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DISPLAY DEVICE AND DRIVING METHOD
THEREFOR

TECHNICAL FIELD

The following disclosure relates generally to display
devices and methods of driving display devices and in
particular to display devices including pixel circuits each
built around an organic EL (electroluminescence) element or
like electro-optical element and methods of driving such
display devices.

BACKGROUND ART

Conventional display elements incorporated in display
devices may be categorized into electro-optical elements
having, for example, their luminance or transmittance con-
trolled through an applied voltage and electro-optical ele-
ments having, for example, their luminance or transmittance
controlled through a current flow. Typical examples of the
former electro-optical elements include liquid crystal dis-
play elements, and those of the latter electro-optical ele-
ments include organic EL elements, which are also called
OLEDs (organic light-emitting diodes). The organic EL
display device, incorporating organic EL elements (i.c., self
light-emitting electro-optical element), more readily allows
for reduced thickness, low power consumption, and high
luminance designs and provides other benefits than the
liquid crystal display device which requires a backlight and
color filters. Organic EL display devices have been actively
developed in recent years for these reasons.

The organic EL display device is driven by a passive
matrix method (also called a simple matrix method) or an
active matrix method, both of which are well known. The
organic EL display device driven by a passive matrix
method has a simple structure, but is difficult to increase
screen size and achieve high definition. In contrast, the
organic EL display device driven by an active matrix method
(hereinafter, an “active-matrix organic EL display device™)
is easier to increase screen size and achieve high definition
than the organic EL display device driven by a passive
matrix method.

An active-matrix organic EL display device includes a
matrix of pixel circuits formed therein. Each pixel circuit in
the active-matrix organic EL display device typically
includes an input transistor through which a pixel is selected
and a drive transistor through which a current supply to the
organic EL element is controlled. Note that in the following
description, the current flow from the drive transistor to the
organic EL element may be referred to as the “drive cur-
rent.”

FIG. 23 is a circuit diagram of a configuration of a
conventional, typical pixel circuit 91. The pixel circuit 91 is
provided at every intersection of data lines S and scan lines
G in the display unit. As shown in FIG. 23, the pixel circuit
91 includes two transistors T1 and T2, a capacitor Cst, and
an organic EL element OLED. The transistor T1 serves as an
input transistor, and the transistor T2 serves as a drive
transistor.

The transistor T1 is disposed between the data line S and
the gate terminal of the transistor T2. The transistor T1 has
its gate terminal connected to the scan line G and its source
terminal connected to the data line S. The transistor T2 is
disposed in series with the organic EL element OLED. The
transistor T2 has its drain terminal connected to a power
supply line that feeds a high-level power supply voltage
ELVDD and its source terminal connected to the anode

15

20

25

30

35

40

45

50

55

60

2

terminal of the organic EL element OLED. The power
supply line that feeds the high-level power supply voltage
ELVDD will hereinafter be referred to as the “high-level
power supply line.” The high-level power supply line will be
denoted by the same reference sign “ELVDD” as the high-
level power supply voltage. The capacitor Cst has one of its
terminals connected to the gate terminal of the transistor T2
and the other terminal connected to the source terminal of
the transistor T2. The organic EL, element OLED has its
cathode terminal connected to a power supply line that feeds
a low-level power supply voltage ELVSS. The power supply
line that feeds the low-level power supply voltage ELVSS
will hereinafter be referred to as the “low-level power
supply line.” The low-level power supply line will be
denoted by the same reference sign “ELVSS” as the low-
level power supply voltage. Also, in this description, the
node where the gate terminal of the transistor T2, a terminal
of the capacitor Cst, and the drain terminal of the transistor
T1 are connected will be referred to as a “gate node” for
convenience and denoted by a reference sign “VG” Usually,
either the drain or the source that has a higher potential is
termed the drain. In this specification, however, one of them
is defined as the drain, and the other as the source; the source
potential may be in some cases higher than the drain
potential.

FIG. 24 is a timing chart depicting an operation of the
pixel circuit 91 shown in FIG. 23. The scan line G is not
selected until time t01. Therefore, until time t01, the tran-
sistor T1 is off, thereby maintaining the gate node VG at an
initial potential level (e.g., a level that is in accordance with
the writing in the preceding frame). At time t01, the scan line
G is selected, thereby turning on the transistor T1. Accord-
ingly, a data voltage Vdata that corresponds to the luminance
of the pixel (subpixel) formed by the pixel circuit 91 is
supplied to the gate node VG via the data line S and the
transistor T1. Thereafter, the potential at the gate node VG
changes in accordance with the data voltage Vdata in the
period up to time t02. In that period, the capacitor Cst is
charged to a gate-to-source voltage Vgs which is a difference
between the potential at the gate node VG and the source
potential of the transistor T2. At time t02, the scan line G is
deselected. In response to this, the transistor T1 is turned off,
establishing the gate-to-source voltage Vgs to be maintained
by the capacitor Cst. The transistor T2 feeds the organic EL
element OLED with a drive current that matches the gate-
to-source voltage Vgs maintained by the capacitor Cst. As a
result, the organic EL element OLED emits light at a
luminance that matches the drive current.

The organic EL display device typically includes thin film
transistors (TFTs) as drive transistors. However, thin film
transistors tend to vary in threshold voltage from one to the
other. The numerous drive transistors in the display unit,
having various threshold voltages, will cause variable lumi-
nance, which degrades display quality. In addition, the drive
transistor and the organic EL element exhibit voltage-current
characteristics that degrade over time, thereby allowing a
current flow to decrease over time even under the same
applied voltage. The luminance of the organic EL element
therefore decreases gradually over time. Furthermore, the
organic EL, element has a light emission efficiency that
decreases over time. Therefore, even if the organic EL
element is supplied with a fixed current, its luminance
decreases over time. These phenomena cause image stick-
ing. To address these issues, processes have been suggested
and implemented that compensate for the variations and
adverse changes of the threshold voltage of drive transistors
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and the degradation (including decreases of the light emis-
sion efficiency over time) of organic EL elements.

It is noted here that in relation to the present invention,
some documents are known as will be briefly described here.
PCT International Application Publication, No. WO2014/
208458 discloses an invention of an organic EL display
device in which properties (characteristics) of both the drive
transistor and the organic EL element are detected so that the
organic EL element can be supplied with a drive current that
compensates for both the degradation of the drive transistor
and the degradation of the organic EL element. Japanese
Unexamined Patent Application Publication, Tokukai, No.
2012-83777 discloses an invention of a light-emitting device
in which changes that occur in the electrode potential of a
monitoring element (light-emitting element provided for the
purpose of monitoring) as a result of temperature changes
and device degradation over time are fed back to the
light-emitting elements to maintain the luminance of the
light-emitting elements at a fixed value. Japanese Unexam-
ined Patent Application Publication, Tokukai, No. 2009-
80252 discloses an invention of an organic EL display
device in which the signal amplitude reference voltage (the
voltage that is in the video signal amplitude and determines
the black level) and the signal value reference voltage for
determining an amplitude for a signal value fed to a pixel
circuit are varied with sensed temperature to compensate for
temperature-dependent luminance variations while main-
taining high image quality.

CITATION LIST
Patent Literature

Patent Literature 1: PCT International Application Publi-
cation, No. W02014/208458

Patent Literature 2: Japanese Unexamined Patent Appli-
cation Publication, Tokukai, No. 2012-83777

Patent Literature 3: Japanese Unexamined Patent Appli-
cation Publication, Tokukai, No. 2009-80252

SUMMARY OF INVENTION
Technical Problem

The organic EL element has a temperature-dependent
luminance (luminance of emitted light). FIG. 25 is a graphi-
cal representation of the voltage-current characteristics of an
organic EL element. The curve denoted by a reference
numeral “92” represents the voltage-current characteristics
at a relatively low temperature, and the curve denoted by a
reference numeral “93” represents the voltage-current char-
acteristics at a relatively high temperature. As can be under-
stood from FIG. 25, the organic EL element allows a current
flow to increase with an increase in temperature under the
same applied voltage. That indicates that the luminance of
the organic EL element increases with an increase in tem-
perature. The organic EL. element has this short-term prop-
erty that the luminance increases with an increase in tem-
perature.

Whereas the organic EL element has a luminance that
increases with an increase in temperature in short terms as
described above, the luminance decreases with an increase
in temperature in long terms because the organic EL element
degrades more at higher temperature under the stress caused
by the temperature. These phenomena will be described next
in reference to FIG. 26. FIG. 26 is a graph prepared for the
purpose of discussion of a long-term property of the organic
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EL element. In FIG. 26, the horizontal axis is time, and the
vertical axis is the luminance of the organic EL element. The
straight line denoted by a reference numeral “94” represents
a time-luminance relationship at a relatively low tempera-
ture, and the straight line denoted by a reference numeral
“95” represents a time-luminance relationship at a relatively
high temperature. It will be appreciated from FIG. 26 that
the luminance of the organic EL element decreases with time
regardless of temperature. It will also be appreciated from
FIG. 26 that the luminance decreases more quickly at higher
temperature. The organic EL element has this long-term
property that the luminance decreases more quickly at
higher temperature due to temperature-induced degradation
as discussed here.

