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ABSTRACT

A sensing circuit capable of simplifying a configuration of a
data driver by reducing a size of a sensing circuit provided at
each data driver, and an organic light emitting diode (OLED)
display device having the same are provided. The sensing
circuit includes N sampling and holding circuits, a scaler and

an analog-digital converter.
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SENSING CIRCUIT AND ORGANIC LIGHT
EMITTING DIODE DISPLAY DEVICE
HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Patent Application No. 10-2014-0191076, filed on
Dec. 26, 2014, the contents of which is incorporated by ref-
erence herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a sensing circuit, and more
particularly, a sensing circuit, capable of simplifying a con-
figuration of a data driver by reducing a size of a sensing
circuit provided at each data driver, and to an organic light
emitting diode (OLED) display device having the same.
[0004] 2. Discussion of the Related Art

[0005] An organic light emitting diode (OLED) display
device has advantages of fast response speed, high luminous
efficiency, high brightness and a great viewing angle by virtue
of using self-illuminating diodes which emit light by them-
selves. The OLED display device is configured in such a
manner that pixels each including an OLED as such a self-
illuminating diode are arranged on a display panel, and the
brightness of a pixel selected by a gate signal is controlled
according to a gray scale level of a data signal so as to display
an image.

[0006] FIG.1isanequivalent circuit view of one pixel of an
OLED display device according to the related art.

[0007] As illustrated in FIG. 1, each pixel P of an OLED
display device includes an OLED, a gate line GL, a sensing
line SL and a data line DL intersecting with one another, a first
switching thin film transistor (TFT) ST1, a second switching
TFT 8T2, a driving TFT DT and a storage capacitor Cst.

[0008] Thefirst switching TFT ST1 is turned on in response
to a gate signal input from the gate line GL, and allows for a
flow of an electric current (conducts a current) between a
source electrode and a drain electrode. The first switching
TFT ST1 applies a data signal input through the data line DL
to the driving TFT DT and the storage capacitor Cst during its
turn-on period. The second switching TFT ST2 is turned on in
response to a sensing signal input from the sensing line SL,
and applies a reference voltage Vref supplied through a ref-
erence line RL to an anode electrode of the OLED. The
driving TFT DT controls a current which flows from a power
source voltage EVDD to the OLED during its turn-on period.
The storage capacitor Cst uniformly maintains a gate poten-
tial of the driving TFT DT for one frame. The OLED is
connected between the driving TFT DT and a ground voltage
EVSS.

[0009] The aforementioned pixel P of the OLED display
device displays an image in a manner that the OLED continu-
ously emits light for a frame section and thus the driving TFT
DT is kept maintained in the turn-on state. This causes dete-
rioration of the driving TFT DT. To solve this problem, in the
related art OLED display device, a method of sensing a
change of a threshold voltage Vth and a change of a charac-
teristic of the OLED and compensating for the changes has
been proposed.
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[0010] FIG. 2 is a view illustrating a part of the related art
OLED display device.

[0011] As illustrated in FIG. 2, the related art OLED dis-
play device includes a display panel 10 and a sensing unit.
[0012] On the display panel 10, the pixels P described in
FIG. 1 are arranged in a matrix configuration.

[0013] The sensing unit includes a sampling and holding
portion 20, a scaling portion 30, an amplifier 40, and an
analog-digital converter 50.

[0014] Thesampling and holding portion 20 is connected to
a plurality of reference lines RL, namely, the second switch-
ing TFT ST2 of each pixel P. The sampling and holding
portion 20 temporarily stores sensing voltages supplied
through the plurality of reference lines RL, through which the
reference voltage Vref'is supplied, and senses a characteristic
change, such as a change of a threshold voltage of the display
panel 10. One sampling and holding portion 20 is connected
to a preset number of reference lines RL to temporarily store
the sensing voltages. A plurality of first switches SW1 are
disposed between the sampling and holding portion 20 and
the reference lines RL to control a supply of the sensing
voltages applied from the reference lines RL to the sampling
and holding portion 20. The sampling and holding portion 20
includes a second switch SW2, a third switch SW3 and a first
capacitor C1, and stores a voltage in the first capacitor C1
according to switching operations of the second switch SW2
and the third switch SW3.

[0015] The scaling portion 30 is arranged to correspond to
the sampling and holding portion 20 in an one-to-one manner.
The scaling portion 30 adjusts the level of the sensing volt-
ages supplied from the sampling and holding portion 20 in a
manner of scaling the sensing voltages. The scaling portion
30 includes a fourth switch SW4, a fifth switch SW5 and a
second capacitor C2.

