0006 ] When such an organic layer is formed as a thin 
layer , leakage current between the lower electrodes can be 
reduced . However , when the organic layer is thin , leakage 
current tends to flow between an upper electrode and a lower 
electrode . Japanese Patent Laid - Open No. 2007-73608 dis 
closes , in order to reduce short circuits between an upper 
electrode and a lower electrode , a display apparatus in which 
an organic layer has , in a pixel peripheral area near the rib 
for dividing pixels , a larger layer thickness than in a pixel 
central area . 

[ 0008 ] The present disclosure provides an electronic 
device including a plurality of first electrodes in which 
leakage current between the plurality of first electrodes is 
reduced , and leakage current between such a first electrode 
and a second electrode is reduced . 
[ 0009 ] An electronic device according to an embodiment 
of the present disclosure includes a first lower electrode ; a 
second lower electrode ; an upper electrode ; a functional 
layer disposed between each lower electrode and the upper 
electrode , and covering each lower electrode ; and an insu 
lating layer covering an edge of each lower electrode , and 
including a slope portion on each lower electrode , wherein 
each lower electrode includes a first region including the 
edge of the lower electrode and covered with the insulating 
layer , and a second region in contact with the functional 
layer , the functional layer is continuously disposed so as to 
cover the second region of the first lower electrode , the 
second region of the second lower electrode , and the insu 
lating layer covering the first lower electrode and the second 
lower electrode , the functional layer has , on the second 
region , a layer thickness smaller than a height from an upper 
surface of the first lower electrode to an upper surface of the 
insulating layer , and the functional layer on the slope portion 
of the insulating layer has a layer ickness of 20 nm or more 
in a direction perpendicular to a slope surface of the slope 
portion . 
[ 0010 ] Further features of the present disclosure will 
become apparent from the following description of example 
embodiments with reference to the attached drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0011 ] FIG . 1 is a schematic sectional view of the con 
figuration of an organic device according to a first example 
embodiment of the present disclosure . 
[ 0012 ] FIG . 2 is a schematic plan view of an example 
configuration of the organic device in FIG . 1 . 
[ 0013 ] FIG . 3 is a schematic view and circuit diagram of 
an example organic light emitting device according to an 
embodiment . 
[ 0014 ] FIG . 4 is a graph of the chromaticity of a red pixel 
to a ratio of the distance between openings of two adjacent 
first electrodes to the layer thickness of the organic layer on 
the first electrodes . 
[ 0015 ] FIG . 5A is an enlarged view of the schematic 
sectional view illustrating the configuration of the organic 
light emitting device according to the first embodiment of 
the present disclosure . FIG . 5B is an enlarged view of a 
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schematic sectional view illustrating the configuration of an 
organic light emitting device of a comparative example . 
[ 0016 ] FIG . 6 is an enlarged view of a schematic sectional 
view illustrating the configuration of an organic light emit 
ting device according to a second embodiment of the present 
disclosure . 
[ 0017 ] FIG . 7 illustrates members disposed in vapor depo 
sition simulation . 
[ 0018 ] FIG . 8 is a graph of the results of the vapor 
deposition simulation . 
[ 0019 ] FIG . 9 is a schematic view of an example of a 
display apparatus according to an embodiment . 
[ 0020 ] FIG . 10A is a schematic view of an example of an 
image pickup apparatus according to an embodiment . FIG . 
10B is a schematic view of an example of an electronic 
apparatus according to an embodiment . 
[ 0021 ] FIG . 11A is a schematic view of an example of a 
display apparatus according to an embodiment . FIG . 11B is 
a schematic view of an example of a foldable display 
apparatus . 
[ 0022 ] FIG . 12A is a schematic view of an example of an 
illumination apparatus according to an embodiment . FIG . 
12B is a schematic view of an example of an automobile 
including a vehicle illumination unit according to an 
embodiment . 
[ 0023 ] FIG . 13 is a graph of leakage current between an 
upper electrode and a lower electrode against the layer 
thickness of the thinnest portion of an organic layer on a 
slope portion measured in a direction perpendicular to the 
slope portion . 

DESCRIPTION OF THE EMBODIMENTS 

thickness of 20 nm or more , to thereby reduce leakage 
current between such a first electrode and the second elec 
trode . 
[ 0027 ] This effect of reducing leakage current provided by 
setting the thickness of the functional layer as described 
above is strong in the case where the functional layer has a 
layer thickness smaller than the height of insulating layers 
covering edges of the plurality of first electrodes , in other 
words , in the case where the functional layer is thin . The 
effect is also strong in the case where the functional layer is 
continuously formed for a plurality of elements , in other 
words , in the case where the functional layer is formed as a 
continuous layer . 
[ 0028 ] When the electronic device includes an organic 
light emitting element , by forming the functional layer , 
namely , the organic layer , so as to have a small layer 
thickness , light emission efficiency can be improved . This is 
achieved by a reduction in the amount of light absorbed by 
the organic layer . A distance L between a pair of electrodes 
of the organic light emitting element can satisfy Formula ( 1 ) 
below . When the organic light emitting element satisfies 
Formula ( 1 ) below , constructive optical interference 
between electrodes is caused , which results in a further 
increase in the light emission efficiency of the organic light 
emitting element . The light emission efficiency here can also 
be referred to as extraction efficiency . 

( 18 ) x ( - ( 20 / ) - 1 ) < L < ( 18 ) x ( - ( 20/1 ) +1 ) ( 1 ) 

[ 0029 ] In Formula ( 1 ) , 2. represents the wavelength of a 
maximum peak in an emission spectrum of light emitted 
from the light emitting layer included in the organic layer . 
The maximum peak is , among peaks in the emission spec 
trum , a peak having the highest intensity . The wavelength of 
this peak may be the shortest wavelength among peaks 
included in the emitted light . O represents a phase shift at an 
electrode . The phase shift occurs upon reflection of light . 
One of the first electrode and the second electrode may be 
a reflective electrode , and the other may be a light trans 
mission electrode . The light transmission electrode may be 
an electrode that transmits a portion of light and reflects the 
other portion of light . 
[ 0030 ] An element of an electronic device according to an 
embodiment of the present disclosure may be an organic 
light emitting element . When the element is an organic light 
emitting element , the functional layer may be an organic 
layer including a light emitting layer . Alternatively , the 
element may be a photoelectric conversion element . When 
the element is a photoelectric conversion element , the func 
tional layer may be an organic layer including a photoelec 
tric conversion layer . 
[ 0031 ] The first electrode includes a first region covered 
with an insulating layer and including an edge of the first 
region , and a second region not covered with the insulating 
layer and being in contact with the functional layer . The first 
region may surround the second region . 
[ 0032 ] In an organic light emitting device according to an 
embodiment of the present disclosure , an organic layer 4 can 
have , on the second region of each first electrode , a layer 
thickness of less than 100 nm . This tends to provide higher 
luminance , and provides a stronger effect of reducing leak 
age current between the first electrode and the second 
electrode due to the present disclosure . 
[ 0033 ] Hereinafter , specific examples of an electronic 
device according to an embodiment of the present disclosure 

[ 0024 ] An electronic device according to an embodiment 
of the present disclosure includes a first lower electrode ; a 
second lower electrode ; an upper electrode ; a functional 
layer disposed between each lower electrode and the upper 
electrode , and covering each lower electrode ; and an insu 
lating layer covering an edge of each lower electrode , and 
including a slope portion on each lower electrode , wherein 
each lower electrode includes a first region including the 
edge of the lower electrode and covered with the insulating 
layer , and a second region in contact with the functional 
layer , the functional layer is continuously disposed so as to 
cover the second region of the first lower electrode , the 
second region of the second lower electrode , and the insu 
lating layer covering the first lower electrode and the second 
lower electrode , the functional layer has , on the second 
region , a layer thickness smaller than a height from an upper 
surface of the first lower electrode to an upper surface of the 
insulating layer , and the functional layer on the slope portion 
of the insulating layer has a layer thickness of 20 nm or more 
in a direction perpendicular to a slope surface of the slope 
portion . 
[ 0025 ] An electronic device according to an embodiment 
of the present disclosure includes an element including a 
first electrode , a second electrode , a functional layer dis 
posed between the first electrode and the second electrode , 
and an insulating layer covering an edge of the first elec 
trode . 
[ 0026 ] As described above , in the electronic device 
including a plurality of first electrodes in which leakage 
current between the first electrodes is reduced , the functional 
layer on the slope portion of the insulating layer has a layer 
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will be described with reference to the attached drawings . In 
the following descriptions and drawings , constituent ele 
ments shared by a plurality of drawings are denoted by the 
same reference signs . Thus , after constituent elements 
shared by a plurality of drawings are described , descriptions 
of the constituent elements denoted by the same reference 
signs will be appropriately omitted . 

First Example Embodiment 
[ 0034 ] A first embodiment relates to an example in which 
the electronic device is an organic light emitting device . 
FIG . 1 is a schematic sectional view of an organic light 
emitting device 100 according to the first embodiment of the 
present disclosure . FIG . 2 is a top view of the organic light 
emitting device 100. A section taken along line 1 - I in FIG . 2 
corresponds to FIG . 1. Three elements 10 constitute a single 
pixel . In this embodiment , such pixels are arranged in a delta 
array serving as a non - limiting example . Alternatively , the 
pixels may be arranged in a stripe array or a square array . 
[ 0035 ] The organic light emitting device 100 includes a 
substrate 1 and a plurality of light emitting elements 10 
disposed on the upper surface ( first surface ) of the substrate 
1. FIG . 1 illustrates , among the plurality of light emitting 
elements 10 included in the organic light emitting device 
100 , three light emitting elements 10R , 10G , and 10B . The 
symbol “ R ” of 10R means that the element is configured to 
emit red light . Similarly , 10G and 10B respectively denote 
elements configured to emit green light and blue light . In this 
Specification , in the case of referring to , among the plurality 
of light emitting elements 10 , a specific light emitting 
element , the reference number 10 is suffixed with a reference 
character , for example , a light emitting element 10 “ R ” ; 
alternatively , in the case of generally referring to any light 
emitting element 10 , the element is simply referred to as a 
light emitting element “ 10 ” . The same applies to other 
constituent elements . 
( 0036 ] The plurality of light emitting elements 10 include , 
in ascending order from the upper surface of the substrate 1 , 
lower electrodes 2 ( first electrodes ) divided by an insulating 
layer 3 so as to correspond to light emitting elements ; an 
organic layer 4 including a light emitting layer covering the 
lower electrodes 2 and the insulating layer 3 ; and an upper 
electrode 5 ( second electrode ) covering the organic layer 4 . 
The organic light emitting device 100 according to this 
embodiment is a top emission device configured to extract 
light from the upper electrode 5. The organic light emitting 
device 100 further includes a protective layer 6 disposed so 
as to cover the upper electrode 5 , and a plurality of color 
filters 7 disposed on the protective layer 6 so as to individu 
ally correspond to the plurality of light emitting elements 10 . 
In this embodiment , the organic layer 4 emits white light , 
and color filters 7R , 76 , and 7B separate the white light 
emitted from the organic layer 4 into RGB components , 
respectively . Alternatively , the color filters may be color 
conversion layers configured to absorb light from the 
organic layer and convert its color to other colors . In case 
where the lower electrode comprises a plurality of lower 
electrodes , the plurality of the lower electrodes may com 
prise a first lower electrode and a second lower electrode . 
[ 0037 ] In this Specification , the terms “ upper " and 
“ lower ” respectively denote upper and lower in FIG . 1. Of 
the main surfaces of the substrate 1 , a surface on which the 
lower electrodes 2 and other constituent elements are dis 
posed is referred to as the “ upper ” surface . The term 

