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(57) ABSTRACT

A display device includes a display panel, a sensing circuit,
and a compensation circuit. The sensing circuit senses a
current generated by a pixel of the display panel. The
sensing circuit includes an integrator circuit, a comparator,
and a counter. The integrator circuit is initialized to have a
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integrator circuit changes with a rate according to the sensed
(30) Foreign Application Priority Data current. The comparator compares the output of the integra-
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the second reference voltage from the first reference voltage.
L . . The compensation circuit receives the determined time and
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(51) Imt.ClL The compensating circuit further compensates a display
GO9G 3/3258 (2006.01) voltage for the pixel by the determined compensation
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PIXEL SENSING DEVICE AND METHOD,
DATA DRIVER AND ORGANIC
LIGHT-EMITTING DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority to
Korea Patent Application No. 10-2018-0150645 filed on
Nov. 29, 2018, which is incorporated herein by reference for
all purposes as if fully set forth herein.

BACKGROUND

Field of Technology

[0002] The present disclosure relates to an organic light-
emitting display device.

Background Art

[0003] An organic light-emitting display device of an
active matrix type has pixels, each one including an organic
light-emitting diode (hereinafter referred to as an “OLED”)
and a driving thin film transistor (TFT), arranged in a matrix
form, and controls the brightness of an image implemented
in the pixels based on the gray scale of image data. The
driving TFT controls a pixel current flowing into the OLED
based on a voltage applied between its gate electrode and
source electrode (hereinafter referred to as a “gate-source
voltage”). The amount of emission of the OLED and the
brightness of a screen are determined by the pixel current.
[0004] The threshold voltage and electron mobility of the
driving TFT, the operating point voltage of the OLED, etc.
need to be the same in all the pixels because they determine
the driving characteristics of the pixels. However, driving
characteristics may be different between pixels due to vari-
ous causes, such as a process characteristic and a time-
varying characteristic. Such a difference in the driving
characteristics causes a brightness deviation, thus limiting
an implementation of a desired image. In order to compen-
sate for a brightness deviation between pixels, there has been
known an external compensation technology for sensing the
driving characteristics of pixels and compensating for the
data of an input image based on a result of the sensing.

SUMMARY

[0005] The external compensation technology includes a
method using sensing means and an analog to digital con-
verter (hereinafter referred to as an “ADC”) in order to sense
the driving characteristics of a pixel. The sensing means and
the ADC are mounted on a driver integrated circuit (here-
inafter referred to as an “IC”).

[0006] The sensing means includes a sample and hold
circuit, a scaler circuit, etc. in order to output a sensing
output voltage to the ADC. The sample and hold circuit and
the scaler circuit occupy a large area of a driver IC because
they are connected to each sensing channel.

[0007] The ADC converts a sensing output voltage,
received from the sensing means, into a digital signal. The
ADC has a pre-determined sensible input voltage range, that
is, a pre-determined sensing range. However, the section that
may be actually sensed in the ADC is narrower than a
sensing range specified in the ADC because reliability of a
boundary part (the start and end parts of the range) is low
even within the sensing range.
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[0008] Accordingly, the present disclosure provides a
pixel sensing device, an organic light-emitting display
device including the pixel sensing device, and a method of
sensing a pixel of the organic light-emitting display device,
which can reduce the chip size of a driver IC by simplifying
sensing means and also improve sensing reliability by
widening an actually sensible range.

[0009] In some embodiments, a display device includes a
display panel, a sensing circuit, and a compensation circuit.
The sensing circuit senses a current generated by a pixel of
the display panel. The sensing circuit includes an integrator
circuit, a comparator, and a counter. The integrator circuit is
initialized to have a first reference voltage as an output. The
output of the integrator circuit changes with a rate according
to the sensed current. The comparator compares the output
of the integrator circuit to a second reference voltage. The
counter determines a time for the output of the integrator
circuit to reach the second reference voltage from the first
reference voltage. The compensation circuit receives the
determined time and determines a compensation amount
from the received time. The compensating circuit further
compensates a display voltage for the pixel by the deter-
mined compensation amount in a subsequent display frame
of the display device.

[0010] In one embodiment, the integrator circuit includes
an amplifier, a feedback capacitor, and a reset switch. The
amplifier has a first input receiving the first reference voltage
and a second input coupled to an output of the pixel. The
feedback capacitor is coupled between the second input of
the amplifier and an output of the amplifier. The reset switch
is coupled between the second input of the amplifier and the
output of the amplifier. The reset switch is in parallel with
the feedback capacitor.

[0011] In one embodiment, the reset switch is closed to
initialize the output of the integrator circuit to be the first
reference voltage.

[0012] Inoneembodiment, the reset switch is opened after
the output of the integrator circuit has been initialized to
allow the output of the integrator circuit to change.

[0013] Inone embodiment, the comparator has a first input
receiving the output of the integrator circuit and a second
input for receiving the second reference voltage.

[0014] In one embodiment, the display device further
includes an offset removal circuit coupled to the first input
and the second input of the integrator circuit. The offset
removal circuit corrects an offset between the first input of
the integrator circuit and the second input of the integrator
circuit.

[0015] In one embodiment, the output of the comparator
has a first value for enabling the counter when the output of
the integrator circuit is greater than the second reference
voltage. Moreover, the output of the comparator has a
second value for disabling the counter when the output of the
integrator circuit is lower than the second reference voltage.
[0016] In one embodiment, the counter receives a clock
signal. The counter is configured to count clock pulses of the
clock signal when the output of the comparator has the first
value.

[0017] In one embodiment, the display device further
includes a selector receiving as inputs multiple clock sig-
nals, each having a different frequency. The selector selects
one of the clock signals in response to a selection signal. The
selected clock signal has a first frequency responding to a
first predicted time for the output of the integrator circuit to



US 2020/0175923 A1

change from the first reference voltage level to the second
reference voltage level. The selected clock signal has a
second frequency in response to a second predicted time for
the output of the integrator circuit to change from the first
reference voltage level to the second reference voltage level.
[0018] In one embodiment, the sense current is generated
by a diving transistor of the pixel in response to a preset data
voltage.

