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DISPLAY DEVICE AND METHOD FOR
CONTROLLING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation of pending U.S. application
Ser. No. 12/771,514 filed Apr. 30, 2010, which is a continu-
ation application of PCT Application No. PCT/JP2009/
003023 filed Jun. 30, 2009, which claims the benefit of Japa-
nese Patent Application No. 2008-176243 filed on Jul. 4,
2008.

[0002] The disclosure of each of these documents, includ-
ing the specification, drawings and claims, is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to display devices and
methods for controlling the same, and in particular, to a
method for detecting a variation in characteristics of semi-
conductor driving active elements.

[0005] 2. Description of the Related Art

[0006] Image display devices in which organic EL ele-
ments (also known as organic light emitting diodes, or
OLED:s) are used, that is, organic EL displays are known as
image display devices with which current-driven lumines-
cence elements are used. Organic EL displays are attracting
attention as candidates of the next-generation flat panel dis-
play (FPD) because they have advantages of good viewing
angle properties and small power consumption.

[0007] Inausual organic EL display, organic EL elements
which serve as pixels are arranged in a matrix. An organic EL
display is called a passive-matrix organic EL display, in
which organic electroluminescence elements are provided at
intersections of row electrodes (scanning lines) and column
electrodes (data lines) and voltages corresponding to data
signals are applied to between selected row electrodes and the
column electrodes to drive the organic EL elements.

[0008] On the other hand, anorganic EL display is called an
active-matrix organic EL display, in which thin film transis-
tors (TFTs) are provided at intersections of row electrodes
(scanning lines) and column electrodes (data lines) and con-
nected with gates of driving transistors which receive data
signals, when the TFTs are turned on through selected scan-
ning lines, through the data lines and activate the organic EL
elements.

[0009] Unlike the passive-matrix organic EL display, in
which organic EL elements connected to selected row elec-
trodes (scanning lines) emit light only until the selected row
electrodes become unselected, organic EL elements in the
active-matrix organic EL display keep emitting light until
they are scanned (or selected) again; thus causing no reduc-
tion in luminance even when a duty ratio increases. Accord-
ingly, the active-matrix organic EL display is operated at a
low voltage, thereby consuming less power. However, a prob-
lem of unevenness in luminance occurs in the active-matrix
organic EL display because luminances are different among
pixels due to a variation in characteristics of driving transis-
tors or organic EL elements even when the same data signals
are provided.

[0010] In conventional organic EL displays, such uneven-
ness in luminance due to a variation or degradation in char-
acteristics (hereinafter collectively referred to as unevenness
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in characteristics) of driving transistors or organic EL ele-
ments has typically been compensated by using complicated
pixel circuitry or by feedback compensation using a repre-
sentative pixel or the sum of currents flowing in all the pixels.

[0011] Using complicated pixel circuitry, however, reduces
vields. Feedback compensation using a representative pixel
or the sum of currents flowing in all the pixels cannot com-
pensate unevenness in characteristics among pixels.

[0012] For these reasons, several methods have been pro-
posed for detecting unevenness in characteristics among pix-
els using simple circuitry.

[0013] Forexample, fora substrate for a luminescent panel,
a method for testing the substrate for the luminescent panel,
and a luminescent panel disclosed in Patent Reference 1
(Japanese Unexamined Patent Application Publication Num-
ber 2006-139079), pixels are tested and characteristics of the
pixels are extracted by detecting relationship between a data
voltage and a current flowing in a driving transistor by mea-
suring, before the EL element is formed on the substrate fora
luminescent panel, a current flowing in a test line connected to
adiode-connected transistor which is connected to a conven-
tional voltage-driven pixel circuit including two transistors
and serves to resemble an EL element. After the EL element
is formed, the diode-connected transistor can be made
reverse-biased using the test line, so that a current is prevented
from flowing in the diode-connected transistor and thereby
usual operation of writing a voltage can be performed. The
characteristics detected as data items of a matrix can be uti-
lized for controlling correction of voltage applied to a data
line when an organic EL panel is used.

[0014] However, a drive current flowing in pixels is so fine
that itis difficult to accurately measure such a fine current via
a line, such as a test line, for measuring the current.

[0015] For the substrate for a luminescent panel, the
method for testing the substrate for the luminescent panel,
and the luminescent panel disclosed in the Patent Reference
1, accuracy in detection of characteristics of the driving tran-
sistor is poor because the characteristics are detected by mea-
suring current. As a result, accuracy in detection ofa variation
in characteristics of driving transistors is so poor that uneven-
ness among pixels is not corrected sufficiently.

[0016] Thedriving transistors of the pixels are connected to
a common power supply and a common electrode in the
luminescent panel. The test line described in the Patent Ref-
erence 1 is also connected to the common power supply and
the common electrode in the light-emitting diode. Measure-
ment of a fine current with good accuracy is difficult because
the driving transistors are connected to the common electrode
and the common power supply and thus the measurement is
subject to influence of noise caused by a component other
than a pixel which is currently being measured or influence of
voltage drop or change in impedance due to load status of a
component other than a pixel which is currently being mea-
sured.

[0017] Furthermore, as typified by the detection of the
variation in characteristics of the driving transistors through
the measurement of a fine current described in the Patent
Reference 1, such a detection operation needs to be per-
formed in an additionally provided period in which the lumi-
nescent panel actually does not perform a display operation.
The period in which a display operation is performed may be
limited because of the detection operation in the case, for
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example, where it is necessary that a variation in character-
istics of the driving transistor is periodically detected to cor-
rect change with time.

[0018] The present invention, conceived to address the
problem, has an object of providing a display device which
allows, even with simple pixel circuitry, highly efficient and
accurate detection of current of a driving active element of
each pixel and a method for controlling the display device.
The present invention also has an object of providing a
method for detecting a variation in characteristics of the driv-
ing active element of each pixel with high accuracy using a
result of the detection of the current.

SUMMARY OF THE INVENTION

[0019] In order to achieve the above-mentioned object, the
display device according to an aspect of the present invention
includes: a luminescence element; a first power line electri-
cally connected to a first electrode of the luminescence ele-
ment; a second power line electrically connected to a second
electrode of the luminescence element; a capacitor which
holds a voltage; a driving transistor which is provided
between the first electrode and the first power line and causes
the luminescence element to emit light, by passing a current
between the first power line and the second power line, the
current corresponding to the voltage held by the capacitor; a
data line through which a signal voltage is supplied to one of
electrodes of the capacitor; a first switching element which
causes the capacitor to hold a voltage corresponding to the
signal voltage; a data-line driver circuit which supplies the
signal voltage to the data line; a voltage detection circuit
which is connected to the data line and detects a voltage of the
luminescence element; a second switching element which
connects the data line and a connection point between the first
electrode and the driving transistor; and a control unit con-
figured to (i) cause the capacitor to hold the voltage corre-
sponding to the signal voltage supplied through the data line
by turning on the first switching element, (ii) cause the lumi-
nescence element to emit light by causing the driving transis-
tor to pass, between the first power line and the second power
line, the current corresponding to the voltage held by the
capacitor, and (iii) cause the voltage detection circuit to detect
an electric potential at the connection point via the data line
by turning off the first switching element and turning on the
second switching element while the luminescence element is
emitting light.

[0020] Using a display device or a method for controlling
the display device according to the present invention allows
measurement of a test voltage for characteristics of driving
transistors even with simple circuitry, and using the test volt-
age allows quick and easy detection of a drain current of the
driving transistor of each pixel. Furthermore, detecting two
separate drain currents allows calculation of a gain coefficient
and a threshold voltage of the driving transistor, thus enabling
correction of unevenness in luminances among pixels due to
unevenness in characteristics of the driving transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:
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[0022] FIG. 1 is a block diagram which shows an electrical
configuration of a display device according to a first embodi-
ment of the present invention.

[0023] FIG.21isa diagram which shows a circuitry configu-
ration ofa pixel unit of the display device according to the first
embodiment of the present invention, and connection of the
pixel unit with peripheral circuitry thereof.

[0024] FIG. 3 is a diagram which shows a first configura-
tion of the voltage detection unit of the display device accord-
ing to the first embodiment of the present invention.

[0025] FIG. 4 is a diagram which shows a second configu-
ration of the voltage detection unit of the display device
according to the first embodiment of the present invention.
[0026] FIG. 5 is a diagram which shows a third configura-
tion of the voltage detection unit of the display device accord-
ing to the first embodiment of the present invention.

[0027] FIG. 6 is an operation flowchart which shows the
method for controlling the display device according to the
first embodiment of the present invention.

[0028] FIG. 7 is an operation flowchart which shows the
method forcorrection by the control unit according to the first
embodiment of the present invention.