" height ” is basically a distance measured upward from the 
upper surface ( first surface ) of the substrate 1. Alternatively , 
the " height ” may be defined relative to a portion level with 
the upper surface ( first surface ) of the substrate 1 . 
[ 0038 ] In FIG . 1 , the reference sign 1 denotes a constituent 
element simply referred to as a substrate ; the substrate may 
be an insulator disposed between the first electrode and a 
drive circuit including a transistor connected to the first 
electrode . The insulator is , for example , an interlayer insu 
lating layer formed of an inorganic substance such as silicon 
oxide or silicon nitride or an organic substance such as 
polyimide or polyacrylate . The interlayer insulating layer 
may also be referred to as a planarization layer because it is 
used to reduce irregularities of the surface on which the first 
electrodes are to be formed . 
[ 0039 ] The lower electrodes 2 may be formed of a metal 
material having a reflectance of 80 % or more for the 
emission wavelength of the organic layer 4. For example , the 
lower electrodes 2 may be formed of a metal such as Al or 
Ag , or an alloy of the foregoing metal containing , for 
example , Si , Cu , Ni , or Nd . The term “ emission wavelength ” 
means the spectral range of light emitted from the organic 
layer 4. As long as the lower electrodes 2 have a high 
reflectance for the emission wavelength of the organic layer 
4 , the lower electrodes 2 may have a stack structure includ 
ing a barrier layer . The barrier layer may be formed of a 
metal such as Ti , W , Mo , or Au or an alloy of the foregoing 
metal . The barrier layer may be a metal layer disposed at the 
upper surface of such a lower electrode . The upper surface 
of a lower electrode 2R is a reflection surface 12R . The 
reflection surface may reflect light emitted from the organic 
layer . Similarly , the other pixels include 126 and 12B . 
[ 0040 ] The insulating layer 3 may be disposed between the 
lower electrode and the functional layer so as to cover an 
edge of the lower electrode . The lower electrode may 
include a first region covered with the insulating layer , and 
a second region not covered with the insulating layer but 
covered with the organic layer . Stated another way , the 
second region is in contact with the organic layer . The 
second region is also referred to as an opening . This is 
because , in a top view , the second region can be regarded as 
a recess formed using the insulating layer . Such second 
regions serve as light emission areas of the light emitting 
elements 10. Thus , when viewed from the top , the shape of 
such a light emission area may be defined by the insulating 
layer . The insulating layer is not limited to the shape 
illustrated in FIG . 1 as long as it achieves insulation among 
the first electrodes of the light emitting elements . 
[ 0041 ] The insulating layer 3 may include , in its upper 
portion , a slope portion . This upper portion is positioned on 
the side opposite from the substrate , in other words , on the 
side closer to the functional layer . 
[ 0042 ] The insulating layer 3 may be formed by , for 
example , chemical vapor deposition ( CVD ) or physical 
vapor deposition ( PVD ) . The insulating layer 3 may be 
formed of , for example , silicon nitride ( SiN ) , silicon oxyni 
tride ( SiON ) , or silicon oxide ( SiO ) . The insulating layer 3 
may be a stack of films formed of such materials . The slope 
angle of the slope portion of the insulating layer may be 
controlled by adjusting conditions of anisotropic etching or 
isotropic etching . The slope angle of a layer immediately 
below the insulating layer 3 may be controlled , to thereby 
control the slope angle in the insulating layer 3. The insu 
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lating layer 3 may have , in its upper surface , irregularities 
formed by , for example , processing such as etching or 
stacking of another layer . 
[ 0043 ] The organic layer 4 is disposed between the lower 
electrode 2 and the upper electrode 5. The organic layer 4 
may be continuously formed on the upper surface of the 
substrate 1 , and shared by the plurality of light emitting 
elements 10. Stated another way , the single organic layer is 
shared by the plurality of light emitting elements . The 
organic layer 4 may be formed as a single layer over the 
whole surface of the display area for displaying images in 
the organic light emitting device 100. The organic layer 4 
may include a hole transport layer , a light emitting layer , and 
an electron transport layer . The material for the organic layer 
4 can be appropriately selected in accordance with a view 
point such as light emission efficiency , operating lifetime , or 
optical interference . The hole transport layer may also 
function as an electron blocking layer or a hole injection 
layer , or may be provided as a stack structure of a hole 
injection layer , a hole transport layer , and an electron 
blocking layer , for example . The light emitting layer may 
have a stack structure of light emitting layers configured to 
emit light of different colors , or may be a mixture layer 
including a mixture of emission dopants configured to emit 
light of different colors . 
[ 0044 ] The electron transport layer may also function as a 
hole blocking layer or an electron injection layer , or may 
have a stack structure of an electron injection layer , an 
electron transport layer , and a hole blocking layer . 
[ 0045 ] A region between the light emitting layer and one 
of the upper electrode and the lower electrode functioning as 
an anode serves as a hole transport region ; and a region 
between the other electrode functioning as a cathode and the 
light emitting layer serves as an electron transport region . 
The hole transport region and the electron transport region 
are collectively referred to as a charge transport region . 
[ 0046 ] The organic light emitting device 100 may include 
a plurality of light emitting layers , and may include an 
intermediate layer between the plurality of light emitting 
layers . The organic light emitting device 100 may be an 
organic light emitting device having a tandem structure in 
which the intermediate layer is a charge generating layer . In 
the tandem configuration , a transport layer such as a hole 
transport layer or an electron transport layer may be formed 
between the intermediate layer and such a light emitting 
layer . 
[ 0047 ] The upper electrode 5 is disposed on the organic 
layer 4. The upper electrode 5 is continuously formed over 
a plurality of elements , and is shared by the plurality of light 
emitting elements 10. As with the organic layer 4 , the upper 
electrode 5 may be formed as a single layer over the whole 
surface of the display area for displaying images in the 
organic light emitting device 100. The upper electrode 5 may 
be an electrode that transmits at least a portion of light 
having reached the lower surface of the upper electrode 5 . 
The upper electrode may function as a semi - transmissive 
reflective layer that transmits a portion of light and reflects 
the other portion ( namely , semi - transmissive reflectivity ) . 
The upper electrode 5 may be formed of , for example , a 
metal such as magnesium or silver , an alloy including 
magnesium or silver as a main component , or an alloy 
material including an alkali metal or an alkaline earth metal . 
Alternatively , the upper electrode 5 may be formed of an 

oxide conductor , for example . Alternatively , the upper elec 
trode 5 may have a stack structure as long as it has an 
appropriate transmittance . 
[ 0048 ] The protective layer 6 may be formed of , for 
example , a material having a low permeability to external 
oxygen or moisture , such as silicon nitride , silicon oxyni 
tride , aluminum oxide , silicon oxide , or titanium oxide . The 
silicon nitride and silicon oxynitride may be formed by , for 
example , CVD . On the other hand , the aluminum oxide , 
silicon oxide , and titanium oxide may be formed by atomic 
layer deposition ( ALD ) . The combination of the material 
and the production method for the protective layer is not 
limited to the above - described examples . The protective 
layer may be produced in consideration of , for example , the 
thickness of the layer to be formed , and the time for the 
formation . The protective layer 6 may have a monolayer 
structure or a stack structure as long as it transmits light 
having passed through the upper electrode 5 , and has suf 
ficiently high moisture barrier performance . 
[ 0049 ] The color filters 7 are formed over the protective 
layer 6. As illustrated in FIG . 1 , the color filters 7 may be in 
contact with each other without gaps , such as a color filter 
7R and a color filter 76. Alternatively , a color filter may be 
disposed so as to overlap a color filter of another color . The 
color filters may have a planarization layer 8 between the 
protective layer and the color filters . The color filters may 
have another planarization layer over the color filters . The 
planarization layer over the color filters and the planariza 
tion layer under the color filters may be formed of the same 
material . Examples of the material for these planarization 
layers include acrylic resins , epoxy resins , and polyimide 
resins . 
[ 0050 ] The organic layer 4 above the lower electrode 2R 
has a layer thickness C , which is the thickness of the organic 
layer measured in a direction perpendicular to the lower 
electrode . A distance D from the opening of the lower 
electrode 2R to the opening of the lower electrode 2G is the 
shortest distance between edges of the openings . 
[ 0051 ] An electronic device according to an embodiment 
of the present disclosure may have a ratio of the distance 
between the opening of a first electrode to the opening of a 
neighboring first electrode to the layer thickness of the 
organic layer on the first electrodes , the ratio being less than 
50. Such an organic light emitting device that satisfies this 
numerical range is a device in which the light emitting 
elements are arranged at such a high density that leakage 
current between the light emitting elements can pose a 
problem . The reason for this is as follows . 
[ 0052 ] FIG . 3 is a schematic view of an organic light 
emitting device including a light emitting element 10R 
provided with a red color filter 7R and a light emitting 
element 10G provided with a green color filter 7G . The 
difference from FIG . 1 is that the insulating layers do not 
have the slope portions , so that a reduction in the leakage 
current between elements is not achieved . The equivalent 
circuit of the light emitting element 10R is superimposed on 
the schematic view . The equivalent circuit indicates the 
resistance of the organic layer in FIG . 3 , but does not 
indicate incorporation of the electronic circuit . In addition , 
in order to explain the leakage current between the light 
emitting elements , the equivalent circuit of the light emitting 
element 10G is also illustrated . 
[ 0053 ] When the thickness of the organic layer on the 
lower electrode 2R is denoted by C , the distance between the 
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openings of the lower electrode 2R and the lower electrode 
2G is denoted by D , and a resistance ( in the thickness 
direction ) per unit area of the organic layer is denoted by r , 
a resistance ( in the horizontal direction ) per unit area of the 
organic layer is expressed by r ( D / C ) . In this case , when a 
current flowing through the light emitting element 10R is 
denoted by IR , and a current flowing through the light 
emitting element 10G is denoted by IG , the following 
relation holds . 

light emitting layer to the reflection surface of the reflective 
material is adjusted so as to satisfy do = iN4n . ( i = 1 , 3 , 5 , etc. ) 
to thereby provide constructive interference . 
[ 0059 ] This results in an increase in the amount of front 
direction component in the emission distribution of light of 
wavelength à , which results in an increase in the front 
luminance Incidentally , no represents the refractive index 
( for wavelength à ) of a layer from the emission position to 
the reflection surface . 
[ 0060 ] An optical distance Lr from the emission position 
to the reflection surface of the light reflective electrode is 
expressed by the following Formula ( 4 ) where the sum of 
phase shift amount upon reflection of light of wavelength a 
at the reflection surface is denoted by or [ rad ] . Incidentally , 
the optical distance L is the sum of the product of the 
refractive index nj and thickness dj of each layer of the 
organic layer . Thus , L can be expressed by Enjxdj , or by 
n0xd0 . Incidentally , o is a negative value . 

