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(57) ABSTRACT

Disclosed are an OLED display device and method for sens-
ing characteristic parameters of pixel driving circuits. The
display device includes a display panel including pixels each
having a light emitting element and a pixel driving circuit for
independently driving the light emitting element, and a char-
acteristic parameter detecting unit for driving the pixel driv-
ing circuit of one of the plural pixels, which is a sensing pixel,
sensing a voltage discharged in accordance with characteris-
tics of a driving TFT in the pixel driving circuit of the sensing
pixel, on a data line connected to the pixel driving circuit of
the sensing pixel, among data lines connected to respective
pixel driving circuits of the pixels, and detecting a threshold
voltage (Vth) of the driving TFT and a deviation of a process
characteristic parameter (k-parameter) of the driving TFT,
using the measured voltage.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD FOR
SENSING CHARACTERISTIC PARAMETERS
OF PIXEL DRIVING CIRCUITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0142040, filed on Dec. 26, 2011,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (OLED) display device, and, more particu-
larly, to the OLED display device and a method for sensing
characteristic parameters of pixel driving circuits, which are
capable of correcting non-uniformity of luminance through
simple and rapid sensing of the characteristic parameters.
[0004] 2. Discussion of the Related Art

[0005] An active matrix organic light emitting diode
(AMOLED) display device is a self-luminous device in
which an organic light emitting layer emits light through
re-combination of electrons and holes. Since the AMOLED
display device exhibits high luminance, and employs a low
driving voltage while having an ultra-slim structure, it is
expected to be a next-generation display device.

[0006] Such an AMOLED display device includes a plural-
ity of pixels, each of which includes an organic light emitting
diode (OLED) constituted by an anode, a cathode, and an
organic light emitting layer interposed between the anode and
the cathode, and a pixel driving circuit for independently
driving the OLED. The pixel driving circuit mainly includes
a switching thin film transistor (hereinafter, referred to as a
“TFT”), a capacitor, and a driving TFT. The switching TFT
charges the capacitor with a voltage corresponding to a data
signal in response to a scan pulse. The driving TFT controls
the amount of current supplied to the OLED in accordance
with the level of the voltage charged in the capacitor, to adjust
the amount of light emitted from the OLED. The amount of
light emitted from the OLED is proportional to the amount of
current supplied from the driving TFT to the OLED.

[0007] Insuchan AMOLED display device, however, TFT
characteristics such as driving TFT threshold voltage Vth and
process tolerance factors (e.g., mobility, parasitic capaci-
tance, and channel width/length) are non-uniform among pix-
els due to process tolerances. For this reason, non-uniformity
of luminance may occur in the AMOLED display device. To
solve this problem, a data compensation method is employed.
In accordance with this data compensation method, the char-
acteristic parameters of the driving TFT in each pixel driving
circuit are measured, and input data is adjusted, based on the
result of the sensing.

[0008] The characteristics of the driving TFT may be mea-
sured through sensing of amounts of current flowing through
the corresponding pixel at different voltages. For an
AMOLED display device having an increased size, however,
it is more difficult to rapidly measure amounts of current
flowing through a number of pixels. For example, U.S. Pat.
No. 7,834,825 discloses a method for sensing an amount of
current flowing through a power line (a VDD or VSS line) of
an OLED panel while turning on pixels one by one. However,
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this method has a problem in that there is a difficulty in
achieving rapid sensing because the current sensing time is
delayed due to parasitic capacitors present in parallel on the
power line to achieve increased resolution.

[0009] Furthermore, in conventional cases, the system for
sensing the characteristics of the driving TFT is complex. For
this reason, after shipment, it is difficult to measure and
compensate the characteristics of the driving TFT.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to an
OLED display device and method for sensing characteristic
parameters of pixel driving circuits in an organic light emit-
ting diode display device that substantially obviate one or
more problems due to limitations and disadvantages of the
related art.

[0011] An object of the present invention is to provide an
OLED display device and method for sensing characteristic
parameters of pixel driving circuits, which are capable of
correcting non-uniformity of luminance through simple and
rapid sensing of the characteristic parameters.

[0012] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

[0013] Toachieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an OLED display device
includes a display panel including a plurality of pixels each
having a light emitting element and a pixel driving circuit for
independently driving the light emitting element, and a char-
acteristic parameter detecting unit for sensing characteristic
parameters of the pixel driving circuit in each of the plural
pixels, the characteristic parameter detecting unit driving the
pixel driving circuit of one of the plural pixels, which is a
sensing pixel, sensing a voltage discharged in accordance
with characteristics of a driving thin film transistor (TFT) in
the pixel driving circuit of the sensing pixel, on a data line
connected to the pixel driving circuit of the sensing pixel,
among data lines connected to respective pixel driving cir-
cuits of the pixels, and detecting a threshold voltage (Vth) of
the driving TFT and a deviation of a process characteristic
parameter (k-parameter) of the driving TFT, using the mea-
sured voltage.

[0014] The characteristic parameter detecting unit may
include a data driver for driving the data line, sensing a
voltage on the data line, and outputting the measured voltage,
and a timing controller for detecting the threshold voltage
(Vth) and the k-parameter deviation, based on the measured
voltage from the data driver, calculating an offset value to
compensate the detected threshold voltage (Vth) and a gain
value to compensate for the detected k-parameter deviation,
storing the calculated offset value and the calculated gain
value, compensating input data by use of the stored offset
value and the stored gain value, and supplying the compen-
sated input data to the data driver.

[0015] The timing controller may detect the threshold volt-
age (Vth) by calculating a difference voltage between the
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measured voltage from the data driver and a reference voltage
supplied to the pixel driving circuit of the sensing pixel.
[0016] The timing controller may detect the k-parameter
deviation by detecting a variation in the voltage discharged in
accordance with the characteristics of the driving TFT in the
sensing pixel, based on the measured voltage from the data
driver, and calculating a ratio of the detected voltage variation
in the sensing pixel to a predetermined or previously-detected
voltage variation in a reference one of the pixels.

[0017] The pixel driving circuit may include the driving
TFT, which drives the light emitting element, a first switching
TFT for supplying the voltage on the data line to a first node
of the driving TFT in response to a first scan signal from a
scan line, a second switching TFT for supplying a reference
voltage from a reference voltage line to a second node of the
driving TFT in response to a second scan signal from the scan
line, and a storage capacitor for charging a voltage between
the first node and the second node, and supplying the charged
voltage as a driving voltage for the driving TFT.

[0018] The data driver may supply a pre-charge voltage to
the data line, then measure the voltage on the data line at a
time when the driving TFT is driven in a saturated state in
accordance with the discharge of the pre-charge voltage from
the data line through driving of the first and second switching
TFTs, and output the measured voltage. The timing controller
may detect the threshold voltage (Vth) by calculating a dif-
ference voltage between the measured voltage from the data
driver and a reference voltage supplied to the pixel driving
circuit of the sensing pixel.

[0019] A first reference voltage may be supplied to the
reference voltage line. The data driver may supply a pre-
charge voltage to the data line, then measure the voltage on
the data line at a plurality of times when the driving TFT is
driven in a saturated state in accordance with the discharge of
the pre-charge voltage from the data line through driving of
the first and second switching TFTs, and output the measured
voltages as first measured voltages. A second reference volt-
age different from the first reference voltage may be supplied
to the reference voltage line. The data driver may supply the
pre-charge voltage to the data line, then measure the voltage
on the data line at the plurality of times when the driving TFT
is driven in the saturated state in accordance with the dis-
charge of the pre-charge voltage from the data line through
the driving of the first and second switching TFTs, and output
the measured voltages as second measured voltages. The
timing controller may detect the threshold voltage (Vth) by
detecting a time when a difference voltage between corre-
sponding ones of the first and second measured voltages
output from the data driver is equal or similar to a difference
voltage between the first and second reference voltages, and
then calculating a difference voltage between the first mea-
sured voltage measured at the detected time and the first
reference voltage or a difference voltage between the second
measured voltage measured at the detected time and the sec-
ond reference voltage.