[0016] The level-adjusted (or scaled) sensing voltages by
the scaling portion 30 are applied to an ADC 50 via the
amplifier 40. The ADC 50 outputs sensing data SD through an
analog-digital conversion of the level-adjusted sensing volt-
ages.

[0017] The sensing unit is provided at each of a plurality of
data drivers each having a form of a driving integrated circuit
(DIC) connected to the display panel 10.

[0018] Accordingly, one data driver of the related art OLED
display device includes the sensing unit provided with the
plurality of sampling and holding portions 20 and the plural-
ity of scaling portions 30, which causes an increase in the size
of the data driver.

[0019] In addition, in the related art OLED display device,
a plurality of sixth switches SW6 are provided between the
plurality of scaling portions 30 and the amplifier 40. The
plurality of sixth switches SW6 sequentially perform a
switching operation such that the scaled voltages are trans-
ferred to the ADC 50. In this instance, parasitic capacitance is
generated, in response to the switching operation of the plu-
rality of sixth switches SW6, and thereby causes errors in the
scaling voltages. More errors are generated when the number
of the scaling portion 30 increases, namely, the number of the
sixth switch SW6 increases. This results in lowering opera-
tion reliability of the sensing unit.

SUMMARY OF THE INVENTION

[0020] Therefore, an aspect of the detailed description
according to the embodiments of the present invention is to
provide a sensing circuit, capable of enhancing operation
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reliability with a reduced size, and an organic light emitting
diode (OLED) display device having the same.

[0021] To achieve these and other advantages and in accor-
dance with the purpose of this specification, as embodied and
broadly described herein, there is provided a sensing circuit
including N sampling and holding circuits, a scaler and an
analog-digital converter, where N may be a positive integer,
for example.

[0022] The N sampling and holding circuits may output a
plurality of sampling voltages from a plurality of sensing
voltages sequentially input through a plurality of reference
lines.

[0023] The scaler may be connected commonly to the N
sampling and holding circuits, and output a plurality of scal-
ing voltages from the plurality of sampling voltages output
from the N sampling and holding circuits.

[0024] The analog-digital converter may output a plurality
of sensing data by performing an analog-digital conversion
for the plurality of scaling voltages output from the scaler.
[0025] To achieve these and other advantages and in accor-
dance with the purpose of this specification, as embodied and
broadly described herein, there is provided an organic light
emitting diode (OLED) display device including a display
panel, a data driver and a timing controller.

[0026] The display panel may include a plurality of pixels,
and a plurality of reference lines connected to each of the
plurality of pixels, each of the pixels having an organic light
emitting diode (OLED).

[0027] The data driver may include a sensing circuit to
output sensing data from the sensing voltages input through
the plurality of reference lines. The timing controller may
generate compensation image data from image data accord-
ing to sensing data output from the sensing circuit, and output
the compensation image data to the display panel through the
data driver.

[0028] A sensing circuit according to an embodiment of the
present invention may be provided with a single scaler corre-
sponding to a plurality of sampling and holding circuits,
resulting in a reduction of sizes of the sensing circuit and each
data driver having the sensing circuit.

[0029] A scaler can be configured as a current integrator
using an OPAMP, so as to minimize an affection of parasitic
capacitance, which is generated due to a switching operation
of a second switch module, by virtue of the OPAMP, as
compared with the related art sensing unit. Consequently, a
generation of an error in a scaling voltage output from the
scaler due to the parasitic capacitance can be prevented,
which may result in outputting more accurate sensing data.
[0030] Accordingly, the OLED display device according to
an embodiment of the present invention can accurately com-
pensate for a data signal applied to a driving transistor of each
pixel by receiving sensing data according to a variation of a
threshold voltage through the sensing circuit, which may
result in improvement of display quality.

[0031] Further scope of applicability of the present appli-
cation will become more apparent from the detailed descrip-
tion given hereinafter. However, it should be understood that
the detailed description and specific examples, while indicat-
ing preferred embodiments of the invention, are given by way
of illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the detailed descrip-
tion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments and together with the
description serve to explain the principles of the invention.
[0033] In the drawings:

[0034] FIG. 1isanequivalent circuit view of one pixel of an
OLED display device according to the related art;

[0035] FIG. 2 is a view illustrating a part of the related art
OLED display device;

[0036] FIG. 3 is a configuration view of an OLED display
device in accordance with one exemplary embodiment of the
present invention;