[0029] FIG. 8 is a timing chart which shows timing of
provision of a signal voltage and timing of detection of a test
voltage for detecting characteristics of the driving transistor
according to the first embodiment of the present invention.
[0030] FIG.9A is acircuit diagram which shows operations
of the display device according to the first embodiment of the
present invention from a time t1 to a time t2.

[0031] FIG. 9B isacircuit diagram which shows operations
of the display device according to the first embodiment of the
present invention from a time t2 to a time t4.

[0032] FIG. 9C is acircuit diagram which shows operations
of the display device according to the first embodiment of the
present invention from a time t4 to a time t6.

[0033] FIG. 10 is a graph which shows an example of a
voltage-current characteristic of an organic EL element.
[0034] FIG. 11 is a diagram which shows a circuitry con-
figuration of a pixel unit of the display device according to a
second embodiment of the present invention, and connection
of a pixel unit with peripheral circuitry thereof.

[0035] FIG. 12 is a timing chart which shows timing of
provision of a signal voltage and timing of detection of a test
voltage for detecting a characteristic of a driving transistor
according to the second embodiment of the present invention.
[0036] FIG. 13 is an outline view of a thin flat-screen TV
which includes a display device according to the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] The display device according to an aspect of the
present disclosure includes: a luminescence element; a first
power line electrically connected to a first electrode of the
luminescence element; a second power line electrically con-
nected to a second electrode of the luminescence element; a
capacitor which holds a voltage; a driving transistor which is
provided between the first electrode and the first power line
and causes the luminescence element to emit light, by passing
a current between the first power line and the second power
line, the current corresponding to the voltage held by the
capacitor; a data line through which a signal voltage is sup-
plied to one of electrodes of the capacitor; a first switching
element which causes the capacitor to hold a voltage corre-
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sponding to the signal voltage; a data-line driver circuit which
supplies the signal voltage to the data line; a voltage detection
circuit which is connected to the data line and detects a
voltage of the luminescence element; a second switching
element which connects the data line and a connection point
between the first electrode and the driving transistor; a control
unit configured to (i) cause the capacitor to hold the voltage
corresponding to the signal voltage supplied through the data
line by turning on the first switching element, (ii) cause the
luminescence element to emit light by causing the driving
transistor to pass, between the first power line and the second
power line, the current corresponding to the voltage held by
the capacitor, and (iii) cause the voltage detection circuit to
detect an electric potential at the connection point via the data
line by turning off the first switching element and turning on
the second switching element while the luminescence ele-
ment is emitting light; and a conversion unit configured to
convert the electric potential at the connection point detected
by the voltage detection circuit into a drain current of the
driving transistor.

[0038] According to the present aspect, the voltage detec-
tion circuit detects the electric potential at the connection
point between the first electrode of the luminescence element
and the driving transistor via the data line while the lumines-
cence element is being caused to emit light by passing a
current between the first power line and the second power
line. With this, the electric potential at the connection point
between the first electrode of the luminescence element and
the driving transistor is detected with good accuracy using the
signal voltage provided through the data line when the lumi-
nescence element is caused to emit light.

[0039] The current converted from the detected electric
potential is equal to the drain current of the driving transistor
because the luminescence element and the driving transistor
are connected to each other. Thus, the drain current of the
driving transistor is easily and accurately measured not using
a special voltage input prepared for detecting the electric
potential at the connection point between the first electrode of
the luminescence element and the driving transistor but using
the signal voltage provided through the data line when the
luminescence element is caused to emit light.

[0040] Furthermore, according to the present aspect, a con-
version unit is provided which converts the electric potential
at the connection point, which is detected by the voltage
detection circuit, between the first electrode of the lumines-
cenceelement and the driving transistor into adrain current of
the driving transistor. With this, the detected electric potential
is converted into the current. The current converted from the
detected electric potential is equal to the drain current of the
driving transistor because the luminescence element and the
driving transistor are connected to each other. Thus, the drain
current of the driving transistor is easily and accurately mea-
sured not using a special voltage input prepared for detecting
the electric potential at the connection point between the first
electrode of the luminescence element and the driving tran-
sistor but using the signal voltage provided through the data
line when the luminescence element is caused to emit light.
[0041] The display device according to another aspect of
the present disclosure includes: a memory in which data
corresponding to a voltage-current characteristic of the lumi-
nescence element is stored, wherein the conversion unit is
configured to convert the electric potential at the connection
point detected by the voltage detection circuit into the drain
current of the driving transistor using the data corresponding
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to the voltage-current characteristic of the luminescence ele-
ment and stored in the memory.

[0042] According to the present aspect, the display device
is provided with a memory in which the data corresponding to
the voltage- current characteristic of the luminescence ele-
ment is stored. With this, the current flowing in the lumines-
cence element is calculated from the data which is stored
beforehand and corresponding to the voltage-current charac-
teristic of the luminescence element and the electric potential
at the connection point between the first electrode of the
luminescence element detected by the voltage detection cir-
cuitand the driving transistor. The drain current of the driving
transistor which is equal to the current is thereby obtained.
Thus, the drain current of the driving transistor is quickly
calculated from the electric potential detected by the voltage
detection circuit.

[0043] The display device according to another aspect of
the present disclosure is a display device, wherein the lumi-
nescence element, the capacitor, and the driving transistor are
included in a pixel unit, and the data corresponding to the
voltage-current characteristic of the luminescence element is
data on the voltage-current characteristic of the luminescence
element included in the pixel unit.

[0044] According to the present aspect, the data which cor-
responds to the voltage-current characteristic of the lumines-
cence element may be data on the voltage-current character-
istic of the luminescence element included in the pixel unit.

[0045] The display device according to a further aspect of
the present disclosure includes pixel units each of which
includes the luminescence element, the capacitor, and the
driving transistor, wherein the data corresponding to the volt-
age-current characteristic ofthe luminescence element is data
on the voltage-current characteristic of the luminescence ele-
ment which is representative of luminescence elements
included in the pixel units.

[0046] According to the present aspect, the data which cor-
responds to the voltage-current characteristic of the lumines-
cence element may be data on the voltage-current character-
istic of the luminescence element which is representative of
luminescence elements included in the pixel units.

[0047] The display device according to an even further
aspect of the present disclosure includes a luminescent panel
which includes pixel units and data lines, each of the pixel
units including the luminescence element, the capacitor, and
the driving transistor, each of the data lines connected to a
corresponding one of the pixel units, wherein the voltage
detection circuit includes: at least one voltage detection unit
configured to detect an electric potential at the connection
point via at least one data line selected from among the data
lines; and a multiplexer which is connected between the data
lines and the at least one voltage detection unit and causes the
at least one data line that is selected and the at least one
voltage detection unit to electrically contact with each other,
wherein the number of the at least one voltage detection unit
is smaller than the number of the data lines.

[0048] According to the present aspect, the number of the at
least one voltage detection circuit is smaller than the number
of the data lines. With this, the number of the voltage detec-
tion circuits necessary for measurement of the electric poten-
tial at the connection point between the first electrode of the
luminescence element and the driving transistor, thus the area
for the display device or the number of parts is reduced.
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[0049] Thedisplay device according to a still further aspect
of the present disclosure is a display device, wherein the
multiplexer is formed on the luminescent panel.

[0050] According to the present aspect, the multiplexer
may be formed on the luminescent panel. In this case, the
scale of the voltage detection circuit is reduced, thus the
display device is manufactured less costly.

[0051] The display device according to another aspect of
the present disclosure is a display device, wherein the first
electrode is an anode of the luminescence element, and a
voltage of the first power line is higher than a voltage of the
second power line, to which a current flows from the first
power line.

[0052] According to the present aspect, the first electrode of
the luminescence element may be an anode of the lumines-
cence element, and a voltage of the first power line may be
higher than a voltage of the second power line, to which a
current flows from the first power line.

[0053] A method for controlling a display device includes:
a luminescence element; a first power line electrically con-
nected to a first electrode of the luminescence element; a
second power line electrically connected to a second elec-
trode of the luminescence element; a capacitor which holds a
voltage; a driving transistor which is provided between the
first electrode and the first power line and causes the lumi-
nescence element to emit light, by passing a current between
the first power line and the second power line, the current
corresponding to the voltage held by the capacitor; a data line
through which a signal voltage is supplied to one of electrodes
of the capacitor; a first switching element which causes the
capacitor to hold a voltage corresponding to the signal volt-
age; a data-line driver circuit which supplies the signal volt-
age to the data line; a voltage detection circuit which is
connected to the data line and detects a voltage of the lumi-
nescence element; and a second switching element which
connects the data line and a connection point between the first
electrode and the driving transistor, and the method includes:
(1) causing the capacitor to hold the voltage corresponding to
the first signal voltage supplied through the data line by
turning on the first switching element; (ii) causing the lumi-
nescence element to emit light by causing the driving transis-
tor to pass, between the first power line and the second power
line, the current corresponding to the voltage held by the
capacitor; (iii) causing the voltage detection circuit to detect
a first electric potential at the connection point via the data
line by turning off the first switching element and turning on
the second switching element while the luminescence ele-
ment is emitting light; and (iv) converting the first electric
potential at the connection point detected by the voltage
detection circuit into a first current flowing between a source
and a drain of the driving transistor.

