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ORGANIC LIGHT EMITTING DISPLAY AND
DRIVING METHOD OF OPERATING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2014-0125131 filed on
Sep. 19, 2014, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to an organic light emitting display and a method of
operating the same.

[0004] 2. Discussion of the Background

[0005] Flat panel devices that may be reduced in size and
weight have been recently developed. Examples of the flat
panel devices may include a liquid crystal display, a field
emission display, a plasma display panel, and an organic light
emitting display. The organic light emitting display may dis-
play an image by using an organic light emitting device that
generates light by recombining electrons and holes therein.
The organic light emitting display may have a high response
speed and operate with low power consumption.

[0006] However, the temperature of the organic light emit-
ting display may rise as the operation time of the organic light
emitting device increases, and such a rise in temperature may
change electrical characteristics of the organic light emitting
device within each pixel. Hence, the image quality and bright-
ness of the organic light emitting display may deteriorate as
the temperature changes.

[0007] To resolve such problems, a method of arranging a
temperature sensor in a certain area of the organic light emit-
ting display and compensating a data voltage applied to the
organic light emitting device according to the measured tem-
perature has been suggested. However, such a temperature
compensation method may not measure the temperature of
each pixel directly, but measure the temperature of each pixel
indirectly through heat conduction. Accordingly, measured
temperature information may contain errors and may not
obtain precise temperature information.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0009] Exemplary embodiments of the present invention
provide an organic light emitting display that obtains tem-
perature information by directly measuring the temperature
of each pixel therein.

[0010] Exemplary embodiments of the present invention
also provide a method of operating an organic light emitting
display that obtains temperature information by directly mea-
suring the temperature of each pixel therein.

[0011] Additional features of the inventive concept will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the inventive concept.
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[0012] According to an exemplary embodiment of the
present invention, an organic light emitting display, includes
a first data line extending along a first direction, a second data
line extending along the first direction and disposed parallel
to the first data line, a first scan line extending along a second
direction perpendicular to the first direction, a first pixel con-
nected to the first data line and the first scan line, a second
pixel connected to the second data line and the first scan line,
a first constant current source connected to the first data line
and configured to generate a first driving current in a driving
transistor of the first pixel, a second constant current source
connected to the second data line and configured to generate
a second driving current in a driving transistor of the second
pixel, the second driving current being different than the first
driving current, a temperature information generation unit
comprising a first input port connected to the first data line
and a second input port connected to the second data line.
[0013] The organic light emitting display may further
include a first gate line extending along the first direction and
connected to the first pixel and the second pixel.

[0014] The first pixel may include a control transistor con-
figured to be turned on by a scan signal provided by the first
scan line, a sensing transistor configured to be turned on by a
gate signal provided simultaneously with the scan signal
through the first gate line, an organic light emitting device
configured to emit light in response to receiving the driving
current from the driving transistor connected to one end of the
organic light emitting device, and a switch configured to
block connection between the one end of the organic light
emitting device and the driving transistor.

[0015] The temperature information generation unit may
be configured to calculate a voltage difference between a first
voltage applied through the first input port and a second
voltage applied through the second input port, and convert the
calculated voltage difference into a digital value.

[0016] The first voltage may be a gate voltage of the driving
transistor of the first pixel, and the second voltage may be a
gate voltage of the driving transistor of the second pixel.
[0017] The first driving current and the second driving cur-
rent may be a driving current corresponding to a sub-thresh-
old region of the driving transistor, the sub-threshold region
being a voltage range in which the driving current has an
exponential relationship with a temperature of the driving
transistor.

[0018] The temperature information generation unit may
be configured to generate a first temperature information by
using the first driving current and the second driving current,
a second temperature information by using a third driving
current and a fourth driving current, the third driving current
is obtained by doubling the size of the first driving current, the
fourth driving current is obtained by doubling the size of the
second driving current, and a final temperature information
by using the first temperature information and the second
temperature information.

[0019] The temperature information generation unit may
generate the final temperature information by deducting the
second temperature information from the third temperature
information.

[0020] According to an exemplary embodiment of the
present invention, an organic light emitting display may
include a display panel comprising pixels disposed in a
matrix, scan lines extending in a horizontal direction, and data
lines extending in a vertical direction, a temperature sensing
unit including a first constant current source connected to an
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a” data line, a second constant current source connected to a
b? data line, a temperature information generation unit con-
figured to calculate a voltage difference between a first volt-
age generated in the a® data line by the first constant current
source and a second voltage generated in the b™ line by the
second constant current source, in which wherein a is an
odd-numbered constant and b is an even-numbered constant.
[0021] The temperature information generation unit may
include a first input port to which the first voltage is applied
and a second input port to which the second voltage is applied,
and may be configured to convert the calculated voltage dif-
ference into a digital value.

[0022] The first voltage and the second voltage may be a
gate voltage corresponding to a sub-threshold region of the
driving transistor.

[0023] The organic light emitting display may further
include gate lines extending along the horizontal direction
and are connected to the pixels.

[0024] Pixels may include a control transistor configured to
be turned on by a scan signal provided through the scan lines,
asensing transistor configured to be turned on by a gate signal
provided simultaneously with the scan signal through the gate
lines, an organic light emitting device configured to emit light
in response to receiving the driving current from the driving
transistor connected to one end of the organic light emitting
device, and a switch configured to block connection between
the one end of the organic light emitting device and the
driving transistor.

[0025] The temperature information generation unit may
include a first multiplexer unit to which the first voltage is
applied, a second multiplexer to which the second voltage is
applied, and a differential analog-digital converter configured
to calculate a voltage difference between the first voltage and
the second voltage, the second voltage is a voltage measured
from a data line disposed in parallel with respect to a data line
measuring the first voltage.

