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PIXEL CIRCUIT OF ORGANIC LIGHT
EMITTING DIODE DISPLAY DEVICE FOR
COMPENSATING FOR A CHARACTERISTIC
DEVIATION OF A DRIVING THIN FILM
TRANSISTOR

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0089883, filed on Sep. 5, 2011, which is
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
diode (referred to hereinafter as an OLED) display device,
and more particularly, to a pixel circuit of an OLED display
device which is capable of compensating for a characteristic
deviation of a driving thin film transistor and reducing the
influence of a previous frame.

2. Discussion of the Related Art

AnOLED display device is a self-emissive device in which
an organic light emitting layer emits light by recombination
of electrons and holes, and is expected to be a next-generation
display device in that it is high in luminance, low in driving
voltage and ultra-thin in thickness.

Such an OLED display device includes a plurality of pix-
els, each of which includes a light emitting element having an
organic light emitting layer disposed between an anode and a
cathode, and a pixel circuit for independently driving the light
emitting element. Pixel circuits may be classified into a volt-
age type and a current type. A voltage-type pixel circuit
employs an external driving circuit simpler in configuration
than a current-type pixel circuit and is suited to a high-speed
operation, so that it may be highly applicable as a pixel circuit
for an OLED television (TV).

The voltage-type pixel circuit mainly includes a switching
thin film transistor (referred to hereinafter as a TFT), a capaci-
tor, and a driving TFT. The switching TFT charges a voltage
corresponding to a data signal in the capacitor in response to
a scan pulse, and the driving TFT controls the amount of
current to be supplied to an OLED based on the voltage
charged in the capacitor to adjust the amount of light to be
emitted from the OLED.

However, a conventional pixel circuit has adisadvantage in
that the threshold voltage Vth of a driving TFT is non-uniform
by positions by reason of a process deviation, etc., resulting in
unevenness in luminance, or the threshold voltage varies with
time by the same reason, resulting in a reduction in lumi-
nance, thereby reducing lifespan. To solve this, the voltage-
type pixel circuit has adopted a method of detecting and
compensating for the threshold voltage of the driving TFT.

For example, in a conventional pixel circuit disclosed in
Korean Patent Laid-open Publication No. 2008-0001482, the
threshold voltage of a driving TFT is detected by connecting
the gate and drain of the driving TFT with each other through
a separate switching TFT, and a data voltage is compensated
for by an amount corresponding to the detected threshold
voltage. Also, in the conventional pixel circuit, a light-emis-
sion switching TFT, connected in series between the driving
TFT and an OLED, is used to turn off light emission of the
OLED when the threshold voltage is detected.

However, in the conventional pixel circuit, the threshold
voltage of the driving TFT can be compensated, but the
threshold voltage of the light-emission switching TFT con-
nected in series between the driving TFT and the OLED
cannot be compensated, resulting in unevenness in luminance
due to a difference in the threshold voltage of the light-
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emission switching TFT. On the other hand, in order to solve
the problem with the light-emission switching TFT, the light-
emission switching TFT may be omitted. In this case, the
OLED may emit light even in a period other than a light
emission period, thereby increasing a black luminance, which
may lead to a reduction in contrast.

Also, in the conventional pixel circuit, the gate and source
of the driving TFT may be influenced by data of a previous
frame, thereby making accurate data input impossible.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a pixel
circuit of an organic light emitting diode display device that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

An object of the present invention is to provide a pixel
circuit of an organic light emitting diode display device which
is capable of preventing an organic light emitting diode from
unnecessarily emitting light even under the condition of
removing a light-emission switching thin film transistor, and
minimizing the influence of a previous frame.

