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(54) Organic electroluminescent display device

(57) A photosensor (200) is disposed in each pixel
(30), and the brightness is adjusted for each pixel (30)
depending on the light quantity of an organic EL element
(7). The adjustment of brightness is realized by making
the current amount of a pixel (30) with a high brightness
small in accordance with a pixel (30) with a small light

emission amount. Thus, low power consumption can be
achieved, and the unevenness of brightness can be cor-
rected. By disposing the photosensor (200) to configure
a photoreceptor circuit (205) in each pixel (30), the une-
venness of brightness is corrected. Further, it becomes
possible to correct brightness in a brightness half-life.
Hence, a longer lifetime can be achieved.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an organic
electroluminescent (EL) display device, particularly to an
organic EL display device capable of adjusting the une-
venness of brightness in each pixel in a display unit.

Description of the Related Art

[0002] Since an organic EL element is self-luminous,
a backlight necessary for a liquid crystal display device
is not required. Thus, it is optimal to make the display
device thinner. In addition, the organic EL element has
no limit to a viewing angle. Therefore, the organic EL
element is largely expected to become commercially
practical as a display device of the next generation.
[0003] Incidentally, there are two kinds of drive meth-
ods of the organic EL display device: a passive type of
a simple matrix and an active type using TFTs. In the
active type, a circuit configuration shown in Fig. 15A is
generally used. Fig. 15A is a circuit schematic diagram
of a display unit of an organic EL display device, and Fig.
15B is a cross-sectional view of a part of one pixel.
[0004] As shown in Fig. 15A, a plurality of gate lines 1
extending in the row direction, are disposed, and a plu-
rality of drain lines 2 and first power supply lines 3 are
disposed in the column direction to cross the gate lines 1.
[0005] Selection TFTs 4 are connected respectively to
each intersection of the gate lines 1 and the drain lines
2. A gate of the selection TFT 4 is connected to the gate
line 1, and a drain of the selection TFT 4 is connected to
the drain line 2. A source of the selection TFT 4 is con-
nected to a hold capacitor 5 and a gate of a drive TFT 6.
[0006] A drain of the drive TFT 6 is connected to the
first power supply line 3, and a source of the drive TFT
6 is connected to an anode of an organic EL element 7.
The counter electrode of the hold capacitor 5 is connect-
ed to a second power supply line 9 extending in the col-
umn direction.

[0007] The gate lines 1 are connected to an unillus-
trated V scanner. Gate signals are sequentially applied
to each of the gate lines 1 by use of the V scanner. The
gate signals are binary signals of on or off. In the case
of on, the voltage is a positive predetermined voltage,
and in the case of off, the voltage is 0 V. The V scanner
turns on a gate signal of a selected predetermined gate
line out of the plurality of gate lines 1 connected thereto.
When the gate signal is on, all the selection TFTs 4 which
are connected to the selected gate line 1 are turned on.
Therefore, the drain lines 2 and the gates of the drive
TFTs 6 are connected through the selection TFTs 4.
[0008] Data signals determined depending on an im-
age to be displayed are outputted from an H scanner 22
to the drain lines 2. In addition to being inputted to the
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gates of the drive TFTs 6, the data signals are charged
in the hold capacitor 5.

[0009] Thedrive TFT 6 is connected to the first power
supply line 3 and the organic EL element 7 with conduc-
tivity depending on the magnitude of the data signals. As
aresult, a current in response to the data signal is sup-
plied from the first power supply line 3 through the drive
TFT 6 to the organic EL element 7. Accordingly, the or-
ganic EL element 7 emits light with a brightness in re-
sponse to the data signals.

[0010] The hold capacitor 5 has a capacitance be-
tween other electrodes such as the second power supply
line 9 or the first power supply line 3, and can store the
data signals for a certain period of time.

[0011] Even after the V scanner selects another gate
line 1, the previously selected gate line 1 becomes un-
selected, and the selection TFTs are turned off, the data
signals are held by the hold capacitors 5 during one ver-
tical scanning period. In the meantime, the drive TFTs 6
hold the conductivity, thus enabling the organic EL ele-
ments 7 to continue to emit light with the brightness.
[0012] As shown in Fig. 15B, in a pixel 130 of the or-
ganic EL display device, the plurality of drive TFTs 6 are
disposed on a glass substrate 151. The drive TFT 6 has
a structure in which a gate electrode 6G is opposed to a
source 6S, a channel 6¢ and a drain 6D with an interlayer
insulation film 152 interposed therebetween. The exam-
ple shown here has a bottom gate structure in which the
gate electrode 6G is disposed below the channel 6C.
[0013] An interlayer insulation film 153 is formed on
the drive TFTs 6, and thereon the drain lines 2 and the
first power supply lines 3 are disposed. The first power
supply line 3 is connected to the drain 6D of the drive
TFT 6 through a contact. On the top of them, a planarizing
insulation film 154 is formed, and the organic EL element
7 is disposed in each of pixels on the planarizing insula-
tion film 154.

[0014] TheorganicEL element7 is formed by sequen-
tially stacking an anode 155 made of a transparent elec-
trode such as indium tin oxide (ITO), a hole transport
layer 156, a luminescence layer 157, an electron trans-
port layer 158 and a cathode 159 made of metal such as
aluminum. Holes injected from the anode 155 to the hole
transportlayer 156 and an electroninjected from the cath-
ode 159 to the electron transport layer 158 are recom-
bined with each otherin the luminescence layer 157, thus
emitting light. As shown with an arrow in Fig. 15B, the
light is emitted from the transparent anode 155 side
throughthe glass substrate 151 to the outside. The anode
155 and the luminescence layer 157 are individually
formed for each pixel, and the hole transport layer 156,
the electron transport layer 158 and the cathode 159 are
formed in common to each pixel. This technology is de-
scribed for instance in Japanese Patent Application Pub-
lication No. 2002-251167.

[0015] The unevenness of brightness, that is, varied
luminescence brightnessin each pixel, occursinan LCD,
an organic EL display device, or the like, which have
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many pixels. Especially, as described above, it is prob-
lematic that there are many cases where the unevenness
of brightness becomes remarkable among the organic
EL elements, which are current-driven type light emitting
elements to emit light depending on a current flowing
between the anode and the cathode.

[0016] Moreover, although there is a brightness
half-life for the organic EL element, this period too is not
uniform for each pixel 130. Therefore, when there is a
pixel whose brightness falls extremely compared with the
surrounding pixels, even if there is no problem with the
other pixels 130, after all the organic EL display device
cannot offer the sufficient characteristics. Thus, there has
been a problem that the lifetime of the organic EL display
device can not be extended.

[0017] It is thus an object of this invention to provide
an improved organic EL display device.

SUMMARY OF THE INVENTION

[0018] The solution according to the invention lies in
the features of the independent claims and preferably in
those of the dependent claims.

[0019] The invention provides an organic electrolumi-
nescent display device that includes a plurality of drain
lines and a plurality of gate lines disposed in a matrix
form on a substrate, and a plurality of light emitting pixels
disposed on the substrate in accordance with the matrix
form of the drain lines and the gate lines. Each of the
light emitting pixels comprises a drive transistor, a selec-
tion transistor and an organic electroluminescent ele-
ment. The display device also includes a plurality of pho-
tosensors disposed on the substrate and each provided
for corresponding light emitting pixels to measure bright-
ness of corresponding organic electroluminescent ele-
ments.

[0020] As an alternative, a photosensor is disposed in
each of the light emitting pixels and comprises a photo-
sensor transistor. The gate of the photosensor transistor
receives a constant voltage, the source or the drain of
the photosensor transistor is connected with a power
supply terminal of the drive transistor, and the source or
the drain of the photosensor transistor that is not con-
nected with the power supply terminal is connected with
a control terminal of the drive transistor.

[0021] As another alternative, a photosensor is dis-
posed in each of the light emitting pixels and measures
brightness of a corresponding organic electrolumines-
cent element. The photosensor is configured to change
a photosensitivity thereof.

[0022] According to the invention the following advan-
tages can be achieved. First, a photosensor is provided
in a light emitting pixel of an organic EL display device,
thus detecting the light emitting amount of an organic EL
element. Accordingly, it is possible to correct the bright-
ness of the organic EL element. Therefore, the brightness
is corrected depending on the light emitting amount of
each pixel, thus making it possible to prevent the une-

10

15

20

25

30

35

40

45

50

55

venness of brightness in a display unit from occurring.
[0023] Second, the amount of current of a drive tran-
sistor to be connected to the organic EL element is ad-
justed depending on the light emitting amount of the or-
ganic EL element, thus reducing the amount of current
to be supplied to the organic EL element depending on
the light emitting amount. Consequently, it is possible to
prevent the unevenness of brightness from occurring
since the luminescence brightnesses draw close to the
lowest one. In addition, this adjustment brings the lumi-
nescence brightnesses of the pixels close to the lowest
one among them. Therefore, this can contribute to lower
power consumption and a longer lifetime.

[0024] Third, since the photosensor includes one thin
film transistor, the correction of brightness can be per-
formed for each pixel with its small footprint.

[0025] Fourth, the photosensorincludes a photorecep-
tor circuit at least having a plurality of thin film transistors,
and can adjust the photoreception sensitivity for each
photoreceptor circuit. Therefore, since the photorecep-
tion sensitivity can be made substantially uniform among
the plurality of pixels, the brightness can be averaged
among each pixel.

[0026] Fifth, since the brightness can be corrected by
adjusting a reference voltage of a data signal to be sup-
plied to a drain line depending on the light emitting
amount, it is possible to contribute to lower power con-
sumption. Moreover, since a brightness half-life can be
extended due to an adjustment of the reference voltage,
it is possible to extend the lifetime of the organic EL dis-
play device.

