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ORGANIC EL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic elec-
troluminescence (EL) display apparatus, which uses an
organic EL device.

[0003] 2. Description of the Related Art

[0004] In organic EL display apparatuses, multiple pixels
each including an organic EL device are arranged in matrix on
a substrate. In each of the pixels, the organic EL device is
connected in series to a driving thin film transistor (TFT) for
driving the organic EL device and a power line for supplying
power to the organic EL device. The organic EL device emits
light in response to the power supplied from the power line,
and the emitted light exits outside the organic EL display
apparatus.

[0005] Low light extraction efficiency is known as one of
the problems of the organic EL. device. This is caused
because, in the organic EL device, light exits from a light
emitting layer at various angles, and hence a large number of
total reflection components are generated at an interface
between a protection layer and an external space, which
causes confinement of emitted light inside the device. In order
to solve this problem, various structures have been proposed.
Japanese Patent Application Laid-Open No. 2004-039500
discloses a structure in which a lens array made of a resin is
arranged on a silicon oxynitride (SiN,O,) film for sealing the
organic EL device, to thereby improve the light extraction
efficiency in the front direction.

[0006] Inthe structure including the lens array disclosed in
Japanese Patent Application Laid-Open No. 2004-039500, it
is possible to improve front luminance of the display appara-
tus by a light condensing effect. Meanwhile, the luminance of
the display apparatus in an oblique direction is reduced, and
hence a large view angle cannot be obtained. Further, the
above-mentioned problem occurs not only in the organic EL
device using the lens array, but also in an organic EL device
provided with a buffering effect. In this case, the luminance
increases in a direction in which a constructive interference
effect is obtained, while the luminance reduces in a direction
in which a destructive interference effect is obtained. This
structure also cannot obtain a large view angle.

[0007] Depending on the situation in which the user uses
the organic EL display apparatus, a large view angle may be
required. However, in such a situation, it is difficult to use the
structure in which the lens array is provided on the organic EL
device.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide an
organic EL display apparatus which uses an organic EL
device, in which, depending on a situation in which a user
uses the organic EL display apparatus, “display with high
light use efficiency and high front luminance (luminous effi-
ciency)” or “display with large view angle” is selectable.

[0009] The present invention provides an organic EL dis-
play apparatus, including multiple pixels, each of the multiple
pixels including: a first subpixel and a second subpixel having
the same hue and different optical characteristics; an organic
EL device corresponding to the first subpixel and an organic
EL device corresponding to the second subpixel; and a driv-
ing TFT for supplying a current to the organic EL. device
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corresponding to the first subpixel and the organic EL device
corresponding to the second subpixel, in which the first sub-
pixel has a higher front luminance than the second subpixel,
in which the first subpixel and the second subpixel of the each
of the multiple pixels are independently controlled to emit
light by the same gradation display signal, and in which the
multiple pixels and the first subpixels of the multiple pixels
are respectively arranged in a staggered pattern.

[0010] According to the present invention, in the organic
EL display apparatus, the pixels each include the multiple
subpixels having different optical characteristics, and light
emission periods of the respective subpixels are indepen-
dently controlled. With this, depending on the situation in
which the user uses the organic EL. display apparatus, the
“display with high front luminance (luminous efficiency)” or
the “display with large view angle” is selectable.

[0011] Further, in the drive using only the subpixel with
high front luminance, the equivalent luminance as that of the
subpixel without high front luminance can be obtained using
a low current, and hence lower power consumption is
achieved.

[0012] Further, by driving the multiple subpixels having
different optical characteristics at the same time or in time
series, while maintaining the view angle characteristics, the
light use efficiency can be enhanced.

[0013] Further, according to the present invention, the pix-
els are arranged in a staggered pattern, and the multiple sub-
pixels are respectively arranged in the staggered patterns.
With this, an organic EL display apparatus with high sense of
resolution can be provided. Further, because the pixels are
arranged in a staggered pattern, the gate lines for the light
emission period controlling TFTs may be arranged without
intersecting with each other, and the gate lines may be formed
in a single layer. With this, the parasitic capacitances of the
gate lines are prevented from being increased, and the rise and
fall delay of the gate control signal can be reduced, and it is
also possible to provide an organic EL display apparatus
capable of reducing the manufacturing cost or possibility of
wiring short circuit.

[0014] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a view schematically illustrating a struc-
ture of an organic EL display apparatus according to an
embodiment of the present invention.

[0016] FIGS. 2A and 2B are views schematically illustrat-
ing a pixel arrangement and a wiring connection form,
respectively, of the organic EL display apparatus according to
the embodiment of the present invention.

[0017] FIGS. 3A and 3B are views schematically illustrat-
ing a sectional structure of one pixel of the organic EL display
apparatus according to the embodiment of the present inven-
tion.

[0018] FIG. 4 isa graphillustrating an angle dependence of
luminance of the organic EL display apparatus according to
the embodiment of the present invention.

[0019] FIG. 5 is a diagram illustrating a pixel circuit of the
organic EL display apparatus according to the embodiment of
the present invention.

[0020] FIG. 6 is a timing chart illustrating a driving
sequence of the organic EL display apparatus of the present
invention, provided with the pixel circuit of FIG. 5.
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[0021] FIGS. 7A and 7B are views schematically illustrat-
ing a pixel arrangement and a wiring connection form,
respectively, of an organic EL display apparatus as a com-
parative example.