Since the organic EL element has these short- and long-
term properties, it follows that if compensation is done in a
high temperature environment by taking only the short-term
property into consideration, so as to reduce luminance (to
reduce the current flow through the organic EL element), the
luminance will become too low (the organic EL element will
become too dark) with passage of time.

PCT International Application Publication, No. W02014/
208458 discloses an organic EL display device in which
compensation is done for both the degradation of drive
transistors and the degradation of organic EL elements.
However, unless the circuit elements (drive transistors and
organic EL. elements) are monitored to detect their properties
(i.e,, to measure current or voltage) at properly specified
intervals, the luminance could decrease due to temperature-
induced degradation. Monitoring at an increased frequency
will result in increased power consumption. Meanwhile,
there has been growing demand to reduce power consump-
tion of, especially, mobile display devices because the time
that users use such devices is rapidly increasing.

In view of these issues, the following disclosure has an
object to provide a display device capable of restraining
luminance from decreasing due to temperature-induced deg-
radation (falling light emission efficiency) of electro-optical
elements (typically, organic EL elements) without entailing
significant increase in power consumption.

Solution to Problem

The present invention, in a first aspect thereof, is directed
to a display device including a plurality of pixel circuits each
including, as circuit elements: an electro-optical element
having a current-controlled luminance; and a drive transistor
for controlling a current to be fed to the electro-optical
element, the display device including: a pixel circuit drive
unit configured to perform a property measuring process in
which a property of the circuit elements is measured and a
drive process in which the pixel circuits are driven; a
property data memory unit configured to store property data
obtained from a result of measurement performed in the
property measuring process; a compensation computation
unit configured to correct an input video signal based on the
property data stored in the property data memory unit, so as
to generate a video signal to be fed to the pixel circuits; at
least one temperature sensing unit configured to sense
temperature; and a measurement controlling unit configured
to control an execution frequency of the property measuring
process in accordance with a temperature sensed by the at
least one temperature sensing unit, wherein the measure-
ment controlling unit increases the execution frequency of
the property measuring process with an increase in the
sensed temperature.
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In a second aspect of the present invention, the first aspect
of the present invention is characterized in that the mea-
surement controlling unit stores in advance a first relation-
ship equation representing a relationship between tempera-
ture and the execution frequency of the property measuring
process, so that the execution frequency of the property
measuring process is determined based on the sensed tem-
perature using the first relationship equation.

In a third aspect of the present invention, the first aspect
of the present invention is characterized in that the display
device further includes a cumulative drive time measure-
ment unit configured to measure a cumulative drive time of
the pixel circuits, wherein the measurement controlling unit
increases the execution frequency of the property measuring
process with a decrease in the cumulative drive time.

In a fourth aspect of the present invention, the third aspect
of the present invention is characterized in that the mea-
surement controlling unit stores in advance a second rela-
tionship equation representing a relationship between the
cumulative drive time and the execution frequency of the
property measuring process, so that the execution frequency
of the property measuring process is determined based on
the cumulative drive time using the second relationship
equation.

In a fifth aspect of the present invention, the first aspect
of the present invention is characterized in that the display
device further includes: a first property data correction
section configured to correct a value of the property data
obtained from the result of measurement performed in the
property measuring process to a value associated with
standard temperature based on a temperature sensed in the
property measuring process by the at least one temperature
sensing unit, so as to store corrected property data in the
property data memory unit; and a second property data
correction section configured to correct a value of the
property data stored in the property data memory unit to a
value associated with a temperature sensed in the drive
process by the at least one temperature sensing unit, wherein
the compensation computation unit corrects the input video
signal based on property data corrected by the second
property data correction section, so as to generate a video
signal to be fed to the pixel circuits.

In a sixth aspect of the present invention, the first aspect
of the present invention is characterized in that the at least
one temperature sensing unit includes a plurality of tem-
perature sensing units.

In a seventh aspect of the present invention, the first
aspect of the present invention is characterized in that the at
least one temperature sensing unit is disposed inside a
display panel containing the pixel circuits.

In an eighth aspect of the present invention, the first
aspect of the present invention is characterized in that the at
least one temperature sensing unit is disposed outside a
display panel containing the pixel circuits.

In a ninth aspect of the present invention, the first aspect
of the present invention is characterized in that the electro-
optical element is an organic light-emitting diode.

The present invention, in a tenth aspect thereof, is directed
to a method of driving a display device including a plurality
of pixel circuits each including, as circuit elements: an
electro-optical element having a current-controlled lumi-
nance; and a drive transistor for controlling a current to be
fed to the electro-optical element, the method including: the
pixel circuit driving step of driving the pixel circuits while
performing a property measuring process in which a prop-
erty of the circuit elements is measured; the property data
storing step of storing property data obtained from a result
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of measurement performed in the property measuring pro-
cess in a prescribed property data memory unit; the com-
pensation computing step of correcting an input video signal
based on the property data stored in the property data
memory unit, so as to generate a video signal to be fed to the
pixel circuits; the temperature sensing step of sensing tem-
perature; and the measurement controlling step of control-
ling an execution frequency of the property measuring
process in accordance with a temperature sensed in the
temperature sensing step, wherein the measurement control-
ling step increases the execution frequency of the property
measuring process with an increase in the sensed tempera-
ture.

The present invention, in an eleventh aspect thereof, is
directed to a display device including a plurality of pixel
circuits each including, as circuit elements: an electro-
optical element having a current-controlled luminance; and
a drive transistor for controlling a current to be fed to the
electro-optical element, said display device including: a
pixel circuit drive unit configured to perform a property
measuring process in which a property of the circuit ele-
ments is measured and a drive process in which the pixel
circuits are driven; a property data memory unit; at least one
temperature sensing unit configured to sense temperature; a
first property data correction section configured to correct a
value of property data obtained from a result of measure-
ment performed in the property measuring process to a value
associated with standard temperature based on a temperature
sensed in the property measuring process by the at least one
temperature sensing unit, so as to store corrected property
data in the property data memory unit a second property data
correction section configured to correct a value of the
property data stored in the property data memory unit to a
value associated with a temperature sensed in the drive
process by the at least one temperature sensing unit; and a
compensation computation unit configured to correct an
input video signal based on the property data corrected by
the second property data correction section, so as to generate
a video signal to be fed to the pixel circuits.

In a twelfth aspect of the present invention, the eleventh
aspect of the present invention is characterized in that the at
least one temperature sensing unit comprises a plurality of
temperature sensing units.

In a thirteenth aspect of the present invention, the eleventh
aspect of the present invention is characterized in that the at
least one temperature sensing unit is disposed inside a
display panel containing the pixel circuits.

In a fourteenth aspect of the present invention, the elev-
enth aspect of the present invention is characterized in that
the at least one temperature sensing unit is disposed outside
a display panel containing the pixel circuits.

In a fourteenth aspect of the present invention, the elev-
enth aspect of the present invention is characterized in that
the electro-optical element is an organic light-emitting
diode.

Advantageous Effects of Invention

According to the first aspect of the present invention, a
display device having a function of compensating for deg-
radation of circuit elements (electro-optical elements and
drive transistors) includes: a temperature sensing unit that
senses temperature; and a measurement controlling unit that
controls the execution frequency of a property measuring
process (current monitoring and/or voltage monitoring per-
formed to obtain a property of circuit elements) in accor-
dance with sensed temperature. The measurement control-
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ling unit then adjusts the execution frequency of the property
measuring process such that the execution frequency
increases with an increase in the sensed temperature and
decreases with a decrease in the sensed temperature. This
configuration restrains luminance from decreasing due to
temperature-induced degradation even when the display
device is being used at high temperature. In addition,
although power consumption increases with an increasing
execution frequency of the property measuring process, the
configuration lowers the execution frequency of the property
measuring process at low temperature. That restrains power
consumption from increasing due to the property measuring
process. In this manner, the first aspect of the present
invention provides a display device capable of restraining
luminance from decreasing due to temperature-induced deg-
radation (falling light emission efficiency) of electro-optical
elements without entailing significant increase in power
consumption.

The second aspect of the present invention enables com-
pensation computation considering various factors including
the material and manufacturing process of the circuit ele-
ments, thereby more reliably achieving the same effects as
those achieved by the first aspect of the present invention.

According to the third aspect of the present invention, the
display device includes a cumulative drive time measure-
ment unit that measures a cumulative drive time of the pixel
circuits. The execution frequency of the property measuring
process is then determined considering a cumulative drive
time of the pixel circuits as well as temperature. Therefore,
the execution frequency of the property measuring process
is determined in a more suitable manner in accordance with
a cumulative drive time of the pixel circuits. Hence, the third
aspect of the present invention provides a display device
capable of more effectively restraining luminance from
decreasing due to temperature-induced degradation (falling
light emission efficiency) of electro-optical elements while
more effectively suppressing increases in power consump-
tion.

The fourth aspect of the present invention enables com-
pensation computation considering various factors including
the material and manufacturing process of the circuit ele-
ments, thereby more reliably achieving the same effects as
those achieved by the third aspect of the present invention.