Lr = ( 2m- ( or / ) ) ( N4 ) 

[ 0061 ] In Formula ( 4 ) above , m is an integer of 0 or more . 
Incidentally , in the case of ¢ = t , m = 0 results in L = N / 4 , and 
m = 1 results in L = 3N4 . Hereafter , the condition of m = 0 in 
Formula ( 4 ) above will be referred to as the N4 interference 
condition , and the condition of m = 1 in Formula ( 4 ) above 
will be referred to as the 3/4 interference condition . 
[ 0062 ] An optical distance Ls from the emission position 
to the reflection surface of the light extraction electrode is 
expressed by the following Formula ( 5 ) where the sum of 
phase shift upon reflection of light of wavelength à at the 
reflection surface is denoted by os [ rad ) . In the following 
Formula ( 5 ) , m ' is an integer of 0 or more . 

Ls = ( 2m ' - ( ps / ) ) ( N4 ) = - ( ps / ) x ( N4 ) ( 5 ) 
the x 

IMIR = 1 / ( 1 + D / C ) ( 2 ) 

[ 0054 ] Specifically , even in the case of trying to cause 
emission 9R only from the red light emitting element 10R , 
current also flows through the green light emitting element 
10G to cause emission 9G , which depends on D / C . 
[ 0055 ] In the case of causing , with the same amount of 
current , emission from the red light emitting element 10R 
and emission from the green light emitting element 10G 
where the emission spectrum of the red light emitting 
element 10R alone is denoted by SR and the emission 
spectrum of the green light emitting element 10G alone is 
denoted by SG , an emission spectrum SR + G in consideration 
of the leakage current between the light emitting elements is 
expressed by the following Formula ( 3 ) . 

SR + G = Sr + SGIDIR ) ( 3 ) 

[ 0056 ] The chromaticity coordinates of SR + G in CIExy 
space are calculated , and a graph in which the x value is 
plotted on the ordinate , and D / C is plotted on the abscissa is 
illustrated in FIG . 4. In FIG . 4 , the x - coordinate varies , 
which means that , in addition to the intended emission of red 
light , green light is also emitted . Thus , in FIG . 4 , the 
x - coordinate that is small means flowing of leakage current 
to the neighboring pixel . When D / C is 50 or more , 
value substantially does not vary . Specifically , even in the 
case where the insulating layers do not have the slope 
portions and leakage current tends to flow between light 
emitting elements , when D / C is 50 or more , the leakage 
current between light emitting elements may not pose a 
problem . On the other hand , when D / C is less than 50 , the 
x value considerably decreases , so that the red color purity 
decreases noticeably ; this case corresponds to an organic 
light emitting device in which light emitting elements are 
arranged at such a high density that leakage current between 
light emitting elements can pose a problem . Thus , in such a 
case where D / C is less than 50 , the organic light emitting 
device according to this embodiment provides a particularly 
strong effect of reducing leakage current . 
[ 0057 ] The optical distance between a pair of electrodes of 
an organic light emitting device according to an embodiment 
of the present disclosure may provide a constructive inter 
ference structure . The constructive interference structure can 
also be referred to as a resonance structure . 
[ 0058 ] In the light emitting elements , organic layers can be 
formed so as to satisfy constructive optical interference 
conditions , so that optical interference provides enhanced 
extraction light from the organic light emitting device . When 
optical conditions for providing enhanced extraction light in 
the front direction are satisfied , light is radiated in the front 
direction at higher efficiency . Light enhanced by optical 
interference is known to have an emission spectrum having 
a smaller half width than the pre - interference emission 
spectrum . Thus , a higher color purity is achieved . In design 
ing of the organic light emitting device for light of wave 
length à , a distance do from the emission position of the 

[ 0063 ] Thus , all layer interference L is expressed by the 
following Formula ( 6 ) . 

L = ( Lr + Ls ) = ( 2m- ( 0/2 ) ) x ( N4 ) ( 6 ) 

[ 0064 ] In this Formula , o represents the sum of phase shift 
( pr + os ) upon reflection of light of wavelength à at the light 
reflective electrode and at the light extraction electrode . 
[ 0065 ] In this case , actual light emitting elements are not 
necessarily designed so as to strictly satisfy Formula ( 6 ) 
above in consideration of , for example , viewing angle 
characteristics , which are a trade - off for the front extraction 
efficiency . Specifically , L may have errors of # M / 8 from the 
value satisfying Formula ( 6 ) . The allowable errors of L from 
the interference condition may be 50 nm or more and 75 nm 
or less . 
[ 0066 ] Thus , an organic light emitting device according to 
an embodiment of the present disclosure preferably satisfies 
the following Formula ( 7 ) . More preferably , L is within 
N / 16 from the value satisfying Formula ( 6 ) , preferably 

satisfies the following Formula ( 7 " ) . 
( 1/8 ) x ( 4m- ( 20 / A ) -1 ) < L < ( W / 8 ) x ( 4m- ( 20 / a ) +1 ) ( 7 ) 

( N16 ) x ( 8m- ( 40/1 ) -1 ) < L < ( N16 ) x ( 8m- ( 40/1 ) +1 ) ( 7 ' ) 

[ 0067 ] Light emitting elements according to an embodi 
ment of the present disclosure can satisfy , in Formula ( 7 ) and 
Formula ( 7 ' ) , m = 0 and m ' = 0 , namely , the 2/4 optical inter 
ference condition . In this case , Formula ( 7 ) and Formula ( 7 ' ) 
give Formula ( 8 ) and Formula ( 8 ' ) . 
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( 18 ) x ( - ( 20/1 ) -1 ) < L < ( 18 ) x ( - ( 20/1 ) +1 ) ( 8 ) 

( N16 ) x ( - ( 40/1 ) -1 ) < L < ( N16 ) x ( - ( 40 / a ) +1 ) ( 8 ' ) 

[ 0068 ] In Formula ( 7 ) and Formula ( 7 ' ) , when m = 0 and 
m = 0 , in the constructive interference structure , the organic 
layer has the smallest thickness . This results in a decrease in 
the driving voltage of the light emitting elements , to thereby 
achieve emission having higher luminance at a voltage 
below the upper limit of the power supply voltage . When the 
organic layer has a smaller thickness , leakage current tends 
to flow between the upper electrode and the lower electrode ; 
in this case , satisfying features according to an embodiment 
of the present disclosure provides a particularly stronger 
effect of reducing leakage current between the upper elec 
trode and the lower electrode . 
[ 0069 ] The emission wavelength à may be the emission 
wavelength of a peak having the highest emission intensity . 
In general , emission from an organic compound has the 
highest intensity at the shortest wavelength peak among 
peaks within the emission spectrum ; thus , the emission 
wavelength à may be the wavelength at the shortest wave 
length peak . 
[ 0070 ] An electronic device according to an embodiment 
of the present disclosure includes a functional layer having 
a small layer thickness . More specifically , the functional 
layer has , on the second region ( of the first electrode ) not 
covered with the insulating layer , a layer thickness smaller 
than the height of the insulating layer . The layer thickness of 
the functional layer can be estimated not only on the second 
region of the first electrode , but also on the upper surface of 
the insulating layer . In a device including a functional layer 
having such a small layer thickness that leakage current 
between elements can pose a problem , the functional layer 
is formed so as to have , in a region extending along the slope 
portion of the insulating layer , a layer thickness of 20 nm or 
more . The phrase “ functional layer extending along the 
slope portion of the insulating layer " means a structure in 
which a line drawn so as to be perpendicular to the slope 
portion of the insulating layer reaches the slope portion of 
the functional layer . 
[ 0071 ] In summary , in an electronic device according to an 
embodiment of the present disclosure , the functional layer 
on the second region of the first electrode has a layer 
thickness smaller than the height of the insulating layer , to 
thereby achieve a reduction in the leakage current to neigh 
boring elements . Simultaneously , the functional layer on the 
slope portion of the insulating layer has a layer thickness of 
20 nm or more , to thereby achieve a reduction in leakage 
current between the first electrode and the second electrode . 
[ 0072 ] FIG . 5A is an enlarged view of the dotted box VA 
in FIG . 1. FIG . 5A illustrates a second region 21 of the first 
electrode and a slope portion 31 of the insulating layer . The 
slope portion 31 of the insulating layer is a slope portion on 
the first region of the first electrode . The slope portion 31 can 
also be referred to as a slope portion in contact with the light 
emission area , or a slope portion forming the inner periphery 
of the opening . In plan view in a direction perpendicular to 
the substrate , the slope portion and the first region of the first 
electrode overlap . On the other hand , a slope portion 32 is 
a slope portion disposed , in plan view in a direction per 
pendicular to the substrate , between the first electrode and 
another first electrode . The slope portion 32 can also be 
referred to as a slope portion forming the outer periphery of 
the opening , or a slope portion between pixels . On the 