[0020] In a programming period, the data driver may sup-
ply, to the data line, a sum of a data voltage compensated for
the detected threshold voltage (Vth) and the reference volt-
age, and the driving TFT is driven in accordance with the
driving of the first and second switching TFTs. In a pre-
charging period following the programming period, the data
driver may pre-charge the data line with the pre-charge volt-
age, and the first and second switching TFTs are turned off. In
a discharging period following the pre-charging period, the
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data driver may be disconnected from the data line, and the
pre-charge voltage on the data line is discharged through the
first switching TFT and the driving TFT. At a sensing time
corresponding to the sensing time or each of the sensing times
and following the discharging period, the first switching TFT
may be turned off, and the data driver may measure the
voltage on the data line, and outputs the measured voltage.
The timing controller may detect the k-parameter deviation
by calculating a difference voltage between the pre-charge
voltage and the voltage measured at the sensing time, to detect
avoltage variation in the sensing pixel, and calculating a ratio
of the voltage variation in the sensing pixel to a voltage
variation in reference to one of the pixels.

[0021] The data driver may include a plurality of digital-
analog converters (DACs) for converting input data into ana-
log data voltages by channels, respectively, a plurality of
sampling/holder circuits respectively connected to the data
lines by channels, each of the sampling/holder circuits sam-
pling a voltage on a corresponding one of the data lines, and
holding and outputting the sampled voltage as the measured
voltage, an analog to digital converter (ADC) for converting
the measured voltage from each of the sampling/holder cir-
cuits into digital data, and outputting the digital data, and a
plurality of first switches connected between the DACs and
the data lines by channels, respectively, to switch respective
output voltages from the DACs.

[0022] The data driver may further include a multiplexer/
scaler connected between the sampling/holder circuits and
the ADC. The multiplexer/scaler may select and scale a plu-
rality of measured voltages from the sampling/holder circuits
by groups, and output the scaled voltages to the ADC, each
group including at least one measured voltage. The ADC may
be equal, in number, to output channels of the multiplexer/
scaler.

[0023] The data driver may further include second switches
that pre-charge voltages to respective output channels of the
DACs.

[0024] Inanother aspect of the present invention, a method
for sensing characteristic parameters of pixel driving circuits
in an OLED display device including a plurality of pixels
each including a light emitting element and a corresponding
one of the pixel driving circuits to independently drive the
light emitting element includes the steps of driving the pixel
driving circuit of one of the plural pixels, which is a sensing
pixel, sensing a voltage discharged in accordance with char-
acteristics of a driving thin film transistor (TFT) in the pixel
driving circuit of the sensing pixel, on a data line connected to
the pixel driving circuit of the sensing pixel, among data lines
connected to respective pixel driving circuits of the pixels,
and detecting a threshold voltage (Vth) of the driving TFT,
using the measured voltage, and driving the pixel driving
circuit of the sensing pixel, using data voltage compensated
for the detected threshold voltage (Vth), sensing a voltage
discharged in accordance with the characteristics of the driv-
ing TFT, on the data line, and detecting a k-parameter devia-
tion of the driving TFT, based on the measured voltage.
[0025] The step of detecting the threshold voltage (Vth)
may include the step of calculating a difference voltage
between the measured voltage and a reference voltage sup-
plied to the pixel driving circuit of the sensing pixel, to detect
the threshold voltage (Vth).

[0026] The step of detecting the k-parameter variation may
include the step of detecting a variation in the voltage dis-
charged in accordance with the characteristics of the driving
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TFT in the sensing pixel, based on the measured voltage, and
calculating a ratio of the detected voltage variation in the
sensing pixel to a predetermined or previously-detected volt-
age variation in a reference one of the pixels.

[0027] The pixel driving circuit may include the driving
TFT, which drives the light emitting element, a first switching
TFT for supplying the voltage on the data line to a first node
of the driving TFT in response to a first scan signal from a
scan line, a second switching TFT for supplying a reference
voltage from a reference voltage line to a second node of the
driving TFT in response to a second scan signal from the scan
line, and a storage capacitor for charging a voltage between
the first node and the second node, and supplying the charged
voltage as a driving voltage for the driving TFT. The step of
detecting the threshold voltage (Vth) may include the steps of
supplying a pre-charge voltage to the data line, and then
sensing the voltage on the data line at a time when the driving
TFT is driven in a saturated state in accordance with the
discharge of the pre-charge voltage from the data line through
driving of the first and second switching TFTs, and calculat-
ing a difference voltage between the measured voltage and the
reference voltage, to detect the threshold voltage (Vth).
[0028] The pixel driving circuit may include the driving
TFT, which drives the light emitting element, a first switching
TFT for supplying the voltage on the data line to a first node
of the driving TFT in response to a first scan signal from a
scan line, a second switching TFT for supplying a reference
voltage from a reference voltage line to a second node of the
driving TFT in response to a second scan signal from the scan
line, and a storage capacitor for charging a voltage between
the first node and the second node, and supplying the charged
voltage as a driving voltage for the driving TFT. The step of
detecting the threshold voltage (Vth) may include the steps of
supplying a first reference voltage to the reference voltage
line, supplying a pre-charge voltage to the data line, sensing
the voltage on the data line at a plurality of times when the
driving TFT is driven in a saturated state in accordance with
discharge of the pre-charge voltage from the data line through
driving of the first and second switching TFTs, and outputting
the measured voltages as first measured voltages, supplying a
second reference voltage different from the first reference
voltage to the reference voltage line, supplying the pre-charge
voltage to the data line, sensing the voltage on the data line at
the plurality of times when the driving TFT is driven in the
saturated state in accordance with the discharge of the pre-
charge voltage from the data line through the driving of the
first and second switching TFTs, and outputting the measured
voltages as second measured voltages, and detecting a time
when a difference voltage between corresponding ones of the
first and second measured voltages output from the data
driver is equal or similar to a difference voltage between the
first and second reference voltages, and calculating a differ-
ence voltage between the first measured voltage measured at
the detected time and the first reference voltage or a difference
voltage between the second measured voltage measured at the
detected time and the second reference voltage, to detect the
threshold voltage (Vth).

[0029] Thestep of detecting the k-parameter deviation may
include the steps of supplying, in a programming period, a
sum of a data voltage compensated for the detected threshold
voltage (Vth) and the reference voltage to the data line, and
driving the driving TFT in accordance with the driving of the
firstand second switching TFTs, pre-charging, in a pre-charg-
ing period following the programming period, the data line
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with the pre-charge voltage, and turning off the first and
second switching TFTs, floating the data line in a discharging
period following the pre-charging period, and discharging the
pre-charge voltage on the data line through the first switching
TFT and the driving TFT, turning off the first switching TFT
at a sensing time, which corresponds to the sensing time or
each of the sensing times and follows the discharging period,
and sensing the voltage on the data line, calculating a differ-
ence voltage between the pre-charge voltage and the voltage
measured at the sensing time, to detect a voltage variation in
the sensing pixel, and calculating a ratio of the voltage varia-
tion in the sensing pixel to a voltage variation in a reference
one of the pixels, to detect the k-parameter deviation.

