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1
DISPLAY DEVICE AND DRIVE METHOD
THEREFOR

TECHNICAL FIELD

The present invention relates to a display device, espe-
cially to a display device having a pixel circuit including an
electro-optical element such as an organic EL element, and
a drive method therefor.

BACKGROUND ART

In recent years, an organic EL (Electro Luminescence)
display device has been attracting attention as a thin, light-
weight, fast-response display device. The organic EL display
device includes a plurality of pixel circuits arranged two-
dimensionally. The pixel circuit of the organic EL display
device includes an organic EL element, and a drive transistor
connected in series with the organic EL element. The drive
transistor controls an amount of current flowing through the
organic EL element, and the organic EL element emits light
at brightness in accordance with the amount of the flowing
current.

In a manufacturing process, variation occurs in charac-
teristics of elements in the pixel circuit. Furthermore, the
characteristics of the elements in the pixel circuit fluctuate
with a passage of time. For example, characteristics of the
drive transistor individually degrade in accordance with
light emission brightness and light emission time. The same
holds true for characteristics of the organic EL element.
Thus, even when a same voltage is applied to gate terminals
of the drive transistors, variation occurs in the light emission
brightness of the organic EL elements.

Thus, in order to perform high image quality display in
the organic EL display device, there is known a method in
which a video signal is corrected so that variation and
fluctuation of the characteristics of the organic EL element
and the drive transistor are compensated. For example,
Patent Document 1 discloses an organic EL display device
for compensating for the fluctuation of the characteristics of
the organic EL element by measuring a voltage between
terminals of the organic EL element when a detection
current flows through the organic EL element, and correct-
ing a video signal based on the measured voltage.

PRIOR ART DOCUMENT
Patent Document

[Patent Document 1] Japanese Laid-Open Patent Publi-
cation No. 2009-244654

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The organic EL display device disclosed in Patent Docu-
ment 1 performs analog gradation drive. In the analog
gradation drive, a multi-gradation voltage in accordance
with a video signal (hereinafter referred to as data voltage)
is applied to the gate terminal of the drive transistor.
Furthermore, in order to make a desired current flow through
the organic EL element irrespective of the characteristics of
the organic EL element, a power supply voltage and the data
voltage supplied to the pixel circuit are determined so that
the drive transistor operates in a saturation region. In order
to make the drive transistor operate in the saturation region,
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2

when a voltage in an operation range is applied to the gate
terminal, it is necessary to control a drain-source voltage to
be not less than an overdrive voltage (a voltage obtained by
subtracting a threshold voltage from a gate-source voltage).

In a conventional organic EL display device performing
the analog gradation drive, even when a voltage correspond-
ing to a maximum gradation is applied to the gate terminal
of the drive transistor, it is necessary to control the drain-
source voltage of the drive transistor to be not less than the
overdrive voltage. However, the drain-source voltage of the
drive transistor does not contribute to light emission of the
organic EL element, and only becomes a reason for heat
generation. Thus, the conventional organic EL display
device performing the analog gradation drive has a problem
that power consumption is large.

Apart from this, as a method for controlling the drive
transistor to operate in a triode region, there is known
time-division digital gradation drive in which one frame
period is divided into a plurality of subframe periods and a
two-level voltage in accordance with each bit of the video
signal is applied to the gate terminal of the drive transistor
in each subframe period. However, the organic EL display
device performing the time-division digital gradation drive
has a problem that high precision display is difficult because
an operating frequency increases in accordance with the
number of gradations. Furthermore, the organic EL display
device performing the time-division digital gradation drive
also has a problem that a pseudo contour occurs in a display
screen, a lifetime of the organic EL element is short, and the
like.

Accordingly, an object of the present invention is to
provide a high image quality and low power consumption
display device.

Means for Solving the Problems

According to a first aspect of the present invention, there
is provided an active-matrix type display device including:
a display unit including a plurality of scanning lines, a
plurality of data lines, and a plurality of pixel circuits
arranged two-dimensionally; a scanning line drive circuit
configured to drive the scanning lines; and a data line drive
circuit configured to drive the data lines, wherein the pixel
circuit includes an electro-optical element, and a drive
transistor having a control terminal and connected in series
with the electro-optical element, and the drive transistor is
configured to operate in a saturation region when a data
voltage applied to the control terminal using the data line
drive circuit is in a first range, and operate in a triode region
when the data voltage is in a second range.

According to a second aspect of the present invention, in
the first aspect of the present invention, the display device
further includes: a measurement circuit provided at an
outside of the display unit and configured to measure a
current or a voltage with respect to the pixel circuit; and a
correction unit configured to correct a video signal to be
supplied to the data line drive circuit, based on the current
or the voltage measured by the measurement circuit, wherein
the correction unit is configured to determine in which
operation region the drive transistor operates between the
saturation region and the triode region with respect to each
pixel circuit based on the video signal, and correct the video
signal in accordance with the operation region of the drive
transistor.

According to a third aspect of the present invention, in the
second aspect of the present invention, the correction unit is
configured to obtain characteristics of the drive transistor



US 10,319,305 B2

3

and the electro-optical element with respect to each pixel
circuit based on the current or the voltage measured by the
measurement circuit, and correct the video signal in accor-
dance with the operation region of the drive transistor using
the characteristics of the drive transistor and the electro-
optical element.

According to a fourth aspect of the present invention, in
the third aspect of the present invention, the correction unit
is configured to obtain a first voltage to be applied to the
drive transistor and a second voltage to be applied to the
electro-optical element based on a code value included in the
video signal, correct the second voltage using the charac-
teristics of the electro-optical element, correct the first
voltage using the characteristics of the drive transistor in
accordance with the operation region of the drive transistor,
and obtain a code value corresponding to a sum of a
corrected first voltage and a corrected second voltage.

According to a fifth aspect of the present invention, in the
fourth aspect of the present invention, the correction unit is
configured to determine the operation region of the drive
transistor based on the first voltage and the corrected second
voltage, after correcting the second voltage.

According to a sixth aspect of the present invention, in the
second aspect of the present invention, the display unit
further includes a power supply electrode configured to
supply a power supply voltage to the pixel circuit, and the
display device further includes an operational amplifier
having a non-inverting input terminal to which the power
supply voltage is applied, an inverting input terminal con-
nected to the power supply electrode, and an output terminal
connected to the power supply electrode.

According to a seventh aspect of the present invention, in
the second aspect of the present invention, the display device
further includes a power supply control unit configured to
control a level of the power supply voltage to be supplied to
the pixel circuit.

According to an eighth aspect of the present invention, in
the second aspect of the present invention, the measurement
circuit is a current measurement circuit configured to mea-
sure a current flowing through the pixel circuit.

According to a ninth aspect of the present invention, in the
eighth aspect of the present invention, the current measure-
ment circuit is configured to measure a current flowing
through the drive transistor when a plurality of measurement
voltages are written to the pixel circuit in a switching
manner, and a current flowing through the electro-optical
element when another plurality of measurement voltages are
written to the pixel circuit in a switching manner, and the
correction unit is configured to obtain a threshold voltage
and a gain of the drive transistor and a threshold voltage and
a gain of the electro-optical element with respect to each
pixel circuit based on the current measured by the current
measurement circuit.

According to a tenth aspect of the present invention, in the
eighth aspect of the present invention, the pixel circuit
further includes: a write control transistor having a first
conduction terminal connected to the data line, a second
conduction terminal connected to the control terminal of the
drive transistor, and a control terminal connected to a first
scanning line in the scanning lines; and a read control
transistor having a first conduction terminal connected to the
data line, a second conduction terminal connected to a
connection point of the drive transistor and the electro-
optical element, and a control terminal connected to a
second scanning line in the scanning lines, and the current

10

15

20

25

30

35

40

45

50

55

60

65

4

measurement circuit is connected to the data line and is
configured to measure the current flowing through the pixel
circuit and the data line.

According to an eleventh aspect of the present invention,
in the eighth aspect of the present invention, the display unit
further includes a plurality of monitor lines, the pixel circuit
further includes: a write control transistor having a first
conduction terminal connected to the data line, a second
conduction terminal connected to the control terminal of the
drive transistor, and a control terminal connected to the
scanning line; and a read control transistor having a first
conduction terminal connected to the monitor line, a second
conduction terminal connected to a connection point of the
drive transistor and the electro-optical element, and a control
terminal connected to the scanning line, and the current
measurement circuit is connected to the monitor line and is
configured to measure the current flowing through the pixel
circuit and the monitor line.

According to a twelfth aspect of the present invention, in
the eighth aspect of the present invention, the display unit
includes a power supply line, the pixel circuit further
includes a write control transistor having a first conduction
terminal connected to the data line, a second conduction
terminal connected to the control terminal of the drive
transistor, and a control terminal connected to the scanning
line, the first conduction terminal of the drive transistor is
connected to the power supply line, and the current mea-
surement circuit is connected to the power supply line and
is configured to measure the current flowing through the
pixel circuit and the power supply line.

According to a thirteenth aspect of the present invention,
in the second aspect of the present invention, the measure-
ment circuit is a voltage measurement circuit configured to
measure a voltage of a node in the pixel circuit.

According to a fourteenth aspect of the present invention,
in the thirteenth aspect of the present invention, the voltage
measurement circuit is configured to measure a voltage of
one conduction terminal of the drive transistor when a
plurality of measurement currents flow through the drive
transistor in a switching manner, and a voltage of one
terminal of the electro-optical element when another plural-
ity of measurement currents flow through the electro-optical
element in a switching manner, and the correction unit is
configured to obtain a threshold voltage and a gain of the
drive transistor and a threshold voltage and a gain of the
electro-optical element with respect to each pixel circuit
based on the voltage measured by the voltage measurement
circuit.

According to a fifteenth aspect of the present invention, in
the fourteenth aspect of the present invention, the pixel
circuit further includes: a write control transistor having a
first conduction terminal connected to the data line, a second
conduction terminal connected to the control terminal of the
drive transistor, and a control terminal connected to a first
scanning line in the scanning lines; and a read control
transistor having a first conduction terminal connected to the
data line, a second conduction terminal connected to a
connection point of the drive transistor and the electro-
optical element, and a control terminal connected to a
second scanning line in the scanning lines, and the voltage
measurement circuit is connected to the data line and is
configured to measure a voltage at the connection point of
the drive transistor and the electro-optical element.

According to a sixteenth aspect of the present invention,
there is provided a drive method for an active-matrix type
display device including a display unit having a plurality of
scanning lines, a plurality of data lines, and a plurality of
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pixel circuits arranged two-dimensionally, the method
including the steps of: driving the scanning lines; and
driving the data lines, wherein the pixel circuit includes an
electro-optical element, and a drive transistor having a
control terminal and connected in series with the electro-
optical element, and the drive transistor is configured to
operate in a saturation region when a data voltage applied to
the control terminal in driving the data lines is in a first
range, and operate in a triode region when the data voltage
is in a second range.

