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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR DRIVING THE
SAME

CLAIM OF PRIORITY

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0095327, filed on
Aug. 12,2013, in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference
in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device and a method for driving the same.
[0004] 2. Description of the Related Art

[0005] Recently, there have been developed various types
of flat panel display devices capable of reducing the weight
and volume of cathode ray tubes, which are disadvantages.
The flat panel display devices include a liquid crystal display
device, a field emission display device, a plasma display
panel, an organic light emitting display device, and the like.
[0006] Among these flat panel display devices, the organic
light emitting display device displays images using organic
light emitting diodes that emit light through recombination of
electrons and holes. The organic light emitting display device
has a fast response speed and is driven with low power con-
sumption. In a general organic light emitting display device,
a driving transistor included in each pixel supplies current
with an amplitude corresponding to a data signal, so that light
is generated in an organic light emitting diode.

[0007] The characteristic of the organic light emitting
diode and the characteristic of a circuit for supplying current
to the organic light emitting diode are changed depending on
temperature. Accordingly, the luminance of light emitted in
the organic light emitting diode can be changed.

SUMMARY OF THE INVENTION

[0008] According to an aspect of the present invention,
there is provided an organic light emitting display device,
including: pixels respectively disposed at intersecting por-
tions of data lines, scan lines, sensing control lines and emis-
sion control lines; a data driver configured to supply data
signals to the data lines; a scan driver configured to progres-
sively supply a scan signal to the scan lines; a control line
driver configured to progressively supply a sensing control
signal to the sensing control lines during a temperature sens-
ing period and to progressively supply an emission control
signal to the emission control lines during a normal driving
period; and a temperature estimating unit configured to esti-
mate temperatures of the pixels according to the amplitudes
of currents supplied from the pixels through data lines during
the temperature sensing period.

[0009] The temperature estimating unit may include: an
integrating circuit configured to generate a sensing voltage by
integrating the current supplied from each pixel during the
temperature sensing period; and a temperature data generat-
ing unit configured to read a temperature of each pixel, cor-
responding to a variation in the sensing voltage, from a
lookup table, and output the read temperature as temperature
data.

[0010] The integrating circuit may include: an amplifier
configured to have a first input terminal coupled to a corre-
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sponding data line among the data lines, a second input ter-
minal coupled to a reference voltage source, and an output
terminal coupled to the temperature data generating unit; a
first capacitor coupled between the first input terminal and the
output terminal; a second capacitor coupled between the out-
put terminal and a second power source; and a switching
element coupled between the first input terminal and the
output terminal, the switching element being turned off in
response to the sensing control signal.

[0011] The current may be supplied from a first power
source to the data line through a diode-coupled driving tran-
sistor of each pixel.

[0012] The control line driver may not supply the emission
control signal during the temperature sensing period, and may
not supply the sensing control signal during the normal driv-
ing period.

[0013] The data driver may supply predetermined refer-
ence data signals to the data lines during the temperature
sensing period.

[0014] Each pixel may include: an organic light emitting
diode; a first transistor coupled between the first power source
and an anode electrode of the organic light emitting diode; a
second transistor coupled between the data line and the first
power source, the second transistor being turned on in
response to the scan signal; a third transistor coupled between
gate and drain electrodes of the first transistor, the third tran-
sistor being turned on in response to the sensing control
signal; a fourth transistor coupled between the drain electrode
of the first transistor and the data line, the fourth transistor
being turned on in response to the sensing control signal; and
a fifth transistor coupled between the drain electrode of the
first transistor and the anode electrode of the organic light
emitting diode, the fifth transistor being turned on in response
to the emission control signal.

[0015] The organic light emitting display device may fur-
ther include a sixth transistor coupled between the data line
and the temperature estimating unit, the sixth transistor being
turned on in response to the sensing control signal.

[0016] According to an aspect of the present invention,
there 1s provided a method for driving an organic light emit-
ting display device, the method including: programming a
predetermined data signal in a storage capacitor of a pixel
during a first period; and estimating a temperature of the pixel
according to the amplitude of current flowing from a first
power source to a data line through a diode-coupled driving
transistor of the pixel during a second period.

