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IN ORGANIC LIGHT EMITTING DISPLAY

(57)  Disclosed are a device and method for sensing
the threshold voltage of a driving TFT included in an or-
ganic light emitting display so that a change in the thresh-
old voltage of the driving TFT is sensed during real-time
operation by reducing sensing time. First and second
sensing voltages are obtained by fast sensing in the TFT
linear region, and a change in the threshold voltage of
the driving TFT is obtained based on the sensing ratio
between the sensing voltages. Thus, a number of proc-

DEVICE AND METHOD FOR SENSING THRESHOLD VOLTAGE OF DRIVING TFT INCLUDED

esses for deducing a change in threshold voltage, i.e.,
programming, source node resetting, sensing, and sam-
pling, may be performed during the vertical blanking in-
terval. That is, it is possible to sense a change in the
threshold voltage of the driving TFT DT during real-time
operation, without the need of arranging a time during
power-on or power-off in order to sense a threshold volt-
age change, thereby improving compensation perform-
ance.
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Description
BACKGROUND
Field of the Invention

[0001] The presentinvention relates to an organic light
emitting display, and more particularly, to a device and
method for sensing the threshold voltage of a driving TFT
included in an organic light emitting display.

Discussion of the Related Art

[0002] An active-matrix organic light emitting display
comprises organic light emitting diodes OLEDs that emit
light themselves, and has the advantages of fast re-
sponse time, high luminous efficiency, high luminance,
and wide viewing angle.

[0003] AnOLED, whichisa self-luminous device, com-
prises an anode and a cathode, and organic compound
layers HIL, HTL, EML, ETL, and EIL formed between the
anode and cathode. The organic compound layers com-
prise a hole injection layer HIL, a hole transport layer
HTL, an emission layer EML, an electron transport layer
ETL, and an electron injection layer EIL. When an oper-
ating voltage is applied to the anode and the cathode, a
hole passing through the hole transport layer HTL and
an electron passing through the electron transport layer
ETL move to the emission layer EML, forming an exciton.
As a result, the emission layer EML generates visible
light.

[0004] In an organic light emitting diode display, pixels
each comprising an organic light emitting diode are ar-
ranged in a matrix, and the luminance of the pixels is
adjusted based on the grayscale of video data. Each in-
dividual pixel comprises a driving TFT (thin-film transis-
tor) that controls the drive current flowing through the
OLED. The electrical characteristic of the driving TFT,
such as threshold voltage, mobility, etc., may vary from
pixel to pixel because of the process condition, driving
environment, etc. Such variation in the electrical charac-
teristics of the driving TFT causes luminance differences
between the pixels. As a solution to this problem, the
technology that senses the characteristic parameters
(threshold voltage, mobility, etc.) of the driving TFT of
each pixel and corrects image data based on the sensing
results is known.

[0005] In the conventional art, as shown in FIG. 1, a
driving TFT DT is operated according to a source follower
method, and then the source node voltage Vs of the driv-
ing TFT DT is detected as a sensing voltage Vsen at the
time ta when the gate-source voltage Vgs of the driving
TFT DT reaches saturation state by an electric current
flowing through the driving TFT DT, in order to sense a
change in the threshold voltage Vth of the driving TFT
DT. However, a long period of time is needed in order
for the gate-source voltage Vgs of the driving TFT DT to
reach the threshold voltage Vth of the driving TFT DT.
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Accordingly, in the conventional art, it is not possible to
sense a change in the threshold voltage Vth of the driving
TFT DT during real-time operation.

SUMMARY

[0006] Accordingly, the presentinvention is directed to
a device and method for sensing the threshold voltage
of a driving TFT included in an organic light emitting dis-
play so that a change in the threshold voltage of the driv-
ing TFT is sensed during real-time operation by reducing
sensing time.

[0007] The object is solved by the features of the in-
dependent claims.

[0008] An exemplary embodiment of the present in-
vention provides a device for sensing threshold voltage
in an organic light emitting display with a plurality of pixels
each having an OLED and a driving TFT for controlling
the amount of light emitted by the OLED, the device com-
prising: a data drive circuit and a timing controller. The
data drive circuit applies a first data voltage for sensing
to the gate node of the driving TFT during a first program-
ming period, obtains the source node voltage of the driv-
ing TFT as a first sensing voltage during a first sensing
period in which the gate-source voltage of the driving
TFT is constantly held at a first value higher than the
threshold voltage of the driving TFT, applies a second
data voltage for sensing to the gate node of the driving
TFT during a second programming period, and obtains
the source node voltage of the driving TFT as a second
sensing voltage during a second sensing period in which
the gate-source voltage of the driving TFT is constantly
held at a second value higher than the threshold voltage
of the driving TFT. The timing controller calculates an nth
sensing ratio (n is a positive integer) based on the ratio
between the first and second sensing voltages, calcu-
lates a change in sensing ratio by comparing the nth
sensing ratio with a preset initial sensing ratio, and then
obtains a change in the threshold voltage of the driving
TFT based on the change in sensing ratio.

[0009] Preferably, the first programing period and the
first sensing period are included in a first compensation
period

[0010] Preferably, the second programming period

and the second sensing period are included in a second
compensation period.

[0011] Preferably, the first and second compensation
periods are placed in a vertical blanking interval.
[0012] Preferably, the vertical blanking interval is the
time between active intervals for image display

[0013] Preferably, data for image display is not written
during the vertical blanking interval.

[0014] Preferably, the first and second compensation
periods are arranged consecutively in the same vertical
blanking interval.