[0019] Embodiments also includes a pixel circuit includ-
ing a sensing current coupled to a display panel. The sensing
circuit senses a current generated by a pixel of the display
panel. The sensing circuit includes an integrator, a compara-
tor, and a counter. The integrator is initialized to have a first
reference voltage as an output. The output of the integrator
changes with a rate according to a second current. The
comparator compares the output of the integrator circuit to
a second reference voltage. The counter determines a time
for the output of the integrator circuit to reach the second
reference voltage from the first reference voltage.

[0020] The comparator of the pixel sensing circuit has a
first input receiving the output of the integrator circuit and
a second input for receiving the second reference voltage.
The output of the comparator has a first value for enabling
the counter when the output of the integrator circuit is
greater than the second reference voltage. The output of the
comparator has a second value for disabling the counter
when the output of the integrator circuit is lower than the
second reference voltage.

[0021] Embodiments are also directed to a method for
sensing a pixel of a display device. An output voltage of a
sensing circuit is generated based on pixel current from the
pixel. A time for the output voltage of the sensing circuit to
change from a first reference voltage level to a second
reference voltage level is determined, and a compensation
amount is determined from the determined time. Finally, a
display voltage for the pixel is compensated by the deter-
mined compensation amount in a subsequent display frame
of the display device.

[0022] In one embodiment, the output voltage of the
sensing current is generated by initializing an output of an
integrator circuit to have the first reference voltage level,
integrating the pixel current to generate the output of the
integrator circuit having a rate according to a magnitude of
the pixel current. Moreover, the time for the output voltage
of the sensing circuit to change from the first reference
voltage level to the second reference voltage level is deter-
mined by determining a time for the output of the integrator
circuit to change from the first reference voltage to the
second reference voltage level.

[0023] In one embodiment, an offset between a first input
and a second input of the integrator circuit is corrected
during initialization of the output of the integrator circuit.
[0024] In one embodiment, the time for the output voltage
of the sensing circuit to change from the first reference
voltage level to the second reference voltage level is deter-
mined by counting a number of clock pulses of a clock
signal until the output of the sensing circuit reaches the
second reference voltage level.

[0025] In oneembodiment, the time for the output voltage
of the sensing circuit to change from the first reference
voltage level to the second reference voltage level is deter-
mined by enabling the counter to start counting the number
of clock pulses of the clock signal, and disabling the counter
to stop counting the number of clock pulses of the clock
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signal when the output of the sensing circuit reaches the
second reference voltage level or less.

[0026] In one embodiment, the number of clock pulses of
the clock signal are counted until the output of the sensing
circuit reaches the second reference voltage by comparing
the output of the sensing circuit to the second reference
voltage level, generating a counter enable signal to have a
first value when the output of the sensing circuit is larger
than the second reference voltage level, and generating the
counter enable signal to have a second value when the output
of the sensing circuit is lower than the second reference
voltage level.

[0027] In some one embodiment, the number of clock
pulses of the clock signal are counted by enabling the
counter when the counter enable signal has the first value.
[0028] In one embodiment, the time for the output voltage
of the sensing circuit to change from the first reference
voltage level to the second reference voltage level is deter-
mined by selecting the clock signal from a set of clock
signals each of which has a different frequency. The selected
clock signal has a first frequency responsive to a first
predicted time for the output of the sensing circuit to change
from the first reference voltage level to the second reference
voltage level. The selected clock signal has a second fre-
quency responsive to a second predicted time for the output
of the sensing circuit to change from the first reference
voltage level to the second reference voltage level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and are incorporated in and constitute a part of this speci-
fication, exemplarily represent embodiments of the present
disclosure and together with the description serve to explain
the principles of the present disclosure. In the drawings:
[0030] FIG. 1 is a diagram showing an organic light-
emitting display device according to an embodiment of the
present disclosure.

[0031] FIG. 2 is a diagram showing an example of a pixel
array included in the display panel of FIG. 1.

[0032] FIG. 3 is a diagram showing one configuration of
a data driver connected to the pixel array of FIG. 2.
[0033] FIG. 4 is an equivalent circuit diagram of a pixel
shown in FIG. 3.

[0034] FIG. Sis a diagram showing another configuration
of a data driver connected to the pixel array of FIG. 2.
[0035] FIG. 6 is an equivalent circuit diagram of a pixel
shown in FIG. 5.

[0036] FIGS. 7 and 8 are comparison examples of the
present disclosure, and are diagrams showing the existing
pixel sensing device and an operation thereof.

[0037] FIG. 91is a diagram showing a pixel sensing device
according to an embodiment of the present disclosure.
[0038] FIG. 10 shows a driving waveform for illustrating
an operation of the pixel sensing device according to an
embodiment of the present disclosure.

[0039] FIGS. 11 and 12 are diagrams showing modified
examples of a pixel sensing device according to an embodi-
ment of the present disclosure.

[0040] FIG. 13 is a diagram showing a configuration for
varying sensing resolution by changing a count clock in a
pixel sensing device according to an embodiment of the
present disclosure.
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[0041] FIG. 14 shows driving waveforms for illustrating
an operation of the configuration for varying sensing reso-
lution by changing the count clock of FIG. 13.

DETAILED DESCRIPTION

[0042] The merits and characteristics of this specification
and a method for achieving the merits and characteristics
will become more apparent from the embodiments described
in detail in conjunction with the accompanying drawings.
However, this specification is not limited to the disclosed
embodiments, but may be implemented in various different
ways. The embodiments are provided to only complete the
explanation of this specification and to allow those skilled in
the art to understand the category of this specification. The
same reference numerals will be used to refer to the same or
similar elements throughout the drawings.

[0043] A shape, size, ratio, angle, and number disclosed in
the drawings for illustrating embodiments of this specifica-
tion are illustrative, and thus this specification is not limited
to contents shown in this specification. Through the speci-
fication, the same reference numeral denotes the same
element. If a term, such as “include (or comprise)”, “have”
or “consist of (or formed of)” mentioned in this specifica-
tion, is used, another part may be added unless “only” is
used. If an element is expressed in the singular form, it
includes a case where the element is a plural form unless
specially described otherwise.

[0044] In interpreting an element, the interpretation is
construed as including an error range unless explicitly
described otherwise separately.

[0045] In the case of a description regarding a location
relation, for example, if the location relation between two
parts is described using “on”, “above (or over)”, “under (or
below)”, or “next to”, for example, one or more parts may
be positioned between the two parts unless a term, such as
“immediately” or “directly”, is used.