[0026] According to an exemplary embodiment of the
present invention, a method of driving an organic light emit-
ting display which includes pixels arranged in a matrix form,
scan lines and gate lines extending in a horizontal direction,
and data lines extending in a vertical direction, the method
may include activating a temperature sensing mode of the
pixels, providing scan signals and gate signals simulta-
neously to the scan lines and the gate lines, supplying a first
constant current to an a” data line and a second constant
current different in size from the first constant current to a b
data line, calculating a voltage difference between a first
voltage generated in the a® data line by the first constant
current source and a second voltage generated in the b” data
line by the second constant current source, and calculating a
temperature information, in which wherein a is an odd-num-
bered constant and b is an even-numbered constant.

[0027] Activating the temperature sensing mode may
include connecting the first constant current source supplying
the first constant current to the a” data line, connecting the
second constant current source supplying the second constant
current to the b™ data line, and blocking connection between
an organic light emitting device and a driving transistor of the
pixels.

[0028] A driving transistor of a pixel connected to the a”
data line may generate the first driving current from the first
constant current, the driving transistor of the pixel connected
to the b* data line may generate the second driving current
from the second constant current, the second driving current
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having different size with respect to the first driving current,
and the first driving current and the second driving current
may be a driving current corresponding to a sub-threshold
region of the driving transistor.

[0029] Calculating of the temperature information may
include generating a first temperature information by using
the first driving current and the second driving current, gen-
erating a second temperature information by using a third
driving current and a fourth driving current, the third driving
current is obtained by doubling the size of the first driving
current, and the fourth driving current is obtained by doubling
the size of the second driving current, and generating a final
temperature information by using the first temperature infor-
mation and the second temperature information.

[0030] Thefinal temperature information may be generated
by deducting the second temperature information from the
third temperature information.

[0031] Calculating of the temperature information may
include converting the voltage difference between the first
voltage and the second voltage in to a digital value.

[0032] The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are included to
provide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept,
and, together with the description, serve to explain principles
of the inventive concept.

[0034] FIG. 1is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
present invention.

[0035] FIG.2isacircuit diagram schematically illustrating
a configuration of a temperature sensing unit and each pixel
connected to the temperature sensing unit according to an
exemplary embodiment of the present invention.

[0036] FIG. 3 is a graph illustrating the relationship
between the temperature and a driving current according to
the operation area of a driving transistor.

[0037] FIG. 4 is a graph illustrating the relationship
between the measured voltage and the temperature.

[0038] FIG. 5isacircuit diagram schematically illustrating
a configuration of a temperature sensing unit and each pixel
connected to the temperature sensing unit according to an
exemplary embodiment of the present invention.

[0039] FIG. 6isa circuit diagram schematically illustrating
a configuration of a temperature sensing unit and each pixel
connected to the temperature sensing unit according to an
exemplary embodiment of the present invention.

[0040] FIG. 7 is a circuit diagram of a temperature sensing
unit according to an exemplary embodiment of the present
invention.

[0041] FIG. 8is a block diagram of a temperature informa-
tion generation unit according to an exemplary embodiment
of the present invention.

[0042] FIG. 9is a flowchart illustrating a method of driving
an organic light emitting display according to an exemplary
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0043] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

[0044] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0045] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred to
as being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no intervening
elements or layers present. For the purposes of this disclosure,
“atleastone of X,Y, and Z” and “at least one selected from the
group consisting of X, Y, and Z” may be construed as X only,
Y only, Z only, orany combination of two or more of X, Y, and
7, such as, for instance, XYZ, XYY, YZ, and Z7. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0046] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element, com-
ponent, region, layer, and/or section discussed below could be
termed a second element, component, region, layer, and/or
section without departing from the teachings of the present
disclosure.

[0047] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper.” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or feature
(s) as illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the ori-
entation depicted in the drawings. For example, if the appa-
ratus in the drawings is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. Furthermore, the apparatus may be oth-
erwise oriented (e.g., rotated 90 degrees or at other orienta-
tions), and, as such, the spatially relative descriptors used
herein interpreted accordingly.

[0048] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of stated
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features, integers, steps, operations, elements, components,
and/or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof.

[0049] FIG. 1is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
present invention.

[0050] Referring to FIG. 1, an organic light emitting dis-
play 10 includes a display panel 110, a temperature sensing
unit 120, a data driving unit 130, a scan driving unit 140, and
a timing controller 150.

[0051] The display panel 110 may display an image. The
display panel 110 may include scan lines (SL1, SL2, .. .,
SLn), data lines (DL1, DL2, . .., DLm) intersecting the scan
lines (SL1, SL2, . . ., SLn), and pixels PX respectively
connected to one of the scan lines (SL1, SL2, ..., SLn) and
one of the data lines (DLL1, DL2, . . ., DLm). Each of the data
lines may intersect the scan lines, respectively. The data lines
may extend along a first direction d1, and the scan lines may
extend along a second direction d2 substantially perpendicu-
lar to the first direction d1. The first direction d1 may be a row
direction and the second direction d2 may be a line direction.
The scan lines may include first to n™ scan lines (n is a natural
number) disposed sequentially along the first direction dl.
The datalines may include first tom* data lines (mis a natural
number) disposed sequentially along the second direction d2.
[0052] The pixels may be arranged in a matrix form. Each
of the pixels may be connected to one of the scan lines and one
of the data lines. Each of the pixels may receive data voltages
(D1,D2, ..., Dm) applied to the connected data lines (DL1,
DL2,...,DLm)which correspond to the scan signals (S1, S2,
..., Sn) provided from the connected scan lines (SL1, SL2, .
.., SLn). That is, the scan lines (SL1, SL2, . . ., SLn) may
receive scan signals (S1, S2, . . ., Sn) applied to respective
pixels, and the data lines (D1, DL2, .. ., DLm) may receive
data voltages (D1, D2, . . ., Dm). Each pixel may be supplied
with a first power voltage ELVDD through a first power line
(not shown) and a second power voltage ELVSS through a
second power line (not shown).

