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7) ABSTRACT

The present disclosure relates to a display device and
sensing method. A display device includes a plurality of
pixels. At least one of the pixels includes an organic light
emtting diode (OLED) and a driving transistor. The driving
transistor is connected in series with the OLED with a node
between the OLED and the driving transistor. During a
programming period the driving transistor is turned off and
the OLED is turned on. During a discharging period the
driving transistor is turned off and a voltage charged on the
node during the programming period is discharged through
the OLED. During a sensing period the OLED is turned off

(51) Int. CL and the driving transistor is turned on to generate a pixel
G09G 3/3258 (2006.01) current to be sensed.
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PIXEL SENSING DEVICE AND METHOD OF
ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2018-0153701 filed on Dec. 3, 2018,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

Field of the Technology

[0002] The present disclosure is related to an organic light
emitting display device, and more particularly a pixel sens-
ing device and a pixel sensing method in the organic light
emitting display device.

Discussion of the Related Art

[0003] An active matrix type organic light emitting dis-
play device includes an organic light emitting diode OLED
which emits light by itself, and has many advantages such as
a high response speed, a high luminance efficiency, a high
brightness and a wide viewing angle.

[0004] The organic light emitting display device arranges
pixels each including the OLED in a matrix form and adjusts
luminance of the pixels according to gradation of image
data. Each pixel includes a driving thin film transistor TFT
controlling a pixel current flowing through the OLED
according to a voltage between a gate electrode and a source
electrode of the driving TFT (hereinafter referred as a
gate-source voltage), and controls luminance of image by an
amount of light which the OLED emits proportionally to the
pixel current.

[0005] An operating point voltage of the OLED (e.g.,
turn-on voltage of the OLED, threshold voltage of the
OLED) may be changed by a process variation. Also, the
OLED has deterioration characteristics in which the opet-
ating point voltage is shifted and the luminance efficiency is
decreased as emission time passes. The operating point
voltage of the OLED may be different for each pixel
depending on process or deterioration characteristics. If
OLED driving characteristics are different from pixel to
pixel, an image sticking phenomenon may occur due to
luminance deviations.

SUMMARY

[0006] In order to compensate for the image quality deg-
radation due to the luminance variations, a compensation
technique for sensing the OLED driving characteristics and
modulating digital image data based on the sensed value is
known. A conventional compensation technique senses the
OLED driving characteristics by using the property that a
parasitic capacitance of the OLED changes according to the
process or deterioration characteristics. That is, the conven-
tional compensation technique senses an amount of charge
accumulated in the parasitic capacitor of the OLED, and
determines the OLED driving characteristics based on the
sensed amount of the charge.

[0007] In order to apply the conventional compensation
technique to a product, differences of the OLED parasitic
capacitances according to the process variation or deterio-
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ration deviation must be large enough to be sensed. How-
ever, in case of forming the OLED in a soluble process, the
differences of the OLED parasitic capacitances according to
the process variation or deterioration deviation may be too
small to be sensed accurately.

[0008] Accordingly, the present disclosure provides pixel
sensing device and method in the organic light emitting
display device capable of accurately sensing the driving
characteristics of the OLED.

[0009] In accordance with one aspect of the present dis-
closure, a display device is provided that includes a plurality
of pixels. At least one of the pixels includes an OLED and
a driving transistor. The driving transistor is connected in
series with the OLED with a node between the OLED and
the driving transistor. During a programming period: the
driving transistor is turned off, and the OLED is turned on.
During a discharging period: the driving transistor is turned
off and a voltage charged on the node during the program-
ming period is discharged through the OLED. During a
sensing period: the OLED 1is turned off, and the driving
transistor is turned on to generate a pixel current to be
sensed.

[0010] The at least one of the pixels can include a storage
capacitor connected between the node and a gate of the
driving transistor. During the programming period: a refer-
ence voltage may be applied to an end of the storage
capacitor connected to the node, and a data voltage to turn
off the driving transistor may be supplied to an end of the
storage capacitor connected to the gate of the driving
transistor. During the discharging period: a data voltage to
turn off the driving transistor may be supplied to the end of
the storage capacitor connected to the gate of the driving
transistor. The pixel current to be sensed may be based on a
remaining voltage left on the node after the voltage charged
on the node during the programming period is discharged
through the OLED.

[0011] During the programming period a reference voltage
may be applied to the node, the reference voltage being
higher than an operating point voltage of the OLED. During
the programming period and the discharging period: a first
voltage may be applied to a cathode electrode of the OLED,
the first voltage being lower than the reference voltage.
During the sensing period: a second voltage may be applied
to a cathode electrode of the OLED, the second voltage
being higher than an operating point voltage of the OLED.
[0012] During the programming period and the discharg-
ing period: a data voltage may be applied to a gate of the
driving transistor at a first level to turn off' the driving
transistor. During the sensing period: the data voltage may
be applied to the gate of the driving transistor at a second
level to turn on the driving transistor.

[0013] During the programming period: a reset switch
may be turned on to allow a reference voltage to be supplied
to the node. During the discharging period and the sensing
period: the reset switch may be turned off.

[0014] The display device may include a current integrator
connected to the node. During the sensing period the current
integrator may generate a sensing output voltage by inte-
grating the pixel current. Corrected image data may be
generated based on the sensing output voltage. Responsive
to an increase in the sensing output voltage, a data voltage
corresponding to the corrected image data may be increased.
[0015] In accordance with one aspect of the present dis-
closure, in a display device including a plurality of pixels, at
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least one of the pixels comprising an OLED and a driving
transistor connected in series with the OLED with a node
between the OLED and the driving transistor, a method
includes: during a programming period: turning off the
driving transistor and turning on the OLED; during a dis-
charging period: turning off the driving transistor, and dis-
charging a voltage charged on the node during the program-
ming petiod through the OLED, and during a sensing period:
turning off the OLED, and turning on the driving transistor
to generate a pixel current to be sensed.

