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(57) ABSTRACT 

Disclosed is an organic light emitting display device which 
is capable of rapidly sensing a characteristic variation in a 
pixel including an organic light emitting diode and a driving 
transistor. The organic light emitting display device may 
include a display panel including a pixel formed adjacent to 
each crossing area of gate and data lines, and a sensing line 
provided in parallel to the data line and connected with the 
pixel. The device includes a data driver provided with a 
sensing data generator for sensing a characteristic variation 
of the pixel through the sensing line and generating sensing 
data based on the characteristic variation of the pixel for a 
sensing mode. The sensing data generator generates the 
sensing data for the pixel by converting current flowing from 
the pixel to the sensing line into Voltage, and converting the 
Voltage to a digital representation using an analog-to-digital 
conversion method. 

15 Claims, 7 Drawing Sheets 
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1. 

ORGANIC LIGHT EMITTING DISPLAY 
DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of the Korean Patent 
Application No. 10-2013-0 104171 filed on Aug. 30, 2013, 
which is hereby incorporated by reference as if fully set forth 
herein. 

BACKGROUND 

Field of the Disclosure 
Embodiments of the present disclosure relate to an 

organic light emitting display device, and more particularly, 
to an organic light emitting display device which is capable 
of rapidly sensing a characteristic variation in a pixel 
including an organic light emitting diode and a driving 
transistor. 

Discussion of the Related Art 
An organic light emitting display device includes an 

organic light emitting layer which emits light by recombi 
nation of hole and electron, whereby the organic light 
emitting display device emits light in itself. Also, since the 
organic light emitting display device emits light in itself. 
there is no problem related with a viewing angle. In addition, 
the organic light emitting display device has advantages of 
rapid response speed and low power consumption. In this 
respect, the organic light emitting display device has been 
attracted as a next-generation flat panel display. 
The organic light emitting display device may include a 

plurality of pixels for displaying images. Each pixel may 
include an organic light emitting diode having an organic 
light emitting layer between anode and cathode electrodes, 
and a pixel circuit for making the organic light emitting 
diode emit light. The pixel circuit may include a Switching 
transistor, a driving transistor, and a capacitor. As the 
Switching transistor is driven (e.g., Switched) by a gate 
signal, the Switching transistor Supplies a data Voltage to the 
driving transistor. As the driving transistor is driven (e.g., 
Switched) by the data Voltage Supplied from the Switching 
transistor, the driving transistor controls a current flowing to 
the organic light emitting diode, and also controls a light 
emission of the organic light emitting diode. The capacitor 
stores charge responsive to a Voltage between gate and 
Source terminals of the driving transistor, and drives (e.g., 
Switches) the driving transistor by the use of stored Voltage. 
The organic light emitting diode emits light by the current 
Supplied from the driving transistor. 

In the organic light emitting display device according to 
the related art, a characteristic variation of the driving 
transistor such as variations in mobility and threshold volt 
age (Vth) of the driving transistor may occur in each pixel 
due to a manufacturing deviation, whereby an amount of 
current for driving the organic light emitting diode may vary, 
and thus a luminance deviation may occur between each of 
pixels. In order to overcome this problem, the Unexamined 
Publication Number P10-2013-0066449 in the Korean Intel 
lectual Property Office (hereinafter, referred to as prior art 
document) discloses an external compensation technique 
for compensating the characteristic variation of pixel by 
sensing the characteristic variation of pixel and reflecting the 
sensing result on data of the pixel. 

In the above-mentioned prior art document, as shown in 
FIGS. 1 and 2, a data line connected with each pixel (P) is 
used as a sensing line 11, the sensing line 11 is charged with 
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2 
the current flowing in the driving transistor of the pixel (P), 
a voltage (Vout) charged in the sensing line 11 is sensed by 
an analog-to-digital converter (ADC), and the current flow 
ing in the driving transistor of the pixel (P) is analogized 
(e.g., indirectly estimated) based on the sensed Voltage. That 
is, in case of the above-mentioned prior art document, the 
Voltage is sensed by the analog-to-digital converter (ADC) 
of Voltage sensing method without measuring the actual 
current, and then the current flowing in the driving transistor 
is analogized based on the sensed Voltage. In other words, 
the sensed voltage is used as a proxy for the current through 
the driving transistor. 

However, in the above-mentioned prior art document, a 
sensing time (Tsen) for the sensing line 11 is increased due 
to large parasitic resistance (Rip) and large parasitic capaci 
tance (Cp) of the sensing line 11; a sensing time (Tsen) for 
sensing a small current value corresponding to a low gray 
scale value is especially prolonged or increased. Also, the 
parasitic resistance (Rip) and parasitic capacitance (Cp) vary 
depending on a position of the sensing line 11, thereby 
causing errors in the sensing Voltage. In case of the above 
mentioned prior art document, since the data line, which is 
connected with both the organic light emitting diode and a 
Source electrode of the driving transistor, is also used as the 
sensing line 11, undesired emissions of the organic light 
emitting diode occur in the low grayscale, which results in 
lowering of contrast ratio due to the increased luminance of 
low grayscale. 

SUMMARY 

Accordingly, embodiments of the present disclosure are 
directed to an organic light emitting display device that 
substantially obviates one or more problems due to limita 
tions and disadvantages of the related art. 
An aspect of embodiments of the present disclosure is 

directed to providing an organic light emitting display 
device which is capable of rapidly sensing a characteristic 
variation in a pixel including an organic light emitting diode 
and a driving transistor. 