Additional advantages, objects, and features of the inven-
tion 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 outin the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a pixel circuit of an organic light
emitting diode display device includes a light emitting ele-
ment, a driving thin film transistor (TFT) for driving the light
emitting element, a delivery capacitor connected between a
first node and a second node, the second node being con-
nected with the driving TFT, a storage capacitor connected
between the second node and a third node, the third node
being connected between the driving TFT and the light emit-
ting element, a first reset TFT for initializing the first node to
a reference voltage in response to a first reset signal from a
first reset line, a second reset TFT for initializing the third
node to an initialization voltage in response to the first reset
signal from the first reset line, a third reset TFT for initializing
the second node to the reference voltage in response to a
second reset signal from a second reset line, and a switching
TFT for supplying a data voltage to the first node in response
to a scan signal from a scan line.

In an initialization period, the first to third reset TFTs may
be turned on to initialize the first and second nodes to the
reference voltage and initialize the third node to the initial-
ization voltage.

In a threshold voltage detection period, the third reset TFT
may supply the reference voltage to the second node such that
avoltage at the third node rises through the driving TFT until
the storage capacitor detects a threshold voltage of the driving
TFT.

In a data input period, the delivery capacitor may deliver
the data voltage, supplied to the first node through the switch-
ing TFT, to the second node such that the storage capacitor is
charged with a difference voltage between the second node
and the third node.

In a light emission period, the driving TFT may control
current supplied to the light emitting element based on the
voltage charged in the storage capacitor.
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In the initialization period and the threshold voltage detec-
tion period, the voltage at the third node may be lower than a
low-level voltage connected with a cathode of the light emit-
ting element such that a negative bias is applied to the light
emitting element.

The driving TFT may supply output current thereof to the
light emitting element, the output current being proportional
to a difference voltage between the data voltage and the
reference voltage.

It is to 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

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

FIG. 1 is an equivalent circuit diagram of a pixel circuit of
an OLED display device according to an embodiment of the
present invention;

FIG. 2 is a driving waveform diagram of the pixel circuit of
FIG. 1;

FIG. 3 is a circuit diagram illustrating an operation of the
pixel circuit of FIG. 1 in an initialization period in FIG. 2;

FIG. 4 is a circuit diagram illustrating an operation of the
pixel circuit of FIG. 1 in a threshold voltage detection period
in FIG. 2;

FIG. 5 is a circuit diagram illustrating an operation of the
pixel circuit of FIG. 1 in a data input period in FIG. 2;

FIG. 6 is a circuit diagram illustrating an operation of the
pixel circuit of FIG. 1 in a light emission period in FIG. 2;

FIG. 7is a graph illustrating voltages measured at a node C
in the initialization period of FIG. 3 and the threshold voltage
detection period of FIG. 4; and

FIGS. 8A and 8B are graphs illustrating voltages measured
at a node B and the voltages measured at the node C in the
initialization period of FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

FIG. 1 is an equivalent circuit diagram of a pixel circuit of
an OLED display device according to an embodiment of the
present invention, and FIG. 2 is a driving waveform diagram
of the pixel circuit of FIG. 1.

Referring to FIG. 1, in order to independently drive an
OLED 50, the pixel circuit according to the present embodi-
ment has a 5T2C structure consisting of five TFTs including
adriving TFT DT, a switching TFT ST and first to third reset
TFTs RT1, RT2 and RT3, and two capacitors including a
storage capacitor Cst and a delivery capacitor Cd. Although
all of the five TETs DT, ST, RT1, RT2 and RT3 are illustrated
in FIG. 1 as being of n type, they may be of p type.

Also, the pixel circuit shown in FIG. 1 includes a scan line
30 for supplying a scan signal Scan, first and second reset
lines 32 and 34 for supplying first and second reset signals
Resetl and Reset2, respectively, a data line 36 for supplying
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adata voltage Vdata, a reference voltage line 38 for supplying
a reference voltage Vref, an initialization voltage line 40 for
supplying an initialization voltage Vini, a high-level voltage
line 42 for supplying a high-level voltage VDD, and a low-
level voltage line 44 for supplying a low-level voltage VSS
lower than the high-level voltage VDD. The reference voltage
Vref may be lower than the high-level voltage VDD and
higher than or equal to the low-level voltage VSS. The ini-
tialization voltage Vini may be a voltage lower than the low-
level voltage VSS, for example, a gate low voltage of each of
the scan signal Scan and reset signals Reset1 and Reset2.