[0037] FIG. 41is a view illustrating a detailed configuration
of a sensing unit of a data driver illustrated in FIG. 3;

[0038] FIG. 5is a view illustrating one sampling and hold-
ing circuit of a sampling and holding module illustrated in
FIG. 4;

[0039] FIG. 6 is a view illustrating in detail a connection
between a sampling and holding module and a scaler illus-
trated in F1G. 4; and

[0040] FIG. 7 is a view illustrating an output voltage
according to an operation of a sensing unit in accordance with
one exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0041] Description will now be given in detail of a sensing
circuit and an OLED display device having the same accord-
ing to one or more embodiments of the present invention, with
reference to the accompanying drawings. In the embodi-
ments, 1, m, or N may be positive integers.

[0042] FIG. 3 is a configuration view of an OLED display
device in accordance with one exemplary embodiment of the
present invention. All the components of the OLED display
device according to all embodiments of the present invention
are operatively coupled and configured.

[0043] As illustrated in FIG. 3, an OLED display device
100 according to this exemplary embodiment may include a
display panel 110, a gate driver 120, a data driver 140 and a
timing controller 130.

[0044] The display panel 110 may include a plurality of
gate lines GL, sensing lines SI. and data lines DL intersecting
with one another, and pixels P arranged on the intersections,
respectively, in a matrix configuration.

[0045] Each of the pixels P may include an OLED, a first
switching TFT ST1, a second switching TFT ST2, a driving
TFT DT and a storage capacitor Cst.

[0046] The OLED may be connected between the driving
TFT DT and a ground voltage EVSS, and emit light by a
current flowing between a driving voltage EVDD and the
ground voltage EVSS. The first switching TFT ST1 may be
turned on in response to a gate signal input through the gate
line GL, and transfer a data signal input through the data line
DL to the driving TFT DT and the storage capacitor Cst. The
second TFT ST2 may be turned on in response to a sensing
signal input through the sensing line SL, and apply a refer-
ence voltage Vref supplied through the reference line RL to an
anode electrode of the OLED. The driving TFT DT may be
connected between the driving voltage EVDD and the OLED,
and may adjust an amount of current flowing to the OLED
according to a voltage applied between the driving voltage
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EVDD and the gate electrode. The storage capacitor Cst may
be connected between the first switching TFT ST1 and the
driving TFT DT.

[0047] The gate driver 120 may generate a gate signal
according to a gate control signal GCS applied from the
timing controller 130. The gate signal may be applied to the
plurality of gate lines GL of the display panel 110. The gate
driver 120 may be formed on the display panel 110 in a gate
in panel (GIP) manner.

[0048] The data driver 140 may convert an image data, for
example, a compensation image data RGB!, into an analog
type data signal according to a data control signal DCS
applied from the timing controller 130. The data driver 140
may output the data signal through the plurality of data lines
DL of the display panel 110.

[0049] The data driver 140 may also generate sensing data
SD by sensing characteristic changes of a threshold voltage
Vth, mobility and the like of the driving TFT DT of the pixel
P through the plurality of reference lines RL, and output the
generated sensing data SD to the timing controller 130.
[0050] To this end, the data driver 140 may include a data
output unit 141 and a sensing unit 145. The data output umt
141 may output the compensation image data RGB' provided
from the timing controller 130 to the plurality of data lines DL,
of the display panel 110.

[0051] The sensing unit 145 may sense the characteristic
changes of the threshold voltage Vth, the mobility and the like
of the driving TFT DT of the pixel P through the reference
lines RL, and generate sensing data SD based on the sensed
characteristic changes for output.

[0052] Thedatadriver 140 may be configured in the form of
aplurality of driving integrated circuits, each of which may be
connected to a predetermined number of gate lines of the
plurality of data lines DL.

[0053] The timing controller 130 may generate a gate con-
trol signal GCS and a data control signal DCS from a control
signal input from an external system. Examples of the control
signal may include a vertical sync signal Vsync, a horizontal
sync signal Hsync, a dot clock signal DCLK, a data enable
signal DE and the like. The gate control signal GCS may be
output to the gate driver 120 and the data control signal DCS
may be output to the data driver 140.

[0054] The timing controller 130 may also generate image
data by converting an image signal RGB input from an exter-
nal system to be suitable for the display panel 110. The timing
controller 130 may generate compensation image data RGB'
by compensating for image data according to the sensing data
SD provided from the data driver 140. The compensation
image data RGB' may be output to the data driver 140 along
with the data control signal DCS. The compensation image
data RGB' can compensate for the characteristic change of the
driving TFT DT of each pixel P of the display panel 110.
[0055] FIG. 4isa view illustrating a detailed configuration
of a sensing unit of a data driver illustrated in FIG. 3.

