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FIG. 5
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FIG. 6
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FIG. 9
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DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP2013-230510 filed on Nov. 6,
2013, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND

[0002] The present disclosure relates to a display device,
and is applicable to a display device including a white organic
light-emitting diode element, for example.

[0003] Theorganic light-emitting diode (OLED) element is
an element that injects positive and negative electric charges
into a light emitting layer formed of an organic thin film and
converts electric energy into optical energy for emitting light.
Since a luminous display device including an organic light-
emitting diode element as a light emitting element (in the
following, referred to as “an OLED display”) is a self-lumi-
nous type, which is different from a non-luminous display
device typified by a liquid crystal display device, an auxiliary
light source such as a backlight is unnecessary, and the OLED
display is reduced in the thickness and in the weight. More-
over, the OLED display has characteristics including a wide
viewing angle and a quick display response speed.

[0004] Since the OLED has a structure in which thin films
of the order of an optical wavelength or less are stacked in the
thickness, the OLED s easily affected by optical interference.
On this account, when the observation angle is changed, a
problem arises in that colors are changed because of the
influence of interference. To this problem, a technique is
proposed in which such a structure is adopted that the peak
wavelength of the intensity of interference is shorter than the
peak wavelength of the emission wavelength and changes in
colors caused by a difference in the observation angle are
suppressed. (See Japanese Unexamined Patent Application
Publication No. 2005-31251)

SUMMARY

[0005] In the case where the technique disclosed in Japa-
nese Unexamined Patent Application Publication No. 2005-
31251 is applied to a white OLED, such a structure is adopted
that the peak wavelength of the intensity of interference is the
emission peak wavelength corresponding to blue or less.
However, in this case, the intensity of interference of the
wavelength range corresponding to red is reduced to drop the
light emission intensity of red. More specifically, in the case
where a white OLED is implemented by B (blue)+Y (yellow),
the light emission intensity of the wavelength range corre-
sponding to red is originally smaller than the light emission
intensities of other colors, and the light emission intensity of
red becomes much smaller to cause the degradation of a
balance with the other colors. In the case of the white OLED,
since the emission wavelength range is particularly wide and
the influence of interference is exerted in a much wider wave-
length range, there is concern that changes in colors become
great when the white OLED is observed in the oblique direc-
tion.

[0006] Moreover, in the case where R (red), G (green), B
(blue), and W (white) colors are used for color filters, a color
filter is also necessary for white in order to adjust a white
chromaticity. Since for a color filter for white, it is necessary
to adopt a blue filter whose lifetime and efficiency are low or
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a filter that absorbs green whose luminosity factor is high at
this time, there is concern that power efficiency is degraded
and a lifetime is shortened.

[0007] The other problems and novel features will be
apparent from the description and accompanying drawings of
the present disclosure.

[0008] The following is a brief description of the outline of
a representative aspect of the present disclosure.

[0009] In other words, a display device is configured in
such a manner that a stacked film configuring a white light
emitting element (an organic light-emitting diode element)
has the peak wavelength of the intensity of interference at the
peak wavelength of the light emission intensity correspond-
ing to blue or less. The light emission intensity of the light
emitting element corresponding to a red pixel is made greater
than the light emission intensities of the light emitting ele-
ments corresponding to pixels for other colors.

[0010] According to the display device, a balance can be
achieved among R, G, and B colors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a partial cross sectional view of the sche-
matic structure of a single pixel of a display device according
to an embodiment;

[0012] FIG. 2 is a schematic block diagram of the overall
layout of the display device according to an embodiment;
[0013] FIG. 3 is an equivalent circuit diagram of an active
matrix array configuring the main part of a display unit
according to an embodiment;

[0014] FIG. 4 is a plan view of an exemplary color filter
array of the display device according to an embodiment;
[0015] FIG. 5 is a diagram of the relationship between the
wavelength dependence of the intensity of interference and
the shortest wavelength at which the light emission intensity
takes the maximum value at viewing angles of 0°, 45°, and
60° in the display device according to an embodiment;
[0016] FIG. 6 is a graph of an example of the wavelength
dependence of the light emission intensity (the emission
spectrum) of a white organic light-emitting diode element;
[0017] FIG. 7 is an equivalent circuit diagram of an exem-
plary pixel circuit of a display device according to a first
example;

[0018] FIG. 8 is a plan view of an exemplary color filter
array of a display device according to a second example; and
[0019] FIG.9isadiagram of an example of the relationship
between the wavelength dependence of the intensity of inter-
ference and the shortest wavelength at which the light emis-
sion intensity takes the maximum value at a viewing angle of
zero degree in the display device according to an embodi-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Inthe following, an embodiment and examples will
be described with reference to the drawings. However, in the
following description, the same components are designated
the same reference numerals and signs, and the overlapping
description is omitted.

[0021] FIG. 1is a partial cross sectional view of the sche-
matic structure of a single pixel of a display device according
to an embodiment. The display device 1 according to the
embodiment is an active matrix drive OLED display includ-
ing a switching device and an organic light-emitting diode
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element formed of a thin film transistor. FIG. 2 is a schematic
block diagram of the overall layout of the display device
according to the embodiment. FIG. 3 is an equivalent circuit
diagram of an active matrix array configuring the main part of
a display unit according to the embodiment.

[0022] As illustrated in FIG. 2, in the display device 1, a
display unit 2 is provided in the center region of an insulating
substrate 6 such as a glass substrate and a plastic substrate.
The substrate 6 includes a first side extended in a first direc-
tion (an X-direction) and a second side extended in a second
direction (a Y-direction) in a planar view. In FIG. 2, on the
upper side of the display unit 2, a data drive circuit 3 is
disposed which outputs an image signal to a data line 7
extended in the second direction (the Y-direction), and on the
left side, a scan driver circuit 4 is disposed which outputs a
scanning signal to a gate line 5 extended in the first direction
(the X -direction). The data drive circuit 3 and the scan driver
circuit 4 are configured ofa shift register circuit, a level shifter
circuit, an analog switch circuit, and the like formed of a
circuit using a thin film transistor (TFT). Moreover, a poten-
tial line 8 is extended and disposed in the direction the same
as the data line 7 (the Y-direction). The potential line 8 is
connected to potential supply lines 94 and 95 through a
switching device.