DESCRIPTION OF THE EMBODIMENTS

[0022] Hereinafter, an embodiment of the present invention
is described in detail with reference to the drawings. FIG. 11is
aplan view schematically illustrating a structure of an organic
electroluminescence display apparatus (organic EL display
apparatus) according to the embodiment of the present inven-
tion. As illustrated in FIG. 1, the organic EL display apparatus
of this embodiment includes a display region 10 in which
multiple pixels 100 are arranged in matrix of (m rows)x(n
columns), and a row control circuit 11 and a column control
circuit 12, which are provided in a periphery of the display
region 10. Here, “m” and “n” are natural numbers. A pixel
circuit of each of the pixels 100 within the display region
includes an organic EL device, and a transistor (for example,
thin film transistor (TFT)) for controlling a current to be
supplied to the organic EL device. The arrangement of sub-
pixels of each of the pixels 100 is described later. Further, the
organic EL device represents a structure including two elec-
trodes, and an organic compound layer including a light emit-
ting layer, the organic compound layer being arranged
between the two electrodes.

[0023] From respective output terminals of the row control
circuit 11, multiple gate control signals P1(1) to P1(m), P2(1)
to P2(m), P31(1) to P31(m), and P32(1) to P32(m) are output.
The gate control signal P1 is input via a gate line 111, the gate
control signal P2 is input via a gate line 112, the gate control
signal P31 is input via a gate line 1131, and the gate control
signal P32 is input via a gate line 1132 to the pixel circuit of
each of the rows. A video signal is input to the column control
circuit 12, and a data voltage Vdata, which is a gradation
display signal, and a reference voltage Vsl are output from
each output terminal. The data voltage Vdata, which is the
gradation display signal, and the reference voltage Vsl are
input via a data line 121 to the pixel circuit of each of the
columns. Note that, data wiring for outputting the data volt-
age and reference voltage wiring for outputting the reference
voltage may be separately provided and the connection may
be switched therebetween. The data voltage input as the gra-
dation display signal takes a voltage value between a mini-
mum gradation display signal voltage corresponding to black
display and a maximum gradation display signal voltage cor-
responding to white display, thereby performing gradation
display.

[0024] The pixel structure and the pixel arrangement of the
organic EL display apparatus of this embodiment are
described with reference to FIG. 2A. The organic EL display
apparatus of this embodiment includes pixels 100R, 1000,
and 100B having three different hues of red (R), green (G),
and blue (B), respectively. As illustrated in FIG. 2A, those
pixels are arranged within the display region in a planar state.
Further, each of the pixels 100 within the display region
includes multiple subpixels having the same hue and different
optical characteristics. The subpixel represents a region in
which, in a direction perpendicular to the substrate, the
organic compound layer is directly held in contact with and
sandwiched between a reflection electrode and an upper elec-
trode described later. In this embodiment, the pixel 100R
includes a first subpixel 101R and a second subpixel 102R,
the pixel 100G includes a first subpixel 101G and a second
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subpixel 102G, and the pixel 100B includes a first subpixel
101B and a second subpixel 102B.

[0025] The first subpixel 101 is formed of a pixel circuit
including a first organic EL device and a TFT for controlling
a current to be supplied to the first organic EL device. The
second subpixel 102 is formed of a pixel circuit including a
second organic EL device and a TFT for controlling a current
to be supplied to the second organic EL device.

[0026] Ineach of the pixels 100, the pixel circuit of the first
subpixel 101 and the pixel circuit of the second subpixel 102
ofthe corresponding pixel share at least a driving TFT. There-
fore, in each of the pixels 100, the first organic EL device of
the first subpixel 101 and the second organic EL device of the
second subpixel 102 of the corresponding pixel are driven by
the same driving TFT.

[0027] In this embodiment, the first subpixel 101 is a sub-
pixel in which front luminance is increased by providing a
lens (condenser lens) above the organic EL device as
described later, and the second subpixel 102 is a subpixel
without a lens, which has a view angle larger than that of the
first subpixel 101.

[0028] Inthe present invention, the pixels 100 are arranged
in a staggered pattern (staggered arrangement). Here, the
staggered arrangement represents an arrangement in which,
when attention is paid on a pixel in a n-th column, a pixel in
a (n+1)th column, and a pixel in a (n+2)th column, on a
straight line connecting two pixels selected from those three
pixels, a center of gravity of each of the three pixels is not
positioned. In relation to the pixels provided in the staggered
arrangement as described above, positions of the subpixels
101 and 102 having different optical characteristics within
each pixel 100 are the same in all of the pixels 100, and in
FIGS. 2A and 2B, the subpixels 101 and 102 are positioned on
the upper side and the lower side, respectively. That is, the
subpixels 101 and 102 are also respectively arranged in stag-
gered patterns. As described above, the pixels 100 are pro-
vided in the staggered arrangement, and further, the positions
of the subpixels 101 and 102 having different optical charac-
teristics within each pixel are the same in all of the pixels so
that the subpixels 101 and 102 are also respectively arranged
in the staggered patterns.

[0029] Inother words, the pixels, the subpixels 101, and the
subpixels 102 are respectively arranged in the staggered pat-
terns. With this structure, as illustrated in FIGS. 2A and 2B,
the positions of the subpixels 101 and 102 are shifted every
column in the column direction, and hence it is possible to
perform display with higher sense of resolution in the column
direction.

[0030] Further, in the arrangement capable of performing
display with higher sense of resolution as described above, as
described later, it is possible to arrange wiring for connecting
a light emission period controlling TFT and a gate line for
inputting a control signal to the light emission period control-
ling TFT so as not to intersect with a gate line for inputting a
control signal to a light emission period controlling TFT for
another subpixel within the same pixel.

[0031] Further, in this embodiment, in the arrangement
capable of performing display with higher sense of resolution
as described above, a lens 26 is arranged above the first
organic EL device of each of the first subpixels 101 provided
in the staggered arrangement. That is, as illustrated in FIG.
2A, the lenses 26 are also provided in the staggered arrange-
ment. When the lenses 26 are provided in the staggered
arrangement as described above, compared to a structure in
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which the lenses 26 are arranged in a linear pattern, the lens
diameter can be increased to be about 1.6 times larger than
that of the above-mentioned structure, and the range which
contributes to light condensing by the lenses can be increased
to be about 2.5 times larger than that of the above-mentioned
structure. That is, the light condensing effect of the lenses can
be enhanced.