[0017] The estimating of the temperature of the pixel may
include: generating a sensing voltage by integrating the cur-
rent during the second period; and reading, from a lookup
table, a temperature corresponding to a variation in the sens-
ing voltage.

[0018] Themethod may further include compensating fora
data signal supplied from the outside of the organic light
emitting display device according to the estimated tempera-
ture of the pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components.
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[0020] Inthe drawing figures, dimensions may be exagger-
ated for clarity of illustration. It will be understood that, when
an element is referred to as being “between” two elements, it
can be the only element between the two elements, or one or
more intervening elements may also be present. Like refer-
ence numerals refer to like elements throughout.

[0021] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention.

[0022] FIG. 2 is a circuit diagram showing in detail a pixel
and a temperature estimating unit shown in FIG. 1.

[0023] FIG. 3A is a timing diagram of control signals sup-
plied to the pixel and the temperature estimating unit, shown
in FIG. 2, during a normal driving period.

[0024] FIG. 3B is a timing diagram of control signals sup-
plied to the pixel and the temperature estimating unit, shown
in FIG. 2, during a temperature sensing period.

[0025] FIG. 4is a graph showing a change in sensing volt-
age during the temperature sensing period.

DETAILED DESCRIPTION

[0026] Hereinafter, certain exemplary embodiments of the
present invention will be described with reference to the
accompanying drawings. Here, when a first element is
described as being coupled to a second element, the first
element may be directly coupled to the second element or it
may be indirectly coupled to the second element via a third
element. Furthermore, some of the elements that are not
essential to a complete understanding of the invention are
omitted for clarity. Also, like reference numerals refer to like
elements throughout.

[0027] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention.

[0028] Referring to FIG. 1, the organic light emitting dis-
play device 100 according to this embodiment includes a
timing controller 110, a data driver 120, a scan driver 130, a
control line driver 140, a display unit 150 and a temperature
estimating unit 170.

[0029] The timing controller 110 controls operations of the
data driver 120, the scan driver 130 and the control line driver
140 in response to a synchronization signal (not shown) sup-
plied from the outside of the organic light emitting display
device. Specifically, the timing controller 110 generates a
data driving control signal DCS and supplies the generated
data driving control signal DCS to the data driver 120. The
timing controller 110 generates a scan driving control signal
SCS and supplies the generated scan driving control signal
SCS to the scan driver 130. The timing controller 110 gener-
ates a control line driving control signal CCS and supplies the
generated control line driving control signal CCS to the con-
trol line driver 140.

[0030] Thetiming controller 110 supplies, to the data driver
120, data supplied from the outside of the organic light emit-
ting display device. The timing controller 110 may compen-
sate for the data supplied from the outside based on a tem-
perature data TD output from the temperature estimating unit
170.

[0031] Thedata driver 120 realigns the data supplied by the
timing controller 110 and supplies the realigned data as data
signals to data lines D1 to Dm in response to the data driving
control signal DCS output from the timing controller 110.
[0032] Thedatadriver 120 supplies, to data lines D1 to Dm,
a data signal (DD of FIG. 3A) supplied from the outside, i.e.,
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corresponding to an image to be displayed by the display unit
150, during a normal driving period. The data driver 120
supplies, to the data lines D1 to Dm, a predetermined refer-
ence data signal (PD of FIG. 3B) for sensing a temperature
during a temperature sensing period.

[0033] The scan driver 130 progressively supplies a scan
signal to scan lines S1 to Sn in response to the scan driving
control signal SCS output from the timing controller 110.
[0034] The control line driver 140 progressively supplies a
sensing control signal to sensing control lines C1 to Cn and
progressively supplies an emission control signal to emission
control lines E1 to En, in response to the control line driving
control signal CCS output from the timing controller 110.
[0035] Specifically, the control line driver 140 progres-
sively supplies the emission control signal to the emission
control lines E1 to En during the normal driving period, and
progressively supplies the sensing control signal to the sens-
ing control lines C1 to Cn during the temperature sensing
period. In addition, the control line driver 140 does not supply
the sensing control signal to the sensing control lines C1to Cn
during the normal driving period, and does not supply the
emission control signal to the emission control lines E1 to En
during the temperature sensing period.