[0054] According to the present aspect, the voltage detec-
tion circuit detects the electric potential at the connection
point between the first electrode of the luminescence element
and the driving transistor via the data line while the lumines-
cence element is being caused to emit light by passing a
current between the first power line and the second power
line. With this, the electric potential at the connection point
between the first electrode of the luminescence element and
the driving transistor is detected with good accuracy using the
signal voltage provided through the data line when the lumi-
nescence element is caused to emit light. The current con-
verted from the detected electric potential is equal to the drain
current of the driving transistor because the luminescence
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element and the driving transistor are connected to each other.
Thus, the drain current of the driving transistor is easily and
accurately measured not using a special voltage input pre-
pared for detecting the electric potential at the connection
point between the first electrode of the luminescence element
and the driving transistor but using the signal voltage pro-
vided through the data line when the luminescence element is
caused to emit light.

[0055] Furthermore, according to the present aspect, a con-
version unit is provided which converts the electric potential
at the connection point, which is detected by the voltage
detection circuit, between the first electrode of the lumines-
cence element and the driving transistor into adrain current of
the driving transistor. With this, the detected electric potential
is converted into the current. The current converted from the
detected electric potential is equal to the drain current of the
driving transistor because the luminescence element and the
driving transistor are connected to each other. Thus, the drain
current of the driving transistor is easily and accurately mea-
sured not using a special voltage input prepared for detecting
the electric potential at the connection point between the first
electrode of the luminescence element and the driving tran-
sistor but using the signal voltage provided through the data
line when the luminescence element is caused to emit light.
[0056] Themethod for controlling a display device accord-
ing to another aspect of the present disclosure is a method,
wherein the display device includes a memory in which data
corresponding to a voltage- current characteristic of the lumi-
nescence element is stored, and the method comprises con-
verting the first electric potential at the connection point
detected by the voltage detection circuit into the first current
flowing between the source and the drain of the driving tran-
sistor using the data corresponding to the voltage-current
characteristic of the luminescence element and stored in the
memory.

[0057] According to the present aspect, a memory is pro-
vided in which the data corresponding to the voltage-current
characteristic of the luminescence element is stored. With
this, the current flowing in the luminescence element is cal-
culated from the data which is stored beforehand and corre-
sponding to the voltage-current characteristic of the lumines-
cence element and the electric potential at the connection
point between the first electrode of the luminescence element
detected by the voltage detection circuit and the driving tran-
sistor. The drain current of the driving transistor which is
equal to the current is thereby obtained. Thus, the drain cur-
rent of the driving transistor is quickly calculated from the
electric potential detected by the voltage detection circuit.
[0058] Themethod for controlling a display device accord-
ing to a further aspect of the present disclosure further
includes: (i) causing the capacitor to hold a voltage corre-
sponding to a second signal voltage supplied through the data
line by turning on the first switching element; (ii) causing the
luminescence element to emit light by causing the driving
transistor to pass, between the first power line and the second
power line, a current corresponding to the voltage held by the
capacitor; (iil) causing the voltage detection circuit to detect
asecond electric potential at the connection point via the data
line and the second switching element by turning off the first
switching element and turning on the second switching ele-
ment while the luminescence element is emitting light; (iv)
converting the detected second electric potential at the con-
nection point into a second current flowing between the
source and the drain of the driving transistor; and (v) calcu-
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lating a gain coefficient and a threshold voltage of the driving
transistor using the first electric potential, the second electric
potential, the first current, and the second current.

[0059] According to the present aspect, use of two separate
signal voltages while the luminescence element is emitting
light as per normal allows detection of two separate drain
currents of the driving transistor corresponding to the two
separate signal voltages. In other words, the gain coefficient
and the threshold voltage of the driving transistor are calcu-
lated using the first electric potential, the second electric
potential, the first current, and the second current. This cal-
culation of the gain coefficient and the threshold voltage of
the driving transistor allows easy and quick calculation of a
variation in gain coefficients and threshold voltages of driving
transistors among pixels. Thus, unevenness in luminances
due to unevenness in gain coefficients and threshold voltages
of driving transistors among pixels is corrected with good
accuracy.

[0060] Themethod for controlling a display device accord-
ing to an even further aspect of the present disclosure is the
method, wherein the display device includes a memory in
which data corresponding to a voltage-current characteristic
of the luminescence element is stored, and the method com-
prises converting the first electric potential and the second
electric potential into the first current and the second current,
respectively, using the data corresponding to the voltage-
current characteristic of the luminescence element and stored
in the memory.

[0061] According to the present aspect, the current flowing
in the luminescence element is calculated from the data which
is stored beforehand and corresponding to the voltage-current
characteristic of the luminescence element and the electric
potential at the connection point between the second elec-
trode of the luminescence element detected by the voltage
detection circuit and the driving transistor. The drain current
of the driving transistor which is equal to the current is
thereby obtained. Thus, the drain current of the driving tran-
sistor is quickly calculated from the electric potential
detected by the voltage detection circuit.

[0062] Themethod for controlling a display device accord-
ing to another aspect of the present disclosure includes cal-
culating the gain coefficient and the threshold voltage of the
driving transistor using a relational expression MATH. 1

Vest = Ve )

Voo X V21 = Vg X V21
V2I, -\2h ’

Vih =

wherein: Vgsl is a voltage obtained by subtracting, from the
first signal voltage, a power supply voltage set for the first
power line connected to one of the source and the drain of the
driving transistor; Vgs2 is a voltage obtained by subtracting
the power supply voltage from the second signal voltage: 11 is
the first current; 12 is the second current; § is a gain coefficient
for a channel region, a capacity of an oxide film, and mobility
of the driving transistor; and Vth is a threshold voltage of the
driving transistor.

[0063] According to the present aspect, the gain coefficient
and the threshold voltage of the driving transistor are calcu-
lated using the first electric potential at the connection point
and the second electric potential at the connection point
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which are detected using the first signal voltage and the sec-
ond signal voltage supplied while the luminescence element
is emitting light, and thus a variation in gain coefficients and
threshold voltages of driving transistors among pixels is eas-
ily and quickly calculated. Thus, unevenness in luminances
due to unevenness in gain coefficients and threshold voltages
of driving transistors among pixels is corrected with good
accuracy.

[0064] Themethod for controlling a display device accord-
ing to a further aspect of the present disclosure includes: a
luminescence element; a first power line electrically con-
nected to a first electrode of the luminescence element; a first
power line electrically connected to a first electrode of the
luminescence element; a first power line electrically con-
nected to a first electrode of the luminescence element; a
capacitor which holds a voltage; a driving transistor which is
provided between the first electrode and the first power line
and causes the luminescence element to emit light, by passing
a current between the first power line and the second power
line, the current corresponding to the voltage held by the
capacitor; a data line through which a signal voltage is sup-
plied to one of electrodes of the capacitor; a first switching
element which causes the capacitor to hold a voltage corre-
sponding to the signal voltage; a data-line driver circuit which
supplies the signal voltage to the data line; a read line which
reads a voltage of the luminescence element; a voltage detec-
tion circuit which is connected to the read line and detects a
voltage of the luminescence element; a second switching
element which connects the read line and a connection point
between the first electrode and the driving transistor; a control
unit configured to (i) cause the capacitor to hold the voltage
corresponding to the signal voltage supplied through the data
line by turning on the first switching element, (ii) cause the
luminescence element to emit light by causing the driving
transistor to pass, between the first power line and the second
power line, the current corresponding to the voltage held by
the capacitor, and (iii) cause the voltage detection circuit to
detect an electric potential at the connection point via the read
line by turning off the first switching element and turning on
the second switching element while the luminescence ele-
ment is emitting light; and a conversion unit configured to
convert the electric potential at the connection point detected
by the voltage detection circuit into a drain current of the
driving transistor.

[0065] According to the present aspect, the voltage detec-
tion circuit detects the electric potential at the connection
point between the first electrode of the luminescence element
and the driving transistor via the data line while the lumines-
cence element is being caused to emit light by passing a
current between the first power line and the second power
line. With this, the electric potential at the connection point
between the first electrode of the luminescence element and
the driving transistor is detected with good accuracy using the
signal voltage provided through the data line when the lumi-
nescence element is caused to emit light.