second region 21 , a height F of the upper surface of the 
organic layer denotes the height of the upper surface of the 
organic layer formed substantially parallel to the second 
region 21. The organic layer on the second region can also 
be referred to as a flat portion of the organic layer on the first 
electrode . 
[ 0073 ] An upper end 33 of the slope portion 31 of the 
insulating layer is a point where the insulating layer has an 
angle of 0 ° . The height of the upper end 33 of the slope 
portion 31 is denoted by E. The slope angle o of the slope 
portion of the insulating layer may be constant at any point 
of the slope portion as illustrated in FIG . 5A ; alternatively , 
the slope angle may vary depending on points of the slope 
portion . Even in such a case where the slope angle varies , 
regions having slope angles of more than 0 ° are regarded as 
being included in the same slope portion ; points at both ends 
of the slope portion 31 where the slope angles are 0 ° are the 
upper end 33 and a lower end 34 of the slope portion 31. In 
the case of the planar structure illustrated in FIG . 2 , the slope 
portion 31 is continuously formed so as to extend along all 
the sides of each hexagon . 
[ 0074 ] The organic layer 4 has the upper surface having 
height F smaller than height E of the upper end 33 of the 
slope portion 31. This is because , in the organic light 
emitting device according to this embodiment , the organic 
layer has a layer thickness smaller than the height of the 
insulating layer . Specifically , as illustrated in FIG . 5A , the 
organic light emitting device according to this embodiment 
includes the organic layer extending along the slope portion 
of the insulating layer . This forms a region 41 ( within the 
dotted box ) of the organic layer extending along the slope 
portion 31. The region of the organic layer extending along 
the slope portion is formed substantially parallel to the slope 
portion ; referring to the region 41 of the organic layer , this 
region is defined by lines drawn perpendicular to the insu 
lating layer . In the case of the planar structure illustrated in 
FIG . 2 , the region 41 of the organic layer extending along the 
slope portion 31 continuously extends along all the sides of 
each hexagon . Incidentally , the phrase " substantially paral 
lel ” means the following : when “ parallel ” is defined as a 
case where a slope angle at a point on the slope portion is 
equal to a slope angle at the upper surface of the organic 
layer 4 positioned where a line drawn from the point so as 
to be perpendicular to the slope portion intersects the upper 
surface of the organic layer 4 , “ substantially parallel ” is a 
case where the difference between the slope angles is within 
the range of + 15 ° . 
[ 0075 ] In FIG . 5A , a region 42 of the organic layer is not 
the organic layer extending along the slope portion 31 of the 
insulating layer . This is because the organic layer formed on 
the second region 21 has a large layer thickness , so that it 
conceals the organic layer formed so as to extend along the 
slope portion 31 . 
[ 0076 ] FIG . 5B illustrates a comparative example in which 
the organic layer 4 has the upper surface having height F 
larger than height E of an upper end 33 of the slope portion 
31. In this case , the organic layer extending along the slope 
portion 31 is not present . This is because the organic layer 
formed on the second region 21 has a large layer thickness , 
so that it conceals the organic layer formed so as to extend 
along the slope portion 31. In the example in FIG . 5B , the 
organic layer has a relatively low resistance , so that leakage 
current flowing to neighboring light emitting elements may 
not be sufficiently reduced . 
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thickness of the organic layer measured in a direction 
perpendicular to the slope portion may be 20 nm or more . On 
a slope portion ( disposed between a first electrode and 
another first electrode ) of a plurality of insulating layers , the 
layer thickness of the organic layer measured in a direction 
perpendicular to the slope portion may be 20 nm or more . On 
each slope portion ( disposed between a first electrode and 
another first electrode ) of all the insulating layers , the layer 
thickness of the organic layer measured in a direction 
perpendicular to the slope portion may be 20 nm or more . 
[ 0082 ] In the organic light emitting device according to 
this embodiment , the slope surface of a slope portion is not 
parallel to the upper surface of the first electrode ; the slope 
surface of the slope portion is , in the surface of the insulating 
layer , a region positioned between the upper surface of the 
insulating layer and the upper surface of the first electrode 
covered with the insulating layer . Stated another way , the 
slope surface of the slope portion is , in the surface of the 
insulating layer , a region positioned between the edge of the 
upper surface of the insulating layer , and the upper surface 
of the first electrode . The slope portion on the first electrode 
may have an angle of less than 90 ° . In the case where the 
angle is less than 90 ° , in the upward direction from the upper 
surface of the first electrode , the width of the opening 
defined by the insulating layer increases . 

Second Example Embodiment 

[ 0077 ] The inventors of the present disclosure studied 
organic devices having various configurations , and have 
found the following findings : referring to FIG . 5A , when the 
organic layer has , on the slope portion 31 , a layer thickness 
G of 20 nm or more , leakage current between the upper 
electrode 5 and the lower electrode 2 can be considerably 
reduced . The layer thickness of the organic layer on the 
slope portion is a layer thickness measured in a direction 
perpendicular to the slope portion of the insulating layer . In 
addition , the organic layer extending along the slope portion 
has a smaller layer thickness than the organic layer formed 
on the flat portion , hence has a high electric resistance . The 
organic layer on the second region has a small layer thick 
ness ; in addition , the slope portion formed to achieve an 
increase in the resistance of the organic layer . This results in 
a reduction in leakage current flowing to the neighboring 
light emitting element . When the leakage current flowing to 
the neighboring light emitting element is thus reduced , 
occurrence of unintentional emission from the light emitting 
element is reduced , to thereby reduce narrowing of the color 
gamut of the light emitting apparatus . The organic layer on 
the slope portion 31 preferably has a layer thickness G of 25 
nm or more , particularly preferably 33 nm or more . This 
achieves a further reduction in the leakage current between 
the upper electrode and the lower electrode . 
[ 0078 ] Thus , the organic device illustrated in FIG . 5A 
achieves both of a reduction in the leakage current flowing 
to neighboring light emitting elements , and a reduction in 
the leakage current between the upper electrode and the 
lower electrode . The layer thickness of the organic layer 
measured in a direction perpendicular to the slope portion 
may be 20 nm or more even in a portion having the smallest 
layer thickness on the single slope portion . The layer thick 
ness of the organic layer measured in a direction perpen 
dicular to the slope portion can be controlled by adjusting , 
for example , the slope angle of the slope portion or forma 
tion conditions of the organic layer . The slope portion of the 
insulating layer may have a slope angle of 50 ° or less . 
[ 0079 ] The organic light emitting device according to this 
embodiment includes a plurality of insulating layers . One of 
such insulating layers is described above as an example . On 
each of the plurality of insulating layers , the organic layer on 
the slope portion may have a layer thickness of 20 nm or 
more measured in a direction perpendicular to the slope 
portion . 
[ 0080 ] The layer thickness of the organic layer on the 
slope portion 31 of the insulating layer has been described 
so far . Similarly , on the slope portion 32 of the insulating 
layer , the layer thickness of the organic layer measured in a 
direction perpendicular to the slope portion can be 20 nm or 
more . On both of the slope portions , the organic layer can 
have a layer thickness of 20 nm or more . Of these slope 
portions , a case where , on the slope portion 31 , the layer 
thickness is 20 nm or more is better than a case where , on 
the slope portion 32 , the layer thickness is 20 nm or more . 
This is because , compared with the organic layer on the 
slope portion 32 , the organic layer on the slope portion 31 
contributes to the leakage current between the first electrode 
and the second electrode . 
[ 0081 ] On a slope portion ( on a first region of the first 
electrode ) of each of a plurality of insulating layers , the layer 
thickness of the organic layer measured in a direction 
perpendicular to the slope portion may be 20 nm or more . On 
each slope portion of all the insulating layers , the layer 

[ 0083 ] FIG . 6 relates to a second embodiment according to 
the present disclosure . The second embodiment is the same 
as the first embodiment except that the insulating layer 3 has 
a different shape , and the organic layer includes , in a lower 
portion , a charge transport region . Hereinafter , the differ 
ences from the first embodiment and the resultant advan 
tages will be described . 
[ 0084 ] A slope portion 31 ( on the first region of the first 
electrode ) of the insulating layer includes a gentle slope 
portion ( thick line portion ) 311 and a steep slope portion 
( thick line portion ) 312. The gentle slope portion is disposed , 
in the slope portion , between the upper end of the slope 
portion and the lower end of the slope portion . When the 
insulating layer has an upper surface , the height of the upper 
surface is equal to the height of the upper end ; the upper 
surface itself is not included in the upper end . The steep 
slope portion is disposed between the gentle slope portion 
and the lower end of the slope portion . More specifically , the 
steep slope portion is disposed between the lower end of the 
gentle slope portion and the lower end of the slope portion . 
[ 0085 ] In FIG . 6 , the gentle slope portion 311 is , in the 
slope portion 31 , a portion in contact with a region 41 of the 
organic layer extending along the slope portion . The gentle 
slope portion is formed at an angle 01 relative to the upper 
surface of the first electrode . When the upper surface of the 
first electrode is parallel to the horizontal plane , the angle of 
the gentle slope portion may be 01 relative to the horizontal 
plane . The steep slope portion is disposed between the gentle 
slope portion and the lower end of the insulating layer , and 
is formed at an angle 02 relative to the upper surface of the 
first electrode . The steep slope portion 312 is , in the slope 
portion 31 , a portion having the slope angle 02 larger than 
the largest slope angle 01 in the gentle slope portion 311 . 
[ 0086 ] The steep slope portion has a slope angle 02 of 
more than 50 ° . The gentle slope portion has a slope angle 01 
of 50 ° or less . The steep slope portion can have a slope angle 
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emitting elements . The hole transport layer may be a hole 
transport region constituted by a plurality of organic com 
pound layers . 
[ 0095 ] In the case of reducing the leakage current between 
light emitting elements , the light emitting layer can be of an 
electron trap type . The electron trap type means a light 
emitting layer in which , relative to the energy of the lowest 
unoccupied molecular orbital of the host material serving as 
the main component of the light emitting layer , the energy 
of the lowest unoccupied molecular orbital of a dopant 
material included in the light emitting layer is deep by 0.15 
eV or more . This results in a decrease in the electron 
mobility of the light emitting layer . Thus , the leakage current 
between light emitting elements due to holes can be 
addressed by the increased resistance provided by the slope 
portion ; the leakage current between light emitting elements 
due to electrons can be addressed by the increased resistance 
provided by the light emitting layer . This facilitates a 
reduction in both of leakage current between light emitting 
elements due to holes and leakage current between light 
emitting elements due to electrons . 
[ 0096 ] In order to find desirable slope angles of the slope 
portion in this embodiment , simulation of film formation by 
vapor deposition was performed . FIG . 7 illustrates members 
disposed during the vapor deposition simulation . An evapo 
ration source 201 , a substrate 202 , and an organic device 203 
disposed on the substrate are positioned as illustrated in FIG . 
7 such that R = 200 mm , r = 95 mm , and h = 340 mm 
[ 0097 ] The simulation was performed with a vapor depo 
sition distribution represented by the following Formula ( 9 ) 
where n = 2 . 