[0015] Preferably, the first and second compensation
periods are placed separately in different vertical blank-
ing intervals.
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[0016] Preferably, the data drive circuit may be adapt-
ed to supply a reference voltage to the source node of
the driving TFT during a first initial period between the
first programming period and the first sensing period.
[0017] Preferably, the data drive circuit may be adapt-
ed to supply the reference voltage to the source node of
the driving TFT during a second initial period between
the second programming period and the second sensing
period.

[0018] Preferably, a gate drive circuit may be adapted
to generate a scan control signal and/or a sensing control
signal.

[0019] Preferably, each pixel may comprise a first

switching TFT adapted to be turned on in response to
the scan control signal to connect a data line connected
to the datadrive circuit to the gate node of the driving TFT,
[0020] Preferably, each pixel may comprise a second
switching TFT adapted to be turned on in response to
the sensing control signal to connect the source node of
the driving TFT to a sensing line connected to a sensing
unitin the data drive circuit, and a storage capacitor con-
nected between the gate node and source node of the
driving TFT.

[0021] Preferably, the sensing unitmay comprise aref-
erence voltage control switch adapted to be switched on
in response to a reference voltage control signal to con-
nect a reference voltage input terminal and the sensing
line, and a sampling control switch adapted to be
switched on in response to a sampling control signal
(SAM) to connect the sensing line and a sample and hold
circuit.

[0022] Preferably, the scan control signal is applied at
ON level during the first and second programming peri-
ods,

[0023] Preferably, the sensing control signal is applied
at ON level during the first and second programming pe-
riods, the first and second initial periods, and the first and
second sensing periods

[0024] Preferably, the reference voltage control signal
is applied at ON level during the first and second pro-
gramming periods and the firstand second initial periods.
[0025] Preferably, the sampling control signal is ap-
plied at ON level during a first sampling period after the
first sensing period and a second sampling period after
the second sensing period.

[0026] Another exemplary embodiment of the present
invention provides a method for sensing threshold volt-
age in organic light emitting display with a plurality of
pixels each having an OLED and a driving TFT for con-
trolling the amount of light emitted by the OLED, the meth-
od comprising: applying a first data voltage for sensing
to the gate node of the driving TFT during a first program-
ming period and obtaining the source node voltage of the
driving TFT as a first sensing voltage during a first sens-
ing period in which the gate-source voltage of the driving
TFT is constantly held at a first value higher than the
threshold voltage of the driving TFT; applying a second
data voltage for sensing to the gate node of the driving
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TFT during a second programming period and obtaining
the source node voltage of the driving TFT as a second
sensing voltage during a second sensing period in which
the gate-source voltage of the driving TFT is constantly
held at a second value higher than the threshold voltage
of the driving TFT; and calculating an nth sensing ratio
(n is a positive integer) based on the ratio between the
first and second sensing voltages, calculating a change
in sensing ratio by comparing the nth sensing ratio with
apresetinitial sensing ratio, and then obtaining a change
in the threshold voltage of the driving TFT based on the
change in sensing ratio.

[0027] Preferably, the first programing period and the
first sensing period are included in a first compensation
period and the second programming period and the sec-
ond sensing period are included in a second compensa-
tion period.

[0028] Preferably, the first and second compensation
periods are placed in a vertical blanking interval, and the
vertical blanking interval is the time between active inter-
vals for image display, wherein data for image display is
not written during the vertical blanking interval.

[0029] Preferably, the first and second compensation
periods are placed consecutively in the same vertical
blanking interval or the first and second compensation
periods are placed separately in different vertical blank-
ing intervals.

[0030] Preferably, the method may further comprise
supplying a reference voltage to the source node of the
driving TFT during a first initial period between the first
programming period and the first sensing period and sup-
plying the reference voltage to the source node of the
driving TFT during a second initial period between the
second programming period and the second sensing pe-
riod.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 is a view showing a conventional technology
for sensing the threshold voltage of a driving TFT
according to a source follower method;

FIG. 2 is a view schematically showing an organic
light emitting display according to an exemplary em-
bodiment of the present invention;

FIG. 3 is a view showing an example of the config-
uration of a pixel array and a data driver IC;

FIG. 4 is a view showing the principle for deducing
a change in the threshold voltage of the driving TFT
based on a sensing ratio;

FIG. 5 is a circuit diagram showing detailed config-
urations of a pixel and a sensing unit according to
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an exemplary embodiment of the present invention;
FIG. 6 is a waveform diagram showing the compen-
sation of a change in the mobility of the driving TFT
according to an exemplary embodiment of the
present invention;

FIGS. 7A and 7B are waveform diagrams showing
a process of sensing a change in the threshold volt-
age of the driving TFT according to an exemplary
embodiment of the present invention;

FIG. 8 is a view showing that the change in the
threshold voltage of the driving TFT appears as the
difference in slope between the curves in the TFT
linear region;

FIG. 9 shows a method for sensing a change in the
threshold voltage of the driving TFT according to an
exemplary embodiment of the presentinvention; and
FIG. 10 shows a vertical blanking interval in one
frame during which a change in the threshold voltage
of the driving TFT is sensed.

DETAILED DESCRIPTION

[0032] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. Throughout the
specification, like numbers refer to like elements. In de-
scribing the present invention, when it is deemed that a
detailed description of known functions or configurations
may unnecessarily obscure the subject matter of the
presentinvention, the detailed description will be omitted
[0033] FIG. 2 is a view schematically showing an or-
ganic light emitting display according to an exemplary
embodiment of the present invention. FIG. 3 is a view
showing an example of the configuration of a pixel array
and adatadriver IC. FIG. 4 is a view showing the principle
for deriving a change in the threshold voltage of the driv-
ing TFT based on a sensing ratio.