[0036] The timing at which the data driver 120, the scan
driver 130 and the control line driver 140 supply the data
signal or the control signals will be described in detail with
reference to FIGS. 3A and 3B.

[0037] The display unit 150 includes pixels 160 respec-
tively disposed at intersection portions of the data lines D1 to
Dm, the scan lines S1 to Sn, the sensing control lines C1toCn
and the emission control lines F1 to En. In that regard, the data
lines D1 to Dm are arranged along vertical lines, and the scan
lines S1 to Sn, the sensing control lines C1 to Cn and the
emission control lines E1 to En are arranged along horizontal
lines.

[0038] Each pixel 160 emits light with luminance corre-
sponding to the data signal supplied from a corresponding
data line among the data lines D1 to Dm during the normal
driving period.

[0039] The temperature estimating unit 170 estimates tem-
peratures of the pixels 160 according to the amplitudes of
currents supplied from the pixels 160 through data lines D1 to
Dm, and outputs temperature data TD including the tempera-
ture of each pixel 160.

[0040] Thetemperature data TD may be applied for various
usages. For example, the timing controller 110 compensates
for the data supplied from the outside according to the tem-
perature data TD output from the temperature estimating unit
170, thereby preventing the deterioration of image quality
caused by temperature.

[0041] Specific functions and operations of the pixels 160
and the temperature estimating unit 170 will be described in
detail with reference to FIG. 2.

[0042] FIG. 2 is a circuit diagram showing in detail the
pixel and the temperature estimating unit shownin FIG. 1. For
convenience of illustration, a pixel 160 disposed on an n-th
row and an m-th column among the plurality of pixels, and
only a portion of the temperature estimating unit 170 corre-
sponding to one data line Dm, are shown in FIG. 2.

[0043] Referring to FIG. 2, the pixel 160 includes a plural-
ity of transistors M1 to M5, an organic light emitting diode
OLED and a storage capacitor Cst.

[0044] A first transistor M1 is coupled between a first
power source ELVDD and an anode electrode of the organic
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light emitting diode OLED. The first transistor M1 supplies,
to the anode electrode of the organic light emitting diode
OLED, current with an amplitude corresponding to a voltage
charged in the storage capacitor Cst.

[0045] A second transistor M2 is coupled to a data line Dm
and to the first power source ELVDD. The second transistor
M2 is turned on in response to a scan signal supplied through
a scan line Sn. The second transistor M2 charges, in the
storage capacitor Cst, a voltage corresponding to a data signal
supplied through the data line Dm when the scan signal is
supplied through the scan line Sn.

[0046] A third transistor M3 is coupled between gate and
drain electrodes of the first transistor M1. The third transistor
M3 is turned on in response to a sensing control signal sup-
plied through a sensing control line Cn. As the third transistor
M3 is turned on when the sensing control signal is supplied
through the sensing control line Cn, the first transistor M1 is
diode-coupled.

[0047] A fourth transistor M4 is coupled between the drain
electrode of the first transistor M1 and the data line Dm. The
fourth transistor M4 is turned on in response to the sensing
control signal supplied through the sensing control line Cn.
When the sensing control signal is supplied through the sens-
ing control line Cn, the fourth transistor M4 forms a current
path Il from the first power source ELVDD to the dataline Dm
through the first transistor M1.

[0048] A fifth transistor M5 is coupled between the drain
electrode of the first transistor M1 and the anode electrode of
the organic light emitting diode OLED. The fifth transistor
M5 is turned on in response to an emission control signal
supplied through an emission control line En. When the emis-
sion control signal is supplied through the emission control
line En, the fifth transistor M5 forms a current path 12 from
the first power source ELVDD to a second power source
ELVSS through the first transistor M1 and the organic light
emitting diode OLED.

[0049] The organic light emitting diode OLED is coupled
between a drain electrode of the fifth transistor M5 and the
second power source ELVSS. The organic light emitting
diode OLED emits light with a luminance corresponding to
current supplied from the first power source ELVDD through
the first and fifth transistors M1 and M5.