[0030] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and along with the
description serve to explain the principle of the invention. In
the drawings:

[0032] FIG. 1 is a circuit diagram illustrating an active
matrix organic light emitting diode (AMOLED) display
device having a function of sensing characteristic parameters
of pixel driving circuits in accordance with an exemplary
embodiment of the present invention;

[0033] FIGS. 2A and 2B are circuit diagrams illustrating
sequential steps of a method for sensing a threshold voltage
Vith of each pixel driving circuit in accordance with a first
embodiment of the present invention;

[0034] FIG. 3 is a graph depicting variation in output volt-
age on a data line according to passage of time in the case of
FIGS. 2A and 2B;

[0035] FIGS. 4A and 4B are circuit diagrams illustrating
sequential steps of a method for sensing a threshold voltage
Vth of each pixel driving circuit in accordance with a second
embodiment of the present invention;

[0036] FIG. 5 is a graph depicting variation in the output
voltage on the data line according to passage of time in the
case of FIGS. 4A and 4B;

[0037] FIGS. 6A to 6C are circuit diagrams illustrating
sequential steps of a method for sensing a k-parameter of each
pixel driving circuit in accordance with an embodiment of the
present invention;

[0038] FIG. 7 is a waveform diagram illustrating driving of
the pixel driving circuit shown in FIGS. 6A to 6C;

[0039] FIG. 8 is a graph depicting voltage variations of
plural pixels in a pre-charging period and a discharging
period in FIG. 7; and

[0040] FIG. 9 is a circuit diagram illustrating a detailed
configuration of a data driver according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.
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[0042] Hereinafter, an OLED display device and method
for sensing characteristic parameters of pixel driving circuits
in accordance with the present invention will be described in
detail.

[0043] The current, Ids, of a driving thin film transistor
(TFT) determines the amount of light emitted from an organic
light emitting diode (OLED) of each pixel in an AMOLED
display device is determined by characteristic parameters of
the driving TFT such as a threshold voltage Vth of the driving
TFT and a k-parameter of the driving TFT, as well as a driving
voltage Vgs of the driving TFT, as expressed in the following
Equation 1:

1w 2 2 [Equation 1]
Ids:z-z-y-COx-(Vgs—V[h) =k-(Vgs— Vih)

[0044] In Equation 1, “k” represents a process characteris-
tic factor and includes process characteristic factor compo-
nents such as the ratio of channel width (W) to channel length
(L), W/L, mobility p, and parasitic capacitance Cox in the
driving TFT. The threshold voltage Vth and k-parameter of
the driving TFT may cause the current of the driving TFT to
be non-uniform even when the driving voltage Vgs is con-
stant. That is, the threshold voltage Vth and k-parameter are
factor components causing non-uniformity of luminance. To
this end, in accordance with the present invention, the thresh-
old voltage Vth and k-parameter are measured for each pixel
during an inspection process and/or a display operation.
[0045] Inthe OLED display device and method for sensing
characteristic parameters of pixel driving circuits in accor-
dance with the present invention, the threshold voltage Vth
and k-parameter of the driving TFT in each pixel driving
circuit are individually measured through a corresponding
data line and a data driver under the condition that the driving
TFT is driven by constant current.

[0046] FIG. 1 illustrates an AMOLED display device hav-
ing a function of sensing characteristic parameters of pixel
driving circuits in accordance with an exemplary embodi-
ment of the present invention.

[0047] The AMOLED display device shown in FIG. 1
includes a display panel 20 formed with pixel driving circuits,
a data driver 10 for driving data lines DL of the display panel
20 and sensing a voltage to be used for sensing of character-
istic parameters of each pixel driving circuit such as a thresh-
old voltage Vth and a k-parameter deviation, through a cor-
responding one of the data lines DL, and a timing controller
30 for detecting the characteristic parameters of each pixel
driving circuit, based on the measured voltage from the data
driver 10 for the pixel driving circuit, and compensating the
detected characteristic parameters. The data driver 10 and
timing controller 30 function as characteristic parameter
detection means. The display device shown in FIG. 1 also
includes a scan driver (not shown) for driving scan lines SL.1
and SL2 of the pixel driving circuits, and an emission con-
troller (not shown) for driving emission control lines EL. The
AMOLED display device selectively operates in a sensing
mode to measure the characteristic parameter of each pixel
driving circuit or a display mode to perform general image
display.

[0048] The data driver 10 includes a digital-to-analog con-
verter (hereinafter, referred to as “DAC”) 12 and an analog-
to-digital converter (hereinafter, referred to as “ADC”) 16,
which are connected to each data line DL in parallel, a first
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switch SW1 connected between the DAC 12 and the data line
DL, and a sampling/holder (S/H) circuit 14 connected
between the ADC 16 and the data line DL. The data driver 10
further includes an output buffer (not shown) connected
between the DAC 12 and the first switch SW1.

[0049] In either the sensing mode or the display mode, the
DAC 12 converts input data from the timing controller 30 into
analog data voltage Vdata, and supplies the analog data volt-
age Vdata to the data line DL of the display panel 20 via the
first switch SW1. In the sensing mode, the S/H circuit 14
measures a voltage on the data line DL, for calculation of the
threshold voltage Vth and k-parameter of the pixel driving
circuit connected to the data line DL, and outputs the mea-
sured voltage. The ADC 16 converts the measured voltage
into digital data.

[0050] Each pixel driving circuit includes first and second
switching TFTs ST1 and ST2, a driving TFT DT, an emission
control TFT ET, and a storage capacitor Cs, in order to inde-
pendently drive an OLED. The pixel driving circuit also
includes first and second scan lines SL.1 and SL.2 for supply-
ing first and second scan signals SS1 and SS2 as control
signals for the first and second switching TFTs ST1 and ST2,
respectively, and an emission control line EL for supplying an
emission control signal EM as a control signal for the emis-
sion control TFT ET. The data line DL is also included in the
pixel driving circuit. The data line DL supplies a pre-charge
voltage Vpre and the data voltage Vdata to the first switching
TFT ST1. The pixel driving circuit further includes a refer-
ence voltage line RL for supplying a reference voltage Vrefto
the second switching TFT ST2, a first power line PL1 for
supplying a high-level voltage VDD to the emission control
TFT ET, and a second power line PL2 for supplying a low-
level voltage VSS to a cathode of the OLED. The pixel driving
circuit is driven in either the sensing mode for sensing of
deviations of the threshold voltage Vth and k-parameter of the
driving TFT DT or the display mode for data display.

[0051] The OLED is connected to the driving TFT DT in
series between the first power line PL1 and the second power
line PL2. In addition to the cathode, which is connected to the
second power line PL2, the OLED includes an anode con-
nected to the driving TFT DT, and a light emitting layer
arranged between the anode and the cathode. The light emit-
ting layer includes an electron injection layer, an electron
transport layer, an organic light emitting layer, a hole trans-
port layer, and a hole injection layer. In the OLED, electrons
from the cathode are supplied to the organic light emitting
layer via the electron injection layer and electron transport
layer when a positive bias is applied between the anode and
the cathode, and holes from the anode to the organic light
emitting layer via the hole injection layer and hole transport
layer. Accordingly, the organic light emitting layer fluoresces
or phosphoresces through re-combination of the supplied
electrons and holes. Thus, the OLED generates luminance
proportional to the density of current supplied to the OLED.
[0052] The first switching TFT ST1 includes a gate elec-
trode connected to the first scan line SL1, a first electrode
connected to the data line DL, and a second electrode con-
nected to a first node N1. The first and second electrodes
function as source and drain electrodes or vice versa, respec-
tively, in accordance with the direction of current flowing
through the first switching TFT ST1. In the sensing mode, the
first switching TFT ST1 supplies the pre-charge voltage Vpre
from the data line DL to the first node N1 in response to the
first scan signal SS1 supplied from the scan driver to the first
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scan line SL1. In either the sensing mode or the display mode,
the first switching TFT ST1 supplies the data voltage Vdata
from the data line DL to the first node N1 in response to the
first scan signal SS1 supplied to the first scan line SL1.

[0053] Thesecond switching TFT ST2 includes a gate elec-
trode connected to the second scan line SL2, a first electrode
connected to the reference voltage line RL, and a second
electrode connected to a second node N2 connected to a gate
electrode of the driving TFT DT. The first and second elec-
trodes of the second switching TFT ST2 function as source
and drain electrodes or vice versa, respectively, in accordance
with the direction of current flowing through the second
switching TFT ST2. In either the sensing mode or the display
mode, the second switching TFT ST2 supplies the reference
voltage Vref from the reference voltage line RL to the second
node N2 in response to the second scan signal SS2 supplied
from the scan driver to the second scan line SL.2.