[0034] ReferringtoFIGS. 2and 3, anorganiclight emit-
ting display according to an exemplary embodiment of
the present invention may comprise a display panel 10,
a timing controller 11, a data drive circuit 12, a gate drive
circuit 13, and a memory 16.

[0035] A plurality of data lines and sensing lines 14A
and 14B and a plurality of gate lines 15 intersect each
other on the display panel 10, and pixels P are arranged
in a matrix at the intersections. The gate lines 15 com-
prise a plurality of first gate lines 15A sequentially sup-
plied with a scan control signal (SCAN of FIG. 5) and a
plurality of second gate lines 15B sequentially supplied
with a sensing control signal (SEN of FIG. 5).

[0036] Each pixel P may be connected to any one of
the data lines 14A, any one of the sensing lines 14B, any
one of the first gate lines 15A, and any one of the second
gate lines 15B. Each pixel P may be connected to a data
line 14Ain response to a scan control signal SCAN input
through a first gate line 15A, and may be connected to a
sensing line 14B in response to a sensing control signal
SEN input through a second gate line 15B.
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[0037] Each pixel P is supplied with a high-level oper-
ating voltage EVDD and a low-level operating voltage
EVSS from a power generator (not shown). Each pixel
P of this invention may comprise an OLED and a driving
TFT that drives the OLED. The driving TFT may be im-
plemented as p-type or n-type. Also, a semiconductor
layer of the driving TFT may comprise amorphous silicon,
polysilicon, or oxide.

[0038] Each pixel P displays an image, and may oper-
ate differently in an image display operation for internally
compensating for a change in the mobility of the driving
TFT and in a compensation operation for sensing and
compensating for a change in the threshold voltage of
the driving TFT. The compensation operation of this in-
vention may be performed for a predetermined amount
of time during power-on or power-off. Particularly, the
compensation operation of this invention may reduce the
time taken to sense a change in the threshold voltage of
the driving TFT by a method to be described later. Thus,
it is possible to sense a change in the threshold voltage
of the driving TFT during vertical blanking intervals of a
real-time operation, that is, image display operation.
[0039] The image display operation and the compen-
sation operation may be implemented depending on the
operation of the data drive circuit 12 and gate drive circuit
13 under the control of the timing controller 11.

[0040] The data drive circuit 12 comprises at least one
data driver IC (integrated circuit) SDIC. The data driver
IC (SDIC) may comprise a plurality of digital-to-analog
converters (hereinafter, DAC) 121 connected to data
lines 14A, a plurality of sensing units 122 connected to
sensing lines 14B, a multiplexer (MUX) 123 that selec-
tively connects the sensing units 122 to an analog-to-
digital converter (hereinafter, ADC), and a shift register
124 that generates a selection control signal and sequen-
tially turns on switches SS1 to SSk in the MUX 123.
[0041] In the compensation operation, the DACs gen-
erate a data voltage for sensing and supply it to the data
lines 14A, under the control of the timing controller 11.
In the image display operation, the DACs generate a data
voltage for image display and supply it to the data lines
14A, under the control of the timing controller 11.
[0042] The sensing units SU#1 to SU#k may be con-
nected to the sensing lines 14B on a one-to-one basis.
The sensing units SU#1 to SU#k may supply a reference
voltage tothe sensing lines 14B orread a sensing voltage
stored in the sensing lines 14B and supply it to the ADC,
under the control of the timing controller 11.

[0043] The ADC converts a sensing voltage selectively
input through the MUX 123 to a digital value and transmits
it to the timing controller 11.

[0044] The gate drive circuit 13 may generate a scan
control signal corresponding to the image display oper-
ation or compensation operation and then supply it to the
first gate lines 15Aline by line, under the control of the
timing controller 11. The gate drive circuit 13 generates
a sensing control signal corresponding to the image dis-
play operation or compensation operation and then sup-
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plies it to the second gate lines 15Bline by line, under the
control of the timing controller 11.

[0045] The timing controller 11 generates a data con-
trol signal DDC for controlling the operation timing of the
data drive circuit 12 and a gate control signal GDC for
controlling the operation timing of the gate drive circuit
131, based on timing signals such as a vertical synchro-
nization signal Vsync, a horizontal synchronization signal
Hsync, a dot clock signal DCLK, and a data enable signal
DE. The timing controller 11 may differentiate between
the image display operation and the compensation op-
eration based on a predetermined reference signal (driv-
ing power enable signal, a vertical synchronization sig-
nal, a data enable signal, etc.), and generate a data con-
trol signal DDC and gate control signal GDC correspond-
ing to each of the image display operation and compen-
sation operation. Moreover, the timing controller 11 may
further generate relevant switching control signals CON
(including PRE and SAM of FIG. 5) in order to operate
internal switches in each sensing unit SU#1 to SU#k for
the image display operation and compensation opera-
tion.

[0046] Asshownin FIG. 4, the timing controller 11 ob-
tains a first sensing voltage Vsen1 and a second sensing
voltage Vsen2 by sensing a change in the threshold volt-
age of the driving TFT twice for each pixel, and obtains
a change in the threshold voltage of the driving TFT
based on the sensing ratio VSR between the first and
second sensing voltages Vsen1 and Vsen2. In FIG. 4,
Vsen1_initindicates afirst initial sensing voltage of when
a first data voltage for sensing is applied, Vsen2_init in-
dicates a second initial sensed voltage of when a second
data voltage for sensing is applied. VSRIinit is an initial
sensing ratio, which is equal to the first initial sensing
voltage Vsen1_init divided by the second initial sensing
voltage Vsen2_init. The initial sensing ratio VSRinit may
vary depending on the product model and specification,
and is preset at the time of product release and stored
in the internal memory of the display device.

