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7) ABSTRACT

There is provided a display device including an element sub-
strate that has a display area; and a counter substrate. When it
is assumed that the length of the shortest edge of the display
area is X1, the length of a longest diagonal line of the display
area is X3, the thickness of the counter substrate is L1, the
refraction index of the counter substrate is nl, the refractive
index of the air is n2, and the minimum value of an angle,
which is generated between a progress direction of light emit-
ted from the organic EL elements and a normal vector direc-
tion is totally reflected in the surface, is ¢, the relationship of
X1/(2 tan )<[.1=X3/(tan &) is realized.
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DISPLAY DEVICE AND ELECTRONIC

APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a self-luminous dis-

play device and an electronic apparatus including the display
device.

[0003] 2. Related Art

[0004] For example, an organic EL device in which pixels
having transistors and organic electro-luminescence (herein-
after, referred to as an organic EL) elements are arranged in a
matrix shape has been proposed as an example of a display
device (JP-A-2012-38677).

[0005] In the organic EL device disclosed in JP-A-2012-
38677, a reflection layer, a reflection layer protection layer
(insulation film), an organic EL element, a protection layer, a
color filter, a light-transmitting counter substrate, and the like
are laminated in order on a substrate on which transistors are
formed. The organic EL element includes a pixel electrode, a
light emitting function layer, and a cathode which are lami-
nated in order from a side of the insulation film. The organic
EL device has an optical resonance structure in which the
optical distance between the reflection layer and the cathode
is optimized. Light (red color light, green color light, and blue
color light), the color purity of which is increased by the
multi-reflection interference of reflected light, passes through
color filters and is emitted from the side of the counter sub-
strate as display light. As a result, color display which has
excellent color purity is provided.

[0006] In the organic EL device disclosed in JP-A-2012-
38677, red color light, green color light, and blue color light
are extracted from light emitted from the organic EL elements
based on the optical resonance structure, and thus it is pos-
sible to acquire color display while omitting the color filters
and it is possible to increase the brightness of display by
omitting the color filters.

[0007] However, when the color filters are omitted from the
organic EL, device disclosed in JP-A-2012-38677, some of
light emitted from the organic EL elements is reflected
between the counter substrate and the reflection layer, and
thus there is a problem in that display qualities are deterio-
rated.

[0008] Hereinafter, the details will be described with refer-
ence to FIGS. 11 to 12B.

[0009] FIG. 11 is a schematic diagram illustrating an
organic EL device according to a well-known technology.
FIGS. 12A and 12B are typical cross-sectional diagrams
taken along line XTI-X1T of FIG. 11. In FIG. 12A, the state of
light emitted from the organic EL elements is schematically
illustrated. In FIG. 12B, a state of light corresponding to a
display of FIG. 11 is schematically illustrated.

[0010] An organic EL device 500 includes a structure in
which a color filter layer is omitted from the organic EL
device disclosed in JP-A-2012-38677. As illustrated in FIG.
11, the organic EL device 500 includes an element substrate
510 and a counter substrate 330 which is arranged to face the
element substrate 510. The counter substrate 530 is formed
of, for example, glass, and has transparency. The refractive
index nl of the counter substrate 530 is 1.46.

[0011] Theorganic EL device 500 includesa display areaV
in which a plurality of pixels are arranged. There is a case in
which, when a pattern 551 is displayed in an area Z1 of the
display area V, a pattern 552 is displayed in an area Z2 which
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is separated from the area 71, and a pattern 553 is displayed
in an area Z3 which is separated from the area 72.

[0012] Hereinafter, it is assumed that a direction along the
long side of the element substrate 510 is an X direction, a
direction along the short side of the element substrate 510 is
a'Y direction, and a direction which faces the counter sub-
strate 530 from the substrate 510 is a Z direction.

[0013] Initially, the structure of the organic EL device 500
and the state of light which is emitted from the organic EL
device 500 will be described with reference to FIG. 12A.
[0014] As shown in FIG. 12A, in the organic EL device
500, the element substrate 510, a resin layer 520, and the
counter substrate 530 are sequentially arranged in the 7 direc-
tion. The resin layer 520 is formed of, for example, an epoxy
resin, and bonds the element substrate 510 to the counter
substrate 530.

[0015] Theair 601 is arranged on a surface 530a which is an
opposite side of a surface of the counter substrate 530 which
faces the element substrate 510. The refractive index n2 ofthe
air 601 is approximately 1.

[0016] The element substrate 510 includes a substrate 511,
areflection layer 512, areflection layer protection layer (insu-
lation film)512a, an organic EL element 513, and a protection
film 514 which are sequentially arranged on the substrate 511
in the 7 direction. A transistor (not shown in the drawing)
which drives the organic EL element 513, a drive circuit (not
shown in the drawing), and the like are formed on the sub-
strate 511. The protection film 514 is a passivation film which
suppresses the deterioration of the organic EL element 513
and has transparency. The reflection layer 512, the insulation
film 5124, and the organic EL element 513 form the optical
resonance structure. Red color light, green color light, and
blue color light, which are emitted from the light emission
layer of the organic EL element 513 and the color purities of
whichare increased by the multi-reflection interference of the
reflected light in the optical resonance structure, are emitted
in the 7 direction as the display light.

[0017] Light LB1, which is emitted from the light emission
layer of the organic EL element 513 and the color purity of
which is increased by the optical resonance structure, is inci-
dent to the surface 530a of the counter substrate 530. Some of
the light LB1 are reflected in the boundary surface (surface
530a) between the counter substrate 530 and the air 601 and
are ejected on the side of the air 601 as light LB2. Some of the
light LB1 are reflected in the surface 530a and are progressed
on the side of the reflection layer 512 as light LB3.

[0018] Hereinafter, the light LB1 is called incident light
LB1, the light LB2 is called refracted light L B2, and the light
LB3 is called reflected light LB3.

[0019] Whenitis assumed that an angle generated between
the incident light LB1 and the normal vector (Z direction) of
the surface 530a is set to 01 and an angle generated between
the progress direction of the refracted light LB2 and the Z
direction is set to 02, Expression (1) described below is real-
ized based on Snell’s law.

n1 sin 81=x2 sin 62 (1)

[0020] The angle 61 generated between the progress direc-
tion of the incident light LB1 and the Z direction based on
Expression (1) is expressed using Expression (2) described
below.

O1=sin~L((n2 sin 62)/n1) (3]

[0021] A condition in which the angle 02 generated
between the progress direction of the refracted light LB2 and
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the Z direction is greater than 90° corresponds to a condition
in which the incident light LB1 does not progress at the side
of the air 601, that is, a condition in which all of the incident
light LB1 are reflected in the surface 530q. Therefore, the
angle 61 acquired when the angle 62 is 90° is a critical angle
o at which the incident light LB1 is totally reflected in the
surface 530a.

[0022] When the angle 61 generated between the progress
direction of the incident light LB1 and the Z direction is less
than the critical angle a, the incident light LB1 is divided into
the refracted light LB2 and the reflected light LB3 in the
surface 530a. When the angle 01 generated between the
progress direction of the incident light LB1 and the Z direc-
tion is equal to or greater than the critical angle c, the incident
light LB1 is totally reflected in the surface 5304 and becomes
the reflected light [.B3. Therefore, when the angle 61 gener-
ated between the progress direction of the incident light LB1
and the Z direction is equal to or greater than the critical angle
a, the brightness of the reflected light LB3 is the highest.
[0023] In contrast, the wavelength of light which is ampli-
fied by the above-described optical resonance structure
changes according to the direction of light which passes
through the optical resonance structure. More specifically,
with regard to light which passes through the optical reso-
nance structure in an oblique direction (direction perpendicu-
lar to the 7 direction), the intensity of light on a short wave-
length side increases compared to the light which passes
through the optical resonance structure in the 7 direction.
Therefore, when the angle 81 generated between the progress
direction of the incident light [LB1 and the 7 direction
becomes large, the wavelength of enhanced light changesto a
short wavelength side. For example, when the intensity of
light in a blue color wavelength region increases under a
condition that the angle 81 based on the Z direction is 0°, the
intensity of light on a short wavelength side rather than the
blue color wavelength region, that is, light in a wavelength
region which is difficult to be recognized by human eyes
increases under a condition that the angle 61 based on the Z
direction is greater than 0°.

[0024] That is, when the angle 61 generated between the
progress direction of the incident light LB1 and the Z direc-
tion is greater than the critical angle o, the wavelength of the
incident light LB1 which is enhanced by the optical reso-
nance structure changes to the short wavelength side, and thus
it is difficult to be recognized by human eyes. Therefore, the
incident light I.B1 under the condition that an angle based on
the Z direction is the critical angle o is easily recognized by
human eyes and is easily conspicuous rather than the incident
light LB1 under the condition that the angle based on the Z
direction is greater than the critical angle . Therefore, the
incident light LB1 under the condition that the angle based on
the 7 direction is the critical angle « affects the display of the
above-described pattern 552 and the pattern 553 most.
[0025] Subsequently, a cause of the display of the pattern
552 and the pattern 553 subsequent to the display of the
necessary pattern 551 will be described with reference to FIG.
12B. In addition, it is assumed that light M1, M2, and M3
ejected in the Z direction are viewed as display light in the
drawing.

[0026] As shown in FIG. 12B, the light M1 is ejected in the
Z direction from the organic EL element 513 in the area 71,
and thus the necessary pattern 551 is displayed.

[0027] Light in a direction which is perpendicular to the Z
direction is also ejected from the organic EL element 513 in
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the area Z1 other than the light M1 in the Z direction. From
among light ejected in the direction which is perpendicular to
the Z direction, the incident light LB1 in which the angle
based on the Z direction is the critical angle o is totally
reflected in the surface 5304 and faces the side of the reflec-
tion layer 513 as the reflected light LB3.