[0032] FIGS. 3A and 3B are views schematically illustrat-
ing a sectional structure of one pixel region of the organic EL
display apparatus of this embodiment. As illustrated in FIG.
3A, the organic EL display apparatus of this embodiment
includes a substrate 20 on which a circuit element portion (not
shown) is formed. The circuit element portion includes a
switching TFT (not shown), the driving TF'T (not shown), and
wiring structures (not shown) of the gate line including a
scanning signal line, the data line, and the power line. On the
circuit element portion, a planarizing layer (not shown) is
formed. In the planarizing layer, a contact hole (not shown)
for electrically connecting an electrode formed above the
planarizing layer and the circuit element portion is formed.

[0033] In the display region 10, a reflection electrode is
formed on the planarizing layer. The reflection electrode 21 is
connected to the driving TFT via the contact hole. The reflec-
tion electrode 21 is preferred to be a light reflective member,
and for example, a material such as Cr, Al, Ag, Au, and Pt may
be used. By using a light reflective member as the reflection
electrode 21, the light extraction efficiency can be improved.
Further, the reflection electrode 21 may also be structured so
that a reflex function is secured by such a light reflective
member as described above, and a function as an electrode is
secured by a transparent conductive film such as an ITO film
formed on the light reflective member. The reflection surface
of the reflection electrode 21 in this case is the surface of the
light reflective member. As a method of forming and pattern-
ing the reflection electrode, a well-known method may be
applied. The reflection electrode is separately provided in
each of'the first subpixel 101 and the second subpixel 102, and
each reflection electrode is connected to the circuit element
portion. In this manner, a first organic EL device 171 and a
second organic EL device 172 can be driven independently.

[0034] On the reflection electrode 21, a bank 22 is formed
so as to cover the edge of the reflection electrode 21. The bank
22 is provided with an opening portion so that a center portion
of the reflection electrode 21 is exposed. As a material of the
bank 22, a well-known material such as an acrylic resin and a
polyimide resin may be used. In the opening portion on the
reflection electrode 21, an organic compound layer (organic
EL layer) 23 is formed. The organic compound layer 23 is
formed by an evaporation method using a shadow mask. The
organic compound layer 23 includes the light emitting layer,
and in addition thereto, may include a hole injection layer, a
hole transport layer, an electron transport layer, an electron
injection layer, and the like. An organic layer including the
light emitting layer, which forms the organic compound layer
23, may be made of a well-known material.

[0035] On the organic compound layer 23, a semi-transpar-
ent upper electrode 24 is formed. As the upper electrode 24, a
transparent conductive film such as an ITO film, or a semi-
transmissive film formed of a metal material such as Ag and
Al having a thickness of about 10 nm to 30 nm may be used.
The upper electrode 24 is formed by a well-known method
such as an evaporation method and a sputtering method. The
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upper electrode 24 is connected to the circuit element portion
via a contact portion (not shown) outside the display region
10.

[0036] The reflection electrode 21, the organic compound
layer 23, and the upper electrode 24 described above form
each of the organic EL devices 171 and 172 in the subpixels
101 and 102, respectively.

[0037] On the upper electrode 24, a sealing layer 25 for
protecting the organic EL devices 171 and 172 from moisture
and oxygen is formed. The sealing layer 25 includes an inor-
ganic layer made of an inorganic material. The sealing layer
25 may have a single inorganic layer structure, or a structure
in which an inorganic layer and an organic layer, which is
made of an organic resin and the like, are laminated. For the
inorganic layer in the sealing layer 25, a well-known inor-
ganic material such as silicon nitride may be used. The thick-
ness of the inorganic layer is preferred to be 0.1 um or larger
and 10 pm or smaller, and the inorganic layer is preferred to be
formed by a sputtering method, a CVD method, and other
similar methods. With this, the organic EL device can be
successfully covered, and protection performance can be
improved. Further, in the structure in which the organic resin
is laminated, the thickness of the organic resin is preferred to
be 1 um or larger so as to cover unremovable foreign matters
adhered on the surface during the process to improve the
protection performance. Note that, in FIG. 3A, the protection
layer is formed along the shape of the bank 22, but alterna-
tively may be formed so that the surface thereof is flat. With
the use of the organic material, the surface can be formed flat.
[0038] In this embodiment, further, the lens (condenser
lens) 26 is formed above the first organic EL device 171 ofthe
first subpixel 101. The surface above the second organic EL.
device 172 is flat. With this structure, the light emitted from
the first organic EL device 171 is condensed by the lens 26,
and thus the front luminance of the first subpixel 101 becomes
higher than that of the second subpixel 102.

[0039] Thelens 26 is formed by processing a resin material.
Specifically, the lens 26 can be formed by embossing. Other
than embossing, the lens may be formed by any one of the
following methods i) to v).

[0040] 1) A method in which a resin layer patterned by
photolithography is subjected to thermal treatment, to
thereby deform the resin layer into the lens shape by a reflow
process.

[0041] ii) A method in which a photo-curable resin layer
formed to have a uniform thickness is exposed with light
having distribution in an in-plane direction, and then the resin
layer is developed, to thereby form the lens.

[0042] iii) A method in which, with the use of an ion beam,
an electron beam, or a laser, a surface of a resin material
formed to have a uniform thickness is processed into the lens
shape.

[0043] iv) A method in which a moderate amount of resin is
dropped on each pixel to form the lens in a self-aligning
manner.

[0044] v)A method in which a resin sheet on which the lens
is formed in advance is prepared separately from the substrate
on which the organic EL device is formed, and both the resin
sheet and the substrate are aligned and then adhered to each
other, to thereby form the lens.