[0047] Inthe presentinvention, whenthereis a change
in the threshold voltage of the driving TFT due to driving
stress, different sensing data voltages are applied to
each pixel, and the source node voltage of the driving
TFT is acquired as the first and second sensing voltages
while the gate-source voltage of the driving TFT is higher
than the threshold voltage of the driving TFT. The first
and second sensing voltages comprise a change in the
mobility of the driving TFT, as well as a change in the
threshold voltage of the driving TFT. Thus, in the present
invention, by calculating the sensing ratio between the
first and second sensing voltages, the change in the mo-
bility of the driving TFT commonly included in the first
and second sensing voltages may be canceled out, and
only the change in the threshold voltage of the driving
TFT may be obtained. Conventionally, the source node
voltage of the driving TFT is sensed at the timing when
the gate-source voltage of the driving TFT is saturated
at the threshold voltage of the driving TFT. This means
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that the sensing requires a very long time, making it im-
possible to sense a change in the threshold voltage of
the driving TFT during a vertical blanking interval in the
image display operation. However, if the sensing is done
while the gate-source voltage of the driving TFT is higher
than the threshold voltage of the driving TFT, as in the
present invention, the total time taken for the sensing is
reduced to 1/10 of the conventional art even if the sensing
is done twice. Accordingly, a change in the threshold volt-
age of the driving TFT can be adequately sensed during
the vertical blanking interval in the image display opera-
tion.

[0048] In the compensation operation, the timing con-
troller 11 calculates an nth sensing ratio (n is a positive
integer) based on the ratio between the first and second
sensing voltages, calculates a change in sensing ratio
by comparing the nth sensing ratio with a preset initial
sensing ratio, and then obtains a change in the threshold
voltage based on the change in sensing ratio. The timing
controller 11 may properly update an (n-1)th compensa-
tion value stored in the memory 16 based on the obtained
threshold voltage change.

[0049] In the compensation operation, the timing con-
troller 11 may transmit first and second compensation
data corresponding to the first and second data voltage
for sensings to the data drive circuit 12. Here, the first
and second compensation data reflects the change in
the threshold voltage of the driving TFT that was sensed
in the previous sensing period. In the image display op-
eration, the timing controller 11 may transmit image data
RGB corresponding to the image display data voltage.
Here, the image data RGB may be modulated in such a
way as to compensate for the change in the threshold
voltage of the driving TFT that was sensed in the previous
sensing period.

[0050] FIG. 5 shows detailed configurations of a pixel
and a sensing unit according to an exemplary embodi-
ment of the presentinvention. FIG. 6 shows the compen-
sation of a change in the mobility of the driving TFT ac-
cording to an exemplary embodiment of the present in-
vention.

[0051] FIGS. 7A and 7B show a process of sensing a
change in the threshold voltage of the driving TFT ac-
cording to an exemplary embodiment of the present in-
vention. FIG. 8 shows that the change in the threshold
voltage of the driving TFT appears as the difference in
slope between the curves in the TFT linear region.
[0052] Referring to FIG. 5, a pixel P of this invention
may comprise an OLED, a driving TFT (thin film transis-
tor) DT, a storage capacitor Cst, a first switching TFT
ST1, and a second switching TFT ST2.

[0053] The OLED comprises an anode connected to a
source node Ns, acathode connectedto aninputterminal
of a low-level operating voltage EVSS, and an organic
compound layer positioned between the anode and the
cathode.

[0054] The driving TFT DT controls the amount of cur-
rent input into the OLED based on a gate-source voltage
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Vgs. Thedriving TFT DT comprises a gate electrode con-
nected to a gate node Ng, a drain electrode connected
to an input terminal of a high-level operating voltage
EVDD, and a source electrode connected to the source
node Ns. The storage capacitor Cst is connected be-
tween the gate node Ng and the source node Ns to main-
tain the gate-source voltage Vgs of the driving TFT DT.
The first switching TFT ST1 applies a sensing data volt-
age Vdata on a data line 14A to the gate node Ng in
response to a scan control signal SCAN. The first switch-
ing TFT ST1 comprises a gate electrode connected to
the first gate line 15A, a drain electrode connected to the
data line 14A, and a source electrode connected to the
gate node Ng. The second switching TFT ST2 switches
on an electrical connection between the source node Ns
and a sensing line 14B in response to a sensing control
signal SEN. The second switching TFT ST2 comprises
a gate electrode connected to a second gate line 15B, a
drain electrode connected to the sensing line 14B, and
a source node connected to the source node Ns.
[0055] Also, a sensing unit SU of this invention com-
prises a reference voltage control switch SW1, a sam-
pling switch SW2, and a sample and hold circuit S/H.
[0056] The reference voltage control switch SW1 is
switched on in response to a reference voltage control
signal PRE to connect an input terminal of a reference
voltage Vref and the sensing line 14B. The sampling
switch SW2 is switched on in response to a sampling
control signal SAM to connect the sensing line 14B and
the sample and hold circuit S/H. When the sampling
switch SW2 is turned on, the sample and hold circuit S/H
samples and holds the source node voltage Vs of the
driving TFT DT stored in a line capacitor LCa of the sens-
ing line 14B as a sensing voltage Vsen and then passes
it to an ADC. Here, a parasitic capacitor present in the
sensing line 14B may be substituted for the line capacitor
LCa.