[0023] Inthedisplay device, as similar to an active matrix
drive liquid crystal display device, a plurality of the gate lines
(the scanning signal lines) 5 is provided on the substrate 6,
and a plurality of the data lines (the data signal lines) 7 is
provided, which is extended in the direction (the Y-direction)
crossing the extending direction of the gate lines 5 (the X-di-
rection). As illustrated in FIG. 3, a pixel 60 is disposed at
places at which m of gate lines G1, G2, to Gm intersect with
n of data lines D1, D2, to Dn in a matrix configuration. The
pixels 60 are configured of an organic light-emitting diode
element (a light emitting element) 70, a storage capacitor 40,
a pixel capacitor 50, a switching transistor 30 formed of a
TFT, and a driver transistor (a driver element) 10 formed of a
TFT. In the switching transistor (a control element) 30, the
gate electrode is connected to the gate line 5, the source
electrode is connected to the data line 7, and the drain elec-
trode is connected to the storage capacitor 40. Although the
electrode connected to the data line 7 is sometimes called a
drain electrode, in the present disclosure, the electrode is
referred to as a source electrode. Although the electrode con-
nected to the storage capacitor 40 is sometimes called a
source electrode, in the present disclosure, the electrode is
referred to as a drain electrode. In the driver transistor 10, the
gate electrode is connected to the storage capacitor 40, the
source electrode is connected to the potential supply line 8
extended in the direction the same as the data line 7 (the
Y-direction), and the drain electrode is connected to one
electrode (the anode) of the organic light-emitting diode ele-
ment 70 and the pixel capacitor 50. Moreover, the other
electrode (the cathode) of the organic light-emitting diode
element configuring the light emitting element 70 is con-
nected to a power supply line (not illustrated) common in all
pixels, and the potential is maintained at a potential Va.

[0024] In driving the pixel 60, a turn-on voltage is in turn
supplied from the gate line G1 in the first row, and this voltage
(a scanning signal) is in turn supplied to m rows of the gate
lines G1, G2, to Gm for one frame time. The scanning signal
brings the switching transistor 30 into the ON-state, and then
animage signal is written on the storage capacitor 40 from the
data line 7 through the switching transistor 30. In other words,
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in the driving method, in the period in which the turn-on
voltage is supplied to a certain gate line 5, the switching
transistors 30 connected to the data lines 7 intersecting with
the gate line 5 are all brought into the conducting state, and a
data voltage is supplied to n columns of the data lines D1, D2,
to Dn in synchronization with the conduction.

[0025] Intheperiod in which the turn-on voltage is supplied
to the gate line 5, the data voltage is stored on the storage
capacitor 40, and the gate electrode of the driver transistor 10
is maintained almost at the potential corresponding to the
image signal for a certain period by the storage capacitor 40
even though the switching transistor 30 is brought into the
OFF state. The voltage value of the storage capacitor 40
regulates the gate voltage of the driver transistor 10, the value
of the current carried through the driver transistor 10 is con-
trolled by the regulation, and the light emission of the organic
light-emitting diode element 70 is controlled. The halt of light
emission is implemented by bringing the driver transistor 10
into the OFF state.

[0026] In other words, the voltage corresponding to image
information is applied through the data line 7 in synchroni-
zation with the application of the turn-on voltage to the gate
line 5 corresponding to the pixel 60 whose light emission
quantity has to be controlled, so that the light emission quan-
tity of the pixel 60 can be controlled. With these operations,
the light emission quantity of a plurality of pixels configuring
the display unit 2 is controlled according to image informa-
tion, so that a desired image can be displayed.

[0027] Next, the structure in the vicinity of'a single pixel of
the display device 1 will be described with reference to FIG.
1. The display device 1 is a so-called top emission OLED
display in which light is extracted from the direction opposite
to the substrate 6 on which the organic light-emitting diode
element 70 is formed. In other words, the display device 1
emits light to the upper side (the sealing member 500 side) in
FIG. 1, and an observer 1000 sees light 2000.

[0028] The display device 1 includes the switching devices
(the driver transistor 10 and the switching transistor 30, which
are not illustrated in FIG. 1) on the insulating substrate 6 such
as a glass substrate and a plastic substrate. The switching
devices such as the driver transistor 10 and the switching
transistor 30 configuring the pixel circuit are configured of a
thin film transistor (TFT).

[0029] The thin film transistor includes a gate insulating
film 16, a gate line layer 15, a first interlayer insulating film
18, a source electrode layer 22, a drain electrode layer 19, and
a second interlayer insulating film 20 on a polysilicon layer
including a source region 17, a drain region 13, a channel
polysilicon layer 14, and so on. Moreover, in the case where
the substrate 6 is a glass substrate, a first base film 11 formed
of a SiNx (silicon nitride) film, for example, is included
between the thin film transistor and the substrate 6 for pre-
venting the intrusion of ions such as Na (sodium) and K
(potassium) into the channel polysilicon layer 14 and the gate
insulating film 16. Furthermore, a second base film 12 formed
of a SiOx (silicon oxide) film, for example, is included
between the first base film 11 and the polysilicon layer.

[0030] A lower electrode 300 configuring the organic light-
emitting diode element 70 is formed in an island shape so as
to cover a portion to be a luminous region of the pixel. In the
formation, the lower electrode 300 is connected to the drain
electrode 19 through a hole penetrated through the second
interlayer insulating film 20.
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[0031] A third interlayer insulating film 21 including an
opening corresponding to the luminous region of the pixel is
formed on the peripheral part of the lower electrode 300 and
a non-luminous region such as the driver transistor 10, the
data line 7, which is not illustrated in FIG. 1, and the gate line
8, which is not illustrated in FIG. 1. An organic film 100
including the light emitting layer is formed on the lower
electrode 300 so as to cover the entire surface of the display
unit 2. However, on the regions other than the luminous
region, the organic film 100 is isolated from the lower elec-
trode 300 with the third interlayer insulating film 21. An
upper electrode 200 is formed on the organic film 100 on the
entire surface of the display unit 2.

[0032] Such a film can be used for the organic film 100 of
the organic light-emitting diode element 70 that an electron
transport layer, a light emitting layer, and a hole transport
layer are stacked between the upper electrode 200 and the
lower electrode 300 from the cathode (the upper electrode
200, for example) side.