[0053] The display panel 110 may include a gate lines
(SEL1, SEL2,. .., SELn) extending along the same direction
asthe scan lines. The gate lines (SEL1, SEL2,. .., SELn) may
include first to n™ gate lines disposed sequentially along the
first direction d1. The first scan line SL1 and the first gate line
SEL1 may be connected to the same pixel line group, and the
remaining scan lines and gate lines may respectively be con-
nected to the same pixel line group. The scan lines and gate
lines may provide signals that turn on transistors included in
each of the pixels.

[0054] The data driving unit 130 may provide the data
voltages (D1, D2, . .., Dm) to the data lines (DL1, DL2, . ..
, DLm) of the display panel 110. The data driving unit 130
may receive a data control signal DCS and a data signal DATA
from the timing controller 150, and the data driving unit 130
may process the data signal DATA according to the data
control signal DCS to convert the data signal into the data
voltages (D1, D2, . .. Dm). The data voltages (D1, D2, .. .,
Dm) may be supplied to the corresponding data lines (DL1,
DL2, ..., DLm) through the temperature sensing unit 120.
Each line that supplies the data voltages (D1, D2, ..., Dm)
may be connected to the data lines (DL1, DL2, ..., DLm) by
de-multiplexers 122 of the temperature sensing unit 120.
When a temperature sensing mode is activated, the de-multi-
plexers 122 may disconnect the connection between the data
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voltage lines and the data lines to prevent the data voltage
from being applied to the data line.

[0055] The scandriving unit 140 may generate scan signals
(81, 82,..., Sn). The scan driving unit 140 may sequentially
providescansignals (S1, 82, ... Sn)to the firstto n scan lines
(SL1,SL2,...,SLn). When the temperature sensing mode is
activated, the scan driving unit 140 may generate and sequen-
tially provide the first to n™ gate signals (SE1, SE2, .. ., Sen)
to the first to n™ gate lines (SEL1, SEL2, .. ., SELn).
[0056] The timing controller 150 may receive a control
signal CS and image signals R, G, B from an external system.
The control signal CS may be a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync, a
data enable signal DE, and a clock signal CLK. The timing
controller 150 may generate a scan control signal (SCS) to
control the scan driving unit 140 and a data control signal
(DCS) to control the data driving unit 130 based on the
control signal CS. The data control signal (DCS) may be a
source start pulse (SSP), a source sampling clock (SSC), and
a source output enable signal (SOE). The scan control signal
(SCS) may be a gate start pulse (GSP) and a gate sampling
clock (GSC).

[0057] The timing controller 150 may generate a tempera-
ture sensing control signal (TCS) to control the temperature
sensing unit 120. The temperature sensing control signal
(TCS) may be a signal that activates and deactivates the
temperature sensing mode. The temperature sensing mode
may be activated when the overall power of the organic light
emitting display 10 is turned on or off. That is, the tempera-
ture sensing mode may be activated during the waiting time
that occurs when the organic light emitting display 10 is
powered on or off. The temperature sensing mode may also be
activated periodically or by the user’s setting during the
operation of the organic light emitting display 10.

[0058] The timing controller 150 may convert the input
image signals R, G, B into data signals DATA. The timing
controller 150 may process the image signals R, G, B by
reflecting the temperature information Td provided in the
temperature sensing unit 120. That is, the data signals DATA
may be a compensated image data according to the tempera-
ture information Td of the display panel 110. The organic
light emitting display 10 according to the present exemplary
embodiment may be driven by the data signals DATA that
reflects the temperature information Td of the display panel
110, and thus improve image quality.

[0059] Thetemperature sensing unit 120 may operate when
the temperature sensing mode is activated. The temperature
sensing unit 120 may generate the temperature information
Td by measuring the temperature of each pixel PX of the
display panel 110. The temperature sensing unit 120 may
provide the generated temperature information Td to the tim-
ing controller 150. The temperature sensing unit 120 may
operate separately with the data driving unit 130, or the tem-
perature sensing unit 120 may be integrated together in the
driving I1C to form the data driving unit 130.

[0060] FIG.2isacircuit diagram schematically illustrating
a configuration of the temperature sensing unit 120 and each
pixel PX connected to the temperature sensing unit 120
according to an exemplary embodiment of the present inven-
tion, FIG. 3 isa graph illustrating the relationship between the
temperature and a driving current according to the operation
area of a driving transistor, and FIG. 4 is a graph illustrating
the relationship between the measured voltage and the tem-
perature.
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[0061] Referring to FIGS. 2 to 5, the temperature sensing
unit 120 may include a first constant current source I1, a
second constant current source 12, a temperature information
generation unit 121, and de-multiplexers 122.

[0062] The first constant current source 11 may be con-
nected to an a” data line (a is an odd-numbered constant) of
the data lines (DL1, DL2, . . ., DLm). The second constant
current source 12 may be connected to b? data line (b is an
even-numbered constant) of the data lines (DL1, DL2, .. .,
DLm). As illustrated in FIG. 2, the first constant current
source I1 may be connected to the first data line DL1, and the
second constant current source 12 may be connected to the
second data line DL2. The first data line DL1 and the second
data line DL2, which are adjacent to each other, may be
respectively connected to the first constant current source 11
and the second constant current source 12 that induce currents
of different sizes.

[0063] The first constant current source I1 and the second
constant current source 12 may be respectively connected to
the data lines (DL1, DL2, . . ., DLm) through the de-multi-
plexers 122. The organic light emitting display 10 according
to the present exemplary embodiment may measure the volt-
age of each pixel and provide the data voltage to the tempera-
ture sensing unit 120 through data lines (DL1, DL2, . . .,
DLm) formed on the display panel 110. When the organic
light emitting display 10 operates, the de-multiplexers 122
may be connected to the lines that output the data voltages
(D1, D2, .. ., Dm). However, when the temperature sensing
mode is activated, the de-multiplexers 122 may be connected
to the corresponding constant current sources 11 and 12
respectively, rather than the lines that output the data voltages
(D1, D2, ..., Dm), in order to block the inflow of the data
voltages (D1, D2, ..., Dm).