[0016] The method may include, during the programming
period, applying a reference voltage to the node, the refer-
ence voltage being higher than an operating point voltage of
the OLED. The method may include, during the program-
ming period and the discharging period: applying a first
voltage to a cathode electrode of the OLED, the first voltage
being lower than the reference voltage. The method may
include during the sensing period: applying a second voltage
to a cathode electrode of the OLED, the second voltage
being higher than an operating point voltage of the OLED.

[0017] The method may include, during the programming
period and the discharging period: applying a data voltage to
a gate of the driving transistor at a first level to turn off the
driving transistor, and during the sensing period: applying
the data voltage to the gate of the driving transistor at a
second level to turn on the driving transistor.

[0018] The method may include, during the programming
period: turning on a reset switch to allow a reference voltage
to be supplied to the node, and during the discharging period
and the sensing period: turning off the reset switch.

[0019] The method may include, during the sensing
period: generating a sensing output voltage by a current
integrator connected to the node by integrating the pixel
current, and generating corrected image data based on the
sensing output voltage. Responsive to an increase in the
sensing output voltage, a data voltage corresponding to the
corrected image data may be increased.

[0020] In accordance with another aspect of the present
disclosure, a display panel includes a plurality of pixels. At
least one of the pixels includes a light emitting device and
a driving transistor. For example, the light emitting device
may be an OLED, a semiconductor light emitting diode, a
quantum dot light emitting diode, etc. The driving transistor
is connected in series with the light emitting device with a
gate of the driving transistor connected to a first node and
with a second node between the light emitting device and the
driving transistor. During a programming period: the driving
transistor is turned off, and the light emitting device 1s turned
on. During a discharging period: the driving transistor is
turned off and a voltage charged on the second node during
the programming period is discharged through the light
emitting device. During a sensing period: the light emitting
device is turned off, and the driving transistor is turned on
to generate a pixel current to be sensed.

[0021] During the programming period a reference volt-
age may be applied to the second node, the reference voltage
being higher than an operating point voltage of the light
emitting device. During the programming period and the
discharging period: a first voltage may be applied to a
cathode electrode of the light emitting device, the first
voltage being lower than the reference voltage. During the
sensing period: a second voltage may be applied to the
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cathode electrode of the light emitting device, the second
voltage being higher than an operating point voltage of the
light emitting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0023] FIG. 1 shows a block diagram of an organic light
emitting display device according to the present disclosure.
[0024] FIG. 2 shows an example of connection of a
sensing line and a pixel.

[0025] FIG. 3 shows a configuration of a pixel array and
a data drive integrated circuit IC.

[0026] FIG. 4 shows a configuration of a pixel and a
sensing unit.
[0027] FIG. 5 shows waveforms of driving signals for the

pixel and the sensing unit.

[0028] FIG. 6 shows an equivalent circuit of the pixel and
sensing unit in a programing period of FIG. 5.

[0029] FIG. 7 shows an equivalent circuit of the pixel and
sensing unit in a discharging period of FIG. 5.

[0030] FIG. 8 shows an equivalent circuit of the pixel and
sensing unit in a sensing period of FIG. 5.

[0031] FIG. 9 shows an equivalent circuit of the pixel and
sensing unit in a sampling period of FIG. 5.

[0032] FIG. 10 shows that an equivalent resistance of an
OLED, a gate-source voltage of a driving TFT, a pixel
current, and a sensing output voltage vary depending on a
degree of deterioration of the OLED.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0033] The advantages and features of the present disclo-
sure and methods of accomplishing the same may be under-
stood more readily by reference to the following detailed
descriptions of exemplary embodiments and the accompa-
nying drawings. The present disclosure may, however, be
embodied in many different forms and should not be con-
strued as being limited to the exemplary embodiments set
forth herein. Rather, these exemplary embodiments are
provided so that this disclosure will be thorough and com-
plete and will fully convey the concept of the present
disclosure to those skilled in the art, and the present disclo-
sure is defined by the appended claims.

[0034] The shapes, sizes, percentages, angles, numbers,
etc. shown in the figures to describe the exemplary embodi-
ments of the present disclosure are merely examples and not
limited to those shown in the figures. Like reference numer-
als denote like elements throughout the specification. When
the terms ‘comprise’, ‘have’, ‘consist of” and the like are
used, other parts may be added as long as the term ‘only” is
not used. The singular forms may be interpreted as the plural
forms unless explicitly stated.

[0035] The elements may be interpreted to include an error
margin even if not explicitly stated.

[0036] When the position relation between two parts is
described using the terms ‘on’, ‘over’, ‘under’, ‘next to’ and
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the like, one or more parts may be positioned between the
two parts as long as the term ‘immediately’ or ‘directly’ is
not used.