02 of more than 50 ° and 90 ° or less . The gentle slope portion 
can have a slope angle 01 of 30 ° or more and 50 ° or less . 
[ 0087 ] The organic layer 4 is constituted by a charge 
transport layer 43 and a region 44 including a light emitting 
layer ; the charge transport layer is disposed on the first 
electrode side of the organic layer 4. In the charge transport 
layer , the constituent component of the organic layer may be 
different from that of the organic layer . On the second region 
21 of the first electrode , the charge transport layer has an 
upper surface 431 having height I smaller than height H of 
the upper end of the steep slope portion 312. Thus , the 
charge transport layer 43 forms a region having a small layer 
thickness in a direction perpendicular to the steep slope 
portion , which is a region extending along the steep slope 
portion 312 . 
[ 0088 ] In the case of forming the layer by vapor deposi 
tion , the larger the slope angle of the slope portion , the 
smaller the layer thickness of the resultant layer extending 
along the slope portion . This tends to result in an increase in 
the resistance of the charge transport layer . The charge 
transport layer is , in the organic layer , a region having a high 
charge transport capability , so that it tends to contribute to 
leakage current between light emitting elements . However , 
when the charge transport layer is formed with increased 
resistance as described above , leakage current between light 
emitting elements can be reduced . 
[ 0089 ] Thus , on the second region 21 of the first electrode , 
the organic layer is formed so as to have an upper surface 
having height F larger than height H of the upper end of the 
steep slope portion 312. In this way , the organic layer 4 on 
the second region 21 has a region with increased resistance 
provided by formation of the steep slope portion . 
[ 0090 ] Even when the insulating layer including the slope 
portion provides the thin region of the organic layer , in the 
organic light emitting device according to this embodiment , 
the organic layer on the slope portion has a layer thickness 
of 20 nm or more in a direction perpendicular to the slope 
portion . This achieves a reduction in the leakage current 
between the first electrode and the second electrode . 
[ 0091 ] The gentle slope portion and the steep slope portion 
according to this embodiment can be formed in the follow 
ing manner . For example , the gentle slope portion 311 can be 
formed by isotropic etching , and the steep slope portion 312 
can be formed by anisotropic etching . 
[ 0092 ] The case where the slope portion 31 of the insu 
lating layer includes a gentle slope portion and a steep slope 
portion has been described so far as an example . A slope 
portion 32 of the insulating layer may include a gentle slope 
portion and a steep slope portion . 
[ 0093 ] The steep slope portion and gentle slope portion of 
the insulating layer may each have a slope angle that is 
constant as illustrated in FIG . 6. Alternatively , the slope 
angle may vary along the slope portion . In this case , the 
boundary between the gentle slope portion and the steep 
slope portion is a point at which the slope angle exceeds 50º . 
[ 0094 ] The charge transport layer according to this 
embodiment may be a hole transport layer . In general , a hole 
transport layer has a higher charge mobility than an electron 
transport layer . When such a hole transport layer is 
employed for this embodiment , a hole transport layer can be 
formed with increased resistance , to thereby provide a 
stronger effect of reducing the leakage current between light 

O = Po cos " a 

[ 0098 ] In this formula , a represents angle , o represents 
vapor stream density at angle a , and Po represents vapor 
stream density when a = 0 . The substrate 202 was defined to 
be rotated at the center of the substrate . 
[ 0099 ] At the position of the organic device 203 on the 
substrate , a slope portion having a slope angle of 0 ° to 90 ° 
was assumed to be disposed . While the layer thickness of the 
organic layer at a slope angle of 0 ° was set to 76 nm , the 
layer thicknesses of regions of the organic layers extending 
along the slope portions at different slope angles were 
calculated . 
[ 0100 ] FIG . 8 illustrates the results of the simulation of 
film formation . This has demonstrated the following : when 
the slope angle is more than 50 ° , the region of the organic 
layer extending along the slope portion tends to have a small 
layer thickness ; when the slope angle is 50 ° or less , the 
region of the organic layer extending along the slope portion 
tends to have a large layer thickness . Thus , in this embodi 
ment , the steep slope portion can be formed to have a slope 
angle of more than 50 ° , and the gentle slope portion can be 
formed to have a slope angle of 50 ° or less . 
[ 0101 ] In this embodiment , the steep slope portion may 
include a portion having a slope angle of more than 90 ° . In 
this case , in particular , the charge transport layer on the steep 
slope portion tends to have a small layer thickness , which 
tends to result in a reduction in the leakage current between 
light emitting elements . 

Applications of Organic Light Emitting Device 
According to This Embodiment 

[ 0102 ] The organic light emitting device according to this 
embodiment can be used as a constituent member for a 
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display apparatus or an illumination apparatus , and is also 
applicable to the exposure light source of an electrophoto 
graphic image - forming apparatus , the backlight of a liquid 
crystal display apparatus , or a light emitting apparatus in 
which a white light source is equipped with a color filter . 
[ 0103 ] The display apparatus may be an image informa 
tion processing apparatus including an image input section 
configured to input image information from , for example , an 
area CCD , a linear CCD , or a memory card , and an infor 
mation processing section configured to process the inputted 
information , and configured to display the inputted image on 
a display unit . 
[ 0104 ] An image pickup apparatus or an ink jet printer 
may have a display unit having a touch panel function . The 
operation type of this touch panel function is not particularly 
limited , and may be an infrared type , a capacitance type , a 
resistive film type , or an electromagnetic induction type . The 
display apparatus may be used as a display unit of a 
multifunctional printer . 
[ 0105 ] Hereinafter , a display apparatus according to an 
embodiment will be described . The display apparatus may 
include an organic light emitting device and a transistor 
connected to the organic light emitting device . The transistor 
is an example of an active device . 
[ 0106 ] The transistor may be connected , via a contact hole 
formed in the interlayer insulating layer , to the first electrode 
constituting the organic light emitting device . 
[ 0107 ] Incidentally , the configuration of electric connec 
tions of electrodes ( anode and cathode ) included in the 
organic light emitting device and electrodes ( source elec 
trode and drain electrode ) included in the transistor is not 
particularly limited . In other words , any configuration may 
be employed as long as one of the anode and the cathode is 
electrically connected to one of the source electrode and the 
drain electrode of the transistor . 
[ 0108 ] In the display apparatus , the transistors are not 
limited to transistors using a single - crystal silicon wafer , and 
may be thin - film transistors having an active layer on the 
insulating surface of the substrate . The active layer may be 
formed of single - crystal silicon , a non - single - crystal silicon 
such as amorphous silicon or microcrystal silicon , or a 
non - single - crystal oxide semiconductor such as indium zinc 
oxide or indium gallium zinc oxide . Incidentally , thin - film 
transistors are also referred to as TFT . 
[ 0109 ] The transistors included in the display apparatus 
may be formed within the substrate such as a Si substrate . 
The phrase “ formed within the substrate ” means that the 
substrate itself such as a Si substrate is processed to form 
transistors . In other words , the configuration in which tran 
sistors are included within the substrate can be regarded as 
a configuration in which the substrate and the transistors are 
formed as a single unit . 
[ 0110 ] The organic light emitting device according to this 
embodiment is controlled , in terms of emission luminance , 
by TFTs as examples of switching devices . A plurality of 
such organic light emitting devices are arranged in a plane , 
to emit light at individual emission luminances to thereby 
display images . Incidentally , whether transistors are formed 
within the substrate or TFTs are formed depends on the size 
of the display unit . For example , when the display unit has 
a size of about 0.5 inches , the organic light emitting device 
can be formed on a Si substrate . 
[ 0111 ] FIG . 9 is a schematic view illustrating an example 
of a display apparatus according to an embodiment . A 