According to the fifth aspect of the present invention, the
property data obtained in the property measuring process is
stored in the property data memory unit after the value of the
property data is converted to a value that the property data
will take at standard temperature. The value of the property
data stored in the property data memory unit is then sub-
jected to a correction in which that value is converted to a
value associated with a temperature at which compensation
computation is performed. An input video signal is corrected
on the basis of the corrected property data. Property data is
stored after its value is temporarily converted a value
associated with standard temperature in this manner. There-
fore, precision of compensation can be maintained even
when temperature varies by large amounts.

The sixth aspect of the present invention enables sufficient
compensation for degradation of the circuit elements no
matter where the circuit elements are located in the display
panel.

According to the seventh aspect of the present invention,
the temperature sensing unit senses temperature close to the
circuit elements, which improves precision of compensa-
tion.

According to the eighth aspect of the present invention,
the temperature sensing unit may be a common sensor. In
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addition, the display panel may have a conventional con-
figuration with no modifications. Therefore, the eighth
aspect of the present invention is capable of lowering cost
over the configuration in which the temperature sensing unit
is provided inside the display panel.

The ninth aspect of the present invention provides an
organic EL display device capable of restraining luminance
from decreasing due to temperature-induced degradation
(falling light emission efficiency) of electro-optical elements
without entailing significant increase in power consumption.

According to the tenth aspect of the present invention, the
method of driving a display device achieves the same effects
as those achieved by the first aspect of the present invention.

According to the eleventh to fifteenth aspect of the present
invention, the same effects as those achieved by the fifth to
ninth aspect of the present invention are achieve.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of an overall configuration of
an active-matrix organic EL display device in accordance
with an embodiment of the present invention.

FIG. 2 is a schematic of a source driver in accordance with
the embodiment.

FIG. 3 is a circuit diagram of a pixel circuit and a portion
of a source driver (that functions as a current monitoring
section) in accordance with the embodiment.

FIG. 4 is a timing chart depicting a driving method for
current monitoring in accordance with the embodiment.

FIG. 5 is a diagram illustrating a current flow in a current
measuring period in accordance with the embodiment.

FIG. 6 is another diagram illustrating a current flow in a
current measuring period in accordance with the embodi-
ment.

FIG. 7 is a diagram illustrating a current flow in a data
voltage writing period in accordance with the embodiment.

FIG. 8 is a detailed block diagram of an internal configu-
ration of a control unit in accordance with the embodiment.

FIG. 9 is a graphical representation of a relationship
between temperature and the degradation rate of a circuit
element (transistor or organic EL element).

FIG. 10 is a graphical representation of a relationship
between temperature and a monitoring interval in accor-
dance with the embodiment.

FIG. 11 is a block diagram of a configuration of a
compensation computation section in accordance with the
embodiment.

FIG. 12 is a graphical representation of effects of the
embodiment.

FIG. 13 is another graphical representation of effects of
the embodiment.

FIG. 14 is a graphical representation of a relationship
between time and the degradation rate of a circuit element.

FIG. 15 is a graphical representation of a relationship
between time and a monitoring interval in accordance with
a first variation example of the embodiment.

FIG. 16 is a block diagram of an overall configuration of
an active-matrix organic EL display device in accordance
with the first variation example.

FIG. 17 is a detailed block diagram of an internal con-
figuration of a control unit in accordance with the first
variation example.

FIG. 18 is a block diagram of an overall configuration of
an active-matrix organic EL display device in accordance
with a second variation example of the embodiment.
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FIG. 19 is a functional block diagram of a source driver
in accordance with a third variation example of the embodi-
ment.

FIG. 20 is a circuit diagram of a pixel circuit and a part
of the source driver in accordance with the third variation
example.

FIG. 21 is a diagram of an example configuration of a
voltage monitoring section in accordance with the third
variation example.

FIG. 22 is a timing chart depicting a driving method for
voltage monitoring in accordance with the third variation
example.

FIG. 23 is a circuit diagram of a configuration of a
conventional, typical pixel circuit.

FIG. 24 is a timing chart depicting an operation of the
pixel circuit shown in FIG. 23.

FIG. 25 is a graphical representation of the voltage-
current characteristics of an organic EL element.

FIG. 26 is a graph prepared for the purpose of discussion
of a long-term property of an organic EL element.

DESCRIPTION OF EMBODIMENTS

The following will describe an embodiment of the present
invention in reference to attached drawings. Throughout the
following description, M and N each denote an integer
greater than or equal to 2, i an integer from 1 to N inclusive,
and j an integer from 1 to M inclusive. Also throughout the
following description, the characteristics of a drive transistor
in a pixel circuit are referred to as the “TFT characteristics,”
and the characteristics of an organic EL element in a pixel
circuit as the “OLED characteristics.”

1. OVERALL CONFIGURATION

FIG. 1 is a block diagram of an overall configuration of
an active-matrix organic EL display device in accordance
with an embodiment of the present invention. The organic
EL display device includes an organic EL panel 10, a control
unit 20, and a source driver 30. The organic EL panel 10
includes a display unit 100, a gate driver 110, and a
temperature sensor 120. To put it differently, in the present
embodiment, the gate driver 110 is provided on a substrate
that is a part of the organic EL panel 10. Alternatively, the
gate driver 110 may be provided outside the organic EL
panel 10. The control unit 20 includes an image processing
section 22 and a timing controller 24. The image processing
section 22 is built around an LSI generally called a “GPU.”
The timing controller 24 is built around an LSI generally
called “TCON” to control the operation of the gate driver
110 and the source driver 30. The image processing section
22 and the timing controller 24, although being realized
using two distinct LSIs as described here, will be collec-
tively referred to as the control unit 20 for convenience in
the present specification. Also in the present embodiment,
the gate driver 110 and the source driver 30 provide a pixel
circuit drive unit, and the temperature sensor 120 provides
a temperature sensing unit.

The display unit 100 includes M data lines S(1) to S(M)
and N scan lines G1(1) to G1(N) disposed at right angles.
The display unit 100 further includes N monitoring control
lines G2(1) to G2(N) each for a different one of the N scan
lines G(1) to GI(N). The scan lines G1(1) to GI(N) are
parallel to the monitoring control lines G2(1) to G2(N). The
display unit 100 further includes NxM pixel circuits 102 at
the intersections of the N scan lines G1(1) to G1(N) and the
M data lines S(1) to S(M). The NxM pixel circuits 102,
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arranged in this manner, form a pixel matrix of N rows and
M columns in the display unit 100. The display unit 100
further includes a high-level power supply line (not shown)
to supply a high-level power supply voltage and a low-level
power supply line (not shown) to supply a low-level power
supply voltage.

Throughout the following description, the M data lines
S(1) to S(M) will be denoted simply by a reference sign “S”
when there is no need to distinguish between the individual
data lines. Likewise, the N scan lines G1(1) to G1(N) will be
denoted simply by a reference sign “G1” when there is no
need to distinguish between the individual scan lines, and
the N monitoring control lines G2(1) to G2(N) will be
denoted simply by a reference sign “G2” when there is no
need to distinguish between the individual monitoring con-
trol lines.

Each data line S in the present embodiment is used not
only as a signal line through which a luminance signal
(video signal) is transmitted to cause the organic EL element
in the pixel circuit 102 to emit light at a desired luminance,
but also as a signal line through which a voltage is delivered
to the pixel circuit 102 to detect TFT and OLED character-
istics (hereinafter, a “measuring voltage™) and as a signal
line that serves as a path for a current representing TFT and
OLED characteristics that is measurable by a current moni-
toring section 320 (details will be given later).

The following will describe an operation of the constitu-
ent elements shown in FIG. 1. The temperature sensor 120
senses its ambient temperature and outputs temperature data
TE that represents the sensed temperature. There may be
provided any number of temperature sensors 120. Taking
non-uniform temperature distribution in the organic EL
panel 10 into consideration, however, it is preferable that
there be provided a plurality of temperature sensors 120.

The control unit 20 receives externally provided image
data VDb, monitoring data MO outputted from the source
driver 30, and the temperature data TE outputted from the
temperature sensor 120. The control unit 20 then subjects the
image data VDb to compensation computation (detailed
later) on the basis of the monitoring data MO and the
temperature data TE to generate a digital video signal
(compensated image data) VDa for output to the source
driver 30. The monitoring data MO is obtained through
measurement performed to detect TFT and OLED charac-
teristics. The control unit 20 also controls the operation of
the source driver 30 by supplying the digital video signal
VDa and a source control signal SCTL to the source driver
30 and controls the operation of the gate driver 110 by
supplying a gate control signal GCTL to the gate driver 110.
The source control signal SCTL includes, for example, a
source start pulse signal, a source clock signal, and a latch
strobe signal. The gate control signal GCTL includes, for
example, a gate start pulse signal, a gate clock signal, and an
output enable signal. The digital video signal VDa, the
source control signal SCTL, and the gate control signal
GCTL are in typical cases outputted from the timing con-
troller 24 in the control unit 20.

The gate driver 110 is connected to the N scan lines G1(1)
to G1(N) and the N monitoring control lines G2(1) to G2(N).
The gate driver 110 is composed primarily of shift registers
and logic circuits. The gate driver 110 drives the N scan lines
G1(1) to G1(N) and the N monitoring control lines G2(1) to
G2(N) on the basis of the gate control signal GCTL output-
ted from the control unit 20.