[0054] The storage capacitor Cs is charged with a differ-
ence voltage between the pre-charge voltage Vpre supplied to
the first node N1 and the reference voltage Vref supplied to
the second node N2 or a difference voltage between the data
voltage Vdata and the reference voltage Vref. The storage
capacitor Cs supplies the charged voltage as the driving volt-
age Vgs of the driving TFT DT.

[0055] The gate electrode of the driving TFT DT is con-
nected to the second node N2. The driving TFT DT also
includes a first electrode connected to the first power line PL1
via the emission control TFT ET, and a second electrode
connected to the anode of the OLED. The first and second
electrodes ofthe driving TFT DT function as source and drain
electrodes or vice versa, respectively, in accordance with the
direction of current flowing through the driving TF'T DT. The
driving TFT DT supplies an amount of current, which corre-
sponds to the driving voltage supplied from the storage
capacitor Cs, to the OLED which, in turn, emits light.

[0056] The emission control TFT ET includes a gate elec-
trode connected to the emission control line EL, a first elec-
trode connected to the first power line PL1, and a second
electrode connected to the first node N1. The first and second
electrodes of the emission control TFT ET function as source
and drain electrodes or vice versa, respectively, in accordance
with the direction of current flowing through the emission
control TFT ET. In response to the emission control signal
EM supplied from the emission controller to the emission
control line EL, the emission control TFT ET supplies the
high-level voltage VDD to the driving TFT DT only in a
display period in the display mode. In either the sensing mode
or a non-display period in the display mode, the emission
control TFT ET prevents supply of the high-level voltage
VDD, to avoid an increase of black luminance.

[0057] In the display mode, the first switch SW1 is turned
on. The DAC 12 converts input data into data voltage Vdata,
and supplies the data voltage Vdata to the data line DL via the
first switch SW1. In this case, when the first and second
switching TFTs ST1 and ST2 are turned on in response to the
first and second scan signals SS1 and SS2, respectively, the
storage capacitor Cs is charged with a difference voltage
“Vdata-Vref” between the data voltage Vdata and the refer-
ence voltage Vref. When the first and second switching TFTs
ST1 and ST2 are turned off in response to the first and second
scan signals SS1 and SS2, respectively, and the emission
control TFT ET is turned on in response to the emission
control signal EM, the driving TFT DT supplies the driving
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current according to the voltage charged in the storage capaci-
tor CS to the OLED which, in turn, emits light.

[0058] In the sensing mode, the data driver 10 drives the
driving TFT DT of each pixel driving circuit, using constant
current, measures a voltage on the data line DL connected to
the pixel driving circuit, for calculation of the threshold volt-
age Vth and k-parameter of the pixel driving circuit, and
outputs the measured voltage. For respective pixel driving
circuits, the voltage sensing operation of the data driver 10 is
carried out in a sequential manner. Sensing of the threshold
voltage Vth and k-parameter will be described in detail later.

[0059] The timing controller 30 detects characteristic
parameters such as a threshold voltage Vth and a k-parameter
deviation, through a predetermined equation using the volt-
age measured for each pixel by the data driver 10. The timing
controller 30 then sets an offset value for compensation of the
detected threshold voltage Vth and a gain value for compen-
sation for the detected k-parameter deviation, and stores the
set offset value and gain value for each pixel in a memory (not
shown). Also, the timing controller 30 compensates input
data, using the offset value and gain value stored for each
pixel in the memory, and supplies, to the data driver 10, data
compensated for the characteristic parameters of the pixel
driving circuit of the pixel.

[0060] Sensing Threshold Voltage Vth and First Compen-
sation Method
[0061] FIGS. 2A and 2B are circuit diagrams illustrating

sequential steps of a method for sensing a threshold voltage
Vith of each pixel driving circuit in accordance with a first
embodiment of the present invention. FIG. 3 is a graph depict-
ing variation in the output voltage on the data line according
to passage of time in the case of FIGS. 2A and 2B.

[0062] As shown in FIG. 2A, the DAC 12 supplies the
pre-charge voltage Vpre to the data line DL via the turned-on
first switch SW1. The pre-charge voltage Vpre may be sup-
plied from an external voltage source to the data line DL via
the first switch SW1. Thereafter, as shown in FIG. 2B, the first
switch SW is turned off, and the first and second switching
TFTs ST1 and ST2 are turned on. Accordingly, the driving
TFT DT is driven in a saturated region by the difference
voltage between the pre-charge voltage Vpre and the refer-
ence voltage Vref, which is charged in the storage capacitor
Cs. As a result, the pre-charge voltage Vpre from the data line
DL is discharged through the first switching TFT ST1, driving
TFT DT, and OLED. When the voltage of the storage capaci-
tor Cs reaches the threshold voltage Vth of the driving TFT
DT in accordance with discharge of the pre-charge voltage
Vpre, the voltage on the data line DL is saturated, as shown in
FIG. 3. At a time T1 when the voltage on the data line DL is
saturated, the S/H circuit 14 measures the voltage on the data
line DL, namely, a voltage Vsen, and outputs the measured
voltage Vsen. The ADC 14 converts the measured voltage
Vsen from the S/H circuit 14 into digital data, and outputs the
digital data. The timing controller 30 calculates a difference
voltage “Vref-Vsen” between the reference voltage Vrefand
the measured voltage Vsen, to detect the threshold voltage
Vth of the driving TFT DT. The timing controller 30 then sets
an offset value for compensation of the detected threshold
voltage Vth, and stores the offset value. Offset value setting
and storage of the timing controller 30 are carried out for each
pixel.
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[0063] Sensing Threshold Voltage Vth and Second Com-
pensation Method

[0064] FIGS. 4A and 4B are circuit diagrams illustrating
sequential steps of a method for sensing a threshold voltage
Vth of each pixel driving circuit in accordance with a second
embodiment of the present invention. FIG. 5 is a graph depict-
ing variation in the output voltage on the data line according
to passage of time in the case of FIGS. 4A and 4B.

[0065] Asshown in FIG. 4A, after supply of the pre-charge
voltage Vpre to the data line DL and supply of a first reference
voltage Vrefl to the reference voltage line RL, the first and
second switching TFTs ST1 and ST2 are turned on. Accord-
ingly, the driving TFT DT is driven. The S/H circuit measures
a voltage Vsenl on the data line DL at a plurality of times
when the voltage Vsenl is saturated in accordance with dis-
charge of the pre-charge voltage Vpre from the data line DL
through the first switching TFT ST1, driving TFT DT, and
OLED, as shown in FIG. 5(a). The S/H circuit 14 then outputs
the measured voltages.

[0066] Thereafter, as shown in FIG. 4B, the pre-charge
voltage Vpre is again supplied to the data line DL, and a
second reference voltage Vref2 different from the first refer-
ence voltage Vrefl is supplied to the reference voltage line
RL. The first and second switching TFTs ST1 and ST2 are
then turned on, thereby causing the driving TFT DT to be
turned on. The S/H circuit 14 measures a voltage Vsen2 on the
data line DL at a plurality of times when the voltage Vsen2 is
saturated in accordance with discharge of the pre-charge volt-
age Vpre from the data line DL through the first switching
TFT ST1, driving TFT DT, and OLED, as shown in FIG. 5(5).
The S/H circuit 14 then outputs the measured voltages
through the ADC 16.