[0037] It will be understood that, although the terms first,
second, etc., may be used to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another
element. Thus, a first element referred to below may be a
second element within the scope of the present disclosure.
[0038] In this specification, the pixel circuit and the gate
driver formed on the substrate of a display panel may be
implemented by a TFT of an n-type metal-oxide-semicon-
ductor field-effect transistor MOSFET structure, but the
present disclosure is not limited thereto so the pixel circuit
and the gate driver may be implemented by a TFT of a
p-type MOSFET structure. The TFT or the transistor is the
element of 3 electrodes including a gate, a source and a
drain. The source is an electrode for supplying a carrier to
the transistor. Within the TFT the carrier begins to flow from
the source. The drain is an electrode from which the carrier
exits the TFT. That is, the carriers in the MOSFET flow from
the source to the drain. In the case of the n-type MOSFET
NMOS, since the carrier is an electron, the source voltage
has a voltage lower than the drain voltage so that electrons
can flow from the source to the drain. In the n-type MOS-
FET, a current direction is from the drain to the source
because electrons flow from the source to the drain. On the
other hand, in the case of the p-type MOSFET PMOS, since
the carrier is a hole, the source voltage has a voltage higher
than the drain voltage so that holes can flow from the source
to the drain. In the p-type MOSFET, a current direction is
from the source to the drain because holes flow from the
source to the drain. It should be noted that the source and
drain of the MOSFET are not fixed. For example, the source
and drain of the MOSFET may vary depending on the
applied voltage. Therefore, in the description of the present
disclosure, one of the source and the drain is referred to as
a first electrode, and the other one of the source and the drain
is referred to as a second electrode.

[0039] In this specification, the semiconductor layer of the
TFT may be implemented by at least one of an oxide
element, an amorphous silicon element, and a polysilicon
element.

[0040] Hereinafter, various embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings. In describing the present disclo-
sure, detailed descriptions of well-known functions or con-
figurations related to the present disclosure will be omitted
to avoid unnecessary obscuring the present disclosure.
[0041] FIG. 1 shows a block diagram of an organic light
emitting display device according to the present disclosure,
FIG. 2 shows an example of connection of a sensing line and
apixel, and FIG. 3 shows a configuration of a pixel array and
a data drive IC.

[0042] Referring to FIGS. 1to 3, an organic light emitting
display device according to an embodiment of the present
disclosure is equipped with a display panel 10, a timing
controller 11, a pixel sensing device, memory 16, and a
compensation unit 20. The pixel sensing device of the
present disclosure includes a pixel driving unit and a sensing
unit SU. And, the pixel driving unit includes a data driving
unit 12, a gate driving unit 13 and a power generator 30.
[0043] A plurality of data lines 14A and a plurality of
sensing lines 14B and a plurality of gate lines 15 cross each
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other on the display panel 10, and pixels P are arranged in
a matrix form for respective crossing regions.

[0044] Two or more pixels P connected to different data
lines 14A may share a same sensing line 14B and a same
gate line 15. For example, as shown in FIG. 2, a R pixel for
displaying red color, a W pixel for displaying white color, a
G pixel for displaying green color and a B pixel for
displaying blue color, which are adjacent in a horizontal
direction and connected to a same gate line 15, may be
commonly connected to one sensing line 14B. A sensing line
sharing structure in which one sensing line 14 is assigned to
several pixel columns facilitates ensuring an aperture ratio
of the display panel. In the sensing line sharing structure,
one sensing line 14B may be arranged for a plurality of data
lines 14A. In FIG. 2, the sensing line 14B is shown to be in
parallel with the data line 14A, but may be arranged to cross
the data line 14A.

[0045] The R pixel, the W pixel, the G pixel, and the B
pixel may constitute one unit pixel as shown in FIG. 2. But,
the unit pixel may be constituted by the R pixel, the G pixel,
and the B pixel

[0046] Each pixel P is supplied with a high potential pixel
voltage EVDD and a low potential pixel voltage EVSS from
the power generator 30. The pixel P of the present disclosure
may have a circuit structure suitable for sensing the dete-
rioration of a light-emitting element due to environmental
conditions such as an elapsed driving time and/or a panel
temperature. The configuration of the pixel circuit may be
variously modified. For instance, the pixel P may include a
plurality of switch elements, one or more storage capacitors
besides a light-emitting element and a driving element.

[0047] The timing controller 11 may implement sense
driving and display driving according to a predetermined
control sequence. Here, the sense driving senses a driving
point voltage of the light-emitting element and updates a
compensation value in accordance with the sensing result,
and the display driving writes corrected image data CDATA
reflecting on the compensation value to represent image.
Under the control of the timing controller 11, the sense
driving may be performed in a booting period before the
display driving starts or in a power-off period after the
completion of the display driving. The booting period means
a period from when a system is powered up until a screen is
turned on. The power-off period refers to a period from when
the screen is turned off to when the system is powered off.

[0048] Meanwhile, the sense driving may be performed in
a state that the screen of the display device is turned off
while system power is being applied, such as in a stand-by
mode, a sleep mode, a low-power mode, and the like. The
timing controller 11 may detect the stand-by mode, the sleep
mode, the low-power mode, etc. according to a predeter-
mined detecting process, and control all operations for the
sense driving.

[0049] The timing controller 11 may receive, from a host
system, timing signals, such as a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync, a
dot clock signal DCLK, and a data enable signal DE and
generate data timing control signals DDC for controlling the
operation timings of the data driving circuit 12 and gate
timing control signals GDC for controlling the operation
timings of the gate driving circuit 13, based on the timing
signals. The timing controller 11 may differently generate
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the timing control signals DDC and GDC for the display
driving and the timing control signals DDC and GDC for the
sense driving.

[0050] The gate timing control signals GDC includes a
gate start pulse, a gate shift clock, and the like. The gate start
pulse is applied to a gate stage which generates a first output
to control the gate stage. The gate shift clock is commonly
input to respective gate stages and shifts the gate start pulse.

[0051] The data timing control signals DDC includes a
source start pulse, a source sampling clock, and a source
output enable signal. The source start pulse controls a data
sampling start timing of the data driving unit 12. The source
sampling clock controls data sampling timings based on a
rising edge or a falling edge. The source output enable signal
controls output timings of the data driving unit 12.