[0066] The current converted from the detected electric
potential is equal to the drain current of the driving transistor
because the luminescence element and the driving transistor
are connected to each other. Thus, the drain current of the
driving transistor is easily and accurately measured not using
a special voltage input prepared for detecting the electric
potential at the connection point between the first electrode of
the luminescence element and the driving transistor but using
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the signal voltage provided through the data line when the
luminescence element is caused to emit light.

[0067] Furthermore, the voltage detection circuit detects
the voltage of the luminescence element via the read line
which is separate from the data line. Thus, the voltage of the
luminescence element is measured more accurately without
influence of voltage drop caused by a component of a basic
circuit such as the first switching transistor because the volt-
age detection circuit detects the voltage of the luminescence
element via the read line 53 which is not connected to the
basic circuit.

[0068] Furthermore, according to the present aspect, a con-
version unit is provided which converts the electric potential
at the connection point, which is detected by the voltage
detection circuit, between the first electrode of the lumines-
cence element and the driving transistor into adrain current of
the driving transistor. With this, the detected electric potential
is converted into the current. The current converted from the
detected electric potential is equal to the drain current of the
driving transistor because the luminescence element and the
driving transistor are connected to each other. Thus, the drain
current of the driving transistor is easily and accurately mea-
sured not using a special voltage input prepared for detecting
the electric potential at the connection point between the first
electrode of the luminescence element and the driving tran-
sistor but using the signal voltage provided through the data
line when the luminescence element is caused to emit light.
[0069] Preferred embodiments of the present invention are
hereinafter described on the basis of the drawings. Elements
which are common or equivalent among all the drawing are
hereinafter denoted by the same symbol, and thus a descrip-
tion thereof is omitted.

First Embodiment

[0070] A first embodiment of the present invention is here-
inafter described with reference to the drawings.

[0071] FIG. 1is a block diagram which shows an electrical
configuration of a display device according to a first embodi-
ment of the present invention. The display device 1 includes
adisplay unit 10, a scanning-line driver circuit 20, a data-line
driver circuit 30, a voltage detection circuit 50, a multiplexer
60, a control unit 70, and a memory 80.

[0072] FIG.?2isa diagram which shows a circuitry configu-
ration ofa pixel unit of the display device according to the first
embodiment of the present invention, and connection of the
pixel unit with peripheral circuitry thereof. A pixel unit 100 in
FIG. 2 includes an organic EL element 110, a driving transis-
tor 120, a switching transistor 130, a test transistor 140, a
capacitance element 150, a common electrode 115, a power
line 125, a scanning line 21, a control line 22, and a data line
31. The peripheral circuitry includes the scanning-line driver
circuit 20, the data-line driver circuit 30, the voltage detection
circuit 50, and the multiplexer 60.

[0073] First described are functions of the elements shown
in FIG. 1.
[0074] Thedisplay unit 10isa display panel which includes

a plurality of the pixel units 100.

[0075] The scanning-line driver circuit 20 is connected to
the scanning line 21 and the control line 22 and has a function
of controlling conduction and non-conduction of the switch-
ing transistor 130 and the test transistor 140 of each of the
pixel units 100 via the scanning line 21 and the control line 22,
respectively.
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[0076] The data-line driver circuit 30 has a function of
providing the data line 31 with signal voltage. The data-line
driver circuit 30 opens and shorts the connection with the data
line 31 by changing internal impedance or using an internal
switch.

[0077] The data line 31 is connected to a pixel column
which includes the pixel units 100, and the signal voltage
provided by the data-line driver circuit 30 is provided for each
of the pixel units of the pixel column through the data line 31.
[0078] The voltage detection circuit 50, which functions as
a voltage detection unit together with the multiplexer 60
through which the voltage detection circuit 50 is connected to
the data line 31, has a function of detecting an anode voltage
of the organic EL element 110 when the test transistor 140 is
conductive. The detected anode voltage is equal to a drain
voltage at a time when a gate voltage charged in the capaci-
tance element 150 is applied to the driving transistor 120 and
a drain current of the driving transistor 120 thereby flows.
[0079] The multiplexer 60 has a function of switching con-
duction and non-conduction between the voltage detection
circuit 50 and the data line 31 connected to the voltage detec-
tion circuit 50.

[0080] The voltage detection circuit 50 may be incorpo-
rated in a data driver IC with the data-line driver circuit 30 or
provided externally to the data driver IC.

[0081] FIG. 3 is a diagram which shows a first configura-
tion of the voltage detection unit of the display device accord-
ing to the first embodiment of the present invention. The
voltage detection circuit 50 may have a plurality of the volt-
age detection units 51 as many as a plurality of the data lines
31 as shown in FIG. 3. In this case, each of the voltage
detection units 51 is connected to corresponding one of the
data lines 31 via the multiplexer 60.

[0082] FIG. 4is a diagram which shows a second configu-
ration of the voltage detection unit of the display device
according to the first embodiment of the present invention.
The voltage detection circuit 50 preferably has the multi-
plexer 60, which switches between the data lines 31, and the
voltage detection units 51 fewer than the data lines 31 as
shown in FIG. 4. This configuration reduces the number of the
voltage detection units 51 necessary for measurement of the
anode voltage of the organic EL element 110, thus the area for
the display device or the number of parts is reduced. In this
case, the multiplexer 60 may be provided externally to the
voltage detection circuit 50.

[0083] FIG. 5 is a diagram which shows a third configura-
tion of the voltage detection unit of the display device accord-
ing to the first embodiment of the present invention. As shown
in FIG. 5, the multiplexer 60 may be formed on a luminescent
panel 5 in the case where the voltage detection circuit 50 has
the multiplexer 60, which switches between the data lines 31,
and the voltage detection units 51 fewer than the datalines 31.
This configuration reduces the scale of the voltage detection
circuit, thus the display device is manufactured less costly.
Again, the multiplexer 60 may be provided externally to the
voltage detection circuit 50.

[0084] Hereinafter, the functions of the elements shown in
FIG. 1 are further described.

[0085] The control unit 70 includes a voltage control unit
701 and a conversion unit 702.

[0086] The voltage control unit 701 has a function of caus-
ing the voltage detection circuit 50 to detect an anode voltage
of the organic EL element 110 by controlling the scanning-
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line driver circuit 20, the data-line driver circuit 30, the volt-
age detection circuit 50, the multiplexer 60, and the memory
80.

[0087] The conversion unit 702 converts the anode voltage
of the organic EL element 110 detected by the voltage detec-
tion circuit 50 into a value of current flowing in the organic EL
element 110 using data on a voltage-current characteristic of
the organic EL element stored in the memory 80. Further-
more, the conversion unit 702 obtains a gain coefficientand a
threshold voltage of the driving transistor 120 by performing
an operation, which is described later, using the value of the
current flowing in the organic EL element 110 obtained by the
conversion. The conversion unit 702 writes, in the memory
80, the obtained gain coefficient and the threshold voltage of
each of the pixel units.

[0088] Subsequently, for a display operation of each of the
pixel units after the gain coefficient and the threshold voltage
are written in the memory 80, the control unit 70 reads out the
gain coefficient and threshold voltage and corrects image
signal data provided externally on the basis of the gain coef-
ficient and the threshold voltage, and then outputs the cor-
rected image signal data to the data-line driver circuit 30.
[0089] The memory 80 is connected to the control unit 70
and stores the data on the voltage-current characteristic of the
organic EL element. The current flowing in the organic EL
element 110 is calculated from the stored data on the voltage-
current characteristic and the detected anode voltage of the
organic EL element 110, and then a drain current of the
driving transistor, which is equal to the current flowing in the
organic EL element 110, is quickly obtained.

[0090] The data on the voltage-current characteristic stored
beforehand in the memory 80 may be data on a voltage-
current characteristic of the organic EL element which is
representative of the luminescent panel or data on a voltage-
current characteristic of the organic EL element 110 of each
of the pixel units. With this configuration, the drain current of
the driving transistor 120 is calculated with good accuracy.

[0091] The data on the voltage-current characteristic stored
beforehand in the memory 80 may be updated periodically or
in response to change in characteristics of the organic EL
element 110 with time.

[0092] Next, a configuration of internal circuitry of the
pixel unit 100 is described with reference to FIG. 2.

[0093] The organic EL element 110, which functions as a
luminescent element, emits light depending on the drain cur-
rent provided from the driving transistor 120. The organic EL
element 110 has a cathode, which is a second electrode
thereof, is connected to the common electrode 115 and usu-
ally grounded.

[0094] The driving transistor 120 has a gate which is con-
nected to the data line 31 via the switching transistor 130, and
a source and a drain one of which is connected to the power
line 125 and the other of which is connected to the anode
which is a first electrode of the organic EL element 110. The
power line 125 is connected to a power supply of a constant
voltage Vdd.