[0028] The reflected light LB3 progresses to the side of the
reflection layer 512 and is reflected in the reflection layer 512
of the area 7Z2. The reflection layer 512, which is formed on
the substrate 511 on which transistors, drive circuits, and the
like are formed, includes various types of unevenness, and the
reflected light LB3 is reflected in various directions. The
pattern 552 is formed by the light M2 in the Z direction from
among light reflected in the reflection layer 512 of the area 2.

[0029] Further, from among light reflected in the reflection
layer 512 of the area 72, incident light LB1a, in which the
angle based on the Z direction is in the vicinity of the critical
angle o, progresses to the side of the surface 5304, is totally
reflected in the surface 530a, and progresses to the side ofthe
reflection layer 513 as reflected light LB3a. The reflected
light LB3a is reflected in the reflection layer 512 of the area
73. The pattern 553 is displayed by the light M3 which faces
the Z direction from among light reflected in the reflection
layer 512 of the area 73.

[0030] Further, the display states of the pattern 552 and the
pattern 553 change according to the directivity of light
reflected in the reflection layer 512 (the reflection perfor-
mance of the reflection layer 512).

[0031] Forexample, when light is reflected in the reflection
layer 512 in the X direction, the pattern 552 and the pattern
553 are displayed after being arranged in the X direction as
shown in FIG. 11. For example, when light is reflected in the
reflection layer 512 in the Y direction, the pattern 552 and the
pattern 553 are displayed after being arranged in the 'Y direc-
tion. For example, when light is reflected in the reflection
layer 512 in a direction (oblique direction) which is perpen-
dicular to the X direction and the Y direction, the pattern 552
and the pattern 553 are displayed after being arranged in the
oblique direction. For example, when light is reflected in the
reflection layer 512 while being spread in the X direction, the
pattern 552 and the pattern 553 are displayed in a wide range
compared to the display state shown in FIG. 11.

[0032] For example, when the reflection layer 512 is flat
and light is not reflected in the reflection layer 512 in the Z
direction, the pattern 552 and the pattern 553 are not dis-
played. For example, when light is uniformly reflected in the
reflection layer 512 in all of the directions, the intensity of
light which is reflected in the Z direction is weak, and thus it
is difficult for the pattern 552 and the pattern 553 to be
conspicuous.

[0033] Since the reflection layer 512 is formed on the sub-
strate 511 on which the transistors, the drive circuits, and the
like are formed, that is, on the substrate 511 which includes
various types of unevenness, itis difficult to control the reflec-
tion performance of the reflection layer 512 (the surface
unevenness of the reflection layer 512). Therefore, in the
organic EL device 500, when the necessary pattern 551 is
displayed in such a way that light is reflected in the reflection
layer 512 in a specific direction (Z direction), there is a
problem in that the pattern 552 and the pattern 553 are dis-
played.
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SUMMARY

[0034] Theinvention can be realized in the following forms
or application examples.

Application Example 1

[0035] According to this application example, there is pro-
vided a display device including: an element substrate that
has a polygonal display area on which a plurality of light
emitting elements are arranged; and a transparent substrate
that faces the element substrate and includes a first surface
which faces the element substrate, a second surface which is
arranged on a side opposite to the first surface, and side
surfaces which cross the first surface and the second surface,
light, which is emitted from the light emitting elements, is
ejected from the second surface as display light, and, when it
is assumed that a length of a shortest edge from among edges
which form a circumference of a shape of the display area is
X1, a length of a longest diagonal line from among diagonal
lines of the shape of the display area is X3, a thickness of the
transparent substrate is .1, a refraction index of the transpar-
ent substrate is nl, a refractive index of a medium which
comes into contact with the second surface is n2, and a mini-
mum value of an angle, which is generated between a
progress direction of light emitted from the light emitting
elements and a normal vector direction of the second surface
when the light emitted from the light emitting elements is
totally reflected in the second surface, is o, Expression (1)
described below is realized.

X1/(2 tan 0)<L1<X3/(tan @) )

[0036] When the light, which is emitted from the light
emitting elements, is reflected in the second surface of the
transparent substrate and faces the direction of the element
substrate, is incident to the display area and is reflected in the
display area of the element substrate, there is a problem in that
adisplay quality is deteriorated. When the thickness L1 of the
transparent substrate satisfies the above-described Expres-
sion (1), the light, which is emitted from the light emitting
elements, is reflected in the second surface of the transparent
substrate and faces the direction of the element substrate, is
incident to the periphery (non-display area) of the display
area and 1s reflected in the non-display area of the element
substrate, it is possible to suppress the display quality from
being deteriorated.

[0037] Accordingly, in the display device according to the
application example, it is possible to provide a high-quality
display.

Application Example 2

[0038] According to this application example, there is pro-
vided a display device including: an element substrate that
includes a circular or elliptical display area on which a plu-
rality of light emitting elements are arranged; and a transpar-
ent substrate that faces the element substrate and includes a
first surface which faces the element substrate, a second sur-
face which is arranged on a side opposite to the first surface,
and side surfaces which cross the first surface and the second
surface, light, which is emitted from the light emitting ele-
ments, is ejected from the second surface as display light, and,
when it is assumed that a length of a shortest line from among
lines which connect a circumference of the display area while
passing through a center of the display area is X1, a length of
a longest line from among lines which connect the circum-
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ference ofthe display area while passing through the center of
the display area is X3, a thickness of the transparent substrate
is L1, a refraction index of the transparent substrate is nl, a
refractive index of a medium which comes into contact with
the second surface is n2, and a minimum value of an angle,
which is generated between a progress direction of light emit-
ted from the light emitting elements and a normal vector
direction of the second surface when the light emitted from
the light emitting elements is totally reflected in the second
surface, is a, Expression (1) described below is realized.

X1/(2 tan a))<L1=X3/(tan @) (1)

[0039] When the light, which is emitted from the light
emitting elements, is reflected in the second surface of the
transparent substrate and faces the direction of the element
substrate, is incident to the display area and is reflected in the
display area of the element substrate, there is a problem in that
adisplay quality is deteriorated. When the thickness 1.1 of the
transparent substrate satisfies the above-described Expres-
sion (1), the light, which is emitted from the light emitting
elements, is reflected in the second surface of the transparent
substrate and faces the direction of the element substrate, is
incident to the periphery (non-display area) of the display
area and is reflected in the non-display area of the element
substrate, it is possible to suppress the display quality from
being deteriorated.

[0040] Accordingly, in the display device according to the
application example, it is possible to provide a high-quality
display.

Application Example 3

[0041] In the display device according to the application
example, it is preferable that a film, which absorbs light, be
arranged in at least a part of the side surfaces.

[0042] The film, which absorbs light, is arranged in at least
apart of the side surfaces of the transparent substrate. That is,
since the film, which absorbs light, is arranged on a path
through which light (reflected light), which causes unneces-
sary display to be performed, progresses, it is possible to
suppress unnecessary display from being performed.

Application Example 4

[0043] In the display device according to the application
example, it is preferable that a film, which absorbs light, be
arranged in at least a part of a periphery of the display area on
a surface which faces the transparent substrate of the element
substrate.

[0044] The film, which absorbs light, is arranged in at least
apart of the periphery of the display area on the surface which
faces the transparent substrate of the element substrate. That
is, since the film, which absorbs light, is arranged on the path,
through which light (reflected light), which causes unneces-
sary display to be performed, progresses, it is possible to
suppress unnecessary display from being performed.

Application Example 5

[0045] In the display device according to the application
example, it is preferable that a resin, which absorbs light, be
arranged in at least a part of a periphery of the display area
between the element substrate and the transparent substrate.
[0046] The resin, which absorbs light, is arranged in at least
apart of the periphery of the display area between the element
substrate and the transparent substrate. That is, since the
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resin, which absorbs light, is arranged on the path through
which light (reflected light), which causes unnecessary dis-
play to be performed, progresses, it is possible to suppress
unnecessary display from being performed.

Application Example 6

[0047] In the display device according to the application
example, it is preferable that the refractive index of the trans-
parent substrate be in a range of 1.2 to 1.6.

[0048] The transparent substrate which has the refractive
index in the range of 1.2 to 1.6 can cause the light, which is
emitted from the light emitting elements, to pass (eject) to the
side of the medium as the display light and can protect the
light emitting elements such that the light emitting elements
which are formed on the element substrate are not damaged.

Application Example 7

[0049] In the display device according to the application
example, it is preferable that the medium be air.

[0050] When the light, which is emitted from the light
emitting elements, is caused to be ejected to the side of air as
the display light, it is possible to view an image using the
display light.

Application Example 8

[0051] In the display device according to the application
example, it is preferable that the second surface be covered by
a film which has a refractive index lower than the refractive
index of the transparent substrate.

[0052] Itis preferable that the thickness 1 of the transpar-
ent substrate be in a range of X1/(2 tan c) to X3/(tan o) based
on the above-described Expression (1). When the second
surface of the transparent substrate is covered by a film which
has a refractive index lower than the refractive index of the
transparent substrate, it is possible to increase the minimum
value o of the angle, generated between the progress direction
of the light which is emitted from the light emitting elements
and is totally reflected and the normal vector direction of the
second surface, and the tangent value (tan ct) thereof. Accord-
ingly, compared to a case in which the second surface of the
transparent substrate is covered by the film which has the low
refractive index, it is possible to reduce the range of the
preferable thickness L1 of the transparent substrate (X1/(2
tan o) to X3/(tan @), thereby realizing a thin transparent
substrate.