[0064] The temperature information generation unit 121
may be connected to the first data line DL1 and the second
data line DL2. The first input port (+) of the temperature
information generation unit 121 may be connected to the first
dataline DL1, and the second input port (-) may be connected
to the second data line DL2. When multiple temperature
information generation units 121 are provided, each tempera-
ture information generation unit 121 may be respectively
connected to an a” data line (a is an odd-numbered constant)
and b” data line (b is an even-numbered constant). The tem-
perature information generation unit 121 may compare the
first voltage applied in the a” data line by the first constant
current source 11 with the second voltage applied in the b*
data line by the second constant current source 12 to calculate
the voltage difference. That is, the temperature information
generation 121 may be a differential amplifier. The tempera-
ture information generation unit 121 may convert the voltage
difference into a digital value to generate the temperature
information Td of each pixel. That is, the temperature infor-
mation generation unit 121 may be a differential analog-
digital converter (fully differential ADC). The voltage differ-
ence between the first voltage and the second voltage may be
proportional to the temperature of the pixel, and the generated
temperature information Td may have a linear relationship
with the temperature of the pixel. The temperature informa-
tion generation unit 121 may provide the temperature infor-
mation Td of the pixel to the timing controller 150. Herein-
after, a method of generating the temperature information Td
of the pixel PX to which the temperature sensing unit 120 is
connected will be described in detail.
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[0065] Pixels PX may include afirst pixel PX1 and a second
pixel PX2. The first pixel PX1 may be connected to the first
data line DL1 and the first scan line SL1, and the second pixel
PX2 may be connected to the second data line DL.2 and the
second scan line SI.2. The first pixel PX1 and the second pixel
PX2 may also be connected to the first gate line SEL1. The
operation of the first pixel PX1 and the second pixel PX2 may
be substantially similar for the pixels respectively connected
to the a” data line and the b” data line among group of pixels
PX arranged along the same scan line.

[0066] The first pixel PX1 may include a first transistor T1,
a second transistor T2, a third transistor T3, and an organic
light emitting device EL. A gate port of the first transistor T1
may be connected to the first scan line SL1, the source port of
the first transistor T1 may be connected to the first data line
DL1, and the drain port of the first transistor T1 may be
connected to a gate port of the second transistor T2. The first
transistor T1 may be a control transistor that supplies a data
voltage to the gate port of the second transistor T2, in which
the data voltage is turned on by the scan signal S1 applied
through the first scan line and supplied to the first transistor
T1 by the data line DL1. The gate port of the second transistor
T2 may be connected to the drain port of the first transistor T1,
the source port of the second transistor T2 may be connected
to the first power voltage ELVDD, and the drain port of the
second transistor T2 may be connected to the organic light
emitting device EL. In the second transistor T2, the current
1ds which corresponds to the relation between the data volt-
age applied to the gate port and the voltage of the source-drain
port may be formed in the channel. The current Ids may be a
driving current which drives the organic light emitting device
EL to emit light, and the second transistor T2 may be a driving
transistor.

[0067] In the organic light emitting device EL, an anode
port may be connected to the drain port of the second transis-
tor T2, and a cathode port may be connected to the second
power voltage ELVSS. The organic light emitting device EL
may emit light having a brightness that corresponds to the
driving current. The gate port of the third transistor T3 may be
connected to the first gate line SEL1, the source port of the
third transistor T3 may be connected to the first data line DL1,
and the drain port of the third transistor T3 may be connected
to the organic light emitting device EL. That is, the drain port
of the third transistor T3 may be connected to the drain port of
the second transistor T2. Since the gate signal SE1 is provided
when the temperature sensing mode is activated, the third
transistor T3 may not operate when the temperature sensing
mode is deactivated. That is, the third transistor T3 may be a
sensing transistor.

[0068] The second pixel PX2 may also include a first tran-
sistor T1, a second transistor T2, a third transistor T3, and an
organic light emitting device EL. The second pixel PX2 is
connected to the second data line DL.2 which is connected to
the source port of the first transistor T1 and the third transistor
T3. The structure of the second pixel PX2 may be substan-
tially similar to the first pixel PX1, and thus repeated descrip-
tion of the substantially similar elements and operations illus-
trated with respect to the first pixel PX1 will be omitted.
[0069] When the temperature sensing mode is activated
(i.e., when the first data line DL1 and the first constant current
source I1 are connected), the first scan signal S1 and the first
gate signal SE1 may be simultaneously provided to the first
scan line SL.1 and the first gate line SEL1. Accordingly, the
first pixel PX1, the first transistor T1, and the third transistor
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T3 may be simultaneously turned on. As such, in the second
transistor T2, the gate port and the drain port may be diode-
connected. The first driving current may be generated in the
channel of the second transistor T2 of the first pixel PX1 by
the first constant current source I1 supplied through the first
data line DL1.

[0070] The second pixel PX2 that neighbors the first pixel
PX1 in the second direction d2 may operate substantially
similar to the first pixel PX1 described above. The second
pixel PX2, the first transistor T1, and the third transistor T3
may be simultaneously turned on, and the gate port and the
drain port of the second transistor T2 may be diode-con-
nected. The second driving current may be generated in the
channel of the second transistor T2 of the second pixel PX2 by
the second constant current source 12 supplied through the
second data line DL2.

[0071] The first constant current source I1 and the second
constant current source 12 may supply current of different
sizes. The sizes of the first driving current Ids1 and the second
driving current Ids2 generated by the first constant current
source I1 and the second constant current source 12, respec-
tively, may be different from each other. The first driving
current Ids1 and the second driving current Ids2 may be a
driving current generated when the second transistor T2 oper-
ates in the sub-threshold region.