Additional advantages and features of embodiments of the 
disclosure 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 these embodiments. The 
objectives and other advantages of the disclosed embodi 
ments may be realized and attained by the structures par 
ticularly pointed out in the written description and claims 
hereof as well as the appended drawings. 
To achieve these and other advantages and in accordance 

with the purpose of the disclosed embodiments, as embodied 
and broadly described herein, there is provided an organic 
light emitting display device that may include a display 
panel including a pixel formed adjacent to each crossing 
area of gate and data lines, and a sensing line provided in 
parallel to the data line and connected with the pixel, and a 
data driver provided with a sensing data generator for 
sensing a characteristic variation of the pixel through the 
sensing line and generating sensing data based on the 
characteristic variation of the pixel for a sensing mode, 
wherein the sensing data generator generates the sensing 
data for the pixel by converting a current flowing from the 
pixel to the sensing line into a Voltage, and converting the 
Voltage in an analog-to-digital conversion method. 

It is to be understood that both the foregoing general 
description and the following detailed description of dis 
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closed embodiments are exemplary and explanatory and are 
intended to provide further explanation of the disclosure as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of embodiments of the inven 
tion and are incorporated in and constitute a part of this 
application, illustrate embodiment(s) of the invention and 
together with the description serve to explain the principle of 
embodiments of the invention. In the drawings: 

FIG. 1 illustrates a related art Voltage sensing circuit; 
FIG. 2 is a waveform diagram illustrating a related art 

sensing time; 
FIG. 3 illustrates an organic light emitting display device 

according to one embodiment; 
FIG. 4 illustrates a detailed view of the structure of each 

pixel shown in FIG. 3; 
FIG. 5 illustrates a detailed view of the data driver shown 

in FIG. 3; 
FIG. 6 illustrates a sensing unit of a sensing data genera 

tor, shown in FIG. 5, according to one embodiment; 
FIG. 7 is a waveform diagram illustrating a driving 

waveform of a pixel of the organic light emitting display 
device, during a display mode, according to one embodi 
ment, 

FIG. 8 is a waveform diagram illustrating a driving 
waveform of a pixel of the organic light emitting display 
device, during a sensing mode, according to one embodi 
ment, 

FIGS. 9A and 9B illustrate a sequential operation of the 
pixel in accordance with the driving waveform of the pixel 
shown in FIG. 8; and 

FIG. 10 is a waveform diagram illustrating a sensing time 
in the organic light emitting display device according to one 
embodiment. 

DETAILED DESCRIPTION 

Reference will now be made in detail to the exemplary 
embodiments of the present disclosure, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers will be used through 
out the drawings to refer to the same or like parts. 

With regard to the description of the embodiments of the 
present disclosure, the following details about various terms 
should be understood. 
The term of a singular expression should be understood to 

include a multiple expression as well as the singular expres 
sion if there is no specific definition provided in the context 
of using the term. For example, when using a term such as 
“the first or “the second, it is to separate any one element 
from other elements. Thus, a scope of claims is not limited 
by these terms. 

Also, it should be understood that a term such as 
“include’ or “have does not preclude existence or possi 
bility of one or more features, numbers, steps, operations, 
elements, parts or their combinations. 

Hereinafter, an organic light emitting display device 
according to the disclosed embodiments will be described in 
detail with reference to the accompanying drawings. 

FIG. 3 illustrates an organic light emitting display device 
according to one embodiment. FIG. 4 illustrates a detailed 
view of the structure of each pixel shown in FIG. 3. 

Referring to FIGS. 3 and 4, the organic light emitting 
display device according to the disclosed embodiment may 
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4 
include a display panel 100, a timing controller 200, a gate 
driver 300, and a data driver 400. 
The display panel 100 may include a plurality of data lines 

(D1 to Dn), a plurality of gate lines (G1 to Gm), a 
plurality of sensing lines (S1 to Sn), and a plurality of 
pixels (P). 
The plurality of data lines (D1 to Dn) are respectively 

provided at fixed intervals on the display panel 100. If the 
display panel 100 is driven in a display mode, the plurality 
of data lines (D1 to Dn) are used to Supply a data Voltage 
to the corresponding pixels (P). Meanwhile, if the display 
panel 100 is driven in a sensing mode, the plurality of data 
lines (D1 to Dn) are used to Supply a sensing data Voltage 
to the corresponding pixels (P). 
The plurality of gate lines (GI1 to Gm) are provided at 

fixed intervals on the display panel 100 and may be perpen 
dicular to the plurality of data lines (D1 to Dn). Further 
more, as illustrated in FIG. 4, each of the gate lines (G1 to 
Gm) may include first and second gate signal lines (Ga. 
Gb). 
The plurality of sensing lines (S1 to Sn) are provided 

at fixed intervals on the display panel 100 while being in 
parallel with the plurality of data lines (D1 to Dn). If the 
display panel 100 is driven in the display mode, the plurality 
of sensing lines (S1 to Sn) are used to Supply a reference 
voltage to the corresponding pixels (P). Meanwhile, if the 
display panel 100 is driven in the sensing mode, the plurality 
of sensing lines (S1 to Sn) are used to sense a charac 
teristic variation of the corresponding pixel (P). In this case, 
the characteristic variation of the pixel (P) may relate with 
or be caused by variations in a threshold voltage or mobility 
of a driving transistor (DT), or a deterioration of an organic 
light emitting diode over time. 

Each of the pixels (P) may be any one among red, green, 
blue and white pixels. A unit pixel for displaying an image 
may include the red, green, blue and white pixels being 
adjacent to one another, but not necessarily, or may include 
the red, green and blue pixels being adjacent to one another. 