[0046] The first, the second, etc. may be used to describe
various elements, but the elements are not restricted by the
terms. The terms are used to only distinguish one element
from the other element. Accordingly, a first element to be
described hereunder may be a second element within the
technical spirit of this specification.

[0047] In this specification, a pixel circuit formed on the
substrate of a display panel may be implemented as a TFT
having an n type metal oxide semiconductor field effect
transistor (MOSFET) structure or may be implemented as a
TFT having a p type MOSFET structure. The TFT is a
3-electrode device including a gate, a source and a drain.
The source is an electrode supplying carriers to the transis-
tor. The carrier starts to flow from the source within the TFT.
The drain is an electrode from which the carrier within the
TFT exits to the outside. That is, the carrier flows from the
source to the drain within the MOSFET. In the case of an n
type TFT (NMOS), a source voltage is lower than a drain
voltage so that electrons can flow from the source to the
drain because carriers are electrons. In the n type TFT, an
electric current flows from the drain to the source because
electrons flow from the source to the drain. In contrast, in the
case of ap type TFT (PMOS), a source voltage is higher than
a drain voltage so that holes can flow from the source to the
drain because carriers are holes. In the p type TFT, an
electric current flows from the source to the drain because
holes flow from the source to the drain. It is to be noted that
the source and drain of the MOSFET are not fixed. For
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example, the source and drain of the MOSFET may be
changed depending on an applied voltage.

[0048] In this specification, the semiconductor layer of a
TFT may be implemented by at least any one of an oxide
element, an amorphous silicon element or a polysilicon
element.

[0049] Hereinafter, embodiments of this specification are
described in detail with reference to the accompanying
drawings. In the following description, a detailed description
of a known function or element related to this specification
is omitted if it is determined that the detailed description
unnecessarily makes the gist of this specification vague.
[0050] FIG. 1 is a diagram showing an organic light-
emitting display device according to an embodiment of the
present disclosure. Furthermore, FIG. 2 is a diagram show-
ing an example of a pixel array included in a display panel
of FIG. 1.

[0051] Referring to FIGS. 1 and 2, the organic light-
emitting display device according to an embodiment of the
present disclosure may include a display panel 10, a driver
1C (D-IC) 20, a compensation IC 30, a host system 40, and
storage memory 50. A panel driving unit according to an
embodiment of the present disclosure includes a gate driver
15 included in the display panel 10 and a data driver 25
embedded in the driver IC (D-IC) 20.

[0052] Thedisplay panel 10 is equipped with a plurality of
pixel lines PNL1~PNL4. Each pixel line is equipped with
multiple pixels PXL and a plurality of signal lines. The
“pixel line” described in the present disclosure is not a
physical signal line, but means an assembly of pixels PXL
and signal lines adjacent to each other in the extension
direction of a gate line. The signal lines may include data
lines 140 for supplying the pixels PXL with a data voltage
for display VDIS and a data voltage for sensing VSEN,
reference voltage lines 150 for supplying a pixel reference
voltage VREF to the pixels PXL, gate lines 160 for supply-
ing a gate signal to the pixels PXL, and high potential power
lines PWL for supplying high potential pixel voltages to the
pixels PXL.

[0053] The pixels PXL of the display panel 10 are dis-
posed in a matrix form to configure a pixel array. Each pixel
PXL included in the pixel array of FIG. 2 may be connected
to any one of the data lines 140, any one of the reference
voltage lines 150, any one of the high potential power lines
PWL, and any one of the gate lines 160. Each of the pixels
PXL included in the pixel array of FIG. 2 may be connected
to a plurality of the gate lines 160. Furthermore, each pixel
PXL included in the pixel array of FIG. 2 may be further
supplied with a low potential pixel voltage from a power
generator. The power generator may supply the low potential
pixel voltage to the pixel PXL through a low potential power
line or pad unit.

[0054] The gate driver 15 may be embedded in the display
panel 10.
[0055] The gate driver 15 may include a plurality of stages

connected to the gate lines 160 of the pixel array of FIG. 2.
The stages may generate a gate signal for controlling the
switch elements of the pixels PXL and supply it to the gate
lines 160.

[0056] The driver IC (D-IC) 20 includes a timing control-
ler 21 and a data driver 25. The data driver 25 may include
a sensing unit 22 and a driving voltage generator 23, but is
not limited thereto.
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[0057] The timing controller 21 may generate a gate
timing control signal GDC for controlling the operating
timing of the gate driver 15 and a data timing control signal
DDC for controlling the operating timing of the data driver
25 with reference to timing signals received from the host
system 40, for example, a vertical sync signal Vsync, a
horizontal sync signal Hsync, a dot clock signal DCLK and
a data enable signal DE.

[0058] The data timing control signal DDC may include a
source start pulse, a source sampling clock, and a source
output enable signal, but is not limited thereto. The source
start pulse controls data sampling start timing of the driving
voltage generator 23. The source sampling clock is a clock
signal that controls the sampling timing of data based on a
rising or falling edge. The source output enable signal
controls output timing of the driving voltage generator 23.
[0059] The gate timing control signal GDC may include a
gate start pulse and a gate shift clock, but is not limited
thereto. The gate start pulse is applied to a stage that
generates the first gate output, thereby activating the opera-
tion of the stage. The gate shift clock is input to the stages
in common, and is a clock signal for shifting a gate start
pulse.

[0060] The timing controller 21 may sense the driving
characteristics of the pixels PXL in at least any one of a
power-on period, the vertical active period of each frame,
the vertical blank period of each frame, or a power-off period
by controlling operating timing of the panel driving unit. In
this case, the power-on period is the period until a screen is
turned on after system power is applied. The power-off
period is the period until system power is released after a
screen is turned off. The vertical active period is the period
in which image data is written in the display panel 10 for
screen playback. The vertical blank period is a period, which
is positioned between neighboring vertical active periods
and in which the writing of image data is stopped. The
driving characteristics of the pixels PXL include the thresh-
old voltage and electron mobility of driving elements
included in the pixels PXL.

[0061] The timing controller 21 may implement display
driving and sensing driving by controlling sensing driving
timing and display driving timing of the pixel lines
PNL1~PNL4 of the display panel 10 according to a prede-
termined sequence.