According to a seventeenth aspect of the present inven-
tion, in the sixteenth aspect of the present invention, the
drive method further includes: measuring a current or a
voltage with respect to the pixel circuit at an outside of the
display unit; and correcting a video signal to be used for
driving the data line, based on a measured current or a
measured voltage, wherein the correcting includes determin-
ing in which operation region the drive transistor operates
between the saturation region and the triode region with
respect to each pixel circuit based on the video signal, and
correcting the video signal in accordance with the operation
region of the drive transistor.

Effects of the Invention

According to the first or sixteenth aspect of the present
invention, the drive transistor operates in the saturation
region when the data voltage is in the first range, and
operates in the triode region when the data voltage is in the
second range. Therefore, it is possible to reduce a power
supply voltage supplied to the drive transistor and provide a
low power consumption display device.

According to the second or seventeenth aspect of the
present invention, the operation region of the drive transistor
is determined with respect to each pixel circuit based on the
video signal, and the video signal is corrected in accordance
with the operation region of the drive transistor. Therefore,
it is possible to reduce the power supply voltage supplied to
the drive transistor, while correcting in a similar manner to
that in a case where the drive transistor operates only in the
saturation region. With this, a high image quality and low
power consumption display device can be provided.

According to the third aspect of the present invention, it
is possible to compensate for variation and fluctuation of
characteristics of the drive transistor and the electro-optical
element and perform high image quality display, by obtain-
ing the characteristics of the drive transistor and the electro-
optical element with respect to each pixel circuit and cor-
recting the video signal using these values.

According to the fourth aspect of the present invention, it
is possible to obtain a voltage to be applied to the drive
transistor and a voltage to be applied to the electro-optical
element, based on the code value included in the video
signal, and corrects the former voltage in accordance with
the operation region of the drive transistor.

According to the fifth aspect of the present invention, the
operation region of the drive transistor can be suitably
determined, by determining the operation region of the drive
transistor based on a correction result of the voltage to be
applied to the electro-optical element.

According to the sixth aspect of the present invention,
even when the operation region of the drive transistor is
switched, it is possible to prevent a display screen from
being unstable due to a variation of the power supply voltage
by stabilizing the power supply voltage using the operational
amplifier.
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According to the seventh aspect of the present invention,
power consumption of the display device can be further
reduced by reducing the power supply voltage supplied to
the drive transistor in accordance with a situation.

According to the eighth aspect of the present invention, it
is possible to measure the current flowing through the pixel
circuit and correct the video signal based on the measured
current.

According to the ninth aspect of the present invention, I-V
characteristics (current-voltage characteristics) of the drive
transistor and the electro-optical element can be obtained, by
measuring the current flowing through the drive transistor or
the electro-optical element when the measurement voltage is
written and obtaining the threshold voltage and the gain of
the drive transistor and the electro-optical element based on
the measurement result. It is possible to perform high image
quality display by correcting the video signal using the
threshold voltage and the gain of the drive transistor and the
electro-optical element.

According to the tenth aspect of the present invention, the
current flowing through the pixel circuit can be measured
using the current measurement circuit connected to the data
line.

According to the eleventh aspect of the present invention,
the current flowing through the pixel circuit can be measured
using the current measurement circuit connected to the
monitor line.

According to the twelfth aspect of the present invention,
the current flowing through the pixel circuit can be measured
using the current measurement circuit connected to the
power supply line.

According to the thirteenth aspect of the present inven-
tion, it is possible to measure the voltage of the node in the
pixel circuit and correct the video signal based on the
measured voltage.

According to the fourteenth aspect of the present inven-
tion, I-V characteristics (current-voltage characteristics) of
the drive transistor and the electro-optical element can be
obtained, by measuring the voltage of the terminals of the
drive transistor or the electro-optical element when the
measurement current flows through the drive transistor or
the electro-optical element and obtaining the threshold volt-
age and the gain of the drive transistor and the electro-
optical element based on the measurement result. It is
possible to perform high image quality display by correcting
the video signal using the threshold voltage and the gain of
the drive transistor and the electro-optical element.

According to the fifteenth aspect of the present invention,
the voltage of the node in the pixel circuit can be measured
using the voltage measurement circuit connected to the data
line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
display device according to a first embodiment of the present
invention.

FIG. 2 is a circuit diagram of a pixel circuit and an
output/measurement circuit of the display device shown in
FIG. 1.

FIG. 3 is a block diagram showing a part of a signal
conversion circuit of the display device shown in FIG. 1 in
detail.

FIG. 4 is a timing chart when detecting characteristics of
a drive transistor in the display device shown in FIG. 1.
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FIG. 5 is a timing chart when detecting characteristics of
an organic EL element in the display device shown in FIG.
1.

FIG. 6 is a flowchart of a correction processing in the
display device shown in FIG. 1.

FIG. 7 is an I-V characteristics diagram of a drive
transistor in a conventional display device.

FIG. 8 is an I-V characteristics diagram of the drive
transistor in the display device shown in FIG. 1.

FIG. 9 is a diagram showing a configuration of a power
supply circuit of a display device according to a variant of
the first embodiment of the present invention.

FIG. 10 is a circuit diagram of a pixel circuit of a display
device according to a second embodiment of the present
invention.

FIG. 11 is a timing chart of the display device according
to the second embodiment of the present invention.

FIG. 12 is a diagram showing a pixel circuit and a current
measurement circuit of a display device according to a third
embodiment of the present invention.

FIG. 13 is a diagram showing a configuration of a power
supply circuit of a display device according to a fourth
embodiment of the present invention.

FIG. 14 is a block diagram showing a configuration of a
display device according to a fifth embodiment of the
present invention.

FIG. 15 is a diagram showing a configuration of a pixel
circuit and an output/measurement circuit of the display
device shown in FIG. 14.

MODES FOR CARRYING OUT THE
INVENTION

In the following, display devices according to embodi-
ments of the present invention will be described referring to
the drawings. Each of the display devices according to the
embodiments of the present invention is an active-matrix
type organic EL display device having a pixel circuit includ-
ing an organic EL element and a drive transistor. In general,
when a threshold voltage of a transistor is Vth, a drain-
source voltage of the transistor is Vds, and a gate-source
voltage of the transistor is Vgs, a region in which Vds=Vgs-
Vth is satisfied is referred to as saturation region, and a
region in which Vds<Vgs-Vth is satisfied is referred to as
triode region (or linear region). In each of the display
devices according to the embodiments of the present inven-
tion, a drive transistor in a pixel circuit operates in the
saturation region when a data voltage is in a first range, and
operates in the triode region when the data voltage is in a
second range. In the following description, a thin film
transistor may be referred to as TFT, and an organic EL
element may be referred to as OLED (Organic Light Emit-
ting Diode). Furthermore, it is assumed that m, n, and p are
integers not less than 2, 1 is an integer not less than 1 and not
more than n, and j is an integer not less than 1 and not more
than m.

First Embodiment

FIG. 1 is a block diagram showing a configuration of a
display device according to a first embodiment of the present
invention. A display device 10 shown in FIG. 1 includes a
display unit 11, a display control circuit 12, a scanning line
drive circuit 13, a data line drive/current measurement
circuit 14 (a combined circuit of a data line drive circuit and
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a current measurement circuit), and a correction data storing
unit 15. The display control circuit 12 includes a correction
unit 16.

The display unit 11 includes 2n scanning lines GA1 to
GAn, GB1 to GBn, m data lines S1 to Sm, and (mxn) pixel
circuits 20. The scanning lines GA1 to GAn, GB1 to GBn
are arranged in parallel to each other. The data lines S1 to
Sm are arranged in parallel to each other so as to intersect
with the scanning lines GA1 to GAn, GB1 to GBn perpen-
dicularly. The scanning lines GA1 to GAn and the data lines
S1 to Sm intersect at (mxn) points. The (mxn) pixel circuits
20 are arranged two-dimensionally corresponding to the
intersections of the scanning lines GA1 to GAn and the data
lines S1 to Sm. A high-level power supply voltage ELVDD
and a low-level power supply voltage ELVSS are supplied
to the pixel circuit 20 using a power supply line or a power
supply electrode not shown.

A video signal VS1 is input to the display device 10 from
the outside. Based on the video signal VS1, the display
control circuit 12 outputs a control signal CS1 to the
scanning line drive circuit 13, and outputs a control signal
CS2 and a video signal VS2 to the data line drive/current
measurement circuit 14. The control signal CS1 includes a
gate start pulse and a gate clock, for example. The control
signal CS2 includes a source start pulse and a source clock,
for example. The video signal VS2 is obtained by correcting
the video signal VS1 in the correction unit 16 in a later-
described manner.

The scanning line drive circuit 13 and the data line
drive/current measurement circuit 14 are provided at an
outside of the display unit 11. The scanning line drive circuit
13 and the data line drive/current measurement circuit 14
selectively perform a processing for writing a data voltage in
accordance with the video signal VS2 to the pixel circuit 20,
and a processing for measuring a current flowing through the
pixel circuit 20 when a measurement voltage is written to the
pixel circuit 20. Hereinafter, the former is referred to as
“writing”, and the latter is referred to as “measuring cur-
rent”.

The scanning line drive circuit 13 drives the scanning
lines GA1 to GAn, GB1 to GBn based on the control signal
CS1. When writing, the scanning line drive circuit 13
sequentially selects one scanning line from among the
scanning lines GA1 to GAn, and applies a selection voltage
(here, a high-level voltage) to the selected scanning line.
With this, m pieces of the pixel circuits 20 connected to the
selected scanning line are selected collectively.

The data line drive/current measurement circuit 14
includes a drive/measurement signal generation circuit 17 (a
generation circuit of a drive signal and a measurement
signal), a signal conversion circuit 40, and m output/mea-
surement circuits 30 (a combined circuit of an output circuit
and a measurement circuit), and drives the data lines S1 to
Sm based on the control signal CS2. When writing, the data
line drive/current measurement circuit 14 applies m data
voltages in accordance with the video signal VS2 to the data
lines S1 to Sm, respectively. With this, the m data voltages
are written to the m selected pixel circuits 20, respectively.

Operations of the scanning line drive circuit 13 and the
data line drive/current measurement circuit 14 when mea-
suring the current will be described later. The data line
drive/current measurement circuit 14 outputs, to the display
control circuit 12, a monitor signal MS indicating a result of
measuring the current flowing through the pixel circuit 20.

The correction unit 16 obtains the video signal VS2 by
obtaining characteristics of a drive transistor and an organic
EL element in the pixel circuit 20 based on the monitor
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signal MS and correcting the video signal VS1 using the
obtained characteristics. The correction data storing unit 15
is a working memory of the correction unit 16. The correc-
tion data storing unit 15 includes a TFT offset storing unit
15a, a TFT gain storing unit 155, an OLED offset storing
unit 15¢, and an OLED gain storing unit 154. The TFT offset
storing unit 15a stores a threshold voltage of the drive
transistor for each pixel circuit 20. The TFT gain storing unit
1554 stores a gain of the drive transistor for each pixel circuit
20. The OLED offset storing unit 15¢ stores a threshold
voltage of the organic EL element for each pixel circuit 20.
The OLED gain storing unit 154 stores a gain of the organic
EL element for each pixel circuit 20.