[0056] As illustrated in FIGS. 3 and 4, the sensing unit 145
according to this exemplary embodiment may generate sens-
ing data SD from voltages applied through the plurality of
reference lines RL, for example, sensing voltages obtained by
sensing the threshold voltage Vth ofthe pixel P, and output the
generated sensing data SD.

[0057] The sensing unit 145 may include a first switch
module 151, a sampling and holding module 153, a second
switch module 155, a scaler 156 and an analog-digital con-

Jun. 30, 2016

verter 157. The sensing unit 145 may be provided at each of
the plurality of data drivers 140.

[0058] The first switch module 151 may be disposed
between a plurality of reference lines RL1 to RLn and the
sampling and holding module 153. The first switch module
151 may include a plurality of switches 151-1 to 151- cor-
responding to the plurality of reference lines RL1 to RLn,
respectively, where n may be a positive integer.

[0059] The plurality of switches 151-1 to 151-# of the first
switch module 151 may sequentially perform a switching
operation according to a switching signal, for example, a first
switching signal ¢1, applied from the timing controller 130.
The first switch module 151 may output sensing voltages
from the plurality of reference lines RL1 to RLn through the
switching operation.

[0060] Meanwhile, each of the plurality of data drivers 140
may be connected to about 768 data lines and reference lines
among a plurality of data lines DL1 to DLn and the plurality
of reference lines RL1 to RLn of the display panel 110.
Accordingly, the first switch module 151 may include the
switches 151-1 to 151-x corresponding to the 768 reference
lines, respectively.

[0061] The sampling and holding module 153 may tempo-
rarily store the sensing voltages input through the first switch
module 151 and output the temporarily-stored sensing volt-
ages. The sampling and holding module 153 may include a
plurality of sampling and holding circuits 153-1 to 153-m.

[0062] Each of the plurality of sampling and holding cir-
cuits 153-1 to 153-m may be connected to the plurality of
switches 151-1 to 151-» of the first switch module 151,
respectively. In this instance, each of the plurality of sampling
and holding circuits 153-1 to 153-m may be connected to four
switches of the first switch module 151, where m may be a
positive integer. Since the first switch module 151 includes
the 768 switches 151-1 to 151-», the sampling and holding
module 153 may include 192 sampling and holding circuits
153-1 to 153-m.

[0063] FIG. 5is a view illustrating one sampling and hold-
ing circuit of a sampling and holding module illustrated in
FIG. 4.

[0064] As illustrated in FIGS. 4 and 5, the sampling and
holding circuit 153-1 may be connected to four switches
151-1 to 151-4 of the first switch module 151. The sampling
and holding circuit 153-1 may include a first capacitor C1, a
first switch SW1 and a second switch SW2.

[0065] The first switch SW1 may be connected between a
first reference voltage Vref1 and the first capacitor C1, and the
second switch SW2 may be connected between a second
reference voltage Vref2 and the first capacitor C1. The first
switch SW1 may perform a switching operation according to
a first switching signal @1 along with the switches 151-1 to
151-4 of the first switch module 151. The second switch SW2
may perform a switching operation according to a second
switching signal #2. Here, the first reference voltage Vrefl
may be greater than the second reference voltage Vref2.

[0066] The sampling and holding circuit 153-1 may output
a sampling voltage VS1 from the sensing voltage input
through the first switch module 151. Also, the sampling volt-
age VS1 may be greater than the sensing voltage.

[0067] Hereinafter, the operation of the sampling and hold-
ing circuit 153-1 will be described in detail. For the sake of
explanation, an operation of the sampling and holding circuit
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153-1 when the first switch 151-1 of the first switch module
151 is switched on and outputs a sensing voltage VS0 will be
exemplarily described.

[0068] First, in a state where the first switch 151-1 of the
first switch module 151 and the first switch SW1 and the
second switch SW2 of the sampling and holding circuit 153-1
are all turned off, the first switch 151-1 of the first switch
module 151 may be turned on in response to a first switching
signal el. Also, the first switch SW1 of the sampling and
holding circuit 153-1 may also be turned on in response to the
first switching signal o1.

[0069] In this instance, the first capacitor C1 of the sam-
pling and holding circuit 153-1 may be charged with a pre-
determined voltage. For example, the first capacitor C1 may
be charged with a first voltage VS0-Vrefl having a level that
is as great as a first reference voltage Vrefl being subtracted
from the sensing voltage VS0.