[0062] The timing controller 21 may generate timing
control signals GDC and DDC for display driving and
timing control signals GDC and DDC for sensing driving.
Sensing driving means that the driving characteristics of
corresponding pixels PXT are sensed by writing a data
voltage for sensing VSEN in pixels PXL included in a target
sensing pixel line, and a compensation value for compen-
sating for a change in the driving characteristics of the
corresponding pixels PXL is updated based on sensing result
data SDATA. Furthermore, display driving means that digi-
tal image data to be input to corresponding pixels PXL is
corrected based on an updated compensation value, and an
input image is displayed by applying a data voltage for
display VDIS, corresponding to the corrected image data
CDATA, to the corresponding pixels PXL.

[0063] The driving voltage generator 23 is implemented
by a digital to analog converter (hereinafter referred to as a
“DAC”) for converting a digital signal into an analog signal.
The driving voltage generator 23 generates the data voltage
for sensing VSEN necessary for sensing driving and the data
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voltage for display VDIS necessary for display driving, and
supplies the data voltages to the data lines 140. The driving
voltage generator 23 generates the pixel reference voltage
VREF further necessary for sensing driving and display
driving, and supplies the pixel reference voltage to the
reference voltage lines 150.

[0064] The data voltage for display VDIS is a result of
digital to analog conversion for digital image data CDATA
corrected in the compensation IC 30, and may have a
different size in a pixel unit depending on a gray scale value
and a compensation value. The data voltage for sensing
VSEN may be differently set in an R (red), G (green), B
(blue), W (white) pixel unit by taking into consideration the
driving characteristics of a driving element for each color.
[0065] The sensing unit 22 may sense the driving charac-
teristics of pixels PXL, for example, the threshold voltage
and electron mobility of a driving element, the operating
point voltage of a light-emitting device, etc. through sensing
lines for sensing driving. The sensing lines may be imple-
mented as the data lines 140 or may be implemented as the
reference voltage lines 150. In this case, if the data lines 140
are used as the sensing lines, it is advantageous to reduce the
number of pads of the driver IC (D-IC) 20 because a data
output channel and a sensing channel can be united. The
sensing unit 22 may be implemented in a current sensing
type in which a pixel current flowing into each pixel PXL is
directly sensed. The sensing unit 22 may include a current
integrator, a comparator and a counter, which are described
in detail with reference to FIG. 9.

[0066] The sensing unit 22 senses the time taken for a
sensing output voltage to reach a specific voltage. The
sensing unit 22 outputs the time taken for the sensing output
voltage to reach a specific voltage as the sensing result data
SDATA.

[0067] The storage memory 50 stores sensing result data
SDATA, received from the sensing unit 22, upon sensing
driving. The storage memory 50 may be implemented by
flash memory, but is not limited thereto.

[0068] The compensation IC 30 may include a compen-
sation unit 31 and compensation memory 32. The compen-
sation memory 32 transmits digital sensing result data
SDATA, read from the storage memory 50, to the compen-
sation unit 31. The compensation memory 32 may be
random access memory (RAM), for example, double data
rate synchronous dynamic RAM (DDR SDRAM), but is not
limited thereto. The compensation unit 31 computes a com-
pensation offset and compensation gain for each pixel based
on digital sensing result data SDATA received from the
storage memory 50, corrects image data received from the
host system 40 based on the computed compensation offset
and compensation gain, and supplies corrected image data
CDATA to the driver IC 20.

[0069] FIG. 3 is a diagram showing one configuration of
the data driver 25 connected to the pixel array of FIG. 2. The
data driver 25 of FIG. 3 is for sensing the driving charac-
teristics of pixels PXL through the reference voltage lines
150.

[0070] Referring to FIG. 3, the data driver 25 may be
connected to the first node of a pixel PXL (connected to the
gate electrode of a driving element) through a data line 140,
and may be connected to the second node of the pixel PXL
(connected to the source electrode of the driving element)
through a reference voltage line 150. The reference voltage
line 150 connected to the second node through a second
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switch element may be used as a sensing line because a pixel
current IPIX flows into the second node of the pixel PXL.

[0071] The reference voltage line 150 is selectively con-
nected to the driving voltage generator 23 and the sensing
unit 22 through connection switches SX1 and SX2. The
driving voltage generator 23 may include a first driving
voltage generator DAC1 for generating the data voltage for
sensing VSEN and the data voltage for display VDIS and a
second driving voltage generator DAC2 for generating the
pixel reference voltage VREF. The first connection switch
SX1 is connected between the reference voltage line 150 and
the second driving voltage generator DAC2. The second
connection switch SX2 is connected between the reference
voltage line 150 and the sensing unit 22. The first connection
switch SX1 and the second connection switch SX2 are
selectively turned on. The first connection switch SX1 only
is turned on in synchronization with timing when the pixel
reference voltage VREF is written in the pixel PXL. The
second connection switch SX2 only is turned on in synchro-
nization with timing when the pixel current IPIX flowing
into the pixel PXL is sensed. Accordingly, the reference
voltage line 150 is selectively connected to the second
driving voltage generator DAC2 and the sensing unit 22
through the first and second connection switches SX1 and
SX2.

[0072] FIG. 4 is an equivalent circuit diagram of the pixel
shown in FIG. 3.

[0073] Referring to FIG. 4, one pixel PXL using the
reference voltage line 150 as a sensing line includes an
OLED, a driving TFT DT, switches TFTs ST1 and ST2, and
a storage capacitor Cst. The driving TFT DT and the
switches TFTs ST1 and ST2 may be implemented by
NMOSs, but are not limited thereto.

[0074] The OLED is a light-emitting device that emits
light with intensity corresponding to a pixel current received
from the driving TFT DT. The anode electrode of the OLED
is connected to a second node N2, and the cathode electrode
thereof is connected to the input stage of a low potential
pixel voltage EVSS.

[0075] The driving TFT DT is a driving element that
generates a pixel current in response to a gate-source volt-
age. The gate electrode of the driving TFT DT is connected
to a first node N1. The first electrode of the driving TFT DT
is connected to the input stage of a high potential pixel
voltage EVDD through a high potential power line PWL.
The second electrode of the driving TFT DT is connected to
the second node N2. In some embodiments, the first elec-
trode of the driving TFT DT is a drain electrode and the
second electrode of the driving TFT DT is a source elec-
trode.

[0076] The switches TFTs ST1 and ST2 are switch ele-
ments that set a gate-source voltage of the driving TFT DT
and that connect the second electrode of the driving TFT DT
and the reference voltage line 150.