[0095] This circuit connection allows the signal voltage
provided by the data-line driver circuit 30 to be applied to the
gate of the driving transistor 120 via the data line 31 and the
switching transistor 130. Then drain current corresponding to
the signal voltage applied to the gate of the driving transistor
120 flows into the organic EL element 110 from the anode of
the organic EL element 110.
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[0096] The switching transistor 130, which functions as a
first switching element, has a gate which is connected to the
scanning line 21, and a source and a drain one of which is
connected to the data line 31 and the other one of which is
connected to the gate of the driving transistor 120 and one of
electrodes of the capacitance element 150. Here, the switch-
ing transistor 130 is turned on when the voltage level of the
scanning line 21 becomes high, and then the signal voltage is
applied to the gate of the driving transistor 120, and at the
same time the capacitance element 150 is caused to hold a
voltage corresponding to the signal voltage.

[0097] The test transistor 140, which functions as a second
switching element, has a gate which is connected to the con-
trolline 22, and a source and a drain one of which is connected
to the anode which is one of the terminals of the organic EL
element 110 and the other one of which is connected to the
dataline 31. Here, the test transistor 140 is turned on when the
voltage level of the control line 22 becomes high, and the
anode voltage of the organic EL element 110 is detected by
the voltage detection circuit 50 via the data line 31.

[0098] Thecapacitanceelement 150, whichis a capacitor to
hold avoltage, has terminals one of which is connected to the
gate of the driving transistor 120 and the other one of which is
connected to one of the source and the drain of the driving
transistor 120. The capacitance element 150 holds the signal
voltage provided for the gate of the driving transistor 120, and
thus an anode voltage of the organic EL element 110 is
detected using the data line 31, the test transistor 140, and the
voltage detection circuit 50 while a drain current correspond-
ing to the signal voltage is flowing.

[0099] With the circuitry configuration, the anode voltage
of the organic EL element, that is, the voltage of the connec-
tion point between the driving transistor 120 and the organic
EL element 110, is measured with good accuracy using the
signal voltage provided through the data-line driver circuit
while the organic EL element 110 is emitting light. The mea-
sured anode voltage of the organic EL element may be con-
verted into a current flowing into the organic EL. element
using a conversion method described later. The current
obtained by the conversion is equal to the drain current of the
driving transistor because the organic EL element and the
driving transistor are connected to each other. Thus, the drain
current of the driving transistor is easily and accurately mea-
sured using the anode voltage of the organic EL element
which is measured not using a special input voltage addition-
ally prepared for measuring the anode voltage but using a
signal voltage of the organic EL element emits light in a usual
operation of light emission.

[0100] Hereinafter, a method for controlling the display
device according to the first embodiment of the present inven-
tion is described.

[0101] FIG. 6 is an operation flowchart which shows the
method for controlling the display device according to the
first embodiment of the present invention.

[0102] First, the voltage control unit 701 writes, in the
capacitance element 150, a first signal voltage provided by the
data-line driver circuit 30 and causes the driving transistor
120 to output a first current which corresponds to the first
signal voltage (S10).

[0103] Next, the voltage control unit 701 causes the voltage
detection circuit 50 to detect an anode voltage of the organic
EL element 110 for which the first signal voltage is being
provided (S11).
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[0104] Next, the voltage control unit 701 writes, in the
capacitance element 150, a second signal voltage which is
provided by the data-line driver circuit 30 and separate from
the first signal voltage, and causes the driving transistor 120 to
output a second current corresponding to the second signal
voltage (S12).

[0105] Next, the voltage control unit 701 causes the voltage
detection circuit 50 to detect an anode voltage of the organic
EL element 110 for which the second signal voltage is being
provided (S13).

[0106] Next, the conversion unit 702 calculates a gain coef-
ficient and a threshold voltage of the driving transistor 120
from the first signal voltage and the second signal voltage
written in the capacitance element 150 in Step S10 and Step
S12, respectively, a first test voltage and a second test voltage
obtained in Step S11 and Step S13, respectively, and the data
on the voltage-current characteristic of the organic EL ele-
ment stored beforehand in the memory 80. Then, the conver-
sion unit 702 stores the calculated gain coefficient and the
calculated threshold voltage in the memory 80 (S14). A
method for calculating the gain coefficient and the threshold
voltage of the driving transistor 120 is described later.

[0107] Finally, the control unit 70 reads the calculated gain
coefficient and the calculated threshold voltage from the
memory 80 and corrects provided image signal as data volt-
age (S15).

[0108] Here is an exemplary operation performed by the
control unit 70 in Step S15.

[0109] FIG. 7 is an operation flowchart which shows the
method for the correction by the control unit according to the
first embodiment of the present invention.

[0110] First, the control unit 70 detects pixel location of an
externally provided image signal using a synchronization
signal provided in parallel with the image signal (S151).

[0111] Next, the control unit 70 reads the gain coefficient
and the threshold voltage of each pixel with reference to the
memory 80 (S152).

[0112] Next, the control unit 70 converts a luminance signal
corresponding to the image signal into a data voltage cor-
rected using the gain coefficient and the threshold (S153).

[0113] Finally, the control unit 70 provides the corrected
data voltage for the data-line driver circuit 30 so that the
corrected data voltage is provided for a specific pixel (S154).

[0114] Hereinafter, timing of provision and detection of an
electric signal for operations performed in Step S10 and Step
S11 in the operation flowchart shown in FIG. 6 is described
with reference to FIG. 8 and FIGS. 9A to 9C.

[0115] FIG. 8 is a timing chart which shows timing of
provision of the signal voltage and timing of detection of the
test voltage for detecting characteristics of the driving tran-
sistor according to the first embodiment of the present inven-
tion. In FIG. 8, the horizontal axis indicates time. Vertically
aligned are, from top to bottom, waveforms of voltage gen-
erated in the scanning line 21, voltage generated in the control
line 22, and voltage of the data line 31.

[0116] First, at a time t0, the data-line driver circuit 30
provides the first signal voltage for the data line 31.

[0117] Next, at a time t1, a level of the voltage of the
scanning line 21 becomes high, and the switching transistor
1301s thereby turned on. This causes the first signal voltage to
be applied to the gate of the driving transistor 120 and to be
written in the capacitance element 150.
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[0118] FIG.9A is acircuit diagram which shows operations
of the display device according to the first embodiment of the
present invention from the time t1 to a time 2.

[0119] The first signal voltage and the second signal volt-
age are data voltages to be used for actual displaying opera-
tions. At the time t1, the driving transistor 120 passes, to the
organic EL element 110, the current corresponding to the first
signal voltage. This causes the organic EL element 110 to
start emitting light.

[0120] Next, at the time 2, the level of the voltage of the
scanning line 21 becomes low, and the switching transistor
130 is thereby turned off. This stops the application of the first
signal voltage to the gate of the driving transistor 120 and
finishes the writing of the first signal voltage in the capaci-
tance element 150. At this time, the driving transistor 120
continues to pass, to the organic EL element 110, the current
corresponding to the first voltage held by the capacitance
element 150. The organic EL element 110 thereby continues
emitting light.

[0121] FIG. 9B is a circuit diagram which shows operations
of the display device according to the first embodiment of the
present invention from the time 12 to a time 4.

[0122] Next,atatimet3, the data-line driver circuit 30 stops
the providing of the first signal voltage to the data line 31, and
the data-line driver circuit 30 is thereby put in high-imped-
ance state. This makes the connection between the data-line
driver circuit 30 and the data line 31 open.

[0123] Next, atatimetd, alevel of the voltage ofthe control
line 22 becomes high, and the test transistor 140 is thereby
turned on. This causes the anode of the organic EL element
110 and the dataline 31 to electrically contact with each other.

[0124] FIG. 9Cisacircuit diagram which shows operations
of the display device according to the first embodiment of the
present invention from the time 4 to a time 16.

[0125] Next, at a time t5, the voltage detection circuit 50
detects the voltage of the data line 31 while the organic EL
element 110 is emitting light, and the anode voltage of the
organic EL element 110 is thereby detected.

[0126] Finally, at a time t6, the level of the voltage of the
control line 22 becomes low, and the test transistor 140 is
thereby turned off. This is the end of the operations in
sequence.

[0127] This timing chart is also applicable to timing of
provision and detection of the electric signal in the operations
in Step S12 and Step S13 shown in FIG. 6 when the first signal
voltage in this timing chart is read as the second signal volt-
age.

[0128] By following Steps shown in FIG. 6 according to the
timing chart shown in FIG. 8, the two measured separate
anode voltages of the organic EL element 110 are measured
accurately using the two separate signal voltages provided by
the data-line driver circuit 30 while the organic EL element
110 is emitting light. Furthermore, the two measured separate
anode voltages of the organic EL element 110 are converted
into two separate currents flowing in the organic EL element
110 using the voltage-current characteristic of the organic EL
element stored beforehand in the memory 80. The two sepa-
rate currents are equal to drain currents of the driving transis-
tor 120 because the organic EL element 110 and the driving
transistor 120 are connected to each other. Thus, two separate
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drain currents of the driving transistor 120 are easily and
accurately measured using the two anode voltages of the
organic EL element 110 which are measured not using a
special input voltage additionally provided in order to mea-
sure the voltages but using two separate signal voltages while
the organic EL element 110 is emitting light as per normal.