[0050] The storage capacitor Cst is coupled between the
gate electrode of the first transistor M1 and the first power
source ELVDD. The storage capacitor Cst charges a voltage
corresponding to the data signal supplied to the data line Dm
when the second transistor M2 is turned on.

[0051] According to an embodiment of the invention, the
pixel 160 may further include a sixth transistor M6. The sixth
transistor M6 may be formed on the data line Dm. The sixth
transistor M6 is turned on in response to the sensing control
signal supplied through the sensing control line Cn. When the
sensing control signal is supplied through the sensing control
line Cn, the sixth transistor M6 supplies, to the temperature
estimating unit 170, current supplied from the first power
source ELVDD through the pixel 160.

[0052] According to another embodiment of the invention,
the sixth transistor M6 may be formed on the data line Dm
between the display unit 160 and the temperature estimating
unit 170.

[0053] The pixel 160 shown in FIG. 2 represents an
embodiment to which the technical spirit of the present inven-
tion can be applied. That is, the technical spirit of the present
invention is not limited to the pixel 160 shown in FIG. 2.
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[0054] The temperature estimating unit 170 includes an
integrating circuit 171 and a temperature data generating unit
173. The integrating circuit 171 integrates current I supplied
from the pixel 160 during the temperature sensing period and
generates a sensing voltage V as the integrated result. The
integrating circuit 171 includes an amplifier AMP, a first
capacitor Ca, a second capacitor Cb and a switching element
SW.

[0055] The amplifier AMP includes a first input terminal, a
second input terminal and an output terminal. The first input
terminal is coupled to a corresponding data line among the
data lines D1 to Dm. The second input terminal is coupled to
areference voltage source (not shown). The output terminal is
coupled to the temperature data generating unit 173.

[0056] The first capacitor Ca is coupled between the first
input terminal and the output terminal of the amplifier AMP.
The second capacitor Cb is coupled between the output ter-
minal of the amplifier AMP and the second power source
ELVSS. The switching element SW is coupled between the
first input terminal and the output terminal of the amplifier
AMP. The switching element SW is turned off in response to
the sensing control signal supplied through the sensing con-
trol line Ca.

[0057] The temperature data generating unit 173 outputs,
as the temperature data TD, a temperature of the pixel 160
corresponding to a variation in the sensing voltage V gener-
ated by the integrating circuit 171. Specifically, the tempera-
ture data generating unit 173 measures a variation in the
sensing voltage V during a certain period, reads a temperature
corresponding to the measured variation from a lookup table
(not shown), and determines the read temperature as the tem-
perature of the pixel 160.

[0058] Thelookup table stores temperatures corresponding
to variations in various voltages. Data stored in the lookup
table may be experimentally determined.

[0059] Hereinafter, functions and operations of the pixel
160 and the temperature estimating unit 170, shown in FIG. 2,
will be described with reference to FIGS. 3A, 3B and 4.
[0060] FIG. 3A is a timing diagram of control signals sup-
plied to the pixel and the temperature estimating unit, shown
in FIG. 2, during the normal driving period. FIG. 3B is a
timing diagram of control signals supplied to the pixel and the
temperature estimating unit, shown in FIG. 2, during the
temperature sensing period. FIG. 4 is a graph showing a
change in sensing voltage during the temperature sensing
period.

[0061] Referring to FIGS. 3A, 3B and 4, the normal driving
period is divided into first and second periods T1 and T2, and
the temperature sensing period is divided into third and fourth
periods T3 and T4.

[0062] During the first period T1 in the normal driving
period, the data driver 120 of FIG. 1 supplies, to the data line
Dm, a data signal DD corresponding to an image to be dis-
played by the pixel 160. In this case, the scan driver 130
supplies a scan signal to the scan line Sn. As the second
transistor M2 of FIG. 2 is turned on in response to the scan
signal, a voltage corresponding to the data signal DD is
charged in the storage capacitor Cst.