display apparatus 1000 may include , between an upper 
cover 1001 and a lower cover 1009 , a touch panel 1003 , a 
display panel 1005 , a frame 1006 , a circuit substrate 1007 , 
and a battery 1008. To the touch panel 1003 and the display 
panel 1005 , flexible printed circuit FPCs 1002 and 1004 are 
respectively connected . On the circuit substrate 1007 , tran 
sistors are formed by printing . The battery 1008 may not be 
installed when the display apparatus is not a mobile appa 
ratus . When the display apparatus is a mobile apparatus , the 
battery 1008 may be installed in another position . 
[ 0112 ] A display apparatus according to this embodiment 
may be used as a display unit of an image pickup apparatus 
including an optical unit including a plurality of lenses and 
an image pickup device configured to receive light having 
passed the optical unit . The image pickup apparatus may 
include a display unit configured to display information 
obtained by the image pickup device . The display unit may 
be a display unit exposed outside of the image pickup 
apparatus , or a display unit disposed within the finder . The 
image pickup apparatus may be a digital camera or a digital 
video camera . 
[ 0113 ] FIG . 10A is a schematic view illustrating an 
example of an image pickup apparatus according to an 
embodiment . An image pickup apparatus 1100 may include 
a view finder 1101 , a rear surface display 1102 , an operation 
unit 1103 , and a housing 1104. The view finder 1101 may 
include the display apparatus according to this embodiment . 
In this case , the display apparatus may display not only an 
image to be captured , but also , for example , environmental 
information and image capture instructions . Examples of the 
environmental information include the intensity of external 
light , the orientation of external light , the moving speed of 
the subject , and the probability that the subject may hide 
behind an obstacle . 
[ 0114 ] Since the timing suitable for capturing an image 
lasts for a very short period , the information is desirably 
displayed with minimum delay . Thus , a display apparatus 
employing an organic light emitting device according to an 
embodiment of the present disclosure can be used because 
the organic light emitting device responds at a high speed . 
The display apparatus employing the organic light emitting 
device can be more suitably used for such image pickup 
apparatuses required to display images at high speed than 
liquid crystal display apparatuses . 
[ 0115 ] The image pickup apparatus 1100 includes an opti 
cal unit ( not shown ) . The optical unit includes a plurality of 
lenses and is configured to form an image in the image 
pickup device contained within the housing 1104. The 
plurality of lenses can be adjusted in terms of relative 
positions , to thereby adjust the focus . This operation can also 
be performed automatically . 
[ 0116 ] The display apparatus according to this embodi 
ment may include red , green , and blue color filters . These 
red , green , and blue color filters may be arranged in a delta 
array . 
[ 0117 ] The display apparatus according to this embodi 
ment may be used for a display unit of a portable terminal . 
In this case , the display apparatus may have both of a display 
function and an operation function . Examples of the portable 
terminal include cellular phones such as smartphones , tab 
lets , and head mount displays . 
[ 0118 ] FIG . 10B is a schematic view illustrating an 
example of an electronic apparatus according to an embodi 
ment . An electronic apparatus 1200 includes a display unit 
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1201 , an operation unit 1202 , and a housing 1203. The 
housing 1203 may include circuits , a printed substrate 
including the circuits , a battery , and a communication unit . 
The operation unit 1202 may be a button or a touch - panel 
type sensor unit . The operation unit may be a biometric unit 
configured to scan a fingerprint for unlocking , for example . 
Such an electronic apparatus including a communication 
unit can also be referred to as a communication apparatus . 
[ 0119 ] FIGS . 11A and 11B are schematic views illustrating 
examples of a display apparatus according to an embodi 
ment . FIG . 11A illustrates a display apparatus such as a 
television monitor or a PC monitor . A display apparatus 
1300 includes a frame 1301 and a display unit 1302. The 
display unit 1302 may employ the light emitting device 
according to the embodiment . 
[ 0120 ] The display apparatus includes a base 1303 , which 
supports the frame 1301 and the display unit 1302. The base 
1303 is not limited to the form illustrated in FIG . 11A . The 
lower side of the frame 1301 may also function as the base . 
[ 0121 ] The frame 1301 and the display unit 1302 may be 
curved . The radius of the curvature may be 5000 mm or 
more and 6000 mm or less . 
[ 0122 ] FIG . 11B is a schematic view illustrating another 
example of the display apparatus according to this embodi 
ment . A display apparatus 1310 in FIG . 11B can be folded , 
namely a foldable display apparatus . The display apparatus 
1310 includes a first display unit 1311 , a second display unit 
1312 , a housing 1313 , and a folding point 1314. The first 
display unit 1311 and the second display unit 1312 may 
include the light emitting device according to the embodi 
ment . The first display unit 1311 and the second display unit 
1312 may be collectively designed as a seamless single 
display apparatus . The first display unit 1311 and the second 
display unit 1312 can be sectioned with respect to the 
folding point . Specifically , the first display unit 1311 and the 
second display unit 1312 may individually display different 
images ; and the first and second display units may collec 
tively display a single image . 
[ 0123 ] FIG . 12A is a schematic view illustrating an 
example of an illumination apparatus according 
embodiment . An illumination apparatus 1400 may include a 
housing 1401 , a light source 1402 , a circuit substrate 1403 , 
an optical film 1404 , and a light diffusion unit 1405. The 
light source may include the organic light emitting device 
according to the embodiment . An optical filter may be 
provided to improve color rendering of the light source . The 
light diffusion unit is configured to effectively diffuse light 
from the light source to deliver the light to a wide area , to 
achieve lighting up , for example . The optical filter and the 
light diffusion unit may be provided on the light exit side of 
the illumination . The illumination may be optionally 
equipped with a cover for the outermost portion thereof . 
[ 0124 ] The illumination apparatus is , for example , an 
apparatus configured to illuminate the inside of a room . The 
illumination apparatus may be configured to emit light of 
any color of white , neutral white , and colors from blue to 
red . The illumination apparatus may include a light modu 
lation circuit for modulating the light . The illumination 
apparatus may include an organic light emitting device 
according to an embodiment of the present disclosure and a 
power supply circuit connected to the organic light emitting 
device . The power supply circuit is configured to convert 
alternating current voltage to direct current voltage . The 
“ white ” corresponds to a color temperature of 4200 K. The 

“ neutral white ” corresponds to a color temperature of 5000 
K. The illumination apparatus may include a color filter . 
[ 0125 ] The illumination apparatus according to this 
embodiment may include a heat dissipation unit . The heat 
dissipation unit is configured to release heat inside of the 
apparatus to the outside of the apparatus . The heat dissipa 
tion unit is formed of , for example , a metal having a high 
specific heat or liquid silicone . 
[ 0126 ] FIG . 12B is a schematic view of an automobile 
serving as an example of a moving object according to an 
embodiment . The automobile includes a tail lamp serving as 
an example of the illumination unit . An automobile 1500 
includes a tail lamp 1501 that may be configured to turn on 
upon braking , for example . 
[ 0127 ] The tail lamp 1501 may include the organic light 
emitting device according to the embodiment . The tail lamp 
may include a protective member for protecting the organic 
EL device . The material forming the protective member is 
not limited as long as it has relatively high strength and is 
transparent . The protective member can be formed of poly 
carbonate , for example . The polycarbonate may be mixed 
with , for example , a furandicarboxylic acid derivative or an 
acrylonitrile derivative . 
[ 0128 ] The automobile 1500 may include an automobile 
body 1503 and a window 1502 attached to the automobile 
body 1503. When the window is not windows for checking 
ahead or behind of the automobile , it may be designed as a 
transparent display . This transparent display may include the 
organic light emitting device according to the embodiment . 
In this case , constituent members of the organic light emit 
ting device , such as electrodes , are provided as transparent 
members . 
[ 0129 ] The moving object according to this embodiment 
may be a ship , an aircraft , or a drone , for example . The 
moving object may include a body and an illumination unit 
provided to the body . The illumination unit may emit light 
in order to indicate the position of the body . The illumination 
unit includes the organic light emitting device according to 
the embodiment . 
[ 0130 ] As has been described so far , apparatuses employ 
ing the organic light emitting device according to the 
embodiment enable displaying of images with high quality 
for a long time with stability . 

an 

EXAMPLES 

Example 1 

[ 0131 ] Hereinafter , an example of the organic light emit 
ting device 100 according to this embodiment will be 
described . On the substrate 1 , a metal layer is formed . 
Desired regions of the metal layer were etched off using , for 
example , a mask pattern , to thereby form the lower elec 
trodes 2. Subsequently , the insulating layers 3 were formed 
so as to cover the edges of the lower electrodes 2. In this 
Example , the insulating layers 3 were formed of silicon 
oxide ; each insulating layer 3 was formed with a thickness 
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Compound 2 

N 

Compound 3 

of 80 nm measured on the upper surface of such a lower 
electrode 2 in a direction perpendicular to the upper surface 
of the substrate 1. After the insulating layers 3 were formed , 
desired regions of the insulating layers 3 were etched off 
using , for example , a mask pattern , to thereby form openings 
12. As illustrated in FIG . 6 , each insulating layer 3 was 
formed so as to have a gentle slope portion and a steep slope 
portion . The gentle slope portion 311 had a slope angle of 
40 ° , and the steep slope portion 312 had a slope angle of 80 ° . 
The height of the upper end of the steep slope portion 312 
was set to 50 nm relative to the second region ( flat portion ) 
21 at the upper surface of the first electrode . The height of 
the slope portion 31 was set to 80 nm relative to the second 
region ( flat portion ) 21 of the first electrode . In the slope 
portion 32 of the insulating layer 3 , the gentle slope portion 
321 was formed so as to have a slope angle of 40 ° , and the 
steep slope portion 322 was formed so as to have a slope 
angle of 80 ° . The height of the slope portion 32 was set to 
80 nm relative to the flat portion 22 between the first 
electrode and another first electrode . In this Example , pixels 
were arranged in a delta array in which adjacent openings 12 
had a distance of 1.4 um therebetween , and adjacent lower 
electrodes 2 had a distance of 0.6 um therebetween . As 
illustrated in FIG . 2 , the pixels each having a hexagonal 
shape were arranged in the delta array . 
[ 0132 ] Subsequently , the organic layer 4 was formed . The 
organic layer was formed so as to include , in the following 
order , a hole injection layer , a hole transport layer , an 
electron blocking layer , a light emitting layer having a 
double layer structure , an electron transport layer , and an 
electron injection layer . On the substrate 1 , the hole injection 
layer was first formed using a material represented by the 
following Compound 1 to a thickness of 7 nm . 

N 

Compound 4 

bog 
Compound 1 

NC CN 
Compound 5 

N 

N 

NC CN 

N 

NC CN 

[ 0133 ] Subsequently , the hole transport layer was formed 
using a material represented by the following Compound 2 
to a thickness of 5 nm , and the electron blocking layer was 
formed using a material represented by the following Com 
pound 3 to a thickness of 10 nm . The light emitting layer was 
formed so as to have a stack structure of two layers . As a first 
light emitting layer , a light emitting layer was formed so as 
to include a host material represented by the following 
Compound 4 , and an emission dopant represented by the 
following Compound 5. The amount of the emission dopant 
was adjusted so as to satisfy a weight ratio of 3 % . The first 
light emitting layer was formed with a layer thickness of 10 

[ 0134 ] Subsequently , as a second light emitting layer , a 
light emitting layer was formed so as to include a host 
material represented by Compound 4 above , and an emis 
sion dopant represented by the following Compound 6. The 
amount of the emission dopant was adjusted so as to satisfy 
a weight ratio of 1 % . The second light emitting layer was 
formed with a layer thickness of 10 nm . After the light 
emitting layer having a double layer structure was formed , nm . 



US 2020/0259113 A1 Aug. 13 , 2020 
12 

the electron transport layer was formed using the following 
Compound 7 to a thickness of 34 nm . Furthermore , the 
electron injection layer was formed using LiF to a thickness 
of 0.5 nm . 