Application Example 9

[0053] In the display device according to the application
example, it is preferable that, when it is assumed that a maxi-
mum value of an angle generated between an ejection direc-
tion of the display light and the normal vector direction is f3,
an angle generated between a progress direction of light,
which is emitted from the light emitting elements as the
display light when the angle based on the normal vector
direction is f3, and the normal vector direction is y, and an
interval between the display area and the side surfaces is 1.2,
Expression (2) and Expression (3) described below be are
realized.

L1 tan y<L2<X3 @

y=sin~!((n2/n1)sin p) 3)
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[0054] When the interval .2 between the display area and
the side surfaces of the transparent substrate satisfies the
above-described Expression (2) and Expression (3), the light,
which is emitted from the light emitting elements as the
display light, is not shielded by the side surfaces of the trans-
parent substrate. Accordingly, since all of the light, which is
emitted from the light emitting elements as the display light,
is ejected from the second surface of the transparent substrate
to the side of the medium, it is possible to view an entire image
using the display light. Application Example 10

[0055] In the display device according to the application
example, it is preferable that X3 be equal to or less than 25.4
mn.

[0056] Based on the above-described Expression (1), it is
preferable that the thickness L1 of the transparent substrate be
in the range of X1/(2 tan o) to X3/(tan ). When X3 is equal
to or less than 25.4 mm, it is possible to set the preferable
upper limit value (X3/(tan @)) of the thickness [.1 of the
transparent substrate in a range which is actually supplied.

Application Example 11

[0057] According to this application example, there is pro-
vided an electronic apparatus that includes the display device
according to the application examples.

[0058] In the display device according to the application
example, unnecessary display (deterioration of a display
quality) is suppressed, and thus it is possible to provide a
high-quality display. Accordingly, the electronic apparatus
which includes the display device according to the applica-
tion example can provide a high-quality display. For example,
it is possible to apply the display device according to the
application example to electronic apparatus which includes a
display unit such as a head mounted display, a head up dis-
play, the electronic view finder of a digital camera, a portable
information terminal, or navigation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0060] FIG. 1 is a schematic plan diagram illustrating the
outline of an organic EL device according to a first embodi-
ment.

[0061] FIG. 2 is an equivalent circuit diagram illustrating
the electrical configuration of the organic EL device accord-
ing to the first embodiment.

[0062] FIG. 3 is a schematic plan diagram illustrating the
configuration of sub pixels.

[0063] FIG. 4 is a schematic cross-sectional diagram illus-
trating the configuration of the organic EL device taken along
line IV-IV of FIG. 3.

[0064] FIG. 5 is a schematic cross-sectional diagram illus-
trating the organic EL device taken along line V-V of FIG. 1.
[0065] FIG. 6 is a graph illustrating the relationship
between the proper thickness of a counter substrate and the
diagonal size of a display area.

[0066] FIGS. 7A to 7] are diagrams illustrating suitable
examples of the shape of the display area of the organic EL
device.

[0067] FIG. 8 is a schematic cross-sectional diagram illus-
trating the organic EL device taken along line VIII-VIII of
FIG. 1.
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[0068] FIG. 9 is a schematic diagram illustrating a head
mounted display.

[0069] FIG. 10 is a schematic diagram illustrating the con-
figuration of an organic EL device according to a first modi-
fication example.

[0070] FIG. 11 is a schematic diagram illustrating an
organic EL device according to a well-known technology.
[0071] FIGS. 12A and 12B are typical cross-sectional dia-
grams taken along line XII-XII of FIG. 11.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0072] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings. The
embodiments show one aspect of the invention and do not
limit the invention. Further, the embodiments may be arbi-
trarily changed within the scope of the technical gist of the
invention. In addition, in each of the drawings below, each
layer and each portion have sizes which can be recognized on
the drawings, and thus the scales of each layer and each
portion are different from actual scales.

First Embodiment

Outline of Organic El Device

[0073] An organic EL device 100 according to a first
embodiment is an example of a “display device” of the inven-
tion, and is a sel{-luminous micro display which is suitable for
the display unit of a head mounted display which will be
described later.

[0074] FIG. 1 is a schematic plan diagram illustrating the
outline of an organic EL device according to the embodiment.
FIG. 2 is an equivalent circuit diagram illustrating the elec-
trical configuration of the organic EL device according to the
embodiment.

[0075] First, the outline of the organic EL device 100
according to the embodiment will be described with reference
to FIGS. 1 and 2.

[0076] As shown in FIG. 1, the organic EL. device 100
according to the embodiment includes an element substrate
10 and a counter substrate 40 which is arranged to be face the
element substrate 10. Both the substrates are bonded by a
resin layer 42 (refer to FIG. 4) which will be described later.
[0077] The element substrate 10 includes a display area E1
in which pixels 19 are arranged in a matrix shape, each of the
pixels including a sub pixel 18B which emits blue color light,
a sub pixel 18G which emits green color light, and a sub pixel
18R which emits red color light. The display area E1 is
illustrated using thick broken lines in the drawing.

[0078] Inthe description below, there is a case in which the
sub pixel 18B, the sub pixel 18G, and the sub pixel 18R are
called a sub pixel 18. In addition, the display area E1 is an
example of a “polygonal display area” of the invention.
[0079] A plurality of external connection terminals 103 are
arranged along the first edge of the element substrate 10. A
data line drive circuit 15 is provided between the plurality of
external connection terminals 103 and the display area E1.
Scan line drive circuits 16 are provided between the display
area E1 and the other second and third edges which are
perpendicular to the first edge and face each other.

[0080] Hereinafter, it is assumed that a direction along the
first side is the X direction and a direction along the other two
edges (the second edge and the third edge), which are per-
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pendicular to the first edge and face each other, is the Y
direction. It is assumed that a direction which faces the
counter substrate 40 from the element substrate 10 is the 7
direction.

[0081] Meanwhile, the 7 direction is an example of a “nor-
mal vector direction” of the invention.

[0082] The counter substrate 40 is a transparent glass sub-
strate, and is arranged to face the element substrate 10. The
refractive index nl of the counter substrate 40 is approxi-
mately 1.46. The counter substrate 40 covers the display area
E1, and protects organic EL elements 30 (refer to FIG. 2),
which are arranged in the display area E1 and will be
described later, from being damaged.

[0083] A plurality of external connection terminals 103 are
arranged at a portion of the element substrate 10 which pro-
trudes from the counter substrate 40 when viewed from the 7
direction.

[0084] The counter substrate 40 includes a side surface
40-1 and a side surface 40-3 which extend along the X direc-
tion, and a side surface 40-2 and a side surface 40-4 which
extend along the Y direction. The side surfaces 40-1, 40-2,
40-3, and 40-4 are surfaces which are perpendicular to the
surface 40a of the counter substrate 40 (refer to FIG. 4),
which will be described later, and a surface of the counter
substrate 40, which faces the element substrate 10.

[0085] Meanwhile, the counter substrate 40 may be a trans-
parent insulation substrate, and it is possible to use, for
example, a quartz substrate, a resin which has transparency,
and the like as the counter substrate 40 in addition to the
above-described glass substrate. It is preferable that the
refractive index nl of the counter substrate 40 be included in
arange of 1.2 to 1.6.

[0086] In addition, the refractive index has wavelength
dependency. Here, a refractive index in a visible light wave-
length region is used. For example, a refractive index on a
short wavelength side, which has the refractive index greater
than that of a long wavelength side, may be used in the visible
light wavelength region, and a reflective index which uses 550
nm, in which a visible sensitivity is higher than the other
wavelength, as a representative wavelength may be used.
[0087] The shape of the display area E1 of the embodiment
is a rectangle which is long in the X direction. The length of
an edge, which forms the circumference of the shape of the
display area E1 in the X direction, is X2. The length of an
edge, which forms the circumference of the shape of the
display area E1 in the Y direction, is X1. The length of the
diagonal line of the shape of the display area E1 (rectangle) is
X3. The length X3 of the diagonal line of the shape of the
display area E1 is approximately 25.4 mm.

[0088] From among lengths of lines which connect two
points of the circumference of the display area E1. X1 is the
shortest and X3 is the largest. Hereinafter, the length of the
diagonal line of the shape of the display area E1 is called a
display size.

[0089] The edge which forms the circumference of the
shape of the display area E1 in the Y direction is an example
of “the shortest edge from among the edges which form the
circumference of the shape of the polygonal display area” in
the invention. The diagonal line of the shape (rectangle) of the
display area E1 is an example of “the largest diagonal line
from among the diagonal lines of the shape of the polygonal
display area” in the invention.

[0090] The peripheral area of the display area E1, that is, an
area between the display area E1 and the outer edge of the
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element substrate 10 is a non-display area E2. In addition, the
gap between the display area E1 and the side surfaces 40-1,
40-2, 40-3, and 40-4 (the outer edge of the counter substrate
40)is L.2.

[0091] As shown in FIG. 2, the organic EL device 100
includes a plurality of scan lines 12 and a plurality of data
lines 13, which cross each other, and a plurality of power lines
14 which are parallel to the plurality of data lines 13 respec-
tively. The scan lines 12 are connected to the scan line drive
circuit 16, and the data lines 13 are connected to the data line
drive circuit 15. In addition, the organic EL device 100
includes a plurality of sub pixels 18 which correspond to
respective intersections between the plurality of scan lines 12
and the plurality of data lines 13 and are arranged in a matrix
shape.

[0092] The sub pixel 18 includes an organic EL element 30
and a pixel circuit 20 which controls the drive of the organic
EL element 30.

[0093] The organic EL element 30 includes a pixel elec-
trode 31, a light emitting function layer 32, and a counter
electrode 33. The pixel electrode 31 functions as an anode
which supplies holes to the light emitting function layer 32.
The counter electrode 33 functions as a cathode which sup-
plies electrons to the light emitting function layer 32. The
holes which are supplied from the pixel electrode 31 are
combined with the electrons which are supplied from the
counter electrode 33 in the light emitting function layer 32,
and thus the light emitting function layer 32 emits white color
light.