FIG. 2 is a circuit diagram of the pixel circuit 20 and the
output/measurement circuit 30. FIG. 2 depicts a pixel circuit
20 in an i-th row and a j-th column and an output/measure-
ment circuit 30 corresponding to a data line Sj. As shown in
FIG. 2, the pixel circuit 20 in the i-th row and the j-th column
includes transistors 21 to 23, an organic EL element 24, and
a capacitor 25, and is connected to scanning lines GAi, GBi
and the data line Sj. The transistors 21 to 23 are N-channel
type TFTs.

The high-level power supply voltage ELVDD is applied to
a drain terminal of the transistor 21. A source terminal of the
transistor 21 is connected to an anode terminal of the organic
EL element 24. The low-level power supply voltage ELVSS
is applied to a cathode terminal of the organic EL element
24. One conduction terminals of the transistors 22, 23
(left-side terminals in FIG. 2) are connected to the data line
Sj. The other conduction terminal of the transistor 22 is
connected to a gate terminal of the transistor 21, and a gate
terminal of the transistor 22 is connected to the scanning line
GAi. The other conduction terminal of the transistor 23 is
connected to the source terminal of the transistor 21 and the
anode terminal of the organic EL element 24, and a gate
terminal of the transistor 23 is connected to the scanning line
GBi. The capacitor 25 is provided between the gate terminal
and the drain terminal of the transistor 21. The transistors 21
to 23 function as a drive transistor, a write control transistor,
and a read control transistor, respectively.

The output/measurement circuit 30 corresponding to the
data line Sj includes an operational amplifier 31, a capacitor
32, and switches 33 to 35, and is connected to the data line
Sj. One end (upper end in FIG. 2) of the switch 34 and one
end (left end in FIG. 2) of the switch 35 are connected to the
data line Sj. A predetermined voltage V0 is applied to the
other end of the switch 35. An output signal DVj of a D/A
converter (not shown) corresponding to the data line Sj is
applied to a non-inverting input terminal of the operational
amplifier 31. An inverting input terminal of the operational
amplifier 31 is connected to the other end of the switch 34.
The capacitor 32 is provided between the inverting input
terminal and an output terminal of the operational amplifier
31. The switch 33 is provided in parallel with the capacitor
32 between the inverting input terminal and the output
terminal of the operational amplifier 31. The switches 33 to
35 turn on when switch control signals CLK1, CLK2,
CLK2B are in a high level, respectively. The switch control
signal CLK2B is an inverted signal of the switch control
signal CLK2.

FIG. 3 is a block diagram showing a part of the signal
conversion circuit 40 in detail. As shown in FIG. 3, the m
output/measurement circuits 30 are provided corresponding
to the m data lines S1 to Sm. The data lines S1 to Sm are
classified into (m/p) groups, each group including p data
lines. The signal conversion circuit 40 includes (m/p) selec-
tors 41, (m/p) offset circuits 42, and (m/p) A/D converters
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43. The selector 41, the offset circuit 42, and the A/D
converter 43 are corresponded to one group of the data lines.
In a preceding stage of each selector 41, p pieces of the
output/measurement circuits 30 are provided. In a next stage
of the (m/p) A/D converters 43, the drive/measurement
signal generation circuit 17 is provided.

The selector 41 is connected to output terminals of the p
operational amplifiers 31. The selector 41 selects one analog
signal from among output signals of the p operational
amplifiers 31. The offset circuit 42 adds a predetermined
offset to the analog signal selected by the selector 41. The
A/D converter 43 converts the analog signal output from the
offset circuit 42 to a digital value. The drive/measurement
signal generation circuit 17 temporarily stores the digital
values obtained by the (m/p) A/D converters 43. Each
selector 41 sequentially selects output signals of the p
operational amplifiers 31. When the selector 41 finishes
selection p times, the drive/measurement signal generation
circuit 17 stores m digital values in all. The drive/measure-
ment signal generation circuit 17 outputs the monitor signal
MS including the m digital values to the display control
circuit 12.

In order to correct the video signal VS1 to obtain the
video signal VS2, the data line drive/current measurement
circuit 14 measures four kinds of currents with respect to
each pixel circuit 20. More specifically, in order to obtain
characteristics of the transistor 21 in each pixel circuit 20,
the data line drive/current measurement circuit 14 measures
a current Im1 flowing out from the pixel circuit 20 when a
first measurement voltage Vi1 is written to the pixel circuit
20, and a current Im2 flowing out from the pixel circuit 20
when a second measurement voltage Vm2 (>Vm1) is written
to the pixel circuit 20. Furthermore, in order to obtain
characteristics of the organic EL element 24 in each pixel
circuit 20, the data line drive/current measurement circuit 14
measures a current Im3 flowing into the pixel circuit 20
when a third measurement voltage Vm3 is written to the
pixel circuit 20, and a current Im4 flowing into the pixel
circuit 20 when a fourth measurement voltage Vmd4 (>Vm3)
is written to the pixel circuit 20. Hereinafter, measuring the
currents Im1, Im2 is referred to as “detecting characteristics
of the drive transistor”, and measuring the currents Im3, Im4
is referred to as “detecting characteristics of the organic EL
element”.

The scanning line drive circuit 13 and the data line
drive/current measurement circuit 14 perform a processing
for writing to the pixel circuits 20 in one row and a
processing for measuring one of four kinds of the currents
Im1 to Im4 with respect to the pixel circuits 20 in one row.
For example, in four consecutive frame periods, the scan-
ning line drive circuit 13 and the data line drive/current
measurement circuit 14 may measure the currents Im1 to
Im4 with respect to the pixel circuits 20 in the i-th row in an
i-th line period in first to fourth frame periods, and may
perform a processing for writing to the pixel circuits 20 in
one row in other line periods.

FIG. 4 is a timing chart when detecting the characteristics
of the drive transistor. FIG. 5 is a timing chart when
detecting the characteristics of the organic EL element. In
FIGS. 4 and 5, a period t0 is included in a selection period
when writing to the pixel circuits 20 in an (i-1)-th row, and
periods t1 to t6 are included in a selection period when
measuring current with respect to the pixel circuits 20 in the
i-th row. The selection period when measuring the current
includes a reset period t1, a reference voltage write period t2,
a measurement voltage write period t3, a current measure-
ment period t4, an A/D conversion period t5, and a data
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voltage write period t6. Hereinafter, signals on the scanning
lines GAi, GBi are referred to as scanning signals GAi, GBi,
and a voltage of an output signal of the D/A converter
corresponding to the data line Sj is referred to as DV].

Before the period t1, the scanning signals GAi, GBi and
the switch control signal CLK2B are in a low level. and the
switch control signals CLK1, CLK2 are in a high level. In
the period t0, the scanning signal GAi-1 (not shown)
becomes the high level, the scanning signal GBi-1 (not
shown) becomes the low level, and the voltage DVj becomes
a data voltage Vdata(i-1.j) to be written to the pixel circuit
20 in the (i-1)-th row and the j-th column.

In the period t1, the scanning signals GAi, GBi become
the high level, and the voltage DVj becomes a precharge
voltage Vpc. The precharge voltage Vpc is determined so
that the transistor 21 turns off. Especially, it is desirable that
the precharge voltage Vpc be determined as high as possible
in a range where both a drive transistor (transistor 21) and
the organic EL element 24 turn off (the reason will be
described later). In the period t1, in the pixel circuits 20 in
the i-th row, the transistors 22, 23 turn on, and the precharge
voltage Vpc is applied to the gate terminal and the source
terminal of the transistor 21 and the anode terminal of the
organic EL element 24. With this, the transistor 21 and the
organic EL element 24 in the pixel circuits 20 in the i-th row
are initialized.

For example, when the transistor 21 is formed using a
semiconductor oxide such as an InGaZnO (Indium Gallium
Zinc Oxide), the transistor 21 may have hysteresis charac-
teristics. If the transistor 21 is used without an initialization
in this case, a current measurement result may vary depend-
ing on a previous display status. By providing the reset
period t1 at the start of the selection period when measuring
current and initializing the transistor 21 in the reset period
t1, variation of the current measurement result due to the
hysteresis characteristics can be prevented. Note that since
the organic EL element 24 does not have the hysteresis
characteristics, it is not necessary to provide the reset period
t1 when detecting the characteristics of the organic EL
element. Furthermore, when the current is measured not
when displaying but in a non-display state just after power
on or during display off, the reset period may be omitted.

In the period t2, the scanning signal GAi becomes the
high level, the scanning signal GBi becomes the low level,
and the voltage DVj becomes a reference voltage (Vref TFT
when detecting the characteristics of the drive transistor,
Vref OLED when detecting characteristics of the organic
EL element). In the period t2, in the pixel circuit 20 in the
i-th row and the j-th column, the transistor 22 turns on, the
transistor 23 turns off, and the reference voltage Vref TFT
or Vref OLED is applied to the gate terminal of the tran-
sistor 21. The reference voltage Vref TFT is determined to
be a high voltage so that the transistor 21 turns on in the
periods 13, t4. The reference voltage Vref OLED is deter-
mined to be a low voltage so that the transistor 21 turns off
in the periods t3, t4.

In the period t3, the scanning signal GAi becomes the low
level, the scanning signal GBi becomes the high level, and
the voltage DVj becomes one of the first to fourth measure-
ment voltages Vml to Vm4. Vm_TFT shown in FIG. 4
represents one of the first and second measurement voltages
Vml, Vm2, and Vm_OLED shown in FIG. 5 represents one
of the third and fourth measurement voltages Vm3, Vm4. In
the period t3, in the pixel circuit 20 in the i-th row and the
J-th column, the transistor 22 turns off, the transistor 23 turns
on, and one of the first to fourth measurement voltages Vm1
to Vmd is applied to the anode terminal of the organic EL
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element 24. When detecting the characteristics of the drive
transistor, the transistor 21 turns on, and a current flows from
the power supply line or the power supply electrode having
the high-level power supply voltage ELVDD via the tran-
sistors 21, 23 to the data line Sj. When detecting the
characteristics of the organic EL element, the transistor 21
turns off, and a current flows from the data line Sj via the
transistor 23 and the organic EL element 24 to the power
supply line or the power supply electrode having the low-
level power supply voltage ELVSS. When some time passes
after the start of the period t3, the data line Sj is charged to
a predetermined voltage level, and a current flowing out
from the pixel circuit 20 to the data line Sj (or a current
flowing from the data line Sj into the pixel circuit 20)
becomes constant.

Note that in a case where a source potential of the
transistor 21 in the period t2 is low when detecting the
characteristics of the drive transistor, a gate-source voltage
of the transistor 21 becomes large at the start of the period
13, a large current flows through the transistor 21, and the
organic EL element 24 emits light. In order to prevent
emitting light at this time, as described above, the precharge
voltage Vpc applied in the period t1 is determined to be high
in a range where both the drive transistor and the organic EL
element 24 turn off.