[0027] Sixth, since the power supply and input signal
of the photoreceptor circuit are supplied from a gate line,
a first power supply line and a second power supply line,
it is possible to use those lines for the power and input
signal of a light emitting pixel in common with the pho-
toreceptor circuit. That is, it is possible to avoid making
wiring complex even if with a configuration of disposing
the photoreceptor circuit for each pixel. In addition, since
it is possible to adjust the photoreception sensitivity by
use of a resistance value of a resistor composing the
photoreceptor circuit, the photoreception sensitivity can
be made substantially uniform among the plurality of pix-
els.

[0028] Seventh, atransistorfor detecting the light emit-
ting amount has a LDD structure. Thus, it is possible to
promote the generation of a photocurrent. Especially, the
LDD structure adopted on the output side of the photo-
current will be effective to promote generation of photo-
current. In addition, by adopting the LDD structure, the
off characteristics (the detection region) of Vg-Id charac-
teristics is stabilized, and a stable device can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1 is a schematic diagram showing an organic
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EL display device of a firstembodiment of the present
invention.

Fig. 2is a cross-sectional view explaining a light emit-
ting pixel of the first embodiment of the present in-
vention.

Fig. 3 is a circuit diagram explaining the light emitting
pixel of the firstembodiment of the present invention.

Fig. 4A is a plan view explaining a photosensor of
the first embodiment of the present invention.

Fig. 4B is a cross-sectional view explaining the pho-
tosensor of the first embodiment of the present in-
vention.

Fig. 5 is a schematic diagram showing an organic
EL display device of a second embodiment of the
present invention.

Fig. 6A is a circuit diagram explaining a light emitting
pixel of the second embodiment of the present in-
vention.

Fig. 6B is a plan view of a photosensor explaining
the light emitting pixel of the second embodiment of
the present invention.

Fig. 7 is a circuit diagram explaining the photosensor
of the second embodiment of the present invention.

Figs. 8A to 8B are characteristics diagrams explain-
ing the photosensor of the second embodiment of
the present invention.

Figs. 9A to 9C are characteristics diagrams explain-
ing the photosensor of the second embodiment of
the present invention.

Figs. 10A to 10C are circuit diagrams explaining the
photosensor of the second embodiment of the
present invention.

Figs. 11A to 11D are circuit diagrams explaining the
photosensor of the second embodiment of the
present invention.

Fig. 12A is a block diagram explaining the organic
EL display device of the second embodiment of the
present invention.

Fig. 12B is a characteristics diagram explaining the
organic EL display device of the second embodiment
of the present invention.

Fig. 13A is a block diagram explaining the organic
EL display device of the second embodiment of the
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present invention.

Fig. 13B is a circuit diagram explaining the organic
EL display device of the second embodiment of the
present invention.

Figs. 14A to 14B are characteristics diagrams ex-
plaining the organic EL display device of the second
embodiment of the present invention.

Fig. 15A is a circuit schematic diagram explaining a
conventional organic EL display device.

Fig. 15Bis a cross-sectional view explaining the con-
ventional organic EL display device.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0030] Embodiments of the present invention will be
described in detail with reference to Figs. 1 to 14B, taking
an active matrix type organic EL display device as an
example.

[0031] First, a first embodiment of the present inven-
tion will be shown in Figs. 1 to 4B.

[0032] Fig. 1 is a schematic view showing an organic
EL display device. An organic EL display device 20 in-
cludes a substrate 10, drainlines 2, gate lines 1, adisplay
unit 21, a horizontal scanning circuit 22, a vertical scan-
ning circuit 23 and photosensors.

[0033] Furthermore, the organic EL display device 20
includes a driving integrated circuit 50. The driving inte-
grated circuit 50 controls the display device by, for ex-
ample, outputting a data signal Vdata and applying a
drive voltage to a transistor which is connected to an
organic EL element of the display unit 21 in order to cause
the organic EL element to emit light.

[0034] The display unit 21 is formed in a manner that
a plurality of light emitting pixels 30 are disposed in a
matrix form on the insulating substrate 10 made of aglass
plate or the like. The light emitting pixel 30 includes an
EL element having a luminescence layer between an an-
ode and a cathode, a driver transistor of the EL element
and a selection transistor. Both of the driver transistor
and the selection transistor are thin film transistors (here-
inafter referred to as TFTs).

[0035] On sides of the display unit 21, the horizontal
scanning circuit (hereinafter referred to as the H scanner)
22, which sequentially selects the drain lines 2, is dis-
posed on one side thereof, and a vertical scanning circuit
(hereinafter referred to as the V scanner) 23, which sends
gate signals to the gate lines 1, is disposed on another
side thereof. Further, unillustrated lines which transmit
various signals inputted to the gate lines 1, the drain lines
2 and the like are gathered to a side of the substrate 10,
and are connected to an external connector 24.

[0036] The photosensors (not shown here) are the
TFTs provided respectively in each of the light emitting
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pixels 30. Photocurrents can be obtained by use of light
emitted when the TFTs are off. The photosensor in this
embodiment performs the correction of brightness for the
organic EL element by detecting the light emitting amount
of the relevant organic EL element which composes the
light emitting pixel 30.

[0037] Fig. 2 is a cross-sectional view of a part of the
light emitting pixel 30, and shows a part of a drive TFT 6
and of an organic EL element 7.

[0038] Aninsulationfilm (made of SiN, SiO, or the like)
14, which serves as a buffer layer, is provided on the
insulating substrate 10 made of silica glass, no-alkali
glass or the like, and thereon a semiconductor layer 63
made of a p-Si(poly-silicon) film is laminated. This p-Si
film may be formed by laminating an amorphous silicon
film, and recrystallizing the film by laser annealing or the
like.

[0039] On the semiconductor layer 63, a gate insula-
tion film 12 made of SiN, SiO, or the like is laminated,
and thereon a gate electrode 61 made of refractory metal,
such as chrome (Cr), molybdenum (Mo) or the like, is
formed. In the semiconductor layer 63, an intrinsic or sub-
stantially intrinsic channel 63c which is located below the
gate electrode 61 is provided. In addition, the drive TFT
6 is composed by providing a source 63s and a drain
63d, which are n* impurity diffusion regions on both sides
of the channel 63c. Note that although the illustration is
omitted, the selection TFT has a similar structure to that
of the drive TFT 6.

[0040] All over the gate insulation film 12 and the gate
electrode 61, a SiO, film, a SiN film, and a SiO, film, for
example, are sequentially laminated to form an interlayer
insulation film 15. In the gate insulation film 12 and the
interlayer insulation film 15, contact holes are provided,
corresponding to the drain 63d and the source 63s. The
contact holes are filled with metal, such as aluminum (Al)
or the like, to provide a drain electrode 66 and a source
electrode 68, which are broughtinto contact with the drain
63d and the source 63s, respectively. On a planarizing
insulation film 17, an anode 71 is provided to serve as a
display electrode such as indium tin oxide (ITO). The
anode 71 is connected to the source electrode 68 (or the
drain electrode 66) by use of contact holes provided in
the planarizing insulation film 17.

[0041] The organic EL element 7 is formed by provid-
ing an organic EL layer 76 on the anode 71 and further
forming a cathode 75 made of an alloy of magnesium
and indium. The organic EL layer 76 is formed by se-
quentially stacking a hole transport layer 72, a lumines-
cence layer 73 and an electron transport layer 74. This
cathode 75 is provided all over the substrate 10 or all
over the display unit 21 to form the organic EL display
device 20 shown in Fig. 1.

[0042] In addition, in the organic El element 7, holes
injected from the anode 71 and electrons injected from
the cathode 75 are recombined inside the luminescence
layer 73, thus exciting organic molecules which form the
luminescence layer 73. For this reason, an exciton oc-
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curs. In course of radiative deactivation of this exciton,
light is emitted from the luminescence layer 73. This light
is then released from the transparent anode 71 through
the transparent insulating substrate 10 to the outside.
Thus, the organic EL element 7 emits light. Note that a
bottom emission structure to emit light toward the sub-
strate 10 is employed in this embodiment as an example.
[0043] Fig. 3 shows a circuit diagram of one pixel out
of the light emitting pixels 30 of the display unit 21.
[0044] On the substrate, the plurality of gate lines 1
extending in the row direction are disposed. The plurality
of drain lines 2 and first power supply lines 3 extending
in the column direction are disposed to intersect the gate
lines 1. The first power supply lines 3 are connected to
a power source PV. The power source PV is a power
source to output a positive constant voltage, for example.
[0045] Each intersection of the gate lines 1 and the
drain lines 2 is connected to a selection TFT 4. The gate
of the selection TFT 4 is connected to the gate line 1,
and the drain of the selection TFT 4 is connected to the
drain line 2. The source of the selection TFT 4 is con-
nected to a hold capacitor 5 and a gate of the drive TFT 6.
[0046] A drain of the drive TFT 6 is connected to the
first power supply line 3, and a source of the drive TFT
6 is connected to the anode of the organic EL element
7. The cathode of the organic EL element 7 is connected
to a power source CV. The power source CV is a power
source to output a negative constant voltage. A second
power supply line 9 extending in the column direction is
connected to the counter electrode of the hold capacitor
5. The second power supply line 9 is a power supply line
to have a lower voltage than the first power supply line
3. Note that although the hold capacitor 5 is connected
to the second power supply line 9 in Fig. 3, a specialized
capacity line (unillustrated) may be provided to be con-
nected to the hold capacitor 5.