[0072] The sub-threshold region may correspond to the
voltage level between the threshold voltage Vth and the off
voltage of the gate-source voltage Vgs. Referring to FIG. 3,
the sub-threshold region is indicated as Subthreshold Region
(B). The second transistors T2 of the first pixel PX1 and the
second pixel PX2 may operate in the sub-threshold region by
the first constant current course I1 and the second constant
current source 12. In the sub-threshold region, the driving
current Ids may increase as the temperature rises. That is, in
the sub-threshold region, the temperature and the driving
current Ids may have an exponential relationship as shown in
Bquation 1, to which an Arrhenius-like model has been
applied.

[Equation 1]

[0073] o andf are constant values, I, is a driving current,
T is an absolute temperature of a driving transistor, V¢ is a
gate-source voltage of the driving transistor, and the V ,is a
threshold voltage of the driving transistor.

[0074] The voltage of the source port of the second transis-
tor T2 (driving transistor) may be the first power voltage
ELVDD, and thus the voltage of the gate port V ; of the second
transistor T2 (driving transistor) may be defined as shown in
Equation 2 below.

i Equation 2
Ve = ELVDD = Vi — ,BTln(%:\ (Equation 2]

[0075] The difference between the voltages of different
gate ports corresponding to the sub-threshold region may be
defined as the Equation 3 below.
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. Iy [Equation 3]
Vo = Ve = [ELVDD [Vl - - T-1o( Z22)] - | !

i i
ELVDD = V| —ﬁ-T-ln(%)] = T-ﬁln(y]
Dlnl

[0076] 1y, and Ipy,,,; may be the driving voltage of the
driving transistor corresponding to the gate voltage (Vs
Vgpe1y) of each driving transistor, and In(Ip,/Ipy,-11) may
be calculated as a constant value. That is, the voltage differ-
ence between different gate ports (Vg ~Vap,.1y) corre-
sponding to the sub-threshold region may be linearly propor-
tional to the temperature T of the driving transistor. Referring
to FIG. 4, the voltage difference between the different gate
ports (Vp,=Vepmey) corresponding to the sub-threshold
region increases as the temperature T of the driving transistor
T2 rises.

[0077] The temperature sensing unit 120 according to an
exemplary embodiment of the present invention may calcu-
late the temperature of the first pixel PX1 and the second pixel
PX2 directly by using the characteristics of the driving tran-
sistor T2 illustrated with reference to FIGS. 3 and 4. The first
pixel PX1 and the second pixel PX2 are adjacent to each
other, and thus the first pixels PX1 and the second pixels PX2
may have substantially similar temperatures. Accordingly,
the driving transistor T2 of the first pixel PX1 may generate
the first driving current Ids1 that operates in the sub-threshold
region by the current supplied from the first constant current
source I1, and the driving transistor T2 of the second pixel
PX2 may generate the second driving current Ids2 that opet-
ates in the sub-threshold region by the current supplied in the
second constant current source 12. The temperature informa-
tion generation unit 121 of the temperature sensing unit 120
may measure the first voltage V1 of the first data line DL1
generated by the first constant current source I1, and the
second voltage V2 of the second data line DL2 generated by
the second constant current source [2. The first input port (+)
of the temperature information generation unit 121 may be
connected to the first data line DL1, and the second input port
(-) of the temperature information generation unit 121 may
be connected to the second data line DL2. The first voltage V1
may be a voltage of the gate port of the driving transistor T2
of the first pixel PX1, and the second voltage V2 may be the
voltage of the gate port of the driving transistor T2 of the
second pixel PX2.

[0078] The temperature information generation unit 121
may generate temperature information Td by calculating the
difference between the first voltage V1 and the second voltage
V2, and then converting the difference into a digital value.
The temperature information generation unit 121 may pro-
vide the generated temperature information Td to the timing
controller 150. As the temperature information Td have linear
relationship of the temperatures of the current first pixel PX1
and second pixel PX2, the timing controller 150 may com-
pensate the data voltage supplied to the first pixel PX1 and the
second pixel PX2 by reflecting the temperature information
Td without an additional lookup table LUT.

[0079] According to an exemplary embodiment of the
present invention, the organic light emitting display 10 may
provide the temperature of each pixel and linear temperature
information by directly calculating the temperature of each
pixel, and thus more accurate temperature information Td
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may be provided. Further, the compensating the data voltage
based on the temperature information Td may improve dis-
play quality.

[0080] Hereinafter, an organic light emitting display
according to an exemplary embodiment of the present inven-
tion will be described.

[0081] FIG. 5isacircuit diagram schematically illustrating
the configuration of a temperature sensing unit 120 and each
pixel connected to the temperature sensing unit 120 accord-
ing to an exemplary embodiment of the present invention. The
temperature sensing unit 120 of the present exemplary
embodiment have substantially similar elements with the
temperature sensing unit 120 illustrated with reference to
FIGS. 1 to 4. Accordingly, repeated description of the sub-
stantially similar elements and operations illustrated with
reference to FIGS. 1 to 4 will be omitted.

[0082] Referring to FIG. 5, a voltage drop (I,¢'Rp) may
occur by the parasitic resistance of the first data line DL1 and
the second data line DL2 in the first voltage V1 and the second
voltage V2, which are measured by the temperature informa-
tion generation unit 121. Accordingly, the temperature infor-
mation Dout calculated in the temperature information gen-
eration unit 121 may contain an error as shown in Equation 4.