The source driver 30 is connected to the M data lines S(1)
to S(M). The source driver 30 selectively drives the data
lines S(1) to S(M) and measures currents flowing through
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the data lines S(1) to S(M). In functional terms, the source
driver 30 includes a portion that functions as a data line drive
section 310 that drives the data lines S(1) to S(M) and a
portion that functions as the current monitoring section 320
that measures the currents outputted from the pixel circuits
102 to the data lines S(1) to S(M), as shown in FIG. 2. The
current monitoring section 320 measures currents flowing
through the data lines S(1) to S(M) and outputs the moni-
toring data MO based on these measured values.

The N scan lines G1(1) to GI1(N), the N monitoring
control lines G2(1) to G2(N), and the M data lines S(1) to
S(M) are driven as described above, so that the display unit
100 can display an image based on the externally provided
image data VDb. In this particular process, the image data
VDb is subjected to compensation computation on the basis
of the monitoring data MO and the temperature data TE to
compensate for variations in the threshold voltages of the
drive transistors and the degradation of the organic EL
elements.

2. PIXEL CIRCUITS AND SOURCE DRIVER

Next, the pixel circuits 102 and the source driver 30 will
be described in more detail. The source driver 30, when
functioning as the data line drive section 310, operates as in
the following. The source driver 30 receives the source
control signal SCTL outputted from the control unit 20 and
applies voltages (hereinafter, “data voltages™) in accordance
with target luminances to the M data lines S(1) to S(M)
respectively. Triggered by pulses on the source start pulse
signal, the source driver 30 sequentially latches the digital
video signal VDa, which represents voltages to be applied to
the data lines S, upon appearance of pulses on the source
clock signal. Then, upon appearance of pulses on the latch
strobe signal, the latched digital video signal VDa is con-
verted to analog voltages. The resultant analog voltages are
applied simultaneously to all the data lines S(1) to S(M) as
data voltages. The source driver 30, when functioning as the
current monitoring section 320, applies measuring voltages
to the data lines S(1) to S(M) to convert the currents flowing
through the data lines S(1) to S(M) to voltages. The resultant
data is outputted as the monitoring data MO from the source
driver 30.

FIG. 3 is a circuit diagram of one of the pixel circuits 102
and a portion of the source driver 30 (that functions as the
current monitoring section 320). FIG. 3 shows one of the
pixel circuits 102 that is located in the i-th row, j-th column
and the portion of the source driver 30 that is associated with
the data line S(j) in the j-th column. The pixel circuit 102
includes an organic EL element (electro-optical element)
OLED, three transistors T1 to T3, and a capacitor Cst. The
transistor T1 functions as an input transistor through which
a pixel is selected. The transistor T2 functions as a drive
transistor through which a current supply to the organic EL
element OLED is controlled. The transistor T3 functions as
a monitoring control transistor through which it is controlled
whether to perform current measurement to detect charac-
teristics of the drive transistor T2 or the organic EL element
OLED.

The transistor T1 is disposed between the data line S(j)
and the gate terminal of the transistor T2. The transistor T1
has its gate terminal connected to the scan line G1(i) and its
source terminal connected to the data line S(j). The transistor
T2 is disposed in series with the organic EL element OLED.
The transistor 12 has its gate terminal connected to the drain
terminal of the transistor T1, its drain terminal connected to
a high-level power supply line ELVDD, and its source
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terminal connected to the anode terminal of the organic EL
element OLED. The transistor T3 has its gate terminal
connected to the monitoring control line G2(i), its drain
terminal connected to the anode terminal of the organic EL
element OLED, and its source terminal connected to the data
line S(j). The capacitor Cst has one of its terminals con-
nected to the gate terminal of the transistor T2 and the other
terminal connected to the drain terminal of the transistor T2.
The cathode terminal of the organic EL element OLED is
connected to a low-level power supply line ELVSS. The
transistors T1 to T3 in the pixel circuit 102 may be, for
example, oxide TFTs (thin film transistors containing an
oxide semiconductor in the channel layer) or amorphous
silicon TFTs. The oxide TFTs may be, for example, TFTs
that contain InGaZnO (indium gallium zinc oxide). The use
of oxide TFTs allows for high definition and reduced power
consumption, for example.

As shown in FIG. 3, the current monitoring section 320
includes a D/A converter (DAC) 31, an operational amplifier
32, a capacitor 33, a switch 34, and an A/D converter (ADC)
35. The operational amplifier 32, the capacitor 33, and the
switch 34 constitute a current/voltage conversion section 39.
Note that the current/voltage conversion section 39 and the
D/A converter 31 double as constituent elements of the data
line drive section 310.

The digital video signal VDa is supplied to the input
terminal of the D/A converter 31, which then converts the
digital video signal VDa to an analog voltage that serves as
either a data voltage or a measuring voltage. The output
terminal of the D/A converter 31 is connected to the non-
inverted input terminal of the operational amplifier 32.
Therefore, the data voltage or the measuring voltage is
supplied to the non-inverted input terminal of the opera-
tional amplifier 32. The inverted input terminal of the
operational amplifier 32 is connected to the data line S(j).
The switch 34 is disposed between the inverted input
terminal and output terminal of the operational amplifier 32.
The capacitor 33 is disposed in parallel with the switch 34,
between the inverted input terminal and output terminal of
the operational amplifier 32. The control terminal of the
switch 34 is fed with an input/output control signal DWT
contained in the source control signal SCTL. The output
terminal of the operational amplifier 32 is connected to the
input terminal of the A/D converter 35.

In this configuration, when the input/output control signal
DWT is HIGH, the switch 34 is on, and the inverted input
terminal and output terminal of the operational amplifier 32
are short-circuited. Under these conditions, the operational
amplifier 32 functions as a buffer amplifier. Consequently,
the data line S(j) is fed with the voltage (data voltage or
measuring voltage) that is supplied to the non-inverted input
terminal of the operational amplifier 32. When the input/
output control signal DWT is LOW, the switch 34 is oft and
the inverted input terminal and output terminal of the
operational amplifier 32 are connected via the capacitor 33.
Under these conditions, the operational amplifier 32 and the
capacitor 33 function as an integration circuit. Consequently,
the output voltage (monitoring voltage Vmo) of the opera-
tional amplifier 32 is matched with the current flowing
through the data line S(j). The A/D converter 35 converts the
output voltage (monitoring voltage Vmo) of the operational
amplifier 32 to a digital value. The resultant data is fed to the
control unit 20 as the monitoring data MO.

In the present embodiment, a common signal line is used
to both supply a data voltage and measure a current, which
by no means limits the scope of the present invention.
Alternatively, separate signal lines may be provided to
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supply a data voltage and measure a current. Furthermore,
the pixel circuit 102 may have an arrangement other than the
one shown in FIG. 3. In other words, the present invention
is not particularly limited by any specific circuit arrange-
ment of;, for example, the current monitoring section 320 and
the pixel circuit 102.

3. DRIVING METHOD

Next will be described a driving method for current
monitoring (measurement of currents to detect TFT and
OLED characteristics). Currents may be monitored in any
period including a display period, a vertical blanking period,
a period immediately following a turn-on of a device, or a
period immediately preceding a turn-off of a device. In the
following description, the period in which a series of pro-
cesses are carried out for current monitoring will be referred
to as a “monitoring period.” Also in the following descrip-
tion, the row on which current monitoring is being per-
formed will be referred to as the “monitored row.”

FIG. 4 is a timing chart depicting a driving method for
current monitoring. In FIG. 4, current monitoring is being
performed on the i-th row as an example. The period denoted
by a reference sign “TM” in FIG. 4 is a monitoring period.
Each monitoring period TM includes a period, Ta, in which
preparation is done to detect TFT or OLED characteristics in
the monitored row (hereinafter, a “detection preparation
period”), a period, Th, in which current is measured to detect
the characteristics (hereinafter, a “current measuring
period”), and a period, Tc, in which data voltage is written
in the monitored row (hereinafter, a “data voltage writing
period”).

Throughout the detection preparation period Ta, the scan
line G1(7) is active, and the monitoring control line G2(j) is
inactive. Therefore, the transistor T1 is on, and the transistor
T3 is oft throughout the period. In the detection preparation
period Ta, the data line S(j) is fed with a measuring voltage
Vmg(i,j). Note that the measuring voltage Vmg(i,j) is not
fixed and has different values when TFT characteristics are
to be detected and when OLED characteristics are to be
detected. In other words, the “measuring voltage” here
comprehensively refers to a TFT characteristics measuring
voltage and an OLED characteristics measuring voltage.
When the measuring voltage Vmg(i,j) is a TFT character-
istics measuring voltage, the transistor T2 is on; when the
measuring voltage Vmg(ij) is an OLED characteristics
measuring voltage, the transistor T2 is off.

The TFT characteristics measuring voltage applied to the
data line S(j) in the detection preparation period Ta is set so
as to satisfy the inequality: TFT Characteristics Measuring
Voltage<Threshold Voltage of Organic EL, Element OLED+
Threshold Voltage of Transistor T2. This setting inhibits
current from flowing through the organic EL element OLED
in the current measuring period Tb, thereby enabling the
characteristics of the transistor T2 to be measured exclu-
sively. The OLED characteristics measuring voltage applied
to the data line S(j) in the detection preparation period Ta is
set so as to satisfy the inequality: OLED Characteristics
Measuring Voltage<Threshold Voltage of Organic EL Ele-
ment OLED+Threshold Voltage of Transistor T2. This set-
ting inhibits the transistor T2 from being turned on in the
current measuring period Tb, thereby enabling the charac-
teristics of the organic EL element OLED to be measured
exclusively.