[0047] The gate signals are sequentially applied to the
gate lines 1 by use of the V scanner (unillustrated). The
gate signals are binary signals of on or off. When the
signals are on, the gate signals are at a positive prede-
termined voltage; when off, the gate signals are 0 V. The
V scanner turns on the gate signals of a selected prede-
termined gate line 1 out of the plurality of gate lines 1
connected to the V scanner. When the gate signals are
on, all the selection TFTs 4 connected to the selected
predetermined gate line 1 are turned on. Then, the drain
lines 2 and the gates of the drive TFTs 6 are connected
through the selection TFTs 4.

[0048] Data signals Vdata determined depending on
an image to be displayed are outputted from the H scan-
ner (unillustrated) to the drain lines 2. The data signals
Vdata are inputted to the gates of the drive TFTs 6 and
are charged in the hold capacitors 5.

[0049] The hold capacitor 5 has a capacitance be-
tween other electrodes such as the second power supply
line 9 or the first power supply line 3, and can store the
data signals for a certain period of time.

[0050] Even after the V scanner selects another gate
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line 1, the previously selected gate line 1 becomes un-
selected, and the selection TFT 4 is turned off, the data
signals are held by the hold capacitors 5 during one ver-
tical scanning period. In the meantime, the drive TFT 6
holds conductivity depend on the magnitude of the data
signals, thus enabling the organic EL elements 7 to con-
tinue to emit light with a brightness in response to the
data signals.

[0051] The drive TFT 6 and the organic EL element 7
are connected in series between the positive power
source PV and the negative power source CV. In other
words, the drive TFT 6 connects the first power supply
line 3 to the organic EL element 7 with conductivity de-
pending on the magnitude of the data signals Vdata.
Drive currents flowing to the organic EL element 7 are
supplied from the power source PV through the drive TFT
6tothe organic EL element 7, and the organic EL element
7 emits light with a brightness in response to the data
signals Vdata. Thus, the drive currents can be controlled
by changing a gate voltage VG of the drive TFT 6. As
described above, the data signals Vdata are inputted to
the gate electrode, and the gate voltage VG is set to be
a value in response to the data signals Vdata.

[0052] In this embodiment, a photosensor 100 is con-
nected to inside each of the light emitting pixel 30 shown
in Fig. 3. One terminal of the photosensor 100 is con-
nected to the first power supply line 3 which connects to
the power source PV, and the other terminal is connected
to the control terminal (the gate electrode) of the drive
TFT 6. Then, a constant voltage Vbias to be a reverse
bias voltage is applied to the control terminal (the gate
electrode) of the photosensor 100.

[0053] Figs. 4A and 4B are explanatory views of the
structure of the photosensor 100. Fig. 4A is a plan view
showing the vicinity of a circled area in Fig. 3, and termi-
nals A, B, C and D corresponding to terminals A, B, C
and D in the circuit diagram of Fig. 3 are shown. Further,
Fig. 4B is a cross-sectional view taken along the X-X line
in Fig. 4A. Incidentally, Fig. 4A is a plan view of when
viewed from the substrate 10 side.

[0054] The photosensor is substantially the same as
the drive TFT 6 of the light emitting pixel 30 as shown in
Fig. 2. Therefore, the descriptions of the repeated parts
will be omitted.

[0055] Specifically, the photosensor 100 is a TFT in
which a gate electrode 101, the insulation film 12 and a
semiconductor layer 103 made of p-Si film are stacked
on the insulating substrate 10, the semiconductor layer
103 having a channel 103c, a source 103s and a drain
103d therein (see Fig. 4B).

[0056] In a p-Si TFT having a structure of this kind,
when the TFT is off, if the external light enters the sem-
iconductor layer 103, electron-hole pairs are generated
in a junction region between the channel 103c and the
source 103s or between the channel 103c and the drain
103d. These electron-hole pairs are separated due to the
electric field in the junction region, thus generating pho-
tovoltaic force. Accordingly, the photocurrent is obtained,
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which is outputted from a source electrode 108 side, for
example. That is, this photocurrent is a dark current of
when the TFT is off. By detecting the increase of the dark
current, a p-Si TFT with the above structure is used as
a photosensor.

[0057] Here, the semiconductor layer 103 may be pro-
vided with a low concentration impurity region. The low
concentration impurity region means a region which is
provided adjacent to the source 103s or the drain 103d
on the channel 103c side, and which is lower in impurity
concentration compared to the source 103s or the drain
103d. By providing this region, it is made possible to relax
the electric field concentrated at the edge of the source
103s (or the drain 103d). The width of the low concen-
tration impurity region is approximately 0.5 pmto 3 pm,
for example.

[0058] In this embodiment, a low concentration impu-
rity region 103LD is provided, for example, between the
channel 103c and the source 103s (or between the chan-
nel 103c and the drain 103d) to form a so-called light
doped drain (LDD) structure. With the LDD structure, it
is possible to increase, in the direction of a gate length
L, the junction region contributing to photocurrent gen-
eration, so that photocurrent generation occurs more
readily. That is, it is advantageous that the low concen-
tration impurity region 103LD is provided at least on the
drain side in terms of the photocurrent. In addition, by
adopting the LDD structure, the off characteristics (the
detection region) of Vg-ld characteristics is stabilized,
and a stable device can be obtained.

[0059] The photosensor 100 of this embodiment sens-
es light to be emitted by the organic EL element 7. There-
fore, the organic EL layer 76 and cathode 75 of the or-
ganic EL element 7 extend to cover the photosensor 100.
Due to this structure, light from the organic EL element
7 goes into the semiconductor layer 103 of the photosen-
sor 100. The photocurrent is thus outputted depending
on the amount of light emission from the source region
103s side.

[0060] Again, with reference to Fig. 3, a description will
be given of the operation of this circuit. Incidentally, volt-
age values within parentheses are examples.

[0061] The drive TFT 6 and the organic EL element 7
are connected in series between the power source PV
(6 V) and the power source CV (-6 V). The photosensor
100is ann-channeltype TFT andis applied with areverse
bias voltage Vbias (-2 V) lower than the minimum voltage
(0 V) of the data signal Vdata.

[0062] The data signals Vdata (0 to 5 V) at a lower
voltage than the power source PV (6 V) are inputted to
the drain lines 2. For example, if the data signals Vdata
at 3V are inputted, the voltage of a connection point n1
is 3 V. If the organic EL element 7 emits light with the
photosensor 100 in an off state, the light is incident into
the photosensor 100, thus generating a photocurrent de-
pending on the amount of light emission of the organic
EL element 7. As described above, a photocurrent is a
dark current (leak current) of when the TFT is off. That
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is, the potential of the connection point n1 increases de-
pending on the amount of light emission of the organic
EL element 7 as well as the potential of the power source
PV. The potential of the connection point n1 is applied
to the gate electrode of the drive TFT 6. Therefore, when
the potential of the connection point n1 increases de-
pending on the amount of light emission of the organic
EL element 7, a voltage Vgs between the gate and source
of the drive TFT 6 decreases. For this reason, a current
to be supplied to the organic EL element 7 decreases,
thus reducing the brightness of the corresponding light
emitting pixel 30.

[0063] In this manner, the Vgs of the drive TFT 6
changes depending on the amount of light emission of
the organic EL element 7 in the first embodiment. In ad-
dition, in the case of the large amount of light emission,
the amount of the leak current rises in the photosensor
100, the Vgs of the drive TFT 6 falls, and the amount of
light emission of the organic EL element 7 decreases.
[0064] Specifically, itis possible to reduce the amount
of light emission of the organic EL element 7 depending
on the degree of brightness by providing the same data
signal Vdata, thus bringing the brightness as a whole
close to a brightness of a pixel with a low brightness.
Accordingly, it is possible to correct the unevenness of
brightness so as to reduce power consumption.

[0065] Moreover, one TFT to be the photosensor 100
is sufficient to be disposed in the pixel 30. As described
above, this TFT can be manufactured by use of the same
process as those of the drive TFT 6 and the selection
TFT 4, which compose the pixel 30. Therefore, the foot-
prints of the TFTs can be made small in the pixel 30, and
also the unevenness of brightness among each of the
pixel 30 can be adjusted without making the manufactur-
ing process complex.

[0066] Note that the photosensor 100 of this embodi-
ment is to sense not external light but the amount of light
emission from the organic EL element 7. Hence, it is de-
sired for the photosensor 100 to have a bottom gate struc-
ture, where the gate electrode 101 is disposed below the
semiconductor layer 103, to enable the light from the or-
ganic EL layer 76 to be incident directly into the semi-
conductor layer 103 (see Fig. 4B).

[0067] Next, with reference to Figs. 5to 14B, a descrip-
tion will be given of a second embodiment of the present
invention. The second embodiment is a case where a
photosensor 200 is provided, the photosensor 200 hav-
ing a photoreceptor circuit capable of adjusting the sen-
sitivity of detection for each pixel.

[0068] Fig. 5 is a schematic view showing an organic
EL display device 20. Note that since a display unit 21 is
the same as the one in the first embodiment, the expla-
nation thereof will be omitted.

[0069] The driving integrated circuit 50 includes a
brightness adjustment controller 51 to adjust brightness
and a display data correction circuit 53 to output a data
signal Vdata to the display unit 21. Furthermore, the driv-
ing integrated circuit 50 includes a DC/DC converter 56,
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and a drive voltage is applied to a drive TFT which is
connected to an organic EL element, thus causing the
organic EL element to emit light.

[0070] The brightness adjustment controller 51 makes
anadjustmentfor all the light emitting pixels 30 to average
the unevenness of brightness based on the output of pho-
tosensors (not shown here). Since the photosensor has
an analog output and a digital output for external light,
the relation of a photocurrent to external light can be ob-
tained by measuring the characteristics of the photosen-
sor beforehand.