In the period t4, the scanning signals GAi, GBi and the
voltage DV]j keep the same level as in the period t3, and the
switch control signal CLK1 becomes the low level. In the
period t4, the switch 33 turns off, and the output terminal and
the inverting input terminal of the operational amplifier 31
are connected via the capacitor 32. At this time, the opera-
tional amplifier 31 and the capacitor 32 function as an
integration amplifier. An output voltage of the operational
amplifier 31 at the end of the period t4 is determined by an
amount of the current flowing through the pixel circuit 20 in
the i-th row and the j-th column and the data line Sj, a
capacitance of the capacitor 32, a length of the period t4, and
the like.

In the period t5, the scanning signals GAi, GBi and the
switch control signals CLK1, CLK2 become the low level,
the switch control signal CLK2B becomes the high level,
and the voltage DV]j keeps the same level as in the periods
3, 4. In the period t5, in the pixel circuit 20 in the i-th row
and the j-th column, the transistors 22, 23 turn off. Since the
switch 34 turns off and the switch 35 turns on, the data line
Sj is electrically disconnected from the non-inverting input
terminal of the operational amplifier 31, and the voltage V0
is applied to the data line Sj. Since the non-inverting input
terminal of the operational amplifier 31 is electrically dis-
connected from the data line Sj, an output voltage of the
operational amplifier 31 becomes constant. In the period t5,
the offset circuit 42 corresponding to a group including the
data line Sj adds the offset to the output voltage of the
operational amplifier 31, and the A/D converter 43 corre-
sponding to the group converts an analog signal after adding
the offset to a digital value (refer to FIG. 3).

In the period t6, the scanning signal GAi becomes the
high level, the scanning signal GBi becomes the low level,
and the voltage DVj becomes a data voltage Vdata(i,j) to be
written to the pixel circuit 20 in the i-th row and the j-th
column. In the period t6, in the pixel circuit 20 in the i-th row
and the j-th column, the transistor 22 turns on, and the data
voltage Vdata(ij) is applied to the gate terminal of the
transistor 21. When the scanning signal GAi changes to the
low level at the end of the period t6, the transistor 22 in the
pixel circuit 20 in the i-th row and the j-th column turns off.
After that, in the pixel circuit 20 in the i-th row and the j-th
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column, the gate voltage of the transistor 21 is kept at
Vdata(i,j) by the action of the capacitor 25.

The correction unit 16 performs a processing for obtain-
ing the characteristics of the transistor 21 and the organic EL
element 24 based on the measured four kinds of the currents
Im1 to Im4, and corrects the video signal VS1 based on the
obtained two kinds of characteristics. More specifically, the
correction unit 16 obtains the threshold voltage and the gain
as the characteristics of the transistor 21 based on the two
kinds of currents Im1, Im2. The threshold voltage of the
transistor 21 is written to the TFT offset storing unit 154, and
the gain of the transistor 21 is written to the TFT gain storing
unit 154. Furthermore, the correction unit 16 obtains the
threshold voltage and the gain as the characteristics of the
organic EL element 24 based on the two kinds of currents
Im3, Im4. The threshold voltage of the organic EL element
24 is written to the OLED offset storing unit 15¢, and the
gain of the organic EL element 24 is written to the OLED
gain storing unit 15d4. The correction unit 16 reads the
threshold voltage and the gain from the correction data
storing unit 15, and corrects the video signal VS1 using these
values.

First, a processing for obtaining the threshold voltage and
the gain of the transistor 21 will be described. When the
transistor 21 operates in the saturation region, the following
equation (1) is approximately satisfied among a gate-source
voltage Vgs, a drain current 1d, a threshold voltage Vth r,
and a gain [ - of the transistor 21.

1d~(B iy 2)5(Vgs=Vthyrr Y]
A gate-source voltage of the transistor 21 when a first
measurement voltage Vm1 is written to the pixel circuit 20
is denoted by Vgsml1, a drain current of the transistor 21 at
that time is denoted by Im1, the gate-source voltage of the
transistor 21 when a second measurement voltage Vm2 is
written to the pixel circuit 20 is denoted by Vgsm2. and the
drain current of the transistor 21 at that time is denoted by
Im2. From the equation (1), the following equation (2a) is
satisfied between the voltage Vgsm1 and the current Im1,
and the following equation (2b) is satisfied between the
voltage Vgsm2 and the current Im2.

Im1=(B g/ 2)x (Vgsml-Vth pr)? (2a)

Im2=(p 7g/ 2% (Vgsm2-Vth op) (2b)

The following equations (3a), (3b) are derived by solving
the equations (2a), (2b) for Vthypr and Prep

Vil VesmlN Im2 - Vgsm2y Iml (3a)
7 =
" Vim2 —viml

(3b)

Wim2 - Nl

Brer = (Vgsm2 — Vgsml)?

By measuring the currents Iml, Im2 and solving the
equations (2a), (2b), it is possible to obtain the threshold
voltage Vth,, and the gain (3,5, of the transistor 21 and
obtain I-V characteristics of the transistor 21. The threshold
voltage Vthyy;is written to the TFT offset storing unit 154,
and the gain f ;-r-1s written to the TFT gain storing unit 155.

Next, a processing for obtaining the threshold voltage and
the gain of the organic EL element 24 will be described. The
following equation (4) is approximately satisfied among an
anode-cathode voltage Vo, a current lo, a threshold voltage
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Vtho zp, and a gain B,z Of the organic EL element 24.
In equation (4), K is a constant not less than 2 and not more
than 3.

To=Popsp(Vo-Viharep)® (©)

An anode-cathode voltage of the organic EL element 24
when a third measurement voltage Vm3 is written to the
pixel circuit 20 is denoted by Vom3, a current of the organic
EL element 24 at that time is denoted by Im3, the anode-
cathode voltage of the organic EL element 24 when a fourth
measurement voltage Vm4 is written to the pixel circuit 20
is denoted by Vomd, and the current of the organic EL
element 24 at that time is denoted by Im4. From the equation
(4), the following equation (5a) is satisfied between the
voltage Vom3 and the current Im3, and the following equa-
tion (5b) is satisfied between the voltage Vomd4 and the
current Im4.

Im3=Porzp(Vom3-Vihorzp)®

(52)

Imd=Bopsp(Vomd=Vehoy pr)™ (5b)

The following equations (6a), (6b) are derived by solving
the equations (5a), (5b) for Vth,; -y, and B o7 zp.

Vil VomSK\/ Imd — Vom4l\<, Im3 (6a)
LED = -
KV Im4 — kv Im3
K
(K\/ Imd - K\/ m3 ) (6b)

Poven = (Vomd — Vom3)X

By measuring the currents Im3, Im4 and solving the
equations (5a), (5b), it is possible to obtain the threshold
voltage Vth,;zp and the gain fppzp of the organic EL
element 24 and obtain I-V characteristics of the organic EL
element 24. The threshold voltage Vth; -5, is written to the
OLED offset storing unit 15¢, and the gain f,; -, 1s written
to the OLED gain storing unit 154.

FIG. 6 is a flowchart of a correction processing on the
video signal VS1. The correction unit 16 corrects a code
value CV0 included in the video signal VS1 in accordance
with the operation region of the transistor 21, using the
threshold voltage Vth,.; of the transistor 21, the gain Bzpp
of the transistor 21, the threshold voltage Vth,; ., of the
organic EL element 24, and the gain -, of the organic EL
element 24. The threshold voltages Vth ., Vth,; -, and the
2ains B7r7, Porsp used in the following processing are read
from the correction data storing unit 15.

First, the correction unit 16 performs a processing for
correcting a light emission efficiency of the organic EL
element 24 (step S101). Specifically, the correction unit 16
obtains a corrected code value CV1 by performing a calcu-
lation shown in the following equation (7).

CPI=CPoxy )

In the equation (7), y represents a light emission efficiency
correction coeflicient determined with respect to each pixel
circuit 20. The light emission efficiency correction coefli-
cient y has a larger value, as the light emission efficiency of
the organic EL element 24 in a pixel degrades more. Note
that y may be obtained by a calculation.

Next, the correction unit 16 converts the corrected code
value CV1 to a voltage value Vdatal ,, -, representing the
anode-cathode voltage of the organic EL element 24 (step
S102). Conversion in step S102 is performed, for example,
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by a method of referring to a table prepared in advance, or
by a method of calculating using a calculation unit.

Next, the correction unit 16 obtains a corrected voltage
value Vdata2,,; ., by performing a calculation shown in the
following equation (8) on the voltage value Vdatal,, -,
(step S103).

Vdatal o ep=Vdatal o zp%B orept Vihoren

®

When an average value of an initial value of the gain of
the organic EL element 24 is denoted by $0,;z5, Borzp
included in the equation (8) is given by the following
equation (9).

Borep=(P0orzp/Porzn) vE ®

Next, the correction unit 16 converts the corrected code
value CV1 to a voltage value Vdatal .., representing the
gate-source voltage of the transistor 21 (step S104). The
conversion in step S104 is performed in a manner similar to
that in step S102.

Next, the correction unit 16 determines, based on the
voltage values Vdata2 ,; ., Vdatal ., in which operation
region the transistor 21 operates between the saturation
region and the triode region (step S105). More specifically,
the correction unit 16 selects the triode region when the
following equation (10) is satisfied, and selects the satura-
tion region otherwise.

Vds<WVdatal ppxBrer

(10
Here, when an average of the gain of the transistor 21 is
denoted as P0;zy, Byer included in the equation (10) is
given by the following equation (11). Vds included in the
equation (10) is given by the following equation (12).

B~V (PO 17/Brer) an

Vds=ELVDD-ELVSS-Vdata2 o 1, (12)

The correction unit 16 goes to step S106 when the
saturation region is selected, and goes to step S107 when the
triode region is selected.

In step S106, the correction unit 16 corrects the voltage
value Vdatal ;- using a correction equation for the satura-
tion region. More specifically, the correction unit 16 obtains
a corrected voltage value Vdata2 .., by performing a calcu-
lation shown in the following equation (13) on the voltage
value Vdatal ;..

Vdatal r=Vdatal 7 B+ Vil g 13)

In step S107, the correction unit 16 corrects the voltage
value Vdatal .. using a correction equation for the triode
region. More specifically, the correction unit 16 obtains the
corrected voltage value Vdata2 ., by performing a calcu-
lation shown in the following equation (14) on the voltage
value Vdatal ;.

Vdata2 ppr=Vdatal 7o X B 2 2 Vds+ Vih pprt Vds/2 14)

After executing step S106 or S107, the correction unit 16
goes to step S108. In step S108, the correction unit 16 adds
the corrected voltage value Vdata2,, ., obtained in step
S103 to the corrected voltage value Vdata2,,., obtained in
step S106 or S107 in accordance with the following equation
(15). With this, the voltage value Vdata representing a
voltage to be applied to the gate terminal of the transistor 21
is obtained.

Vdata=Vdata2 -+ Vdata2 ;2 13
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Finally, the correction unit 16 converts the voltage value
Vdata to an output code value CV (step S109). Conversion
in step S109 is performed in a manner similar to those in
steps S102, S104.