[0045] In a case where the protection layer 25 is formed to
have a multilayer form and an organic resin is used as a part of
the layers, the resin may be processed into the lens shape. In
this case, the sectional structure as illustrated in FIG. 3B is
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obtained. The use of resin enables formation of the flat sur-
face, and a region without the lens can also be formed flat as
illustrated in FIG. 3B.

[0046] With this structure, in the first organic EL device
171 above which the lens 26 is formed, the light emitted from
the organic compound layer 23 passes through the upper
electrode 24. Subsequently, the light passes through the pro-
tection layer 25 and the lens 26, and exits outside the organic
EL display apparatus. In the structure in which the lens 26 is
formed, compared to the case where the lens is omitted, the
exit angle becomes closer to a direction perpendicular to the
substrate. Therefore, the light condensing effect in the direc-
tion perpendicular to the substrate is more improved in a case
where the lens 26 is provided. That is, as for the display
apparatus, the light use efficiency in the front direction can be
enhanced. Further, in the structure in which the lens 26 is
formed, an incident angle of light obliquely emitted from the
light emitting layer with respect to an exit interface becomes
closer to a right angle, and hence an amount of light perform-
ing total reflection reduces. As a result, light extraction effi-
ciency can also be improved.

[0047] Meanwhile, in the organic EL device 172 without
the lens, light obliquely emitted from the light emitting layer
of the organic compound layer 23 exits from the protection
layer 25 in a manner further inclined.

[0048] In this embodiment, the subpixels 101 and 102 are
formed as described above to have different optical charac-
teristics. The first subpixel 101 is a subpixel with high front
luminance due to the light condensing effect of the lens, and
the second subpixel 102 is a subpixel with large view angle, in
which the light condensing by the lens is not performed.
[0049] FIG. 4isa graph illustrating an angle dependence of
luminance of each of the first subpixel 101R and the second
subpixel 102R in the pixel 100R. In FIG. 4, the front lumi-
nance of the second subpixel 102R is set as 1, and the lumi-
nance at an angle inclined from the front side is represented as
a relative luminance value. As illustrated in FIG. 4, the first
subpixel 101R exhibits optical characteristics of high front
luminance, and the second subpixel 102R exhibits optical
characteristics of large view angle. Also in the pixel 100G and
the pixel 100B, similar characteristics are obtained in the case
of the same structure.

[0050] Inthe present invention, the specific example of the
structure in which the multiple subpixels, which form the
pixel, have different optical characteristics from each other is
not limited to the above-mentioned structure in which the lens
is provided on the light emitting surface side of the organic EL.
device in one of the subpixels. For example, the organic EL
devices 171 and 172 may be organic EL devices having
different optical interference conditions, to thereby increase
the front luminance of one of the subpixels (first subpixel).
[0051] Hereinafter, a driving method and a wiring arrange-
ment of the organic EL display apparatus of this embodiment
are described.

[0052] FIG. 5 is a diagram illustrating a configuration
example of the pixel circuit of each of the pixels in the organic
EL display apparatus according to the embodiment of the
present invention. The organic EL display apparatus of this
embodiment includes, as illustrated in FIG. 5, in each pixel, a
selecting TFT 161 as the switching TFT, an erasing TFT 163,
a first light emission period controlling TFT 1641, and a
second light emission period controlling TFT 1642. Further,
the organic EL display apparatus of this embodiment includes
adriving TFT 162, aholding capacitor 15, the first organic EL
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device 171, and the second organic EL device 172. Further, to
the pixel circuit, a power line 13, the data line 121, and the
gate lines 111, 112, 1131, and 1132 are connected. Further, in
this embodiment, the selecting TFT 161, the first light emis-
sion period controlling TFT 1641, the second light emission
period controlling TFT 1642, and the erasing TFT 163 are
each an N-type TFT, and the driving TFT 162 in a P-type TFT.
[0053] Inthe organic EL display apparatus of this embodi-
ment, as illustrated in FIG. 5, a part constituted of the select-
ing TFT 161, the erasing TFT 163, the driving TFT 162, the
holding capacitor 15, the power line 13, the data line 121, and
the gate lines 111 and 112 is shared between the first subpixel
101 and the second subpixel 102. Further, further on a point at
which a drain terminal of the driving TFT 162 is connected to
one terminal of the erasing TFT 163, the part is divergingly
connected to the first light emission period controlling TFT
1641 and the second light emission period controlling TFT
1642.

[0054] Hereinafter, the connection form is described in
detail.
[0055] The selecting TFT 161 has a gate terminal con-

nected to the gate line 111, one terminal connected to the data
line 121, and the remaining terminal connected to the holding
capacitor 15.

[0056] The erasing TFT 163 has a gate terminal connected
to the gate line 112, and one terminal connected to a gate
terminal of the driving TFT 162. Further, the remaining ter-
minal of the erasing TFT 163 is connected to the drain termi-
nal of the driving TFT 162, a drain terminal of the first light
emission period controlling TFT 1641, and a drain terminal of
the second light emission period controlling TFT 1642.
[0057] The driving TFT 162 has a source terminal con-
nected to the power line 13, and the drain terminal connected
to the remaining terminal of the erasing TFT 163, the drain
terminal of the first light emission period controlling TFT
1641, and the drain terminal of the second light emission
period controlling TFT 1642.

[0058] The first light emission period controlling TFT 1641
and the second light emission period controlling TFT 1642
have gate terminals connected to the gate line 1131 and the
gate line 1132, respectively, and source terminals connected
to an anode of the first organic EL device 171 and an anode of
the second organic EL device 172, respectively. The first
organic EL device 171 and the second organic EL device 172
each have a cathode connected to a ground line 14. The
holding capacitor 15 is arranged between the selecting TFT
161 and the gate terminal of the driving TFT 162 as well as the
one terminal of the erasing TFT 163.

