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(7) ABSTRACT

A pixel structure using a voltage programming type active
matrix organic light emitting diode (OLED) which can
minimize a current deterioration phenomenon is disclosed.
The pixel structure includes a fifth TFT receiving an external
management signal EMS through its gate, having a drain
region connected to a cathode part of an OLED, and
receiving an input of an OLED current through its source-
drain current path when the OLED emits light, a fourth TFT
receiving a set scan signal SCAN through its gate and having
source and drain regions connected to gate and drain parts of
a third TFT T3, respectively, the third TFT T3 being a
current driving transistor for determining the OLED current
when the OLED emits light, a capacitor C having upper and
lower plates connected to the gate part of the third TFT T3
and a ground voltage VSS, respectively, a first TFT receiv-
ing the SCAN signal through its gate and transferring a data
voltage to a source region of the third TFT T3, a second TFT
receiving the EMS signal through its gate and connecting the
lower part of the capacitor C to the source region of the third
TFT T3, and a sixth TFT having source and drain regions
connected to an external clock signal CLK and the gate
region of the third TFT T3, respectively, and having a gate
connected to the gate part of the third TFT T3. An anode part
of the OLED receives a voltage VDD.
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PIXEL STRUCTURE USING VOLTAGE
PROGRAMMING-TYPE FOR ACTIVE MATRIX
ORGANIC LIGHT EMITTING DEVICE

PRIORITY

[0001] This application claims priority to applications
entitled “Pixel Structure For Voltage Programming Type
Active Matrix Organic Light Emitting Diode” filed in the
Korean Industrial Property Office on Apr. 29, 2005 and
assigned Serial No. 2005-36073, and on Oct. 4, 2005 and
assigned Serial No. 2005-92966, the contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode, and more particularly to a pixel structure
using an organic light emitting diode which can prevent
characteristic deterioration of driving transistors for driving
a voltage programming type active matrix organic light
emitting diode due to voltages being applied to the driving
transistors.

[0004] 2. Description of the Related Art

[0005] Recently, thin light inexpensive display devices
having high efficiency have been actively developed, and
one of such remarkable next-generation display devices is an
organic light emitting display device. This organic light
emitting display device uses an elector-luminescence (EL)
phenomenon of specified organic compounds or high poly-
mers, and thus it is not required to adopt a backlight in a
display device. The display device using the ELL phenom-
enon can be thinner than a general LCD, can be inexpen-
sively and easily manufactured, and has the advantages of a
wide viewing angle and bright light.

[0006] An organic light emitting display device using
organic light emitting diodes (OLEDs) is provided with
OLEDs and thin film transistors (TFTs) for driving the
OLED:s. This TFT is classified into a poly silicon TFT, an
amorphous silicon TFT, and others, depending on the kind
of its active layer. Also, the type of the TFT is classified into
an active-matrix type and a passive-matrix type, depending
on the existence/nonexistence of switching elements pro-
vided in a unit pixel of an organic light emitting display
panel.

[0007] Although the organic light emitting display device
adopting the poly silicon TFTs has various kinds of advan-
tages and thus has been generally used, the TFT manufac-
turing process is complicated with its manufacturing cost
increased. In addition, it is difficult to achieve a wide screen
in the organic light emitting display device adopting the poly
silicon TFTs. By contrast, it is easy to achieve a wide screen
in the organic light emitting display device adopting the
amorphous silicon TFTs, and this organic light emitting
display device can be manufactured through the relatively
small number of manufacturing processes in comparison to
the organic light emitting display device adopting the poly
silicon TFTs. However, as the amorphous silicon TFTs
continuously supply current to the OLED, the threshold
voltage V4 of the amorphous silicon TFT itself may be
shifted so as to cause the amorphous silicon TFT to dete-
riorate. Also, due to this, non-uniform current may flow
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through the OLED even if the same data voltage is applied
thereto, and this causes the deterioration of picture quality of
the organic light emitting display device to occur.

[0008] FIG. 1 is a circuit diagram of a unit pixel of a
conventional voltage programming type active matrix
OLED. This voltage programming type active matrix OLED
is composed of two TFTs and one capacitor. In FIG. 1, the
first TFT T1 serves as a switch such as an active matrix
LCD, the capacitor Cqrg stores a data voltage, and the
second TFT T2 serves to flow current corresponding to the
value of the data voltage stored in the capacitor Cgqg to the
OLED.