[0067] Meanwhile, the timing controller 30 defines, as a
threshold voltage (Vth) sensing time, the time when the dif-
ference voltage “Vsenl-Vsen2” between the first measured
voltage Vsenl measured in the case of FIG. 4A and the second
measured voltage Vsen2 measured in the case of FIG. 4B is
equal to the difference voltage “Vrefl-Vref2” between the
first reference voltage Vref1 and the second reference voltage
Vref2 as shown in FIG. 5(¢). The timing controller 30 calcu-
lates a difference voltage “Vrefl-Vsenl” between the first
reference voltage Vrefl and the first measured voltage Vsenl
measured at the Vth sensing time or a difference voltage
“Vref2-Vsen2” between the second reference voltage Vref2
and the second measured voltage Vsen2, to detect the thresh-
old voltage Vth of the driving TFT DT. The timing controller
30 then sets an offset value for compensation of the detected
threshold voltage Vth, and stores the offset value. Offset value
setting and storage of the timing controller 30 are carried out
for each pixel.

[0068] Sensing k-Parameter and Compensation Method
[0069] FIGS. 6A to 6C are circuit diagrams illustrating
sequential steps of a method for sensing a k-parameter of each
pixel driving circuit in accordance with an embodiment of the
present invention. FIG. 7 is a waveform diagram illustrating
driving of the pixel driving circuit shown in FIGS. 6A to 6C.
[0070] Inaprogramming periodin FIG. 7, as shown in FIG.
6A, the DAC 12 applies the threshold voltage Vth detected at
a preceding stage to the data line DL via the turned-on first
switch SW1, and thus supplies a sum of the compensated data
voltage Vdata (Vdata=Vimage+Vth) and the reference volt-
age Vref, namely, a sum voltage “Vimage+Vth+Vref”. In the
programming period, the first and second switching TFTs
ST1 and ST2 are turned on by the first and second scan signals
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SS1 and SS2, respectively. As a result, the storage capacitor
Cs is charged with the data voltage Vdata (Vdata=Vimage+
Vith), which has been compensated for the threshold voltage
Vth. Accordingly, the data voltage Vdata (Vdata=Vimage+
Vth) is supplied as the driving voltage Vigs of the driving TFT
DT. Thus, the driving TFT DT supplies current Ids propor-
tional to the k-parameter and data voltage Vimage, as
expressed by the following Equation 2:

Ids=kxVimage®

[0071] Inapre-charging period in FIG. 7, as shown in FIG.
6B, the DAC 12 charges the data line DL with the pre-charge
voltage Vpre via the first switch SW1. Also, the first and
second switching TFTs ST1 and ST2 are turned off by the first
and second scan signals SS1 and SS2, respectively. The pre-
charge voltage Vpre may be equal to the reference voltage
Vref.

[0072] Ina discharging period in FIG. 7, as shown in FIG.
6C, the first switch SW1 is turned off, thereby causing the
data line DL to be floated. The first switching TFT ST1 is
turned on by the first scan signal SS1. Accordingly, the driv-
ing TFT DT is driven in a saturated state and, as such, the
pre-charge voltage Vpre of the data line DL is discharged
through the first switching TFT ST1, driving TFT DT, and
OLED. As a result, the voltage of the data line DL is dropped.
Referring to FIG. 7, it can be seen that the voltage gradient of
a reference pixel, namely, a voltage variation AVref, and the
voltage gradient of a sensing pixel, a voltage variation AV,
may be different from each other due to different k-parameter
characteristics of driving TFTs DT.

[0073] At a sensing time Tsen in FIG. 7, as shown in FIG.
6C, the first switching TFT ST1 is turned off by the first scan
signal SS1. In this state, the S/H circuit 14 the voltage Vsen on
the data line DL, and outputs the measured voltage Vsen via
the ADC 16. As shown in FIG. 8, the timing controller 30
calculates a ratio of the difference voltage ARef between the
pre-charge voltage Vpre and the measured voltage Vsen of the
reference pixel at the sensing time Tsen (ARef=Vpre-Vsen0)
to the difference voltage AV between the pre-charge voltage
Vpre and the measured voltage Vsenl or Vsen2 of the sensing
pixel (AV=Vpre-Vsenl or Vsen2), to detect a k-parameter
ratio between the pixels (namely, the k-parameter ratio
between the reference pixel and the sensing pixel). From the
detected k-parameter ratio, a gain value for compensation for
a k-parameter deviation between the pixels is detected. The
detected gain value is then stored. In other words, the timing
controller 30 calculates the ratio between the voltage varia-
tion ARef (ARef=Vpre-Vsen0) of the reference pixel gener-
ated during the discharging period and the voltage variation
AV (AV=Vpre-Vsenl or Vsen2) of the sensing pixel gener-
ated during the discharging period, to detect a k-parameter
deviation between the pixels, and thus to detect a gain value
for compensation for the detected k-parameter deviation. The
timing controller 30 then stores the gain value.

[0074] Using the difference voltage AV between the pre-
charge voltage Vpre and the measured voltage Vsen shown in
FIG. 8 (AV=Vpre-Vsen), it may be possible to calculate the
amount of current flowing through the driving TFT DT and to
detect the k-parameter ratio between the pixels (namely, the
k-parameter ratio between the reference pixel and the sensing
pixel.

[0075] In detail, since the driving TFT DT is driven in a
saturated region in the discharging period in FIG. 7, it can be
seen that “AV” is proportional to the current of the driving

[Equation 2]
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TFT DT, as expressed by the following Equation 3. In Equa-
tion 3, “Cload” represents load applied to the data line DL,
namely, the parasitic capacitance of the data line DL.

Ve ldsxr [Equation 3]
~ Cload

[0076] Since the discharging period and “Cload” are con-
stant, and the threshold voltage Vth has been compensated, it
can be seen that the “AV” ratio between the reference pixel
and the sensing pixel is equal to the current ratio between the
reference pixel and the sensing pixel, and is also equal to the
k-parameter ratio between the reference pixel and the sensing
pixel, as expressed by the following Equation 4. It can also be
seen that the “AV” ratio between the reference pixel and the
sensing pixel is equal to the ratio between the measured
voltage of the reference pixel at the specific sensing time Tsen
shown in FIG. 8 and the measured voltage of the sensing pixel
at the specific sensing time Tsen. Accordingly, it can be seen
that the k-parameter deviation between pixels (that is, the
k-parameter ratio between the reference pixel and the sensing
pixel) can be easily calculated, using the ratio between the
measured voltage Vsen0 of the reference pixel and the mea-
sured voltage Vsenl or Vsen2 of the sensing pixel.

AVref  (Iref x1)/Cload  Iref

AV " (Ixn/Cload ~ I

[Equation 4]

Kpep X Vimage'2 Krep

k% Vimage? ~ k

[0077] Meanwhile, “Vdata” for compensation of the
threshold voltage Vth and k-parameter includes the “AV”
ratio between the reference pixel and the sensing pixel, as
expressed by the following Equation 5:

Kyer .
Vdata = - X Vimage + Vih+ Vref
AVref
= ING X Vimage + Vth + Vref

[0078] When “Vdata” calculated through Equation 5 is
applied to a current equation as expressed by the following
Equation 6, it can be seen that the current Ids of the driving
TFT DT is expressed irrespective of the threshold voltage Vth
and k-parameter of the driving TFT DT. That is, it can be seen
that desired compensation has been made.