[0059] Inthe organic EL display apparatus of this embodi-
ment, the organic EL. device 171 corresponds to the first
subpixel 101 and the organic EL. device 172 corresponds to
the second subpixel 102. The organic EL devices 171 and 172
are controlled to emit light by the first light emission period
controlling TFT 1641 and the second light emission period
controlling TFT 1642, respectively. In the structure of this
embodiment, the gate terminal of the first light emission
period controlling TFT 1641 and the gate terminal of the
second light emission period controlling TFT 1642 are con-
nected to the independent gate lines 1131 and 1132, respec-
tively. As a result, with the gate control signals P31 and P32,
the first subpixel 101 and the second subpixel 102 can be
independently controlled to emit light. Therefore, the first
subpixel 101 and the second subpixel 102 may turn on or turn
off at the same time, or may be driven to independently turn
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on or turn off. Further, the first organic EL device 171 and the
second organic EL device 172 are supplied with a current
from the same driving TFT 162, and hence the light emission
is controlled by the same gradation display signal.

[0060] When the first subpixel 101 and the second subpixel
102 are independently driven, in a case where only the second
subpixels 102 turn on, display with large view angle is
achieved. Further, in a case where only the first subpixels 101
turn on, although the view angle decreases, display with high
front luminance is achieved. Further, by driving the first sub-
pixel 101 with high front luminance at a low current, the same
luminance as that of the pixel without high front luminance
can be obtained using a low current, and hence lower power
consumption is achieved.

[0061] Therefore, in the organic EL display apparatus of
this embodiment, depending on the necessity of the user,
“display with high light use efficiency and high front lumi-
nance”, “display with large view angle”, or “display with
lower power consumption” is selectable.

[0062] When the first subpixel 101 and the second subpixel
102 are driven at the same time, owing to the first subpixel 101
with the high front luminance, the front luminance can be
increased, and owing to the second subpixel 102 with the
large view angle, reduction of luminance in the oblique direc-
tion can be suppressed so that the view angle characteristics
are improved. That is, while maintaining the view angle char-
acteristics, the display with high light use efficiency is
achieved.

[0063] Next, a wiring connection form and a wiring
arrangement of the organic EL display apparatus of the
present invention are described.

[0064] FIG. 2B is a view schematically illustrating the wir-
ing connection form and the wiring arrangement of the
organic EL display apparatus according to the embodiment of
the present invention. In FIG. 2B, illustration of the lenses,
which are illustrated in FIG. 2A, is omitted. Further, as for the
gate lines, only the gate lines 1131 and 1132 for the light
emission period controlling TFTs are illustrated, and illustra-
tion ofthe gate lines 111 and 112 for the selecting TFT and the
erasing TFT is omitted. In FIG. 2B, the black circles represent
nodes.

[0065] In the organic EL display apparatus of the present
invention, the pixels 100 are provided in the staggered
arrangement, and in relation to the pixels provided in the
staggered arrangement, the positions of the subpixels 101 and
102 having different optical characteristics within each pixel
are the same in all of the pixels so that the subpixels 101 and
102 are also respectively provided in the staggered arrange-
ment. As a result, the pixels in each row are arranged so as to
be shifted every column in the column direction by an amount
corresponding to half the pixel (by an amount corresponding
to the subpixel). The arrangement position of the pixel 100 in
the a-th row and (b+1)th column in the column direction is
between the arrangement position of the pixel 100 in the a-th
row and b-th column in the column direction and the arrange-
ment position of the pixel 100 in the (a+1)th row and b-th
column in the column direction. Further, the arrangement
position of the pixel 100 in the a-th row and (b+2)th column
in the column direction is between the arrangement position
of the pixel 100 in the (a—1)th row and (b+1)th column in the
column direction and the arrangement position of the pixel
100 in the a-th row and (b+1)th column in the column direc-
tion. In other words, the arrangement position of the pixel 100
in the a-th row and (b+2)th column in the column direction is
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the same as the arrangement position of the pixel 100 in the
a-th row and b-th column in the column direction. Further, the
gate line 1131 of the a-th row is arranged between the first
subpixel 101 and the second subpixel 102 within the pixel 100
in the a-th row and b-th column, and is also arranged between
the second subpixel 102 of the pixel 100 in the (a-1)th row
and (b+1)th column and the first subpixel 101 of the pixel 100
in the a-th row and (b+1)th column. Further, the gate line 1132
of the a-th row is arranged between the second subpixel 102
of the pixel 100 in the a-th row and b-th column and the first
subpixel 101 of the pixel 100 in the (a+1)th row and b-th
column, and is also arranged between the first subpixel 101
and the second subpixel 102 within the pixel 100 in the a-th
row and (b+1)th column. Here, “a” and “b” are natural num-
bers.

[0066] With this structure, without intersecting with the
gate line 1132, the gate line 1131 can be connected to the gate
terminal of the light emission period controlling TFT 1641 of
the first subpixel 101 provided with the lens of each of the
pixels. Further, without intersecting with the gate line 1131,
the gate line 1132 can be connected to the gate terminal of the
light emission period controlling TFT 1642 of the second
subpixel 102 without the lens of each of the pixels.

[0067] With reference to FIG. 7A as an example, the pixel
arrangement, the wiring connection form, and the wiring
arrangement of a comparative example of this embodiment
are described. Except for the pixel arrangement, the wiring
connection form, and the wiring arrangement, an organic EL.
display apparatus of this comparative example is similar to
the organic EL display apparatus of the present invention in
the layer structure, the pixel circuit, and the like of the display
apparatus. The different points are described below.