The OLED 50 is connected in series with the driving TFT
DT between the high-level voltage line 42 and the low-level
voltage line 44. The OLED 50 has an anode connected with
the driving TFT DT, a cathode connected with the low-level
voltage line 44, and a light emitting layer disposed between
the anode and the cathode. The light emitting layer includes
an electron injection layer, an electron transport layer, an
organic light emitting layer, a hole transport layer and a hole
injection layer sequentially stacked between the cathode and
the anode. In the OLED 50, when a positive bias is applied
between the anode and the cathode, electrons from the cath-
ode are supplied to the organic light emitting layer via the
electron injection layer and the electron transport layer, and
holes from the anode are supplied to the organic light emitting
layer via the hole injection layer and the hole transport layer.
In the organic light emitting layer, light is emitted from a
fluorescent or phosphorescent material in proportion to cur-
rent owing to recombination of the supplied electrons and
holes. The OLED 50 emits light due to application of the
positive bias only in a light emission period, and emits no
light due to application of a negative bias in other periods.
Therefore, a black luminance may be prevented from being
increased due to emission of light in unnecessary periods.

The first reset TFT RT1 has a gate electrode connected to
the first reset line 32, a first electrode connected to the refer-
ence voltage line 36, and a second electrode connected to a
node A connected between the switching TFT ST and the
delivery capacitor Cd. The second reset TFT RT2 has a gate
electrode connected to the first reset line 32, a first electrode
connected to the initialization voltage line 40, and a second
electrode connected to a node C connected between the driv-
ing TFT DT and the OLED 50. The third reset TFT RT3 has
a gate electrode connected to the second reset line 34, a first
electrode connected to the reference voltage line 38, and a
second electrode connected to a node B connected between
the delivery capacitor Cd and the gate electrode of the driving
TFT DT. The first electrode and second electrode of each of
the first to third reset TFTs RT1, RT2 and RT3 become a
source electrode and a drain electrode according to the direc-
tion of current, respectively. The first and second reset TFTs
RT1 and RT2 initialize the node A to the reference voltage
Vref and the node C to the initialization voltage Vini in an
initialization period, respectively, in simultaneous response
to the first reset signal Reset1 from the first reset line 32. The
third reset TFT RT3 initializes the node B to the reference
voltage Vref in the initialization period and a threshold volt-
age detection period in response to the second reset signal
Reset2 from the second reset line 34.

The switching TFT ST has a gate electrode connected to
the scan line 30, a first electrode connected to the data line 36,
and a second electrode connected to the node A. The first
electrode and the second electrode become a source electrode
and a drain electrode according to the direction of current,
respectively. The switching TFT ST supplies the data voltage
Vdata to the node A in a data input period in response to the
scan signal Scan from the scan line 30.
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The driving TFT DT has a gate electrode connected to the
node B, a first electrode connected to the node C, and a second
electrode connected to the high-level voltage line 42. The first
electrode and the second electrode become a source electrode
and a drain electrode according to the direction of current,
respectively. The driving TFT DT controls current supplied
from the high-level voltage line 42 to the OLED 50 according
to a voltage at the node B, namely, a gate voltage to drive the
OLED 50.

The storage capacitor Cst is connected between the node B
and the node C, and the delivery capacitor Cd is connected
between the node A and the node B. The storage capacitor Cst
detects and compensates for the threshold voltage Vth of the
driving TFT DT such that the driving TFT DT is driven
according to the data voltage Vdata without the influence of
the threshold voltage Vth. The delivery capacitor Cd supplies
the data voltage Vdata to the node B.

The pixel circuit of FIG. 1 is sequentially driven in the
initialization period, the threshold voltage detection period,
the data input period and the light emission period, as shown
in FIG. 2.