[0033] This organic light-emitting diode element 70 is one
in which a direct current voltage is applied across the upper
electrode 200 and the lower electrode 300, holes injected
from the anode (the lower electrode 300, for example) side
reach the light emitting layer through the hole transport layer,
electrons injected from the cathode side reach the light emit-
ting layer through the electron transport layer, and the elec-
trons are recombined with the holes to emit light at a prede-
termined wavelength here. It is noted that a material that can
be used for both of the light emitting layer and the electron
transport layer may be used for the organic film 100 of the
organic light-emitting diode element 70. Moreover, such a
film may be used that an anode buffer layer or a hole injection
layer is disposed between the anode and the hole transport
layer.

[0034] Itisnoted thatitis desirable that the lower electrode
300 be configured of a material of a high light reflectance in
order to improve the use efficiency of light emitted from the
light emitting layer. Furthermore, for the organic film 100,
such a material or a structure is adopted in which a predeter-
mined voltage is applied across the anode and the cathode to
carry an electric current and then white light emission is
obtained. Forthe organic light-emitting diode element 70 that
implements white light emission, there are methods in which
a plurality of light emitting layers in different light emission
colors is stacked in a structure called a multi-photon, and in
which dies in different light emission colors are doped into a
single light emitting layer. For any methods, it is desirable to
use one that a high luminous efficiency is provided and white
light emission of a long lifetime is obtained for the white
organic light-emitting diode element 70. It is noted that the
organic film 100 is configured of a plurality of layers includ-
ing the light emitting layer, the hole transport layer. and the
electron transport layer, and may include an inorganic layer in
some cases.

[0035] A transparent sealing member 500 is disposed on
the upper electrode 200. Desirably, the sealing member 500
has a high gas barrier property and transmits visible light in
order to prevent moisture from entering the organic light-
emitting diode element. More specifically, a glass substrate or
aplastic substrate processed to improve a gas barrier property
can be used. Moreover, desirably, the sealing member 500 is
additionally provided with an optical function such as color
reproduction by forming a color filter, not illustrated, or by
forming a black matrix as necessary. Solid sealing may be
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provided in which a transparent filler 600 made of a poly-
meric material is filled between the sealing member 500 and
the upper electrode 200 for enclosure. Alternatively, it may be
fine that an inert gas such as nitrogen is filled between the
sealing member 500 and the upper electrode 200, and the
substrate 6 and the picture frame portion of the transparent
substrate are enclosed and sealed with a sealing material.

[0036] In the display device 1, the organic light-emitting
diode elements 70 of the pixels emit white light, and full color
display is implemented in combination with color filters cor-
responding to three primary colors. In other words, white
light emitting elements are disposed in a matrix configuration
in a predetermined order, and a color filter that transmits red
(R) light is provided for a red pixel that exhibits red, a color
filter that transmits green (G) light is provided for a pixel that
exhibits green, and a color filter that transmits blue (B) light
is provided for a pixel that exhibits blue on the light extraction
side of the light emitting elements.

[0037] FIG. 4 is a plan view of an exemplary color filter
array of the display device according to the embodiment. A
color filter 712 that transmits green light is disposed next to
the right of a color filter 711 that transmits red light. A color
filter 713 that transmits blue light is disposed next to below
the color filter 712. A color filter 714 that transmits white (W)
light is disposed next to the right of the color filter 713. The
color filter 711 is disposed next to above the color filter 714.
Here, a display device will be described more specifically,
which includes a pixel that exhibits white in addition to pixels
forR, G, and B colors for reducing the power consumption of
the display device 1. However, the display device 1 is not
limited thereto. It is noted that although it is unnecessary to
provide a color filter for the pixel that exhibits white, a color
filter may be disposed for adjusting the white chromaticity as
necessary. It may be fine that colors are applied to the color
filters by publicly known techniques such as dyeing, pigment
dispersion, and printing.

[0038] Next, the conditions for the intensity of interference
in the light emitted from the light emitting layer will be
described, which is the basis of the embodiment. In the
embodiment, in the display device including the light emit-
ting elements configuring a plurality of pixels disposed in a
matrix configuration, films at least on the luminous region of
the pixel are configured in such a manner that a wavelength at
which the intensity of interference in the light emitted from
the light emitting layer (in the following, simply referred to as
“the intensity of interference”) takes the maximum value at a
viewing angle of zero degree is a wavelength on the shortest
wavelength side or less at which the intensity of the light
emitted from the light emitting layer (in the following, simply
referred to as “the light emission intensity”) takes the maxi-
mum value. In other words, in the case where the wavelength
at which the intensity of interference takes the maximum
value at a viewing angle of zero degree is defined as Aimax
and the wavelength on the shortest wavelength side at which
the light emission intensity takes the maximum value is
defined as Aemax, a film is configured in which the following
relationship (Expression (1)) is satisfied:

hMmaxshemax o))

[0039] In the configuration, it is desirable that the wave-
length at which the intensity of interference takes the mini-
mum value at a viewing angle of zero degree be not in the
visible wavelength range of a wavelength of 680 nm or less.
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[0040] Expression (1) is defined as a condition, the maxi-
mum value of the intensity of interference moves away from
the emission wavelength range, the minimum value of the
intensity of interference does not reach the wavelength range
in which the light emission intensity is great, even though the
viewing angle is increased and the wavelength at which the
intensity of interference takes an extreme value (the maxi-
mum value or the minimum value) is moved to the short
wavelength side. On this account, although the effect of inter-
ference reduces the absolute value of the intensity of light
extracted to the observer 1000 side, changes in the ratio of the
light emission intensity to the emission wavelengths (the
shape of the emission spectrum) are small, and changes in
colors caused by the viewing angle are suppressed. In other
words, since changes in colors caused when the viewing angle
is changed are increased in the case where the wavelength at
which the intensity of interference takes the maximum value
or the minimum value is passed through the wavelength at
which the light emission intensity takes the maximum value,
it is important that the wavelength at which the intensity of
interference takes the maximum value or the minimum value
does not reach the wavelength at which the light emission
intensity takes the maximum value even though the viewing
angle is changed.