[0077] The first switch TFT ST1 is connected between the
data line 140 and the first node N1 and is turned on in
response to a gate signal SCAN from the gate line 160. The
first switch TFT ST1 is turned on upon programming for
display driving or sensing driving. When the first switch
TFT ST1 is turned on, the data voltage for sensing VSEN or
the data voltage for display VDIS is applied to the first node
N1. The gate electrode of the first switch TFT ST1 is
connected to the gate line 160. The first electrode of the first
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switch TFT ST1 is connected to the data line 140. The
second electrode of the first switch TFT ST1 is connected to
the first node N1.

[0078] The second switch TFT ST2 is connected between
the reference voltage line 150 and the second node N2 and
is turned on in response to the gate signal SCAN from the
gate line 160. The second switch TFT ST2 is turned on upon
programming for display driving or sensing driving, and
applies the pixel reference voltage VREF to the second node
N2. Furthermore, the second switch TFT ST2 is turned on
even in a sensing period during sensing driving, and applies
a pixel current, generated by the driving TFT DT, to the
reference voltage line 150. The gate electrode of the second
switch TFT ST2 is connected to the gate line 160. The first
electrode of the second switch TFT ST2 is connected to the
reference voltage line 150. The second electrode of the
second switch TFT ST2 is connected to the second node N2.

[0079] The storage capacitor Cst is connected between the
first node N1 and the second node N2, and maintains the
gate-source voltage of the driving TFT DT for a specific
period.

[0080] FIG. 5is a diagram showing another configuration
of the data driver 25 connected to the pixel array of FIG. 2.
The data driver 25 of FIG. 5 is for sensing the driving
characteristics of pixels PXL through the data line 140.

[0081] Referring to FIG. 5, the data driver 25 may be
connected to the first node of a pixel PXL (connected to the
gate electrode of a driving element) through a reference
voltage line 150, and may be connected to the second node
of the pixel PXL (connected to the source electrode of the
driving element) through a data line 140. The data line 140
connected to the second node through a second switch
element may be used as a sensing line because a pixel
current IPIX flows into the second node of the pixel PXL.

[0082] The data line 140 is selectively connected to the
driving voltage generator 23 and the sensing unit 22 through
connection switches SX1 and SX2. The driving voltage
generator 23 may include a first driving voltage generator
DACI for generating the data voltage for sensing VSEN and
the data voltage for display VDIS and a second driving
voltage generator DAC2 for generating the pixel reference
voltage VREF. The first connection switch SX1 is connected
between the data line 140 and the first driving voltage
generator DAC1. The second connection switch SX2 is
connected between the data line 140 and the sensing unit 22.
The first connection switch SX1 and the second connection
switch SX2 are selectively turned on. The first connection
switch SX1 only is turned on in synchronization with timing
when the data voltage for sensing VSEN and the data
voltage for display VDIS are written in the pixel PXL. The
second connection switch SX2 only is turned on in synchro-
nization with timing when a pixel current IPIX flowing into
the pixel PXL is sensed. Accordingly, the data line 140 is
selectively connected to the first driving voltage generator
DACI and the sensing unit 22 through the first and second
connection switches SX1 and SX2.

[0083] FIG. 6 is an equivalent circuit diagram of the pixel
shown in FIG. 5.

[0084] Referring to FIG. 6, one pixel PXL using a data line
140 as a sensing line includes an OLED, a driving TFT DT,
switches TFTs ST1 and ST2, and a storage capacitor Cst.
The driving TFT DT, the switches TFTs ST1 and ST2 may
be implemented by NMOSs, but are not limited thereto.
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[0085] The OLED is a light-emitting device that emits
light with intensity corresponding to a pixel current received
from the driving TFT DT. The anode electrode of the OLED
is connected to a second node N2, and the cathode electrode
thereof is connected to the input stage of a low potential
pixel voltage EVSS.

[0086] The driving TFT DT is a driving element that
generates a pixel current in response to a gate-source volt-
age. The gate electrode of the driving TFT DT is connected
to a first node N1. The first electrode of the driving TFT DT
is connected to the input stage of a high potential pixel
voltage EVDD through a high potential power line PWL.
The second electrode of the driving TFT DT is connected to
the second node N2.

[0087] The switches TFTs ST1 and ST2 are switch ele-
ments that set a gate-source voltage of the driving TFT DT
and that connect the second electrode of the driving TFT DT
and the data line 140.

[0088] The first switch TFT ST1 is connected between a
reference voltage line 150 and the first node N1, and is
turned on in response to a gate signal SCAN from a gate line
160. The first switch TFT ST1 is turned on upon program-
ming for display driving or sensing driving. When the first
switch TFT ST1 is turned on, a pixel reference voltage
VREF is applied to the first node N1. The gate electrode of
the first switch TFT ST1 is connected to the gate line 160.
The first electrode of the first switch TFT ST1 is connected
to the reference voltage line 150. The second electrode of the
first switch TFT ST1 is connected to the first node N1.
[0089] The second switch TFT ST2 is connected between
the data line 140 and the second node N2, and is turned on
in response to a gate signal SCAN from the gate line 160.
The second switch TFT ST2 is turned on upon programming
for display driving or sensing driving, and applies a data
voltage for sensing VSEN or a data voltage for display VDIS
to the second node N2. Furthermore, the second switch TFT
ST2 is turned on even in a sensing period during sensing
driving, and applies a pixel current, generated by the driving
TFT DT, to the data line 140. The gate electrode of the
second switch TFT ST2 is connected to the gate line 160.
The first electrode of the second switch TFT ST2 is con-
nected to the data line 140. The second electrode of the
second switch TFT ST2 is connected to the second node N2.
[0090] The storage capacitor Cst is connected between the
first node N1 and the second node N2, and maintains a
gate-source voltage of the driving TFT DT for a specific
period.

[0091] FIGS. 7 and 8 are comparison examples of the
present disclosure, and are diagrams showing the existing
pixel sensing device and an operation thereof.

[0092] Referring to FIG. 7, a pixel sensing device accord-
ing to a comparison example of the present disclosure may
include a current integrator, a sample and hold circuit SH, a
scaler circuit SLR, and an ADC.