[0068] In this comparative example, the pixels 100 are
arranged in a linear pattern in any of the row direction and the
column direction. In relation to the pixels arranged in a linear
pattern, the positions of the subpixels 101 and 102 having
different optical characteristics within each pixel are alter-
nately changed in the b-th column and the (b+1)th column. In
FIGS. 7A and 7B, upper and lower positions are alternated in
the row direction. With this, the subpixels 101 and 102 are
respectively provided in the staggered arrangement, and simi-
larly to the present invention, the display with high sense of
resolution is achieved. That is, only the subpixels are pro-
vided in the staggered arrangement. Further, the lens is
arranged above the organic EL device in each of the first
subpixels 101 provided in the staggered arrangement, and the
lenses 26 are also provided in the staggered arrangement. In
this manner, the lens diameter can be increased to be about 1.6
times larger than that of a structure in which the lenses 26 are
arranged in a linear pattern, and the range which contributes
to light condensing by the lenses can be increased to be about
2.5 times larger than that of the above-mentioned structure.
That is, the light condensing effect of the lenses 26 can be
enhanced.

[0069] FIG. 7B is a view schematically illustrating the wir-
ing connection form and the wiring arrangement of the
organic EL display apparatus of this comparative example. In
FIG. 7B, illustration of the lenses, which are illustrated in
FIG.7A,is omitted. Further, as for the gate lines, only the gate
lines 1131 and 1132 for the light emission period controlling
TFTs are illustrated. Illustration of the gate lines 111 and 112
for the selecting TFT and the erasing TFT is omitted.

[0070] Intheorganic EL display apparatus of this compara-
tive example, the pixels are arranged in a linear pattern.
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Therefore, in order to connect the gate terminals of the light
emission period controlling TFTs 1641 and 1642 with the
gate lines 1131 and 1132, respectively, as illustrated in FIG.
7B, the gate lines 1131 and 1132 corresponding to the a-th
row are arranged so as to pass through the pixels 100 in the
a-th row. When the gate lines 1131 and 1132 are formed of a
single layer, there is generated, in every other column, a
position at which a wiring route connecting the gate line 1131
via the light emission period controlling TFT 1641 to the first
organic EL device 171 intersects with the gate line 1132.
Similarly, there is generated, in every other column, a position
at which a wiring route connecting the gate line 1132 via the
light emission period controlling TFT 1642 to the second
organic EL device 172 intersects with the gate line 1131.

[0071] As a result, in the organic EL display apparatus of
this comparative example, the wiring structures at those inter-
secting positions are required to be set as described below. For
example, the gate lines 1131 and 1132 are formed of two
layers, and an insulating layer is disposed between the two
layers. Alternatively, the light emission period controlling
TFTs 1641 and 1642 are required to be connected to the
organic ELL devices 171 and 172, respectively, with wiring
formed in a different layer from that of the gate lines in a
manner passing across the gate lines 1132 and 1131.

[0072] At the intersecting positions, in any of the above-
mentioned wiring structures, due to a parasitic capacitance
generated between the gate line 1131 or 1132 and the wiring
intersecting therewith, a parasitic capacitance of the gate line
1131 or 1132 increases. Therefore, rise and fall delay may
occur in the gate control signal P31 or P32.

[0073] The gate control signals are input from the row
control circuit 11 in the periphery of the display region 10,
and in this comparative example, the intersecting positions
are generated in the gate line 1131 or 1132 in every other
column. As a result, the above-mentioned rise and fall delay
of the gate control signal P31 or P32 becomes larger toward
inside ofthe display region 10. Therefore, luminance uneven-
ness may occur.

[0074] Further, in a case of forming the gate lines 1131 and
1132 of two layers and disposing an insulating layer between
the two layers, the manufacturing cost increases.

[0075] Further, in a case where a layer different from that of
the gate lines is used as the wiring connecting the light emis-
sion period controlling TFTs 1641 and 1642 and the organic
EL devices 171 and 172 while passing across the gate lines
1132 and 1131, respectively, the following problem occurs.
That is, because new wiring is formed in the layer, the possi-
bility of short circuit particularly between the new wiring and
wiring in the same layer increases due to foreign matters and
the like produced during the manufacturing process.

[0076] Inthe organic EL display apparatus of the compara-
tive example, the subpixels 101 and 102 are respectively
provided in the staggered arrangement, to thereby achieve the
display with high sense of resolution and the increase of the
lens diameter. However, in the comparative example, the
pixels are arranged in a linear pattern, and the positions of the
subpixels 101 and 102 within each pixel are changed every
column. As a result, there are generated, in every other col-
umn, positions at which wirings connecting the gate lines
1131 and 1132 and the gate terminals of the light emission
period controlling TFTs 1641 and 1642 of the subpixels 101
and 102 intersect with the gate lines 1132 and 1131, respec-
tively.
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[0077] On the other hand, in the organic EL display appa-
ratus of the present invention, the pixels 100 are provided in
the staggered arrangement. Further, in relation to the pixels
provided in the staggered arrangement, the positions of the
subpixels 101 and 102 having different optical characteristics
within each pixel are the same in all of the pixels so that the
subpixels 101 and 102 are also respectively provided in the
staggered arrangement. With this structure, the gate terminals
of the light emission period controlling TFTs 1641 and 1642
of the subpixels 101 and 102 are connected to the gate lines
1131 and 1132 without intersecting with the gate lines 1132
and 1131, respectively. Specifically, one of the gate lines 1131
and 1132 is arranged between the first subpixel 101 and the
second subpixel 102 within the pixel 100, and the other of the
gate lines 1131 and 1132 is arranged between the adjacent
pixels. More specifically, in the b-th column, the gate line
1131 is arranged between the first subpixel 101R and the
second subpixel 102R within the pixel 100R, and the gate line
1132 is arranged between the adjacent two pixels 100R. In the
(b+1)th column, the gate line 1131 is arranged between the
adjacent two pixels 1000, and the gate line 1132 is arranged
between the first subpixel 101G and the second subpixel
102G within the pixel 100G. With this, it is possible to prevent
increase of the above-mentioned parasitic capacitance of the
gate lines 1131 and 1132. Further, the gate lines 1131 and
1132 can be formed of a single layer. With this, the problems
described above, that is, the increase of the manufacturing
cost and the increase of the possibility of the wiring short
circuit, are prevented from being generated.