[0041] Moreover, in the display device 1, it is desirable to
satisfy the following relationship (Expression (2)) in the case
where the wavelength at which the intensity of interference
takes the maximum value at a viewing angle of zero degree is
defined as Aimax and the wavelength on the shortest wave-
length side at which the light emission intensity takes the
maximum value is defined as Aemax:

hemax-50 nm=himax<hemax 2)

[0042] This is because when the wavelength Aimax at
which the intensity of interference takes the maximum value
is displaced from the wavelength Aemax at which the light
emission intensity takes the maximum value to the short
wavelength side by a wavelength of 50 nm or greater, the
intensity of light actually observed by the observer is consid-
erably reduced to about a half depending on the conditions.

[0043] It is noted that the longer the wavelength is, the
greater the shift of the wavelength is, at which the intensity of
interference takes an extreme value caused by a change in the
viewing angle. On this account, when the wavelength at
which the intensity of interference takes the minimum value
at a viewing angle of zero degree is defined as Aimin, it is
desirable to satisfy the following relationship (Expression

©):
hemax+200 nm=Aimin 3)

[0044] Even though the viewing angle is increased and the
wavelength at which the intensity of interference takes the
minimum value is moved to the short wavelength side, the
minimum value of the intensity of interference does not reach
the wavelength at which the light emission intensity takes the
maximum value, and thus a change in the shape of the emis-
sion spectrum is made small, and changes in colors caused by
the viewing angle are suppressed.

[0045] Therefore, the conditions of Expression (2) and
Expression (3) are satisfied, and the light emission intensity
of the wavelength corresponding to blue is increased near a
viewing angle of zero degree because of interference, so that
changes in colors caused by the viewing angle can be sup-
pressed, and a display device that exhibits brighter blue canbe
implemented simultaneously.
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[0046] FIG. 5 is a diagram of the relationship between the
wavelength dependence of the intensity of interference and
the shortest wavelength at which the light emission intensity
takes the maximum value at viewing angles of 0°, 45°, and
60° in the display device according to the embodiment. The
shortest wavelength at which the light emission intensity
takes the maximum value is a wavelength of about 460 nm,
and the wavelength at which the intensity of interference
takes the maximum value at a viewing angle of zero degree is
a wavelength of about 455 nm. Moreover, the wavelength at
which the intensity of interference takes the minimum value
at a viewing angle of zero degree is greater than a wavelength
of 680 nm. In the white organic light-emitting diode element
70, a plurality of the maximum values of the light emission
intensity generally exists in the visible wavelength range.
FIG. 6isa graph of an example of the wavelength dependence
of the light emission intensity (the emission spectrum) of the
white organic light-emitting diode element in the display
device according to the embodiment. The shortest wave-
length at which the light emission intensity takes the maxi-
mum value is a wavelength of about 460 nm. For example, in
the case of using a light emitting layer that emits light corre-
sponding to red, green, and blue for a light emitting layer, the
layer has three maximum values corresponding to red, green,
and blue or two maximum values in total that the emission
wavelengths of red and green are combined to provide one
maximum value. Alternatively, in the case of using a light
emitting layer that emits light corresponding to blue and
yellow (Y) for a light emitting layer, the layer has two maxi-
mum values corresponding to blue and yellow. In any cases,
in the white organic light-emitting diode element 70, the
wavelength on the shortest wavelength side at which the light
emission intensity takes the maximum value becomes a wave-
length corresponding to blue.

[0047] In the embodiment, the wavelength on the shortest
wavelength side at which the light emission intensity takes
the maximum value is a wavelength of about 460 nm, the
wavelength at which the intensity of interference takes the
maximum value at a viewing angle of zero degree is a wave-
length of 455 nm, and a state is provided in which the mini-
mum value of the intensity of interference does not exist in the
wavelength range of 680 nm or less. In other words, Expres-
sion (1), Expression (2), and Expression (3) are satisfied. This
state can be implemented by adjusting the film thickness of
the upper electrode 200 or the film thickness of the organic
film 100, that is, by adjusting the film thicknesses of the hole
injection layer, not illustrated, the hole transport layer, the
light emitting layer, and the electron transport layer, for
example. The specific conditions infinitely exist, and a person
skilled in the art can easily implement the state. In the imple-
mentation, it is necessary to consider the optical viewpoint as
well as the electrical viewpoint for the film thicknesses of the
layers.

[0048] Since the optical distance is changed as the viewing
angle is increased, the maximum value or the minimum value
of the intensity of interference is shifted on the short wave-
length side. However, as illustrated in FIG. 5, when the con-
ditions according to the embodiment (Expression (2) and
Expression (3)) are satisfied, the maximum value or the mini-
mum value of the intensity of interference is not shifted to the
wavelength range in which the light emission intensity is
great even though the viewing angle is increased, so that the
shape of the emission spectrum is little changed. Therefore,
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the display device with small changes in colors can be imple-
mented even though the viewing angle is changed.

[0049] Tt is noted that as illustrated in FIG. 5, in the case
where these conditions are satisfied, since the intensity of
interference is small in the wavelength range corresponding
to red (a wavelength range of about 630 nm to 750 nm), the
intensity of light extracted to the observer side is reduced.
[0050] Therefore, in the pixel for red, the light emission
intensity of the light emitting element is increased as com-
pared with the pixels for other colors. For example, in the
pixel forred, an electric current that can be carried through the
organic light-emitting diode is increased as compared with
the pixels for other colors (the maximum value of an electric
current that can be carried is increased). Alternatively, in the
pixel for red, the light emission area of the organic light-
emitting diode is increased as compared with the pixels for
other colors. In this case, in the organic light-emitting diode
element of the red pixel in which the intensity of light is
reduced because of the effect of the interference, the light
emission intensity can be increased more than in the organic
light-emitting diodes of the pixels for other colors, so that the
intensity of red light extracted to the observer side can be
increased.

[0051] The summary is as follows.

(1) The stacked film configuring the white light emitting
element (the organic light-emitting diode element) is config-
ured in such a manner that the peak wavelength of the inten-
sity of interference is the peak wavelength of the light emis-
sion intensity corresponding to blue or less (referred to as
structure 1).