[0052] The timing controller 11 may include the compen-
sation unit 20.
[0053] The compensation unit 20 receives sensing result

data SDATA for the driving point voltage of the light-
emitting element from the sensing unit SU in the sense
driving. The compensation unit 20 calculates, based on the
sensing result data SDATA, the compensation value capable
of compensating for the luminance deviation according to
process variations of deterioration deviation (that is, shift of
the driving point voltage) of the light-emitting elements, and
stores the compensation value in the memory 16. The
compensation value stored in the memory 16 may be
updated whenever the sensing operation is repeated, so the
luminance deviation due to the characteristics differences of
the light-emitting elements may be easily compensated.

[0054] The compensation unit 20 corrects input image
data DATA based on the compensation value read from the
memory 16 and supplies the corrected image data CDATA
to the data driving unit 12, in the display driving.

[0055] The data driving unit 12 includes at least one data
drive integrated circuit SDIC. The data drive IC SDIC is
embedded with a digital-to-analog converter DAC con-
nected to each data line 14A.

[0056] The DAC converts the corrected image data
CDATA to a data voltage for displaying to supply it to the
data lines 14A according to the data timing control signals
DDC applied from the timing controller 11 in the display
driving. Also, the DAC in the data drive IC SDIC may
generate a data voltage for sensing to supply it to the data
lines 14A according to the data timing control signal DDC
in the sense driving.

[0057] The data voltage for sensing includes a first data
voltage for sensing (hereinafter referred to as a data voltage
for on-driving) capable of turning on the driving element,
and a second data voltage for sensing (hereinafter referred to
as a data voltage for off-driving) capable of turning off the
driving element. The data voltage for on-driving is a voltage
which is supplied to a gate electrode of the driving element
to turn on the driving element in the sense driving (that is a
voltage causing a pixel current to flow), and the data voltage
for off-driving is a voltage which is supplied to the gate
electrode of the driving element to turn off the driving
element in the sense driving (that is a voltage blocking the
pixel current). The data voltage for on-driving may be set to
be a different value in units of R pixels, G pixels, B pixels
and W pixels in consideration that the driving characteristics
of the driving element/the light-emitting element are differ-
ent for respective colors.
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[0058] The data voltage for on-driving is applied to a
sensing pixel to be sensed in one unit pixel, and the data
voltage for off-driving is applied to non-sensing pixels
sharing the sensing line 14B with the sensing pixel to be
sensed in one unit pixel. For example, in FIG. 2, in case that
R pixel is sensed and W, G and B pixels are non-sensed, the
data voltage for on-driving may be applied to the driving
element of the R pixel, and the data voltage for off-driving
may be applied to the driving elements of the W, G, and B
pixels.

[0059] Meanwhile, the sensing pixel is supplied with data
voltage for off-driving as well as data voltage for on-driving.
The data voltage for on-driving may be supplied during a
pixel current is being sensed in the sensing pixel, and the
data voltage for off-driving may be supplied during a period
in which a source voltage of the driving element is set to
correspond to the driving point voltage of the light emitting
element in the sensing pixel.

[0060] A plurality of the sensing units SU may be mounted
on the data drive IC SDIC.

[0061] Each sensing unit SU is connected to the sensing
line 14B, and may be selectively connected to an analog-
to-digital converter ADC through mux-switches SS1-SSk.
Each sensing unit SU may be implemented as a current
integrator or a current-voltage converter such as the current
integrator. Since each sensing unit SU is implemented as a
current sensing type, it is adequate for low current sensing
and high speed sensing. That is, if configuring each sensing
unit as the current sensing type, it is advantageous to reduce
sensing time and increase sensing sensitivity. The ADC may
convert a sensing output voltage output from each sensing
unit SU into the sensing result data SDATA to output it to the
compensation unit 20.

[0062] The gate driving unit 13 may generate gate signals
for sensing based on the gate control signals GDC and
sequentially supply them to the gate lines 15 in the sense
driving. The gate signals for sensing are scan signals for
sensing synchronized with the data voltage for sensing. The
display lines L1-Ln are sequentially driven for sensing by
the gate signals for sensing and the data voltage for sensing.
Here, each display line L1 to Ln denotes an aggregate of R,
W, G, and B pixels arranged adjacent to each other along the
horizontal direction.

[0063] The gate driving unit 13 may generate gate signals
for displaying based on the gate control signals GDC and
sequentially supply them to the gate lines 15 in the display
driving. The gate signals for displaying are scan signals for
displaying synchronized with the data voltage for display-
ing. The display lines L1-Ln are sequentially driven for
displaying by the gate signals for displaying and the data
voltage for displaying.

[0064] A sense driving sequence which senses the pixel
current varying depending on the operating point voltage of
the light emitting element may be independently performed
for each of R, W, G and B pixels. For example, the sense
driving sequence of the present disclosure may sense R
pixels in a line sequential manner for all display lines of the
display panel 10, sense W pixels in the line sequential
manner, sense G pixels in the line sequential manner, and
then sense B pixels in the line sequential manner. This color
sensing order may be set differently.