Each of the pixels (P) is formed adjacent to each crossing 
area of the plurality of data lines (D1 to Dn), the plurality 
of gate lines (G1 to Gm) and the plurality of sensing lines 
(S1 to Sn), whereby each of the pixels (P) emits light by 
a data current corresponding to a differential Voltage 
between the data voltage supplied from each of the data lines 
(D1 to Dn) and the reference voltage supplied from each 
of the sensing lines (S1 to Sn) in accordance with first 
and second gate signals (GSa. GSb; shown in FIG. 4) 
supplied to each of the gate lines (G1 to Gm), to thereby 
display an image. To this end, as illustrated in FIG. 4, each 
of the pixels (P) may include an organic light emitting diode 
(OLED) and a pixel circuit (PC). 
The organic light emitting diode (OLED) emits light by 

the data current supplied from the pixel circuit (PC), and 
emits light with a luminance corresponding to the data 
current. To this end, the organic light emitting diode (OLED) 
may include an anode electrode (not shown) connected with 
the pixel circuit (PC), an organic layer (not shown) formed 
on the anode electrode, and a cathode electrode (not shown) 
supplied with a cathode voltage (EVSS) and formed on the 
organic layer. In this case, the organic layer may be formed 
by a deposition structure of a hole transport layer over an 
organic light emitting layer over an electron transport layer. 
Alternatively, a deposition structure for the organic layer 
may include a hole injection layer over a hole transport layer 
over an organic light emitting layer over an electron trans 
port layer over an electron injection layer. Furthermore, the 
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organic layer may include a functional layer for improving 
light-emitting efficiency and/or lifespan of the organic light 
emitting layer. 
As shown in FIG. 4, the pixel circuit (PC) may include a 

scanning transistor (ST1), a sensing transistor (ST2), a 5 
driving transistor (DT), and a storage capacitor (Cst). In this 
case, the transistors (ST1, ST2, DT) may correspond to 
N-type transistor (TFT), for example, a-Si TFT, poly-Si 
TFT. Oxide TFT. Organic TFT, and the like. 
The scanning transistor (ST1) may include a gate elec- 10 

trode connected with the first gate signal line (Ga), a first 
electrode connected with the adjacent data line (Di), and a 
second electrode connected with a first node (n1) corre 
sponding to a gate electrode of the driving transistor (DT). 
The scanning transistor (ST1) Supplies the data Voltage 15 
supplied to the data line (DiD) to the first node (n1) 
corresponding to the gate electrode of the driving transistor 
(DT) in accordance with a gate signal Supplied to the first 
gate signal line (Ga). 
The sensing transistor (ST2) may include a gate electrode 20 

connected with the second gate signal line (Gb), a first 
electrode connected with a second node (n2) corresponding 
to a source electrode of the driving transistor (DT), and a 
second electrode connected with the adjacent sensing line 
(Si). The sensing transistor (ST2) is switched by a gate 25 
signal Supplied to the second gate signal line (Gb), whereby 
the sensing line (Si) is connected with the second node (n2) 
corresponding to the Source electrode of the driving tran 
sistor (DT). Also, the sensing transistor (ST2) connects the 
second node (n2) of the corresponding pixel (P) with the 30 
sensing line (Si) for the sensing mode, whereby the current 
of the corresponding pixel (P) flows to the sensing line (Si) 
for the sensing mode. 
The storage capacitor (Cst) includes first and second 

electrodes connected between the first and second nodes (n1, 35 
n2). The storage capacitor (Cst) is charged with a differential 
Voltage between respective Voltages Supplied to the first and 
second nodes (n1, n2), and then Switches the driving tran 
sistor (DT) in accordance with the charged Voltage. 
The driving transistor (DT) may include a gate electrode 40 

connected to both the second electrode of the scanning 
transistor (ST1) and the first electrode of the storage capaci 
tor (Cst). The driving transistor (DT) may further include a 
source electrode connected with both the first electrode of 
the sensing transistor (ST2), the second electrode of the 45 
storage capacitor (Cst), and the anode electrode of the 
organic light emitting diode (OLED). The driving transistor 
(DT) may additionally include a drain electrode connected 
with a driving voltage (EVDD) line. The driving transistor 
(DT) is turned-on by the voltage of the storage capacitor 50 
(Cst), to thereby control an amount of current flowing from 
the driving voltage (EVDD) line to the organic light emitting 
diode (OLED). 

Returning to FIG. 3, the timing controller 200 operates 
each of the gate driver 300 and the data driver 400 in 55 
accordance with the display mode, or operates each of the 
gate driver 300 and the data driver 400 in accordance with 
the sensing mode at user's preset time point or every preset 
time point for sensing the threshold voltage/mobility of the 
driving transistor (DT). The sensing mode may be operated 60 
for a test process before shipping manufactures of the 
organic light emitting display device, an initial driving 
process of the display panel 100, or at the end of a process 
of driving the display panel 100 for a long time; or may be 
operated in real time or every preset blank period of frame. 65 
The timing controller 200 generates each of data control 

signal (DCS), gate control signal (GCS) and Switch control 

6 
signal (SCS) to drive each pixel (P) in accordance with the 
display mode or sensing mode on the basis of timing 
synchronized signal (TSS) input from the external, that is, 
body of system (not shown) or graphic card (not shown). 
The timing controller 200 stores sensing data (Sdata) of 

each pixel (P), which is provided from the data driver 400 
in accordance with the sensing mode, in a memory (not 
shown). For the display mode, the timing controller 200 
corrects input data (RGB) on the basis of sensing data 
(Sdata) stored in the memory, and then provides correction 
data (Cdata) to the data driver 400. 
As one example, if the unit pixel includes red, green and 