FIGS. 3 to 6 are equivalent circuit diagrams sequentially
illustrating a process of the pixel circuit of FIG. 1 operating
according to a driving waveform of FIG. 2. In detail, FIG. 3
illustrates an operation of the pixel circuit in the initialization
period in FIG. 2, FIG. 4 illustrates an operation of the pixel
circuit in the threshold voltage detection period in FIG. 2,
FIG. 5 illustrates an operation of the pixel circuit in the data
input period in FIG. 2, and FIG. 6 illustrates an operation of
the pixel circuit in the light emission period in FIG. 2.

The initialization period of FIG. 3 is a period in which the
node A and node B are initialized to the reference voltage Vref
and the node C is initialized to the initialization voltage Vini,
owing to turning-on of the first to third reset TFTs RT1, RT2
and RT3. The threshold voltage detection period of FIG. 4 is
a period in which the storage capacitor Cst detects the thresh-
old voltage Vth of the driving TFT DT owing to turning-on of
the third reset TFT RT3. The data input period of FIG. 5 is a
period in which the switching TFT ST is turned on to supply
the data voltage Vdata, and the storage capacitor Cst stores
the threshold voltage Vth-compensated data voltage Vdata.
The light emission period of FIG. 6 is a period in which the
driving TFT DT turns on the OLED 50 in response to a
voltage supplied from the storage capacitor Cst.

Because all of the five TFTs constituting the pixel circuit
shown in FIGS. 3 to 6 are of n type, they are turned on by a
gate high voltage Vgh which is a gate on voltage shown in
FIG. 2 and turned off by a gate low voltage Vgl which is a gate
off voltage shown in FIG. 2.

In the initialization period of FIG. 3, the first and second
reset TFTs RT1 and RT2 are turned on by the gate on voltage
of the first reset signal Reset1 supplied from the first reset line
32, the third reset TFT RT3 is turned on by the gate on voltage
of the second reset signal Reset2 supplied from the second
reset line 34, and the switching TFT ST is turned off by the
gate off voltage of the scan signal Scan supplied from the scan
line 30. Accordingly, the node A is initialized to the reference
voltage Vref supplied through the turned-on first reset TFT
RT1, the node B is initialized to the reference voltage Vref
supplied through the turned-on third reset TFT RT3, and the
node C is initialized to the initialization voltage Vini supplied
through the turned-on second reset TFT RT2. As a result, the
nodes A, B and C may be initialized such that they are not
influenced by a previous frame. In this initialization period,
the initialization voltage Vini, which is lower than the low-
level voltage VSS, is supplied to the node C, so that the
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negative bias is applied to the OLED 50. Therefore, the
OLED 50 does not emit light, thereby preventing an increase
in black luminance.

In the threshold voltage detection period of FIG. 4, the first
and second reset TFTs RT1 and RT2 are turned off by the gate
off voltage of the first reset signal Resetl supplied from the
first reset line 32, the third reset TFT RT3 is kept on by the
gate on voltage of the second reset signal Reset2 supplied
from the second reset line 34, and the switching TFT ST is
kept off by the gate off voltage of the scan signal Scan sup-
plied from the scan line 30. Accordingly, the driving TFT DT
is turned on by the reference voltage Vref'supplied to the node
B, so that current begins to flow through the driving TFT DT,
thereby causing the voltage at the node C to rise. As a result,
the detection of the threshold voltage Vith of the driving TFT
DT is started and the voltage at the node C is raised by output
current from the driving TFT DT. At the time that the voltage
stored in the storage capacitor Cst reaches the threshold volt-
age Vthofthe driving TFT DT, namely, the voltage at the node
C reaches a voltage of “reference voltage Vref-threshold volt-
age Vth”, the detection of the threshold voltage Vth is com-
pleted. In this threshold voltage detection period, because the
voltage (Vref-Vth) at the node C is lower than the low-level
voltage VSS, the negative bias is applied to the OLED 50.
Therefore, the OLED 50 does not emit light, thereby prevent-
ing an increase in black luminance.