As described, the correction unit 16 obtains the voltage
Vdatal ;- to be applied to the transistor 21 and the voltage
Vdatal ,, ., to be applied to the organic EL element 24,
based on the code value CV0 included in the video signal
VS1, corrects the voltage Vdatal ,, ., using the threshold
voltage Vth,, zp and the gain B,z of the organic EL
element 24, corrects the voltage Vdatal ;- in accordance
with the operation region of the transistor 21 using the
threshold voltage Vth,,.,- and the gain ;- of the transistor
21, and obtains the code value CV corresponding to a sum
of the corrected voltages Vdata2,,.,- and Vdata2,, .. Fur-
thermore, the correction unit 16 determines the operation
region of the drive transistor 21 based on the voltage
Vdatal ;. and the corrected voltage Vdata2,, ..., after cor-
recting the voltage Vdatal,; -y

Effects of the display device 10 according to the present
embodiment will be described below. Here, a display device
which has the same configuration as that of the display
device 10 and in which the drive transistor operates only in
the saturation region will be considered as a comparative
example. FIG. 7 is an [-V characteristics diagram of a drive
transistor in the display device according to the comparative
example. FIG. 8 is an I-V characteristics diagram of the
drive transistor (transistor 21) in the display device 10. In
FIGS. 7 and 8, a horizontal axis represents a drain-source
voltage Vds of the drive transistor, and a vertical axis
represents a drain current Id of the drive transistor. P1 to P4
represent operational points of the drive transistor corre-
sponding to first to fourth gradations, respectively.

Vgsl to Vgs4 shown in FIG. 7 respectively represent
gate-source voltages of the drive transistor when one of data
voltages corresponding to the first to fourth gradations is
applied to the gate terminal of the drive transistor in the
display device according to the comparative example. When
the gate-source voltage of the drive transistor is one of Vgsl
to Vgsd4, an anode-cathode voltage of the organic EL ele-
ment becomes corresponding one of Vol to Vo4, and a
drain-source voltage of the drive transistor becomes corre-
sponding one of Vds1 to Vds4. Since all of the voltages
Vds1 to Vds4 are not lower than an overdrive voltage, the
drive transistor operates in the saturation region when dis-
playing the first to fourth gradations.

As shown in FIG. 8, a power supply voltage (ELVDD-
ELVSS) is set smaller in the display device 10 than in the
display device according to the comparative example. Vgs1,
Vgs2, Vgs3', Vgsd' shown in FIG. 8 respectively represent
the gate-source voltage of the drive transistor when one of
the data voltage corresponding to the first to fourth grada-
tions is applied to the gate terminal of the drive transistor in
the display device 10. When the gate-source voltage of the
drive transistor is one of Vgsl, Vgs2, Vgs3', Vgsd', the
anode-cathode voltage of the organic EL element becomes
corresponding one of Vol to Vo4, and the drain-source
voltage of the drive transistor becomes corresponding one of
Vds1 to Vds4. Whereas the voltages Vdsl, Vds2 are not
lower than the overdrive voltage, the voltages Vds3, Vds4
are lower than the overdrive voltage. The drive transistor
operates in the saturation region when displaying the first or
second gradation, and operates in the triode region when
displaying the third or fourth gradation.

In the display device 10 according to the present embodi-
ment, the power supply voltage (ELVDD-ELVSS) is
smaller than that in the display device according to the
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comparative example. Furthermore, the correction unit 16
determines, based on the video signal VS1, in which opera-
tion region the drive transistor operates between the satura-
tion region and the triode region, and corrects the video
signal VS1 in accordance with the operation region of the
drive transistor. Therefore, according to the display device
10, power consumption of the drive transistor can be
reduced, while performing high image quality display as
with the display device according to the comparative
example. Furthermore, since a heat generation amount of the
drive transistor can be reduced, countermeasure parts
against heat (heat sink, and the like) can be simplified. Note
that a gradation range in which the drive transistor operates
in the triode region is determined considering the charac-
teristics of the drive transistor, and the like.

In the display device 10, the gate-source voltage of the
drive transistor when displaying the third or fourth gradation
needs to be higher than that in the display device according
to the comparative example (Vgs3'>Vgs3, Vgsd™>Vgsd
should be satisfied). When the gate-source voltage Vgs of
the drive transistor is controlled to be large, power con-
sumption of the data line drive/current measurement circuit
14 increases. However, in the display device 10, power
consumption of the pixel circuit 20 during light emission is
larger than the power consumption of the data line drive/
current measurement circuit 14. Furthermore, the power
consumption of the pixel circuit 20 during light emission is
smaller, as the power supply voltage (ELVDD-ELVSS) is
smaller. Therefore, it is possible to reduce power consump-
tion of the pixel circuit 20 during light emission more than
increase amount of power consumption of the data line
drive/current measurement circuit 14, and reduce power
consumption of the display device 10.

In general, power consumption of a data line drive circuit
increases in population to a square of an amplitude of a
voltage applied to a data line. In the display device 10, when
the drive transistor operates in the triode region, the gate-
source voltage of the drive transistor is larger than that in a
conventional one. Thus, power consumption of the data line
drive/current measurement circuit 14 is larger than that in
the conventional one. Furthermore, the sum of the voltage to
be applied to the drive transistor and the voltage to be
applied to the organic EL element is used as the data voltage
in the display device 10. Thus, a gradation step in the data
line drive/current measurement circuit 14 is larger than that
in a case where only the voltage to be applied to the drive
transistor is used as the data voltage. When the gradation
step is small, gradation inversion may occur due to a
resolution limitation of the drive circuit.

Taking these points into consideration, in the display
device 10, it is desirable that a W/L ratio of the drive
transistor be designed large to increase the gain of the drive
transistor and reduce the voltage to be applied to the drive
transistor. For example, it is desirable a size of the drive
transistor be determined so that the gain [z, of the drive
transistor is larger than the gain ;- of the organic EL
element 24. With this, it is possible to prevent gradation
inversion due to the resolution limitation of the drive circuit
and suppress increase of the power consumption of the data
line drive/current measurement circuit 14.

As described above, the display device 10 according to
the present embodiment has the display unit 11 including a
plurality of the scanning lines GA1 to GAn, GB1 to GBn, a
plurality of the data lines S1 to Sm, and a plurality of the
pixel circuits 20 arranged two-dimensionally, the scanning
line drive circuit 13 for driving the scanning lines GA1 to
GAn, GB1 to GBn, a data line drive circuit (part of the data
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line drive/current measurement circuit 14) for driving the
data lines S1 to Sm. The pixel circuit 20 includes an
electro-optical element (organic EL element 24), and a drive
transistor (transistor 21) having a control terminal (gate
terminal) and connected in series with the electro-optical
element. The drive transistor operates in the saturation
region when the data voltage applied to the control terminal
by the data line drive circuit is in a first range (range
determined so that the transistor 21 operates in the saturation
region), and operates in the triode region when the data
voltage is in a second range (range determined so that the
transistor 21 operates in the triode region). Therefore, it is
possible to reduce power supply voltage supplied to the
drive transistor and provide a low power consumption
display device.

Furthermore, the display device 10 includes, as a mea-
surement circuit, a current measurement circuit (another part
of the data line drive/current measurement circuit 14) pro-
vided at an outside of the display unit 11 and for measuring
the currents Im1 to Im4 flowing through the pixel circuit 20,
and the correction unit 16 for correcting the video signal
VS1 to be supplied to the data line drive circuit, based on the
currents Im1 to Im4 measured by the current measurement
circuit. The correction unit 16 determines in which operation
region the drive transistor operates between the saturation
region and the triode region with respect to each pixel circuit
20 based on the video signal VS1, and corrects the video
signal V81 in accordance with the operation region of the
drive transistor. In the display device 10, the operation
region of the drive transistor is determined with respect to
each pixel circuit 20 based on the video signal VS1, and the
video signal VS1 is corrected in accordance with the opera-
tion region of the drive transistor. Therefore, it is possible to
reduce the power supply voltage supplied to the drive
transistor, while correcting in a manner similar to that in a
case where the drive transistor operates only in the satura-
tion region. With this, a high image quality and low power
consumption display device can be provided.

Furthermore, the correction unit 16 obtains characteristics
of the drive transistor and the electro-optical element with
respect to each pixel circuit 20 based on the currents Im1 to
Im4 measured by the current measurement circuit, and
corrects the video signal VS1 in accordance with the opera-
tion region of the drive transistor using the characteristics of
the drive transistor and the electro-optical element. By
obtaining the characteristics of the drive transistor and the
electro-optical element with respect to each pixel circuit 20
and correcting the video signal VS1 using these values, it is
possible to compensate for variation and fluctuation of the
characteristics of the drive transistor and the electro-optical
element and perform high image quality display.

Furthermore, the correction unit 16 obtains the first volt-
age Vdatal -, to be applied to the drive transistor and the
second voltage Vdatal ,, ., to be applied to the electro-
optical element, based on the code value CV0 included in
the video signal VS1 (steps S102, S104), corrects the second
voltage Vdatal ,; -, using the characteristics of the electro-
optical element (threshold voltage Vth,, ., and gain
Borzp)s corrects the first voltage Vdatal -, in accordance
with the operation region of the drive transistor using the
characteristics of the drive transistor (threshold voltage
Vth;pr and gain f,7), and obtains the code value CV
corresponding the sum of the corrected first voltage
Vdata2 ;.. and the corrected second voltage Vdata2 ,; zp,. It
is possible to obtain the voltage Vdatal ;. to be applied to
the drive transistor and the voltage Vdatal ,; ., to be applied
to the electro-optical element based on the code value CV0



US 10,319,305 B2

19

included in the video signal VS1, and correct the former
voltage in accordance with the operation region of the drive
transistor.

Furthermore, the correction unit 16 determines the opera-
tion region of the drive transistor based on the first voltage
Vdatal ;. and the corrected second voltage Vdata2,, .,
after correcting the second voltage Vdatal ,; .. The opera-
tion region of the drive transistor can be suitably determined,
by determining the operation region of the drive transistor
based on the result Vdata2,, ., obtained by correcting the
voltage to be applied to the electro-optical element.

Furthermore, the current measurement circuit measures
the currents Im1, Im2 flowing through the drive transistor
when a plurality of measurement voltages (first and second
measurement voltages Vml, Vm?2) are written to the pixel
circuit 20 in a switching manner, and measures the currents
Im3, Im4 flowing through the electro-optical element when
another plurality of the measurement voltages (third and
fourth measurement voltages Vm3, Vmd4) are written to the
pixel circuit 20 in a switching manner. The correction unit 16
obtains the threshold voltage Vth ., and the gain P ;- of the
drive transistor and the threshold voltage Vth,, .., and the
gain P, zp of the electro-optical element with respect to
each pixel circuit 20 based on the currents Iml to Im4
measured by the current measurement circuit. By measuring
the current flowing through the drive transistor or the
electro-optical element when the measurement voltage is
written, and obtaining the threshold voltage and the gain of
the drive transistor and the electro-optical element based on
the measurement result, I-V characteristics of the drive
transistor and the electro-optical element can be obtained. It
is possible to perform high image quality display by cor-
recting the video signal VS1 using the threshold voltage and
the gain of the drive transistor and the electro-optical
element.