Throughout the current measuring period Th, the scan line
G1(i) is inactive, and the monitoring control line G2(j) is
active. Therefore, the transistor T1 is off, and the transistor
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T3 is on throughout the period. When the measuring voltage
Vmg(ij) is a TFT characteristics measuring voltage, the
transistor T2 is on as described above, and there is no current
flow in the organic EL element OLED. Consequently, the
current flowing through the transistor T2 is outputted via the
transistor T3 to the data line S(j) as indicated by an arrow 61
in FIG. 5. The current flowing in the data line S() is
measured under these conditions by the current monitoring
section 320 in the source driver 30. Meanwhile, when the
measuring voltage Vmg(ij) is an OLED characteristics
measuring voltage, the transistor T2 is off as mentioned
earlier, causing a current to flow in the organic EL element
OLED. Specifically, a current flows from the data line S(j)
to the organic EL element OLED via the transistor T3 as
indicated by an arrow 62 in FIG. 6, causing the organic EL
element OLED to emit light. The current flowing in the data
line S(j) is measured under these conditions by the current
monitoring section 320 in the source driver 30.

In the data voltage writing period Tc, the scan line G1(i)
is active, and the monitoring control line G2(i) is inactive.
Therefore, the transistor T1 is on, and the transistor T3 is off.
Also, in the data voltage writing period Tc, the data line S(j)
1s fed with a data voltage matched with a target luminance,
thereby turning on the transistor T2. As a result, a drive
current is supplied to the organic EL element OLED via the
transistor T2 as indicated by an arrow 63 in FIG. 7, causing
the organic EL element OLED to emit light at a luminance
that matches the drive current.

4. PROCESSES CARRIED OUT BY CONTROL
UNIT

FIG. 8 is a detailed block diagram of an internal configu-
ration of the control unit 20. The control unit 20 includes a
parameter calculation section 210, a first temperature-de-
pendent correction section 220, a parameter table 230, a
second temperature-dependent correction section 240, a
monitoring control section 250, and a compensation com-
putation section 260. Each of these constituent elements
may be provided either in the image processing section 22
or in the timing controller 24.

The monitoring data MO fed to the control unit 20
represents TFT or OLED characteristics. In the control unit
20, the externally provided image data VDb is subjected to
compensation computation, using the values of compensa-
tion parameters (“parameter values”) obtained from the
monitoring data MO. To describe it in more detail, in the
present embodiment, the parameter values are a TFT offset
value that is an offset value (equivalent to a threshold
voltage) obtained from results of detection of TFT charac-
teristics, a TFT gain value that is a gain value obtained from
results of detection of TFT characteristics, an OLED offset
value that is an offset value (equivalent to a threshold
voltage) obtained from results of detection of OLED char-
acteristics, and an OLED degradation compensation coefi-
cient that is a degradation compensation coefficient obtained
from results of detection of OLED characteristics. In FIG. 8,
the parameter values outputted from the parameter calcula-
tion section 210 are denoted by a reference sign “PR1,” the
parameter values outputted from the first temperature-de-
pendent correction section 220 are denoted by a reference
sign “PR2,” the parameter values taken from the parameter
table 230 are denoted by a reference sign “PR3,” and the
parameter values outputted from the second temperature-
dependent correction section 240 are denoted by a reference
sign “PR4.”
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The following will describe an operation of each of the
constituent elements in FIG. 8. The parameter calculation
section 210 calculates the parameter values PR1 from the
monitoring data MO. The parameter calculation section 210
calculates a TFT offset value Vth_raw (TFT), a TFT gain
value P_raw (TFT), an OLED offset value Vth_raw
(OLED), and an OLED degradation compensation coeffi-
cient f_raw (OLED) as the parameter values PR1.

A specific example of a method of calculating these four
parameter values will now be described. Current monitoring
needs to be carried out four times for each of the pixel
circuits 102 to determine these four parameter values. TFT
characteristics are detected in the first and second rounds of
current monitoring, whereas OLED characteristics are
detected in the third and fourth rounds of current monitoring.

When the transistor T2 is operating in the saturation
region, equation (1) below generally holds in an approxi-
mate manner for the gate-to-source voltage Vgs, drain
current Id, threshold voltage Vth, and gain 3 of the transistor
2.

Td=(B/2)x(Vgs-Vih? a

Letting Vgs1 and 11 respectively represent the gate-to-
source voltage and measured current (the current measured
by the current monitoring section 320) of the transistor T2
in the current measuring period Tb in the first round of
current monitoring and further letting Vgs2 and 12 respec-
tively represent the gate-to-source voltage and measured
current of the transistor T2 in the current measuring period
Tb in the second round of current monitoring, equations (2)
and (3) hold because of equation (1).

N=(p_raw(TF T 2)x(Vgs1-Vih_taw(TFT))?

DR=(p_raw(TF TV 2)x(Vgs2-Vih_taw(TFT))? (3)
Solving the system of equations (2) and (3), equations (4)
and (5) are obtained.

[Math. 1]
Ve TL “
Vb raw(FT) < VELVI2 ~VeVTL
Vi -1
[Math, 2]
oVI2 -VITY )
praw(TFT) = —

(Vgs2 — Vgsl ¥

Equation (6) below holds in an approximate manner for
the anode-cathode voltage Vo, current o, threshold voltage
Vth, and gain f of the organic EL element OLED. Note that
K is a constant from 2 to 3 inclusive.

To=p(Vo-Vih)X (6)

Letting Vom3 and I3 respectively represent the anode-
cathode voltage and measured current of the organic EL
element OLED in the current measuring period Tb in the
third round of current monitoring and further letting Vom4
and 14 respectively represent the anode-cathode voltage and
measured current of the organic EL element OLED in the
current measuring period Tb in the fourth round of current
monitoring, equations (7) and (8) hold because of (6).

I3=p_raw(OLED)x(Fom3—Vth_raw(OLED))X

TA=p_raw(OLED)x(Voma-Vth_raw(OLED)YX (®)
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Solving the system of equations (7) and (8), equations (9)
and (10) are obtained.

[Math. 3]

Vom3’\(/E - Vom4%

Vth_raw(OLED) =

iz -\
[Math. 4]
(Vi -Viz) a0
praw(OLED)= —————

(Vomd4 — Vom3)X

As described in the foregoing, the parameter calculation
section 210 calculates the TFT offset value Vth_raw (TFT)
and the TFT gain value p_raw (TFT) from the monitoring
data MO using equations (4) and (5). The parameter calcu-
lation section 210 further calculates the OLED offset value
Vth_raw (OLED) and the OLED degradation compensation
coeflicient f_raw (OLED) from the monitoring data MO
using equations (9) and (10).

The first temperature-dependent correction section 220
corrects (converts) the parameter values PR1 to those values
which the parameters will take at standard temperature (e.g,,
25°) on the basis of the temperature data TE. The parameter
values PR2 obtained by the correction are stored in the
parameter table 230. Related to this, for both the transistor
and the organic EL element, the threshold voltage decreases
with an increase in temperature. Therefore, for the TFT
offset value and the OLED offset value, a value greater than
that value which 1s calculated by the parameter calculation
section 210 is stored in the parameter table 230 if the
temperature at the time of monitoring (the temperature given
by the temperature data TE) is higher than standard tem-
perature, and a value smaller than the value calculated by the
parameter calculation section 210 is stored in the parameter
table 230 if the temperature at the time of monitoring is
lower than standard temperature. In addition, the gain value
of the transistor decreases with an increase in temperature.
Therefore, for the TFT gain value, a value greater than that
value which is calculated by the parameter calculation
section 210 is stored in the parameter table 230 if the
temperature at the time of monitoring is higher than standard
temperature, and a value smaller than the value calculated by
the parameter calculation section 210 is stored in the param-
eter table 230 if the temperature at the time of monitoring is
lower than standard temperature. Additionally, the degrada-
tion compensation coefficient of the organic EL. element
increases with an increase in temperature. Therefore, for the
OLED degradation compensation coefficient, a value
smaller than that value which is calculated by the parameter
calculation section 210 is stored in the parameter table 230
if the temperature at the time of monitoring is higher than
standard temperature, and a value greater than the value
calculated by the parameter calculation section 210 is stored
in the parameter table 230 if the temperature at the time of
monitoring is lower than standard temperature.

As described in the foregoing, the first temperature-
dependent correction section 220 stores a TFT offset value
Vth(TFT) obtained by the conversion of the TFT offset value
Vth_raw (TFT) to a value at standard temperature, a TFT
gain value B(TFT) obtained by the conversion of the TFT
gain value f_raw (TFT) to a value at standard temperature,
an OLED offset value Vth(OLED) obtained by the conver-
sion of the OLED offset value Vth_raw (OLED) to a value
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at standard temperature, and an OLED degradation com-
pensation coeflicient (OLED) obtained by the conversion
of the OLED degradation compensation coeflicient _raw
(OLED) to a value at standard temperature as the parameter
values PR2 in the parameter table 230.