[0070] Inthe charged state of the first voltage VS0-Vrefl in
the first capacitor C1 of the sampling and holding circuit
153-1, the first switch 151-1 of the first switch module 151
and the first switch SW1 of the sampling and holding circuit
153-1 may be turned off. And, the second switch SW2 of the
sampling and holding 153-1 may be turned on in response to
a second switching signal @2.

[0071] The first capacitor C1 of the sampling and holding
circuit 153-1 may maintain the charged voltage, namely, the
first voltage VS0-Vrefl. A voltage of an output node of the
sampling and holding circuit 153-1 may be a second voltage
VS0-Vref1+Vref2 having a level that is as great as a second
reference voltage Vref2 being added to the first voltage VS0-
Vrefl.

[0072] Afterwards, when the second switch SW2 of the
sampling and holding circuit 153-1 is turned off in response to
the second switching signal #2, the output node voltage of the
sampling and holding circuit 153-1, namely, the second volt-
age VS0-Vrefl+Vref2 may be output as a sampling voltage
VSl1.

[0073] In this manner, the sampling and holding circuit
153-1 according to this exemplary embodiment may be
charged with the sensing voltage VS0 applied from the refer-
ence lines RL through the first switch module 151, and then
output the charged sensing voltage VS0 as the sampling volt-
ageVS1. Here, the sampling voltage VS1 may be smaller than
the sensing voltage VS0.

[0074] In the meantime, the sampling and holding circuit
153-1 illustrated in FIG. 5 may be connected to the four
reference line RL1 to R4 through the four switches 151-1 to
151-4 ofthe first switch module 151. The four switches 151-1
to 151-4 of the first switch module 151 may sequentially
perform a switching operation in response to the first switch-
ing signal ¢1, such that four sensing voltages can be input to
the sampling and holding circuit 153-1. Accordingly, the
sampling and holding circuit 153-1 may sequentially output
four sampling voltages VS1 by repetitively performing the
aforementioned operation. The four switches 151-1 to 151-4
of the first switch module 151 may simultaneously perform
the switching operation such that four sensing voltages can be
input to the sampling and holding circuit 153-1.

[0075] Referring back to FIG. 4, the second switch module
155 of the sensing unit 145 may be located between the
sampling and holding module 153 and the scaler 156. The
second switch module 155 may include a plurality of
switches 155-1 to 155-m corresponding to the plurality of
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sampling and holding circuits 153-1 to 153-m of the sampling
and holding module 153, respectively.

[0076] The plurality of switches 155-1 to 155-m of the
second switch module 155 may sequentially perform a
switching operation in response to a switching signal, for
example, a third switching signal @3, input from the timing
controller 130. The switching operation of the second switch
module 155 may allow sampling voltages VS1, which are
output from the plurality of sampling and holding circuits
153-1 to 153-m of the sampling and holding module 153,
respectively, to be sequentially output to the scaler 156.
[0077] Meanwhile, the foregoing description has been
given of the sampling and holding module 153 with the 192
sampling and holding circuits 153-1 to 153-m. Therefore, the
second switch module 155 may include 192 switches 155-1 to
155-m.

[0078] The scaler 156 may be connected commonly to the
plurality of switches 155-1 to 155-m of the second switch
module 155. The scaler 156 may output scaling voltages VS2
by scaling the sampling voltages VS1, which are sequentially
input through the second switch module 155. The scaling
voltage VS2 may be smaller than the sampling voltage VS1.
[0079] FIG. 6 is a view illustrating in detail a connection
between a sampling and holding module and a scaler illus-
trated in FIG. 4.

[0080] Asillustratedin FIGS. 4 to 6, as aforementioned, the
sampling and holding module 153 may include the plurality
of sampling and holding circuits 153-1 to 153-m, and each of
the sampling and holding circuits 153-1 to 153-m may
include the first capacitor C1, the first switch SW1 and the
second switch SW2.

[0081] The plurality of switches 155-1 to 155-m of the
second switch module 155, which correspond to the sampling
and holding circuits 153-1 to 153-m, respectively, may be
arranged between the sampling and holding module 153 and
the scaler 156.

[0082] The scaler 156 may scale and output the sampling
voltages VS1, which are sequentially output from the sam-
pling and holding module 153 through the second switch
module 155. The scaler 156 may output the scaling voltages
VS2 by reducing level of the sampling voltages VS1 for
generating voltages belonging to a processible range of an
analog-digital converter (ADC) 157, which will be explained
later. The scaler 156 may include an operational amplifier
(OPAMP) OP1, a second capacitor C2 and a third switch
SW3.