[0093] The current integrator includes an amplifier AMP,
an integrated capacitor CFB, and a reset switch RST. The
amplifier AMP includes an inverting (-) input terminal
receiving a pixel current IPIX from a sensing line, a non-
inverting (+) input terminal receiving an integrator reference
voltage Vref-Cl, and an output terminal from which a
sensing output voltage Vout is generated. The integrated
capacitor CFB and the reset switch RST are connected in
parallel between the inverting (-) input terminal and output
terminal of the amplifier AMP.
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[0094] The sample and hold circuit SH includes a sam-
pling switch for sampling the sensing output voltage Vout, a
holding capacitor for storing the sampled voltage, and a
holding switch for outputting the sampling voltage stored in
the holding capacitor. The scaler circuit SLR is a circuit that
changes a voltage level, sampled by the sample and hold
circuit SH, based on the input range of the ADC.

[0095] The ADC converts the sensing output voltage Vout
through the scaler circuit SLR into a digital signal. A
sensible input voltage range, that is, a sensing range, has
been previously determined in the ADC. However, an actu-
ally sensible section in the ADC is narrower than a sensing
range specified in the ADC because reliability is low at the
start part and end part of the sensing range.

[0096] As shown in FIG. 8, in the pixel sensing device of
FIG. 7, as the pixel current IPIX is accumulated in the
integrated capacitor CFB during a specific time AT, the
sensing output voltage Vout loaded on the output terminal of
the amplifier AMP linearly decreases by AV from the
integrator reference voltage Vref-Cl, and the reduced volt-
age Vout is measured by the ADC. In the existing sensing
method, AV and a change in the pixel current IPIX are found
based on the output of the ADC (IPIX=CFB*AV/AT).

[0097] The pixel sensing device of FIG. 7 has a large
circuit size due to the sample and hold circuit SH and the
scaler circuit SLR and has low accuracy of sensing because
the sensible range of the ADC is narrow.

[0098] FIG. 9is a diagram showing a pixel sensing device
according to an embodiment of the present disclosure.
Furthermore, FIG. 10 shows a driving waveform for illus-
trating an operation of the pixel sensing device according to
an embodiment of the present disclosure.

[0099] The pixel sensing device according to an embodi-
ment of the present disclosure corresponds to the sensing
unit 22 of FIG. 1, 3 or 5. The sensing unit 22 to be described
later according to an embodiment of the present disclosure
does not find out a change in the pixel current IPIX based on
the voltage change AV of the sensing output voltage Vout,
but senses the time taken for the sensing output voltage to
reach a specific voltage. In an embodiment of the present
disclosure, a change in the pixel current IPIX is determined
based on the time taken for a sensing output voltage to reach
a specific voltage.

[0100] The sensing unit 22 according to an embodiment of
the present disclosure may include a current integrator 221,
a comparator COMP 222, a counter CNT 223 as shown in
FIG. 9.

[0101] The current integrator 221 is connected to one pixel
PXL through a sensing line of the display panel 10. The
current integrator 221 generates a sensing output voltage
Vout, varying from an integrator reference voltage Vref-ClI,
by integrating a pixel current IPIX flowing into the pixel
PXL.

[0102] The current integrator 221 includes an amplifier
AMP, an integrated capacitor CFB, and a reset switch RST.
The amplifier AMP includes an inverting () input terminal
receiving the pixel current IPIX from the sensing line, a
non-inverting (+) input terminal receiving the integrator
reference voltage Vref-Cl, and an output terminal from
which the sensing output voltage Vout is generated. The
integrated capacitor CFB is connected between the inverting
(-) input terminal and output terminal of the amplifier AMP.
The reset switch RST is connected between the inverting (-)
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input terminal and output terminal of the amplifier AMP in
parallel to the integrated capacitor CFB.

[0103] In an initialization period @ of FIG. 10, when the
reset switch RST is turned on, the inverting (-) input
terminal, non-inverting (+) input terminal and output termi-
nal of the amplifier AMP are reset as the integrator reference
voltage Vref-CI. At this time, the integrator reference volt-
age Vref-CI is output as the sensing output voltage Vout.

[0104] In a sensing period @ of FIG. 10, when the reset
switch RST is turned off and the pixel current IPIX is applied
to the integrated capacitor CFB, the sensing output voltage
Vout generated from the output terminal of the amplifier
AMP gradually decreases from the integrator reference
voltage Vref-Cl. At this time, the decrement slope of the
sensing output voltage Vout is proportional to the size of the
pixel current IPIX.

[0105] The structure of the current integrator 221 may be
changed so that the integrator reference voltage Vref-CI is
input to the inverting (=) input terminal of the amplifier
AMP and the integrated capacitor CFB and the reset switch
RST are connected to the non-inverting (+) input terminal of
the amplifier AMP. In this case, the sensing output voltage
Vout generated from the output terminal of the amplifier
AMP may gradually rise from the integrator reference
voltage Vref-CI because the pixel current IPTX received
from the sensing line is applied to the integrated capacitor
CFB via the non-inverting (+) input terminal of the amplifier
AMP. At this time, the rise slope of the sensing output
voltage Vout is proportional to the size of the pixel current
IPIX.

[0106] The technical spirit of the present disclosure is not
limited to the structure of the current integrator 221. Accord-
ingly, the sensing output voltage Vout may gradually
decrease or increase from the integrator reference voltage
Vref-CI. That is, the sensing output voltage Vout may be
changed from the integrator reference voltage Vref-CI in
accordance with the pixel current IPIX accumulated in the
integrated capacitor CFB.

[0107] The comparator COMP 222 compares the sensing
output voltage Vout, varying from the integrator reference
voltage Vref-CI, with a preset comparator reference voltage
Vref-CMP. The comparator COMP 222 toggles a compara-
tor output signal CMP-OUT when the sensing output volt-
age Vout becomes equal to the comparator reference voltage
Vref-CMP. In this case, the comparator reference voltage
Vref-CMP is set to be fixed to a specific level. The com-
parator reference voltage Vref-CMP may be implemented as
a ramp signal. In this case, in terms of noise, stability may
be degraded and a deviation between ICs may occur. In an
embodiment of the present disclosure, the comparator circuit
can be simplified by setting the comparator reference volt-
age Vref-CMP as a specific level, and the accuracy of
sensing can be improved by reducing an external noise
influence.