Furthermore, the pixel circuit 20 includes a write control
transistor 22 having a first conduction terminal connected to
the data line Sj, a second conduction terminal connected to
the control terminal of the drive transistor, and a control
terminal connected to a first scanning line GAi in the
scanning lines GA1 to GAn, GBI to GBn, and a read control
transistor 23 having a first conduction terminal connected to
the data line Sj, a second conduction terminal connected to
a connection point of the drive transistor and the electro-
optical element, and a control terminal connected to a
second scanning line GBi in the scanning lines GA1 to GAn,
GBI to GBn. The current measurement circuit is connected
to the data line Sj, and measures a current flowing through
the pixel circuit 20 and the data line Sj. It is possible to
measure the current flowing through the pixel circuit 20
using the current measurement circuit connected to the data
line Sj.

Variant of First Embodiment

In the display device 10 according to the first embodi-
ment, since the operation region of the transistor 21 is
switched, it is especially required to keep the power supply
voltage constant in order to perform high image quality
display. For example, when the low-level power supply
voltage ELVSS applied to a cathode of a display panel
including the display unit 11 fluctuates due to a voltage drop
at awiring line and differs between when displaying a screen
close to white and when displaying a screen close to black,
a display screen may be unstable.

FIG. 9 is a diagram showing a configuration of a power
supply circuit of a display device according to a variant of
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the first embodiment. FIG. 9 depicts a circuit for supplying
the low-level power supply voltage ELVSS to pixel circuits
(not shown) in a display panel 51. A cathode 52 common to
all of the pixel circuits (not shown) and a pad 53 for
supplying the low-level power supply voltage ELVSS are
provided to the display panel 51. An operational amplifier 54
is provided at an outside of the display panel 51. The
low-level power supply voltage ELVSS is applied to a
non-inverting input terminal of the operational amplifier 54.
An inverting input terminal of the operational amplifier 54
is connected to the cathode 52 via a feedback line 55. An
output terminal of the operational amplifier 54 is connected
to the pad 53.

When the low-level power supply voltage ELVSS is
applied to the cathode 52, a voltage of the cathode 52 is
lowered by a resistance R1 of a wiring connecting the pad
53 and the cathode 52 and a resistance of the cathode 52 by
itself. Since the resistance of the cathode 52 is smaller than
the resistance R1, the main reason for lowering the low-level
power supply voltage ELVSS is the resistance R1. In FIG.
9, since the feedback line 55 has a high impedance, a current
does not almost flow through the feedback line 55. Thus, it
is possible to apply an output voltage of the operational
amplifier 54 to the cathode 52, while feedbacking a voltage
of the cathode 52 correctly. Therefore, it is possible to keep
the voltage of the cathode 52 constant irrespective of a status
of the display screen, and prevent the display screen from
being unstable when the operation region of the transistor 21
is switched.

As described above, in the display device according to the
variant, the display unit includes a power supply electrode
(cathode 52) for supplying a power supply voltage (low-
level power supply voltage ELVSS) to the pixel circuit. The
display device includes the operational amplifier 54 having
the non-inverting input terminal to which the power supply
voltage is applied, the inverting input terminal connected to
the power supply electrode, and the output terminal con-
nected to the power supply electrode. Even when the opera-
tion region of the drive transistor is switched, it is possible
to prevent the display screen from being unstable due to
fluctuation of the power supply voltage, by controlling the
power supply voltage stable using the operational amplifier
54.

In FIG. 9, the operational amplifier 54 is provided to the
cathode 52 for supplying the low-level power supply voltage
ELVSS to the pixel circuit. The operational amplifier may be
provided, in a similar manner, to an anode for supplying the
high-level power supply voltage ELVDD to the pixel circuit.

Second Embodiment

In the first embodiment, described is a case where the
drive transistor operates both in the saturation region and in
the triode region in the display device having the pixel
circuit 20 shown in FIG. 2. In display devices having other
pixel circuits, the drive transistor may operate both in the
saturation region and in the triode region. Display devices
having other pixel circuits will be described in the second
and third embodiments.

FIG. 10 is a circuit diagram of a pixel circuit in a display
device according to a second embodiment of the present
invention. FIG. 10 depicts a pixel circuit 60 in the i-th row
and the j-th column. As shown in FIG. 10, the pixel circuit
60 in the i-th row and the j-th column includes transistors 61
to 63, an organic EL element 64, and a capacitor 65, and is
connected to the scanning line Gi, the data line Sj, and a
monitor line Mj. The transistors 61 to 63 are N-channel type
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TFTs. The pixel circuit 60 is the same as that disclosed in
FIG. 22 of International Publication No. 2007/90287.

The high-level power supply voltage ELVDD is applied to
a drain terminal of the transistor 61. A source terminal of the
transistor 61 is connected to an anode terminal of the organic
EL element 64. The low-level power supply voltage ELVSS
is applied to a cathode terminal of the organic EL element
64. One conduction terminal (left-side terminal in FIG. 10)
of the transistor 62 is connected to the data line Sj, and other
conduction terminal of the transistor 62 is connected to a
gate terminal of the transistor 61. One conduction terminal
(right-side terminal in FIG. 10) of the transistor 63 is
connected to the monitor line Mj, and other conduction
terminal of the transistor 63 is connected to the source
terminal of the transistor 61 and the anode terminal of the
organic EL element 64. Gate terminals of the transistors 62,
63 are connected to the scanning line Gi. The capacitor 65
is provided between the gate terminal and the source termi-
nal of the transistor 61. The transistors 61 to 63 function as
a drive transistor, a write control transistor, and a read
control transistor, respectively.

The display device according to the present embodiment
has a configuration similar to that of the display device 10
according to the first embodiment (refer to FIG. 1). How-
ever, a display unit of the display device according to the
present embodiment includes the n scanning lines G1 to Gn,
the m data lines S1 to Sm, m monitor lines M1 to Mm, and
(mxn) pieces of the pixel circuits 60. Furthermore, the
display device according to the present embodiment
includes a data line drive circuit and a current measurenient
circuit in a separate manner, in place of the data line
drive/current measurement circuit 14. The data line drive
circuit is connected to the data lines S1 to Sm and drives the
data lines S1 to Sm based on the control signal CS2 and the
video signal VS2. The current measurement circuit is con-
nected to the monitor lines M1 to Mm and measures a
current flowing through the pixel circuit 60 and the monitor
line M;j.

Hereinafter, a signal on the scanning line Gi is referred to
as scanning signal Gi. When writing, the scanning signal Gi
becomes the high level, and the data voltage Vdata(i,j) to be
written to the pixel circuit 60 in the i-th row and the j-th
column is applied to the data line Sj (refer to FIG. 11). When
detecting the characteristics of the drive transistor, the
scanning signal Gi becomes the high level, and a voltage
with which the transistor 61 turns on and a current does not
flow through the organic EL element 64 is applied to the data
line Sj and the monitor line Mj as the first and second
measurement voltages Vi1, Vm2. When detecting the char-
acteristics of the organic EL element, the scanning signal Gi
becomes the high level, and a voltage with which the
transistor 61 turns off and a current flows through the
organic EL element 64 is applied to the data line Sj and the
monitor line Mj as the third and fourth voltages Vm3, Vm4.

Also according to the display device of the present
embodiment, as with the first embodiment, the correction
unit (not shown) determines in which operation region the
transistor 61 operates between the saturation region and the
triode region with respect to each pixel circuit 60 based on
the video signal VS1, and corrects the video signal VS1 in
accordance with the operation region of the transistor 61.
However, in the display device according to the present
embodiment, when detecting the characteristics of the drive
transistor and when detecting the characteristics of the
organic EL element, the transistor 63 turns on, and the
voltage of the anode terminal of the organic EL element 64
is reset to a voltage applied to the monitor line Mj. Thus, in
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the correction processing shown in FIG. 6, the correction
unit of the display device according to the present embodi-
ment performs a step for using the corrected voltage value
Vdata2 ;. obtained in step S106 or S107 as it is as the
voltage value Vdata, in place of step S108.

As described above, in the display device according to the
present embodiment, the display unit includes a plurality of
the monitor lines M1 to Mm. The pixel circuit 60 includes
the write control transistor 62 having a first conduction
terminal connected to the data line Sj, a second conduction
terminal connected to a control terminal (gate terminal) of
the drive transistor (transistor 61), and a control terminal
connected to the scanning line Gi, and the read control
transistor 63 having a first conduction terminal connected to
the monitor line Mj, a second conduction terminal connected
to a connection point of the drive transistor and the electro-
optical element (organic EL element 64), and a control
terminal connected to the scanning line Gi. The current
measurement circuit is connected to the monitor lines M1 to
Mm, and measures the current flowing through the pixel
circuit 60 and the monitor line Mj. It is possible to measure
the current flowing through the pixel circuit 60 using the
current measurement circuit connected to the monitor line
Mj, and attain the same effects as those attained by the
display device 10 according to the first embodiment.

Third Embodiment

FIG. 12 is a diagram of a pixel circuit and a current
measurement circuit of a display device according to a third
embodiment of the present invention. FIG. 12 depicts a pixel
circuit 70 in the i-th row and the j-th column and a current
measurement circuit 80. The circuit shown in FIG. 12 is
obtained by removing some components from a circuit
disclosed in FIGS. 2 and 3 of International Publication No.
2010/101761.

As shown in FIG. 12, the pixel circuit 70 in the i-th row
and the j-th column includes transistors 71, 72 and an
organic EL element 73, and is connected to the scanning line
Gi and the data line Sj. The transistors 71, 72 are N-channel
type TFTs. A drain terminal of the transistor 71 is connected
to a power supply line PL for supplying the high-level power
supply voltage ELVDD. A source terminal of the transistor
71 is connected to an anode terminal of the organic EL
element 73. The low-level power supply voltage ELVSS is
applied to a cathode terminal of the organic EL element 73.
One conduction terminal (left-side terminal in FIG. 12) of
the transistor 72 is connected to the data line Sj, and the
other conduction terminal of the transistor 72 is connected to
a gate terminal of the transistor 71. A gate terminal of the
transistor 72 is connected to the scanning line Gi. The
transistors 71, 72 function as a drive transistor and a write
control transistor, respectively.

The display device according to the present embodiment
has a configuration similar to that of the display device 10
according to the first embodiment (refer to FIG. 1). How-
ever, the display unit of the display device according to the
present embodiment includes the n scanning lines G1 to Gn,
the m data lines S1 to Sm, and (mxn) pieces of the pixel
circuits 70. The display device according to the present
embodiment includes a data line drive circuit (not shown)
and the current measuremert circuit 80 in a separate manner,
in place of the data line drive/current measurement circuit
14. The data line drive circuit is connected to the data lines
S1 to Sm and drives the data lines S1 to Sm based on the
control signal CS2 and the video signal VS2. The current
measurement circuit 80 is connected to the power supply
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line PL. and measures a current flowing through the pixel
circuit 70 and the power supply line PL.