[0065] The power generator 30 generates a high potential
pixel voltage EVDD and a low potential pixel voltage EVSS
supplied to each pixel P. The power generator 30 generates
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the high potential pixel voltage EVDD in a DC form, and
generates the low potential pixel voltage EVSS as an AC
form. The power generator 30 generates the low potential
pixel voltage EVSS at a first level lower than an amplifier
reference voltage during a period of time the amplifier
reference voltage is discharged through the light emitting
element (that is, during TDIS in FIG. 5), thereby ensuring
the stability of the discharging operation. The power gen-
erator 30 generates the low potential pixel voltage EVSS at
a second level higher than a source voltage of the driving
element set to correspond to an equivalent resistance of the
light emitting element during the pixel current flowing
through the driving element is being sensed (that is, during
TSEN in FIG. 5), thereby ensuring the accuracy and reli-
ability of the sensing operation. The second level of the low
potential pixel voltage EVSS is higher than the first level of
the low potential pixel voltage EVSS.

[0066] FIG. 4 shows a configuration of a pixel and a
sensing unit. It should be noted that the technical idea of the
present disclosure is not limited to the example structure of
the pixel P and the sensing unit SU, since FIG. 4 is merely
an example.

[0067] Referring to FIG. 4, each pixel P may have an
OLED, a driving TFT DT, a storage capacitor Cst, a first
switch TFT ST1 and a second switch TFT ST2. The TFTs
constituting the pixels P may be implemented as a p-type,
n-type or a hybrid type in which the p-type and the n-type
are mixed. A semiconductor layer of the TFTs constituting
the pixels P may include amorphous silicon, polysilicon, or
an oxide.

[0068] The OLED is a light emitting element emitting
light according to a pixel current. The OLED includes an
anode electrode connected to a second node N2, a cathode
electrode connected to an input terminal of the low potential
pixel voltage EVSS, and an organic compound layer posi-
tioned between the anode and cathode electrodes. The
organic compound layer comprises a hole injection layer
HIL, a hole transport layer HTL, an emission layer EML, an
electron transport layer ETL and an electron injection layer
EIL. If a driving voltage is applied to the anode and cathode
electrodes, holes passing through the hole transport layer
HTL and electrons passing through the electron transport
layer ETL move to the emission layer EML to form excitons,
and as a result the emission layer emits visible light.
[0069] The equivalent resistance Rp and the operating
point voltage of the OLED may vary depending on the
process variation and deterioration deviation of the OLED.
The organic compound layer serves as a resistance between
the anode and cathode electrodes. If thicknesses of the
organic compound layer in a first pixel and a second pixel
are different owing to the process variation of the OLED,
moving distances of the electrons and holes in the first pixel
and the second pixel are different, so the equivalent resis-
tance Rp of the OLED may differ in the first pixel and the
second pixel. Also, if moving degrees of the electrons and
holes in the organic compound layer vary due to the dete-
rioration of the OLED, the equivalent resistance Rp of the
OLED may differ in the first pixel and the second pixel. The
operating point voltage capable of turning on the OLED 1is
determined by the equivalent resistance Rp of the OLED.
[0070] As the thickness of the organic compound layer
constituting the OLED becomes larger or the deterioration
becomes worse, the equivalent resistance Rp and the oper-
ating point voltage become larger, and as the thickness of the
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organic compound layer becomes smaller or the deteriora-
tion becomes less, the equivalent resistance Rp and the
operating point voltage become smaller. Since the operating
point voltage of the OLED is proportional to the equivalent
resistance Rp of the OLED, if the equivalent resistance Rp
varies, then the operating point voltage of the OLED also
varies. Since the operating point voltage of the OLED is the
source voltage of the driving element, a difference of the
operating point voltage of the OLED appears as a difference
of the pixel current. So, when the pixel current is sensed, the
difference in driving characteristics (the operating point
voltage of the OLED) of the OLED due to the process
variation or deterioration deviation may be identified.
[0071] The driving TFT DT is a driving element for
generating a pixel current corresponding to a gate-source
voltage, that is a voltage difference between a gate voltage
and a source voltage. The driving TFT DT has a gate
electrode connected to a first node N1, a drain electrode
connected to an input terminal of a high potential pixel
voltage EVDD, and a source electrode connected to a second
node N2. The driving TFT DT generates a more pixel current
as the gate-source voltage becomes larger, and driving TFT
DT generates a less pixel current as the gate-source voltage
becomes smaller.

[0072] The storage capacitor Cst is connected between the
first node N1 and the second node N2 to maintain the
gate-source voltage of the driving TFT DT. The first switch
TFT ST1 applies a data voltage Vdata-SEN for sensing
charged in the data line 14A to the first node N1 responding
to the gate signal SCAN for sensing. The data voltage
Vdata-SEN for sensing includes a data voltage for on-
driving and a data voltage for off-driving. The first switch
TFT is equipped with a gate electrode connected to the gate
line 15, a drain electrode connected to the data line 14A and
a source electrode connected to the first node N1. The
second switch TFT ST2 turns on/off the current flow
between the second node N2 and the sensing line 14B. The
second switch TFT ST2 is equipped with a gate electrode
connected to the gate line 15, a drain electrode connected to
the sensing line 14B, and a source electrode connected to the
second node N2.

[0073] The sensing unit SU is connected to the pixel P
through the sensing line 14B. The sensing unit SU may
include a current integrator CI and a sample&hold unit SH.
[0074] The current integrator CI generates a sensing out-
put voltage Vsen by integrating the pixel current input from
the pixel P. The pixel current Ipix is determined according to
the gate-source voltage depending on the source voltage of
the driving TFT DT, and inversely proportional to the
operating point voltage of the OLED. The current integrator
CI outputting the sensing output voltage Vsen through an
output terminal includes an amplifier AMP, an integral
capacitance Cfb connected between an inverting input ter-
minal () and an output terminal of the amplifier AMP, and
a reset switch RST connected to both terminals of the
integral capacitance Cfb. The non-inverting input terminal
(+) of the amplifier AMP applies an amplifier reference
voltage Vref to the second node N2 through the sensing line
14B, and receives the pixel current Ipix flowing through the
driving TFT DT through the sensing line 14B. The amplifier
reference voltage Vref'is input to the inverting input terminal
(-) of the amplifier AMP.