[0083] The OPAMP OP1 may be provided with a first input
port (<), a second input port (+), and an output port. The
second reference voltage Vref2 may be input to the second
input port (+) of the OPAMP OP1. The scaling voltage VS2
may be output through the output port of the OPAMP OP1.
The second reference voltage Vref2 input to the second input
port (+) of the OPAMP OP1 may be the same as or different
from the second reference voltage Vref2 previously described
in the sampling and holding circuits 153-1 to 153-m.

[0084] The second capacitor C2 and the third switch SW3
may be connected between the first input port (=) and the
output port of the OPAMP OP1. The third switch SW3 may
perform a switching operation in response to the first switch-
ing signal 1. Here, the second capacitor C2 may be con-
nected in parallel to the third switch SW3.

[0085] Hereinafter, the operation of the scaler 156 will be
described in detail. For the sake of explanation, an operation
of one, namely, the first sampling and holding circuit 153-1 of
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the plurality of sampling and holding circuits 153-1 to 153-m,
and an operation of the scaler 156 will be described.

[0086] First, the first switch SW1 of the first sampling and
holding circuit 153-1 may be turned on in response to the first
switching signal @1, such that the first voltage VS0-Vrefl can
be charged in the first capacitor C1. In this instance, the third
switch SW3 of the scaler 156 may also be turned on in
response to the first switching signal 1. The second capacitor
C2 may be discharged by the turned-on third switch SW3 so
as to be initialized. Also, parasitic capacitance within the
second switch module 155 may be initialized by the turned-
on third switch SW3.

[0087] Afterwards, the first switch SW1 of the first sam-
pling and holding circuit 153-1 and the third switch SW3 of
the scaler 156 may be turned off, in response to the first
switching signal @1, and the second switch SW2 of the first
sampling and holding circuit 153-1 may be turned on, in
response to the second switching signal @2. In this instance,
the first capacitor C1 of the sampling and holding circuit
153-1 may maintain the charged voltage, namely, the first
voltage VS0-Vrefl, and a voltage of an output node of the first
sampling and holding circuit 153-1 may be a second voltage
VS0-Vrefl+Vref2 having a level that is as great as a second
reference voltage Vref2 being added to the first voltage VS0-
Vrefl.

[0088] Continuously, the second switch SW2 of the sam-
pling and holding circuit 153-1 may be turned off in response
to the second switching signal 2, and the first switch 155-1 of
the second switch module 155 may be turned on in response
to the third switching signal @3. Accordingly, the first sam-
pling and holding circuit 153-1 may output the voltage of the
output node thereof, namely, the second voltage VS0-Vref1 +
Vref2 to the scaler 156 as the sampling voltage VS1.

[0089] The second capacitor C2 of the scaler 156 can be
charged with a predetermined voltage by the sampling volt-
age VS1. For example, the second capacitor C2 of the scaler
156 may be charged with a voltage which corresponds to a
capacitance ratio of the first capacitor C1 of the first sampling
and holding circuit 153-1 to the second capacitor C2 of the
scaler 156.

[0090] Meanwhile, the second capacitor C2 should be
formed to have a greater capacity than the first capacitor C1 of
the first sampling and holding circuit 153-1, in order to
improve a scaling performance of the scaler 156, namely, a
performance of reducing a level of the sampling voltage V1.
According to the difference of the capacity, the voltage
charged in the second capacitor C2 may be smaller than the
sampling voltage VS1

[0091] For example, the second capacitor C2 may be
charged with a voltage according to the following [Equation

1.

VC2=C1/C2*VC1 [Equation 1]

where VC1 denotes a first voltage charged in the first capaci-
tor of the sampling and holding circuit.

[0092] Then, the OPAMP OP1 of the scaler 156 may output
the scaling voltage VS2 from the voltage charged in the sec-
ond capacitor C2. Here, the OPAMP OP1 may operate as a
current integrator. Accordingly, the scaling voltage VS2 out-
put from the OPAMP OP1 may have a level that is as great as
the voltage charged in the second capacitor C2 being sub-
tracted from the second reference voltage Vref2.