[0071] Although the details will be described later, a
correction value to change the brightness of each of the
pixel 30 to a standard brightness is obtained by obtaining
abrightness to be a standard for averaging the brightness
(hereinafter referred to as the standard brightness L) in
a reference voltage obtaining unit 52. The correction val-
ue is used as a data signal Vdata at the display data
correction circuit 53.

[0072] The display data correction circuit 53 includes:
a grayscale standard voltage generation circuit 54 for
obtaining a plurality of grayscale display voltages by sep-
arating voltages between a first reference voltage and a
second reference voltage; and a gamma correction cir-
cuit 55. A gamma correction is to correct a relation that
output brightness is in proportion to the gamma power
of an input signal into a relation that output brightness is
in proportion to an input signal.

[0073] The first reference voltage to be a low potential
is in the maximum level of brightness (white) of the EL
element, and the second reference voltage to be a high
potential is in the minimum level of brightness (black) of
the EL element. Hereinafter in this specification, the first
reference voltage is referred to as the white reference
voltage and the second reference voltage as the black
reference voltage.

[0074] The correction value is inputted to the display
data correction circuit 53. The correction value is used
as the white reference voltage of the grayscale standard
voltage generation circuit 54. The grayscale standard
voltage generation circuit 54 divides voltages for each
color of R, G and B between the white reference voltage
and the black reference voltage to generate a plurality of
grayscale display voltages. The display data correction
circuit 53 performs a digital to analog (D/A) conversion
on a data signal. Then, the analog data signals of R, G
and B are generated by use of the plurality of grayscale
display voltages, which are further corrected at the gam-
ma correction circuit 55. The corrected signals are then
outputted to the display unit 21 as the data signals Vdata
to display an image. As a consequent, the display unit
21 displays a grayscale image based on the grayscale
display voltages.

[0075] Specifically, in this embodiment, a correction
value is obtained to change the brightness of each of the
light emitting pixel 30 into the standard brightness L, and
the obtained correction value is used as the white refer-
ence voltage of the grayscale standard voltage genera-
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tion circuit 54.

[0076] Figs. 6A and 6B show one pixel in the second
embodiment. Fig. 6A is a circuit diagram. Fig. 6B is a
plan view of a circled area shownin Fig. 6A, and terminals
A, B, C and D corresponding to those in the circuit dia-
gram of Fig. 6A is shown in Fig. 6B. A cross-sectional
view taken along the Y-Y line in Fig. 6B is the same as
the onein Fig. 4B. A description thereof will be thus omit-
ted. Fig. 6B is a plan view of when viewed from a substrate
10 side.

[0077] The light emitting pixel 30 is configured to con-
nect a photoreceptor circuit 200, which becomes a pho-
tosensor, to a light emitting circuit 180. On the substrate,
a plurality of gate lines 1 extending in the row direction
are disposed. A plurality of drain lines 2 and first power
supply lines 3 extending in the column direction are dis-
posed to intersect the gate lines 1. The first power supply
lines 3 are connected to a power source PV. The power
source PV is a power source to output a positive constant
voltage, for example.

[0078] The light emitting circuit 180 includes a selec-
tion TFT 4, a hold capacitor 5, a drive TFT 6 and an
organic EL element 7, which are connected to each in-
tersection of the gate lines 1 and the drain lines 2. A gate
of the selection TFT 4 is connected to the gate line 1,
and a drain of the selection TFT 4 is connected to the
drain line 2. A source of the selection TFT 4 is connected
to the hold capacitor 5 and a gate of the drive TFT 6.
[0079] A drain of the drive TFT 6 is connected to the
first power supply line 3, and a source of the drive TFT
6 is connected to an anode of the organic EL element 7.
A cathode of the organic EL element 7 is connected to a
power source CV. The power source CV is a power
source to output a negative constant voltage. A second
power supply line 9 extending in the column direction is
connected to the counter electrode of the hold capacitor
5.

[0080] The first power supply line 3 is connected to the
power source PV. That is, the drive TFT 6 is connected
tothefirst power supply line 3 and the organic EL element
7 with conductivity depending on the magnitude of the
data signals Vdata. As a result, a current in response to
the data signals Vdata is supplied from the first power
supply line 3 through the drive TFT 6 to the organic EL
element 7. Accordingly, the organic EL element 7 emits
light with a brightness in response to the data signal Vda-
ta.

[0081] The hold capacitor 5 has a capacitance be-
tween other electrodes such as the second power supply
line 9 or the first power supply line 3, and can store the
data signals for a certain period of time.

[0082] EvenafteraV scannerselects another gate line
1, the previously selected gate line 1 becomes unselect-
ed and the selection TFT 4 is turned off, the data signals
Vdata are held by the hold capacitor 5 during one vertical
scanning period. In the meantime, the drive TFT 6 holds
the conductivity, thus enabling the organic EL element 7
to continue to emit light with the brightness.
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[0083] The drive TFT 6 and the organic EL element 7
are connected in series between the positive power
source PV and the negative power source CV. A drive
current flowing to the organic EL element 7 is supplied
from the power source PV through the drive TFT 6 to the
organic EL element 7, and the drive current can be con-
trolled by changing a gate voltage VG of the drive TFT
6. As described above, the data signals Vdata are input-
ted to the gate electrode, and the gate voltage VG thus
has a value corresponding to the data signal Vdata.
[0084] The photoreceptor circuit 200 to be the photo-
sensor is connected to the gate lines 1, the power supply
line 3, the second power supply line 9 and a sensor output
line 8 of the light emitting circuit 180 in each of the light
emitting pixel 30. The sensor output line 8 is connected
to one terminal of a resistor 203 of the photoreceptor
circuit 200, thus outputting a detection result Vout of the
photoreceptor circuit (photosensor) 200 to the driving in-
tegrated circuit 50. Note that the potential of the second
power supply line 9 is lower than that of the first power
supply line 3. In addition, the hold capacitor 5 is connect-
ed to the second power supply line 9, but a specialized
capacity line (unillustrated) may be provided to be con-
nected to the hold capacitor 5.

[0085] With reference to Figs. 7 to 9C, a description
will be given of the photosensor 200 of the second em-
bodiment.

[0086] Fig. 7 is a circuit diagram showing a taken out
partwhichis aphotoreceptor circuitto be the photosensor
200. The photosensor 200 includes a phototransistor
205, a capacitor 204, a first switching transistor 201, a
second switching transistor 202, a first connection point
n1, a second connection point n2, a resistor 203, a first
power supply terminal T1 and a second power supply
terminal T2.

[0087] It is sufficient if the first power supply terminal
T1 has a higher voltage than the second power supply
terminal T2. Here, a description will be given, assuming
that the first power supply terminal T1 is a VDD potential
and the second power supply terminal T2 is a GND po-
tential as an example.

[0088] The first switching transistor 201 is brought into
conduction by use of an input of an input signal (voltage)
Vpulse to a control terminal thereof. The first switching
transistor 201 is connected in series to the phototransis-
tor 205. Both are connected between the first power sup-
ply terminal T1 and the second power supply terminal T2.
[0089] Further, the second switching transistor 202
and the resistor 203 are connected in series. These are
also connected between the first power supply terminal
T1 and the second power supply terminal T2.

[0090] One terminal of the capacitor 204 is connected
to a control terminal of the second switching transistor
202 by use of the first connection point n1, and the other
terminal is connected to the first power supply terminal
T1 orthe second power supply terminal T2. The capacitor
204 is charged by bringing the first switching transistor
201 into conduction. The potential of the first connection
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point n1 is thus changed.

[0091] Hereinafter, a description will be given in detail.
The one terminal of the capacitor 204 is connected to an
output terminal of the phototransistor 205 by use of the
first connection point n1, and the other terminal is con-
nected to the first power supply terminal T1. The first
switching transistor 201 is connected in parallel to the
capacitor 204. Pulses are inputted to the control terminal
of the first switching transistor 201 for a certain period of
time.

[0092] The second switching transistor 202 is connect-
ed in series between the first power supply terminal T1
and the second power supply terminal T2. The output
from the first connection point n1 is applied to the control
terminal of the second switching transistor 202. As an
example, the first switching transistor 201 is an n-channel
type TFT, and the second switching transistor 202 is a
p-channel type TFT. Their structures are the same as
that of the drive TFT 6 in Fig. 2.

[0093] One terminal of the resistor 203 is connected
to one terminal of the second switching transistor 202 by
use of the second connection point n2, and the other
terminal is connected to the second power supply termi-
nal T2 and is grounded. The resistor 203 is, for example,
a p-channel type TFT, and a control terminal thereof is
applied with a constant voltage Va. If the gate voltage Va
is fixed in a manner that a resistance between a source
and drain of the TFT is high, it is possible to use the TFT
as a resistance. Consequently, a photocurrent sensed
at the phototransistor 205 is converted into a voltage,
which is then outputted from the second connection point
n2. The voltage outputted due to a change in the constant
voltage Va is changed, too. Note that a resistance value
between the source and the drain of the resistor(TFT)
203 is approximately 103 Q to 108 Q in this case.
[0094] In this manner, by connecting the resistor 203
having a high resistance value between the first power
supply terminal T1 and the second power supply terminal
T2, the photocurrent sensed at the phototransistor 205
can be outputted as a divided voltage of a potential dif-
ference between a power supply potential VDD and a
ground potential GND. A voltage between the first power
supply terminal T1 and the second power supply terminal
T2 may be set within arange where its use as a feedback
is easy. Incidentally, a change of the constant voltage Va
and a detail description of the circuit operation will be
given later. And the phototransistor 205 has the same
structure as the photosensor that shown in Fig.4B, thus
the description will be omitted.