In the data input period of FIG. 5, the switching TFT ST is
turned on by the gate on voltage of the scan signal Scan
supplied from the scan line 30, so as to supply the data voltage
Vdata supplied from the data line 36 to the node A. Also, the
first to third reset TFTs RT1, RT2 and RT3 are turned off by
the gate off voltages of the first and second reset signals
Resetl and Reset2. The delivery capacitor Cd supplies the
data voltage Vdata supplied to the node A to the node B. As a
result, the storage capacitor Cst is charged with a difference
voltage Vgs between the data voltage Vdata supplied to the
node B and the voltage of “reference voltage Vref-threshold
voltage Vth” supplied to the node C, and keeps the charged
voltage Vgs till the light emission period of FIG. 6.

In the light emission period of FIG. 6, the switching TFT
ST is turned off by the gate off voltage of the scan signal Scan
supplied from the scan line 30, and the first to third reset TF Ts
RT1, RT2 and RT3 are kept off by the gate off voltages of the
first and second reset signals Resetl and Reset2. As a result,
the driving TFT DT supplies its output current Ioled to the
OLED 50 based on the voltage Vgs charged in the storage
capacitor Cst, so that the OLED 50 emits light. At this time,
the output current Ioled supplied from the driving TFT DT to
the OLED 50 can be expressed by the following equation 1.

Toled=k(Vgs-Vth)?
Vgs=Vdata—(Vref-Vith)

—loled=k(Vdata-Vref) [Equation 1]

Here, k is a proportional factor which is determined
depending on the structure (channel width and length) and
physical characteristics of the driving TFT DT. From the
above equation 1, it can be seen that the item of the threshold
voltage Vth in the voltage determining the output current
loled of the driving TFT DT is offset so that the output current
Toled is proportional to a difference voltage (Vdata-Vref)
between the data voltage Vdata and the reference voltage
Vref. Accordingly, it can be seen that the output current Ioled
is notinfluenced by a deviation in the threshold voltage Vth of
the driving TFT DT.
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FIG. 7 is a graph illustrating results of measurement of the
voltage at the node C in the pixel circuit according to the
present invention in the initialization period and the threshold
voltage detection period.

Referring to FIG. 7, it can be seen that the voltage at the
node Crises from the initialization voltage Vini to the voltage
(Vref-Vth) in the initialization period and the threshold volt-
age detection period when nine driving TFTs DT1 to DT9
have different threshold voltages Vth as in a table 1 below.
Therefore, it can be seen that the storage capacitor Cst detects
and stores the threshold voltage Vith in the threshold voltage
detection period.

10

8

structure in which only the driving TFT and OLED are con-
nected in series between a high-level voltage line and a low-
level voltage line, namely, irrespective of the removal of a
conventional light-emission switching TFT, a negative bias is
applied to the OLED in an initialization period and a thresh-
old voltage detection period to prevent the OLED from emit-
ting light, thereby making it possible to suppress an increase
in black luminance.

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

TABLE 1
DIl DT2 DI3 DI4 DI5S DI6 DI7 DI8 DIY
Vth (V) -2 -5 -1 -05 0 05 1 5 2
ViefVth (V) 04 03 -04 -09 -14 -19 -24 -29 -34
20

FIGS. 8A and 8B are graphs illustrating results of mea-
surement of the voltages at the node B and node C in the pixel
circuit according to the present invention.

Referring to FIGS. 8A and 8B, it can be seen that the node
B (gate) and node C (source) of the driving TFT, supplied with
various data voltages Vdata in a previous frame, are initial-
ized respectively to the reference voltage Vref and initializa-
tion voltage Vini in the initialization period, thereby making
it possible to prevent the influence of the previous frame.