[Equation 5]

Ids = k(Vgs — Vih)* [Equation 6]

= k(Vdata— Vref — Vih)®

2
& AVref Vi
= Ay X Vimage

Vi
=kx rTef ><Vimage2

=kyep X Vimage
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[0079] In other words, since the voltage Vgs to drive the
driving TFT DT is a “Vth”-compensated voltage, the current
of the driving TFT DT can be calculated through the follow-
ing Equation 7:

I =k(Vgs— Vih)? [Equation 7]

= k(Vdata + Vth— Vih)*

=k x Vdatad®

[0080] Since the current of the driving TFT DT in the ref-
erence pixel, which has a standard k-parameter, namely, a
k'-parameter, and the current of the driving TFT DT in the
sensing pixel, which has a k-parameter, should be equal, the
driving voltage V'data of the reference pixel and the driving
voltage Vdata of the sensing pixel can be expressed, using the
ratio between the k'-parameter of the reference pixel and the
k-parameter of the sensing pixel, as expressed by the follow-
ing Equation 8:

kx Vdata® = k' x V' data® [Equation 8]

k
V'data= .| — X Vdaia
k/

[0081] Accordingly, the threshold voltage Vth and k-pa-
rameter of the driving TFT in the sensing pixel can be com-
pensated through calculation of the gain value for compensa-
tion for the k-parameter ratio between pixels and the offset
value for compensation of the threshold voltage Vth with the
data voltage Vdata, as expressed by the following Equation 9.
It is possible to achieve data compensation by multiplying the
data voltage Vdata by the gain value, and then adding the
offset value to the value obtained by the multiplication.

k
V'data= | 7 X Vdata+ Vih

.|k
gain= /5

[Equation 9]

offset = Vih

[0082] FIG. 9 is a circuit diagram illustrating a detailed
configuration of the data driver according to an embodiment
of the present invention.

[0083] The data driver 10 shown in FIG. 9 includes a shift
register 40, a latch 42, n DAC 12 respectively connected to a
plurality of output channels CH1 to CHn, n sampling/holder
(S/H) circuits 14 connected to respective output channels
CH1 to CHn, and n output buffers 44 each connected between
a corresponding one of then DAC 12 and a corresponding one
of'the n output channels CH1 to CHn. The data driver 10 also
includes n first switches SW1 each connected between a
corresponding one of the n output buffers 44 and a corre-
sponding one of the n output channels CH1 to CHn, n second
switches SW2 each connected between a corresponding one
of the n DAC 12 and a corresponding one of the n output
buffers 44, and a multiplexer (MUX)/scaler 46 connected
between the n S/H circuits 14 and the ADC 16.
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[0084] The shift register 40 outputs sequential sampling
signals in response to respective data shift clocks from the
timing controller 30 shown in FIG. 1 in either the display
mode or the sensing mode.

[0085] Inresponse to the sequential sampling signals from
the shift register 40, the latch 43 sequentially samples data
from the timing controller 30 and latches the sampled data.
When data for one horizontal line is latched, the latch 43
outputs the latched data to the n DAC 12 in a simultaneous
manner.

[0086] Each of the n DAC 12 converts input data into a
corresponding data voltage in either the display mode or the
sensing mode, and supplies the data voltage to a correspond-
ing one of the n output channels CH1 to CHn via a corre-
sponding one of the n second switch SW2, a corresponding
one of n output buffers 44, and a corresponding one of the n
first switches SW1.

[0087] Each of the n second switches SW2 switches the
pre-charge voltage Vpre supplied from outside during the
pre-charging period in the sensing mode, and supplies the
pre-charge voltage Vpre to a corresponding one of the n
output channels CH1 to CHn via the corresponding output
buffer 44 and corresponding first switch SW2. Meanwhile,
the pre-charge voltage Vpre may be supplied from the timing
controller 30 via the latch 42 and each DAC 12. In this case,
the second switches SW2 to switch the pre-charge voltage
Vpre may be dispensed with.

[0088] Each first switch SW1 is always turned on in the
display mode. In the sensing mode, each first switch SW1 is
turned on during a period, in which the pre-charge voltage
Vpre and data voltage Vdata are supplied, while being turned
off during a period in which the voltage of the corresponding
data line DL supplied through a corresponding one of the
output channels CH1 to CHn is measured.

[0089] In the sensing mode, each of the n S/H circuits 14
samples a measured voltage supplied through a correspond-
ing one of the n data lines and a corresponding one of the n
output channels CH1 to CHn, and holds the sampled voltage.
[0090] The MUX/scaler 46 sequentially selects the mea-
sured voltages output from the n S/H circuits 14, scales the
selected voltages to match the driving voltage range of the
ADC 16, and outputs the scaled voltages to the ADC 16. The
MUZX/scaler 46 may group the n measured voltages such that
each group includes one or more measured voltages, to select
the measured voltages by groups. This may be determined in
various manners by the designer.

[0091] The ADC 16 converts a measured voltage from the
MUZX/scaler 46 into digital data, and supplies the digital data
to the timing controller 30. Practically, one or more ADCs 16
may be provided to be equal in number to the number of
output channels of the MUX/scaler 46 and, as such, the ADCs
16 may be connected to respective output channels of the
MUX/scaler 46.

[0092] As apparent from the above description, in accor-
dance with the method and apparatus for sensing character-
istic parameters of pixel driving circuits in accordance with
the present invention, it is possible to simply and rapidly
measure the threshold voltage Vth and k-parameter of the
driving TFT in each pixel driving circuit, through driving of
the driving TFT by constant current. In accordance with the
present invention, therefore, it is possible to measure the
threshold voltage Vth and k-parameter of each pixel, not only
during an inspection process, but also in a sensing mode
intervening between successive display modes. Thus, it is

Jun. 27, 2013

also possible to measure variations of the threshold voltage
Vth and k-parameter depending on passage of the use time of
the AMOLED display device, and to compensate for the
measured variations.

[0093] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting diode (OLED) display device
comprising;

a display panel comprising a plurality of pixels each having

a light emitting element and a pixel driving circuit for
independently driving the light emitting element; and

a characteristic parameter detecting unit for sensing char-

acteristic parameters of the pixel driving circuit in each
of the plural pixels, the characteristic parameter detect-
ing unit driving the pixel driving circuit of one of the
plurality of pixels, which is a sensing pixel, sensing a
voltage discharged in accordance with characteristics of
a driving thin film transistor (TFT) in the pixel driving
circuit of the sensing pixel, on a data line connected to
the pixel driving circuit of the sensing pixel, among data
lines connected to respective pixel driving circuits of the
pixels, and detecting a threshold voltage (Vth) of the
driving TFT and a deviation of a process characteristic
parameter (k-parameter) of the driving TFT, using the
measured voltage.

2. The display device according to claim 1, wherein the
characteristic parameter detecting unit comprises:

a data driver for driving the data line, sensing a voltage on

the data line, and outputting the measured voltage; and

a timing controller for detecting the threshold voltage

(Vth) and the k-parameter deviation, based on the mea-
sured voltage from the data driver, calculating an offset
value to compensate the detected threshold voltage
(Vth) and a gain value to compensate for the detected
k-parameter deviation, storing the calculated offset
value and the calculated gain value, compensating input
data by use of the stored offset value and the stored gain
value, and supplying the compensated input data to the
data driver.

3. The display device according to claim 2, wherein the
timing controller detects the threshold voltage (Vth) by cal-
culating a difference voltage between the measured voltage
from the data driver and a reference voltage supplied to the
pixel driving circuit of the sensing pixel.

4. The display device according to claim 3, wherein the
timing controller detects the k-parameter deviation by detect-
ing a variation in the voltage discharged in accordance with
the characteristics of the driving TFT in the sensing pixel,
based on the measured voltage from the data driver, and
calculating a ratio of the detected voltage variation in the
sensing pixel to a predetermined or previously-detected volt-
age variation in a reference one of the pixels.

5. The display device according to claim 2, wherein the
pixel driving circuit comprises:

the driving TFT, which drives the light emitting element;

a first switching TFT for supplying the voltage on the data

line to a firstnode of the driving TFT in response to a first
scan signal from a scan line;
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a second switching TFT for supplying a reference voltage
from a reference voltage line to a second node of the
driving TFT in response to a second scan signal from the
scan line; and

a storage capacitor for charging a voltage between the first
node and the second node, and supplying the charged
voltage as a driving voltage for the driving TFT.

6. The display device according to claim 5, wherein:

the data driver supplies a pre-charge voltage to the data
line, measures the voltage on the data line at a time when
the driving TFT is driven in a saturated state in accor-
dance with discharge of the pre-charge voltage from the
data line through driving of the first and second switch-
ing TFTs, and outputs the measured voltage; and

the timing controller detects the threshold voltage (Vth) by
calculating a difference voltage between the measured
voltage from the data driver and a reference voltage
supplied to the pixel driving circuit of the sensing pixel.