[0094] Meanwhile, the organic EL. element 30 is an
example of a “light emitting element” of the invention.

[0095] The pixel circuit 20 includes a switching transistor
21, a storage capacity 22, and a drive transistor 23. It is
possible to form the two transistors 21 and 23 using, for
example, n-channel type or p-channel type transistors.

[0096] The gate of the switching transistor 21 is connected
to the scan line 12. One of the source and the drain of the
switching transistor 21 is connected to the data line 13. The
remaining one of the source and the drain of the switching
transistor 21 is connected to the gate of the drive transistor 23.

[0097] One of the source and the drain of the drive transis-
tor 23 is connected to the pixel electrode 31 of the organic EL
element 30. The remaining one of the source and the drain of
the drive transistor 23 is connected to the power line 14. A
storage capacity 22 is connected between the gate of the drive
transistor 23 and the power line 14.

[0098] When the scan line 12 is driven and the switching
transistor 21 is turned on, potential is held in the storage
capacity 22 through the switching transistor 21 based on a
pixel signal which is supplied from the data line 13 at that
time. The on or off state of the drive transistor 23 is deter-
mined according to the potential of the storage capacity 22,
that 1s, the gate potential of the drive transistor 23. Further,
when the drive transistor 23 is in an on state, an amount of
current according to the gate potential flows to the light emit-
ting function layer 32 which is interposed between the pixel
electrode 31 and the counter electrode 33 from the power line
14 through the drive transistor 23. The brightness of light
which is emitted from the organic EL, element 30 changes
according to the density of current which flows to the light
emitting function layer 32.
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Outline of Sub Pixel

[0099] FIG. 3 is a schematic plan diagram illustrating the
configuration of the sub pixel. In F1G. 3, the pixel electrode 31
and the insulation film 28 are shown from among the compo-
nents of the sub pixel 18, and the other components are not
shown in the drawing.

[0100] Subsequently. the outline of the sub pixel 18 will be
described with reference to FIG. 3.

[0101] As shown in FIG. 3, the pixel electrode 31 and the
insulation film 28 are arranged in the sub pixel 18. The pixel
electrode 31 has light transparency, is formed of, for example,
a transparent material, such as Indium Tin Oxide (ITO), and
is formed in an island shape for each sub pixel 18.

[0102] Theinsulation film 28 is provided between the pixel
electrode 31 and the light emitting function layer 32 (refer to
FIG. 4). The insulation film 28 is arranged to cover the periph-
ery of the pixel electrode 31, and includes an opening 28CT
which exposes the pixel electrode 31.

[0103] In a portion where the opening 28CT is provided,
the pixel electrode 31 is connected to the light emitting func-
tion layer 32, holes are supplied to the light emitting function
layer 32 from the pixel electrode 31, and the light emitting
function layer 32 emits light. That is, an area in which the
opening 28CT is provided is a light emitting area in which the
light emitting function layer 32 emits light. In an area in
which the insulation film 28 is provided, the supply of holes
from the pixel electrode 31 to the light emitting function layer
32 is suppressed and the light emission of the light emitting
function layer 32 is suppressed. That is, the area in which the
insulation film 28 is provided is an area in which the light
emission of the light emitting function layer 32 is suppressed.

Cross-Sectional Structure of Organic EL Device

[0104] FIG. 4 is a schematic cross-sectional diagram illus-
trating the configuration of the organic EL device taken along
line IV-IV of FIG. 3.

[0105] Subsequently. the cross-sectional structure of the
organic EL, device 100 will be described with reference to
FIG. 4.

[0106] As shown in FIG. 4, in the organic EL device 100,
the element substrate 10, the resin layer 42, and the counter
substrate 40 are sequentially laminated in the Z direction.
Further, the counter substrate 40 comes into contact with the
air 601. The refractive index n2 of the air 601 is approxi-
mately 1.

[0107] Meanwhile, the air 601 is an example of a “medium”
in the invention.

[0108] The surface 40a on a side opposite to the surface of
the counter substrate 40, which faces the element substrate
10, is a surface on a side in which light emitted from the
organic EL element 30 is ejected as display light. That is, the
display light is ejected from the surface 40a on the side
opposite to the surface of the counter substrate 40, which
faces the element substrate 10, to the side of the air 601.
[0109] Theresinlayer42 has a function to bond the element
substrate 10 to the counter substrate 40, and it is possible to
use, for example, an epoxy resin, an acrylic resin, or the like
as the resin layer 42.

[0110] The element substrate 10 includes a substrate 11, a
reflection layer 25 which is sequentially laminated on the
substrate 11 in the Z direction, an optical distance adjustment
layer 26, an organic EL element 30, and a sealing layer 34.
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[0111] The substrate 11 is a semiconductor substrate in
which, for example, the scan lines 12, the data lines 13, the
power lines 14, the data line drive circuit 15, the scan line
drive circuits 16, the switching transistors 21, the storage
capacities 22, the drive transistors 23 (refer to FIG. 2) and the
like are formed on a base material which is formed of silicon
according to a well-known technology.

[0112] Meanwhile, the base material of the substrate 11 is
not limited to the above-described silicon and may be, for
example, a transparent insulation material such as quartz and
glass.

[0113] The reflection layer 25 is one of a pair of reflection
layers which reflect light emitted from the light emitting
function layer 32. The reflection layer 25 is formed of a
material which has high reflectance and is arranged across the
plurality of sub pixels 18. It is possible to use, for example,
aluminum, silver, or the like as the component material of the
reflection layer 25.

[0114] The optical distance adjustment layer 26 includes a
first insulation film 26a, a second insulation film 265, and a
third insulation film 26¢. The first insulation film 26a is pro-
vided on the reflection layer 25 and is arranged on the sub
pixel 18B, the sub pixel 18G, and the sub pixel 18R. The
second insulation film 265 is provided on the first insulation
film 26a, and is arranged on the sub pixel 18G and the sub
pixel 18R. The third insulation film 26¢ is provided on the
second insulation film 265 and is arranged on the sub pixel
18R. As a result, the thickness of the optical distance adjust-
ment layer 26 is large in order of the sub pixel 18B, the sub
pixel 18G, and the sub pixel 18R.

[0115] The organic EL element 30 includes the pixel elec-
trode 31, the insulation film 28, the light emitting function
layer 32, and the counter electrode 33 which are sequentially
laminated in the 7 direction.

[0116] The light emitting function layer 32 includes a hole
injection layer, a hole transport layer, an organic light emit-
ting layer, an electron transport layer, and the like which are
sequentially laminated in the 7 direction. The organic light
emitting layer emits light which has red, green, and blue color
light components. The organic light emitting layer may
include a single layer or may include a plurality of layers (for
example, a blue color light emission layer which emits blue
color light and a yellow color light emission layer which
emits light including a red color and a green color).

[0117] The counter electrode 33 is formed of, for example,
an alloy Mg and Ag, and has light transparency and light
reflectivity. The counter electrode 33 is a remaining reflection
layer of the pair of reflection layers which reflect light emitted
from the light emitting function layer 32.

[0118] The sealing layer 34 includes a first sealing layer
34a, aplanarization layer 345, and a second sealing layer 34¢
which are sequentially laminated in the Z direction, covers
the organic EL element 30, and is provided on approximately
the whole surface of the element substrate 10. Meanwhile,
openings (not shown in the drawing), which expose the exter-
nal connection terminals 103 (refer to FIG. 1), are provided in
the sealing layer 34.

[0119] The first sealing layer 344 and the second sealing
layer 34c is formed of a silicon nitride which is formed using,
for example, a plasma Chemical Vapor Deposition (CVD)
method or the like according to the well-known technology,
and has a high barrier property for moisture and oxygen.
[0120] The planarization layer 345 is formed of, for
example, an epoxy-based resin, a coating-type inorganic
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material (for example, silicon oxide), or the like. The pla-
narization layer 345 forms a planarized surface by coating the
defects (pinholes or cracks) or foreign substances of the first
sealing layer 34a.

Optical Resonance Structure

[0121] In a light emission area (area provided with the
opening 28CT), the reflection layer 25 which has the light
reflectivity, the optical distance adjustment layer 26, the pixel
electrode 31, the light emitting function layer 32, and the
counter electrode 33 are sequentially laminated in the Z direc-
tion. Light emitted from the light emitting function layer 32 is
repeatedly reflected between the reflection layer 25 and the
counter electrode 33, the intensity of light having a specific
wavelength (resonance wavelength) corresponding to the
optical distance between the reflection layer 25 and the
counter electrode 33 is amplified, and then light is ejected to
the side of the air 601 from the surface 40a of the counter
substrate 40 as display light.

[0122] More specifically, the optical distance adjustment
layer 26 has a function to adjust the optical distance between
the reflection layer 25 and the counter electrode 33. In the sub
pixel 18B, the film thickness of the optical distance adjust-
ment layer 26 is set such that a resonance wavelength (peak
wavelength at which brightness is the maximum) is 470 nm.
In the sub pixel 18G, the film thickness of the optical distance
adjustment layer 26 is set such that the resonance wavelength
is 540 nm. In the sub pixel 18R, the film thickness of the
optical distance adjustment layer 26 is set such that the reso-
nance wavelength is 610 nm.

[0123] As aresult, blue color light which has a peak wave-
length of 470 nm is emitted from the sub pixel 18B, green
color light which has a peak wavelength of 540 nm is emitted
from the sub pixel 18G, and red color light which has a peak
wavelength of 610 nm is emitted from the sub pixel 18R.