[0057] An image display operation for internally com-
pensating for a change in the mobility of the driving TFT
will be described below in conjunction with an exemplary
configuration of such a pixel and FIG. 6. When a com-
pensation value corresponding to a threshold voltage
change is obtained in the compensation operation for
sensing a change in threshold voltage, the image display
operation is performed based on an image display data
voltage reflecting the compensation voltage. A change
in the mobility of the driving TFT is not compensated for
in the compensation operation but compensated for in
the image display operation. Accordingly, in the image
display operation, an image is displayed, with the com-
pensation of the changes in both the threshold voltage
and mobility of the driving TFT.

[0058] The image display operation comprises a initial
period Ti, a sensing period Ts, an emission period Te.
During the image display operation, the reference voltage
control switch SW1 remains ON to apply the reference
voltage Vref to the sensing line 14B, and the sampling
switch SW2 remains OFF.
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[0059] Inthe initial period Ti, both the scan control sig-
nal SCAN and the sensing control signal SEN remain
ON. The first switching TFT ST1 is turned on in response
to the scan control signal SCAN of ON state to apply an
image display data voltage to the gate electrode of the
driving TFT DT, and the second switching TFT ST2 is
turned on in response to the sensing control signal SEN
of ON state and applies a reference voltage Vref to the
source electrode of the driving TFT DT.

[0060] Inthe sensing period Ts, the scan control signal
SCAN remains ON, and the sensing control signal SEN
is inverted to OFF. The first switching TFT ST1 remains
ON and holds the voltage at the gate node Ng of the
driving TFT DT at the image display data voltage. The
second switching TFT ST2 is turned off, whereupon a
current corresponding to a gate-source voltage differ-
ence Vgs, whichis setintheinitial period Ti, flows through
thedriving TFT DT. Accordingly, the voltage at the source
node Ns of the driving TFT DT rises toward the image
display data voltage applied to the gate electrode of the
driving TFT DT according to a source-follower method,
so that the gate-source voltage difference Vgs of the driv-
ing TFT DT is programmed to a desired gray level.
[0061] Inthe emission period Te, both the scan control
signal SCAN and the sensing control signal SEN remain
OFF. The voltage at the gate node Ng of the driving TFT
DT and the voltage at the source node Nsrise to a voltage
level equal to or higher than the threshold voltage of the
OLED while maintaining the voltage difference Vgs pro-
grammed in the sensing period Ts, and then maintain
this voltage level. A drive current corresponding to the
programmed gate-source voltage difference Vgs of the
driving TFT DT flows through the OLED. As a result, the
OLED emits light, thereby representing a desired gray
level.

[0062] As such, a change in the mobility of the driving
TFT DT is compensated for based on the principle that
the source voltage Vs of the driving TFT DT is raised by
capacitive coupling while the gate voltage Vg of the driv-
ing TFT DT is fixed at the image display data voltage
during the sensing period Ts. The drive current, which
determines the light intensity (luminance) of the pixel, is
proportional to the mobility w of the driving TFT DT and
the gate-source voltage difference Vgs of the driving TFT
DT programmed in the sensing period Ts. During the
sensing period Ts, in the case of a pixel with high mobility
1., the source voltage Vs of the driving TFT DT rises at
a first rate of rise toward the higher gate voltage Vg so
that the gate-source voltage difference Vgs of the driving
TFT DT is programmed to be relatively small. On the
contrary, during the sensing period Ts, in the case of a
pixel with low mobility w, the source voltage Vs of the
driving TFT DT rises at a second rate of rise (which is
slower than the first rate of rise) toward the higher gate
voltage Vg so that the gate-source voltage difference Vgs
of the driving TFT DT is programmed to be relatively
large. That is, the gate-source voltage is automatically
programmed to be inversely proportional to the degree
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of mobility. As a result, luminance variations caused by
differences in mobility . between pixels are compensat-
ed for.

[0063] A compensation operation for compensating a
change in the threshold voltage of the driving TFT will be
described below in conjunction with the above-described
exemplary configuration of a pixel and FIGS. 7A and 7B
and FIG. 8.

[0064] A compensation operation comprises a first
process for obtaining afirst sensing voltage Vsen1 during
a first compensation period SP1 shown in FIG. 7A, and
a second process for obtaining a second sensing voltage
Vsen2 during a second compensation period SP2 shown
in FIG. 7B. Here, the first compensation period SP1 and
the second compensation period SP2 may be placed
consecutively within one vertical blanking interval or sep-
arately in different vertical blanking intervals.

[0065] AsshowninFIG. 7A, the first compensation pe-
riod SP1 may comprise a first programming period T2, a
first sensing period T4, and a first sampling period T5.
The first compensation period SP1 may further comprise
a first source node initial period T3 in order to increase
sensing accuracy. In FIG. 7A, "T1" is a first sensing line
initial period for resetting the sensing line 14B to a refer-
ence voltage Vref in advance before the first program-
ming period T2, and may be omitted.