[0075] The current integrator CI is connected to an ADC
through a sample&hold unit SH. The sample&hold unit SH
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includes a sampling switch SAM for sampling the sensing
output voltage Vsen output from the amplifier AMP and
storing the sensing output voltage Vsen in a sampling
capacitor Cs. The sample&hold unit SH further includes a
holding switch HOLD for transmitting the sensing output
voltage Vsen stored in the sampling capacitor Cs to the
ADC.

[0076] FIG. 5 shows waveforms of driving signals for the
pixel and the sensing unit, FIG. 6 shows an equivalent circuit
of the pixel and sensing unit in a programing period of FIG.
5, FIG. 7 shows an equivalent circuit of the pixel and sensing
unit in a discharging period of FIG. 5, FIG. 8 shows an
equivalent circuit of the pixel and sensing unit in a sensing
period of FIG. 5, and FIG. 9 shows an equivalent circuit of
the pixel and sensing unit in a sampling period of FIG. 5.

[0077] Referring to FIG. 5, a sense driving sequence of the
present disclosure may proceed in the order of a program-
ming period TW, a discharging period TDIS, a sensing
period TSEN, and a sampling period TSAM.

[0078] Referring to FIGS. 5 and 6, in the programming
period TW, the current integrator CI operates as a unit gain
buffer with a gain of one due to the turn-on of the reset
switch RST, so the input terminals (=) and (+) and the output
terminal of the amplifier AMP and the sensing line 14B are
initialized to the amplifier reference voltage Vref. The
amplifier reference voltage Vref is set to be higher than the
operating point voltage of the OLED.

[0079] In the programming period TW, the data voltage
Vdata-SEN for sensing, that is the data voltage Voff for
off-driving is charged in the data line 14A. And, the gate
signal SCAN for sensing is applied at an on level in
synchronization with the data voltage Voff for off-driving,
which turns on the first and second switch TFTs ST1 and
ST2. In the programming period TW, the first switch TFT
ST1 is turned on to apply the data voltage Voff for off-
driving charged in the data line 14A to the first node N1, and
the second switch TFT ST2 is turned on to apply the
amplifier reference voltage Vref charged in the sensing line
14B to the second node N2. In the programming period TW,
the low potential pixel voltage EVSS is applied to a cathode
electrode of the OLED at a first level LV1 lower than the
amplifier reference voltage Vref.

[0080] So, the driving TFT DT is turned off, and the
OLED is turned on by the amplifier reference voltage Vref
higher than the operating point voltage. An emitting current
corresponding to an equivalent resistance flows to the
OLED.

[0081] Referring to FIGS. 5 and 7, in the discharging
period TDIS, the reset switch RST is turned off. In the
discharging period TDIS, the second node N2 is not supplied
with the amplifier reference voltage Vref due to the turn-off
of the reset switch RST, and the amplifier reference voltage
Vref charged in the second node N2 is discharged through
the OLED. So, in the discharging period TDIS, a source
voltage Vs of the driving TFT DT, that is a voltage of the
second node N2 which is discharged (e.g., from the amplifier
voltage Vref) and left (e.g., remains on the second node N2)
becomes the operating point voltage of the OLED which is
proportional to the equivalent resistance Rp of the OLED.
The equivalent resistance Rp and the operating point voltage
of the OLED become larger as a thickness or deterioration
of the organic compound layer constituting the OLED
increases. To the contrary, the smaller the thickness or
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deterioration of the organic compound layer, the smaller the
equivalent resistance Rp and the operating point voltage of
the OLED.

[0082] Meanwhile, in the discharging period TDIS, the
low potential pixel voltage EVSS is applied to the cathode
electrode of the OLED at the first level LV1 lower than the
amplifier reference voltage Vref. So, a discharging operation
through the OLED may proceed smoothly. In conclusion, in
the discharging period TDIS, the amplifier reference voltage
Vref is discharged through the OLED to be set such that the
source voltage Vs of the driving TFT DT corresponds to the
equivalent resistance Rp of the OLED.

[0083] Referring to FIGS. 5 and 8, in the sensing period
TSEN, the first and second switch TFTs ST1 and ST2
maintain their turn-on state responding to the gate signal
SCAN for sensing of a on level. At this time, the data voltage
Vdata-SEN for sensing, that is a data voltage Von for
on-driving is charged in the data line 14A. The data voltage
Von for on-driving is applied to the first node N1 through the
first switch TFT ST1 to be a gate voltage of the driving TFT
DT, and the source voltage Vs of the driving TFT DT which
is set in the discharging period TDIS is maintained in the
second node N2. So, in the sensing period TSEN, the
gate-source voltage of the driving TFT DT becomes higher
than a threshold voltage of the driving TFT DT, and the
driving TFT DT is turned on to generate the pixel current
Ipix.