Feature of Organic EL Device

[0124] As described above, the organic EL device 100
includes a configuration in which color filters are removed
from the organic EL device according to the well-known
technology (JP-A-2012-38677). Therefore, in the organic EL
device 100, unnecessary display is performed due to light
reflected in the reflection layer 25, and thus there is a problem
in that display quality is deteriorated. As described above, in
order to suppress unnecessary display due to light reflected in
the reflection layer 25, the reflection performance of the
reflection layer 25 may be controlled. However, since the
foundation (substrate 11), on which the reflection layer 25 is
formed, includes various types of unevenness because the
pixel circuits 20, the drive circuits 15 and 16, and the like are
formed, it is difficult to control the reflection performance of
the reflection layer 25 (the surface unevenness of the reflec-
tion layer 25).

[0125] Itis possible for the organic EL device 100 accord-
ing to the embodiment to suppress unnecessary display (dete-
rioration in display quality) due to light reflected in the reflec-
tion layer 25 regardless of the reflection performance of the
reflection layer 25. Hereinafter, the suppression will be
described in detail.

[0126] FIG. 5 is a schematic cross-sectional diagram illus-
trating the organic EL device taken along line V-V of FIG. 1.
In FIG. 5, the same reference symbols indicate the same
components as in the above-described FIG. 11, that is, refer-
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ence symbol LB1 is attached to incident light which is emitted
from the organic EL element 30 and faces the surface 40q,
reference symbol LB3 is attached to light which s reflected in
the surface 40a, and reference symbol « is attached to a
critical angle at which the incident light TB1 is totally
reflected in the surface 40q.

[0127] In addition, a dot K in the drawing corresponds to
the end portion of the side of the X (-) direction of the organic
EL element 30 arranged in the display area E1. A dot L
indicates a point of the intersection between the incident light
LB1, which is emitted from the dot K, and the surface 40a. A
dot M indicates a point of the intersection between the
reflected light LB3, which is reflected in the dot L of the
surface 40a, and the reflection layer 25. A dot N indicates a
point of the intersection between the normal vector H of the
surface 40a, which passes through the dot L, and the reflec-
tion layer 25.

[0128] As shown in FIG. 5, the incident light LB1, which is
emitted from the dot K of the organic EL element 30 becomes
the reflected light LB3 which is reflected in the dot LL of the
surface 40qa. The reflected light LB3 which is reflected in the
dot L of the surface 40a reaches the dot M of the reflection
layer 25. An angle generated between the progress direction
of the incident light LB1 and the normal vector H (7 direc-
tion) is the critical angle a, and the angle generated between
the progress direction of the reflected light L.B3 and the nor-
mal vector H (Z direction) is also the critical angle .
[0129] The critical angle o is the minimum value of an
angle generated between the progress direction of the inci-
dentlight LB1 and the normal vector H (Z direction) when the
incident light LB1 is totally reflected in the surface 40a. That
is, when the angle generated between the progress direction
of the incident light LB1 and the normal vector H (Z direc-
tion) includes the critical angle o and is greater than the
critical angle a., the incident light LB1 is totally reflected in
the surface 40a. When the angle generated between the
progress direction of the incident light LB1 and the normal
vector H (Z direction) is smaller than the critical angle o,
some of the incident light LB1 pass through the surface 40a
and are ejected to the side of the air 601, and some of the
incident light LB1 are reflected in the surface 40a.

[0130] Meanwhile, the critical angle o is “the minimum
value of an angle generated between the progress direction of
light, which is emitted from the light emitting elements when
the light is emitted from the light emitting elements and is
totally reflected in the second surface, and the normal vector
direction of the second surface” in the invention.

[0131] The optical distance adjustment layer 26, the
organic EL element 30, the sealing layer 34, the resin layer 42,
and the counter substrate 40 are sequentially laminated on the
reflection layer 25 of the display area E1. The optical distance
adjustment layer 26, the organic EL element 30, the sealing
layer 34, a light shielding layer 51, the resin layer 42, and the
counter substrate 40 are sequentially laminated on the reflec-
tion layer 25 of the non-display area E2.

[0132] The light shielding layer 51 has a light absorption
property, and is formed on the sealing layer 34 using, for
example, a photoresist in which black pigments are dispersed.
The light shielding layer 51 is one of the components which
form the element substrate 10. The light shielding layer 51
may have the light absorption property, and can be formed of,
for example, titanium nitride, a dielectric multilayer, or the
like in addition to the above-described photoresist. The light
shielding layer 51 has a function to shield the reflected light in
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the reflection layer 25 of the non-display area E2, may be
arranged across the whole surface of the non-display area E2,
and may be arranged in a part of the non-display area E2. That
is, the light shielding layer 51 is arranged in at least a part of
the non-display area E2.

[0133] In other words, a film (light shielding layer 51)
which absorbs light is arranged in at least a part of the non-
display area E2 on a surface of the element substrate 10 (the
surface of the sealing layer 34) which faces the counter sub-
strate 40.

[0134] The light shielding layer 52 is arranged on the side
surfaces 40-2 and 40-4 of the counter substrate 40. Although
not shown in the drawing, the light shielding layer 52 is
arranged on the side surfaces 40-1 and 40-3 of the counter
substrate 40. The light shielding layer 52 may include the
light absorption property as the same as the light shielding
layer 51, and may be formed by coating a resin which has the
light absorption property or a resin in which materials (for
example, black pigments) which have the light absorption
property are dispersed. In addition, the light shielding layer
52 may be formed by pasting a tape which has the light
absorption property.

[0135] The light shielding layer 52 may be arranged on the
whole surfaces of the side surfaces 40-1, 40-2, 40-3, and 40-4
or may be arranged in a part of the side surfaces 40-1, 40-2,
40-3, and 40-4. That is, the light shielding layer 52 may be
arranged in at least a part of the side surfaces 40-1, 40-2, 40-3,
and 40-4. Further, the light shielding layer 52 may be
arranged in at least a part of the side surfaces of the element
substrate 10.

[0136] Although description will be made in detail later, the
size (board thickness) L1 of the counter substrate 40 in the 7
direction is in a range of 13.5 mm to 27 mm. The sizes (film
thickness) of the optical distance adjustment layer 26, the
organic EL element 30, and the sealing layer 34 in the Z
direction (layer thickness) are less than 1 um, the size (layer
thickness) of the resin layer 42 in the Z direction is less than
approximately 20 pm. The sizes of all of the components in
the Z direction are extremely small compared to the size
(board thickness) L1 of the counter substrate 40 in the 7
direction. Therefore, it is possible to regard the size between
the reflection layer 25 and the surface 40« in the Z direction as
the size (board thickness) L1 of the counter substrate 40 in the
7 direction. Accordingly, it is possible to regard that the dot K
of the organic EL element 30, the dot N of the reflection layer
25, and the dot M of the reflection layer 25 are arranged on the
same plan surface.

[0137] The reflection layer 25 includes a first reflection
layer 25a which is arranged in the display area E1, and a
second reflection layer 256 which is arranged in the non-
display area E2. The organic EL element 30 includes a first
organic EL element 304 which is arranged in the display area
E1 and a second organic EL element 305 which is arranged in
the non-display area E2.

[0138] Meanwhile, the second organic EL element 305
which is arranged in the non-display area E2 corresponds to
the organic EL element 30 in a state in which light emission
from the light emitting function layer 32 is suppressed, for
example, the organic EL element 30 which includes a con-
figuration in which the pixel electrode 31 is omitted, the
organic EL, element 30 which includes a configuration in
which the whole pixel electrode 31 is covered by the insula-
tion film 28, and the like.
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[0139] In the embodiment, the incident light LB1 emitted
from the end portion (dot K) of the first organic EL element
30q, which is arranged in the display area E1, on the side of
the X (-) direction is reflected in the dot L of the surface 40a
and becomes the reflected light LB3. The reflected light LB3
is incident to the dot M of the second reflection layer 255,
which is arranged in the non-display area E2, on the side of
the X (+) direction.

[0140] Although not shown in the drawing, the incident
light LB1 emitted from the end portion of the first organic EL
element 30a, which is arranged in the display area E1, on the
side of the X (+) direction is reflected in the surface 40a and
becomes the reflected light LB3, and the reflected light LB3 is
incident to the second reflection layer 2556, which is arranged
in the non-display area E2, on the side of the X (=) direction.
[0141] That is, in the organic EL device 100, the reflected
light 1.B3 of the light (incident light LB1) which is emitted
from the first organic EL element 30a is incident to the second
reflection layer 256 which is arranged in the non-display area
E2. Since the reflected light LB3 is reflected in the second
reflection layer 256 which is arranged in the non-display area
E2, it is difficult for the reflected light LB3 to progress to the
side of the display area E1 and thus it is difficult to perform
unnecessary display.

[0142] Further, since the light shielding layer 51 is arranged
on the second reflection layer 255 of the non-display area E2,
the light which is reflected in the second reflection layer 2556
is shielded by the light shielding layer 51, and thus it is further
difficult for the light to progress to the side of the display area
E1. That is, compared to a configuration in which the light
shielding layer 51 is not arranged, it is further difficult for the
light which is reflected in the second reflection layer 255 to
progress to the side of the display area E1, and thus it is further
difficult to perform unnecessary display.