blue pixels, the timing controller 200 aligns input data 
(RGB) corresponding to red, green and blue color inputs in 
accordance with a pixel arrangement structure of the display 
panel 100. The timing controller 200 also corrects alignment 
data for each pixel on the basis of sensing data (Sdata) for 
each pixel stored in the memory, and provides correction 
data (Cdata) for each pixel to the data driver 400. 
As another example, if the unit pixel includes red, green, 

blue, and white pixels, the timing controller 200 converts 
3-color input data (RGB) corresponding to red, green and 
blue color inputs into 4-color data of corresponding to red, 
green, blue, and white colors in accordance with a pixel 
arrangement structure of the display panel 100. The timing 
controller 200 also corrects the 4-color data on the basis of 
sensing data (Sdata) stored in the memory, and provides 
correction data (Cdata) to the data driver 400. In this case, 
the timing controller 200 may include a 4-color data con 
verter (not shown) for converting 3-color input data (RGB) 
into 4-color data of red, green, blue and white colors in 
accordance with a conversion method disclosed in the 
Unexamined Publication Number P10-2013-0060476 or 
P10-2013-0030598 in the Korean Intellectual Property 
Office. 
The gate driver 300 sequentially generates the first and 

second gate signals (GSa, GSb) in accordance with the gate 
control signal (GCS) supplied from the timing controller 
200, and then sequentially supplies the generated first and 
second gate signals (GSa, GSb) to the plurality of gate lines 
(GI1 to Gm). The gate driver 300 may include a shift 
register for sequentially generating the first and second gate 
signals (GSa, GSb). The shift register may be formed in a 
semiconductor chip, and the shift register may be connected 
with the display panel 100 or provided on one side or both 
sides of the display panel 100 for a transistor manufacturing 
process for forming each pixel (P). 
The data driver 400 converts the correction data (Cdata), 

which is input in response to the control of the timing 
controller 200 in accordance with the display mode, into the 
data Voltage of analog type, and Supplies the data Voltage to 
the corresponding data line (D1 to Dn) and simultane 
ously Supplies displaying reference Voltage to the corre 
sponding sensing line (S1 to Sn). In response to the 
control of the timing controller 200 in accordance with the 
sensing mode, especially, the data driver 400 senses the 
current flowing in each pixel (P) by a current sensing 
method, generates sensing data (Sdata) in accordance with 
the characteristic variation of each pixel (P) based on the 
sensed current, and Supplies the generated sensing data 
(Sdata) to the timing controller 200. To this end, as shown 
in FIG. 5, the data driver 400 may include a data voltage 
Supplier 410 for Supplying the data Voltage (corresponding 
to correction data or sensing data Voltage) to each of the data 
lines (D1 to Dn) in accordance with the driving mode. 
The data driver 400 may also include a sensing data gen 
erator 420 for sensing the characteristic variation of each 
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pixel (P) through each of the sensing lines (S1 to Sn) 
during the sensing mode, and generating the sensing data 
(Sdata) based on the sensed characteristic variation of each 
pixel (P). The data driver 400 may additionally include a 
reference Voltage Supplier 430 for Supplying the displaying 
reference voltage (Vrefl) to each of the sensing lines (S1 
to Sn) during the displaying mode. 

The data Voltage Supplier 410 is operated in response to 
the control of the timing controller 200, to thereby supply 
the data voltage to the data lines (D1 to Dn). The data 
Voltage Supplier 410 may include a shift register unit (not 
shown), a latch unit (not shown), and a digital-to-analog 
conversion unit (not shown). The shift register unit shifts a 
Source start signal of the data control signal (DCS) in 
accordance with a source shift clock through the use of 
Source shift clock and source start signal of the data control 
signal (DCS), and sequentially outputs a sampling signal. 
The latch unit sequentially samples and latches the correc 
tion data (Cdata) which is input in accordance with the 
sampling signal, and simultaneously outputs latch data of 
one horizontal line in accordance with a source output 
enable signal of the data control signal (DCS). The digital 
to-analog conversion unit selects a grayscale Voltage corre 
sponding to a grayscale value of the latch data among a 
plurality of grayscale Voltages Supplied from a grayscale 
Voltage generator (not shown), uses the selected grayscale 
Voltage as the data Voltage, and outputs the selected gray 
scale voltage to the data lines (D1 to Dn). The data 
Voltage Supplier 410 Supplies the data Voltage corresponding 
to the correction data (Cdata) to the data line (D1 to Dn) 
for the display mode, and Supplies the preset sensing data 
voltage to the data line (D1 to Dn) for the sensing mode. 

For the sensing mode, the sensing data generator 420 
converts the current flowing from each pixel (P) to the 
corresponding sensing line (S1 to Sn) into a sensing 
Voltage, and generates sensing data (Sdata) for each pixel (P) 
by an analog-to-digital conversion of the sensing Voltage. To 
this end, the sensing data generator 420 may include a 
plurality of sensing units 422-1 to 422-in respectively con 
nected with the plurality of sensing lines (S1 to Sn). 
As shown in FIG. 6, each of the sensing units 422-1 to 

422-n may include a current-to-voltage converter 422a and 
an analog-to-digital converter 422b. 