[0066] In the first programming period T2, a scan con-
trol signal SCAN, sensing control signal SEN, and refer-
ence voltage signal PRE are all input as ON. In the first
programming period T2, the first switching TFT ST1 is
turned on to apply a first data voltage for sensing Vdata1’
to the gate node Ng of the driving TFT DT, and the second
switching TFT ST2 and the reference voltage control
switch SW1 are turned on to apply the reference voltage
Vref to the source node Ns of the driving TFT DT. As a
result, the gate-source voltage Vgs of the driving TFT DT
is programmed to a first level LV1. Here, the first data
voltage for sensing Vdata1’ reflects a threshold voltage
component Vth(n-1) of the previous sensing period.
[0067] Inthe firstsource node initial period T3, the scan
control signal SCAN is inverted to OFF, and the sensing
control signal SEN and the reference voltage control sig-
nal PRE remain ON. In the first source node initial period
T3, the first switching TFT ST1 is turned off to make the
gate node Ng of the driving TFT DT float, and the second
switching TFT ST2 and the reference voltage control
switch SW1 are turned on to constantly apply the refer-
ence voltage Vref to the source node Ns of the driving
TFT DT. As a result, the source node Ns of the driving
TFT DT is reset for the second time to the reference volt-
age Vref while the gate-source voltage Vgs of the driving
TFT DT is held at the first level LV1. The reason why the
source node Ns of the driving TFT DT is reset for the
second time to the reference voltage Vref is because
sensing accuracy can be increased by making the volt-
age at the start point of the first sensing period T4 equal
for all pixels.

[0068] In the first sensing period T4, the scan control
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signal SCAN is held at OFF level, the sensing control
signal SEN is held at ON level, and the reference voltage
control signal PRE is inverted to OFF level. In the first
sensing period T4, the first switching TFT ST1 is turned
off to keep the gate node Ng of the driving TFT DT float-
ing, and the reference voltage control switch SW1 is
turned off to disconnect the source node Ns of the driving
TFT DT from an input of the reference voltage Vref. In
this state, a pixel current flows through the driving TFT
DT by the gate-source voltage Vgs of the first level LV1,
and the source node voltage Vs of the driving TFT DT
rises due to this pixel current. The source node voltage
Vs of the driving TFT DT is stored in the line capacitor
LCa of the sensing line 14B by the turned-on second
switching TFT ST2.

[0069] Inthe first sampling period T5, the sensing con-
trol signal SEN is inverted to OFF level, and the sampling
control signal SAM is input as ON level. In the first sam-
pling period T5, the second switching TFT ST2 is turned
off to release the electrical connection between the
source node Ns of the driving TFT DT and the sensing
line 14B. Also, the sampling control switch SW2 is turned
on to connect the sensing line 14B and the sample and
hold circuit S/H, thereby sampling the source node volt-
age Vs of the driving TFT DT stored in the sensing line
14B as the first sensing voltage Vsen1. The first sensing
voltage Vsen1 is converted to a first digital value by an
ADC and then stored in an internal latch in the data drive
circuit 12.

[0070] AsshowninFIG. 7B, the second compensation
period SP2 may comprise a second programming period
T2’, a second sensing period T4’, and a second sampling
period T5. The second compensation period SP2 may
further comprise a second source node initial period T3’
in order to increase sensing accuracy. In FIG. 7B, T1’is
a second sensing line initial period for resetting the sens-
ing line 14B to areference voltage Vrefin advance before
the second programming period T2’, and may be omitted.
[0071] In the second programming period T2', a scan
control signal SCAN, sensing control signal SEN, and
reference voltage signal PRE are all input as ON. In the
second programming period T2, the first switching TFT
ST1 is turned on to apply a second data voltage for sens-
ing Vdata2’ to the gate node Ng of the driving TFT DT,
and the second switching TFT ST2 and the reference
voltage control switch SW1 are turned on to apply the
reference voltage Vref to the source node Ns of the driv-
ing TFT DT. As a result, the gate-source voltage Vgs of
thedriving TFT DT is programmed to a second level LV2.
Here, the second data voltage for sensing Vdata2’ re-
flects a threshold voltage component Vth(n-1) of the pre-
vious sensing period.

[0072] Inthe second source node initial period T3’, the
scan control signal SCAN is inverted to OFF, and the
sensing control signal SEN and the reference voltage
controlsignal PRE remain ON. In the second source node
initial period T3’, the first switching TFT ST1 is turned off
to make the gate node Ng of the driving TFT DT float,
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and the second switching TFT ST2 and the reference
voltage control switch SW1 are turned on to keep apply-
ing the reference voltage Vref to the source node Ns of
the driving TFT DT. As a result, the source node Ns of
the driving TFT DT is reset for the second time to the
reference voltage Vref while the gate-source voltage Vgs
of the driving TFT DT is held at the second level LV2.
The reason why the source node Ns of the driving TFT
DT is reset for the second time to the reference voltage
Vref is because sensing accuracy can be increased by
making the voltage at the start point of the second sens-
ing period T4’ equal for all pixels.

[0073] Inthe second sensing period T4’, the scan con-
trol signal SCAN is held at OFF level, the sensing control
signal SEN is held at ON level, and the reference voltage
control signal PRE is inverted to OFF level. In the second
sensing period T4’, the first switching TFT ST1 is turned
off to keep the gate node Ng of the driving TFT DT float-
ing, and the reference voltage control switch sW1 is
turned off to disconnect the source node Ns of the driving
TFT DT from an input of the reference voltage Vref. In
this state, a pixel current flows through the driving TFT
DT by the gate-source voltage Vgs of the second level
LV2, and the source node voltage Vs of the driving TFT
DT rises due to this pixel current. The source node volt-
age Vs ofthe driving TFT DT is stored in the line capacitor
LCa of the sensing line 14B by the turned-on second
switching TFT ST2.