[0078] FIG. 6 illustrates an example of a timing chart of a
driving sequence of the pixel circuit in the i-th row of the
organic EL display apparatus of the present invention, pro-
vided with the pixel circuit of FIG. 5. The driving sequence in
this embodiment includes, within one frame, program periods
(A) to (D) during which the gradation display signal is written
to each of the pixels. Further, the remaining period is divided
into, at an arbitrary ratio, a light emission period (E) during
which an organic EL device of a target pixel emits light and a
non-light emission period (F) during which the organic EL
device of the target pixel is controlled not to emit light.
[0079] The periods (A) to (D) corresponding to a program
period relate to a target row of a target column, and are
separated into target-row program periods (B) and (C) during
which the gradation display signal is written to the target pixel
and other-row program periods (A) and (D) during which the
gradation display signal is written to pixels in rows other than
the target row. The target-row program period is constituted
of'a discharge period (B) and a write period (C). V(i-1), V(i),
and V(i+1) represent pieces of the data voltage Vdata input to
the pixel circuit in the (i-1)th row (row preceding the target
row), the pixel circuit in the i-th row (target row), and the pixel
circuit in the (i+1)th row (row following the target row),
respectively, in the target column during one frame period.
[0080] Hereinafter, operations during respective periods in
the driving sequence are described.

[0081] (A) Other-Row Program Period (Prior to Target-
Row Program Period)

[0082] During this period, in the pixel circuit in the target
row, a Low level (L level) signal is input to the gate line 111
as P1(i), and the selecting TFT 161 is in an OFF state. Further,
the I level signal is input to the gate line 112 as P2(i), and the
erasing TFT 163 is in the OFF state. Under this state, the data
voltage V(i-1), which is the gradation display signal related
to the preceding row, is not input to the pixel circuit in the i-th
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row, which is the target row. The L level signals are input to
both the gate lines 1131 and 1132, and both the light emission
period controlling TFTs 1641 and 1642 are in the OFF state.
[0083] (B) Discharge Period

[0084] During this period, High level (H level) signals are
input to the gate lines 111, 112, and 1131, and the selecting
TFT 161, the erasing TFT 163, and the light emission period
controlling TFT 1641 are in an ON state. The L level signal is
input to the gate line 1132, and the light emission period
controlling TFT 1642 is in the OFF state. Further, the data
voltage V(i), which is the gradation display signal of the target
row, is set to the data line 121, and the data voltage V(i) is
input to the terminal of the holding capacitor 15 connected on
the data line side.

[0085] Because the erasing TFT 163 is turned ON, the gate
terminal of the driving TFT 162 and the ground line 14 are
connected to each other via the light emission period control-
ling TFT 1641 and the organic EL device 171. Then, the gate
voltage of the driving TFT 162 becomes, regardless of the
voltage value in the last minute, a voltage close to a ground
line potential Vocom to turn ON the driving TFT 162.
[0086] (C) Write Period

[0087] During this period, the L level signals are input to
the gate lines 1131 and 1132, and the light emission period
controlling TFTs 1641 and 1642 are in the OFF state. With
this, a current flows from the drain terminal to the gate termi-
nal of the driving TFT 162, and a gate-source voltage of the
driving TFT 162 becomes close to a threshold voltage of the
driving TFT 162. To the terminal of the holding capacitor 15
connected to the gate terminal of the driving TFT 162, the
gate voltage of the driving TFT 162 at this time is input.
Further, continuously from the period (B), the data voltage
V(i), which is the gradation display signal of the target row, is
set to the data line 121, and the data voltage V(i) is input to the
terminal of the holding capacitor 15 connected on the data
line side. The holding capacitor 15 is charged by an amount
corresponding to a voltage of a difference between the gate
voltage of the driving TFT 162 and the data voltage V(i), and
thus the program of the gradation display signal is performed.
[0088] (D) Other-Row Program Period (After Target-Row
Program Period)

[0089] During this period, the L level signals are input to
the gatelines 111, 112, 1131, and 1132, and the selecting TFT
162, the erasing TFT 163, and the light emission period
controlling TFTs 1641 and 1642 are in the OFF state. There-
fore, even when the data line voltage is changed to the data
voltage V(i+1), which is the gradation display signal related
to the following row, charges in the holding capacitor 15,
which is charged during the period (C), are held.

[0090] (E) Light Emission Period

[0091] During this period, the H level signal is input to the
gate line 111, and the selecting TFT 161 is in the ON state.
Further, the reference voltage Vslis setto the dataline 121. As
a result, the reference voltage Vsl is input to the terminal of
the holding capacitor 15 connected on the data line side.
During this period, the erasing TFT 163 is in the OFF state,
and hence charges in the holding capacitor 15, which is
charged during the period (C), are held. As a result, the gate
voltage of the driving TFT 162 changes by an amount of a
difference between the data voltage V(i) and the reference
voltage Vsl.

[0092] After that, the H level signal is input to the gate line
111 during the periods (E) and (F), and the L level signal is
input to the gate line 112 during the periods (E) and (F). As a
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result, the ON state of the selecting TFT 161 and the OFF state
of'the erasing TFT 163 are maintained during the periods (E)
and (F), and the gate voltage of the driving TFT 162 is held at
a constant voltage during this period. Further, during this
period, the H level signal is input to the gate line 1131, and the
light emission period controlling TF'T 1641 is in the ON state.
As aresult, a current corresponding to the gate voltage of the
driving TFT 162 is supplied to the organic EL device 171, and
the organic EL device 171 (first subpixel 101) emits light
having luminance of gradation corresponding to the supplied
current. Further, during this period, the L level signal is input
to the gate line 1132, and the light emission period controlling
TFT 1642 is in the OFF state. As a result, the organic EL.
device 172 is not turned ON, and light emission does not
occur in the second subpixel 102.