[0052] More specifically, in the case where the wavelength
at which the intensity of interference in the light emitted from
the light emitting layer configuring the light emitting element
takes the maximum value at a viewing angle of zero degree is
defined as Aimax, the wavelength at which the intensity of
interference takes the minimum value is defined as Aimin, and
the wavelength on the shortest wavelength side is defined as
Aemax in the wavelength at which the intensity of the light
emitted from the light emitting layer takes the maximum
value, the relationships below are satisfied:

hemax-50nmshmaxshemax

hemax+200 nm=Aimin

(2) The light emission intensity of the light emitting element
corresponding to the red pixel is allowed to increase more
than the light emission intensities of the light emitting ele-
ments corresponding to the pixels for other colors (referred to
as structure 2).

(2-1) In other words, an electric current that can be carried
through the light emitting element corresponding to the red
pixel is allowed to increase more than an electric current that
can be carried through the light emitting elements corre-
sponding to the pixels for other colors (the maximum value of
an electric current that can be carried is increased) (referred to
as structure 2-1).

[0053] More specifically, in the circuit of the pixel for red,
the following is provided as compared with the pixels for
other colors.

(a) A ratio W/L of the driver transistor (the pixel TFT) is
increased.

(b) A capacitance ratio (=C1/(C1+C2)) of the pixel circuit is
increased.

Here, structure 2-1 can adopt any one of (a) and (b) or both of
(a) and (b).
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(2-2) The light emission area of the light emitting element
corresponding to the red pixel is increased more than the light
emission areas of the light emitting elements corresponding
to the pixels for other colors (referred to as structure 2-2).
[0054] Structure 1 is provided, that is, the structure of the
light emitting element is provided in such a manner that the
peak wavelength of the intensity of interference in the light
emitted from the light emitting layer of the light emitting
element is the peak wavelength of the light emission intensity
corresponding to blue or less, and a change in the shape of the
emission spectrum is reduced when the intensity of interfer-
ence is shifted to the short wavelength side at the time of
increasing the visual angle. In other words, when the intensity
of interference is shifted to the short wavelength side in
oblique observation, the light emission intensity is reduced.
However, the shapes of the emission spectra, that is, the
relationship of the magnitude among the light emission inten-
sities of the wavelengths is not changed so much. On this
account, although the luminosity is slightly reduced in
oblique observation, changes in colors are suppressed. More-
over, in structure 1, the light emission intensity can be
increased at the wavelength corresponding to blue because of
the interference effect, that is, a microcavity effect. Generally,
the lifetime and efficiency of blue luminescent materials are
inferior to green and red luminescent materials, and triplet
materials, which can obtain a high luminous efficiency, are
not put into actual use. Therefore, when the effective blue
light emission intensity is increased, a balance with the other
colors is improved, and such effects are also obtained that the
luminous efficiency is improved and the lifetime of the light
emitting element is prolonged.

[0055] Structure 2-1 allows the light emission intensity of
the light emitting element corresponding to the red pixel to be
increased more than the light emission intensities of the light
emitting elements corresponding to the pixels for other col-
ors. The effect can increase the red intensity whose light
emission intensity becomes weak because of the adoption of
structure 1, and it is possible to implement a display device
that a balance is achieved among R, G, and B colors.

[0056] In structure 2-2, in the case where the same electric
current is carried through the organic light-emitting diode
elements of the pixels, the electric current carried per unit area
of thelight emitting element is reduced because only the area
of the luminous region of the light emitting element corre-
sponding to the red pixel is wide. Here, in the light emitting
element formed of an organic light-emitting diode element,
generally, the luminous efficiency is improved as the current
value per unit area is reduced. On this account, in the case
where the value of a current carried through per pixel is the
same, in the pixel whose light emission area is large, the
current value per unit area of the light emitting element is
reduced to improve the luminous efficiency, and the light
emission intensity is increased accordingly. As a result, it is
possible to increase the light emission intensity of red whose
light emission intensity becomes weak because of the adop-
tion of structure 1, and it is possible to implement a display
device that a balance is achieved among R, G, and B colors.
[0057] Moreover, in the case where an electric current that
can be carried through the light emitting element correspond-
ing to the red pixel is increased because of the adoption of
structure 2-1, there is concern that the lifetime becomes
shorter, the luminous efficiency is more degraded, and elec-
tric power is more increased than in the light emitting ele-
ments of the pixels for other colors. However, the electric
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current carried per unit area of the light emitting element is
reduced because of the adoption of structure 2-2, so that it is
possible to improve the lifetime and luminous efficiency of
the light emitting element corresponding to the red pixel.
[0058] According to the display device that adopts the
structures, it is possible to reduce changes in colors when the
observation angle is changed. Moreover, the light emission
intensities of red and blue are increased, so that it is possible
to secure the luminosity and to widen the range of color
reproduction even though a color filter of a higher color purity
and a low transmittance is combined.

First Example

[0059] FIG. 7 is an equivalent circuit diagram of an exem-
plary pixel circuit of a display device according to an
example. A pixel 60 includes an organic light-emitting diode
element (a light emitting element) 70, a storage capacitor 40,
a pixel capacitor 50, a switching transistor 30 formed of a
TFT, and a driver transistor 10 formed of a TFT. However, in
the equivalent circuit diagram in FIG. 7, a parasitic capacitor
51 of the organic light-emitting diode 70 is additionally pro-
vided in the equivalent circuit diagram in FIG. 3.

(1) Scheme 1

[0060] The channel width of the driver transistor 10 is
defined as W, the channel length is defined as L, and the ratio
W/L is configured in such a manner that the ratio W/L is
greater in the pixel for red than in the pixels for other colors.
In the case where the channel width of the thin film transistor
configuring the driver transistor 10 of the red pixel is defined
as Wy, the channel length is defined as L, the channel width
of the thin film transistor configuring the driver transistor 10
of the green pixel is defined as W, the channel length is
defined as L, the channel width of the thin film transistor
configuring the driver transistor 10 of the blue pixel is defined
as Wy, the channel length is defined as Lz, the channel width
of the thin film transistor configuring the driver transistor 10
of the white pixel is defined as W, and the channel length is
defined as L, the channel widths and the channel lengths are
configured so as to satisfy relational expressions below.