For the sensing mode, the current-to-voltage converter 
422a converts the current flowing from each pixel (P) to the 
corresponding sensing line (S1 to Sn) into the Voltage 
(Vout). To this end, the current-to-voltage converter 422a 
may include an operating amplifier (OA), a first Switch 
(SW1), a second switch (SW2), and a feedback capacitor 
(Cf). 
The operating amplifier (OA) may include an inverting 

terminal (-), a non-inverting terminal (+), and an output 
terminal (No). The inverting terminal (-) is selectively 
connected with the sensing line (Si), and the output ter 
minal (No) is connected with the analog-to-digital converter 
422b. The non-inverting terminal (+) is supplied with a 
sensing reference Voltage (Vref2). In this case, a direct 
current voltage (DC voltage) level of the sensing reference 
Voltage (Vref2) may be the same as that of the displaying 
reference voltage (Vref1, illustrated in FIG. 5), but not 
necessarily. That is, the DC voltage level of the sensing 
reference voltage (Vref2) may be different from that of the 
displaying reference Voltage (Vrefl). 

If the first switch (SW1) is switched on or closed, respon 
sive to a first switch signal (SCS1, as illustrated in FIG. 5) 
of the switch control signal (SCS) supplied from the timing 
controller 200, then the first switch (SW1) connects the 
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8 
sensing line (Si) with the inverting terminal (-) of the 
operating amplifier (OA). In case of the sensing mode, the 
first switch (SW1) is turned-on for an initialization period 
(or reset period) of the sensing line (Si) and a sensing 
period of the sensing line (Si). 

If the second switch (SW2) is switched on or closed by a 
second switch signal (SCS2, as illustrated in FIG. 5) of the 
Switch control signal (SCS) Supplied from the timing con 
troller 200, then the second switch (SW2) connects the 
inverting terminal (-) of the operating amplifier (OA) with 
the output terminal (No). In case of the sensing mode, the 
second switch (SW2) is turned-on only for the initialization 
period. 
The feedback capacitor (Cf) is connected between the 

output terminal (No) and inverting terminal (-) of the 
operating amplifier (OA). The feedback capacitor (Cf) is 
initialized to OV (zero voltage) due to a short between the 
output terminal (No) and inverting terminal (-) of the 
operating amplifier (OA) when the second switch (SW2) is 
turned-on for the initialization period. The feedback capaci 
tor (Cf) is charged with the current flowing from the pixel 
(P) to the sensing line (Si) in accordance with the turning 
off state of the second switch (SW2) and the turning-on state 
of the first switch (SW1) for the sensing period, thereby 
changing the output Voltage (Vout) which is provided to the 
output terminal (No) of the operating amplifier (OA). 
The analog-to-digital converter 422b generates the sens 

ing data (Sdata) through an analog-to-digital conversion of 
the output voltage (Vout) which is output from the current 
to-voltage converter 422a. 

Referring once again to FIG. 5, the reference voltage 
supplier 430 supplies the displaying reference voltage 
(Vref1) to the plurality of sensing lines (S1 to Sn) only 
for the display mode. To this end, the reference voltage 
supplier 430 may include a plurality of switching elements 
(SW3) which are switched by a third switch signal (SCS3) 
of the switch control signal (SCS) supplied from the timing 
controller 200 only for the display mode, and are operated 
to supply the displaying reference voltage (Vref1) to the 
plurality of sensing lines (S1 to Sn) only for the display 
mode. 

FIG. 7 is a waveform diagram illustrating a driving 
waveform of the pixel of the organic light emitting display 
device, during the display mode, according to one embodi 
ment. 

An operation of the i-th pixel (Pi) connected with the 
i-th gate line (Gi) for the display mode will be described 
as follows with reference to FIGS. 3, 4 and 7. Referring to 
FIG. 7, a display period of the display mode comprises a 
data charging period (t1 DM) and a light emitting period 
(t2 DM). Therefore, during the display mode, the i-th pixel 
(Pi) is operated in a data charging period (t1 DM) and in 
a light emitting period (t2 DM). 

First, the timing controller 200 supplies the correction 
data (Cdata), which is obtained by correcting the input data 
(RGB) on the basis of sensing data (Sdata) stored in the 
memory, to the data driver 400, and then controls the gate 
driver 300 and the data driver 400 in accordance with the 
data charging period (t1 DM) and the light emitting period 
(t2 DM). 

For the data charging period (t1 DM), the first and second 
gate signals (GSa, GSb) of gate-on Voltage level are respec 
tively Supplied to the first and second gate signal lines (Ga. 
Gb); the data voltage (Vdatai) corresponding to the cor 
rection data (Cdata) is supplied to the i-th data line (DiD); 
and the displaying reference Voltage (Vrefl) is Supplied to 
the i-th sensing line (Si). Accordingly, the scanning tran 



US 9,514,686 B2 

sistor (ST1) and the sensing transistor (ST2) are turned-on 
by the first and second gate signals (GSa, GSb), whereby the 
data Voltage (Vdatai) is Supplied to the first node (nl), and 
the displaying reference voltage (Vrefl) is supplied to the 
second node (n2). For the data charging period (t1 DM), the 5 
storage capacitor (Cst) is charged with a differential Voltage 
(Vdata i-Vrefl) between the data voltage (Vdatai) and 
the displaying reference voltage (Vref1). 