As shown in FIG. 12, the current measurement circuit 80
includes a switch 81, a current mirror circuit 82, a current/
voltage converter 83, a sampling circuit 84, and an A/D
converter 85. The high-level power supply voltage ELVDD
is supplied from a power source 86 to the current measure-
ment circuit 80. The switch 81 directly applies the high-level
power supply voltage ELVDD to the power supply line PLL
except when measuring the current, and applies the high-
level power supply voltage ELVDD to the power supply line
PL via the current mirror circuit 82 when measuring the
current.

The current mirror circuit 82 outputs, to the current/
voltage converter 83, a mirror current an amount of which
is the same as that of the current flowing through the power
supply line PL and the pixel circuit 70 when measuring the
current. The current/voltage converter 83 converts the mir-
ror current output from the current mirror circuit 82 to a
voltage. The sampling circuit 84 samples an output signal of
the current/voltage converter 83. The sampling circuit 84
includes two sample hold circuits and an operational ampli-
fier, for example, and samples the output signal of the
current/voltage converter 83 using a correlation double
sampling method. The A/D converter 85 converts an output
signal (analog signal) of the sampling circuit 84 to a digital
signal. The digital signal obtained by the A/D converter 85
is output to a display control circuit.

When a sufficiently high voltage is applied to the gate
terminal of the transistor 71, a resistance of the transistor 71
becomes small so as to be ignorable compared to a resistance
of the organic EL element 73. Therefore, when the suffi-
ciently high voltage is applied to the gate terminal of the
transistor 71, characteristics of the organic EL element 73
can be obtained based on the measured current. Further-
more, it is possible to obtain summed characteristics (here-
inafter referred to as sum characteristics) of characteristics
of the transistor 71 and the characteristics of the organic EL
element 73, based on the current measured when a voltage
with which the transistor 71 operates in the saturation region
is applied to the gate terminal of the transistor 71. The
characteristics of the transistor 71 can be obtained, by
subtracting the characteristics of the organic EL element 73
based on the measured current from the sum characteristics.

Note that when change of the characteristics of the
organic EL element 73 is sufficiently small compared to
change of the characteristics of the transistor 71, the char-
acteristics of the organic EL element 73 may be regarded as
constant. In this case, the characteristics of the transistor 71
can be obtained by subtracting the characteristics of the
organic EL element 73 which is fixedly determined in
advance from the sum characteristics.

Also according to the display device of the present
embodiment, as with the first embodiment, the correction
unit (not shown) determines in which operation region the
transistor 71 operates between the saturation region and the
triode region with respect to each pixel circuit 70 based on
the video signal VS1, and corrects the video signal VS1 in
accordance with the operation region of the transistor 71.

As described above, in the display device according to the
present embodiment, the display unit includes the power
supply line PL. The pixel circuit 70 includes the write
control transistor 72 having a first conduction terminal
connected to the data line Sj, a second conduction terminal
connected to a control terminal (gate terminal) of a drive
transistor (transistor 71), and a control terminal connected to
the scanning line Gi. A first conduction terminal of the drive
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transistor is connected to the power supply line PL. The
current measurement circuit 80 is connected to the power
supply line PL and measures the current flowing through the
pixel circuit 70 and the power supply line PL. It is possible
to measure the current flowing through the pixel circuit 70
using the current measurement circuit 80 connected to the
power supply line PL and attain the effects similar to those
attained by the display device 10 according to the first
embodiment.

Fourth Embodiment

A display device according to a fourth embodiment of the
present invention is obtained by adding a function of con-
trolling a level of a power supply voltage to the display
device 10 according to the first embodiment. FIG. 13 is a
diagram showing a configuration of a power supply circuit
of a display device according to the fourth embodiment of
the present invention. Note that, components which are
unnecessary for understanding the features of the present
embodiment are not shown in FIG. 13.

In FIG. 13, a variable power source 93 is a power supply
for supplying the high-level power supply voltage ELVDD
to the pixel circuit 20. A variable power source 94 is a power
supply for supplying the low-level power supply voltage
ELVSS to the pixel circuit 20. Levels of output voltages of
the variable power sources 93, 94 change in accordance with
control signals PS1, PS2 output from a display control
circuit 91, respectively.

The display control circuit 91 is obtained by adding a
power supply control unit 92 to the display control circuit 12
according to the first embodiment. The power supply control
unit 92 controls the high-level power supply voltage
ELVDD and the low-level power supply voltage ELVSS so
that an output amplitude of the data line drive circuit when
displaying a maximum gradation is at its maximum, by
outputting the control signals PS1, PS2. Furthermore, the
power supply control unit 92 controls the high-level power
supply voltage ELVDD and the low-level power supply
voltage ELVSS in accordance with brightness setting by a
user and features of a display image, so that the power
supply voltage (ELVDD-ELVSS) is small. For example,
when the user selects that a screen is controlled to be dark,
the power supply control unit 92 reduces the power supply
voltage (ELVDD-ELVSS) by lowering the high-level power
supply voltage ELVDD, heightening the low-level power
supply voltage ELVSS high, or performing both. Further-
more, when displaying a still image and a maximum gra-
dation included in the still image is lower than a maximum
gradation which can be displayed by the display device, the
power supply control unit 92 reduces the power supply
voltage (ELVDD-ELVSS) in a similar manner.

As described above, the display device according to the
present embodiment includes the power supply control unit
92 for controlling the level of the power supply voltage
supplied to the pixel circuit 20. According to the display
device of the present embodiment, power consumption of
the display device can be further reduced by reducing the
power supply voltage (ELVDD-ELVSS) supplied to the
drive transistor (transistor 21) in accordance with a situation.

Fifth Embodiment

In the first to fourth embodiments, display devices includ-
ing a current measurement circuit for measuring a current
with respect to a pixel circuit have been described. In a fifth
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embodiment, a display device including a voltage measure-
ment circuit for measuring a voltage with respect to a pixel
circuit will be described.

FIG. 14 is a block diagram showing a configuration of a
display device according to a fifth embodiment of the
present invention. A display device 100 shown in FIG. 14 is
obtained based on the display device 10 (FIG. 1) according
to the first embodiment by replacing the data line drive/
current measurement circuit 14 with a data line drive/voltage
measurement circuit 101 (a combined circuit of a data line
drive circuit and a voltage measurement circuit). The data
line drive/voltage measurement circuit 101 includes the
drive/measurement signal generation circuit 17 and m out-
put/measurement circuits 102.

FIG. 15 is a diagram showing a configuration of the pixel
circuit 20 and the output/measurement circuit 102. FIG. 15
depicts the pixel circuit 20 in the i-th row and the j-th column
and an output/measurement circuit 102 corresponding to the
data line Sj. A configuration of the pixel circuit 20 is the
same as that of the first embodiment. Hereinafter, a node to
which the source terminal of the transistor 21 and the anode
terminal of the organic EL element 24 is referred to as N1.

The output/measurement circuit 102 includes a voltage
generation circuit 111, a current source 112, a voltage
measurement circuit 113, and a switch 114. One end of the
switch 114 is connected to the data line Sj. The switch 114
switches whether the data line Sj is connected to the voltage
generation circuit 111 or to the current source 112 and the
voltage measurement circuit 113, in accordance with a
switch control signal SC.

The voltage generation circuit 111 outputs a data voltage
based on the digital data output from the drive/measurement
signal generation circuit 17, or outputs a reference voltage.
When the data line Sj is connected to the voltage generation
circuit 111, the data voltage or the reference voltage output
from the voltage generation circuit 111 is applied to the data
line Sj. When the data line Sj is connected to the current
source 112 and the voltage measurement circuit 113, the
current source 112 makes a predetermined amount of current
flow to the data line Sj, and the voltage measurement circuit
113 measures a voltage of the data line Sj at that time.

In order to correct the video signal VS1 to obtain the
video signal VS2, the data line drive/voltage measurement
circuit 101 measures four kinds of voltages with respect to
each pixel circuit 20. More specifically, in order to obtain the
characteristics of the transistor 21 in each pixel circuit 20,
the data line drive/voltage measurement circuit 101 mea-
sures a voltage Vnl of the node N1 when a reference voltage
with which the transistor 21 turns on is written to the pixel
circuit 20 and a first measurement current Inl flows from the
current source 112, a voltage Vn2 of the node N1 when a
voltage with which the transistor 21 turns on is written to the
pixel circuit 20 and a second measurement current In2
(>In1) flows from the current source 112, a voltage Vn3 of
the node N1 when a voltage with which the transistor 21
turns off is written to the pixel circuit 20 and a third
measurement current In3 flows from the current source 112,
and a voltage Vn4 of the node N1 when a voltage with which
the transistor 21 turns off is written to the pixel circuit 20 and
a fourth measurement current Ind4 flows from the current
source 112.

The scanning line drive circuit 13 and the data line
drive/voltage measurement circuit 101 perform a processing
for writing to the pixel circuits 20 in one row, and a
processing for measuring one of four kinds of the voltages
Vnl to Vnd with respect to the pixel circuits 20 in one row.
For example, in four consecutive frame periods, the scan-

20

25

30

40

45

55

60

65

26

ning line drive circuit 13 and the data line drive/voltage
measurement circuit 101 may measure the voltages Vnl to
Vn4 with respect to the pixel circuits 20 in the i-th row in an
i-th line period in first to fourth frame periods, respectively,
and may perform a processing for writing to the pixel
circuits 20 in one row in other line periods.

The correction unit 16 performs a processing for obtain-
ing the characteristics of the transistor 21 and the organic EL
element 24 based on the measured four kinds of the voltages
Vnl to Vn4, and corrects the video signal VS1 based on the
obtained two kinds of characteristics. More specifically, the
correction unit 16 obtains the threshold voltage and the gain
as the characteristics of the transistor 21 based on two kinds
of the voltages Vnl, Vn2, and obtains the threshold voltage
and the gain as the characteristics of the organic EL, element
24 based on the two kinds of the voltages Vn3, Vnd. The
method for obtaining the threshold voltage and the gain of
the transistor 21 and the threshold voltage and the gain of the
organic EL, element 24 is the same as that in the first
embodiment. The correction unit 16 writes the obtained
threshold voltage and the obtained gain to the correction
data storing unit 15, and corrects the video signal VS1 using
the threshold voltage and the gain read from the correction
data storing unit 15.

As described above, the display device 100 according to
the present embodiment includes, as a measurement circuit
in place of the current measurement circuit, the voltage
measurement circuit 113 provided at an outside of the
display unit 11 and for measuring the voltages Vnl to Vn4
of the node N1 in the pixel circuit 20, and includes the
correction unit 16 for correcting the video signal VS1 to be
supplied to the data line drive circuit (data line drive/voltage
measurement circuit 101), based on the voltages Vnl to Vn4
measured by the voltage measurement circuit 113.

Furthermore, the voltage measurement circuit 113 mea-
sures the voltages Vnl, Vn2 of one conduction terminal of
the drive transistor (source terminal of the transistor 21)
when a plurality of measurement currents (first and second
measurement currents Inl, In2) flow through the pixel
circuit 20 in a switching manner, and the voltages Vn3, Vnd
of one terminal of the electro-optical element (anode termi-
nal of the organic EL element 24) when another plurality of
measurement currents (third and fourth currents In3, Ind)
flow through the pixel circuit 20 in a switching manner. The
correction unit 16 obtains the threshold voltage Vth,,, and
the gain PT., of the drive transistor and the threshold
voltage Vth,; -, and the gain ;5 of the electro-optical
element with respect to each pixel circuit 20 based on the
voltages Vil to Vn4 measured by the voltage measurement
circuit 113.