Wellp> W/l
WolL>Wylly

Wo/Lp>Wy/Lyy

(2) Scheme 2

[0061] When the capacitance of the storage capacitor 40 is
defined as Cl, the capacitance of the pixel capacitor 50 is
defined as C2', and the capacitance of the pixel capacitor 51 is
defined as C3', the capacitances are configured in such a
manner that the value of C1/(C1+(C2'+C3")) is smaller in the
pixel for red than in the pixels for other colors. Here, suppose
that the pixel capacitor that the capacitance C2' of the pixel
capacitor 50 is combined with the capacitance C3' of the pixel
capacitor 51 is defined as C2, C1/(C1+(C2'+C3"))=C1/(C1+
C2) is held. In the case where the storage capacitance of the
red pixel is defined as C1, the pixel capacitance is defined as
C2,, the storage capacitance of the green pixel is defined as
Cl, the pixel capacitance is defined as C2, the storage
capacitance of the blue pixel is defined as Cl, the pixel
capacitance is defined as C2, the storage capacitance of the
white pixel is defined as Cl;, and the pixel capacitance is
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defined as C2,,, the channel widths and the channel lengths
are configured so as to satisfy relational expressions below.

CLA(CLRC2)<CL/(C14C20)
CL(CLg+C2R)<CL B/ (Clp+C2)
CLR/(ClLg+C2R)<CL/(Cly+C23)

[0062] With the adoption of any one of scheme 1 and
scheme 2 or both of scheme 1 and scheme 2, an electric
current that can be carried through the organic light-emitting
diode element of the pixel for red can be increased more than
an electric current that can be carried through the organic
light-emitting diode corresponding to the pixels of the other
colors (the maximum value of an electric current that can be
carried is increased). In this case, it is possible that a much
greater amount of an electric current is carried through the
organic light-emitting diode element of the red pixel, in which
the intensity of light extracted to the observer side is reduced,
and the light emission intensity is increased depending on the
conditions for the intensity of interference, so that it is pos-
sible to implement a display device that a balance is achieved
among the light emission intensities of R, G, and B colors.
[0063] Moreover, in the color filter that color purity can be
improved, the transmittance is generally low. However, the
light emission intensity of blue is increased using the condi-
tions for the intensity of interference according to the
embodiment (Expression (2) and Expression (3)), and the
current value of the pixel for red is increased and the light
emission intensity of the red pixel is increased by scheme 1 or
scheme 2, and then a color filter of a high color purity is
combined, so that it is possible to implement a bright display
device having a wide range of color reproduction.

[0064] Furthermore, triplet materials that can obtain a high
luminous efficiency for blue are not put to practical use in full
scale, and the lifetime and the efficiency are inferior to the
lifetime and efficiency of green and red luminescent materi-
als. In the example, the light emission intensity of blue can be
increased by the effect of interference, so that the lifetime and
efficiency of blue can be improved.

Second Example

[0065] FIG. 8 is a plan view of an exemplary color filter
array of a display device according to a second example.
Although a color filter array in FIG. 8 is the same as the color
filter array in FIG. 4, the size of a color filter 711a that
transmits red light is greater than the sizes of a color filter
712a that transmits green light, a color filter 713a that trans-
mits blue light, and a color filter 7144 that transmits white
light. The right side of the color filter 711a extends in the
direction of the color filter 7124, and the lower side extends in
the direction of the color filter 714a. The example is that the
light emission area of the pixel for red is made greater than the
light emission areas of the pixels for other colors in the
conditions for the intensity of interference according to the
embodiment (Expression (2) and Expression (3)). In other
words, the area of a lower electrode 300 configuring the
organic light-emitting diode element 70 is made greater in the
pixel for red than in the pixels for other colors, and the area is
made greater in the pixel whose light emission area defined by
an insulating film 21 formed on the peripheral part of the
lower electrode 300 corresponding to red than in the pixels for
other colors. In other words, in the case where the light
emission area defined by the insulating film formed on the
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peripheral part of the lower electrode 300 configuring the
organic light-emitting diode element 70 is defined as AR in
the red pixel, AG in the green pixel, AB in the blue pixel, and
AW in the white pixel, the channel widths and the channel
lengths are configured so as to satisfy relational expressions
below. The configurations other than the configurations
described above are the same as the first example.

AR>AG
AR>AB

AR>AW

[0066] Inthiscase, when the size of the driver transistor 10
and the capacitances of the storage capacitor 40, the pixel
capacitor 50, and the organic light-emitting diode element 70
are the same, an electric current carried through the organic
light-emitting diode element per unit area is made smaller in
the pixel for red. Here, in the light emitting element formed of
an organic light-emitting diode element, generally the lumi-
nous efficiency is improved and the lifetime is prolonged as
the current value per unit area is reduced. On this account, in
the case where the value of a current carried through per pixel
is the same, in the pixel whose light emission area is large, the
current value per unit area of the light emitting element is
reduced to improve the luminous efficiency, and the light
emission intensity is increased accordingly. On this account,
although the light emission intensity of the wavelength cor-
responding to red is weakened because of the conditions for
the intensity of interference according to the embodiment
(Expression (2) and Expression (3)), the area is widened in
the pixel for red to increase the light emission quantity and to
reduce the light emission intensity, so that it is possible to
implement a display device that a balance is achieved among
the light emission intensities of R, G, and B colors.

[0067] Moreover, in the case of the first example, an electric
current that can be carried through the organic light-emitting
diode element of the pixel for red is increased, and the light
emission intensity can be increased. However, when an elec-
tric current carried through the organic light-emitting diode
element per unit area is increased, there is concern that the
luminous efficiency is degraded or the lifetime becomes
short. However, the light emission area of the pixel for red is
made greater than the light emission areas of the pixels for
other colors, and the electric current carried per unit area in
the organic light-emitting diode element of the pixel for red is
reduced as in the example, so that such effects can be obtained
that the luminous efficiency of the light emitting element of
the pixel for red is improved and the lifetime is prolonged. In
other words, it is possible to implement a display device that
the power consumption is low and the lifetime is long. It is
noted that the first example may be combined with the second
example.