I Equation 4
Vg = ELVDD = V,, - fmn(ﬂ) —Ips-Rp (Equation 4]
[e’2

Ipjne1]

DoyrUpp)s Ippet1y) = T'ﬁlﬂ( ]+ Rp - (Ippr1] — Ipp)

Ipp

[0083] The temperature information generation unit 121
according to the present exemplary embodiment may genet-
ate a first temperature information by using the first driving
current and the second driving current, and generate a second
temperature information by using a third driving current
obtained by doubling the size of the first driving current and
a fourth driving obtained by doubling the size of the second
driving current. That is, the first constant current source I1
may supply the size-increased constant current to the driving
transistor T2 to generate the third driving current, and the
second constant current source 12 may supply the size-in-
creased constant current to the driving transistor T2 to gen-
erate the fourth driving current. The third driving current and
the fourth driving current may be the driving current corre-
sponding to the sub-threshold region of the driving transistor
T2. The temperature information generation unit 121 may
generate a final temperature information Td by using the first
temperature information and the second temperature infor-
mation and removing the error from the parasitic resistance
Rp. The final temperature information Td may be obtained by
increasing the first temperature information by twice to
obtain the third temperature information and then deducting
the second temperature information from the third tempera-
ture information. The final temperature information Td may
be defined as shown in Equation 5 below.

2-Dour(pps Ippe1)) = Pourpps 2ppe) = [Equation 5]

Ipp.
T-ﬁlr{ DI +1]]
Ippa)

[0084] The organic light emitting display device according
to an exemplary embodiment of the present invention may
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calculate the final temperature information Td according to
Equation 5 which remove the voltage drop factor caused by
the parasitic resistance.

[0085] FIG. 6isacircuit diagram schematically illustrating
the configuration of a temperature sensing unit 120 and each
pixels connected to the temperature sensing unit 120 accord-
ing to an exemplary embodiment of the present invention. The
temperature sensing unit 120 of the present exemplary
embodiment have substantially similar elements with the
temperature sensing unit 120 illustrated with reference to
FIGS. 1 to 4. Accordingly, repeated description of the sub-
stantially similar elements and operations illustrated with
reference to FIGS. 1 to 4 will be omitted.

[0086] Referring to FIG. 6, the organic light emitting dis-
play according to the present embodiment may include a
switch SW arranged between the driving transistor T2 and the
anode port of the organic light emitting device EL.

[0087] The switch SW may be controlled by the timing
controller 150. When the temperature sensing mode is acti-
vated, the switch SW may block the connection between the
driving transistor T2 and the anode port of the organic light
emitting display EL. Accordingly, the inflow of the driving
current of the driving transistor T2 into the organic light
emitting display EL. may be completely blocked in the tem-
perature sensing mode. Hence, the organic light emitting
display according to the present embodiment may accurately
measure the temperature information.

[0088] FIG. 7 is a block diagram of a temperature sensing
unit 220 according to an exemplary embodiment of the
present invention, and FIG. 8 is a circuit diagram of a tem-
perature information generation unit 221.

[0089] Referring to FIGS. 7 and 8, the temperature sensing
unit 220 according to the present exemplary embodiment may
include a temperature information generation unit 221 and
de-multiplexers 222. The de-multiplexers 222 may be respec-
tively correspond and connected to data lines (DL1, DL2, . .
., DLm). Accordingly, a constant current may be supplied to
each data lines through the de-multiplexers 222, and the volt-
age of each data line may be measured. The measured voltage
of each data lines may be supplied to the temperature infor-
mation generation unit 221. The temperature sensing unit 220
may include a single temperature information generation unit
221. Accordingly, voltages measured in the data lines may be
provided to the temperature information generation unit 221.
The temperature information generation unit 221 may
include a first multiplexer unit 2214 and a second multiplexer
unit 2215. The voltages (V1,V3,. .., Vm-1) measured in the
a” data lines (DL1, DL3, . .., DLm-1, a is an odd constant)
may be supplied to the first multiplexer unit 221a, and the
voltages (V2,V4, ... Vm)measured inthe b” data lines (DL2,
DL4,...,DLm, bis aneven constant) may be supplied to the
second multiplexer unit 2215. The voltages measured in the
first multiplexer 221a and the second multiplexer 2215 may
be sampled and supplied together. The first multiplexer 221a
and the second multiplexer 2215 may supply a single voltage
to adifferential analog-digital converter (ADC) 221¢ accord-
ing to the control signal. The first voltage output from the first
multiplexer 221a may be a voltage measured from the data
lines neighboring the second multiplexer 2215 outputting the
second voltage in the horizontal direction. The first multi-
plexer 221a and the second multiplexer 2215 may selectively
output a pair of voltages measured from the neighboring data
lines to the differential analog-digital converter (ADC) 221c.
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[0090] The differential analog-digital converter (ADC)
221c¢ may calculate the voltage difference of the pair of volt-
ages to generate temperature information. The organic light
emitting display according to the present exemplary embodi-
ment may not require the differential ADC for every neigh-
boring data line pair, and generate the temperature informa-
tion by calculating the voltage difference of respective data
line pairs with a single differential analog-digital converter
(ADC) 221¢ in a time-interleaving scheme by using the first
and the second multiplexers 221¢ and 2215. Accordingly, the
manufacturing costs for having differential analog-digital
converter (ADC) may be reduced.

[0091] FIG. 9is a flowchart illustrating a method of driving
an organic light emitting display according to an exemplary
embodiment of the present invention.

[0092] Referring to FIG. 9, the method of operating the
organic light emitting display according to an exemplary
embodiment of the present invention may include activating
temperature sensing mode of the pixels (S110), providing
scan signals and gate signals (S120), supplying constant cur-
rent (S130), and obtaining temperature information (S110).

[0093] In step S110, a temperature sensing mode is acti-
vated.
[0094] The organic light emitting display according to the

present exemplary embodiment may include pixels arranged
in a matrix form, scan lines extending in a horizontal direc-
tion, gate lines extending in a horizontal direction, and data
lines extending in a vertical direction. The data lines may be
divided into a™ data lines (a is an odd constant) and b* data
lines (b is an even constant). The organic light emitting dis-
play illustrated with respect to FIGS. 1 to 8 may be applied,
and thus the detailed description thereof will be omitted.