For the light emitting period (t2 DM), the first and second 
gate signals (GSa. GSb) of gate-off Voltage level are respec- 10 
tively supplied to the first and second gate signal lines (Ga. 
Gb). Accordingly, the Scanning transistor (ST1) and the 
sensing transistor (ST2) are turned-off by the first and 
second gate signals (GSa. GSb), whereby the driving tran 
sistor (DT) is turned-on by the voltage stored in the storage 15 
capacitor (Cst). Thus, the turned-on driving transistor (DT) 
supplies the data current, which is determined by the dif 
ferential voltage (Vdata i-Vref1) between the data voltage 
(Vdatai) and the displaying reference voltage (Vrefl), to 
the organic light emitting diode (OLED), to thereby make 20 
the organic light emitting diode (OLED) emit light. That is, 
when the scanning transistor (ST1) and the sensing transistor 
(ST2) are turned-off for the light emitting period (t2 DM), 
the current flows in the driving transistor (DT) in accordance 
with the driving voltage (EVDD), and the organic light 25 
emitting diode (OLED) starts to emit light in proportion to 
the current flowing in the driving transistor (DT). Thus, the 
Voltage of the second node (n2) is raised so that the Voltage 
of the first node (n1) is also raised in proportion to the raised 
Voltage of the second node (n2). As a result, a gate-to-source 30 
voltage (Vgs) of the driving transistor (DT) is held constant 
and equal to the voltage across the storage capacitor (Cst), 
and the light emission of the organic light emitting diode 
(OLED) is maintained constant until the next data charging 
period (t1 DM). 35 

For the display mode, the threshold voltage of the driving 
transistor (DT) for each pixel (P) is compensated by the data 
Voltage corresponding to the correction data (Cdata) on 
which the sensing data (Sdata) is reflected. 

FIG. 8 is a waveform diagram illustrating a driving 40 
waveform of the pixel of the organic light emitting display 
device, during the sensing mode, according to one embodi 
ment. FIGS. 9A and 9B illustrate a sequential operation of 
the pixel in accordance with the driving waveform of the 
pixel shown in FIG.8. FIG. 9A corresponds to the operation 45 
of the pixel in the initialization period (t1 SM) of the 
sensing mode. FIG. 9B corresponds to the operation of the 
pixel in the sensing period (t2 SM or Tsen) of the sensing 
mode. 
An operation of the i-th pixel (Pi) connected with the 50 

i-th gate line (Gi) for the sensing mode will be described 
as follows. Referring to FIG. 8, a sensing period of the 
sensing mode comprises an initialization period (t1 SM) 
and a sensing period (t2 SM or Tsen). Therefore, during the 
sensing mode, the i-th pixel (Pi) is operated in an initial- 55 
ization period (t1 SM) and in a sensing period (t2 SM). 

Referring to FIGS. 4, 5, 8, and 9A, for the initialization 
period (t1 SM), the first and second gate signals (GSa. GSb) 
of gate-on voltage level are respectively Supplied to the first 
and second gate signal lines (Ga, Gb), and the sensing data 60 
voltage (Vdata sen) is supplied to the i-th data line (DiD). 
Also, data for the sensing mode, which is preset to sense the 
characteristic variation of the pixel (P), is supplied to the 
data voltage supplier 410 of the data driver 400 (as shown 
in FIG. 5), and the first and second switch signals (SCS1, 65 
SCS2) of switch-on voltage level are supplied to the sensing 
data generator 420 of the data driver 400 (also illustrated in 
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FIG. 5). Accordingly, as described with reference to FIG. 4. 
the scanning transistor (ST1) and the sensing transistor 
(ST2) are turned-on by the first and second gate signals 
(GSa. GSb), whereby the data voltage (Vdatai) is supplied 
to the first node (nl), and the sensing reference Voltage 
(Vref2) is supplied from the sensing data generator 420 of 
the data driver 400 to the second node (n2). Thus, for the 
initialization period (t1 SM), the storage capacitor (Cst) is 
charged with a differential voltage (Vdata sen-Vref2) 
between the sensing data Voltage (Vdata Sen) and the sens 
ing reference voltage (Vref2). For the initialization period 
(t1 SM), the i-th sensing line (Si) is initialized to the 
sensing reference Voltage (Vref2) by the current-to-voltage 
converter 422a included in the sensing unit 422-i of the 
sensing data generator 420, which will be described in detail 
as follows. 

For the initialization period (t1 SM), the first and second 
switches (SW1, SW2) included in the current-to-voltage 
converter 422a are turned-on by the respective first and 
second switch signals (SCS1, SCS2) of switch-on voltage 
level. Accordingly, the output terminal (No) and inverting 
terminal (-) of the operating amplifier (OA) included in the 
current-to-voltage converter 422a are short-circuited with 
each other by the turned-on second switch (SW2), whereby 
the feedback capacitor (Cf) of the current-to-voltage con 
verter 422a is initialized to OV. Also, since the non-inverting 
terminal (+) of the operating amplifier (OA) is supplied with 
the sensing reference Voltage (Vref2), the sensing reference 
voltage (Vref2) is supplied to the inverting terminal (-) 
which is connected with the non-inverting terminal (+) by a 
virtual ground, whereby the sensing reference Voltage 
(Vref2) is also supplied to the output terminal (No) of the 
operating amplifier (OA) through the turned-on second 
switch (SW2). At the same time, the sensing line (Si) is 
charged with the sensing reference Voltage (Vref2) through 
the turned-on first switch (SW1) at a high speed, whereby 
the sensing reference Voltage (Vref2) charged in the sensing 
line (Si) is supplied to the second node (n2) through the 
turned-on sensing transistor (ST2). 