[0143] Inother words, in the embodiment, the size between
the reflection layer 25 and the surface 40a in the Z direction,
that is, the size (board thickness) L1 of the counter substrate
40 in the Z direction is set such that the reflected light LB3
which is reflected in the surface 40q is incident to the second
reflection layer 255 which is arranged in the non-display area
E2. As described above, since it is difficult for the light which
is reflected in the second reflection layer 255 to progress to the
side of the display area E1, it is possible to suppress unnec-
essary display from being performed in the display area E1.
[0144] Further, the side surfaces 40-1, 40-2, 40-3, and 40-4
of the counter substrate 40 are covered by the light shielding
layer 52, and thus light is suppressed from being reflected in
the side surfaces 40-1, 40-2, 40-3, and 40-4. Accordingly, it is
difficult for the light reflected in the side surfaces 40-1, 40-2,
40-3, and 40-4 to affect the display area E1. Accordingly, it is
possible to suppress unnecessary display from being per-
formed in the display area E1.

Proper Thickness of Counter Substrate

[0145] Subsequently, the board thickness L1 of the counter
substrate 40, in which the incident light LB1, the angle based
on the Z direction of which is the critical angle ¢, can be
reflected in the surface 404 and can be incident to the second
reflection layer 25b, will be described.

[0146] Thereflected light LB3 oftheincident light LB1, the
angle based on the 7 direction of which is greater than the
critical angle a, progresses to a side (the side of the X direc-
tion) which is separated from the normal vector H shown in
FIG. 5, compared to the reflected light LB3 of the incident
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light LB1, the angle based on the Z direction of which is the
critical angle . Accordingly, under a condition that the
reflected light B3 of the incident light LB1, the angle based
on the Z direction of which is the critical angle a, is incident
to the second reflection layer 254, the reflected light LB3 of
the incident light LB1, the angle based on the 7 direction of
which is greater than the critical angle a., is not incident to the
display area E1. Accordingly, in order to cause the reflected
light LB3 to usually be incident to the second reflection layer
25b, a condition that the reflected light LB3 of the incident
light LB1, the angle based on the Z direction of which is the
critical angle ¢, is incident to the second reflection layer 255
may be satisfied.

[0147] When the angle generated between the progress
direction of the incident light LB1 and the normal vector H (Z
direction) is set to 681 and the angle generated between the
ejection direction, acquired when the incident light LB1
passes through the surface 40a and is ejected to the side of the
air 601, and the normal vector H (Z direction) is set to 62,
Expression (1) described below is realized based on Snell’s
law.

n1 sin 01=n2 sin 62 [0y

[0148] Based on Expression (1), the angle 61 generated
between the progress direction of the incident light LB1 and
the 7 direction is expressed by Expression (2) described
below.

81=sin~!((n2 sin 62)/n1) @

[0149] Since 61, acquired by substituting “82=90°" in
Expression (2), is the critical angle o, the critical angle o is
expressed by Expression (3) described below.

a=sin~(n2/n1) (3)

[0150] In the embodiment, since nl is approximately 1.46
and n2 is approximately 1, the critical angle o is approxi-
mately 43°.

[0151] Inatriangle (AKLM) which is formed by the dot K,
the dot L, and the dot N and a triangle (ALMN) which is
formed by the dot L, the dot M, and the dot N, an angle
between line LK and line LN is the same as an angle between
line LM and line LN and an angle between line LN and line
NK is the same as an angle between line LN and line NM.
Therefore, the AKLN and the ALMN are congruent. Accord-
ingly, the length of a line (edge KN) which connects the dot K
and the dot N is the same as the length of a line (edge NM)
which connects the dot N and the dot M, and both the lengths
are L.3.

[0152] When the length of a line (edge KM) which con-
nects the dot K and the dot M is longer than the length X2 of
the edge of the display area E1 along the X direction, it is
possible to cause the reflected light LB3 to be incident to the
second reflection layer 25b. Since the length of the edge KM
is two times longer than the length L3 of the edge KN, it is
possible to cause the reflected light LB3 to be incident to the
non-display area E2 (second reflection layer 255) when
Expression (4) described below is satisfied.

2xL32X2 “

[0153] Itis possible to regard the length of the edge LN as
the size (board thickness) L1 of the counter substrate 40 in the
Z direction. Since an angle between the edge LK and the edge
LN is the critical angle o, Expression (5) described below is
realized.

2x(L1xtan a)=X2 (5
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[0154] Accordingly, in the X direction, when the size
(board thickness) L1 of the counter substrate 40 in the Z
direction satisfies Expression (6) below, it is possible to cause
the reflected light LB3 to be incident to the non-display area
E2 (second reflection layer 255).

L1=X2/(2 tan @) (6)

[0155] In the same manner, in the Y direction, when the
board thickness L1 of the counter substrate 40 satisfies
Expression (7) below, it is possible to cause the reflected light
LB3 to be incident to the non-display area E2 (second reflec-
tion layer 255).

L1=X1/(2 tan @) o)

[0156] Inthe samemanner, ina direction along the diagonal
line of the shape (rectangle) of the display area E1, when
Expression (8) below is satisfied, it is possible to cause the
reflected light LB3 to be incident to the non-display area E2
(second reflection layer 255).

L12X3/(2 tan @) (®)

[0157] Meanwhile, X1 is the length of the short line of the
lines which connect two dots of the circumference of the
display area E1, and X3 is the length of the longest line of the
lines which connect two dots of the circumference of the
display area E1. Therefore, the preferable minimum value of
the board thickness L1 of the counter substrate 40 is large in
order of the preferable minimum value (X1/(2 tan o)) of the
board thickness 1.1 of the counter substrate 40 in the Y direc-
tion, the preferable minimum value (X2/(2 tan a)) of the
board thickness .1 of the counter substrate 40 in the X direc-
tion, and the preferable minimum value (X3/(2 tan o)) of the
board thickness L1 of the counter substrate 40 in the direction
along the diagonal line.

[0158] That is, in order to cause the counter substrate 40 to
be thin by even a little, it is preferable that the condition of
Expression (7), that is, the board thickness L1 of the counter
substrate 40 be equal to or greater than the preferable mini-
mum value (X1/(2 tan o)) of the board thickness L1 of the
counter substrate 40 which is in the Y direction is satisfied.

[0159] In addition, when the board thickness L1 of the
counter substrate 40 is too large, the board thickness L1 is not
preferable from the point of view of mimaturization and a
light weight of the organic EL. device 100. Therefore, it is
preferable that the board thickness 1.1 of the counter substrate
40 be two times the preferable minimum value (X3/(2 tan ct))
of the board thickness 1.1 of the counter substrate 40 in the
direction along the diagonal line, that is, the direction of the
longest line of the lines which connect two dots of the cir-
cumference of the display area E1. That is, it is preferable that
the board thickness L1 of the counter substrate 40 satisfy
Expression (9) described below.

L12X3/(tan @) ()

[0160] Accordingly, in order to cause the reflected light
LB3 to be incident to the non-display area E2 (second reflec-
tion layer 255b) based on Expression (7) and Expression (9), it
is preferable that the board thickness L1 of the counter sub-
strate 40 satisfy Expression (10) described below.

X1/(2 tan @)L 1=X3/(tan @) (10)

[0161] When Expression (10) is satisfied, it is possible to
cause the counter substrate 40 to be thinnest.
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[0162] Further, it is preferable that the board thickness .1
of the counter substrate 40 satisfy Expression (11) described
below based on Expression (8) and Expression (9).

X3/(2 tan 0))<L1<X3/(tan o) (11

[0163] As described above, when Expression (10) is satis-
fied, it is possible to acquire an advantage in which it is
possible to cause the counter substrate 40 to be the thinnest.
However, when one pattern in displayed in the display area
E1, there is a problem in that unnecessary display is per-
formed in a position which is separated from the one pattern
by X1. When Expression (11) is satisfied, it is possible to
suppress the unnecessary display from being performed inthe
position which is separated from the one pattern by X1, that
is, in all of the directions on the X-Y plan surface, and thus it
is further preferable. Proper Display Size

[0164] FIG. 6 is a graph illustrating the relationship
between the proper thickness of the counter substrate and a
display size (the length of the diagonal line of the shape of the
display area E1). A vertical axis in the drawing indicates the
board thickness L1 of the counter substrate, and a horizontal
axis indicates the display size of the display area E1. In the
drawing, the range of the proper board thickness L1 of the
counter substrate 40 calculated in the above-described
Expression (11) is shown in an area 71 which is shaded.
[0165] For example, when the organic EL device 100 is
applied to the display unit of a small-sized electronic appa-
ratus and when the board thickness of the counter substrate 40
is too large, the size of the appearance of the organic EL
device 100 is too large, and thus it is not preferable. When the
organic EL device 100 is applied to the display unit of the
small-sized electronic apparatus, the upper limit value of the
proper board thickness of the counter substrate 40 is a dotted
line 72 in the drawing.

[0166] Accordingly, the point of intersection between the
dotted line 72 and the upper limit of the area 71 is the upper
limit value of the display size of the display area E1 when the
organic EL device 100 is applied to the display unit of the
small-sized electronic apparatus. Accordingly, the preferable
display size of the display area E1 is equal to or less than 25.4
mm (1 inch).

[0167] Meanwhile, when the display size of the display
area E1 is 25.4 mm, the preferable board thickness L1 of the
counter substrate 40 is in a range of 13.5 mm to 27 mm.
Accordingly, in the embodiment, setting is made such that the
board thickness L1 of the counter substrate 40 is in the range
of 13.5 mm to 27 mm.

Shape of Display Area

[0168] FIGS.7A to 7] are diagrams illustrating an example
of the shape of the display area of the organic EL device. That
is, FIGS. 7A to 7] illustrate the shape of the display area E1 to
which the above-described invention can be applied. Refer-
ence symbol X1 in the drawing indicates the length of the
shortest edge from among the edges which form the circum-
ference of the shape of the display area E1 or the length of the
shortest line from among the lines which connect the circum-
ference of the shape of the display area E1 while passing
through the center CP of the display area E1. Reference
symbol X3 indicates the length of the longest diagonal line
from among the diagonal lines of the shape of the display area
E1 or the longest line from among the lines which connect the
circumference of the display area E1 while passing through
the center CP of the display area El.
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[0169] As shown in FIG. 7A, the shape of the display area
E1 is a square.
[0170] As shown in FIG. 7B, the shape of the display area

E1 is a rhombus.