[0095] The timing controller 150 of the organic light emit-
ting display may generate a temperature sensing control sig-
nal (TCS) to control the temperature sensing unit 120 for
sensing temperatures of the pixels. The temperature sensing
control signal (TCS) may be a signal that activates or deacti-
vates the temperature sensing mode. The temperature sensing
mode may be activated when the overall power of the organic
light emitting display 10 is turned on or off. The temperature
sensing mode may be activated during the waiting time of the
power turning on or off. The temperature sensing mode may
also be activated periodically or by the user’s setting during
the operation of the organic light emitting display 10. In
response to the temperature sensing control signal (TCS), the
a™ dataline (ais an odd constant) may be connected to the first
constant current source I1 which supplies the first constant
current, and the b data line (b is an even constant) may be
connected to the second constant current source 12. Further,
the voltage of both ends of the organic light emitting device
may be set to have substantially similar voltage level. That is,
the voltage level of the second power voltage ELVSS con-
nected to one end of the organic light emitting device may
increase to correspond to the voltage level of the first power
voltage ELVDD connected to the other end of the organic
light emitting device. As such, the driving current flowing in
the channel of the driving transistor T2 may not flow into the
organic light emitting device.

[0096] According to an exemplary embodiment of the
present invention, the organic light emitting device and the
driving transistor may be connected by a switch which is
turned off in the temperature sensing mode, and accordingly,
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the connection between the organic light emitting device and
the driving transistor may be blocked when the temperature
sensing mode is activated.

[0097] In step S120, the scan signals and gate signals are
provided.
[0098] The scan signals may be provided through a scan

line connected to the pixels, and the gate signals may be
supplied through a gate line connected to the pixels. The scan
signals and gate signals may be simultaneously provided.
Each pixels may include an organic light emitting device, a
control transistor which is turned on by a scan signal, a
sensing transistor which is turned on by a gate signal, and a
driving transistor that supplies the driving current to the
organic light emitting device to emit light therein. The drain
portof the control transistor may be connected to the gate port
of the driving transistor, and the drain port of the sensing
transistor may be connected to the drain port of the driving
transistor. Accordingly, the driving transistor may be in a
diode-connected state as the scan signals and the gate signals
are simultaneously provided.

[0099] In step S130, constant current is supplied (S130).
[0100] First constant current may be supplied to the a” data
line (a is an odd constant), and the second constant current
having a different size from the first constant current may be
supplied to the b™ data line (b is an even constant). The first
constant current may be a constant current that generates the
first driving current in the driving transistor T2 of the pixel
connected to the a” data line. The first driving current may be
adriving current corresponding to the sub-threshold region of
the driving transistor T2. The second constant current may be
a constant current that generates the second driving current in
the driving transistor T2 of the pixel connected to the b* data
line. The second driving current may be a current having a
different size from the first driving current and may be a
driving current corresponding to the sub-threshold region of
the driving transistor T2. The sub-threshold region may be an
operation area of the driving transistor T2 where the driving
current increases exponentially with a rise of the temperature.
The difference between the gate voltage of the driving tran-
sistor T2 corresponding to the first driving current and the
gate voltage of the driving transistor T2 corresponding to the
second driving current may be calculated to be linearly pro-
portional to the second driving current.

[0101] In step S130, the temperature information is calcu-
lated (S130).

[0102] The first voltage generated in the a™ data line
according to the application of the first constant current
source I1, and the second voltage generated in the b data line
according to the application of the second current source 12
may be measured. The first voltage may be a gate voltage of
the driving transistor T2 of the pixel connected 1o the a” data
line, and the second voltage may be a gate voltage of the
driving transistor T2 ofthe pixel connected to the b” data line.
The difference between the first voltage and the second volt-
age may be linearly proportional to the current temperatures
of the pixels arranged sequentially. The voltage difference
between the first voltage and the second voltage may be
modified as a digital value to calculate temperature informa-
tion.

[0103] According to an exemplary embodiment of the
present invention, calculating the temperature information
may include generating a first temperature information by
using the first driving current and the second driving current,
generating the second temperature information by using a
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third driving current obtained by doubling the size of the first
driving current and a fourth driving current obtained by dou-
bling the size of the second driving current, and generating the
final temperature information Td by using the first tempera-
ture information and the second temperature information.
The final temperature information Td may be generated by
increasing the first temperature information by twice to
obtain the third temperature information and then deducting
the second temperature information.

[0104] According to exemplary embodiments of the
present invention, more accurate temperature information
may be provided by directly measuring a temperature of each
pixel of an organic light emitting display. Further, according
to exemplary embodiments of the present invention, the dis-
play quality of an organic light emitting display may be
enhanced because a data voltage is compensated in consider-
ation of a temperature of each pixel which has been precisely
measured.

[0105] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to such
exemplary embodiments, but rather to the broader scope of
the presented claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. An organic light emitting display, comprising;

a first data line extending along a first direction;

a second data line extending along the first direction and
disposed parallel to the first data line;

a first scan line extending along a second direction perpen-
dicular to the first direction;

a first pixel connected to the first data line and the first scan
line;

a second pixel connected to the second data line and the
first scan line;

a first constant current source connected to the first data
line and configured to generate a first driving current in
a driving transistor of the first pixel;

a second constant current source connected to the second
data line and configured to generate a second driving
current in a driving transistor of the second pixel, the
second driving current being different than the first driv-
ing current; and

a temperature information generation unit comprising a
first input port connected to the first data line and a
second input port connected to the second data line.

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

comprising

a first gate line extending along the first direction and
connected to the first pixel and the second pixel.