Furthermore, the pixel circuit 20 includes the write con-
trol transistor 22 having a first conduction terminal con-
nected to the data line Sj, a second conduction terminal
connected to a control terminal of the drive transistor, and a
control terminal connected to a first scanning line GAi in the
scanning lines GAl to GAn, GBI to GBn, and the read
control transistor 23 having a first conduction terminal
connected to the data line Sj, a second conduction terminal
connected to a connection point of the drive transistor and
the electro-optical element, and a control terminal connected
to a second scanning line GBI in the scanning lines GALl to
GAn, GB1 to GBn. The voltage measurement circuit 113 is
connected to the data line Sj and measures the voltage of the
connection point of the drive transistor and the electro-
optical element (connection point of the transistor 21 and the
organic EL element 24).
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According to the display device 100 of the present
embodiment, effects similar to that attained by the display
device 10 according to the first embodiment can be attained.

So far, the display devices according to the first to fifth
embodiments and their variants have been described. By
combining features of the display devices described so far,
unless contrary to its nature thereof, it is possible to con-
figure the display devices according to various kinds of
variants. For example, one of the power supply circuits
shown in FIGS. 9 and 13 may be added to the display device
according to the second or third embodiment.

As described above, according to the display device of the
present invention, it is possible to reduce the power supply
voltage supplied to the drive transistor and reduce power
consumption of the display device by controlling the drive
transistor to operate both in the saturation region and in the
triode region. Furthermore, it is possible to reduce the power
supply voltage supplied to the drive transistor, while cor-
recting in a manner similar to that in a case where the drive
transistor operates only in the saturation region, and provide
a high image quality and low power consumption display
device, by determining the operation region of the drive
transistor with respect to each pixel circuit based on the
video signal and correcting the video signal in accordance
with the operation region of the drive transistor.

INDUSTRIAL APPLICABILITY

Since the display device of the present invention has a
feature that it supports high image quality and low power
consumption, it is possible to use the display device as
various types of display devices having a pixel circuit
including an electro-optical element, such as an organic EL
display device.

DESCRIPTION OF REFERENCE CHARACTERS

10, 100: DISPLAY DEVICE

11: DISPLAY UNIT

12, 91: DISPLAY CONTROL CIRCUIT

13: SCANNING LINE DRIVE CIRCUIT

14: DATA LINE DRIVE/CURRENT MEASUREMENT
CIRCUIT

15: CORRECTION DATA STORING UNIT

16: CORRECTION UNIT

17: DRIVE/MEASUREMENT SIGNAL GENERATION
CIRCUIT

20, 60, 70: PIXEL CIRCUIT

21, 61, 71: TRANSISTOR (DRIVE TRANSISTOR)

22, 62, 72: TRANSISTOR (WRITE CONTROL TRAN-
SISTOR)

23, 63: TRANSISTOR (READ CONTROL TRANSIS-
TOR)

24, 64, 73: ORGANIC EL ELEMENT (ELECTRO-OP-
TICAL ELEMENT)

25, 32, 65: CAPACITOR

30, 102: OUTPUT/MEASUREMENT CIRCUIT

31, 54: OPERATIONAL AMPLIFIER

33 to 35, 114: SWITCH

40: SIGNAL CONVERSION CIRCUIT

51: DISPLAY PANEL

52: CATHODE

80: CURRENT MEASUREMENT CIRCUIT

92: POWER SUPPLY CONTROL UNIT

101: DATA LINE DRIVE/VOLTAGE MEASUREMENT
CIRCUIT

111: VOLTAGE GENERATION CIRCUIT
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112: CURRENT SOURCE

113: VOLTAGE MEASUREMENT CIRCUIT
GA1 to GAn, GB1 to GBn: SCANNING LINE
S1 to Sm: DATA LINE

Mj: MONITOR LINE

PL: POWER SUPPLY LINE

The invention claimed is:

1. An active-matrix type display device comprising:

a display unit including a plurality of scanning lines, a
plurality of data lines, and a plurality of pixel circuits
arranged two-dimensionally;

a scanning line drive circuit configured to drive the
scanning lines;

a data line drive circuit configured to drive the data lines;

a measurement circuit provided at an outside of the
display unit and configured to measure a current or a
voltage with respect to the pixel circuit; and

a correction unit configured to correct a video signal to be
supplied to the data line drive circuit, based on the
current or the voltage measured by the measurement
circuit, wherein

the pixel circuit includes an electro-optical element, and
a drive transistor having a control terminal and con-
nected in series with the electro-optical element,

the drive transistor is configured to operate in a saturation
region when a data voltage applied to the control
terminal using the data line drive circuit is in a first
range, and operate in a triode region when the data
voltage is in a second range, and

the correction unit is configured to determine in which
operation region the drive transistor operates between
the saturation region and the triode region with respect
to each pixel circuit based on the video signal, and
correct the video signal in accordance with the opera-
tion region of the drive transistor.

2. The display device according to claim 1, wherein the
correction unit is configured to obtain characteristics of the
drive transistor and the electro-optical element with respect
to each pixel circuit based on the current or the voltage
measured by the measurement circuit, and correct the video
signal in accordance with the operation region of the drive
transistor using the characteristics of the drive transistor and
the electro-optical element.

3. The display device according to claim 2, wherein the
correction unit is configured to obtain a first voltage to be
applied to the drive transistor and a second voltage to be
applied to the electro-optical element based on a code value
included in the video signal, correct the second voltage using
the characteristics of the electro-optical element, correct the
first voltage using the characteristics of the drive transistor
in accordance with the operation region of the drive tran-
sistor, and obtain a code value corresponding to a sum of a
corrected first voltage and a corrected second voltage.

4. The display device according to claim 3, wherein the
correction unit is configured to determine the operation
region of the drive transistor based on the first voltage and
the corrected second voltage, after correcting the second
voltage.

5. The display device according to claim 1, wherein

the display unit further includes a power supply electrode
configured to supply a power voltage to the pixel
circuit, and

the display device further comprises an operational ampli-
fier having a non-inverting input terminal to which the
power supply voltage is applied, an inverting input
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terminal connected to the power supply electrode, and
an output terminal connected to the power supply
electrode.

6. The display device according to claim 1, further com-
prising a power supply control unit configured to control a
level of the power supply voltage to be supplied to the pixel
circuit.

7. The display device according to claim 1, wherein the
measurement circuit is a current measurement circuit con-

figured to measure a current flowing through the pixel 10

circuit.

8. The display device according to claim 7, wherein

the current measurement circuit is configured to measure
a current flowing through the drive transistor when a
plurality of measurement voltages are written to the
pixel circuit in a switching manner, and a current
flowing through the electro-optical element when
another plurality of measurement voltages are written
to the pixel circuit in a switching manner, and

the correction unit is configured to obtain a threshold
voltage and a gain of the drive transistor and a threshold
voltage and a gain of the electro-optical element with
respect to each pixel circuit based on the current
measured by the current measurement circuit.

9. The display device according to claim 7, wherein the

pixel circuit further includes:

a write control transistor having a first conduction termi-
nal connected to the data line, a second conduction
terminal connected to the control terminal of the drive
transistor, and a control terminal connected to a first
scanning line in the scanning lines; and

aread control transistor having a first conduction terminal
connected to the data line, a second conduction termi-
nal connected to a connection point of the drive tran-
sistor and the electro-optical element, and a control
terminal connected to a second scanning line in the
scanning lines, and

the current measurement circuit is connected to the data
line and is configured to measure the current flowing
through the pixel circuit and the data line.

10. The display device according to claim 7, wherein the

display unit further includes a plurality of monitor lines,
the pixel circuit further includes:

a write control transistor having a first conduction
terminal connected to the data line, a second con-
duction terminal connected to the control terminal of
the drive transistor, and a control terminal connected
to the scanning line; and

a read control transistor having a first conduction
terminal connected to the monitor line, a second
conduction terminal connected to a connection point
of the drive transistor and the electro-optical ele-
ment, and a control terminal connected to the scan-
ning line, and

the current measurement circuit is connected to the
monitor line and is configured to measure the current
flowing through the pixel circuit and the monitor
line.

11. The display device according to claim 7, wherein

the display unit includes a power supply line,

the pixel circuit further includes a write control transistor
having a first conduction terminal connected to the data
line, a second conduction terminal connected to the
control terminal of the drive transistor, and a control
terminal connected to the scanning line,

the first conduction terminal of the drive transistor is
connected to the power supply line, and
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the current measurement circuit is connected to the power
supply line and is configured to measure the current
flowing through the pixel circuit and the power supply

line.
5 12. The display device according to claim 1, wherein the
measurement circuit is a voltage measurement circuit con-
figured to measure a voltage of a node in the pixel circuit.

13. The display device according to claim 12, wherein

the voltage measurement circuit is configured to measure
a voltage of one conduction terminal of the drive
transistor when a plurality of measurement currents
flow through the drive transistor in a switching manner,
and a voltage of one terminal of the electro-optical
element when another plurality of measurement cur-
rents flow through the electro-optical element in a
switching manner, and

the correction unit is configured to obtain a threshold
voltage and a gain of the drive transistor and a threshold
voltage and a gain of the drive transistor and a threshold
voltage and a gain of the electro-optical element with
respect to each pixel circuit based on the voltage
measured by the voltage measurement circuit.

14. The display device according to claim 13, wherein the

pixel circuit further includes:

a write control transistor having a first conduction termi-
nal connected to the data line, a second conduction
terminal connected to the control terminal of the drive
transistor, and a control terminal connected to a first
scanning line in the scanning lines; and

a read control transistor having a first conduction terminal
connected to the data line, a second conduction termi-
nal connected to a connection point of the drive tran-
sistor and the electro-optical element, and a control
terminal connected to a second scanning line in the
scanning lines, and

the voltage measurement circuit is connected to the data
line and is configured to measure a voltage at the
connection point of the drive transistor and the electro-
optical element.

15. A drive method for an active-matrix type display
device including a display unit having a plurality of scan-
ning lines, a plurality of data lines, and a plurality of pixel
circuits arranged two-dimensionally, the method compris-
ing:

driving the scanning lines;

driving the data lines;

measuring a current or a voltage with respect to the pixel
circuit at an outside of the display unit; and

correcting a video signal to be used for driving the data
line, based on a measured current or a measured
voltage, wherein

the pixel circuit includes an electro-optical element, and
a drive transistor having a control terminal and con-
nected in series with the electro-optical element,

the drive transistor is configured to operate in a saturation
region when a data voltage applied to the control
terminal in driving the data lines is in a first range, and
operate in a triode region when the data voltage is in a
second range, and

the correcting includes determining in which operation
region the drive transistor operates between the satu-
ration region and the triode region with respect to each
pixel circuit based on the video signal, and correcting
the video signal in accordance with the operation
region of the drive transistor.
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