[0084] The gate-source voltage of the driving TFT DT
determines a magnitude of the pixel current Ipix. The source
voltage Vs of the driving TFT DT which is the operating
point voltage of the OLED may vary depending on the
equivalent resistance Rp of the OLED while the gate voltage
of the driving TFT DT is fixed as the data voltage Von for
on-driving. The higher the operating point voltage of the
OLED, that is the source voltage Vs of the driving TFT DT
is, the smaller the gate-source voltage and the pixel current
Ipix of the driving TFT DT is. To the contrary, the lower the
operating point voltage of the OLED, that is the source
voltage Vs of the driving TFT DT is, the larger the gate-
source voltage and the pixel current Ipix of the driving TFT
DT is. So, by sensing the pixel current, a relative magnitude
of the operating point voltage of the OLED may be known.
[0085] In the sensing period TSEN, the current integrator
CI senses the pixel current Ipix input through the sensing
line 14B. The pixel current Ipix is accumulated in the
integral capacitor Cfb of the current integrator CI to change
the sensing output voltage Vsen. The sensing output voltage
Vsen loaded to the output terminal of the current integrator
CI maintains the amplifier reference voltage Vref in the
programming and discharging periods TW and TDIS, and
then decreases from the amplifier reference voltage Vref as
the pixel current is accumulated in the sensing period TSEN.
A decreasing slope of the sensing output voltage Vsen is
proportional to a magnitude of the pixel current Ipix.
[0086] For instance, in FIG. 5, a first pixel current corre-
sponding to a first sensing output voltage Vsenl is larger
than a second pixel current corresponding to a second
sensing output voltage Vsen2. The operating point voltage
of the OLED may be determined based on a difference AV1
of the sensing output voltage Vsenl and the amplifier
reference voltage Vref, and the operating point voltage of the
OLED may be determined based on a difference AV2 of the
sensing output voltage Vsen2 and the amplifier reference
voltage Vref
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[0087] Meanwhile, in the sensing period TSEN, the low
potential pixel voltage EVSS is applied to the cathode
electrode of the OLED at a second level IV2 higher than the
operating point voltage Vs of the OLED. Since the pixel
current Ipix generated in the driving TFT DT does not flow
into the OLED and is all applied to the current integrator CI
via the second switch TFT2 and the sensing line 14B,
accuracy of sensing may be increased.

[0088] Finally, in the sensing period TSEN, the pixel
current Ipix flowing through the driving TFT DT according
to the gate-source voltage determined by the source voltage
Vs of the driving TFT DT is sensed.

[0089] Referring to FIGS. 5 and 9, in the sampling period
TSAM, the sampling switch SAM is turned on, and the
sensing output voltage loaded to the output terminal of the
current integrator CI is sampled and stored in the sampling
capacitor Cs. The low potential pixel voltage EVSS is
applied to the cathode electrode of the OLED at the second
level LV2 higher than the operating point voltage Vs in the
sampling period TSAM.

[0090] FIG. 10 shows that an equivalent resistance of an
OLED, a gate-source voltage of a driving TFT, a pixel
current, and a sensing output voltage vary depending on a
degree of deterioration of the OLED.

[0091] Referring to FIG. 10, the gate-source voltage of the
driving TFT DT determines the magnitude of the pixel
current Ipix. The gate voltage of the driving TFT DT is fixed
to the data voltage Von for on-driving, and the source
voltage Vs of the driving TFT DT, and the source voltage Vs
of the driving TFT DT which is the operating point voltage
of the OLED may vary depending on the equivalent resis-
tance Rp of the OLED

[0092] Since the pixel A with little deterioration has a
relatively low source voltage Vs of the driving TFT DT (that
is, the operating point voltage of the OLED), the gate-source
voltage Vgs1 of the driving TFT DT is relatively large. Since
the pixel B with large deterioration has a relatively high
source voltage Vs of the driving TFT DT (that is, the
operating point voltage of the OLED), the gate-source
voltage Vgsl of the driving TFT DT is relatively small. So,
a first pixel current Ipix1 flowing in the pixel A is larger than
a second pixel current Ipix2 flowing in the pixel B. As a
result, a second sensing output voltage Vsen2 for the second
pixel current Ipix2 is higher than a first sensing output
voltage Vsenl for the first pixel current Ipix1. So, by sensing
the pixel current, a relative magnitude of the operating point
voltage of the OLED may be known. The sensing method of
the present disclosure based on the difference of the equiva-
lent resistances Rp of the OLEDs has an advantage that the
driving characteristics of the OLEDs may be accurately
sensed. Continuing with the example above, the second
sensing output voltage Vsen2 being higher than the first
sensing output voltage Vsenl indicates that pixel B has
larger deterioration than pixel A (e.g., pixel B has a higher
operating point voltage than pixel A). To correct for a given
input image data, a corrected data voltage for pixel B would
be a higher corrected data voltage than the corrected data
voltage for pixel A. In another example, an OLED may have
a first sensing output voltage Vsenl and second sensing
output voltage Vsen2 obtained at different times as the
OLED is operated. The second sensing output voltage Vsen2
being higher than the first sensing output voltage Vsenl
indicates the pixel has deteriorated with operation. The
compensation unit 20 may correct a given input image data,
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the corrected image data may include a higher data voltage
corresponding to the second sensing output voltage Vsen2
than for Vsenl. In other words, responsive to an increase in
sensing output voltage for the OLED, a data voltage corre-
sponding to the corrected image data is increased.

[0093] As described above, the present disclosure focuses
on the fact that the equivalent resistance of the OLED varies
depending on the process variation or the deterioration
deviation, so that the OLED equivalent resistance is
reflected on the gate-source voltage and the pixel current of
the driving element. And, a magnitude of the sensing output
voltage determines the driving characteristics of the OLED,
that is, the relative magnitude of the operating point voltage.
[0094] The present disclosure is advantageous in that the
driving characteristics of the OLED may be sensed more
accurately than a conventional sensing method based on
parasitic capacitance differences of OLEDs.