The parameter table 230 contains, for each pixel, the
parameter values PR2 (the TFT offset value Vth(TFT), the
TFT gain value B(TFT), the OLED offset value Vth(OLED),
and the OLED degradation compensation coeflicient
B(OLED)) obtained by the first temperature-dependent cor-
rection section 220. The parameter table 230 provides a
property data memory unit in the present embodiment.

The second temperature-dependent correction section 240
corrects (converts) the parameter values PR3 taken from the
parameter table 230 to those values which the parameters
will take at current temperature on the basis of the tempera-
ture data TE. The parameter values PR4 obtained by the
correction are fed to the compensation computation section
260. Since the parameter table 230 contains parameter
values associated with standard temperature (more specifi-
cally, parameter values obtained by converting the param-
eter values obtained at some temperature at the time of
monitoring to those values which the parameters will take at
standard temperature) as described above, the second tem-
perature-dependent correction section 240 corrects param-
eter values such that the compensation computation section
260 can perform compensation computation that matches
current temperature. In short, the second temperature-de-
pendent correction section 240 performs correction in a
manner opposite to the correction performed by the first
temperature-dependent correction section 220. Taking a TFT
offset value as an example, if the current temperature
(temperature given by the temperature data TE) is higher
than standard temperature, the compensation computation
section 260 is given a value that is smaller than the value
taken from the parameter table 230, and if the current
temperature is lower than standard temperature, the com-
pensation computation section 260 is given a value that is
greater than the value taken from the parameter table 230.
How the second temperature-dependent correction section
240 corrects the parameter values PR3 to obtain parameter
values PR4 depends on how the compensation computation
section 260 uses the parameter values PR4.

As described in the foregoing, the second temperature-
dependent correction section 240 provides a TFT offset
value Vth'(TFT) obtained by the conversion of the TFT
offset value Vth(TFT) to a value at current temperature, a
TFT gain value B'(TFT) obtained by the conversion of the
TFT gain value B(TFT) to a value at current temperature, an
OLED offset value Vth'(OLED) obtained by the conversion
of the OLED offset value Vth(OLED) to a value at current
temperature, and an OLED degradation compensation coef-
ficient f'(OLED) obtained by the conversion of the OLED
degradation compensation coeflicient f(OLED) to a value at
current temperature as the parameter values PR4 to the
compensation computation section 260.

The monitoring control section 250 outputs a monitoring
control signal MCTL on the basis of the temperature data
TE. The contents of the monitoring control signal MCTL are
reflected in the waveforms of signals that are parts of the
gate control signal GCTL and the source control signal
SCTL. This mechanism enables intervals at which the
current monitoring section 320 measures current (“monitor-
ing intervals”) to be adjusted in accordance with tempera-
ture. This adjustment of monitoring intervals will be
described next in detail in reference to FIGS. 9 and 10.
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FIG. 9 is a graphical representation of a relationship
between temperature and the degradation rate of a circuit
element (transistor or organic EL element). As can be
understood from FIG. 9, the circuit element exhibits a
degradation rate that increases with an increase in tempera-
ture. Therefore, if two consecutive current monitoring tim-
ings for a row are separated by a long period at high
temperature, the temperature-induced degradation of a cir-
cuit element may not be sufficiently compensated for. In
other words, the difference between the ideal luminance and
the luminance achieved through compensation computation
(“compensation error”) will increasingly likely exceed an
acceptable range as temperature increases. An “acceptable
range” in this context typically refers to such a range that the
human eye cannot perceive luminance degradation.

Accordingly, in the present embodiment, the monitoring
interval is decreased with an increase in temperature (in
other words, the monitoring frequency is increased with an
increase in temperature) as shown in FIG. 10 to prevent
compensation error from growing beyond an acceptable
range. In this manner, the monitoring control section 250
adjusts the monitoring interval such that the monitoring
interval decreases with an increase in temperature and
increases with a decrease in temperature. For example, at
high temperature (60°), the transistor and the organic EL
element degrade respectively at twice the rate and at four
times the rate at normal temperature (25°) (the degradation
rate can vary, for example, depending on the manufacturing
process, composition, and driving conditions of the circuit
element). The monitoring interval is determined considering
these temperature-induced variations of the degradation rate
of the circuit element.

In FIG. 10, the temperature-monitoring interval relation-
ship is represented by a straight line. The degradation rate of
a circuit element however will vary depending on various
factors including the composition and manufacturing pro-
cess of the circuit element. Therefore, it is preferable that a
formula (“first relationship equation”) that represents the
temperature-monitoring interval relationship be prepared in
advance through experiments and the monitoring interval be
determined from the temperature data TE using the first
relationship equation.

The compensation computation section 260 subjects the
externally provided image data VDb to compensation com-
putation on the basis of the parameter values PR4 outputted
by the second temperature-dependent correction section 240
so as to compensate for the degradation of the circuit
elements in the pixel circuits 102 (the drive transistors T2
and the organic EL elements OLED). The image data (digital
video signal) VDa obtained by the compensation computa-
tion is outputted from the control unit 20 and transmitted to
the source driver 30.

Now, in reference to FIG. 11, a description will be given
of an example of the compensation computation performed
by the compensation computation section 260. In this
example, Vt1 denotes the TFT offset value Vth'(TFT), Bl
denotes the TFT gain value B'(TFT). Vt2 denotes the OLED
offset value Vth'(OLED), and B2 denotes the OLED deg-
radation compensation coefficient f'(OLED). The compen-
sation computation section 260 includes a LUT (lookup
table) 261, a multiplication section 262, a multiplication
section 263, an addition section 264, an addition section 265,
and a multiplication section 266. The compensation com-
putation section 260 is given a TFT gain value B1, an OLED
degradation compensation coeflicient B2, a TFT offset value
Vtl, and an OLED offset value Vt2 as values of the
compensation parameters. In this configuration, the exter-
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nally provided image data (uncompensated image data) VDb
is corrected as described next.

First, the uncompensated image data VDb is subjected to
gamma correction using the LUT 261. Specifically, the gray
level represented by the uncompensated image data VDb is
converted to a control voltage Ve through gamma correc-
tion. The multiplication section 262 receives and multiplies
the control voltage V¢ and the TFT gain value B1 and then
outputs a resultant value Ve-B1. The multiplication section
263 receives and multiplies the value Ve-B1 outputted from
the multiplication section 262 and the OLED degradation
compensation coeflicient B2 and then outputs a resultant
value Vc-B1-B2. The addition section 264 receives and adds
the value Ve'B1-B2 outputted from the multiplication sec-
tion 263 and the TFT offset value Vtl and then outputs a
resultant value Vc-B1-B2+Vitl. The addition section 265
receives and adds the value Vc-B1-B2+Vtl outputted from
the addition section 264 and the OLED offset value Vt2 and
then outputs a resultant value Vc-B1-B2+Vtl+Vi2. The
multiplication section 266 receives and multiplies the value
VeBI'B2+Vt1+Vt2 outputted from the addition section 265
and a coeflicient Z for compensating for a decay of data
voltage caused by the parasitic capacitance of the pixel
circuit 102 and then outputs a resultant value Z(Vc-B1-B2+
Vt1+Vt2). Data having the value Z(VcB1-B2+Vtl1+Vi2)
obtained in this manner is outputted from the compensation
computation section 260 as the compensated image data
(digital video signal) VDa. This process is a mere example,
which by no means limits the scope of the present invention.

5. EFFECTS

The present embodiment provides an organic EL display
device that has a function of compensating for degradation
of circuit elements (drive transistors T2 and organic EL
elements OLED). The organic EL display device includes
the temperature sensor 120 that senses temperature and the
monitoring control section 250 that adjusts monitoring inter-
vals in accordance with sensed temperature. The monitoring
control section 250 adjusts monitoring intervals such that the
monitoring interval decreases with an increase in tempera-
ture and increases with a decrease in temperature. This
configuration restrains luminance from decreasing due to
temperature-induced degradation even when the organic EL
display device is being used at high temperature. This will
be described further in reference to FIGS. 12 and 13. FIG.
12 illustrates a relationship between time and luminance at
high and low temperature in accordance with the present
embodiment. As shown in FIG. 12, a high-temperature
monitoring interval t1 is shorter than a low-temperature
monitoring interval t2. If the monitoring interval at high
temperature is equal to T2, the passage of time and lumi-
nance have a relationship shown in FIG. 13. From FIG. 13,
it can be appreciated that the luminance achieved through
compensation computation is much lower immediately
before current monitoring is performed than the ideal lumi-
nance. In contrast, according to the present embodiment, the
monitoring frequency is increased at high temperature,
which restrains luminance from decreasing due to tempera-
ture-induced degradation as shown in FIG. 12. In addition,
although power consumption increases with an increasing
monitoring frequency, the present embodiment lowers the
monitoring frequency at low temperature. That restrains
power consumption from increasing due to current moni-
toring. In this manner, the present embodiment provides an
organic EL display device capable of restraining luminance
from decreasing due to temperature-induced degradation
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(falling light emission efficiency) of the organic EL elements
OLED without entailing significant increase in power con-
sumption.