7. The display device according to claim 6, wherein:

in a programming period, the data driver supplies, to the
data line, a sum of a data voltage compensated for the
detected threshold voltage (Vth) and the reference volt-
age, and the driving TFT is driven in accordance with the
driving of the first and second switching TFTs;

in a pre-charging period following the programming
period, the data driver pre-charges the data line with the
pre-charge voltage, and the first and second switching
TFTs are turned off;

in a discharging period following the pre-charging period,
the data driver is disconnected from the data line, and the
pre-charge voltage on the data line is discharged through
the first switching TFT and the driving TFT;

at a sensing time corresponding to the sensing time or each
of the sensing times and following the discharging
period, the first switching TFT is turned off, and the data
driver measures the voltage on the data line, and outputs
the measured voltage; and

the timing controller detects the k-parameter deviation by
calculating a difference voltage between the pre-charge
voltage and the voltage measured at the sensing time, to
detect a voltage variation in the sensing pixel, and cal-
culating a ratio of the voltage variation in the sensing
pixel to a voltage variation in a reference one of the
pixels.

8. The display device according to claim 5, wherein:

a first reference voltage is supplied to the reference voltage
line, and the data driver supplies a pre-charge voltage to
the data line, measures the voltage on the data line at a
plurality of times when the driving TFT is driven in a
saturated state in accordance with discharge of the pre-
charge voltage from the data line through driving of the
first and second switching TFTs, and outputs the mea-
sured voltages as first measured voltages;

a second reference voltage different from the first reference
voltage is supplied to the reference voltage line, and the
data driver supplies the pre-charge voltage to the data
line, measures the voltage on the data line at the plurality
of times when the driving TFT is driven in the saturated
state in accordance with the discharge of the pre-charge
voltage from the data line through the driving of the first
and second switching TFTs, and outputs the measured
voltages as second measured voltages; and

the timing controller detects the threshold voltage (Vth) by
detecting a time when a difference voltage between cor-
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responding ones of the first and second measured volt-
ages output from the data driver is equal or similar to a
difference voltage between the first and second refer-
ence voltages, and calculating a difference voltage
between the first measured voltage measured at the
detected time and the first reference voltage or a differ-
ence voltage between the second measured voltage mea-
sured at the detected time and the second reference volt-
age.

9. The display device according to claim 8, wherein:

in a programming period, the data driver supplies, to the
data line, a sum of a data voltage compensated for the
detected threshold voltage (Vth) and the reference volt-
age, and the driving TFT is driven in accordance with the
driving of the first and second switching TFTs;

in a pre-charging period following the programming
period, the data driver pre-charges the data line with the
pre-charge voltage, and the first and second switching
TFTs are turned off.

in a discharging period following the pre-charging period,
the data driver is disconnected from the data line, and the
pre-charge voltage on the data line is discharged through
the first switching TFT and the driving TFT;

at a sensing time corresponding to the sensing time or each
of the sensing times and following the discharging
period, the first switching TFT is turned off, and the data
driver measures the voltage on the data line, and outputs
the measured voltage; and

the timing controller detects the k-parameter deviation by
calculating a difference voltage between the pre-charge
voltage and the voltage measured at the sensing time, to
detect a voltage variation in the sensing pixel, and cal-
culating a ratio of the voltage variation in the sensing
pixel to a voltage variation in a reference one of the
pixels.

10. The display device according to claim 2, wherein the

data driver comprises:

aplurality of digital-analog converters (DACs) for convert-
ing input data into analog data voltages by channels,
respectively;

a plurality of sampling/holder circuits respectively con-
nected to the data lines by channels, each of the sam-
pling/holder circuits sampling a voltage on a corre-
sponding one of the data lines, and holding and
outputting the sampled voltage as the measured voltage;

an analog-digital converter (ADC) for converting the mea-
sured voltage from each of the sampling/holder circuits
into digital data, and outputting the digital data; and

a plurality of first switches connected between the DACs
and the data lines by channels, respectively, to switch
respective output voltages from the DACs.

11. The display device according to claim 10, wherein:

the data driver further comprises a multiplexer/scaler con-
nected between the sampling/holder circuits and the
ADC, the multiplexer/scaler selecting and scaling a plu-
rality of measured voltages from the sampling/holder
circuits by groups, and outputting the scaled voltages to
the ADC, each group including at least one measured
voltage; and

the ADC are equal, in number, to output channels of the
multiplexer/scaler.

12. The display device according to claim 11, wherein the

data driver further comprises second switches the pre-charge
voltage to respective output channels of the DACs.
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13. A method for sensing characteristic parameters of pixel
driving circuits in an organic light emitting diode (OLED)
display device including a plurality of pixels each including a
light emitting element and a corresponding one of the pixel
driving circuits to independently drive the light emitting ele-
ment, comprising the steps of:
driving the pixel driving circuit of one of the plurality of
pixels, which is a sensing pixel, sensing a voltage dis-
charged in accordance with characteristics of a driving
thin film transistor (TFT) in the pixel driving circuit of
the sensing pixel, on a data line connected to the pixel
driving circuit of the sensing pixel, among data lines
connected to respective pixel driving circuits of the pix-
els, and detecting a threshold voltage (Vth) of the driving
TFT, using the measured voltage; and

driving the pixel driving circuit of the sensing pixel, using
data voltage compensated for the detected threshold
voltage (Vth), sensing a voltage discharged in accor-
dance with the characteristics of the driving TFT, on the
data line, and detecting a k-parameter deviation of the
driving TFT, based on the measured voltage.

14. The method according to claim 13, wherein the step of
detecting the threshold voltage (Vth) comprises the step of
calculating a difference voltage between the measured volt-
age and a reference voltage supplied to the pixel driving
circuit of the sensing pixel, to detect the threshold voltage
(Vth).

15. The method according to claim 14, wherein the step of
detecting the k-parameter variation comprises the step of
detecting a variation in the voltage discharged in accordance
with the characteristics of the driving TFT in the sensing
pixel, based on the measured voltage, and calculating a ratio
of the detected voltage variation in the sensing pixel to a
predetermined or previously-detected voltage variation in a
reference one of the pixels.

16. The method according to claim 15, wherein:

the pixel driving circuit comprises the driving TFT, which

drives the light emitting element, a first switching TFT
for supplying the voltage on the data line to a first node
of'the driving TFT in response to a first scan signal from
a scan line, a second switching TFT for supplying a
reference voltage from a reference voltage line to a sec-
ond node of the driving TFT in response to a second scan
signal from the scan line, and a storage capacitor for
charging a voltage between the first node and the second
node, and supplying the charged voltage as a driving
voltage for the driving TFT; and

the step of detecting the threshold voltage (Vth) comprises

the steps of:

supplying a pre-charge voltage to the data line, and then
sensing the voltage on the data line at a time when the
driving TFT is driven in a saturated state in accor-
dance with discharge of the pre-charge voltage from
the data line through driving of the first and second
switching TFTs; and

calculating a difference voltage between the measured
voltage and the reference voltage, to detect the thresh-
old voltage (Vth).