[0095] Throughout the description, it should be under-
stood by those skilled in the art that various changes and
modifications are possible without departing from the tech-
nical principles of the present disclosure. Therefore, the
technical scope of the present disclosure is not limited to the
detailed descriptions in this specification but should be
defined by the scope of the appended claims.

What is claimed is:

1. A display device including a plurality of pixels, at least
one of the pixels comprising:

an organic light emtting diode (OLED); and

a driving transistor connected in series with the OLED

with a node between the OLED and the driving tran-
sistor;
wherein during a programming period: the driving tran-
sistor is turned off, and the OLED is turned on,

wherein during a discharging period: the driving transistor
is turned off and a voltage charged on the node during
the programming period is discharged through the
OLED, and

wherein during a sensing period: the OLED is turned off,
and the driving transistor is turned on to generate a
pixel current to be sensed.
2. The display device of claim 1, the at least one of the
pixels further comprising a storage capacitor connected
between the node and a gate of the driving transistor,
wherein during the programming period: a reference
voltage is applied to an end of the storage capacitor
connected to the node, and a data voltage to turn off the
driving transistor is supplied to an end of the storage
capacitor connected to the gate of the driving transistor,

wherein during the discharging period: a data voltage to
turn off the driving transistor is supplied to the end of
the storage capacitor connected to the gate of the
driving transistor, and

wherein the pixel current to be sensed is based on a

remaining voltage left on the node after the voltage
charged on the node during the programming period is
discharged through the OLED.

3. The display device of claim 1, wherein during the
programming period a reference voltage is applied to the
node, the reference voltage being higher than an operating
point voltage of the OLED.

4. The display device of claim 3, wherein during the
programming period and the discharging period: a first
voltage is applied to a cathode electrode of the OLED, the
first voltage being lower than the reference voltage.
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5. The display device of claim 1, wherein during the
sensing period: a second voltage is applied to a cathode
electrode of the OLED, the second voltage being higher than
an operating point voltage of the OLED.

6. The display device of claim 1, wherein during the
programming period and the discharging period: a data
voltage applied to a gate of the driving transistor is at a first
level to turn off the driving transistor, and wherein during the
sensing period: the data voltage applied to the gate of the
driving transistor is at a second level to turn on the driving
transistor.

7. The display device of claim 1, wherein during the
programming period: a reset switch is turned on to allow a
reference voltage to be supplied to the node, and wherein
during the discharging period and the sensing period: the
reset switch is turned off.

8. The display device of claim 1, further including a
current integrator connected to the node,

wherein during the sensing period the current integrator

generates a sensing output voltage by integrating the
pixel current, and

wherein corrected image data is generated based on the

sensing output voltage.

9. The display device of claim 8, wherein responsive to an
increase in the sensing output voltage, a data voltage cor-
responding to the corrected image data is increased.

10. In a display device including a plurality of pixels, at
least one of the pixels comprising an organic light emitting
diode (OLED) and a driving transistor connected in series
with the OLED with a node between the OLED and the
driving transistor, a method comprising:

during a programming period: turning off the driving

transistor and turning on the OLED;
during a discharging period: turning off the driving tran-
sistor, and discharging a voltage charged on the node
during the programming period through the OLED, and

during a sensing period: turning off the OLED, and
turning on the driving transistor to generate a pixel
current to be sensed.

11. The method of claim 10, further comprising:

during the programming period, applying a reference

voltage to the node, the reference voltage being higher
than an operating point voltage of the OLED.

12. The method of claim 11, further comprising:

during the programming period and the discharging

period: applying a first voltage to a cathode electrode of
the OLED, the first voltage being lower than the
reference voltage.

13. The method of claim 10, further comprising;

during the sensing period: applying a second voltage to a

cathode electrode of the OLED, the second voltage
being higher than an operating point voltage of the
OLED.
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14. The method of claim 10, further comprising:

during the programming period and the discharging
period: applying a data voltage to a gate of the driving
transistor at a first level to turn off the driving transistor,
and

during the sensing period: applying the data voltage to the

gate of the driving transistor at a second level to turn on
the driving transistor.

15. The method of claim 10, further comprising:

during the programming period: turning on a reset switch

to allow a reference voltage to be supplied to the node,
and

during the discharging period and the sensing period:

turning off the reset switch.

16. The method of claim 10, further comprising:

during the sensing period: generating a sensing output

voltage by a current integrator connected to the node by
integrating the pixel current, and

generating corrected image data based on the sensing

output voltage.
17. The method of claim 16, wherein responsive to an
increase in the sensing output voltage, a data voltage cor-
responding to the corrected image data is increased.
18. A display panel including a plurality of pixels, at least
one of the pixels comprising:
a light emitting device; and
a driving transistor connected in series with the light
emitting device with a gate of the driving transistor
connected to a first node and with a second node
between the light emitting device and the driving
transistor, wherein
during a programming period: the driving transistor is
turned off, and the light emitting device is turned on,

wherein during a discharging period: the driving transistor
is turned off and a voltage charged on the second node
during the programming period is discharged through
the light emitting device, and

wherein during a sensing period: the light emitting device

is turned off, and the driving transistor is turned on to
generate a pixel current to be sensed.

19. The display panel of claim 18, wherein during the
programming period a reference voltage is applied to the
second node, the reference voltage being higher than an
operating point voltage of the light emitting device.

20. The display panel of claim 19, wherein during the
programming period and the discharging period: a first
voltage is applied to a cathode electrode of the light emitting
device, the first voltage being lower than the reference
voltage, and wherein during the sensing period: a second
voltage is applied to the cathode electrode of the light
emitting device, the second voltage being higher than an
operating point voltage of the light emitting device.
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