[0068] FIG.9isadiagramofan example of the relationship
between the wavelength dependence of the intensity of inter-
ference and the shortest wavelength at which the light emis-
sion intensity takes the maximum value at a viewing angle of
zero degree in the display device according to the embodi-
ment. In this case, although a plurality of extreme values of
the intensity of interference exists in the visible wavelength
range, it is important in the embodiment that amicro period of
the intensity of interference is not considered. More specifi-
cally, in the case where the period of the intensity of interfer-
ence, that is, the width of the wavelength between the maxi-
mum values of the intensities of interference adjacent to each
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other is a wavelength of 20 nm or less, the median value ofthe
amplitudes of the intensities of interference, that is, the aver-
age of the maximum values adjacent to each other is consid-
ered to be the intensity of interference. In other words, since
the component of the short period of the intensity of interfer-
ence has a small amplitude of the intensity of interference and
has a small influence, it is considered in the embodiment that
aline connecting the mean values of the micro-amplitudes of
the intensities of interference is the wavelength dependence
of the intensity of interference (expressed by a dotted lines in
FIG. 9).

[0069] It is noted that in the description above, the case is
described where the structure of the light emitting element is
formed in which the peak wavelength of the intensity of
interference in the light emitted from the light emitting layer
of the light emitting element is the peak wavelength of the
light emission intensity corresponding to blue or less and a
change in the shape of the emission spectrum when the inten-
sity of interference is shifted to the short wavelength side is
reduced at the maximum at the time of increasing the visual
angle. However, the present disclosure is not limited thereto.
[0070] Inother words, although the maximum suppression
effect is not obtained with respect to changes in colors in the
case where the viewing angle is increased, the peak wave-
length of the intensity of interference in the light emitted from
the light emitting layer of the light emitting element is set in
the wavelength range other than the wavelength range corre-
sponding to red (a visible wavelength range of 600 nm or
greater), that 1s, the peak wavelength is set in a wavelength
range shorter than the wavelength range corresponding to
green (a visible wavelength range of 600 nm or less), so that
itis possible to reduce changes in colors. Also in this case, the
light emission intensity of the wavelength corresponding to
red is relatively smaller than the light emission intensity of the
wavelength corresponding to blue or green. Therefore,
scheme 1 or scheme 2 described in the first example, or the
technique described in the second example is adapted, and the
light emission quantity of the pixel for red is increased, and a
reduction in the light emission intensity is suppressed, so that
it is possible to implement a display device that a balance is
achieved among the light emission intensities of R, G, and B
colors, or it is possible to implement a display device that the
power consumption is low and the lifetime is long.

[0071] In other words, although other than the case where
the light emission intensity of the wavelength corresponding
to red is weakened because of the conditions for the intensity
of interference according to the embodiment (Expression (2)
and Expression (3)), when the intensity of interference of red
is relatively smaller than the intensities of interference of blue
and green, the light emission quantity of the pixel for red is
increased using the technique described in the first example or
the second example, and a reduction in the light emission
intensity is suppressed, so that it is possible to implement a
display device that a balance is achieved among the light
emission intensities of R, G, and B colors, or it is possible to
implement a display device that the power consumption is
low and the lifetime is long.

[0072] Itis noted that it may be fine that the display devices
according to the embodiment and the examples described so
far are provided with a so-called circular polarizer formed of
a polarizer and a quarter wavelength film for a scheme of
suppressing the reflection of natural light. The circular polar-
izer is disposed on the observer side of the transparent sub-
strate for a bottom emission display, and is disposed on the
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observer side of the transparent sealing member for a top
emission display. In the OLED display including a circular
polarizer, the reflection of natural light caused by lines, a
reflecting electrode, or the like can be reduced because of the
effect of the circular polarizer, so that it is possible to imple-
ment a high contrast ratio under a bright environment.
[0073] Moreover, the configuration of the pixels forming
the display unit of the display device may be any configura-
tions such as a stripe configuration, a mosaic configuration,
and a delta configuration, and it may be fine to select an
appropriate configuration as matched with the specifications
of a display device.

[0074] As described above, the disclosure made by the
inventor is described specifically based on the embodiment
and the examples. However, it is without saying that the
present disclosure is not limited to the embodiment and the
examples and can be variously modified.

What is claimed is:

1. A display device comprising a pixel including:

a light emitting element;

adriver element configured to control light emission of the
light emitting element;

a control element configured to control the driver element;

a storage capacitor; and

a pixel capacitor,

wherein: a plurality of the pixels is formed in a matrix
configuration;

the plurality of the pixels includes a plurality of red pixels;

the light emitting element is a white organic light-emitting
diode element;

a stacked film configuring the light emitting element is
configured to have a wavelength in which a peak wave-
length of an intensity of interference is shorter than a
wavelength range corresponding to red, and

a light emission intensity of the light emitting element
corresponding to the red pixel is made greater than light
emission intensities of the light emitting elements cor-
responding to pixels for other colors.

2. The display device according to claim 1, wherein the
stacked film is configured to have a peak wavelength of an
intensity of interference at a peak wavelength of a light emis-
sion intensity corresponding to blue or less.

3. The display device according to claim 1,

wherein when a wavelength at which an intensity of inter-
ference in light emitted from a light emitting layer con-
figuring the light emitting element takes a maximum
value at a viewing angle of zero degree is defined as
Amax, a wavelength at which an intensity of interfer-
ence takes a minimum value is defined as Aimin, and a
shortest wavelength at which an intensity of light emit-
ted from the light emitting layer takes a maximum value
is defined as hemax, relationships are satisfied:

hemax-50 nm=hmax<hemax

hemax+200 nm=Aimin.

4. The display device according to claim 1, wherein a
maximum value of an electric current enabled to be carried
through the light emitting element corresponding to the red
pixel is made greater than a maximum value of an electric
current enabled to be carried through the light emitting ele-
ments corresponding to pixels for other colors.
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5. The display device according to claim 4,

wherein: the plurality of the pixels includes a plurality of
green pixels, a plurality of blue pixels, and a plurality of
white pixels as well as the plurality of red pixels; and

when a channel width of a thin film transistor configuring
the driver element of the red pixel is defined as Wy, a
channel length is defined as Lz, a channel width ofa thin
film transistor configuring the driver element of the
green pixel is defined as W ;, a channel length is defined
as L, a channel width of a thin film transistor config-
uring the driver element of the blue pixel is defined as
W, achannel length is defined as Iz, a channel width of
a thin film transistor configuring the driver element of
the white pixel is defined as W, and a channel length is
defined as L, relationships are satisfied:

WilLe> Wl
Wi/Lg>Wa/ly

WilLg>WydLyp.