17. The method according to claim 16, wherein the step of
detecting the k-parameter deviation comprises the steps of:

supplying, in a programming period, a sum of a data volt-

age compensated for the detected threshold voltage
(Vth) and the reference voltage to the data line, and
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driving the driving TFT in accordance with the driving
of the first and second switching TFTs;
pre-charging, in a pre-charging period following the pro-
gramming period, the data line with the pre-charge volt-
age, and turning off the first and second switching TFTs;
floating the data line in a discharging period following the
pre-charging period, and discharging the pre-charge
voltage on the data line through the first switching TFT
and the driving TFT;
turning off the first switching TFT at a sensing time, which
corresponds to the sensing time or each of the sensing
times and follows the discharging period, and sensing
the voltage on the data line;
calculating a difference voltage between the pre-charge
voltage and the voltage measured at the sensing time, to
detect a voltage variation in the sensing pixel; and
calculating a ratio of the voltage variation in the sensing
pixel to a voltage variation in a reference one of the
pixels, to detect the k-parameter deviation.
18. The method according to claim 15, wherein:
the pixel driving circuit comprises the driving TFT, which
drives the light emitting element, a first switching TFT
for supplying the voltage on the data line to a first node
of the driving TFT in response to a first scan signal from
a scan line, a second switching TFT for supplying a
reference voltage from a reference voltage line to a sec-
ond node ofthe driving TFT in response to a second scan
signal from the scan line, and a storage capacitor for
charging a voltage between the first node and the second
node, and supplying the charged voltage as a driving
voltage for the driving TFT; and
the step of detecting the threshold voltage (Vth) comprises
the steps of:
supplying a first reference voltage to the reference volt-
age line, supplying a pre-charge voltage to the data
line, sensing the voltage on the data line at a plurality
of times when the driving TFT is driven in a saturated
state in accordance with discharge of the pre-charge
voltage from the data line through driving of the first
and second switching TFTs, and outputting the mea-
sured voltages as first measured voltages;
supplying a second reference voltage different from the
first reference voltage to the reference voltage line,
supplying the pre-charge voltage to the data line,
sensing the voltage on the data line at the plurality of
times when the driving TFT is driven in the saturated
state in accordance with the discharge of the pre-
charge voltage from the data line through the driving
ofthe first and second switching TFTs, and outputting
the measured voltages as second measured voltages;
and
detecting a time when a difference voltage between cor-
responding ones of the first and second measured
voltages output from the data driver is equal or similar
to a difference voltage between the first and second
reference voltages, and calculating a difference volt-
age between the first measured voltage measured at
the detected time and the first reference voltage or a
difference voltage between the second measured volt-
age measured at the detected time and the second
reference voltage, to detect the threshold voltage
(Vth).
19. The method according to claim 18, wherein the step of
detecting the k-parameter deviation comprises the steps of:
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supplying, in a programming period, a sum of a data volt-
age compensated for the detected threshold voltage
(Vth) and the reference voltage to the data line, and
driving the driving TFT in accordance with the driving
of the first and second switching TFTs;

pre-charging, in a pre-charging period following the pro-
gramming period, the data line with the pre-charge volt-
age, and turning off the first and second switching TFTs;

floating the data line in a discharging period following the
pre-charging period, and discharging the pre-charge
voltage on the data line through the first switching TFT
and the driving TFT;

turning off the first switching TFT at a sensing time, which
corresponds to the sensing time or each of the sensing
times and follows the discharging period, and sensing
the voltage on the data line;

calculating a difference voltage between the pre-charge
voltage and the voltage measured at the sensing time, to
detect a voltage variation in the sensing pixel; and

calculating a ratio of the voltage variation in the sensing
pixel to a voltage variation in a reference one of the
pixels, to detect the k-parameter deviation.

#* * * #* ok



Patent Application Publication  Jun. 27,2013 Sheet 3 of 13 US 2013/0162617 Al

FIG. 2B

ST1 — N
- ‘qiwi <
{ RL CSJ-




Patent Application Publication  Jun. 27,2013 Sheet 4 of 13 US 2013/0162617 Al

FIG. 3

W RPN

M 'Qpre

0 400NN N N M 8 MR 7 8N R A0 00 R R A N R

Vdata

00 00028 -0 0078 -0 SN 081000 0 0 3 S R 0 MR A A R A R SR RN N M

Vref

Tsen{ms)



Patent Application Publication  Jun. 27,2013 Sheet S of 13 US 2013/0162617 A1
FIG. 4A
DL vdd f.ﬁ(}
Vpr |~ PL1
pre| EL e
SS81 pag.Gl ET
’SLIM, ! -
STI == N
l - f J
\, ST2 bt
o \I_q 4r
Vrefl ! ‘- SL2




Patent Application Publication  Jun. 27,2013 Sheet 6 of 13 US 2013/0162617 Al
FIG. 4B
DL vdd Ve 20
v . ~PL1
Fpre FL f
881 papp -}3-& U ET
SL1 il




US 2013/0162617 Al

Jun. 27,2013 Sheet 7 0f 13

Patent Application Publication

()

{suussy

Fé LR

T424A .
s:.S.\tia&u.\\\.\.ﬁt\\\ix\\\ "

TIIA-TIRIA = i

SN

NN
3
&
&

g,

IR

.

CICPA

S O

{(q)

{stuyuasy
PAR |
. \;F\S\\\vb\v\s.\e\ac m
. | &
%, ;
%,
%
w |
%
k'3
(e)
{suuyuast
% tl,i..w A
YIAXD ;o
\ - ]
ff./f
-
b




Patent Application Publication  Jun. 27,2013 Sheet 8 of 13 US 2013/0162617 Al

FIG. 6A

Vdata=Vimage +Vth +Vref

: . 20
: | DL vdd Ve
L] T,pL1
b
: EL |
¥ -~ - pomo
: SST par-di ET
! SL1 Lo
§ _
§ T
: ST1
I LY o T U
&,\» »WM'WWW%\NN%NN““M‘&\“»-\\\W&
RL ST2 Cs :
]:-4 ' DT
v Ids
Vel ~SL2




Patent Application Publication

Jun. 27,2013 Sheet 9 0f 13

FIG. 6B

US 2013/0162617 Al

Vpre
N7 DL Vdd -
EL VT
Gy Embtc;fiﬂﬁr
ST1 -5 N1
® b -L AAAAAAAAAAAA &
RL G
A L[ or
| = =
Vref ':\“SLZ |
$S2 ﬁmm
T_“ % ) i
Cload Vss

24




patsnap

EREH(R) BINAX-REE REBNATRNGER BB BTS IS %
[F(2E)F US20130162617A1 [ (r&)B 2013-06-27
HiEE US13/715080 HiEH 2012-12-14
AR E(EFRR)A(E) FLEFERAT
EF'%("%%U*X)A(&) LG DISPLAY CO. , LTD. ,
LFERE(ERD)AGE) LG DISPLAY CO., LTD.
[#R1 &% BB A YOON JOONG SUN
KIM SEUNG TAE
KANG JI HYUN
LEE JI EUN
EZBAA YOON, JOONG-SUN
KIM, SEUNG-TAE
KANG, JI-HYUN
LEE, JI-EUN
IPCH %S G09G3/32
CPCH k5 G09G3/3291 G09G2320/0295 G09G2300/0861 G09G3/3233
L&A 1020110142040 2011-12-26 KR
H 40 FF 32k US8988329
SNEBEEE Espacenet USPTO
BEGR) e I ] 30
AFF T —HOLEDE REBHA T BN RER 3 BBM TSR 5. o
ZEREESE STER , B SIHEARATHNGEUARA | 14 | | o R
FHURATRL K T RER BB LR TeReNEr BF | SV
BHFFRENMEEFN—MERENGELH LR |, FIREERHER L 1
BNGE , EEEIBRNGENGERD BB HRIES L BIURESRN DL vaa P
BENGEBRHBRPWEHTFTHSMEREHEE | EENEMRE LR b
R BN RIES. EANBNRERNGE  ARNBHTFTHRE sL1 S ET
BE (Vth ) MBS TFT I Z B HESE (kS ) NRE. - \_LI
RL ST2 cs DT
N2
Yref —RSI_Q
-—||—D S5S2 OLED
Cload Vss PL2



https://share-analytics.zhihuiya.com/view/d8d8c7fe-31c2-45a2-b831-1304d34ddbd0
https://worldwide.espacenet.com/patent/search/family/048575753/publication/US2013162617A1?q=US2013162617A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130162617%22.PGNR.&OS=DN/20130162617&RS=DN/20130162617