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

the first pixel comprises:

a control transistor configured to be turned on by a scan
signal provided by the first scan line;

a sensing transistor configured to be turned on by a gate
signal provided simultaneously with the scan signal
through the first gate line;

an organic light emitting device configured to emit light in
response to receiving the driving current from the driv-
ing transistor connected to a first end of the organic light
emitting device; and
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aswitch configured to block a connection between the first
end of the organic light emitting device and the driving
transistor.

4. The organic light emitting display of claim 1, wherein

the temperature information generation unit is configured to:

calculate a voltage difference between a first voltage

applied through the first input port and a second voltage
applied through the second input port; and

convert the calculated voltage difference into a digital
value.

5. The organic light emitting display of claim 4, wherein:

the first voltage is a gate voltage of the driving transistor of
the first pixel; and

the second voltage is a gate voltage of the driving transistor
of the second pixel.

6. The organic light emitting display of claim 1, wherein
the first driving current and the second driving current are
driving currents corresponding to a sub-threshold region of
the driving transistor,

the sub-threshold region being a voltage range in which the
driving current has an exponential relationship with a
temperature of the driving transistor.

7. The organic light emitting display of claim 1, wherein
the temperature information generation unit is configured to
generate:

a first temperature information by using the first driving

current and the second driving current;

a second temperature information by using a third driving
current and a fourth driving current, the third driving
current is obtained by doubling the size of the first driv-
ing current, the fourth driving current is obtained by
doubling the size of the second driving current; and

a final temperature information by using the first tempera-
ture information and the second temperature informa-
tion.

8. The organic light emitting display of claim 7, wherein
the temperature information generation unit generates the
final temperature information by deducting the second tem-
perature information from the third temperature information.

9. An organic light emitting display, comprising:

adisplay panel comprising:
pixels disposed in a matrix;
scan lines extending in a horizontal direction; and
data lines extending in a vertical direction; and

atemperature sensing unit comprising:
a first constant current source connected to an a” data
line of the data lines;
a second constant current source connected to a b” data
line of the data lines; and
a temperature information generation unit configured to
calculate a voltage difference between a first voltage
generated in the a” data line by the first constant
current source and a second voltage generated in the
b” line by the second constant current source,
wherein a is an odd-numbered constant and b is an even-
numbered constant.

10. The organic light emitting display of claim 9, wherein
the temperature information generation unit comprises a first
input port to which the first voltage is applied and a second
input port to which the second voltage is applied, and is
configured to convert the calculated voltage difference into a
digital value.

11. The organic light emitting display of claim 9, wherein
the first voltage and the second voltage is a gate voltage
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corresponding to a sub-threshold region of the driving tran-
sistor, the sub-threshold region being a voltage range in which
the driving current has an exponential relationship with a
temperature of the driving transistor.

12. The organic light emitting display of claim 9, further
comprising:

gate lines extending along the horizontal direction and
connected to the pixels.

13. The organic light emitting display of claim 12, wherein

the pixels comprise:

a control transistor configured to be turned on by a scan
signal provided through the scan lines;

a sensing transistor configured to be turned on by a gate
signal provided simultaneously with the scan signal
through the gate lines;

an organic light emitting device configured to emit light in
response to receiving a driving current from a driving
transistor connected to a first end of the organic light
emitting device; and

a switch configured to block a connection between the first
end of the organic light emitting device and the driving
transistor.

14. The organic light emitting display of claim 9, wherein

the temperature information generation unit comprises:

a first multiplexer unit to which the first voltage is applied;

a second multiplexer to which the second voltage is
applied; and

a differential analog-digital converter configured to calcu-
late a voltage difference between the first voltage and the
second voltage,

the second voltage supplied from the second multiplexer
unit is a voltage measured from a data line disposed
parallel with respect to a data line measuring the first
voltage.

15. A method of driving an organic light emitting display
comprising pixels arranged in a matrix form, scan lines and
gate lines extending in a horizontal direction, and data lines
extending in a vertical direction, the method comprising:

activating a temperature sensing mode of the pixels;

providing scan signals and gate signals simultaneously to
the scan lines and the gate lines;

supplying a first constant current to an a” data line and a
second constant current different in size from the first
constant current to a b” data line;

calculating a voltage difference between a first voltage
generated in the a” data line by the first constant current
source and a second voltage generated in the b data line
by the second constant current source; and

calculating a temperature information,

wherein a is an odd-numbered constant and b is an even-
numbered constant.

16. The method of claim 15, wherein the activating the

temperature sensing mode comprises:

connecting the first constant current source supplying the
first constant current to the a” data line;

connecting the second constant current source supplying
the second constant current to the b? data line; and

blocking a connection between an organic light emitting
device and a driving transistor of the pixels.

17. The method of claim 15, wherein:

a driving transistor of a pixel connected to the a™ data line
generates the first driving current from the first constant
current;
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the driving transistor of the pixel connected to the b™ data
line generates the second driving current from the sec-
ond constant current, the second driving current having
different size with respect to the first driving current; and

the first driving current and the second driving current are
driving currents corresponding to a sub-threshold region
of the driving transistor, the sub-threshold region being
a voltage range in which the driving current has an
exponential relationship with a temperature of the driv-
ing transistor.

18. The method of claim 17, wherein calculating of the
temperature information comprises:

generating a first temperature information by using the first

driving current and the second driving current;

generating a second temperature information by using a

third driving current and a fourth driving current, the
third driving current is obtained by doubling the size of
the first driving current, and the fourth driving current is
obtained by doubling the size of the second driving
current; and

generating a final temperature information by using the

first temperature information and the second tempera-
ture information.

19. The method of claim 18, wherein the final temperature
information is generated by deducting the second tempera-
ture information from the third temperature information.

20. The method of claim 15, wherein calculating of the
temperature information comprises converting the voltage
difference between the first voltage and the second voltage in
to a digital value.
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