[0093] In this embodiment, the organic EL device 171 in
the first subpixel 101 is an organic EL device with the high
front luminance, and hence during this light emission period
(E), display with high front luminance is achieved.

[0094] (F) Non-Light Emission Period

[0095] During this period, the L level signals are input to
the data lines 1131 and 1132, and the light emission period
controlling TFTs 1641 and 1642 are in the OFF state. As a
result, during this period, the organic EL devices 171 and 172
do not emit light.

[0096] Inthedriveperformed by the above-mentioned driv-
ing sequence, during the light emission period (E), the first
subpixel 101 emits light, but the present invention is not
limited thereto. In the organic EL display apparatus of the
present invention, by switching the ON/OFF states of the light
emission period controlling TFTs 1641 and 1642 during the
light emission period (E), the first subpixel 101 and the sec-
ond subpixel 102 may be arbitrarily selected to emit light. For
example, during the light emission period (E), the light emis-
sion period controlling TFT 1641 may be turned OFF and the
light emission period controlling TFT 1642 may be turned
ON, to thereby achieve display with large view angle.
[0097] Further, during the light emission period (E), the
light emission period controlling TFTs 1641 and 1642 may be
driven so as to be both turned ON. In this case, owing to the
first subpixel 101 with the high front luminance, the front
luminance can be increased, and owing to the second subpixel
102 with the large view angle, reduction of luminance in the
oblique direction can be suppressed so that the view angle
characteristics are improved. That is, while maintaining the
view angle characteristics, the display with high light use
efficiency is achieved.

[0098] Note that, the pixel circuit illustrated in FIG. 5 and
the driving sequence illustrated in FIG. 6 are merely examples
of the embodiment of the present invention, and the present
invention is not limited to those pixel circuit and driving
sequence.

[0099] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

REFERENCE SIGNS LIST
[0100] 100 pixel
[0101] 101 first subpixel
[0102] 102 second subpixel
[0103] 26 lens
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[0104] 171, 172 organic EL device

[0105] 162 driving TFT

[0106] 1641, 1642 light emission period controlling TFT
[0107] This application claims the benefit of Japanese

Patent Application No. 2010-261917, filed Nov. 25, 2010,
which is hereby incorporated by reference herein in its
entirety.
What is claimed is:
1. An organic EL display apparatus, comprising multiple
pixels,
each of the multiple pixels comprising:
a first subpixel and a second subpixel having the same
hue and different optical characteristics;
an organic EL device corresponding to the first subpixel
and an organic EL device corresponding to the second
subpixel; and
adriving TFT for supplying a current to the organic EL,
device corresponding to the first subpixel and the
organic EL device corresponding to the second sub-
pixel,
wherein the first subpixel has a higher front luminance than
the second subpixel,
wherein the first subpixel and the second subpixel of the
each of the multiple pixels are independently controlled
to emit light by the same gradation display signal, and
wherein the multiple pixels and the first subpixels of the
multiple pixels are respectively arranged in a staggered
pattern.
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2. The organic EL display apparatus according to claim 1,
wherein the first subpixel comprises a lens on a light extrac-
tion side of the organic EL device corresponding to the first
subpixel.

3. The organic EL display apparatus according to claim 1,

wherein the each of the multiple pixels comprises:

a first light emission period controlling TFT for control-
ling a light emission period of the organic EL device
corresponding to the first subpixel; and

a second light emission period controlling TFT for con-
trolling a light emission period of the organic EL
device corresponding to the second subpixel,

wherein the driving TFT supplies the current to one of the
organic ELL device corresponding to the first subpixel
and the organic EL device corresponding to the second
subpixel via corresponding one of the first light emission
period controlling TFT and the second light emission
period controlling TFT, and

wherein in each of the multiple pixels, between the first
subpixel and the second subpixel, any one of a first gate
line for controlling the first light emission period con-
trolling TFT and a second gate line for controlling the
second light emission period controlling TFT is
disposed.



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

L 5ER
S EREEEE

BEX)

BYELE REE

US20120133272A1

US13/291280

ERERA a4t

FRERA 24t

FRERA 24t

TAMAKI JUNYA
MORIYAMA TAKASHI
SATO NOBUHIKO

TAMAKI, JUNYA
MORIYAMA, TAKASHI
SATO, NOBUHIKO

HO05B33/14

G09G3/3233 G09G2300/0426 G09G2300/043 G09G2320/028 G09G2300/0819 G09G2320/02

G09G2300/0814
2010261917 2010-11-25 JP

Espacenet USPTO

RU-—MBNELERRE , H , REAFERABINELE REENE
R EASXNARERNSERRE (RAMR ) NERFHEAKX

NANERF BRTE, SMEEBERULEETRLFHUENFEHE
HAEBENFEEDIIUAREERBE, WA, FRERIMIZHN,

100R— %

2012-05-31

2011-11-08

patsnap

bth b+t
COLUMN COLUMN
100B
100G
s

7.

N
§\\

1131
athROW

1132

> \d

athROW

5
2

3 @—0 @——0

.

1131 v
(a+NthROW  101R

1132

Iy

iz +a -z -z

AN

(a+1)th ROW

R S
0R 101G 1026

| 1
02

w
<<

1B



https://share-analytics.zhihuiya.com/view/185a442c-52a7-4e31-83cf-5531ea8cbcab
https://worldwide.espacenet.com/patent/search/family/046092102/publication/US2012133272A1?q=US2012133272A1
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=%2220120133272%22.PGNR.&OS=DN/20120133272&RS=DN/20120133272