The temperature sensor 120 is disposed inside the organic
EL panel 10 in the present embodiment. Therefore, in
comparison with a configuration where the temperature
sensor is provided outside the organic EL panel, the tem-
perature sensor 120 is capable of sensing temperature close
to the circuit element, which improves precision of com-
pensation. A configuration in which there is provided a
plurality of temperature sensors 120 may enable sufficient
compensation for degradation of circuit elements regardless
of where in the organic EL panel 10 the temperature sensors
120 are located.

6. VARIATION EXAMPLES

The following will describe variation examples of the
embodiment described above.

6.1 First Variation Example

FIG. 14 is a graphical representation of a relationship
between time and the degradation rate of a circuit element
(transistor or organic EL element). As can be understood
from FIG. 14, the degradation rate of the circuit element
decreases with time. In other words, the circuit element
degrades rapidly at the initial time. Accordingly in the
present variation example, the monitoring interval is deter-
mined considering the cumulative drive time of the pixel
circuit 102 as well as temperature. For example, as shown in
FIG. 15, the monitoring interval is initially set to a low value
and gradually increased with passage of time. A description
will be given of a configuration that implements this varia-
tion example.

FIG. 16 is a block diagram of an overall configuration of
an active-matrix organic EL display device in accordance
with the present variation example. The organic EL display
device in accordance with the present variation example
includes a timer 40 in addition to the same constituent
elements (see FIG. 1) as those in the embodiment described
above. The timer 40 provides a cumulative drive time
measurement unit. The timer 40 measures the cumulative
operating time of the organic EL display device (i.e., the
cumulative drive time of the pixel circuit 102) and feeds
time data TT representing the cumulative drive time to the
control unit 20. The control unit 20 receives the externally
provided image data VDb, the monitoring data MO output-
ted from the source driver 30, the temperature data TE
outputted from the temperature sensor 120, and the time data
TT outputted from the timer 40 and subjects the image data
VDb to compensation computation on the basis of the
monitoring data MO, the temperature data TE, and the time
data TI to generate the digital video signal (compensated
image data) VDa which will be fed to the source driver 30.
The constituent elements otherwise operate in the same
manner as in the embodiment described above, and descrip-
tion thereof is omitted.

FIG. 17 is a detailed block diagram of an internal con-
figuration of the control unit 20 in accordance with the
present variation example. The monitoring control section
250, in the present variation example, outputs the monitor-
ing control signal MCTL on the basis of the temperature data
TE and the time data TI. This configuration enables the
monitoring interval to be adjusted in accordance with tem-
perature and the cumulative drive time of the pixel circuit
102. More specifically, the monitoring interval is adjusted so
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as to decrease with an increase in temperature and increase
with a decrease in temperature and also to decrease with a
shorter cumulative drive time and increase with a longer
cumulative drive time.

The degradation rate of a circuit element will vary
depending on various factors including the material and
manufacturing process of the circuit element. It is therefore
preferable that an equation (“second relationship equation™)
be prepared in advance that represents the relationship
between the cumulative drive time and the monitoring
interval and the monitoring interval be determined on the
basis of the time data TI using the second relationship
equation.

According to the present variation example, the organic
EL display device is provided with the timer 40 for mea-
surement of the cumulative drive time of the pixel circuit
102. The monitoring interval is determined considering the
cumulative drive time of the pixel circuit 102 as well as
temperature. More specifically, the monitoring control sec-
tion 250 adjusts the monitoring interval such that the moni-
toring interval decreases with an increase in temperature and
increases with a decrease in temperature and also that the
monitoring interval decreases with a shorter cumulative
drive time and increases with a longer cumulative drive
time. Therefore, the monitoring interval is more suitably
determined in accordance with the cumulative drive time.
These features can more effectively restrain luminance from
decreasing due to temperature-induced degradation (falling
light emission efficiency) of the organic EL elements OLED
while more effectively suppressing increases in power con-
sumption.

6.2 Second Variation Example

FIG. 18 is a block diagram of an overall configuration of
an active-matrix organic EL display device in accordance
with a second variation example of the embodiment
described earlier. The temperature sensor 120, in the
embodiment described earlier, is disposed inside the organic
EL panel 10. In contrast, in the present variation example, a
temperature sensor 50 is disposed outside the organic EL
panel 10. The temperature sensor 50 in the present variation
example also senses its ambient temperature and outputs
temperature data TE that represents the sensed temperature.
The temperature data TE is fed to the control unit 20. The
present variation example is the same as the embodiment
described earlier, except for the location of the temperature
sensor 50.

According to the present variation example, the tempera-
ture sensor 50 may be a common sensor. In addition, the
organic EL panel 10 may have a conventional configuration
with no modifications. In other words, an existing organic
EL panel may be used. Therefore, the present variation
example is capable of lowering cost over the embodiment
described earlier.

6.3 Third Variation Example

In the embodiment described earlier, the organic EL
display device includes the source driver 30 which has a
function of measuring the currents outputted from the pixel
circuits 102 to the data lines S(1) to S(M). In other words,
currents are measured to monitor characteristics of circuit
elements (drive transistors T2 and organic EL elements
OLED) in the pixel circuits 102. The present invention
however is by no means limited to such a configuration.
Alternatively, voltages may be measured to monitor char-
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acteristics of the circuit elements in the pixel circuits 102,
which is the configuration for the present variation example.
FIG. 19 is a functional block diagram of a source driver
30 in accordance with the present variation example. As
shown in FIG. 19, the source driver 30 in the present
variation example includes, in functional terms, a data line
drive section 310 that drives the data lines S(1) to S(M) and
a voltage monitoring section 330 that measures voltage at
prescribed locations on the data lines S(1) to S(M).

FIG. 20 is a circuit diagram of a pixel circuit 102 and a
part of the source driver 30. FIG. 20 shows one of the pixel
circuits 102 located at the intersection of the i-th row and the
j-th column and a part of the source driver 30 that corre-
sponds to the data line S(j) in the j-th column. In the present
variation example, there is provided a switching section 340
that, as shown in FIG. 20, connects the data line S(j) in a
switchable manner to the data line drive section 310 and the
voltage monitoring section 330. The data line S(j) is con-
nected to either the data line drive section 310 or the voltage
monitoring section 330 in response to a switching control
signal SW supplied from the control unit 20 to the switching
section 340.

FIG. 21 is a diagram of an example configuration of the
voltage monitoring section 330. As shown in FIG. 21, the
voltage monitoring section 330 includes an amplifier 331
and a constant current source 332. The amplifier 331, in this
configuration, amplifies the voltage between an electrode
having the low-level power supply voltage ELVSS and a
node 333, with the constant current source 332 supplying a
constant current loled to the data line S(j). The amplified
voltage is fed to an A/D converter where A/D conversion
takes place to generate digital data that is fed to the control
unit 20 as the monitoring data MO.

FIG. 22 is a timing chart depicting a driving method for
voltage monitoring (voltage measurement performed to
detect TFT and OLED characteristics) in accordance with
the present variation example. FIG. 22 shows an example
where voltage is monitored on the i-th row. Each monitoring
period TM includes a detection preparation period Ta, a
voltage measuring period Td in which voltages are measured
to detect characteristics, and a data voltage writing period
Te.

Throughout the detection preparation period Ta, the scan
line G1(7) is active, and the monitoring control line G2(j) is
inactive. Therefore, the transistor T1 is on, and the transistor
T3 is off, throughout the period. In the detection preparation
period Ta, the measuring voltage Vmg(i.j) is applied to the
data line S(j). The measuring voltage Vmg(i,j) is either a
TFT characteristics measuring voltage or an OLED charac-
teristics measuring voltage. If the measuring voltage Vimg
(i) 1s a TFT characteristics measuring voltage, the transistor
T2 is on; if the measuring voltage Vmg(i,j) is an OLED
characteristics measuring voltage, the transistor T2 is off.

Similarly to the embodiment described earlier, the TFT
characteristics measuring voltage applied to the data line
S(j) in the detection preparation period Ta is set to satisfy
TFT Characteristics Measuring Voltage<Threshold Voltage
of Organic EL element OLED+Threshold Voltage of Tran-
sistor T2. Meanwhile, the OLED characteristics measuring
voltage applied to the data line S(j) in the detection prepa-
ration period Ta is set to satisfy OLED Characteristics
Measuring Voltage<Threshold Voltage of Organic EL Ele-
ment OLED+Threshold Voltage of Transistor T2.

Throughout the voltage measuring period Td, the scan
line G1(i) is inactive, and the monitoring control line G2(i)
is active. Therefore, the transistor T1 is off, and the transistor
T3 is on, throughout the period. A constant current I_FIX is
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fed to the data line S(j) in this state. The constant current
I_FIX flows from the pixel circuit 102 to the source driver
30 in the measurement of TFT characteristics and from the
source driver 30 to the pixel circuit 102 in the measurement
of OLED characteristics. If a TFT characteristics measuring
voltage is being applied to the data line S(j) in the detection
preparation period Ta, a current that flows through the
transistors T2 and T3 from the electrode having the high-
level power supply voltage ELVDD flows toward the data
line S(j). If an OLED characteristics measuring voltage is
being applied to the data line S(j) in the detection prepara-
tion period Ta, a current that flows through the transistor T3
and the organic EL element OLED from the data line S(j)
flows to the electrode having the low-level power supply
voltage ELVSS. The voltage monitoring section 330 in the
source driver 30 measures voltage at a prescribed location
on the data line S(j) (node 333 in FIG. 21) in the voltage
measuring period Td.