[0074] In the second sampling period T5’, the sensing
control signal SEN is inverted to OFF level, and the sam-
pling control signal SAM is input as ON level. In the sec-
ond sampling period T5’, the second switching TFT ST2
is turned off to release the electrical connection between
the source node Ns of the driving TFT DT and the sensing
line 14B. Also, the sampling control switch SW2 is turned
on to connect the sensing line 14B and the sample and
hold circuit S/H, thereby sampling the source node volt-
age Vs of the driving TFT DT stored in the sensing line
14B as the second sensing voltage Vsen2. The second
sensing voltage Vsen2 is converted to a second digital
value by an ADC and then stored in an internal latch in
the data drive circuit 12.

[0075] The first and second sensing voltages Vsen1
and Vsen2 stored as digital values in the internal latch
are transmitted to the timing controller 11. The timing
controller 11 calculates the sensing ratio VSR between
the first and second sensing voltages Vsen1 and Vsen2,
and reads a change AVth in the threshold voltage of the
driving TFT DT from a look-up table by using a change
in sensing ratio - which is obtained by subtracting the
sensing ratio VSR from a preset initial sensing ratio VS-
Rinit) - as a read address.

[0076] Inthe presentinvention, a change in the thresh-
old voltage of the driving TFT may be accurately sensed
by canceling out a change in the mobility of the driving
TFT commonly included in the first and second sensing
voltages by using a sensing ratio VSR. According to the
present invention, a threshold voltage change AVth is
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determined by a change in sensing ratio VSR. Even for
pixels having driving TFTs with the same mobility, a
change in the threshold voltage Vth of the driving TFT is
represented as a difference in slope between the curves
in the TFT linear region in which Vgs is lower than Vth.
In the present invention, the voltage values in the TFT
linear region are sensed in order to reduce the time taken
for the sensing.

[0077] In the present invention, since a change in mo-
bility is linearly and internally compensated for during the
image display operation, accurate and fast sensing may
be done in the TFT linear region during the compensation
operation. In cases where fast sensing is done as dis-
cussed above without linearly compensating forachange
in mobility, a sensing voltage comprises the change in
mobility as well as a change in threshold voltage, and
the change in mobility has a much greater effect on the
sensing voltage, thereby making it possible to precisely
detect a change in threshold voltage.

[0078] FIG. 9 shows a method for sensing a change in
the threshold voltage of the driving TFT according to an
exemplary embodiment of the present invention. FIG. 10
shows a vertical blanking interval in one frame during
which a change in the threshold voltage of the driving
TFT is sensed.

[0079] ReferringtoFIG. 9, inthe presentinvention, first
and second sensing voltages are obtained by fast sens-
inginthe TFT linear region, and a change in the threshold
voltage of the driving TFT is obtained based on the sens-
ing ratio between the sensing voltages. Thus, a number
of processes for deducing a change in threshold voltage,
such as programming, source node resetting, sensing,
and sampling, may be performed during the vertical
blanking interval. Thatis, itis possible to sense a change
in the threshold voltage of the driving TFT DT during real-
time operation, without the need of arranging a time dur-
ing power-on or power-off in order to sense a threshold
voltage change, thereby improving compensation per-
formance.

[0080] Here, the vertical blanking interval indicates the
time between active intervals for image display during
which data for image display is not written, as illustrated
in FIG. 10. During the vertical blanking interval, a data
enable signal DE continues to remain at low logic level
L. When the data enable signal DE is at low logic level,
data writing is paused.

[0081] Throughout the description, it should be under-
stood by those skilled in the art that various changes and
modifications are possible without departing from the
technical principles of the present invention. Therefore,
the technical scope of the present invention is not limited
tothe detailed descriptions in this specification but should
be defined by the scope of the appended claims.

Claims

1. Adevice for sensing the threshold voltage (Vth) of a
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driving TFT (DT) included in an organic light emitting
display with a plurality of pixels (P) each having an
OLED and a driving TFT (DT) for controlling the
amount of light emitted by the OLED, the device com-
prising:

a data drive circuit (12) adapted to apply a first
data voltage (Vdata1’) for sensing to the gate
node (Ng) of the driving TFT (DT) during a first
programming period (T2), obtain the source
node voltage (Vgs) of the driving TFT (DT) as a
first sensing voltage (Vsen1) during a first sens-
ing period (T4) in which the gate-source voltage
(Vgs) of the driving TFT (DT) is constantly held
at a first value higher than the threshold voltage
(Vth) of the driving TFT (DT), apply a second
data voltage (Vdata2’) for sensing to the gate
node (Ng) of the driving TFT (DT) during a sec-
ond programming period (T2’), and obtain the
source node voltage (Vs) of the driving TFT (DT)
as a second sensing voltage (Vsen2) during a
second sensing period (T4’) in which the gate-
source voltage (Vgs) of the driving TFT (DT) is
constantly held at a second value higher than
the threshold voltage of the driving TFT (DT);
and

a timing controller (11) adapted to calculate an
nth sensing ratio (VSR), n is a positive integer,
based on the ratio between the first and second
sensing voltages (Vsen1/Vsen2), calculate a
change in sensing ratio (VSR) by comparing the
nth sensing ratio with a preset initial sensing ra-
tio, and then obtain a change in the threshold
voltage of the driving TFT based on the change
in sensing ratio.

The device of claim 1, wherein the first programing
period (T2) and the first sensing period (T4) are in-
cluded in a first compensation period (SP1), and the
second programming period (T2’) and the second
sensing period (T4’) are included in a second com-
pensation period (SP2).

The device of claim 2, wherein the first and second
compensation periods (Sp1, SP2) are placed in a
vertical blanking interval, and the vertical blanking
interval is the time between active intervals forimage
display, wherein data for image display is not written
during the vertical blanking interval.