[0129] Hereinafter, a method for calculating the gain coef-
ficient and the threshold voltage of the driving transistor 120
in Step 14 performed in the operation flowchart shown in FIG.
6 1s described. Specifically, here described are two methods:
a method for converting the detected anode voltage of the
organic EL element 110 into the drain current of the driving
transistor 120; and a method for calculating the gain coeffi-
cient and the threshold voltage of the driving transistor 120
using the two separate signal voltages described above and
two separate drain currents of the driving transistor 120 which
correspond to the two separate signal voltages.

[0130] First, forI,,, which is a drain current of the driving
transistor 120: where a signal voltage written in the capaci-
tance element 150 is V . and a power supply voltage applied
to the source terminal of the driving transistor 120 is V
then,

Lo B2V gor= Vs VY (Eg. D)
[0131] Here, p denotes a gain coefficient for a channel
region, a capacity of an oxide film, and a mobility of the
driving transistor 120. Vth denotes a threshold voltage of the
driving transistor 120 and relates to the mobility.

[0132] Here, the drain current of the driving transistor 120
is calculated from an anode voltage of the organic EL element
110 and the voltage-current characteristic of the organic EL
element 110.

[0133] FIG. 10 is a graph which shows an example of a
voltage-current characteristic of an organic EL element. In
FIG. 10, the horizontal axis indicates voltages applied to
between the anode and the cathode of the organic EL element,
and the vertical axis indicates currents flowing in the organic
EL element. This voltage-current characteristic of the organic
EL element is stored beforehand in, for example, the memory
80. Data on the voltage-current characteristic stored in the
memory 80 is preferably data on a voltage-current character-
istic of the organic EL element which is representative of the
luminescent panel.

[0134] Thecurrent flowing inthe organic EL element 110 is
obtained by converting the anode voltage of the organic EL
element 110 detected at the time t5 shown in FIG. 8 using the
voltage-current characteristic of the organic EL element,
which is shown in FIG. 10, read from the memory 80. The
current obtained by the conversion is equal to the drain cur-
rent flowing in the driving transistor 120. The drain current
Lest of the driving transistor 120 is thus converted from the
anode voltage of the organic EL element 110.

[0135] Next, for I, and I, which are drain currents of the
driving transistor 120 when V ,, and V ,, which are two
signal voltages of different magnitudes are provided for the
driving transistor 120, respectively: where

5=(B/2)(Vgorr— V.- Vth)? (EQ. 2) and

L=(p/2)(Vaer=Va Vih)’ (EQ. 3).
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[0136] Here, for p and Vth: where Vgs1=Vdet1-Vdd and
Vgs2=Vdet2-Vdd, then,

[Math. 2]

ﬁ(ﬁﬁ Q. 4

vgxl - Vng J

Ves2 X V21 - Vest X2l
v211 - V212

Vih =

[0137] The gain coeflicient and the threshold voltage of the
driving transistor 120 are thus calculated using the first cur-
rent I, and the second current I, which are obtained by con-
verting anode voltages of the organic EL element 110 mea-
sured when the first signal voltage Vgs, and the second
voltage Vgs, are provided for the capacitance element 150.
[0138] The first signal voltage Vgs, and the second voltage
Vgs, are detected in the data line 31 by, for example, the
voltage detection circuit 50.

[0139] These characteristic parameters such as the gain
coefficient and the threshold voltage described above may
have values different among pixels due to a manufacturing
variation of driving transistors. When the gain coefficient and
the threshold voltage of each of the pixels obtained by the
method for calculation described above are stored in the
memory 80, unevenness in luminance among pixel units
caused by such a variation in characteristics of driving tran-
sistors is reduced using the gain coefficient and the threshold
voltage which is read from the memory 80 while the organic
EL element subsequently is emitting light.

[0140] The data on the voltage-current characteristic of the
organic EL element stored in the memory 80 may be data on
a voltage-current characteristic of a organic EL element 110
of each of the pixel units or items of data on a voltage-current
characteristic of organic EL. elements per block which
includes a plurality of pixel units as a unit. With this configu-
ration, the drain current of the driving transistor 120 is calcu-
lated more accurately. Thus, in accordance with the first
embodiment of the present invention, the test voltage for
characteristics of the driving transistor is measured accu-
rately, even with simple pixel circuitry, while the organic EL
element is emitting light. In addition, by using the test voltage
and the voltage-current characteristic of the luminescence
element stored beforehand, a drain current of the driving
transistor of each pixel is calculated easily, quickly, and accu-
rately. Furthermore, by using the calculated drain current,
characteristic parameters of the driving transistor of each
pixel unit is calculated. By using these characteristic param-
eters, unevenness in luminance among pixels due to such a
variation in characteristics of driving transistors is corrected.

Second Embodiment

[0141] A second embodiment of the present invention is
hereinafter described with reference to the drawings.

[0142] FIG. 11 is a diagram which shows a circuitry con-
figuration of a pixel unit of the display device according to the
second embodiment of the present invention, and connection
of the pixel unit with peripheral circuitry thereof. A pixel unit
101 in FIG. 11 includes an organic EL. element 110, a driving
transistor 120, aswitching transistor 130, a test transistor 160,
a capacitance element 150, a common electrode 115, a power
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line 125, a scanning line 21, a control line 22, a data line 31,
and a read line 53. The peripheral circuitry includes a scan-
ning-line driver circuit 20, a data-line driver circuit 30, a
voltage detection circuit 50, a multiplexer 60, and a voltage
selection switch 65. Compared to the display device accord-
ing to the first embodiment, a display device according to the
second embodiment of the present invention is different in a
configuration in which a read line 53 is provided for each
pixel column and the voltage selection switch 65 is provided
which is used for selecting a connection of the read line 53
with the data-line driver circuit 30 or a connection of the data
line 31 with data-line driver circuit 30. Compared to the pixel
unit 100, the pixel unit 101 is different in a configuration in
which the test transistor 160 is connected not to the data line
31 but to the read line 53. The following description refers
only to differences from the first embodiment, and a descrip-
tion of points in common with the first embodiment is omit-
ted.

[0143] The scanning-line driver circuit 20 is connected to
the scanning line 21 and the control line 22 and has a function
of controlling conduction and non-conduction of the switch-
ing transistor 130 and the test transistor 160 of each of the
pixel unit 101, via the scanning line 21 and the control line 22,
respectively.

[0144] The data-line driver circuit 30 has a function of
providing the data line 31 with signal voltage. The data-line
driver circuit 30 opens and shorts the connection with the data
line 31 using the voltage selection switch 65.

[0145] The voltage detection circuit 50, which functions as
a voltage detection unit together with the multiplexer 60
through which the voltage detection circuit 50 is connected to
the read line 53, has a function of detecting anode voltage of
the organic EL element 110 when the test transistor 160 is
conductive. The detected anode voltage is equalized to adrain
voltage generated by a drain current of the driving transistor
120 by a gate voltage of the driving transistor 120 charged by
the capacitance element 150.

[0146] The multiplexer 60 has a function of switching con-
duction and non-conduction between the voltage detection
circuit 50 and the read line 53 connected to the voltage detec-
tion circuit 50,

[0147] The test transistor 160, which functions as a second
switching element, has a gate which is connected to the con-
trolline 22, and a source and a drain one of which is connected
to the anode which is one of the terminals of the organic EL,
element 110 and the other one of which is connected to the
read line 53. Here, the test transistor 160 1s turned on when the
voltage level of the control line 22 becomes high, and the
anode voltage of the organic EL element 110 is detected by
the voltage detection circuit 50 via the read line 53.

[0148] Thecapacitanceelement 150, which is a capacitor to
hold a voltage, has terminals one of which is connected to the
gate of the driving transistor 120 and the other one of which is
connected to one of the source and the drain of the driving
transistor 120. The capacitance element 150 holds the signal
voltage provided for the gate of the driving transistor 120, and
thus an anode voltage of the organic EL element 110 is
detected using the read line 53, the test transistor 160, and the
voltage detection circuit 50 while a drain current correspond-
ing to the signal voltage is flowing.