[0063] During the second period T2 in the normal driving
period, the control line driver 140 of FIG. 1 supplies an
emission control signal through the emission control line En.
As the fifth transistor M5 of FIG. 2 is turned on in response to
the emission control signal, a current path 12 from the first
power source ELVDD to the second power source ELVSS
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through the first transistor M1 and the organic light emitting
diode OLED is formed. Current cotresponding to the voltage
charged in the storage capacitor CST during the first period
flows through the current path 12. Accordingly, the organic
light emitting diode OLED emits light with a luminance
corresponding to the data signal DD of FIG. 3A.

[0064] During the third period T3 in the temperature sens-
ing period, the data driver 120 of FIG. 1 supplies, to the data
line Dm, a reference data signal PD for sensing a temperature.
In this case, the scan driver 130 supplies a scan signal to the
scan line Sn. As the second transistor M2 of FIG. 2 is turned
on in response to the scan signal, a voltage corresponding to
the data signal PD of FIG. 3B is charged in the storage
capacitor Cst of FIG. 2.

[0065] During the fourth period T4 in the temperature sens-
ing period, the control line driver 140 supplies a sensing
control signal through the sensing control line Cn. As the
fourth and sixth transistors M4 and M6, respectively, are
turned on in response to the sensing control signal, there is
formed a current path 11 from the first power source ELVDD
to the temperature estimating unit 170 through the first, fourth
and sixth transistors M1, M4 and M6.

[0066] Inthis case, the third transistor M3 is also turned on
in response to the sensing control signal, and thus the first
transistor M1 is diode-coupled. A diode is sensitive to tem-
perature and has a linear characteristic. For example, the
amplitude of current flowing through the diode is sensitive to
temperature, and is linearly changed. Thus, the current flow-
ing through the current path I1 includes temperature informa-
tion of the pixel 160. That is, the current flowing through the
current path I1 is sensitive to the temperature of the pixel 160,
and is linearly changed.

[0067] The integrating circuit 171 of the temperature esti-
mating unit 170 integrates the current flowing through the
current path I1 and generates a sensing voltage V according to
the integrated result. For example, the sensing voltage V, as
shown in F1G. 4, is linearly changed from a first voltage V1 to
a second voltage V2 during the fourth period T4, i.e., from a
first time t1 to a second time t2.

[0068] The temperature data generating unit 173 outputs a
temperature data TD including the temperature of the pixel
160 according to a variation in the sensing voltage V during
the fourth period T4. The temperature data generating unit
173 reads, from the lookup table (not shown), a temperature
of the pixel 160 corresponding to the slope A of the sensing
voltage V, and outputs the read temperature.

[0069] The operation of the organic light emitting display
device 100 during the temperature sensing period will be
summarized. The predetermined data signal PD supplied
from the data driver 120 during the third period T3 is pro-
grammed in the storage capacitor Cst of the pixel 160.

[0070] Subsequently, current corresponding to the tem-
perature of the pixel 160 flows through the current path 11
formed from the first power source ELVDD to the integrating
circuit 171 through a diode-coupled driving transistor, i.e.,
the first transistor M1, during the fourth period T4. The inte-
grating circuit 171 generates a sensing voltage V by integrat-
ing the current supplied through the current path I1 during the
fourth period T4. The temperature data generating unit 173
reads, from the lookup table (not shown), a temperature cor-
responding to the variation in the sensing voltage during the
fourth period T4, and outputs the read temperature as the
temperature data TD.
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[0071] By way of summation and review, a method was
conventionally used in which a temperature was measured
using a separate temperature sensor provided in a pixel cir-
cuit, and a data supplied from the outside was compensated
according to the measured temperature. However, the method
cannot be applied to displays with high resolution.

[0072] In the organic light emitting display device and the
method for driving the same according to the present inven-
tion, the temperature of the pixel can be sensed without using
any separate temperature sensor.

[0073] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense only and not for purpose of limitation. In some
instances, as would be apparent to one of ordinary skill in the
art as of the filing of the present application, features, char-
acteristics and/or elements described in connection with a
particular embodiment may be used singly or in combination
with features, characteristics and/or elements described in
connection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those of
skill in the art that various changes in form and detail may be
made without departing from the spirit and scope of the
present invention as set forth in the following claims.