6. The display device according to claim 4,

wherein: the plurality of the pixels includes a plurality of
green pixels, a plurality of blue pixels, and a plurality of
white pixels as well as the plurality of red pixels; and

when a storage capacitance of the red pixel is defined as
Cly, a pixel capacitance is defined as C24, a storage
capacitance of the green pixel is defined as C1;, a pixel
capacitance is defined as C2;, a storage capacitance of
the blue pixel is defined as Cl, a pixel capacitance is
defined as C2j, a storage capacitance of the white pixel
is defined as C1, and a pixel capacitance is defined as
C2,,, relationships are satisfied:

CL/(Cl+C2R)<CL J(Cl4C20)
C1R/(Cl g+ C2R)<C1 5/(Cl g+C2p)

CLHC g+ C2R)<CL (L C2 ).

7. The display device according to claim 1, wherein light is
extracted from an opposite side of a substrate on which the
light emitting element is formed.
8. The display device according to claim 1, wherein a light
emission area of the light emitting element corresponding to
the red pixel is made greater than light emission areas of the
light emitting elements’ corresponding to pixels for other
colors.
9. The display device according to claim 8,
wherein: the plurality of the pixels includes a plurality of
green pixels, a plurality of blue pixels, and a plurality of
white pixels as well as the plurality of red pixels, and

when light emission areas of the pixels defined by an insu-
lating film formed on a peripheral part of an electrode
configuring the organic light-emitting diode element are
defined as AR in the red pixel, AG in the green pixel, AB
in the blue pixel, and AW in the white pixel, relationships
are satisfied:

AR>AG
AR>4B

AR>AW.

10. The display device according to claim 9, wherein the
electrode configuring the organic light-emitting diode ele-
ment is formed on the substrate side on which the light emit-
ting element is formed with respect to the stacked film.
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11. A display device comprising a plurality of pixels, the
plurality of pixels including:

a white organic light-emitting diode element;

adriver element configured to control light emission of the
white organic light-emitting diode element; and

a control element configured to control the driver element,

wherein: light is extracted from an opposite side of a sub-
strate on which the white organic light-emitting diode
element is formed;

the pixels includes a plurality of red pixels;

when a wavelength at which an intensity of interference in
light emitted from a light emitting layer configuring the
white organic light-emitting diode element takes a maxi-
mum value at a viewing angle of zero degree is defined
as Almax, a relationship Aimax<600 nm is satisfied; and

a light emission intensity of the white organic light-emit-
ting diode element corresponding to the red pixel is
made greater than light emission intensities of the white
organic light-emitting diode elements corresponding to
pixels for other colors.

12. A display device comprising a plurality of pixels, the

plurality of pixels including:

a white organic light-emitting diode element;

adriver element configured to control light emission of the
white organic light-emitting diode element; and

a control element configured to control the driver element,

wherein: light is extracted from an opposite side of a sub-
strate on which the white organic light-emitting diode
element is formed;

the plurality of pixels includes a plurality of red pixels;
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when a wavelength at which an intensity of interference in
light emitted from a light emitting layer configuring the
white organic light-emitting diode element takes a maxi-
mum value at a viewing angle of zero degree is defined
as himax, a wavelength at which an intensity ofinterfer-
ence takes a minimum value is defined as Aimin, and a
wavelength at which an intensity of light emitted from
the light emitting layer takes a maximum value is
defined as Aemax, relationships are satisfied,

hemax-50 nmsAimax<iemax

hemax+200 nmsAimin; and

a light emission intensity of the white organic light-emit-
ting diode element corresponding to the red pixel is
made greater than light emission intensities of the white
organic light-emitting diode elements corresponding to
pixels for other colors.

13. The display device according to claim 12, wherein a

relationship 2imax<600 nm is satisfied.

14. The display device according to claim 11, wherein a
maximum value of an electric current enabled to be carried
through the white organic light-emitting diode element cor-
responding to the red pixel is made greater than a maximum
value of an electric current enabled to be carried through the
white organic light-emitting diode elements corresponding to
pixels for other colors.

15. The display device according to claim 11, wherein a
light emission area of the white organic light-emitting diode
element corresponding to the red pixel is made greater than
light emission areas of the white organic light-emitting diode
elements corresponding to pixels for other colors.

L S S T



THMBW(EF)

[FRIER 1 (TR A (i)
B (E RN A (i)

54 B R (BRI A (F)
[FRIRE A

LTI\

IPCHEF

CPCH¥S

L 5E4X
H 2T SR
S\ EREERE

BEGF)

HPENFENRARNATHROLEDR , RAXHENEN : THREN
EERKENNTESRENNRFIEERK. A, EXPRERT ,

BNEABNNNRCERNTHRE , MRELeNENBE. W&
EREE , EPHE BT (BIRXZRETH ) AERREL

ERRE

US20150123885A1

US14/532053

KA BAERER

HZAERINC.

HZAERINC.

ADACHI MASAYA

ADACHI, MASAYA

G09G3/32 G09G3/34

patsnap

2015-05-07

2014-11-04

G09G3/3433 G09G3/3208 G09G3/3233 G09G2300/0452 G09G2300/0852 HO1L27/3213 HO1L27/3216

HO1L27/322 HO1L27/3262 HO1L27/3265 HO01L51/5265
2013230510 2013-11-06 JP
US9275575

Espacenet USPTO

21

[

7L500

e

r{»BOO
i 200

KHWAREE | 18T 5N R RN R4 % YR f R I
Ko BERED. ENNTLOGRNZATANLABEATHET ~ = xjw}m
R 0 1R 19 5 T R KR 22 e — |-a00
= [ 1 |
17/4'1\ i\\\ i
AL ;
/// \ \ \\ \ )L
B


https://share-analytics.zhihuiya.com/view/e64e32e0-00f5-484f-ac60-4dfe811ee3d4
https://worldwide.espacenet.com/patent/search/family/053006667/publication/US2015123885A1?q=US2015123885A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150123885%22.PGNR.&OS=DN/20150123885&RS=DN/20150123885