[0149] With the circuitry configuration, the anode voltage
of the organic EL element, that is, the voltage of the connec-
tion point between the driving transistor 120 and the organic
EL element 110, is measured with good accuracy using the
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signal voltage provided through the data-line driver circuit
while the organic EL element 110 is emitting light. The mea-
sured anode voltage of the organic EL element may be con-
verted into a current flowing into the organic EL element
using a conversion method described later. The current
obtained by the conversion is equal to the drain current of the
driving transistor because the connection of the organic EL
element and the driving transistor are connected to each other.
Thus, the drain current of the driving transistor is easily and
accurately measured using the anode voltage of the organic
EL element which is measured not using a special input
voltage additionally prepared for measuring the anode volt-
age but using a signal voltage of the organic EL element emits
light in a usual operation of light emission.

[0150] Inaddition, the current-voltage characteristic of the
organic EL element is measured more accurately without
influence of voltage drop caused by the switching transistor
130 in detection of a voltage because a path for application of
current and a path for detection of the voltage are provided
separately.

[0151] Hereinafter, a method for controlling the display
device according to the second embodiment of the present
invention is described.

[0152] An operation flowchart which shows a method for
controlling the display device according to the second
embodiment of the present invention and an operation flow-
chart which shows a method for correcting by the control unit
according to the second embodiment of the present invention
are respectively the same as FIG. 6 and FIG. 7 described for
the first embodiment; thus descriptions thereof are omitted.
[0153] Hereinafter, timing of provision and detection of an
electric signal for operations performed in Step S10 and Step
S11 in the operation flowchart shown in FIG. 6 is described
with reference to FIG. 12.

[0154] FIG. 12 is a timing chart which shows timing of
provision of the signal voltage and timing of detection of the
test voltage for detecting a characteristic of the driving tran-
sistor according to the second embodiment of the present
invention. In FIG. 12, the horizontal axis indicates time. Vet-
tically aligned are, from top to bottom, waveforms of voltage
generated in the scanning line 21, voltage generated in the
control line 22, voltage generated in the voltage selection
switch 65, voltage of the data line 31, and voltage of the read
line 53.

[0155] First, at a time t0, the data-line driver circuit 30
provides a first signal voltage for the data line 31.

[0156] Next, atatimetl, alevel ofthe voltage ofthe voltage
selection switch 65 is turned to high, thereby causing the
data-line driver circuit 30 and the data line 31 to electrically
contact with each other, a level of the voltage of the scanning
line 21 to become high, and the switching transistor 130 to be
turned on. This causes a first signal voltage to be applied to the
gate of the driving transistor 120 and to be written in the
capacitance element 150.

[0157] The first signal voltage and the second signal volt-
age are data voltages to be used for actual displaying opera-
tions. At the time t1, the driving transistor 120 passes, to the
organic EL element 110, the current corresponding to the first
signal voltage. This causes the organic EL element 110 to
start emitting light.

[0158] Next, atatimet2, alevel ofthe voltage ofthe voltage
selection switch 65 is turned to low, thereby causing the
data-line driver circuit 30 and the read line 53 to electrically
contact with each other, a level of the voltage of the scanning
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line 21 to become low, and the switching transistor 130 to be
turned off. This stops the application of the first signal voltage
to the gate of the driving transistor 120 and finishes the
writing of the first signal voltage in the capacitance element
150. At this time, the driving transistor 120 continues to pass,
to the organic EL element 110, the current corresponding to
the first voltage held by the capacitance element 150. The
organic EL element 110 thereby continues emitting light.

[0159] Next, atatime t4, alevel of the voltage ofthe control
line 22 becomes high, and the test transistor 160 is thereby
turned on. This causes the anode of the organic EL element
110 and the read line 53 to electrically contact with each other.

[0160] Next, at a time t5, the voltage detection circuit 50
detects the voltage of the read line 53 while the organic EL
element 110 is emitting light, and the anode voltage of the
organic EL element 110 is thereby detected.

[0161] Finally, at a time t6, the level of the voltage of the
control line 22 becomes low, and the test transistor 160 is
thereby turned off. This is the end of the operations in
sequence.

[0162] This timing chart is also applicable to timing of
provision and detection of the electric signal in the operations
in Step S12 and Step S13 shown in FIG. 6 when the first signal
voltage in this timing chart is read as the second signal volt-
age.

[0163] By following Steps shown in FIG. 6 according to the
timing chart shown in FIG. 12, the two measured separate
anode voltages of the organic EL element 110 are measured
accurately using the two separate signal voltages provided by
the data-line driver circuit 30 while the organic EL element
110is emitting light. Furthermore, the two measured separate
anode voltages of the organic EL element 110 are converted
into two separate currents flowing in the organic EL element
110 using the voltage-current characteristic of the organic EL
element stored beforehand in the memory 80. The two sepa-
rate currents are equal to drain currents of the driving transis-
tor because the organic EL element 110 and the driving tran-
sistor 120 are connected to each other. Thus, two separate
drain currents of the driving transistor 120 are easily and
accurately measured using the two anode voltages of the
organic EL element 110 which are measured not using a
special input voltage additionally provided in order to mea-
sure the voltage but using two separate signal voltages while
the organic EL element 110 is emitting light as per normal.

[0164] In addition, the anode voltage of the organic EL
element 110 is measured more accurately without influence
of voltage drop caused by a component of a basic pixel circuit
such as the switching transistor 130 because the voltage
detection circuit 50 detects the anode voltage of the organic
EL element 110 via the read line 53 which is not connected to
the basic pixel circuit.

[0165] Although a display device and a method for control-
ling the same according to the present invention have been
described above using the first and the second embodiments
but not limited to these embodiments. The present invention
also includes variations of the embodiments above or appa-
ratuses including a display device according to the present
invention which would occur to those skilled in the art and be
within the spirit and scope of the present invention.

[0166] For example, a display device and a method for
controlling the same according to the present invention is
included or used in a thin flat-screen TV as shown in FIG. 13.
The display device and the method for controlling the same

Oct. 31,2013

according to the present invention provide a thin TV which
includes a display for which unevenness in luminance is
reduced.

[0167] The luminescence element of the pixel unit may
have a cathode which is connected to one of a source and a
drain of a driving transistor and an anode which is connected
to a first power supply, the driving transistor may have a gate,
as in the embodiments described above, which is connected to
a data line via a switching transistor, and the other one of the
source and the drain of the driving transistor may be con-
nected to a second power supply. For this circuitry configu-
ration, electric potential of the first power supply is set to
higher than that of the second power supply. A test transistor
has a gate which is connected to a control line and a source
and a drain one of which is connected to the data line and the
other one of which to the cathode of the luminescence ele-
ment. This circuitry configuration provides a display device
with the same configuration and the same advantageous effect
as those of the present invention.

[0168] Furthermore, the switching transistor, the test tran-
sistor, and the driving transistor, which are described as
n-type transistors to be turned on when the voltage level of the
gate of the switching transistor is high, may be p-type tran-
sistors to be used with an electronic apparatus for which
polarity ofthe data line, scanning line, and the control line are
inverted. Such an electronic apparatus allows easily and accu-
rately obtaining drain currents of the driving transistor and a
gain coefficient and a threshold voltage calculated using the
source-drain voltages; thus providing the same advantageous
effects as in the embodiments above.

[0169] Although the embodiment according to the present
invention assumes that the transistor, which functions as a
driving transistor, a switching transistor, or a test transistor, is
described as a field effect transistor (FET) which has a gate, a
source, and a drain, the transistor may be a bipolar transistor
which has a base, a collector, and an emitter. This also
achieves the object of the present invention and provides the
same advantageous effects.

INDUSTRIAL APPLICABILITY

[0170] The present invention is applicable to organic EL
flat panel displays having a display device, and is well suited
for use as a display device including a display for which
evenness in image quality is required or as a method for
detecting a variation in propetties of such a display device.

1-13. (canceled)

14. A display device, comprising:

a luminescence element including a first electrode and a
second electrode;

a first power line electrically connected to the first elec-
trode;

a second power line electrically connected to the second
electrode;

a capacitor including a third electrode and a fourth elec-
trode, the capacitor holding a voltage;

a driving transistor between the first electrode and the first
power line that passes a current between the first power
line and the second power line, the current correspond-
ing to the voltage held by the capacitor;

adataline through which a signal voltage is supplied to one
of the third electrode and the fourth electrode;

adata-line driver that supplies the signal voltage to the data
line;
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a first switch between the data line and the one of the third
electrode and the fourth electrode for switchedly sup-
plying the capacitor with the signal voltage;

avoltage detector connected to the data line for detecting a
luminescence voltage applied to the luminescence ele-
ment;

a second switch between the data line and the first elec-
trode;

a controller that causes the capacitor to hold the voltage
corresponding to the signal voltage supplied through the
data line by switching on the first switch, the driving
transistor to pass, between the first power line and the
second power line, a current corresponding to the volt-
age held by the capacitor, and the voltage detector to
detect the luminescence voltage applied to the lumines-
cence element via the data line by switching off the first
switch, switching on the second switch, and making a
connection between the data-line driver and the data line
open; and

a determiner that determines a drain current of the driving
transistor based on the luminescence voltage detected by
the voltage detector.