[0093] Meanwhile, the scaler 156 illustrated in FIG. 6 may
be connected to the plurality of sampling and holding circuits
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153-1 to 153-m through the plurality of switches 155-1 to
155-m of the second switch module 155. Accordingly, the
scaler 156 may repetitively perform the aforementioned
operations as many times as the number of the sampling and
holding circuits 153-1 to 153-m, so as to sequentially output
a plurality of sampling voltages, namely, the plurality of
scaling voltages VS2 as many as the number of the sampling
voltages VS1 output from the plurality of sampling and hold-
ing circuits 153-1 to 153-m.

[0094] Referring back to FIG. 4, an ADC 157 may be con-
nected to a rear end of the scaler 156. The ADC 157 may
output sensing data SD by performing an analog-digital con-
version for the scaled scaling voltage VS2 output from the
scaler 156.

[0095] The sensing data SD, as illustrated in FIG. 3, may be
output to the timing controller 130. The timing controller 130
may generate compensation image data RGB' by compensat-
ing for image data according to the sensing data SD.

[0096] As aforementioned, the sensing unit 145 according
to this exemplary embodiment may be provided with the
singlescaler 156 which corresponds to each of the plurality of
sampling and holding circuits 153-1 to 153-m of the sampling
and holding module 153, and accordingly sample/hold and
scale the sensing voltages supplied through the plurality of
reference lines RL to output the plurality of scaling voltages
VS2.

[0097] The sensing unit 145 according to this exemplary
embodiment can be provided with a remarkably reduced
number of the scaler 156, as compared with the related art
sensing unit, which may allow for reducing a size of the
scaling unit 145 and a size of the data driver 140 including the
sensing unit 145 accordingly.

[0098] Also, as the sensing unit 145 is provided with the
single scaler 156, an internal capacitor of the scaler 156,
namely, the capacity of the second capacitor C2 can further be
increased, thereby enhancing the scaling performance of the
scaler 156.

[0099] The scaler 156 can be configured as the current
integrator using the OPAMP OP1, so as to minimize an affec-
tion of parasitic capacitance, which is generated due to the
switching operation of the second switch module 155, by
virtue of the OPAMP OP1, as compared with the related art
sensing unit. Consequently, a generation of an error in the
scaling voltage VS2 output from the scaler 156 due to the
parasitic capacitance can be prevented, which may result in
outputting more accurate sensing data SD.

[0100] Therefore, in the OLED display device according to
the present invention, the size of the data driver 140 can be
reduced by reducing the size of the sensing unit 145, and
accuracy of the compensation image data RGB' generated in
the timing controller 130 can be improved by outputting
accurate sensing data SD from the sensing unit 145. Also, the
compensation image data RGB' can be used for compensating
fora characteristic change of each pixel P of the display panel,
which may prevent display quality of the display panel 110
from being lowered.

[0101] FIG. 7 is a view illustrating an output voltage
according to an operation of a sensing unit in accordance with
one exemplary embodiment of the present invention.

[0102] As illustrated in FIGS. 4 to 7, when the plurality of
switches 151-1 to 151- of the first switch module 151 are
turned on at a time t0, an initial sensing voltage VS0 may be
input to the sampling and holding module 153 through the
plurality of reference lines RL.
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[0103] Afterwards, when the first switch module 151 is
turned off and the second switch SW2 provided in each of the
plurality of sampling and holding circuits 153-1 to 153-m of
the sampling and holding module 153 is turned on at atime t1,
the sampling and holding module 153 may sequentially out-
put the plurality of sampling voltages VS1. In this instance,
the sampling voltage VS1 may be a voltage (i.e., VS0-Vrefl+
Vref2) obtained by adding the second reference voltage Vref2
to the voltage (VS0-Vrefl), which is obtained by subtracting
the first reference voltage Vrefl from the initial sensing volt-
age VS0.

[0104] Continuously, when the second switch SW2 of each
of the plurality of sampling and holding circuits 153-1 to
153-m of the sampling and holding module 153 is turned off
and the plurality of switches 155-1 to 155-m of the second
switch module 155 are turned on at a time t2, the scaler 156
may sequentially output the plurality of scaling voltages VS2.
In this instance, the scaling voltage VS2 may be a voltage
obtained by subtracting the voltage charged in the second
capacitor C2 from the second reference voltage Vref2.
[0105] When the plurality of switches 155-1 to 155-m of
the second switch module 155 are turned off, the scaler 156
may output the scaling voltages VS2 to the ADC 157.
[0106] As the present features may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims

What is claimed is:

1. A sensing circuit comprising:

N sampling and holding circuits to output a plurality of
sampling voltages from a plurality of sensing voltages
sequentially input through a plurality of reference lines,
where N is a positive integer;

a scaler commonly connected to the N sampling circuits to
output a plurality of scaling voltages from the plurality
of sampling voltages; and

an analog-digital converter to perform an analog-digital
conversion for the plurality of scaling voltages so as to
output a plurality of sensing data.