Referring to FIGS. 4, 5, 8 and 9B, for the sensing period 
(t2 SM), the first and second gate signals (GSa, GSb) of 
gate-on voltage level are respectively Supplied to the first 
and second gate signal lines (Ga, Gb); the first Switch signal 
(SCS1) of switch-on voltage and the second switch signal 
(SCS2) of switch-off voltage are supplied to the sensing data 
generator 420 of the data driver 400 (as shown in FIG. 5): 
and the sensing data Voltage (Vdata Sen) Supplied to the i-th 
data line (DiD) is stopped. When the scanning transistor 
(ST1), the sensing transistor (ST2) and the first switch 
(SW1) are maintained in the closed or on state, the inverting 
terminal (-) of the operating amplifier (OA) is connected 
with the source electrode of the driving transistor (DT) 
which is connected with the organic light emitting diode 
(OLED) through the first switch (SW1), the i-th sensing line 
(Si) and the sensing transistor (ST2). Also, according as 
the second switch (SW2) is turned-off, the output terminal 
(No) and inverting terminal (-) of the operating amplifier 
(OA) are electrically separated from each other so that the 
operating amplifier (OA) is operated as an integrator, 
whereby the current (Isen) flowing in the i-th sensing line 
(Si) is converted into the voltage. Thus, the driving tran 
sistor (DT) is turned-on by the Voltage charged in the storage 
capacitor (Cst), and the feedback capacitor (Cf) connected 
with the operating amplifier (OA) is rapidly charged with the 
current (Isen) flowing in the turned-on driving transistor 
(DT) by the i-th sensing line (Si) previously charged with 
the sensing reference voltage (Vref2), whereby the output 
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voltage (Vout) of the operating amplifier (OA) is linearly 
decreased in the sensing reference Voltage (Vref2). 
As the analog-to-digital converter 422b of the sensing 

data generator 420 converts the output voltage (Vout) of the 
operating amplifier (OA) by the analog-to-digital conversion 
just before the end of sensing period (t2 SM), the analog 
to-digital converter 422b generates the sensing data (Sdata) 
corresponding to the current (Isen) flowing in the driving 
transistor (DT), and provides the generated sensing data 
(Sdata) to the timing controller 200. 

FIG. 10 is a waveform diagram illustrating the sensing 
time (Tsen) in the organic light emitting display device 
according to the embodiment of the present invention. 

According to the present invention, as shown in FIG. 10, 
in case of the sensing mode, the sensing line is previously 
charged with the constant sensing reference Voltage (Vref2), 
and the Voltage is maintained substantially constant without 
change over the period of sensing the current flowing in the 
driving transistor (DT) of the virtual pixel (P) so that it is 
possible to reduce the sensing time (Tsen). While the related 
art sensing time shown in FIG. 2 is about 100 us, the sensing 
time (Tsen) of the present embodiments is reduced to about 
20 us. 
As described above, in case of the sensing mode accord 

ing to the present disclosure, the current flowing from the 
driving transistor (DT) of the pixel (P) to the sensing line is 
sensed through the use of current-to-voltage converter for 
converting the current into the Voltage so that the current 
flowing in the pixel (P) is sensed at a high speed. Also, the 
sensing line is previously charged with the constant sensing 
reference voltage (Vref2) so that it is possible to minimize 
sensing errors and delay of the sensing time caused by the 
parasitic resistance and parasitic capacitance of the sensing 
line. 

According to the present disclosures, in case of the 
display mode, the sensing line, which is connected with the 
organic light emitting diode (OLED) and the Source elec 
trode of the driving transistor (DT) in common, is Supplied 
with the displaying reference voltage (Vrefl) instead of the 
data Voltage so that it is possible to prevent lowering of the 
contrast ratio in the low grayscale. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the present 
embodiments without departing from the spirit or scope of 
the disclosure. Thus, it is intended that the present embodi 
ments covers the modifications and variations of this dis 
closure provided they come within the scope of the 
appended claims and their equivalents. 
What is claimed is: 
1. An organic light emitting display device comprising: 
a display panel including a plurality of pixels formed 

adjacent to crossing areas of a plurality of gate lines 
and, a plurality of data lines, and a plurality of sensing 
lines provided in parallel to the plurality of data lines, 
each sensing line, each gate line, and each data line 
connected with one or more pixels of the plurality of 
pixels; and 

a data driver provided with a sensing data generator for 
sensing a characteristic variation of a pixel through a 
corresponding sensing line, 

wherein the sensing data generator includes a sensing unit 
connected with the sensing line for generating sensing 
data based on the characteristic variation of the pixel 
during a sensing mode of the display device, 

wherein the sensing unit includes a current-to-voltage 
converter, which is connected with the sensing line, for 
converting a current from the pixel to the sensing line 
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12 
into a Voltage and outputting the Voltage, and an 
analog-to-digital converter for converting the output 
Voltage of the current-to-voltage converter to a digital 
representation, and generating the sensing data for the 
pixel, and 

wherein the current-to-voltage converter includes: 
an operating amplifier including an inverting terminal 

connected with the sensing line, a non-inverting 
terminal Supplied with a sensing reference Voltage, 
and an output terminal connected with the analog 
to-digital converter, 

a feedback capacitor connected between the inverting 
terminal and the output terminal of the operating 
amplifier, 

a first switch, Switched by a first switch signal, to 
connect or disconnect the sensing line with the 
inverting terminal of the operating amplifier, and 

a second Switch, Switched by a second Switch signal, to 
connect or disconnect the inverting terminal of the 
operating amplifier with the output terminal of the 
operating amplifier. 

2. The organic light emitting display device according to 
claim 1, wherein the pixel is operated in an initialization 
period and in a sensing period during the sensing mode of 
the display device, 

wherein the first and second Switches are turned-on during 
the initialization period, and the first switch is turned 
on during the sensing period and the second Switch is 
turned-off during the sensing period. 