[0171] As shown in FIG. 7C, the shape of the display area
E1 is a rectangle.

[0172] As shown in FIG. 7D, the shape of the display area
E1 is a parallelogram.

[0173] As shown in FIG. 7E, the shape of the display area
E1 is a trapezoid.

[0174] As shown in FIG. 7F, the shape of the display area
E1 is a kite shape.

[0175]  As shown in FIG. 7G, the shape of the display area
E1 is a hexagon.

[0176] As shown in FIG. 7H, the shape of the display area
E1 is an octagon.

[0177] AsshowninFIG. 71, the shape of the display area E1
is an ellipse.

[0178] As shown in FIG. 7], the shape of the display area
F1 is a circle.

[0179] When the shape of the display area E1 is the square
of FIG. 7A, the thombus of FIG. 7B, the rectangle of FIG. 7C,
the parallelogram of FIG. 7D, the trapezoid of FIG. 7E, the
kite shape of FIG. 7F, the hexagon of FIG. 7G, the octagon of
FIG. 7H, and the ellipse of FIG. 71 and when the board
thickness 1.1 of the counter substrate 40 realizes the relation-
ship in above-described Expression (8), it is possible to cause
the reflected light LB3 to be incident to the second reflection
layer 255, and thus it is possible to suppress unnecessary
display from being performed.

[0180] Further, when the shape of the display area E1is the
circle of FIG. 71, the shortest line from among the lines which
connect the circumference of the display area E1 while pass-
ing through the center CP of'the display area E1 is the same as
the longest line from among the lines which connect the
circumference of the display area E1 while passing through
the center CP of the display area E1, and both the lengths are
X1. Accordingly, when the shape of the display area E1 is the
circle and the relationship in Expression (12) described below
is realized, it is possible to cause the reflected light LB3 to be
incident to the non-display area E2 (second reflection layer
255) and thus it is possible to suppress the unnecessary dis-
play from being performed.

X1/(2 tan a))<L1=X1/(tan @) 12

Frame Width of Proper Counter Substrate 40

[0181] FIG. 8is a diagram corresponding to FIG. 5 and is a
schematic cross-sectional diagram illustrating the organic EL
device taken along line VIII-VIII of FIG. 1. In FIG. 8, the
same reference symbols are attached to the same components
as in FIG. 11, that is, the reference symbol LB1 is attached to
incident light which is emitted from the organic EL element
30 and faces the surface 40a, and the reference symbol LB3 is
attached to refracted light which is refracted in the surface
40a and faces the side of the air 601. In addition, the interval
(distance in the X direction) between the display area E1 and
the side surface 40-4 (the outer edge of the counter substrate
40)is L.2.

[0182] A dot P in the drawing is a point of the intersection
between the edge of the surface 40a along the X direction and
the edge of the side surface 40-4 along the Y direction. A thick
two-dot chain line in the drawing is an assumed line acquired
when it is assumed that the side surface 40-4 is moved to the
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side of the X direction. In addition, the interval between the
side surface 40-4 (side surfaces 40-1, 40-2, 40-3, and 40-4)
and the display area E1 is 1.2.

[0183] Hereinafter, the interval [.2 between the side surface
40-4 (side surfaces 40-1, 40-2, 40-3, and 40-4) and the display
area F1 is called the frame width 1.2 of the counter substrate
40.

[0184] AsshowninFIG. 8, theincident light LB1, in which
the angle based on the 7 direction is y, passes through the dot
P of the surface 404 and is ejected to the side of the air 601 as
the refracted light LB2 in which the angle based on the Z
direction is f3.

[0185] Meanwhile, the refracted light LB2, in which the
angle based on the Z direction is 3, is the display light which
is ejected to the side of the air 601 from the dot P of the surface
40a, and is an example of the “display light in which the angle
based on the normal vector direction is p” in the invention.
The incident light LB1, in which the angle based on the Z
direction is vy, is an example of the “light which is emitted
from the light emitting elements and becomes the display
light in which the angle based on the normal vector direction
is §” in the invention.

[0186] In the organic EL device 100, the refracted light
LB2, in which angle based on the Z direction is in a range of
0° to B, is used as the display light. In other words, in the
organic EL device 100, when the display area E1 is viewed
from a direction in which the angle based on the Z direction is
in the range of 0° to f, it is possible to view a whole image.

[0187] Meanwhile, the angle 8, generated between the
progress direction of the refracted light LB2 and the Z direc-
tion, is an example of the “maximum value of the angle
generated between the ejection direction of the display light
and the normal vector direction of the second surface” in the
invention.

[0188] With regard to the angle y, generated between the
progress direction of the incident light LB1 and the Z direc-
tion, and the angle f, generated between the progress direc-
tion of the refracted light LB2 and the Z direction, the rela-
tionship of Expression (13) described below is realized based
on Spell’s law.

nl siny=n2 sin (13)

[0189] Accordingly, it is possible to acquire the angle v,
generated between the progress direction of the incident light
LB1 and the Z direction, using Expression (14) described
below.

y=sin~L((n2/n1)sin B) (14)

[0190] When it is assumed that the side surface 40-4 is
arranged on the side of the X (+) direction compared to the
state shown in FIG. 8, that is, when it is assumed that the side
surface 40-4 is arranged in a position indicated by a thick
two-dot chain line, the incident light LB1 (light LB1 which
faces the dot P from the dot K), in which the angle based on
the 7 direction is v, is shielded by the side surface 40-4 which
is indicated by the thick two-dot chain line. Accordingly,
when the display area E1 is viewed from a direction in which
the angle based on the Z direction is f, some of the image is
hidden by the side surface 40-4 which is indicated by the thick
two-dot chain line, and thus it is difficult to view the entire
image.

[0191] When the side surface 40-4 is in the state shown in
FIG. 8 or when it is assumed that the side surface 40-4 is
arranged on the side of the X (-) direction compared to the
state shown in FIG. 8, the incident light LB1, in which the
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angle based on the Z direction is v, is not blocked by the side
surface 40-4 shown by the thick two-dot chain line. Accord-
ingly, when the display area E1 is viewed from the direction,
in which the angle based on the 7 direction is 3, it is possible
to view the entire image.

[0192] The size of the side surface 40-4 in the Z direction
(board thickness of the counter substrate 40) is L1 and the
angle generated between the incident light [L.B1 and the Z
direction is y. Therefore, when the display area E1 is viewed
from the direction, in which the angle based on the Z direction
is inarange of 0° to B, it is preferable that the frame width .2
of the counter substrate 40 satisfy Expression (15) described
below in order to view the entire image by the refracted light
LB2 (display light).

L2201 tany (15)

[0193] Meanwhile, when the frame width L2 of the counter
substrate 40 is too large, it is not preferable from a point of
view of miniaturization and a light weight of the organic EL.
device 100. Accordingly, it is preferable that the frame width
L2 ofthe counter substrate 40, which enables the entire image
to be viewed, be equal to or less than the length X3 of the
longest line from among the lines which connect two dots of
the circumference of the display area E1 or the length X3 of
the longest line from among the lines which connect the
circumference of the display area E1 while passing through
the center CP of the display area E1.

[0194] Accordingly, when the frame width L2 of the
counter substrate 40 satisfies Expression (16) described
below and when the display area E1 is viewed from the
direction in which the angle based on the Z direction is in the
range of 0° to B, it is possible to view the entire image.

L1tan y=L2sX3 16)

[0195] As described above, in the organic EL device 100
according to the embodiment, it is possible to acquire the
advantages described below.

[0196] 1) The organic EL device 100 according to the
embodiment satisfies Expression (10) and Expression (3)
described below.

X1/(2 tan 0)<L1<X3/(tan c) (10)

a=sin~'(n2/n1) (3)

[0197] When Expression (10) and Expression (3) are satis-
fied, the reflected light LB3, which is reflected in the surface
40a, is incident to the second reflection layer 255 which is
arranged in the non-display area E2 and is reflected in the
second reflection layer 255. Therefore, it is difficult for the
reflected light TLB3 to be reflected in the side of the display
area E1, and thus it is difficult for unnecessary display to be
generated.

[0198] 2) Since the light shielding layer 51 is arranged in at
least a part of the second reflection layer 256 of the non-
display area E2, it is difficult for the reflected light in the
second reflection layer 256 of the non-display area E2 to
progress to the side of the display area E1l. Accordingly,
compared to a case in which the light shielding layer 51 is not
provided, it is further difficult for unnecessary display to be
generated due to the reflected light in the second reflection
layer 255 of the non-display area E2.

[0199] 3) Since the light shielding layer 52 is arranged in at
least a part of the side surfaces 40-1, 40-2, 40-3, and 40-4, the
influence of the reflected light in the side surfaces 40-1, 40-2,
40-3, and 40-4 is suppressed compared to a case in which the
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light shielding layer 52 is not arranged, and thus it is further
difficult for unnecessary display to be generated.

[0200] 4)According to the advantages 1) to 3), unnecessary
display due to light reflected in the reflection layer 25 (second
reflection layer 255) and the side surfaces 40-1, 40-2, 40-3,
and 40-4 is suppressed, and thus it is possible to provide a
high-quality display.

[0201] 5)Since the frame width L2 of the counter substrate
40 satisfies Expression (16) and Expression (14) described
below, itis possible to view the entire image when the display
area F1 is viewed from the direction in which the angle based
on the Z direction is in the range of 0° to .