[0095] Note that, in this embodiment, it is suitable to
relax the electric field concentrated at the end of a source
(or a drain) if the first and second switching transistors
201 and 202 also have a so-called LDD structure.
[0096] With reference to Figs. 7 to 8C, a description
will be given of the operation of the photosensor 200. Fig.
8Ais atiming chartand Figs. 8B and 8C are the examples
of the output voltages Vout.

[0097] Pulses of a predetermined voltage Vpulse (H
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level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. Accordingly, the capacitor 204 is charged
with electric charges of the power supply potential VDD.
[0098] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. In this embodiment,
the standard potential (VDD potential) is set to be the
potential of the first connection point n1, and the output
voltage is obtained by causing the potential of the first
connection point n1 to decrease due to the discharge
from the phototransistor 205.

[0099] When the phototransistor 205 is irradiated with
light, a very small photocurrent of, for example, approx-
imately 10-4 A to 109 A is outputted. As described
above, the photocurrent is a dark current to be generated
depending on light quantity irradiated when a TFT, which
composes the phototransistor 205, is off. In other words,
a current leaking from the phototransistor 205 due to light
is sensed, thus detecting the light quantity. Therefore, if
the phototransistor 205 is irradiated with light, electric
charges are discharged from the phototransistor 205 de-
pending on the light quantity, and the standard potential
(VDD potential) of the first connection point n1 falls as
shown in Fig. 8A with a solid line a.

[0100] The second switching transistor 202 is a
p-channel type TFT, and a control terminal (gate elec-
trode) thereof is connected to the first connection point
n1. Thatis, if the potential of the first connection point n1
decreases to the threshold voltage VTH or under, the
second switching transistor 202 is brought into conduc-
tion.

[0101] The resistor 203 is in conduction by use of the
constant voltage Va, and a channel is formed depending
on the constant voltage Va. Thus, it can be considered
to be a resistor with a constant resistance value. The
output voltage Vout is outputted by dividing the potential
difference between the first power supply terminal T1 and
the second power supply terminal T2 with the resistance
values of the second switching transistor 202 and the
resistor 203. In other words, before the second switching
transistor 202 is brought into conduction, the resistance
value of the second switching transistor 202 is sufficiently
larger than that of the resistor 203, and the potential of
the second connection point n2 thus draws closer to that
of the second power supply terminal T2. To the contrary,
after the second switching transistor 202 is brought into
conduction, the resistance value of the second switching
transistor 202 becomes sufficiently smaller than that of
the resistor 203, and the potential of the second connec-
tion point n2 thus draws closer to that of the first power
supply terminal T1.

[0102] Specifically, the photocurrent sensed at the
phototransistor 205 can be detected as the output voltage
Vout whose value is close to that of the power supply
potential VDD, by dividing the potential deference be-
tween the power supply potential VDD and the ground
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potential GND.

[0103] Here, since the resistance value of the resistor
203 is very high, itis possible to obtain the output voltage
Vout whose value is reasonably large to the extent of
providing a feedback easily even if the photocurrent is
very small.

[0104] Inthis manner, the photosensor 200 can be op-
erated by simply inputting a pulse of the voltage Vpulse
to the first switching transistor 201. Moreover, the pho-
tosensor 200 can be also realized with the components
of only three TFTs and one capacitor for the circuit for-
mation. Thus, the number of parts can be reduced.
[0105] Figs. 8B and 8C show examples of outputting
the output voltage Vout by use of light quantity. The x-ax-
es in the graphs indicate time and the y-axes indicate the
output voltages Vout. The solid line a and the dashed
line @’ show a case where the constant voltages Va of
the resistor 203 are the same value, but light quantity
detected at the phototransistor 205 is different. The solid
lines a and b show a case where the constant voltages
Va of the resistor 203 differ from each other.

[0106] The relation between the light quantity, the val-
ue of the constant voltage Va ( Va value) of the resistor
203 and the time for the output voltage Vout to be out-
putted becomes clear from these graphs.

[0107] First, with reference to Fig. 8B, descriptions will
be given of a case (solid line a) where light quantity is
larger and a case (dashed line a’) where light quantity is
smaller. In both cases, the Va values are the same.
[0108] As described above, the potential of the first
connection point n1 increased to the standard potential
VDD by use of the input signals (voltage) Vpulse decreas-
es depending on light quantity sensed at the phototran-
sistor 205 (solid line a in Fig. 8A). Then, the voltage de-
creases to under the threshold voltage of the second
switching transistor 202. When the second switching
transistor 202 is turned on, a current flows from the first
power supply terminal T1 to the resistor (TFT) 203 (t1 in
Fig. 8B). The channel is formed in the resistor 203 de-
pending on the gate voltage Va, and the current flowing
to the resistor 203 reaches saturation after a predeter-
mined period elapsed. For this reason, the resistor 203
comes to have a constant resistance value. At that time,
as a divided voltage of the power supply potential VDD
and the resistor 203, the output voltage Vout can be de-
tected at the second connection point n2 (t2 in Fig. 8B).
[0109] Further, after a certain period elapsed, if the
voltage Vpulse is inputted to the first switching transistor
201, the second switching transistor 202 is turned off.
Hence, the output voltage Vout is substantially 0 V (t3).
In other words, the output voltage Vout can be detected
in binary as a time during which the output voltage Vout
is detected (H level) and a time during which the output
voltage Vout is not detected (L level).

[0110] When the light quantity is small as shown with
the dashed line a’, the discharge amount from the pho-
totransistor 205 becomes small. Accordingly, the time for
the dashed line a’ to reach the threshold voltage of the
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second switching transistor 202 becomes later than that
for the solid line a. That is, the timing for the second
switching transistor 202 to be turned on becomes later
(t4), and the timing for the output voltage Vout to reach
H level becomes later (t5). The second switching tran-
sistor 202 is turned off by use of Vpluse inputted to the
first switching transistor 201 at certain intervals. Then,
the output voltage Vout falls to L level (t3). The time until
the current flowing in the resistor 203 reaches saturation
is substantially constant. Therefore, the delay for the sec-
ond switching transistor 202 to be turned on indicates
shortening the period during which the output voltage
Vout stays H level.

[0111] Moreover, the longer the period to stay at H
level is, the longer the time during which the output volt-
age Vout can be detected is. Accordingly, this means
that the sensitivity as a photosensor is excellent. There-
fore, the sensitivity of the photosensor 200 can be
changed depending on small or large light quantity (solid
and dashed lines a and a’).

[0112] Next, with reference to Fig. 8C, descriptions will
be given of a case where the Va value is large (solid line
a) and a case where the Va value is small (solid line b).
In both cases, the light quantity is the same.

[0113] As described above, the potential of the first
connection pointn1 is increased to the standard potential
VDD by inputting the input signals(voltages) Vpulse de-
creases depending on the light quantity sensed at the
phototransistor 205 (solid line ain Fig. 8A). The potentioal
of the first connection point n1 falls to under the threshold
voltage of the second switching transistor 202, thus caus-
ing the second switching transistor 202 to be turned on.
Then, the current flows from the first power supply ter-
minal T1 to the resistor (TFT) 203 (t11 in Fig. 8C). The
channel is formed in the resistor 203 depending on a
larger gate voltage Val. After a certain period elapsed,
the flowing current reaches saturation. For this reason,
the resistor 203 comes to have a constant resistance
value. At that time, as a divided voltage of the power
supply potential VDD and the resistor 203, the output
voltage Vout can be detected at the second connection
point n2 (t12 in Fig. 8C).

[0114] After a certain period further elapsed, if the volt-
age Vpulseis inputted to the first switching transistor 201,
the second switching transistor 202 is turned off. Hence,
the output voltage Vout becomes substantially 0 V (t13).
In other words, the output voltage Vout can be detected
in binary as a time during which the output voltage Vout
is detected (H level) and a time during which the output
voltage Vout is not detected (L level).

[0115] As shown with the solid line b, when the Va
value is small (Va2), if the light quantity is the same, a
time to reach the threshold voltage of the second switch-
ing transistor 202 is substantially the same as that of the
solid line a. Therefore, timing for the second switching
transistor 202 to be turned on is the same (t11).

[0116] When the second switching transistor 202 is
turned on, the current flows from the first power supply
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terminal T1 to the resistor (TFT) 203. The channel is
formed in the resistor 203 depending on a lower gate
voltage Va2. After a predetermined period elapsed, the
flowing current reaches saturation. After that, the output
voltage Vout can be detected by use of the divided volt-
age depending on the resistance value of the resistor
203 (t14).

[0117] After a certain period further elapsed, if the volt-
age Vpulseis inputted to the first switching transistor 201,
the second switching transistor 202 is turned off. Hence,
the output voltage Vout becomes substantially 0 V (13
in Fig. 8C).

[0118] Here, if the gate voltage Va2 is low, the channel
width of the TFT 203 becomes narrow, too. Hence, timing
when the current flowing in the resistor 203 reaches sat-
uration becomes earlier in the case of the gate voltage
Va2 thanin the case of the gate voltage Val. Accordingly,
timing to detect the output voltage Vout becomes earlier,
thus extending a period to stay at H level (112 to t14).
[0119] Inother words, if the Va value is small, the sen-
sitivity of the photosensor 200 is improved, and also the
sensitivity can be adjusted by a change in Va value.
[0120] With reference to Figs. 9A to 9C, descriptions
will be further given. Fig. 9A shows an example of the
gate voltage Va of the resistor 203 and the Vd-Id char-
acteristics of the second switching transistor 202. Solid
lines c and d indicate the Vd-Id characteristics of the sec-
ond switching transistor 202. The solid line c indicates a
state to have a large light quantity while the solid line d
indicates a state to have a small light quantity. In addition,
dotted lines Va3 and Va4 indicate the Vd-Id characteris-
tics of the resistor (TFT) 203. The dotted line Va3 indi-
cates a state to have a small gate voltage, and the dotted
line Va4 indicates a state to have a large gate voltage.
Moreover, Fig. 9B is a schematic diagram where the x-ax-
is and y-axis of the output example of Fig. 8C are inter-
changed to correspond to Fig. 9A.