[0108] The comparator COMP 222 maintains the com-
parator output signal CMP-OUT to a first logic value H right
before a second point of time (end timing of the sensing
period @) at which the sensing output voltage Vout
becomes equal to the comparator reference voltage Vref-
CMP from a first point of time (start timing of the sensing
period @) at which the sensing output voltage Vout starts to
change from the integrator reference voltage Vref-Cl, and
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toggles the comparator output signal CMP-OUT from the
first logic value H to a second logic value L at the second
point of time.

[0109] The counter CNT 223 starts a count operation at the
first point of time based on an input count clock, and
terminates (or stops) the count operation at the second point
of time. That is, the counter CNT 223 counts a time AT
during which the comparator output signal CMP-OUT is
maintained to the first logic value H, and outputs a corre-
sponding count value CNT-OUT as sensing result data
SDATA.

[0110] When the driving characteristics of the pixel PXL
are changed, the pixel current IPIX flowing into the pixel
PXL is changed in response to the same data voltage for
sensing VSEN. When the pixel current IPIX is changed, a
change slope of the sensing output voltage Vout varying
from the integrator reference voltage Vref-Cl is changed. As
a result, the time AT taken for the sensing output voltage
Vout and the comparator reference voltage Vref-CMP to
become equal is changed. In an embodiment of the present
disclosure, a change in the pixel current IPIX is found out
based on the time AT taken for the sensing output voltage

Vout to reach the reference voltage Vref-CMP
(IPIX=CFB*{ Vref-CI-Vref-CMP}/AT).
[0111] As described above, the sensing unit 22 according

to an embodiment of the present disclosure does not require
the existing sample and hold circuit, scaler circuit and ADC.
The sensing unit 22 according to an embodiment of the
present disclosure can easily reduce the chip size and
fabrication cost of the driver IC D-IC 20 because it can be
implemented without the sample and hold circuit and the
scaler circuit.

[0112] Furthermore, the counter CNT 223 according to an
embodiment of the present disclosure has a wider available
sensing range than the existing ADC for voltage measure-
ment. That is, if the counter CNT 223 is a 10-bit countet, it
has a wider sensing range than the existing ADC because all
10 bits are used. Accordingly, the sensing unit 22 according
to an embodiment of the present disclosure can solve a
sensing reliability degradation problem attributable to the
ADC sensing range restriction because it can be imple-
mented without the ADC.

[0113] FIGS. 11 and 12 are diagrams showing modified
examples of a pixel sensing device according to an embodi-
ment of the present disclosure.

[0114] Referring to FIG. 11, the sensing unit 22 according
to an embodiment of the present disclosure may further
include an offset removal circuit connected between the
inverting () input terminal and non-inverting (+) input
terminal of the amplifier AMP.

[0115] The offset removal circuit corrects the integrator
reference voltage Vref-Cl, input to the non-inverting (+)
input terminal of the amplifier, by offsetting an offset devia-
tion which may occur between the inverting (-) input
terminal and non-inverting (+) input terminal of the ampli-
fier AMP so that the integrator reference voltage Vref-CI is
identically applied to the inverting (-) input terminal of the
amplifier.

[0116] Referring to FIG. 12, the sensing unit 22 according
to an embodiment of the present disclosure may further
include chopping circuits connected to the inverting (-)
input terminal, non-inverting (+) input terminal and output
terminal of the amplifier AMP.
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[0117] The chopping circuit is for correcting an error
which may occur in the sensing output voltage Vout by the
offset of the amplifier AMP, and corrects an error so that an
offset influence is offset through an average of the output of
a normal circuit and the output of an inverting circuit.

[0118] FIGS. 13 and 14 are diagrams showing a configu-
ration and operation for varying sensing resolution by
changing a count clock in the pixel sensing device according
to an embodiment of the present disclosure.

[0119] Referring to FIGS. 13 and 14, the sensing unit 22
according to an embodiment of the present disclosure may
further include a selector SEL and an AND element AND.

[0120] The selector SEL selects any one of a plurality of
reference clocks RCLK1~RCLK3, having different clock
speeds, as a count clock CCLK, and inputs the count clock
to the counter CNT 223.

[0121] The selector SEL increases the clock speed of a
reference clock, selected as the count clock CCLK, as the
time during which the comparator output signal CMP-OUT
is maintained to the first logic value H is reduced. Accord-
ingly, the accuracy and reliability of sensing can be
improved by implementing more precise sensing.

[0122] The selector SEL decreases the clock speed of a
reference clock, selected as the count clock CCLK, as the
time during which the comparator output signal CMP-OUT
is maintained to the first logic value H is increased. Accord-
ingly, the accuracy and reliability of sensing can be
improved by preventing the saturation phenomenon of a
sensing value.

[0123] The AND element AND activates (EN,H) an opera-
tion of the counter CNT 223 only when the reset switch RST
of the current integrator 221 is turned off and the comparator
output signal CMP-OUT has the first logic value H. When
the comparator output signal CMP-OUT toggles to the
second logic value L, the AND element AND stops (EN,L)
an operation of the counter CNT 223.

[0124] As described above, the sensing unit according to
an embodiment of the present disclosure includes the com-
parator and the counter in order to sense the time taken for
a sensing output voltage of the current integrator to reach a
specific voltage.

[0125] According to an embodiment of the present disclo-
sure, the existing sample and hold circuit, scaler circuit and
ADC are not necessary. The sensing unit according to an
embodiment of the present disclosure can easily reduce the
chip size and fabrication cost of a driver IC because it can
be implemented without a sample and hold circuit and a
scaler circuit.

[0126] Furthermore, the counter included in the sensing
unit according to an embodiment of the present disclosure is
advantageous to improve the accuracy and reliability of
sensing because it has a wider available sensing range than
the existing ADC for voltage measurement.

[0127] Those skilled in the art will understand that the
present disclosure may be changed and modified in various
ways without departing from the technical spirit of the
present disclosure through the above-described contents.
Accordingly, the technological scope of the present disclo-
sure is not limited to the contents described in the detailed
description of the specification, but should be determined by
the claims.