Throughout the data voltage writing period Tc, the scan
line G1(7) is active, and the monitoring control line G2(i) is
inactive. Therefore, the transistor T1 is on, and the transistor
T3 is off, throughout the period. In addition, a data voltage
is applied to the data line S(j) in accordance with a target
luminance in the data voltage writing period Tc. Thus, the
transistor T2 is on. As a result, a drive current is supplied to
the organic EL element OLED via the transistor T2, and the
organic EL element OLED emits light at a luminance that
corresponds to the drive current.

As described in the foregoing, TFT and OLED charac-
teristics can be monitored similarly to earlier cases when
voltage, in place of current, is measured to perform com-
pensation computation. The image data VDb can be sub-
jected to compensation computation on the basis of the
acquired information. In the organic EL display device in
which voltage is measured for compensation computation,
these features can restrain luminance from decreasing due to
temperature-induced degradation (falling light emission
efficiency) of the organic EL elements OLED without entail-
ing significant increase in power consumption.

7. MISCELLANEOUS

The present invention is by no means limited to the
embodiment and variation examples given above and may
be practiced with various modifications without departing
from the scope of the present invention. For example, the
embodiment and variation examples above describe an
organic EL display device as an example. The present
invention may however be applied to any display device that
includes current-driven, self light-emitting display elements,
as well as to the organic EL display device.

In the embodiment and variation examples, the pixel
circuit 102 (see FIG. 3) includes n-channel transistors, but
may alternatively include p-channel transistors.

The present application hereby claims priority to Japanese
Patent Application No. 2015-242848 filed Dec. 14, 2015,
titled “Display Device and Method of Driving Same,” the
entire contents of which are incorporated herein by refer-
ence.
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The invention claimed is:

1. A display device including a plurality of pixel circuits
each including, as circuit elements: an electro-optical ele-
ment having a current-controlled luminance; and a drive
transistor for controlling a current to be fed to the electro-
optical element, said display device comprising:

a pixel circuit drive unit configured to perform a property
measuring process in which a property of the circuit
elements is measured and a drive process in which the
pixel circuits are driven;

a property data memory unit configured to store property
data obtained from a result of measurement performed
in the property measuring process;

a compensation computation unit configured to correct an
input video signal based on the property data stored in
the property data memory unit, so as to generate a video
signal to be fed to the pixel circuits;

at least one temperature sensing unit configured to sense
temperature; and

a measurement controlling unit configured to control an
execution frequency of the property measuring process
in accordance with a temperature sensed by the at least
one temperature sensing unit; and

a cumulative drive time measurement unit configured to
measure a cumulative drive time of the pixel circuits,

wherein the measurement controlling unit increases the
execution frequency of the property measuring process
with an increase in the sensed temperature and
increases execution intervals of the property measuring
process with an increase in the cumulative drive time.

2. The display device according to claim 1, wherein the
measurement controlling unit stores in advance a first rela-
tionship equation representing a relationship between tem-
perature and the execution frequency of the property mea-
suring process, so that the execution frequency of the
property measuring process is determined based on the
sensed temperature using the first relationship equation.

3. The display device according to claim 1, wherein the
measurement controlling unit stores in advance a second
relationship equation representing a relationship between
the cumulative drive time and the execution frequency of the
property measuring process, so that the execution frequency
of the property measuring process is determined based on
the cumulative drive time using the second relationship
equation.
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4. The display device according to claim 1, further com-
prising:

first property data correction circuitry configured to cor-
rect a value of the property data obtained from the
result of measurement performed in the property mea-
suring process to a value associated with standard
temperature based on a temperature sensed in the
property measuring process by the at least one tem-
perature sensing unit, so as to store corrected property
data in the property data memory unit; and

second property data correction circuitry configured to
correct a value of the property data stored in the
property data memory unit to a value associated with a
temperature sensed in the drive process by the at least
one temperature sensing unit,

wherein the compensation computation unit corrects the
input video signal based on property data corrected by
the second property data correction circuitry, so as to
generate a video signal to be fed to the pixel circuits.

5. The display device according to claim 1, wherein the at
least one temperature sensing unit comprises a plurality of
temperature sensing units.

6. The display device according to claim 1, wherein the at
least one temperature sensing unit is disposed inside a
display panel containing the pixel circuits.

7. The display device according to claim 1, wherein the at
least one temperature sensing unit is disposed outside a
display panel containing the pixel circuits.

8. The display device according to claim 1, wherein the
electro-optical element is an organic light-emitting diode.

9. A method of driving a display device including a
plurality of pixel circuits each including, as circuit elements:
an electro-optical element having a current-controlled lumi-
nance; and a drive transistor for controlling a current to be
fed to the electro-optical element, said method comprising:

the pixel circuit driving step of driving the pixel circuits
while performing a property measuring process in
which a property of the circuit elements is measured,

the property data storing step of storing property data
obtained from a result of measurement performed in the
property measuring process in a prescribed property
data memory unit;

the compensation computing step of correcting an input
video signal based on the property data stored in the
property data memory unit, so as to generate a video
signal to be fed to the pixel circuits;

the temperature sensing step of sensing temperature; and

the measurement controlling step of controlling an execu-
tion frequency of the property measuring process in
accordance with a temperature sensed in the tempera-
ture sensing step; and

the cumulative drive time measurement step of measuring
a cumulative drive time of the pixel circuits,

wherein the measurement controlling step increases the
execution frequency of the property measuring process
with an increase in the sensed temperature and
increases execution intervals of the property measuring
process with an increase in the cumulative drive time.

10. A display device including a plurality of pixel circuits
each including, as circuit elements: an electro-optical ele-
ment having a current-controlled luminance; and a drive
transistor for controlling a current to be fed to the electro-
optical element, said display device comprising:

a pixel circuit drive unit configured to perform a property
measuring process in which a property of the circuit
elements is measured and a drive process in which the
pixel circuits are driven;
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a property data memory unit;

at least one temperature sensing unit configured to sense

temperature;
first property data cortection circuitry configured to cor-
rect a value of property data obtained from a result of
measurement performed in the property measuring
process to a value associated with standard temperature
based on a temperature sensed in the property measur-
ing process by the at least one temperature sensing unit,
so as to store corrected property data in the property
data memory unit;
second property data correction circuitry configured to
correct a value of the property data stored in the
property data memory unit to a value associated with a
temperature sensed in the drive process by the at least
one temperature sensing unit; and
a compensation computation unit configured to correct an
input video signal based on the property data corrected
by the second property data correction circuitry, so as
to generate a video signal to be fed to the pixel circuits;
and
a cumulative drive time measurement unit configured to
measure a cumulative drive time of the pixel circuits,

wherein an execution frequency of the property measur-
ing process is increased with an increase in a tempera-
ture sensed by the at least one temperature sensing unit
and execution intervals of the property measuring pro-
cess are increased with an increase in the cumulative
drive time.
11. The display device according to claim 10, wherein the
at least one temperature sensing unit comprises a plurality of
temperature sensing units.
12. The display device according to claim 10, wherein the
at least one temperature sensing unit is disposed inside a
display panel containing the pixel circuits.
13. The display device according to claim 10, wherein the
at least one temperature sensing unit is disposed outside a
display panel containing the pixel circuits.
14. The display device according to claim 10, wherein the
electro-optical element is an organic light-emitting diode.
15. The display device according to claim 4, wherein
the property data includes an offset value of the drive
transistor and a gain value of the drive transistor,

when the sensed temperature at the time of execution of
the property measuring process is higher than the
standard temperature, the first property data correction
circuitry stores in the property data memory unit the
offset value greater than a value that is obtained from
the result of measurement performed in the property
measuring process and stores in the property data
memory unit the gain value greater than a value that is
obtained from the result of measurement performed in
the property measuring process, and

when the sensed temperature at the time of execution of

the property measuring process is lower than the stan-
dard temperature, the first property data correction
circuitry stores in the property data memory unit the
offset value smaller than a value that is obtained from
the result of measurement performed in the property
measuring process and stores in the property data
memory unit the gain value smaller than a value that is
obtained from the result of measurement performed in
the property measuring process.

16. The display device according to claim 4, wherein

the property data includes an offset value of the electro-

optical element and a degradation compensation coef-
ficient of the electro-optical element,
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when the sensed temperature at the time of execution of
the property measuring process is higher than the
standard temperature, the first property data correction
circuitry stores in the property data memory unit the
offset value greater than a value that is obtained from
the result of measurement performed in the property
measuring process and stores in the property data
memory unit the degradation compensation coefficient
smaller than a value that is obtained from the result of
measurement performed in the property measuring
process, and

when the sensed temperature at the time of execution of
the property measuring process is lower than the stan-
dard temperature, the first property data correction
circuitry stores in the property data memory unit the
offset value smaller than a value that is obtained from
the result of measurement performed in the property
measuring process and stores in the property data
memory unit the degradation compensation coeflicient
greater than a value that is obtained from the result of
measurement performed in the property measuring
process.
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