[0121] As shownin Figs. 9A and 9B, in the case of the
gate voltage Va3, there is an intersection of the solid lines
c and d, x1, in the linear region of the second switching
transistor 202(the dotted line). Both the solid lines ¢ and
d can be detected as the output voltage Vout of H level.
In the case of the solid line d, the output voltage Vout
has a longer detection period than the solid line c.
[0122] On the other hand, as shown in Figs. 9A and
9C, ifthe gate voltage Va is excessively high (Va4), there
is only the solid line d at an intersection x2 in the linear
region of the second switching transistor 202(the dotted
line). The solid line c shows that the output voltage Vout
can not be detected since a saturation state at the resistor
203 brings a saturation state at the second switching tran-
sistor 202, too. In addition, the detection period of the
solid line d is shortened.

[0123] Therefore, the voltage Vpulse and the gate volt-
age Va are selected suitably such that the Vd-Id curves
of the resistor 203 intersect in the linear region of the
second switching transistor 202.

[0124] In this manner, the photosensor 200 can obtain
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a binary output by turning on and off the second switching
transistor 202. However, the output voltage Vout can be
outputted in analog by calculating the integration area.
In the second embodiment, an analog output is used.
[0125] In the second embodiment, the above-men-
tioned photosensor 200 is connected to the gate line 1,
the first power supply line 3 and the second power supply
line 9 as shown in Fig. 6A. By use of these connections,
the first power supply terminal T1 of the photosensor 200
can use the power source PV of the display unit 21, and
the second power supply terminal T2 of the photosensor
200 can use the potential of the second power supply
line 9. As described above, the second power supply line
9 is a power supply line with lower potential than that of
the first power supply line 3. Moreover, by connecting to
the gate line 1, the input signals (the voltage Vpulse) of
the photosensor 200 can use the gate signals of the dis-
play unit 21 in common. Incidentally, the output voltage
Vout is outputted to the sensor output line 8. Therefore,
even if the photosensor (photoreceptor circuit) 200 is dis-
posed in each of the pixel 30, it can be avoided to make
wiring complex.

[0126] Furthermore, by adjusting the gate voltage Va
of the TFT 203 to be a resistor, the sensitivity of detecting
the output voltage Vout of the photosensor 200 can be
changed.

[0127] Especially, since the photocurrentis a dark cur-
rent of the phototransistor 205, variations in its values
occur. However, since the sensitivity of detecting the out-
put voltage Vout can be adjusted by use of the gate volt-
age Va of the resistor 203, the detection sensitivity of the
photosensor 200 can be stabilized in each of the light
emitting pixel 30. Therefore, the variations in a detection
resultlessen, anditis possible to reduce the unevenness
of brightness.

[0128] In this embodiment, the V scanner 23 applies
a gate signal to the gate lines 1 one by one. The gate
signal is either an ON signal (H level) or an OFF signal
(L level) and becomes an input signal Vpulse for the pho-
tosensor 200. When the V scanner applies the ON signal
tooneofthe gatelines 1, all the selection TFTs connected
with the selected gate line 1 turn on. At the same time,
the first switching transistors 201 connected with the se-
lected gate line 1 receive the ON signal to turn on the
photosensors 200. The H scanner 22 applies the data
signal Vdata to the drain lines 22 one by one so that the
EL elements 7 emit light.

[0129] The photosensor 200 measures the light emit-
ted from the EL element 7 and outputs the output voltage
Vout to the brightness adjustment controller 51 through
the sensor output line 8. The brightness controller 51
calculates the correction value, and the display data cor-
rection circuit 53 uses this correction value to modify the
data signal Vdata supplied to the drain lines 2 so as to
adjust the brightness of the EL element 7.

[0130] After the H scanner 22 applies the data signal
Vdata to all the drain lines 2, the V scanner 23 applies
the gate signal Vpulse to the next gate line 1. Thus, in
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this embodiment, the brightness of each of the EL ele-
ments 7 is measured separately and adjusted separately.
[0131] Moreover, with the above photosensor 200, the
detection sensitivity can be adjusted by use of not only
the Va value of the resistor 203 but the number of con-
nections of the phototransistor 205, the intervals for the
input signals (voltages) Vpulse or the capacitance of the
capacitor 204. The number of connections of the pho-
totransistor 205 contributes to the amount of the dis-
charge of when the light of the organic EL element is
sensed, and the intervals of the input signals Vpulse con-
tribute to the period during which the output voltage Vout
stays at H level as shown in Fig. 8. Further, the capaci-
tance of the capacitor 204 is a potential to be applied to
the gate electrode of the second switching transistor 202,
and the potential is changed by discharging the electric
charges from the capacitor 204 due to the relation of V
= Q/C. That is, the smaller capacitance of the capacitor
204 can make the detection sensitivity increase.

[0132] Note that the circuit configuration shown in Fig.
7 is an example, and the connection position of the first
switching transistor 201 and the phototransistor 205, the
connection position of the second switching transistor
202 and the resistor 203 and the connection positions of
the capacitor 204 can be changed. In other words, it is
sufficient if the circuit is configured such that: the first
switching transistor 201 is brought into conduction, thus
charging the potential of the first connection point n1 with
the potential of the first power supply terminal T1 or sec-
ond power supply terminal T2; the first switching transis-
tor 201 is cut off, thus changing the potential of the first
connection point n1 by use of the discharge from the
phototransistor 205; and the second switching transistor
202 is brought into conduction or is cut off by use of the
potential of the first connection point n1, thus detecting
the output voltage from the second connection point n2
of the second switching transistor 202 and the resistor
203.

[0133] InFigs. 10A to 11D, another configuration of a
light quantity detection circuit in Fig. 7 is shown. First,
Fig. 10 shows a circuit which can detect the output volt-
age Vout at a potential close to that of the first power
supply potential VDD.

[0134] Fig. 10A: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
isap-channeltype TFT, and the resistor 203 is an n-chan-
nel type TFT. The capacitor 204 is connected in parallel
to the phototransistor 205. One terminal of the capacitor
204 is connected to the control terminal of the second
switching transistor 202 through the first connection point
n1, and the other terminal is connected to the second
power supply terminal T2.
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[0135] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the power supply potential VDD.
[0136] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, and the standard potential (VDD) of the
first connection point n1 decreases.

[0137] The second switching transistor 202 is brought
into conduction after the potential of the first connection
point n1 falls to under the threshold voltage VTH. There-
fore, the resistance value of the second switching tran-
sistor 202 becomes sufficiently smaller than that of the
resistor 203, thus bringing the potential of the second
connection point n2 close to that of the first power supply
terminal T1. Specifically, by bringing the second switch-
ing transistor 202 into conduction, the output voltage Vout
can be outputted at a potential close to the power supply
potential VDD by use of the photocurrent detected at the
phototransistor 205 as a divided voltage of a potential
difference between the power supply potential VDD and
the ground potential GND.

[0138] Fig. 10B: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
is an n-channel type TFT, and the resistor 203 is also an
n-channel type TFT. The capacitor 204 is connected in
parallel to the first switching transistor 201. One terminal
of the capacitor 204 is connected to the control terminal
of the second switching transistor 202 through the first
connection point n1, and the other terminal is connected
to the first power supply terminal T1.

[0139] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the power supply potential VDD.
[0140] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, the standard potential (VDD) of the first
connection point n1 decreases.

[0141] The second switching transistor 202 of an
n-channel type TFT is in conduction from a time to start
the conduction of the first switching transistor 201 to a
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time to reach the threshold voltage VTH by decreasing
the potential of the first connection point n1. That s, while
the second switching transistor 202 is in conduction, the
resistance value of the second switching transistor 202
becomes sufficiently smaller than that of the resistor 203,
thus bringing the potential of the second connection point
n2 close to that of the second power supply terminal T2.
On the other hand, when the potential falls to under the
threshold voltage VTH, the second switching transistor
202 is cut off. Therefore, the resistance value of the sec-
ond switching transistor 202 becomes sufficiently larger
than that of the resistor 203, thus bringing the potential
of the second connection point n2 close to that of the first
power supply terminal T1. In other words, by cutting off
the second switching transistor 202, the output voltage
Vout can be outputted at a potential close to the power
supply potential VDD by use of the photocurrent detected
at the phototransistor 205 as a divided voltage of a po-
tential difference between the power supply potential
VDD and the ground potential GND.

[0142] Fig. 10C: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
is an n-channel type TFT, and the resistor 203 is also an
n-channel type TFT. The capacitor 204 is connected in
parallel to the phototransistor 205. One terminal of the
capacitor 204 is connected to the control terminal of the
second switching transistor 202 through the first connec-
tion point n1, and the other terminal is connected to the
second power supply terminal T2.

[0143] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the power supply potential VDD.
[0144] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, the standard potential (VDD) of the first
connection point n1 decreases.

[0145] The second switching transistor 202 of an
n-channel type TFT is in conduction from a time to start
the conduction of the first switching transistor 201 to a
time to reach the threshold voltage VTH by decreasing
the potential of the first connection point n1. Thatis, while
the second switching transistor 202 is in conduction, the
resistance value of the second switching transistor 202
becomes sufficiently smaller than that of the resistor 203,
thus bringing the potential of the second connection point
n2 close to that of the second power supply terminal T2.
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On the other hand, when the potential falls to under the
threshold voltage VTH, the second switching transistor
202 is cut off. Therefore, the resistance value of the sec-
ond switching transistor 202 becomes sufficiently larger
than that of the resistor 203, thus bringing the potential
of the second connection point n2 close to that of the first
power supply terminal T1. In other words, by cutting off
the second switching transistor, the output voltage Vout
can be detected at a potential close to the power supply
potential VDD.