Compound 6 

Compound 7 

N 

[ 0137 ] The organic layer includes , between the first elec 
trode and the light emitting layer , a hole transport region 
constituted by the hole injection layer and the hole transport 
layer . The charge transport region on the flat portion 21 has 
an upper surface having a height ( relative to the flat portion 
21 ) of 12 nm , which is smaller than the height ( 50 nm ) of the 
upper end of the steep slope portion . The organic layer on 
the flat portion 21 has an upper surface having a height 
( relative to the flat portion 21 ) of 76 nm , which is larger than 
the height ( 50 nm ) of the upper end of the steep slope portion 
312. Similarly , the charge transport region on the flat portion 
22 has an upper surface having a height ( relative to the flat 
portion 22 ) of 12 nm , which is smaller than the height ( 50 
nm ) of the upper end of the steep slope portion . The organic 
layer on the flat portion 22 has an upper surface having a 
height ( relative to the flat portion 22 ) of 76 nm , which is 
larger than the height ( 50 nm ) of the upper end of the steep 
slope portion 322 . 
[ 0138 ] Hereinafter , characteristics of the organic light 
emitting device 100 formed in Example 1 will be described . 
First , regarding an index of leakage current between light 
emitting elements , Ileak / 1oled a method of measuring this 
index will be described with reference to an R pixel as an 
example . Current is passed through the R pixel while G 
pixels and B pixels adjacent to the R pixel are short - circuited 
( potential = 0 V ) . In this case , the current passing from the 
first electrode of the R pixel to the second electrode of the 
R pixel was denoted by loled ; the sum of current passing 
from the first electrode of the R pixel to the second elec 
trodes of G pixels or B pixels was denoted by Ileak . Ileak was 
measured at a potential providing an Ioled of 0.1 nA / pixel . 
The ratio of Ileak to loled is expressed by leard Ioled . Cases 
where the Ilean / lied was 0.20 or less were evaluated as 
achieving a reduction in the leakage current . 
[ 0139 ] Second , the leakage current between the upper 
electrode and the lower electrode will be described . Organic 
light emitting elements have an emission threshold voltage 
of about 2 V. Thus , in a light emitting element in which 
leakage current does not flow between the upper electrode 
and the lower electrode , when a voltage such as 1.5 V is 
applied between the upper electrode and the lower electrode , 
current does not flow . By contrast , in a light emitting 
element in which leakage current flows between the upper 
electrode and the lower electrode , when the voltage of 1.5 V 
is applied between the upper electrode and the lower elec 
trode , current flows . Thus , a current value was measured 
while the voltage of 1.5 V was applied between the upper 
electrode and the lower electrode of the R pixel . Specifically , 
the current flowing upon application of 1.5 V is leakage 
current . In a light emitting element in which a reduction in 
the leakage current between the upper electrode and the 
lower electrode is achieved , current does not flow upon 
application of 1.5 V. 
[ 0140 ] Subsequently , while a voltage of 5 V was applied 
between the upper electrode and the lower electrode of the 
R pixel , a current value and a luminance were measured . 
[ 0141 ] As a result , Ileak / Ibied was found to be 0.15 ; the 
amount of current upon application of a voltage of 1.5 V was 
found to be 1x10- ° nA / pixel ; the amount of current upon 
application of a voltage of 5 V was found to be 16 nA / pixel ; 
the luminance was found to be 250 cd / m² . Thus , device 
characteristics including the high luminance were obtained . 

[ 0135 ] After the organic layer 4 was formed , the upper 
electrode 5 was formed using a MgAg alloy having a 
Mg - Ag ratio of 1 : 1 to a thickness of 10 nm . After the upper 
electrode 5 was formed , a sealing layer 6 was formed using 
SiN by CVD to a thickness of 1.5 um . After this protective 
layer 6 was formed , the color filters 7 were formed . 
[ 0136 ] The ratio of the distance ( 1.4 um ) between open 
ings of two adjacent first electrodes to the layer thickness ( 76 
nm , total thickness of the organic sublayers ) of the organic 
layer on the first electrodes was 18 , which was less than 50 . 
On the second region ( flat portion ) 21 of such a first 
electrode , the organic layer had a layer thickness of 76 nm , 
which was smaller than the height ( 80 nm ) of the upper end 
of the slope portion 31. On the flat portion 22 , the organic 
layer had a layer thickness of 76 nm , which was smaller than 
the height ( 80 nm ) of the upper end of the slope portion 32 . 
The region 41 of the organic layer extending along the slope 
portion 31 , and the region 42 of the organic layer extending 
along the slope portion 32 had organic layer thicknesses of 
36 nm to 45 nm , which were 20 nm or more . Among the 
peaks in the emission spectrum of the light emitting layer , a 
peak at the shortest wavelength À was found at 460 nm ; the 
optical distance L was found to be 146 nm ; and the phase 
shift o was found to be –?t . Thus , the following Formula ( 5 ) 
was satisfied . 

( 18 ) x ( - ( 20/1 ) -1 ) < L < ( 18 ) x ( - ( 20/1 ) +1 ) ( 5 ) 
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flowed between light emitting elements . This has demon 
strated the following : when the organic layer on the flat 
portion has an upper surface having a height larger than the 
height of the upper end of the slope portion , crosstalk 
between light emitting elements tends to be significant . 
[ 0150 ] Since the electron transport layer was formed with 
a layer thickness of 140 nm , the resultant organic layer on 
the lower electrode had a total thickness of 182 nm , which 
was larger than in Example 1. As a result , the following 
Formula ( 5 ) was not satisfied , so that the N4 interference 
condition was not satisfied . 

Comparative Example 1 
[ 0142 ] An organic light emitting device was produced as 
in Example 1 except that the height of the steep slope portion 
312 relative to the flat portion 21 was set to 90 nm , the height 
of the slope portion 31 relative to the flat portion 21 was set 
to 120 nm , the height of the steep slope portion 322 relative 
to the flat portion 22 was set to 90 nm , and the height of the 
slope portion 32 relative to the flat portion 22 was set to 120 
nm . The region 41 of the organic layer extending along the 
slope portion 31 was formed so as to extend along , in 
addition to the gentle slope portion 311 , the steep slope 
portion 312. The organic layer extending along the steep 
slope portion was found to have thicknesses of 18 to 24 nm . 
The same applied to the slope portion 32 . 
[ 0143 ] As a result , an excessively large leakage current 
flowed between the upper electrode and the lower electrode , 
so that Izeard Ioled was not accurately measured . Specifically , 
Ileak was large and losed was small , so that the resultant 
Ileak / Ioled was a very large value and hence unmeasurable . 
The amount of current upon application of a voltage of 1.5 
V was found to be 1x10- nA / pixel , which was very large . 
At the inner periphery of the opening , a phenomenon of a 
decrease in the intensity of emission occurred . This was 
inferentially caused because the leakage current between the 
upper electrode and the lower electrode results in a region 
subjected to a decrease in the potential difference between 
the upper electrode and the lower electrode . 
[ 0144 ] This has demonstrated the following : when a 
region of the organic layer extending along the slope portion 
has a portion having a layer thickness of less than 20 nm , a 
large leakage current flows between the upper electrode and 
the lower electrode . 

( 18 ) x ( - ( 20/1 ) -1 ) < L < ( 1/8 ) x ( - ( 20/1 ) +1 ) ( 5 ) 

[ 0151 ] As a result , the amount of current upon application 
of a voltage of 5 V was found to be 6 nA / pixel , and the 
luminance was found to be 90 cd / m² ; thus , the amount of 
current and the luminance were small . This was inferentially 
caused because the organic layer on the lower electrode was 
formed with the increased thickness , which resulted in an 
increase in the resistance . 

Comparative Example 4 
[ 0152 ] An organic light emitting device was produced as 
in Comparative Example 1 except that , relative to the flat 
portion 21 , the angle of the steep slope portion 312 was set 
to 76 ° , and the angle of the steep slope portion 322 was set 
to 76º . Among the layer thicknesses of the organic layer 
extending along the slope portion 31 and the slope portion 
32 measured in a direction perpendicular to such a slope 
portion , the layer thickness of the thinnest portion ( hereafter , 
organic layer minimum thickness ) was found to be 19 nm . 
The amount of current upon application of a voltage of 1.5 
V was found to be 3x10-4 nA / pixel . 

Comparative Example 2 
[ 0145 ] An organic device was produced as in Example 1 
except that the height of the steep slope portion 312 relative 
to the flat portion 21 was set to 30 nm and the height of the 
slope portion 31 relative to the flat portion 21 was set to 50 
nm , and the height of the steep slope portion 322 relative to 
the flat portion 22 was set to 30 nm and the height of the 
slope portion 32 relative to the flat portion 22 was set to 50 

Example 2 
[ 0153 ] An organic light emitting device was produced as 
in Example 1 except that , relative to the flat portion 21 , the 
height of the steep slope portion 312 was set to 70 nm , and 
the height of the steep slope portion 322 was set to 70 nm . 
The organic layer minimum thickness was found to be 20 
nm . The amount of current upon application of a voltage of 
1.5 V was found to be 3x10-5 nA / pixel . nm . 

[ 0146 ] As a result , Ilean / loied was found to be 0.25 , and the 
amount of current upon application of a voltage of 1.5 V was 
found below the limit of measurement ( 10- nA / pixel ) . As is 
clear from the lead / loted of 0.25 , the proportion of the 
leakage current was high , and a very large leakage current 
flowed between light emitting elements . 
[ 0147 ] This has demonstrated the following : when the 
organic layer on such a flat portion has an upper surface 
having a height larger than the height of the upper end of the 
slope portion , crosstalk between light emitting elements 
tends to be significant . 

Example 3 
[ 0154 ] An organic light emitting device was produced as 
in Example 1 except that , relative to the flat portion 21 , the 
height of the steep slope portion 312 was set to 65 nm , and 
the height of the steep slope portion 322 was set to 65 nm . 
The organic layer minimum thickness was found to be 25 
nm . The amount of current upon application of a voltage of 
1.5 V was found to be 7x10- nA / pixel . 

Comparative Example 3 
[ 0148 ] An organic light emitting device was produced as 
in Example 1 except that the electron transport layer was 
formed so as to have a layer thickness of 140 nm . 
[ 0149 ] As a result , Ileak / Ioled was found to be 0.35 , and the 
amount of current upon application of a voltage of 1.5 V was 
found below the limit of measurement ( 10-6 nA / pixel ) . As is 
clear from the Ileak ! Ioled of 0.35 , the proportion of the 
leakage current was high , and a very large leakage current 

Example 4 
[ 0155 ] An organic light emitting device was produced as 
in Example 1 except that , relative to the flat portion 21 , the 
height of the steep slope portion 312 was set to 58 nm , and 
the height of the steep slope portion 322 was set to 58 nm . 
The organic layer minimum thickness was found to be 29 
nm . The amount of current upon application of a voltage of 
1.5 V was found to be 4x10-6 nA / pixel . 
[ 0156 ] FIG . 13 illustrates the relation of the leakage cur 
rent between the upper electrode and the lower electrode 
against , among the layer thicknesses of the organic layer on 
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TABLE 1 - continued 

Sides of 
hexagon 

Layer thickness of 
organic layer on 
slope portion 

Percentage of occurrence of 
phenomenon of darkening in 
peripheral region of opening 

No. 5 
No. 6 

31 nm 
26 nm 

36 % 
52 % 

the slope portions measured in a direction perpendicular to 
such a slope portion , the layer thickness of the thinnest 
portion . Specifically , FIG . 13 illustrates , in organic light 
emitting devices of Comparative Examples 1 and 4 and 
Examples 1 , 2 , 3 , and 4 , the relation of the leakage current 
between the upper electrode and the lower electrode against , 
among the layer thicknesses of the organic layer extending 
along the slope portion 31 and the slope portion 32 measured 
in a direction perpendicular to such a slope portion , the layer 
thickness of the thinnest portion ( organic layer minimum 
thickness ) . 
[ 0157 ] FIG . 13 has demonstrated the following . When the 
region of the organic layer extending along the slope por 
tions includes a portion having a layer thickness of less than 
20 nm , a large leakage current flows between the upper 
electrode and the lower electrode . By contrast , when the 
region of the organic layer extending along the slope por 
tions has a layer thickness of 20 nm or more , the leakage 
current between the upper electrode and the lower electrode 
is less than 1x10-4 nA / pixel , so that good characteristics are 
maintained . When the region of the organic layer extending 
along the slope portions has a layer thickness of 25 nm or 
more , the leakage current between the upper electrode and 
the lower electrode is less than 1x10-5 nA / pixel , which 
provides even better characteristics . 