2. The sensing circuit of claim 1, wherein each of the N

sampling and holding circuits comprises:

a first capacitor commonly connected to a predetermined
number of reference lines of the plurality of reference
lines;

afirst switch disposed between the first capacitor and a first
reference voltage; and

asecond switch disposed between the first capacitor and a
second reference voltage,

wherein the first switch and the second switch are turned on
according to a first switching signal and a second switch-
ing signal in an alternating manner, such that the sam-
pling voltage is output from the sensing voltage.

3. The sensing circuit of claim 1, further comprising a
plurality of switches disposed between the plurality of refer-
ence lines and the N sampling and holding circuits.

4. The sensing circuit of claim 3, wherein the plurality of
switches are provided by the same number as the plurality of
reference lines, and turned on in response to the first switch-
ing signal to output the sensing voltages to the N sampling
and holding circuits.
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5. The sensing circuit of claim 1, wherein the scaler com-
prises:

an operational amplifier (OPAMP) provided with a first
input port connected commonly to the N sampling and
holding circuits, a second input port connected to a
second reference voltage, and an output port;

a second capacitor connected between the first input port
and the output port of the operational amplifier; and

a switch connected in parallel to the second capacitor
between the first input port and the output port of the
operational amplifier.

6. The sensing circuit of claim 5, wherein each of the N
sampling and holding circuits is provided with a first capaci-
tor,

wherein the second capacitor is charged with a voltage
obtained by multiplying a voltage charged in the first
capacitor and a capacitance ratio of the first capacitor to
the second capacitor, and

wherein the scaling voltage has alevel that is as great as the
voltage charged in the second capacitor being subtracted
from the second reference voltage.

7. The sensing circuit of claim 5, wherein the switch of the
scaler is turned on in response to a first switching signal to
initialize the second capacitor.

8. The sensing circuit of claim 1, wherein the scaler oper-
ates as a current integrator.

9. The sensing circuit of claim 1, further comprising a
plurality of switches disposed between the N sampling and
holding circuits and the scaler.

10. The sensing circuit of claim 9, wherein the plurality of
switches are provided by the same number as the N sampling
and holding circuits, and sequentially turned on in response to
a third switching signal to output the sampling voltages to the
scaler.

11. An organic light emitting diode (OLED) display
device, comprising:

a display panel provided with a plurality of pixels, and a
plurality of reference lines connected to the plurality of
pixels, respectively, each of the pixel having an organic
light emitting diode;

a plurality of data drivers each provided with a sensing
circuit to output sensing data from sensing voltages
applied through the plurality of reference lines; and

a timing controller to generate a compensation image data
from image data according to the sensing data, and out-
put the compensation image data to the display panel
through the data driver,

wherein the sensing circuit comprises:

N sampling and holding circuits to output a plurality of
sampling voltages from a plurality of sensing voltages
sequentially input through the plurality of reference
lines, where N is a positive integer;

a scaler commonly connected to each of the N sampling
circuits to output a plurality of scaling voltages from the
plurality of sampling voltages; and

an analog-digital converter to perform an analog-digital
conversion for the plurality of scaling voltages so as to
output a plurality of sensing data.

12. The OLED display device of claim 11, wherein each of

the N sampling and holding circuits comprises:

a first capacitor commonly connected to a predetermined
number of reference lines of the plurality of reference
lines; and
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afirst switch disposed between the first capacitor and a first

reference voltage.

13. The OLED display device of claim 12, wherein each of
the N sampling and holding circuits further comprises:

asecond switch disposed between the first capacitor and a

second reference voltage,

wherein the first switch and the second switch are turned on

according to a first switching signal and a second switch-
ing signal in an alternating manner, such that the sam-
pling voltage is output from the sensing voltage.

14. The OLED display device of claim 11, further com-
prising a plurality of switches disposed between the plurality
of reference lines and the N sampling and holding circuits.

15. The OLED display device of claim 11, wherein the
scaler operates as a current integrator.

16. The OLED display device of claim 11, further com-
prising a plurality of switches disposed between the N sam-
pling and holding circuits and the scaler.

17. The OLED display device of claim 16, wherein the
plurality of switches are provided by the same number as the
N sampling and holding circuits, and sequentially turned on
in response to a third switching signal to output the sampling
voltages to the scaler.

® % % % %
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