[0146] Figs. 11A to 11D show structures in which the
connections of the first switching transistor 201 and the
phototransistor 205 of Figs. 7 and 10A to 10C are re-
placed. By use of this structure, the output voltage Vout
can be detected at a potential close to that of the second
power supply terminal T2.

[0147] Fig. 11A: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
isap-channeltype TFT, and the resistor 203 is an n-chan-
nel type TFT. The capacitor 204 is connected in parallel
to the phototransistor 205. One terminal of the capacitor
204 is connected to the control terminal of the second
switching transistor 202 through the first connection point
n1, and the other terminal is connected to the first power
supply terminal T1.

[0148] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the ground potential GND.

[0149] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, the standard potential (GND) of the first
connection point n1 increases.

[0150] The second switching transistor 202 of a
p-channel type TFT is in conduction from a time to start
the conduction of the first switching transistor 201 to a
time to reach the threshold voltage VTH by decreasing
the potential of the first connection pointn1. Consequent-
ly, when the second switching transistor 202 is in con-
duction, the potential of the second connection point n2
draws close to that of the first power supply terminal T1.
On the other hand, when the potential of the first connec-
tion point n1 rises to over the threshold voltage, the sec-
ond switching transistor 202 is cut off. Therefore, the po-
tential of the second connection point n2 draws close to
that of the second power supply terminal T2. In other
words, by cutting off the second switching transistor 202,
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the output voltage Vout can be detected at a potential
close to the ground potential GND.

[0151] Fig. 11B: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
isap-channeltype TFT, and the resistor 203 is an n-chan-
nel type TFT. The capacitor 204 is connected in parallel
to the first switching transistor 201. One terminal of the
capacitor 204 is connected to the control terminal of the
second switching transistor 202 through the first connec-
tion point n1, and the other terminal is connected to the
second power supply terminal T2.

[0152] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the ground potential GND.

[0153] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, the standard potential (GND) of the first
connection point n1 increases.

[0154] The second switching transistor 202 of a
p-channel type TFT is in conduction from a time to start
the conduction of the first switching transistor 201 to a
time to reach the threshold voltage VTH by increasing
the potential of the first connection pointn1. Consequent-
ly, when the second switching transistor 202 is in con-
duction, the potential of the second connection point n2
draws close to that of the first power supply terminal T1.
On the other hand, when the potential of the first connec-
tion point n1 rises to over the threshold voltage VTH, the
second switching transistor 202 is cut off. Therefore, the
potential of the second connection point n2 draws close
to that of the second power supply terminal T2. In other
words, by cutting off the second switching transistor 202,
the output voltage Vout can be detected at a potential
close to the ground potential GND.

[0155] Fig. 11C: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
is an n-channel type TFT, and the resistor 203 is also an
n-channel type TFT. The capacitor 204 is connected in
parallel to the phototransistor 205. One terminal of the
capacitor 204 is connected to the control terminal of the
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second switching transistor 202 through the first connec-
tion point n1, and the other terminal is connected to the
first power supply terminal T1.

[0156] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the ground potential GND.

[0157] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, the standard potential (GND) of the first
connection point n1 increases.

[0158] The second switching transistor 202 of an
n-channel type TFT is being cut off until the potential of
the first connection point n1 reaches the threshold volt-
age VTH, and when the potential rises to over the thresh-
old voltage VTH, the second switching transistor 202 is
brought into conduction. The potential of the second con-
nection point n2 draws close to that of the first power
supply terminal T1 while the second switching transistor
202 is being cut off. When the second switching transistor
202is brought into conduction, the potential of the second
connection point n2 draws closer to that of the second
power supply terminal T2. In other words, the output volt-
age Vout can be outputted at a potential close to the
ground potential GND by bringing the second switching
transistor 202 into conduction.

[0159] Fig. 11D: the first switching transistor 201 is
connected in series to the phototransistor 205, and is
connected between the first power supply terminal T1
and the second power supply terminal T2. The second
switching transistor 202 and the resistor 203 are con-
nected in series, and they are also connected between
the first power supply terminal T1 and the second power
supply terminal T2. The second switching transistor 202
is an n-channel type TFT, and the resistor 203 is also an
n-channel type TFT. The capacitor 204 is connected in
parallel to the first switching transistor 201. One terminal
of the capacitor 204 is connected to the control terminal
of the second switching transistor 202 through the first
connection point n1, and the other terminal is connected
to the second power supply terminal T2.

[0160] Pulses of a predetermined voltage Vpulse (H
level) are inputted to the control terminal, that is, the gate
electrode, of the first switching transistor 201 for a certain
period of time. While the H level pulses are being input-
ted, the conduction of the first switching transistor 201 is
maintained. With this, the capacitor 204 is charged with
electric charges of the ground potential GND.

[0161] When the pulses fall to L level (0 V), the first
switching transistor 201 is cut off. When the phototran-
sistor 205 is irradiated with light, the electric charges are
discharged from the phototransistor 205 depending on
the light quantity, the standard potential (GND) of the first
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connection point n1 increases.

[0162] The second switching transistor 202 of an
n-channel type TFT is being cut off until the potential of
the first connection point n1 reaches the threshold volt-
age VTH, and when the potential rises to over the thresh-
old voltage VTH, the second switching transistor 202 is
brought into conduction. The potential of the second con-
nection point n2 draws close to that of the first power
supply terminal T1 while the second switching transistor
202 s being cut off. When the second switching transistor
202 is brought into conduction, the potential of the second
connection point n2 draws closer to that of the second
power supply terminal T2. In other words, the output volt-
age Vout can be outputted at a potential close to the
ground potential GND by bringing the second switching
transistor 202 into conduction.

[0163] Inaddition, although the illustration will be omit-
ted, a resistive element can be connected as the resistor
203. The resistive element is formed by doping, for ex-
ample, polysilicon, ITO or the like with an n-type impuirity,
and has a high resistance value of approximately 103 Q
to 108 Q. In this case, by changing the resistance value
of the resistive element 203, the condition becomes the
same as a condition in which the constant value Va of
the above-described circuit is changed. Thus, the sensi-
tivity of the photosensor 200 can be adjusted.

[0164] As described above, the second switching tran-
sistor 202 in this embodiment uses a p-channel type TFT
if one terminal of the second switching transistor 202 is
connected to the first power supply terminal T1 with a
high potential as shown in Fig. 7, 10A, 11A or 11B. To
the contrary, the second switching transistor 202 uses
an n-channel type TFT if one terminal of the second
switching transistor 202 is connected to the second pow-
er supply terminal T2 with a low potential as shown in
Fig. 10B, 10C, 11C or 11D.

[0165] Moreover, if the photoreceptor circuit 200 is
connected to the light emitting circuit 180 as shown in
Fig. 6A, the first power supply terminal T1 and the second
power supply terminal T2 are connected to any one of
the first power supply line 3 and the second power supply
line 9, respectively. It is sufficient for a potential in one
of the light emitting pixel 30 if a relation where the PV
power source is larger than the CV power source is via-
ble. Hence, depending on the potential relation between
the first power supply line 3 and the second power supply
line 9, the circuit is suitably selected from Figs. 7, 10A to
10C and 11A to 11D.

[0166] Figs. 12A to 12B are explanatory views for the
brightness adjustment controller 51. Fig. 12A is a block
diagram, and Fig. 12B is an example of a graph of char-
acteristics held by the reference voltage obtaining unit 52.
[0167] A detection result (the output voltage Vout de-
pending on the brightness of each of the light emitting
pixel 30) of the photosensor 200 is inputted to the bright-
ness adjustment controller 51. Note that the photosen-
sors (photoreceptor circuits) 200 in the second embodi-
ment have different timings of being on depending on
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their brightness, and analog values can be obtained by
integrating the area of a pulse part to be on.

[0168] Specifically, pulse waveforms are inputted to
the brightness adjustment controller 51 as shown in Fig.
12A. The pulse waveforms are integrated to calculate
their areas in the integration circuit in the brightness ad-
justment controller 51. Thus, the analog DC waveforms
are obtained.

[0169] In the reference voltage obtaining unit 52, by
use of the characteristics diagram similar to the left graph
of Fig. 12B, the brightness of the light emitting pixels 30
are calculated depending on the output voltage Vout of
the photosensor 200, which are compared to the stand-
ard brightness L. For example, a pixel 1 is required to
make its brightness low to be the standard brightness L,
and a pixel 2 is required to make its brightness high. In
addition, since there is a relation similar to the right graph
of Fig. 12B between the brightness and the reference
voltage, the reference voltage adjusted to have the stand-
ard brightness L in each of the pixel 30 is obtained as a
correction value Vsig. The correction value Vsig is out-
putted to the grayscale standard voltage generation cir-
cuit 54.

[0170] The standard brightness L may be an average
of all of the light emitting pixels 30, or the brightness ad-
justed to that of a pixel to have a small luminous bright-
ness, for example. Otherwise, the standard brightness L
may be set in advance.

[0171] Furthermore, the correction value Vsig may be
found by obtaining a white reference voltage value cor-
responding to the standard brightness L, or an adjusted
value to have the white reference voltage corresponding
to the standard brightness L may be found for each of
the pixel 30, thus outputting the values as the correction
values Vsig.

[0172] The correction value Vsig outputted from the
brightness adjustment controller 51 is used as the white
reference voltage of the grayscale standard voltage gen-
eration circuit 54. Subsequently, a gamma correction is
performed on the correction value Vsig at the gamma
correction circuit 55, which is transmitted to the display
unit 21 as the data signal Vdata of the drain line 2 (see
Fig. 5).