The device of claims 2 or 3, wherein the first and
second compensation periods (SP1, SP2) are ar-
ranged consecutively in the same vertical blanking
interval or the firstand second compensation periods
(SP1, SP2) are placed separately in different vertical
blanking intervals.

The device as claimed in any one of the preceding
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10.

claims, wherein the data drive circuit (12) is adapted
to supply a reference voltage (Vref) to the source
node (Ns) of the driving TFT (DT) during a first initial
period (T3) between the first programming period
(T2) and the first sensing period (T4), and to supply
the reference voltage (Vref) to the source node (Ns)
of the driving TFT (DT) during a second initial period
(T3’) between the second programming period (T2’)
and the second sensing period (T4’).

The device as claimed in any one of the preceding
claims, further comprising a gate drive circuit (13)
adapted to generate a scan control signal (SCAN)
and a sensing control signal (SEN).

The device as claimed in any one of the preceding
claims, wherein each pixel (P) further comprises a
first switching TFT (ST1) adapted to be turned on in
response to the scan control signal (SCAN) to con-
nect a data line (14A) connected to the data drive
circuit (12) to the gate node (Ng) of the driving TFT
(DT), a second switching TFT (ST2) adapted to be
turned on in response to the sensing control signal
(SEN) to connect the source node (Ns) of the driving
TFT (DT)toasensingline (14B) connected to asens-
ing unit (SU) in the data drive circuit (12), and a stor-
age capacitor (Cst) connected between the gate
node (Ng) and source node (Ns) of the driving TFT.

The device as claimed in claim 7, wherein the sens-
ing unit (SU) comprises a reference voltage control
switch (SW1) adapted to be switched on in response
to a reference voltage control signal (PRE) to con-
nect a reference voltage input terminal and the sens-
ing line (14B), and a sampling control switch (SW2)
adapted to be switched onin response to a sampling
control signal (SAM) to connect the sensing line
(14B) and a sample and hold circuit (S/H).

The device as claimed in any one of the preceding
claims, wherein the scan control signal (SCAN) is
applied at ON level during the first and second pro-
gramming periods (T2, T2'), the sensing control sig-
nal (SEN) is applied at ON level during the first and
second programming periods (T2, T2’), the first and
second initial periods (T3, T3’), and the firstand sec-
ond sensing periods (T4, T4’), the reference voltage
control signal (PRE) is applied at ON level during the
first and second programming periods (T2, T2’) and
the first and second initial periods (T3, T3’), and the
sampling control signal (SAM) is applied at ON level
during a first sampling period (T5) after the first sens-
ing period (T4) and a second sampling period (T5’)
after the second sensing period (T4’).

The device as claimed in any one of the preceding
claims 7 to 9, wherein data drive circuit (12) com-
prises a multiplexer (123) for selectively connecting
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the sensing units (SU) to an analog-to-digital con-
verter, and a shift register (124) for generating a se-
lection control signal and sequentially turning on
switches SS1 to SSk in the multiplexer (123).

A method for sensing threshold voltage (Vth) in or-
ganic light emitting display with a plurality of pixels
(P) each having an OLED and a driving TFT (DT) for
controlling the amount of light emitted by the OLED,
the method comprising:

applying a first data voltage (Vdata1’) for sens-
ing to the gate node (Ng) of the driving TFT (DT)
during a first programming period (T2) and
obtaining the source node voltage (Vgs) of the
driving TFT (DT) as a first sensing voltage
(Vsen1) during a first sensing period (T4) in
which the gate-source voltage (Vgs) of the driv-
ing TFT (DT) is constantly held at a first value
higher than the threshold voltage of the driving
TFT (DT);

applying a second data voltage (Vdata2’) for
sensing to the gate node (Ng) of the driving TFT
(DT) during a second programming period (T4’)
and

obtaining the source node voltage (Vgs) of the
driving TFT (DT) as a second sensing voltage
(Vsen2) during a second sensing period (T4’) in
which the gate-source voltage (Vgs) of the driv-
ing TFT (DT)is constantly held at a second value
higher than the threshold voltage of the driving
TFT (DT); and

calculating an nth sensing ratio (VSR), n is a
positive integer, based on the ratio between the
first and second sensing voltages
(Vsen1/Vsen2),

calculating a change in sensing ratio by com-
paring the nth sensing ratio with a preset initial
sensing ratio, and then

obtaining a change in the threshold voltage of
the driving TFT (DT) based on the change in
sensing ratio.

The method of claim 11, wherein the first programing
period (T2) and the first sensing period (T4) are in-
cluded in a first compensation period (SP1), and the
second programming period (T2’) and the second
sensing period (T4’) are included in a second com-
pensation period (SP2).

The method of claim 12, wherein the first and second
compensation periods (SP1, SP2) are placed in a
vertical blanking interval, and the vertical blanking
interval is the time between active intervals forimage
display, wherein data for image display is not written
during the vertical blanking interval.

The method of claim 12 or 13, wherein the first and
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second compensation periods (SP1, SP2) are
placed consecutively in the same vertical blanking
interval orthe firstand second compensation periods
(SP1, SP2) are placed separately in different vertical
blanking intervals.

The method as claimed in any one of the preceding
claims 11 - 14, further comprising supplying a refer-
ence voltage (Vref) to the source node (Ns) of the
driving TFT (DT) during a first initial period (T3) be-
tween the first programming period (T2) and the first
sensing period (T4) and supplying the reference volt-
age (Vref) to the source node (Ns) of the driving TFT
(DT) during a second initial period (T3’) between the
second programming period (T2’) and the second
sensing period (T4’).
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