What is claimed is:

1. An organic light emitting display device, comprising:

pixels respectively disposed at intersection portions of data
lines, scan lines, sensing control lines and emission con-
trol lines;

a data driver configured to supply data signals to the data
lines;

a scan driver configured to progressively supply a scan
signal to the scan lines;

a control line driver configured to progressively supply a
sensing control signal to the sensing control lines during
a temperature sensing period, and to progressively sup-
ply an emission control signal to the emission control
lines during a normal driving period; and

a temperature estimating unit configured to estimate tem-
peratures of the pixels according to amplitudes of cur-
rents supplied from the pixels through data lines during
the temperature sensing period.

2. The organic light emitting display device of claim 1,

wherein the temperature estimating unit includes:

an integrating circuit configured to generate a sensing volt-
age by integrating the current supplied from each pixel
during the temperature sensing period; and

a temperature data generating unit configured to read a
temperature of each pixel, corresponding to a variation
in the sensing voltage, from a lookup table, and to output
the read temperature as temperature data.

3. The organic light emitting display device of claim 2,

wherein the integrating circuit includes:

an amplifier configured to have a first input terminal
coupled to a corresponding data line among the data
lines, a second input terminal coupled to a reference
voltage source, and an output terminal coupled to the
temperature data generating unit;

a first capacitor coupled between the first input terminal
and the output terminal of the amplifier;

a second capacitor coupled between the output terminal of
the amplifier and a second power source; and
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a switching element coupled between the first input termi-
nal and the output terminal of the amplifier, the switch-
ing element being turned off in response to the sensing
control signal.

4. The organic light emitting display device of claim 1,
wherein the currents supplied from the pixels are supplied
from a first power source to the data line through a diode-
coupled driving transistor of each pixel.

5. The organic light emitting display device of claim 1,
wherein the control line driver does not supply the emission
control signal during the temperature sensing period, and
does not supply the sensing control signal during the normal
driving period.

6. The organic light emitting display device of claim 1,
wherein the data driver supplies predetermined reference data
signals to the data lines during the temperature sensing
period.

7. The organic light emitting display device of claim 1,
wherein each pixel includes:

an organic light emitting diode;

a first transistor coupled between a first power source and
an anode electrode of the organic light emitting diode;

a second transistor coupled between the data line and the
first power source, the second transistor being turned on
in response to the scan signal;

athird transistor coupled between gate and drain electrodes

of the first transistor, the third transistor being turned on
in response to the sensing control signal;
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a fourth transistor coupled between the drain electrode of
the first transistor and the data line, the fourth transistor
being turned on in response to the sensing control signal;
and

a fifth transistor coupled between the drain electrode of the
first transistor and the anode electrode of the organic
light emitting diode, the fifth transistor being turned on
in response to the emission control signal.

8. The organic light emitting display device of claim 7,
further comprising a sixth transistor coupled between the data
line and the temperature estimating unit, the sixth transistor
being turned on in response to the sensing control signal.

9. A method for driving an organic light emitting display
device, the method comprising the steps of:

programming a predetermined data signal in a storage
capacitor of a pixel during a first period; and

estimating a temperature of the pixel according to an
amplitude of current flowing from a first power source to
a data line through a diode-coupled driving transistor of
the pixel during a second period.

10. The method of claim 9, wherein the step of estimating

the temperature of the pixel includes:

generating a sensing voltage by integrating the current
during the second period; and

reading, from a lookup table, a temperature corresponding
to a variation in the sensing voltage.

11. The method of claim 9, further comprising the step of
compensating for a data signal supplied from the outside of
the organic light emitting display device according to the
estimated temperature of the pixel.
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An organic light emitting display device includes pixels, a
data driver, a scan driver, a control line driver and a tempera-
ture estimating unit. The pixels are respectively disposed at
intersection portions of data lines, scan lines, sensing control
lines and emission control lines. The data driver supplies data
signals to the data lines. The scan driver progressively sup-
plies a scan signal to the scan lines. The control line driver
progressively supplies a sensing control signal to the sensing
control lines during a temperature sensing period, and pro-
gressively supplies an emission control signal to the emission
control ines during a normal driving period. The temperature
estimating unit estimates temperatures of the pixels accord-
ing to the amplitudes of currents supplied from the pixels
through data lines during the temperature sensing period.
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