Jun. 4, 2020

What is claimed is:

1. A display device comprising:

a display panel,

a sensing circuit coupled to the display panel, the sensing
circuit for sensing a current generated by a pixel of the
display panel, the sensing circuit comprising:
an integrator circuit, the integrator circuit initialized to

have a first reference voltage as an output, wherein
the output of the integrator circuit changes with a
rate according to the sensed current,

a comparator coupled to the output of the integrator
circuit and comparing the output of the integrator
circuit to a second reference voltage, and

a counter coupled to an output of the comparator, the
counter for determining a time for the output of the
integrator circuit to reach the second reference volt-
age from the first reference voltage; and

a compensation circuit coupled to the sensing circuit, the
compensation circuit receiving the determined time,
determining a compensation amount from the received
time, and compensating a display voltage for the pixel
by the determined compensation amount in a subse-
quent display frame of the display device.

2. The display device of claim 1, wherein the integrator

circuit comprises:

an amplifier having a first input receiving the first refer-
ence voltage and a second input coupled to an output of
the pixel;

a feedback capacitor coupled between the second input of
the amplifier and an output of the amplifier; and

a reset switch coupled between the second input of the
amplifier and the output of the amplifier and in parallel
with the feedback capacitor.

3. The display device of claim 2, wherein the reset switch
1s closed to initialize the output of the integrator circuit to be
the first reference voltage.

4. The display device of claim 3, wherein the reset switch
is opened after the output of the integrator circuit has been
initialized to allow the output of the integrator circuit to
change.

5. The display device of claim 1, wherein the comparator
has a first input receiving the output of the integrator circuit
and a second input for receiving the second reference
voltage.

6. The display device of claim 5, further comprising an
offset removal circuit coupled to the first input and the
second input of the integrator circuit, the offset removal
circuit for correcting an offset between the first input of the
integrator circuit and the second input of the integrator
circuit.

7. The display device of claim 5, wherein an output of the
comparator has a first value for enabling the counter when
the output of the integrator circuit is greater than the second
reference voltage, and a second value for disabling the
counter when the output of the integrator circuit is lower
than the second reference voltage.

8. The display device of claim 7, wherein the counter
receives a clock signal, the counter configured to count clock
pulses of the clock signal when the output of the comparator
has the first value.

9. The display device of claim 8, further comprising a
selector receiving as inputs a plurality of clock signals each
having a different frequency, the selector selecting one of the
plurality of clock signals in response to a selection signal,
the selected clock signal having a first frequency responsive
to a first predicted time for the output of the integrator circuit
to change from the first reference voltage level to the second
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reference voltage level or having a second frequency respon-
sive to a second predicted time for the output of the
integrator circuit to change from the first reference voltage
level to the second reference voltage level.

10. The display device of claim 1, wherein the sensed
current is generated by a driving transistor of the pixel in
response to a preset data voltage.

11. A pixel sensing circuit for a display device, compris-
ing:

a sensing circuit coupled to a display panel, the sensing
circuit for sensing a current generated by a pixel of the
display panel, the sensing circuit comprising:
an integrator circuit, the integrator circuit initialized to

have a first reference voltage as an output, wherein
the output of the integrator circuit changes with a
rate according to the sensed current,

a comparator coupled to the output of the integrator
circuit, the comparator for comparing the output of
the integrator circuit to a second reference voltage,
and

a counter coupled to an output of the comparator, the
counter for determining a time for the output of the
integrator circuit to reach the second reference volt-
age from the first reference voltage.

12. The pixel sensing circuit of claim 11, wherein the
comparator has a first input receiving the output of the
integrator circuit and a second input for receiving the second
reference voltage, and

wherein an output of the comparator has a first value for
enabling the counter when the output of the integrator
circuit is greater than the second reference voltage, and
a second value for disabling the counter when the
output of the integrator circuit is lower than the second
reference voltage.

13. A method for sensing a pixel of a display device, the

method comprising:

generating an output voltage of a sensing circuit based on
pixel current from the pixel of the display device;

determining a time for the output voltage of the sensing
circuit to change from a first reference voltage level to

a second reference voltage level,

determining a compensation amount from the determined
time; and

compensating a display voltage for the pixel by the
determined compensation amount in a subsequent dis-
play frame of the display device.

14. The method of claim 13, wherein the sensing circuit

includes an integrator circuit, and:

wherein generating the output voltage of the sensing
circuit based on the pixel current comprises:
initializing an output of the integrator circuit to have

the first reference voltage level, and

integrating the pixel current to generate the output of
the integrator circuit with a rate according to a
magnitude of the pixel current; and

wherein determining the time for the output voltage of the
sensing circuit to change from the first reference volt-
age level to the second reference voltage level com-
prises:
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determining a time for the output of the integrator
circuit to change from the first reference voltage
level to the second reference voltage level.

15. The method of claim 14, further comprising:

correcting an offset between a first input and a second

input of the integrator circuit during initialization of the
output of the integrator circuit.

16. The method of claim 13, wherein determining the time
for the output voltage of the sensing circuit to change from
the first reference voltage level to the second reference
voltage level comprises:

counting a number of clock pulses of a clock signal until

the output of the sensing circuit reaches the second
reference voltage level.

17. The method of claim 16, wherein determining the time
for the output voltage of the sensing circuit to change from
the first reference voltage level to the second reference
voltage level comprises:

enabling the counter to start counting the number of clock

pulses of the clock signal; and

disabling the counter to stop counting the number of clock

pulses of the clock signal when the output of the
sensing circuit reaches the second reference voltage
level or less.

18. The method of claim 16, wherein counting the number
of clock pulses of a clock signal until the output of the
sensing circuit reaches the second reference voltage level
comprises:

comparing the output of the sensing circuit to the second

reference voltage level,

generating a counter enable signal to have a first value

when the output of the sensing circuit is larger than the
second reference voltage level; and

generating the counter enable signal to have a second

value when the output of the sensing circuit is lower
than the second reference voltage level.

19. The method of claim 18, wherein counting the number
of clock pulses of a clock signal until the output of the
sensing circuit reaches the second reference voltage level
farther comprises:

enabling the counter when the counter enable signal has

the first value.

20. The method of claim 16, wherein counting the number
of clock pulses of a clock signal until the output of the
sensing circuit reaches the second reference voltage level
further comprises:

selecting the clock signal from a plurality of clock signals

each of which has a different frequency, the selected
clock signal having a first frequency responsive to a
first predicted time for the output of the sensing circuit
to change from the first reference voltage level to the
second reference voltage level or having a second
frequency responsive to a second predicted time for the
output of the sensing circuit to change from the first
reference voltage level to the second reference voltage
level.
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