L1 tan ysL2<X3 (16)

y=sin~}((n2 sin B)n1) (14)

Second Embodiment

Electronic Apparatus

[0202] FIG. 9 is a schematic diagram illustrating a head
mounted display as an example of electronic apparatus.
[0203] As shown in FIG. 9, a head mounted display 1000
includes two display units 1001 which are provided to corre-
spond to right and left eyes. An observer M can watch letters,
images and the like which are displayed on the display units
1001 by mounting the head mounted display 1000 like
glasses on the head area. For example, when images are
displayed on the right and left display units 1001 while taking
parallax into consideration, it is possible to watch and enjoy
stereoscopic images.

[0204] Theorganic EL device 100 according to the embodi-
ment is mounted on the display units 1001. In the organic EL
device 100, unnecessary display due to the reflection of light
in the reflection layer 25 and the side surfaces 40-1, 40-2,
40-3, and 40-4 is suppressed, and thus it is possible to provide
a high-quality display. Accordingly, when the organic EL
device 100 according to the embodiment is mounted on the
display units 1001, it is possible to supply the head mounted
display 1000 with high-quality display.

[0205] Meanwhile, electronic apparatus on which the
organic EL. device 100 according to the embodiment is
mounted is not limited to the head mounted display 1000. For
example, the organic EL device 100 may be mounted on
electronic apparatus which includes a display unit, such as a
head up display, the electronic view finder of a digital camera,
a portable information terminal, or a navigator.

[0206] The invention is not limited to the embodiments and
may be appropriately modified in a range which does not
depart from the gist and sprit of the invention, which is read
from claims and the whole specification. A display device, on
which such modification is performed, and electronic appa-
ratus, on which the display device is mounted, are also
included in the technical scope of the invention.

[0207] Various modification examples may be taken into
consideration in addition to the embodiments. Hereinafter,
modification examples will be described.

First Modification Example

[0208] FIG. 10 is a diagram corresponding to FIG. 5 and is
a schematic cross-sectional diagram illustrating the configu-
ration of an organic EL device according to a first modifica-
tion example. In the organic EL device 200 according to the
modification example, the light shielding layer 51 of the
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organic EL device 100 according to the first embodiment is
omitted, and a resin layer (second resin layer 425), which
absorbs light in at least one position of the non-display area
E2, is newly arranged. This is the difference between the
modification example and the first embodiment.

[0209] As shown in FIG. 10, a resin layer 42, which is
arranged between the element substrate 10 and the counter
substrate 40, includes a first resin layer 42¢ which has trans-
parency and a second resin layer 425 which has a light shield-
ing property. The first resin layer 42¢ is arranged in the
display area E1 and the second resin layer 425 is arranged in
at least a part of the non-display area E2. The second resin
layer 425 is aresin which absorbs light and is a resin in which,
for example, black color materials (for example, pigments)
are dispersed.

[0210] Since the resin (second resin layer 42b) which
absorbs light in at least a part of the non-display area E2 is
arranged between the element substrate 10 and the counter
substrate 40, it is difficult for light, which is reflected in the
second reflection layer 255, to process to the side of the
display area E compared to a case in which the second resin
layer 425 is not arranged, and thus it is possible to further
strongly suppress unnecessary display from being performed.

Second Modification Example

[0211] The surface 40a of the counter substrate 40 of the
organic EL device according to the first modification example
is covered by a material which has an refractive index smaller
than the refractive index of the counter substrate 40, for
example, magnesium fluoride.

[0212] As described above, a critical angle a, at which the
incident light LB1 is totally reflected, is expressed using
Expression (3) described below.

a=sin~!(n2/n1) )

[0213] Further, when the board thickness L1 of the counter
substrate 40 satisfies Expression (7) described below, it is
possible to cause the reflected light LB3 to be incident to the
second reflection layer 255.

L1=X1/(2 tan @) %)

[0214] nl is the refractive index of a medium which comes
into contact with the air 601. In the first embodiment, n1 is the
refractive index of the counter substrate 40 which comes into
contact with the air 601. In the modification example, n1 is the
refractive index of a material which has a refractive index
smaller than the refractive index of the counter substrate 40
which comes into contact with the air 601. Accordingly, the
refractive index nl in Expression (3) according to the modi-
fication example is smaller than the refractive index nl
according to the first embodiment, and the critical angle o
calculated in Expression (3) according to the modification
example is greater than the critical angle o according to the
first embodiment. Accordingly, the minimum value of the
board thickness L1 of the counter substrate 40 calculated in
Expression (7) according to the modification example is
smaller than the minimum value of the board thickness L1 of
the counter substrate 40 according to the first embodiment.
[0215] Accordingly, in the modification examiple, it is pos-
sible to reduce the minimum value of the board thickness .1
of the counter substrate 40 which can cause the reflected light
LB3 to be incident to the non-display area E2 (second reflec-
tion layer 25b), compared to the first embodiment. That is, it
is possible to realize the thin counter substrate 40.
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Third Modification Example

[0216] The shape of the display area E1 may partially
include a depression and a protrusion. Further, an edge, which
forms the circumference of the polygonal display area E1,
may partially include a curved line. Further, an edge, which
forms the circumference of the polygonal display area E1
having a circular or elliptical shape, may partially include a
straight line.
[0217] That is, when it is possible to regard the shape ofthe
display area E1 as substantially a polygon, a circle, or an
ellipse, the shape of the display area E1 is included in a
technical scope to which the invention is applied.
[0218] Theentire disclosure of Japanese Patent Application
No.: 2014-033782, filed Feb. 25, 2014 is expressly incorpo-
rated by reference herein.
What is claimed is:
1. A display device comprising:
an element substrate that has a polygonal display area on
which a plurality of light emitting elements are
arranged; and
a transparent substrate that faces the element substrate and
includes a first surface which faces the element sub-
strate, a second surface which is arranged on a side
opposite to the first surface, and side surfaces which
cross the first surface and the second surface,
wherein light, which is emitted from the light emitting
elements, is ejected from the second surface as display
light, and
wherein, when it is assumed that a length of a shortest edge
from among edges which form a circumference of a
shape of the display area is X1,
a length of a longest diagonal line from among diagonal
lines of the shape of the display area is X3,
a thickness of the transparent substrate is L1,
a refraction index of the transparent substrate is nl,
a refractive index of a medium which comes into contact
with the second surface is n2, and
a minimum value of an angle, which is generated between
a progress direction of light emitted from the light emit-
ting elements and a normal vector direction of the sec-
ond surface when the light emitted from the light emit-
ting elements is totally reflected in the second surface, is
a,
Expression (1) described below is realized.

X1/(2 tan )<L1=X3/(tan @) (1)

2. A display device comprising:

an element substrate that has a circular or elliptical display
area on which a plurality of light emitting elements are
arranged; and

a transparent substrate that faces the element substrate and
includes a first surface which faces the element sub-
strate, a second surface which is arranged on a side
opposite to the first surface, and side surfaces which
cross the first surface and the second surface,

wherein light, which is emitted from the light emitting
elements, is ejected from the second surface as display
light, and

wherein, when it is assumed that a length of a shortest line
from among lines which connect a circumference of the
display area while passing through a center of the dis-
play area is X1,
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a length of a longest line from among lines which connect
the circumference of the display area while passing
through the center of the display area is X3,

a thickness of the transparent substrate is L1,

arefraction index of the transparent substrate is nl,

a refractive index of a medium which comes into contact
with the second surface is n2, and

aminimum value of an angle, which is generated between
aprogress direction of light emitted from the light emit-
ting elements and a normal vector direction of the sec-
ond surface when the light emitted from the light emit-
ting elements is totally reflected in the second surface, is
aS

Expression (1) described below is realized.

X1/(2 tan 0))<L1<X3/(tan o) )

3. The display device according to claim 1,

wherein a film, which absorbs light, is arranged in at least
a part of the side surfaces.

4. The display device according to claim 1,

wherein a film, which absorbs light, is arranged in at least
a part of a periphery of the display area on a surface
which faces the transparent substrate of the element
substrate.

5. The display device according to claim 1,

wherein a resin, which absorbs light, is arranged in at least
a part of a periphery of the display area between the
element substrate and the transparent substrate.

6. The display device according to claim 1,

wherein the refractive index of the transparent substrate is
in a range of 1.2 to 1.6.

7. The display device according to claim 1,

wherein the medium is air.

8. The display device according to claim 1,

wherein the second surface is covered by a film which has
a refractive index lower than the refractive index of the
transparent substrate.
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9. The display device according to claim 1,

wherein, when it is assumed that a maximum value of an
angle generated between an ejection direction of the
display light and the normal vector direction is f3,

an angle generated between a progress direction of light,
which is emitted from the light emitting elements as the
display light when the angle based on the normal vector
direction is {3, and the normal vector direction is v, and

an interval between the display area and the side surfaces is
L2,

Expression (2) and Expression (3) described below are
realized.

L1 tany<L2<X3 o)

y=sin (n2/n1)sin B)

10. The display device according to claim 1,

wherein X3 is equal to or less than 25.4 mm.

11. An electronic apparatus comprising the display device
according to claim 1.

12. An electronic apparatus comprising the display device
according to claim 2.

13. An electronic apparatus comprising the display device
according to claim 3.

14. An electronic apparatus comprising the display device
according to claim 4.

15. An electronic apparatus comprising the display device
according to claim 5.

16. An electronic apparatus comprising the display device
according to claim 6.

17. An electronic apparatus comprising the display device
according to claim 7.

18. An electronic apparatus comprising the display device
according to claim 8.

19. An electronic apparatus comprising the display device
according to claim 9.

20. An electronic apparatus comprising the display device
according to claim 10.
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