15. The display device according to claim 14,

wherein the controller drives the display device using an
active-matrix scheme.

16. The display device according to claim 14,

wherein the controller causes the voltage detector to detect
the luminescence voltage applied to the luminescence
element via the data line in a state where no current is
flowing in the data line, the state being obtained by
switching off the first switch.

17. The display device according to claim 14, further com-

prising:

a memory that stores data corresponding to a voltage-
current characteristic of the luminescence element,

wherein the determiner determines the drain current of the
driving transistor based on the luminescence voltage
detected by the voltage detector using the data corre-
sponding to the voltage-current characteristic of the
luminescence element.

18. The display device according to claim 17,

wherein the luminescence element, the capacitor, and the
driving transistor are included in a pixel, and

the data corresponding to the voltage-current characteristic
of the luminescence element is data on the voltage-
current characteristic of the luminescence element
included in the pixel.

19. The display device according to claim 17, further com-

prising:

a plurality of pixels, each of which includes the lumines-
cence element, the capacitor, and the driving transistor,

wherein the data corresponding to the voltage-current char-
acteristic of the luminescence element is data on the
voltage-current characteristic of the luminescence ele-
ment which is representative of each luminescence ele-
ment included in the plurality of pixels.

20. The display device according to claim 17, further com-

prising:

a luminescent panel that includes a plurality of pixels and
a plurality the data line, each of the plurality of pixels
including the luminescence element, the capacitor, and
the driving transistor, each of the plurality of the data
line connected to one of the plurality of pixels,
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wherein the voltage detector includes:

at least one voltage detector that detects the luminescence
voltage of the luminescence element of one of the plu-
rality of pixels via a corresponding one of the plurality of
the data line; and

amultiplexerthat is connected to each of the plurality of the
data line and the at least one voltage detector and causes
the corresponding one of the plurality ofthe dataline and
the at least one voltage detector to electrically contact
with each other,

wherein a number of the at least one voltage detector is less
than a number of the plurality of the data line.

21. The display device according to claim 20,

wherein the multiplexer is formed on the luminescent
panel.

22. The display device according to claim 14,

wherein the first electrode is an anode of the luminescence
element, and

a voltage of the first power line is higher than a voltage of
the second power line, to which a current flows from the
first power line.

23. The display device according to claim 14,

wherein the controller further causes the capacitor to hold
a second voltage corresponding to a second signal volt-
age which is different in value from the signal voltage
and is supplied through the data line by switching on the
first switch, the driving transistor to pass, between the
first power line and the second power line, a second
current corresponding to the second voltage held by the
capacitor, and the voltage detector to detect a second
luminescence voltage applied to the luminescence ele-
ment via the data line by switching off the first switch,
switching on the second switch, and making a connec-
tion between the data-line driver and the data line open,
and

the determiner determines the drain current and a second
drain current based on the first luminescence voltage and
the second luminescence voltage detected by the voltage
detector, respectively, and calculates a gain coefficient
and a threshold voltage of the driving transistor based on
the first luminescence voltage, the second luminescence
voltage, the first drain current, and the second drain
current.

24. A method for controlling a display device, the display

device comprising:

a luminescence element including a first electrode and a
second electrode;

a first power line electrically connected to the first elec-
trode;

a second power line electrically connected to the second
electrode;

a capacitor including a third electrode and a fourth elec-
trode, the capacitor holding a voltage;

a driving transistor between the first electrode and the first
power line that passes a current between the first power
line and the second power line, the current correspond-
ing to the voltage held by the capacitor;

adataline through which a signal voltage is supplied to one
of the third electrode and the fourth electrode;

adata-line driver that supplies the signal voltage to the data
line;

a first switch between the data line and the one of the third
electrode and the fourth electrode for switchedly sup-
plying the capacitor with the signal voltage;
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avoltage detector connected to the data line for detecting a
luminescence voltage applied to the luminescence ele-
ment; and
a second switch between the data line and the first elec-
trode, the method comprising:
causing the capacitor to hold a first voltage correspond-
ing to a first signal voltage supplied through the data
line by switching on the first switch;

causing the driving transistor to pass, between the first
power line and the second power line, a first current
corresponding to the first voltage held by the capaci-
tor;

causing the voltage detector to detect a first lumines-
cence voltage applied to the luminescence element
via the data line by switching off the first switch,
switching on the second switch, and making a con-
nection between the data-line driver and the data line
open; and

determining a first drain current of the driving transistor
based on the first luminescence voltage detected by
the voltage detector.

25. The method according to claim 24,

wherein the controller drives the display device using an
active-matrix scheme.

26. The method according to claim 24,

wherein the voltage detector is caused to detect the first
luminescence voltage applied to the luminescence ele-
ment via the data line in a state where no current is
flowing in the data line, the state being obtained by
switching off the first switch.

27. The method according to claim 24,

wherein the display device further comprises a memory
that stores data corresponding to a voltage-current char-
acteristic of the luminescence element, and

the method further comprises determining the first drain
current of the driving transistor based on the first lumi-
nescence voltage detected by the voltage detector using
the data corresponding to the voltage-current character-
istic of the luminescence element.

28. The method according to claim 24, the method further

comptrising:

causing the capacitor to hold a second voltage correspond-
ing to a second signal voltage supplied through the data
line by switching on the first switch;

causing the driving transistor to pass, between the first
power line and the second power line, a second current
corresponding to the second voltage held by the capaci-
tor;

causing the voltage detector to detect a second lumines-
cence voltage applied to the luminescence element via
the data line by switching off the first switch, switching
on the second switch, and making a connection between
the data-line driver and the data line open;

determining a second drain current of the driving transistor
based on the second luminescence voltage detected by
the voltage detector; and

calculating a gain coefficient and a threshold voltage of the
driving transistor based on the first luminescence volt-
age, the second luminescence voltage, the first drain
current, and the second drain current.

29. The method according to claim 28,

wherein the display device further comprises a memory
that stores data corresponding to a voltage-current char-
acteristic of the luminescence element, and
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the method further comprises determining the first drain
current and the second drain current based on the first
luminescence voltage and the second luminescence
voltage, respectively, using the data corresponding to the
voltage-current characteristic of the luminescence ele-
ment.

30. The method claim 28, comprising

calculating the gain coefficient and the threshold voltage of
the driving transistor using a relational expression

vgxl - Vng J

Vgﬁ X V211 - Vgxl X V212
NETRNGTA ’

Vih =

wherein:

Vgsl is a voltage obtained by subtracting, from the first
signal voltage, a power supply voltage set for the first
power line connected to one of the source and the drain
of the driving transistor;

Vgs2 is a voltage obtained by subtracting the power
supply voltage from the second signal voltage:

11 is the first drain current;

12 1s the second drain current;

[ is a gain coefficient for a channel region, a capacity of
an oxide film, and mobility of the driving transistor;
and

Vth is the threshold voltage of the driving transistor.

31. A display device, comprising:

a luminescence element including a first electrode and a
second electrode;

a first power line electrically connected to the first elec-
trode;

a second power line electrically connected to the second
electrode;

a capacitor including a third electrode and a fourth elec-
trode, the capacitor holding a voltage;

a driving transistor between the first electrode and the first
power line that passes a current between the first power
line and the second power line, the current correspond-
ing to the voltage held by the capacitor;

adataline through which a signal voltage is supplied to one
of the third electrode and the fourth electrode;

adata-line driver that supplies the signal voltage to the data
line;

a first switch between the data line and the one of the third
electrode and the fourth electrode for switchedly sup-
plying the capacitor with the signal voltage;

a read line is separate from the data line and that reads a
luminescence voltage applied to the luminescence ele-
ment;

a voltage detector connected to the read line for detecting
the luminescence voltage applied to the luminescence
element;

a second switch between the read line and the first elec-
trode;

a controller that causes the capacitor to hold the voltage
corresponding to the signal voltage supplied through the
data line by switching on the first switch, the driving
transistor to pass, between the first power line and the
second power line, a current corresponding to the volt-
age held by the capacitor, and the voltage detector to
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detect the luminescence voltage applied to the lumines-
cence element via the read line by switching off the first
switch, switching on the second switch, and making a
connection between the data-line driver and the data line
open; and

a determiner that determines a drain current of the driving
transistor based on the luminescence voltage detected by
the voltage detector.

32. The display device according to claim 31,

wherein the controller drives the display device using an
active-matrix scheme.

33. The display device according to claim 31,

wherein the controller causes the voltage detector to detect
the luminescence voltage applied to the luminescence
element via the read line in a state where no current is
flowing in the data line, the state being obtained by
switching off the first switch.
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