Comparative Example 4 
[ 0158 ] An organic light emitting device was produced as 
in Example 1 except that the insulating layer was formed so 
as to have the structure illustrated in FIG . 5A , the slope 
angle of the slope portion 31 was set to 67 ° , and the slope 
angle of the slope portion 32 was set to 40 ° . The pixels each 
have a hexagonal shape . Thus , the slope portion 31 is 
constituted by regions that correspond to the sides of the 
hexagon , and that are numbered 1 to 6 counterclockwise 
from the side on the right in FIG . 2 . 
[ 0159 ] In the organic light emitting device of this Com 
parative Example , a current of 1 nA / pixel was applied to 25 
pixels . This resulted in the occurrence of a phenomenon of 
a decrease in the emission intensity at the inner periphery of 
each opening . This phenomenon of a decrease in the emis 
sion intensity at the inner periphery of the opening occurred 
differently depending on the sides of the hexagon . This has 
been found to be associated with the layer thickness of the 
region of the organic layer extending along the slope por 
tion . The results are described in Table 1 . 
[ 0160 ] Table 1 has demonstrated the following . When the 
layer thickness of the region of the organic layer extending 
along the slope portion is 33 nm or more , the phenomenon 
of a decrease in the emission intensity at the inner periphery 
of the opening does not occur , which means that a reduction 
is achieved in the leakage current between the upper elec 
trode and the lower electrode . 

Advantageous Effects of Embodiments 
[ 0161 ] Some embodiments of the present disclosure pro 
vide an electronic device including a plurality of first 
electrodes that achieves a reduction in the leakage current 
between the plurality of first electrodes , and a reduction in 
the leakage current between such a first electrode and the 
second electrode . 
While the present disclosure has been described with refer 
ence to example embodiments , it is to be understood that the 
disclosure is not limited to the disclosed example embodi 
ments . The scope of the following claims is to be accorded 
the broadest interpretation so as to encompass all such 
modifications and equivalent structures and functions . 
[ 0162 ] This application claims the benefit of Japanese 
Patent Application No. 2019-023783 , filed Feb. 13 , 2019 , 
and 2019-210033 , filed Nov. 20 , 2019 , which are hereby 
incorporated by reference herein in their entirety . 
What is claimed is : 
1. An electronic device comprising : 
a first lower electrode ; 
a second lower electrode ; 
an upper electrode ; 
a functional layer disposed between each lower electrode 

and the upper electrode , and covering each lower 
electrode ; and 

an insulating layer covering an edge of each lower elec 
trode , and including a slope portion on each lower 
electrode , 

wherein each lower electrode includes a first region 
including the edge of the lower electrode and covered 
with the insulating layer , and a second region in contac 
with the functional layer , 

the functional layer is continuously disposed so as to 
cover the second region of the first lower electrode , the 
second region of the second lower electrode , and the 
insulating layer covering the first lower electrode and 
the second lower electrode , 

the functional layer has , on the second region , a layer 
thickness smaller than a height from an upper surface 
of the first lower electrode to an upper surface of the 
insulating layer , and 

the functional layer on the slope portion of the insulating 
layer has a layer thickness of 20 nm or more in a 
direction perpendicular to a slope surface of the slope 
portion . 

2. The electronic device according to claim 1 , wherein a 
ratio of a distance between the second region of the first 
lower electrode and the second region of the second lower 
electrode to the layer thickness of the functional layer on the 
second region is less than 50 . 

3. The electronic device according to claim 1 , wherein , in 
a section perpendicular to a main surface of the first lower 
electrode , the slope portion includes a gentle slope portion 
between an upper end of the slope portion and a lower end 
of the slope portion , and a steep slope portion disposed 

TABLE 1 

Sides of 
hexagon 

Layer thickness of 
organic layer on 
slope portion 

Percentage of occurrence of 
phenomenon of darkening in 
peripheral region of opening 

No. 1 
No. 2 
No. 3 
No. 4 

27 nm 
29 nm 
33 nm 
35 nm 

48 % 
44 % 

0 % 
0 % 
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between the gentle slope portion and the lower end and 
having , relative to the first lower electrode , a larger slope 
angle than the gentle slope portion . 

4. The electronic device according to claim 3 , wherein the 
functional layer includes a charge transport layer in contact 
with the first lower electrode , a height of an upper surface of 
the charge transport layer on the second region of the first 
lower electrode is smaller than a height of an upper end of 
the steep slope portion , and 

a height of an upper surface of the functional layer on the 
second region of the first lower electrode is larger than 
the height of the upper end of the steep slope portion . 

5. An electronic device comprising : 
a first lower electrode ; 
a second lower electrode ; 
an upper electrode ; 
a functional layer disposed between each lower electrode 

and the upper electrode , and covering each lower 
electrode ; and 

an insulating layer covering an edge of each lower elec 
trode , and including a slope portion on each lower 
electrode , 

wherein each lower electrode includes a first region 
including the edge of the lower electrode and covered 
with the insulating layer , and a second region in contact 
with the functional layer , 

the functional layer is continuously disposed so as to 
cover the second region of the first lower electrode , the 
second region of the second lower electrode , and the 
insulating layer covering the first lower electrode and 
the second lower electrode , 

the functional layer on the second region has a layer 
thickness smaller than a height from an upper surface 
of the first lower electrode to an upper surface of the 
insulating layer , 

in a section perpendicular to a main surface of the first 
lower electrode , the slope portion of the insulating 
layer includes a gentle slope portion disposed between 
an upper end of the slope portion and a lower end of the 
slope portion , and a steep slope portion disposed 
between the gentle slope portion and the lower end and 
having , relative to the first lower electrode , a larger 
slope angle than the gentle slope portion , and 

a height of an upper surface of the functional layer on the 
second region of the first lower electrode is larger than 
a height of an upper end of the steep slope portion . 

6. The electronic device according to claim 5 , wherein the 
functional layer on the gentle slope portion of the insulating 
layer has a layer thickness of 20 nm or more in a direction 
perpendicular to a slope surface of the gentle slope portion . 

7. The electronic device according to claim 1 , further 
comprising a substrate on which each lower electrode is 
disposed , wherein , in plan view in a direction perpendicular 
to a main surface of the substrate , the slope portion and the 
first region of the first lower electrode overlap . 

8. The electronic device according to claim 1 , further 
comprising a substrate on which each lower electrode is 
disposed , wherein the insulating layer is covered with the 
functional layer and includes another slope portion disposed , 
in plan view in a direction perpendicular to a main surface 
of the substrate , between the first lower electrode and the 
second lower electrode , and 

the functional layer on the other slope portion has a layer 
thickness of , in a direction perpendicular to the other 
slope portion , 20 nm or more . 

9. The electronic device according to claim 1 , the elec 
tronic device comprising a plurality of insulating layers 
including the insulating layer , which covers an edge of each 
lower electrode , 
wherein each of the plurality of insulating layers includes 

a slope portion on each lower electrode , and the func 
tional layer has a thickness of 20 nm or more in a 
direction perpendicular to the slope portion . 

10. The electronic device according to claim 9 , further 
comprising a substrate on which each lower electrode is 
disposed , wherein the plurality of insulating layers each 
include another slope portion disposed , in plan view in a 
direction perpendicular to a main surface of the substrate , 
between the first lower electrode and the second lower 
electrode , and , on the other slope portion , the functional 
layer has a thickness of 20 nm or more in a direction 
perpendicular to a slope surface of the other slope portion . 

11. The electronic device according to claim 1 , wherein 
the slope surface of the slope portion is not parallel to an 
upper surface of the first lower electrode , and the slope 
surface of the slope portion is a portion of a surface of the 
insulating layer , the portion being disposed between an 
upper surface of the insulating layer and an upper surface of 
the first lower electrode covered with the insulating layer . 

12. The electronic device according to claim 3 , wherein 
the steep slope portion has a slope angle of more than 50 ° 
relative to the rst lower electrode , and the gentle slope 
portion has a slope angle of 50 ° or less relative to the first 
lower electrode . 

13. The electronic device according to claim 3 , wherein 
the insulating layer includes the steep slope portion includ 
ing a portion having a slope angle of more than 90 ° relative 
to the first lower electrode . 

14. The electronic device according to claim 1 , wherein 
the functional layer is an organic layer including a light 
emitting layer . 

15. The electronic device according to claim 14 , wherein 
the functional layer includes a charge transport layer in 
contact with the first lower electrode , the charge transport 
layer is a hole transport layer , and the light emitting layer is 
of an electron trap type . 

16. A display apparatus comprising a plurality of pixels , 
wherein at least one of the plurality of pixels includes the 
electronic device according to claim 1 , and a transistor 
connected to the electronic device . 

17. A photoelectric conversion apparatus comprising : 
an optical unit including a plurality of lenses ; 
an image pickup device configured to receive light having 

passed through the optical unit ; and 
a display unit configured to display an image captured 

with the image pickup device , 
wherein the display unit includes the electronic device 

according to claim 1 . 
18. An electronic apparatus comprising : 
a display unit including the electronic device according to 

claim 1 ; 
a housing provided with the display unit ; and 
a communication unit provided in the housing and con 

figured to communicate with an external device . 
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19. An illumination apparatus comprising : 
a light source including the electronic device according to 

claim 1 , and 
a light diffusion unit or optical film configured to transmit 

light emitted from the light source . 
20. A moving object comprising : 
an illumination unit including the electronic device 

according to claim 1 ; and 
a body provided with the illumination unit . 