[0173] Figs. 13A and 13B are explanatory views of the
display data correction circuit 53. Fig. 13A is a block di-
agram, and Fig. 13B is a circuit diagram of the grayscale
standard voltage generation circuit 54.

[0174] The display data correction circuit 53 includes
the grayscale standard voltage generation circuit 54 and
the gamma correction circuit 55. The correction value
Vsig outputted in a manner as has already been men-
tioned is inputted to the grayscale standard voltage gen-
eration circuit 54.

[0175] The grayscale standard voltage generation cir-
cuit 54 is a resistance divider circuit where resistances
are connected in series. The number of the resistances
corresponds to the number of grayscale (256). The white
reference voltage (white ref) is a reference voltage at low
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potential to be the highest brightness level (white) of the
EL element 7 of the pixel 30. The black reference voltage
(black ref) is a reference voltage at high potential to be
the lowest brightness level (black) of the El element 7 of
the pixel 30.

[0176] In this embodiment, in this circuit, the black ref-
erence voltage is fixed, and the correction value Vsig is
used as the white reference voltage of the grayscale
standard voltage generation circuit 54. For example, if
the white reference voltage value corresponding to the
standard brightness L is outputted as the correction value
Vsig, the outputted value is set. Further, if the adjusted
value in relation to the white reference voltage corre-
sponding to the standard brightness L is outputted as the
correction value Vsig, the white reference voltage is
changed by use of the correction value Vsig.

[0177] Adescription will be given of areasontochange
the white reference voltage. A contrast CRis a difference
between the brightnesses of black and white. Upon ship-
ping the products, the contrast CR is adjusted to be ob-
tained sufficiently (that is, black can be sufficiently view-
able as "black") in an indoor environment.

[0178] In other words, the brightness of black is suffi-
ciently low, and its value is close to 0. Therefore, the
brightness of white is adjusted to adjust the brightness,
which can be realized by changing the white reference
voltage.

[0179] The grayscale standard voltage generation cir-
cuit 54 generates a grayscale display voltage between
the corrected white reference voltage (Vsig) and the
black reference voltage (fixed value).

[0180] Ananalog voltage for a grayscale display (gray-
scale display voltage) of 256 kinds, which is generated
at the grayscale standard voltage generation circuit 54,
is outputted as a data signal for each of R, G and B
through the gamma correction circuit 55 and the gate
signal line to the light emitting pixel 30 in the display unit
21.

[0181] As described above, the descriptions have
been given of the example to correct the brightness of
each of the light emitting pixel 30, which can be also
utilized for the adjustment of a brightness half-life.
[0182] Figs. 14A and 14B are characteristics diagrams
showing a relation between the brightness of the organic
EL element 7 and time. As shown in figures, the organic
EL element 7 has a brightness half-life. When the bright-
nesses of all the light emitting pixels 30 are lower than
that upon shipping the products (L to L3) due to the sec-
ond embodiment, their brightness half-lives can be ex-
tended by topping up the white reference voltage for the
loss caused by the degradation by use of the correction
Vsig as shown in Fig. 14B. Accordingly, it is possible to
contribute to making an organic EL display device last
longer.

[0183] Furthermore, both of the correction of bright-
ness and the adjustment of a brightness half-life may be
performed atthe same time. Thus, itis possible to provide
a long-life organic EL display device with a good display
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quality.

[0184] Note that in this embodiment it is also possible
to implement the present invention even if the pixel 30
has a top emission structure to emit light upward in the
page space by reversing the stacking order of the organic
EL layer 76, the anode 71 and the cathode 75 in Fig. 4B.
However, even in that case, it is advantageous for the
photosensors 100 and 200 to have a bottom gate struc-
ture.

Claims

1. An organic electroluminescent display device com-
prising:

- a plurality of drain lines (2) and a plurality of
gate lines (1) disposed in a matrix form on a
substrate (10);

- a plurality of light emitting pixels (30) disposed
on the substrate (10) in accordance with the ma-
trix form of the drain lines (2) and the gate lines
(1), each of the light emitting pixels (30) com-
prising a drive transistor (6), a selection transis-
tor (4) and an organic electroluminescent ele-
ment (7); and

- a plurality of photosensors (100, 200) disposed
on the substrate (10) and each provided for cor-
responding light emitting pixels (30) to measure
brightness of corresponding organic electrolu-
minescent elements (7).

2. The display device of claim 1, wherein each of the
photosensors (100, 200) covers part of a corre-
sponding organic electroluminescent element.

3. An organic electroluminescent display device com-
prising:

- a plurality of drain lines (2) and a plurality of
gate lines (1) disposed in a matrix form on a
substrate (10);

- a plurality of light emitting pixels (30) disposed
on the substrate (10) in accordance with the ma-
trix form of the drain lines (2) and the gate lines
(1), each of the light emitting pixels (30) com-
prising a drive transistor (6), a selection transis-
tor (4) and an organic electroluminescent ele-
ment (7); and

- a photosensor (100) disposed in each of the
light emitting pixels (30) and comprising a pho-
tosensor transistor, a gate (101) of the photo-
sensor transistor receiving a constant voltage,
a source (103s) or a drain (103d) of the photo-
sensor transistor being connected with a power
supply terminal (PV) of the drive transistor (6),
and the source (103s) or the drain (103d) of the
photosensor transistor that is not connected with
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the power supply terminal (PV) being connected
with a control terminal (VG) of the drive transistor

(6).

The display device of claim 3, wherein the photosen-
sor covers part of a corresponding organic electro-
luminescent element (7).

The display device of claim 3, wherein the organic
electroluminescent element (7) is configured to re-
ceive less current when the photosensor (100) re-
ceives more light from the organic electrolumines-
cent element (7).

The display device according to any of claims 3 to
5, wherein the photosensor transistor is a thin film
transistor comprising the gate (101), an insulation
film (12) and a semiconductor layer (103) stacked
on the substrate (10), the thin film transistor further
comprising a channel (103c) provided in the semi-
conductor layer (103), the source (103s) formed at
one end of the channel (103c) and the drain (103d)
formed at another end of the channel (103c) and
converting light incident thereon into an electric sig-
nal.

The display device of claim 6, wherein the semicon-
ductor layer is configured to receive the light in a
junction region between the source (103s) and the
channel (103c) of the or between the drain (103d)
and the channel (103c).

The display device of claim 6 or 7, wherein a low
concentration impurity region (103LD) is provided
between the source (103s) and the channel (103c)
or between the drain (103d) and the channel (103c).

The display device of claim 8, wherein the low con-
centration impurity region (103LD) is provided on a
side of the semiconductor layer (103) outputting a
photocurrent generated by incident light.

An organic electroluminescent display device com-
prising:

- a plurality of drain lines (2) and a plurality of
gate lines (1) disposed in a matrix form on a
substrate (10);

- a plurality of light emitting pixels (30) disposed
on the substrate (10) in accordance with the ma-
trix form of the drain lines (2) and the gate lines
(1), each of the light emitting pixels (30) com-
prising a drive transistor (6), a selection transis-
tor (4) and an organic electroluminescent ele-
ment (7); and

- a photosensor (200) disposed in each of the
light emitting pixels (30) and measuring bright-
ness of a corresponding organic electrolumines-
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cent element (7), the photosensor being config-
ured to change a photosensitivity thereof.

The display device of claim 10, wherein the photo-
sensor (200) covers part of a corresponding organic
electroluminescent element (7).

The display device of claim 10 or 11, wherein a ref-
erence voltage of data signals supplied to the drain
lines (2) is selected based on the measured bright-
ness.

The display device of claim 10, wherein the photo-
sensor (200) comprises:

- a thin film transistor (205) converting light inci-
dent thereon into an electric signal,

- a first power supply line (3) supplying a high
potential and a second power supply line (9)
supplying a low potential,

- afirst switching transistor (201) connected with
the thin film transistor (205) in series between
the first power supply line (3) and the second
power supply line (9),

- a second switching transistor (202) connected
with a resistor (203) in series between the first
power supply line (3) and the second power sup-
ply line (9), and

- a capacitor (204), a first capacitor terminal of
the capacitor (204) being connected with a con-
trol terminal of the second switching transistor
(202) and a second capacitor terminal of the ca-
pacitor (204) being connected with the first pow-
er supply line (3) or the second power supply
line (9).

The display device of claim 13, wherein the first pow-
er supply line (3) is connected to the drive transistor

(6).

The display device of claim 13 or 14, wherein the
thin film transistor (205) comprises a gate (101), an
insulation film (12) and a semiconductor layer (103)
stacked on the substrate (10) and further comprises
achannel (103c) provided in the semiconductor layer
(103), asource (103s) formed at one end of the chan-
nel (103c) and a drain (103d) formed at another end
of the channel (103c), and the semiconductor layer
(103) is configured to receive the light in a junction
region between the source (103s) and the channel
(103c) or between the drain (103d) and the channel
(103c).

The display device of claim 13 or 14, wherein the
thin film transistor (205) comprises a gate (101), an
insulation film (102) and a semiconductor layer (103)
stacked on the substrate (10) and further comprises
achannel (103c) provided in the semiconductor layer
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(103), asource (103s) formed at one end of the chan-
nel (103c) and a drain (103d) formed at another end
of the channel (103c), and a low concentration im-
purity region (103LD) is provided between the source
(103s) and the channel (103c) or between the drain
(103d) and the channel (103c).

The display device of claim 16, wherein the low con-
centration impurity region (103LD) is provided on a
side of the semiconductor layer (103) outputting a
photocurrent generated by incident light.
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