3. The organic light emitting display device according to 
claim 2, 

wherein a Voltage across the feedback capacitor is initial 
ized to OV by a short between the output terminal and 
the inverting terminal of the operating amplifier respon 
sive to the second Switch being turned-on during the 
initialization period, and 

wherein the sensing line is Supplied with the sensing 
reference voltage through the turned-on first switch and 
the inverting terminal connected with the non-inverting 
terminal of the operating amplifier by a virtual ground 
during the initialization period. 

4. The organic light emitting display device according to 
claim 2, wherein the current-to-voltage converter is operated 
as an integrator during the sensing period. 

5. The organic light emitting display device according to 
claim 2, wherein the output voltage of the current-to-voltage 
converter is linearly decreased in the sensing reference 
Voltage for the sensing period. 

6. The organic light emitting display device according to 
claim 1, further comprising a timing controller for generat 
ing correction data by correcting input data based on the 
sensing data of the pixel, and Supplying the generated 
correction data to the data driver, 

wherein the data driver further includes a data voltage 
Supplier for converting the correction data into a data 
Voltage and Supplying the data Voltage to a data line of 
the plurality of data lines during a display mode of the 
display device. 

7. The organic light emitting display device according to 
claim 6, wherein the pixel is operated in a data charging 
period and in a light emitting period during the display 
mode, 

wherein the data driver further includes a reference volt 
age Supplier for Supplying a displaying reference Volt 
age to the sensing line during the data charging period. 
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8. The organic light emitting display device according to 
claim 1, wherein the pixel includes an organic light emitting 
diode, and a pixel circuit for making the organic light 
emitting diode emit light, 

wherein the pixel circuit includes: 
a driving transistor for controlling an amount of current 

flowing in the organic light emitting diode in accor 
dance with a differential voltage between the data 
Voltage supplied to a data line corresponding to the 
pixel and a displaying reference voltage supplied to the 
sensing line; 

a scanning transistor for supplying the data voltage to a 
gate electrode of the driving transistor; 

a sensing transistor, which is connected with the organic 
light emitting diode, for supplying the displaying ref 
erence Voltage to a source electrode of the driving 
transistor, and 

a storage capacitor connected between the gate and source 
electrodes of the driving transistor. 

9. An organic light emitting display device comprising: 
a display panel including a pixel connected a gate line 

and, a data line, and a sensing line; and 
a data driver provided with a sensing data generator for 

sensing a characteristic variation of the pixel through 
the sensing line, 

wherein the sensing data generator includes a current-to 
Voltage converter connected with the sensing line an 
analog-to-digital converter for converting an output 
Voltage of the current-to-voltage converter to the sens 
ing data, 

wherein the current-to-voltage converter is operated as an 
integrator for converting a current from the pixel to the 
sensing line into the output voltage, and 

wherein the current-to-voltage converter includes: 
an operating amplifier including an inverting terminal 

connected with the sensing line, a non-inverting 
terminal supplied with a sensing reference voltage. 
and an output terminal connected with the analog 
to-digital converter, 

a feedback capacitor connected between the inverting 
terminal and the output terminal of the operating 
amplifier, 

a first switch, switched by a first switch signal, to 
connect or disconnect the sensing line with the 
inverting terminal of the operating amplifier, and 

a second switch, Switched by a second switch signal, to 
connect or disconnect the inverting terminal of the 
operating amplifier with the output terminal of the 
operating amplifier. 

10. The organic light emitting display device according to 
claim 9, wherein the pixel includes an organic light emitting 
diode, and a pixel circuit for making the organic light 
emitting diode emit light, 
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14 
wherein the pixel circuit includes: 
a driving transistor for controlling an amount of current 

flowing in the organic light emitting diode; 
a scanning transistor for supplying a data voltage to a gate 

electrode of the driving transistor; 
a sensing transistor, which is connected with the organic 

light emitting diode, for supplying a displaying refer 
ence Voltage supplied to the sensing line to a source 
electrode of the driving transistor; and 

a storage capacitor connected between the gate and source 
electrodes of the driving transistor. 

11. The organic light emitting display device according to 
claim 10, wherein the pixel is operated in an initialization 
period and in a sensing period during the sensing mode of 
the display device, 

wherein the first and second switches are turned-on during 
the initialization period, and the first switch is turned 
on during the sensing period and the second switch is 
turned-off during the sensing period. 

12. The organic light emitting display device according to 
claim 11, 

wherein a Voltage across the feedback capacitor is initial 
ized to OV by a short between the output terminal and 
the inverting terminal of the operating amplifier respon 
sive to the second switch being turned-on during the 
initialization period, and 

wherein the sensing line is supplied with the sensing 
reference voltage through the turned-on first switch and 
the inverting terminal connected with the non-inverting 
terminal of the operating amplifier by a virtual ground 
during the initialization period. 

13. The organic light emitting display device according to 
claim 11, wherein the output voltage of the current-to 
Voltage converter is linearly decreased in the sensing refer 
ence Voltage for the sensing period. 

14. The organic light emitting display device according to 
claim 9, further comprising a timing controller for generat 
ing correction data by correcting input data based on the 
sensing data of the pixel, and supplying the generated 
correction data to the data driver, 

wherein the data driver further includes a data voltage 
Supplier for converting the correction data into a data 
Voltage and supplying the data voltage to a data line of 
the plurality of data lines during a display mode of the 
display device. 

15. The organic light emitting display device according to 
claim 14, wherein the pixel is operated in a data charging 
period and in a light emitting period during the display 
mode, 

wherein the data driver further includes a reference volt 
age supplier for supplying a displaying reference volt 
age to the sensing line during the data charging period. 