As described above, in the pixel circuit of the OLED dis-
play device according to the present invention, the threshold
voltage of the driving TFT is detected and compensated for
through the use of the storage capacitor connected between
the gate and source of the driving TFT. Therefore, the OLED
can emit light using current proportional to the difference
voltage between the data voltage and the reference voltage
without the influence of a threshold voltage deviation.

Also, in the pixel circuit of the OLED display device
according to the present invention, the node B (gate) and node
C (source) of the driving TFT are initialized using the refer-
ence voltage and the initialization voltage, so that the influ-
ence of the previous frame can be prevented.

In addition, in the pixel circuit of the OLED display device
according to the present invention, in spite of the use of the
structure in which only the driving TFT and OLED are con-
nected in series between the high-level voltage line and the
low-level voltage line, namely, irrespective of the removal of
a conventional light-emission switching TFT, the negative
bias is applied to the OLED in the initialization period and
threshold voltage detection period to prevent the OLED from
emitting light. Therefore, it is possible to suppress an increase
in black luminance.

As is apparent from the above description, in a pixel circuit
of an OLED display device according to the present inven-
tion, the threshold voltage of a driving TFT is detected and
compensated for through the use of a storage capacitor con-
nected between the gate and source of the driving TFT. There-
fore, an OLED can emit light using current proportional to a
difference voltage between a data voltage and a reference
voltage without the influence of a threshold voltage deviation.

Also, in the pixel circuit of the OLED display device
according to the present invention, the node B (gate) and node
C (source) of the driving TFT are initialized using the refer-
ence voltage and an initialization voltage, so that the influence
of a previous frame can be prevented.

Moreover, in the pixel circuit of the OLED display device
according to the present invention, in spite of the use of a
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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. A pixel circuit of an organic light emitting diode display

device comprising:

a light emitting element;

a driving thin film transistor (TFT) for driving the light
emitting element;

a delivery capacitor connected between a first node and a
second node, the second node being connected with the
driving TFT;

astorage capacitor connected between the second node and
athird node, the third node being connected between the
driving TFT and the light emitting element;

afirstreset TFT for initializing the first node to a reference
voltage in response to a first reset signal from a first reset
line;

a second reset TFT for initializing the third node to an
initialization voltage in response to the first reset signal
from the first reset line;

a third reset TFT for initializing the second node to the
reference voltage in response to a second reset signal
from a second reset line; and

a switching TFT for supplying a data voltage to the first
node in response to a scan signal from a scan line,

wherein:

in an initialization period, the first to third reset TFTs are
turned on 1o initialize the first and second nodes to the
reference voltage and initialize the third node to the
initialization voltage,

in a threshold voltage detection period, the third reset TEFT
supplies the reference voltage to the second node such
that a voltage at the third node rises through the driving
TFT until the storage capacitor detects a threshold volt-
age of the driving TFT, and

in the initialization period and the threshold voltage detec-
tion period, the voltage at the third node is lower than a
voltage of a cathode of the light emitting element such
that a negative bias is applied to the light emitting ele-
ment, and

wherein in the initialization period, the first, second, and
third reset TFT's are turned on in response to the first and
second reset signals, respectively, and in the threshold
voltage detection period, the first and second reset TFTs
are turned off in response to the first reset signal, while
the third reset TFT remains on.
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2. The pixel circuit according to claim 1, wherein:

in a data input period, the delivery capacitor delivers the
data voltage, supplied to the first node through the
switching TFT, to the second node such that the storage
capacitor is charged with a difference voltage between 5
the second node and the third node; and

in a light emission period, the driving TFT controls current

supplied to the light emitting element based on the volt-
age charged in the storage capacitor.

3. The pixel circuit according to claim 2, wherein the 10
driving TFT supplies output current thereof to the light emit-
ting element, the output current being proportional to a dif-
ference voltage between the data voltage and the reference
voltage.

4. The pixel circuit according to claim 1, wherein the 15
second reset TFT is configured to receive the initialization
voltage from an initialization voltage source different from
ground connected to the light emitting element.
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