[0009] However, the voltage programming type basic
pixel structure as illustrated in FIG. 1 has a drawback in that
if the threshold voltage of the second TFT T2 deteriorates
due to a continuous supply of a gate bias voltage, deterio-
rating voltage flows to the OLED through the second TFT
T2 although the same data voltage is charged in the capacitor
CSTG. Accordingly, the pixel structure as illustrated in FIG.
1 cannot correct the deterioration of the TFT threshold
voltage between pixels at all. The current flowing between
the source and drain of the second TFT T2 appears as the
following current-voltage relational expression in a satura-
tion region.

In=Yaxkx(Vgs— V1)

[0010] Here, k=pixCinsxW/L, and pt denotes a field effect
mobility, Cins denotes the capacitance of an insulating layer,
W denotes the channel width of a TFT, and L denotes the
channel length of the TFT.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention has been
designed to solve the above and other problems occurring in
the prior art, and an object of the present invention is to
provide a pixel structure using a voltage programming type
active matrix organic light emitting diode which can mini-
mize a current deterioration phenomenon.

[0012] In one aspect of the present invention, there is
provided a pixel structure using a voltage programming type
active matrix organic light emitting diode (OLED), which
includes a fifth switching transistor, i.e., a fifth TFT T5,
receiving an external management signal EMS through its
gate, having a drain region connected to a cathode part of an
OLED, and receiving an input of an OLED current through
its source-drain current path when the OLED emits light, a
fourth switching transistor, i.e., a fourth switching transistor,
i.e., a fourth TFT T4, receiving a set scan signal SCAN
through its gate and having a source region and a drain
region connected to a gate part and a drain part of a third
TFT T3, respectively, the third TFT T3 being a current
driving transistor for determining the OLED current when
the OLED emits light, a capacitor C having an upper plate
and a lower plate connected to the gate part of the third TFT
T3 and a ground voltage VSS, respectively, a first switching
transistor, i.e., a first TFT T1, receiving the scan signal
SCAN through its gate and transferring a data voltage to a
source region of the third TFT T3, a second switching
transistor, i.e., a second TFT T2, receiving the external
management signal EMS through its gate and connecting the
lower part of the capacitor C to the source region of the third
TFT T3, and a sixth transistor, i.e., a sixth TFT T6, having
a source region and a drain region connected to an external
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clock signal CLK and the gate region of the third TFT T3,
respectively, and having a gate connected to the gate part of
the third TFT T3. In this case, an anode part of the OLED
receives a voltage VDD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0014] FIG. 1 is a circuit diagram of a unit pixel of a
conventional voltage programming type active matrix
OLED;

[0015] FIG. 2 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 1;

[0016] FIG. 3 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a first embodiment of the present invention;

[0017] FIG. 4 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 3;

[0018] FIG. 5 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a second embodiment of the present invention;

[0019] FIG. 6 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 5;

[0020] FIG. 7 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a third embodiment of the present invention;

[0021] FIG. 8 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 7,

[0022] FIG. 9 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a fourth embodiment of the present invention;

[0023] FIG. 10 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 9,

[0024] FIG. 11 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a fifth embodiment of the present invention;

[0025] FIG. 12 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 11;

[0026] FIG. 13 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a sixth embodiment of the present invention; and

[0027] FIG. 14 is a timing diagram explaining the opera-
tion of the unit pixel of FIG. 13.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] Preferred embodiments of the present invention
will be described in detail hereinafter with reference to the
accompanying drawings. In the following description of the
present invention, only parts necessary for understanding the
operation of the present invention will be explained, but a
detailed description of known functions and configurations
incorporated herein will be omitted when it may obscure the
subject matter of the present invention.
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[0029] FIG. 3 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a first embodiment of the present invention, and FIG. 4 is a
timing diagram explaining the operation of the unit pixel of
FIG. 3. Referring to FIGS. 3 and 4, the unit pixel according
to the first embodiment of the present invention includes a
fifth switching transistor, i.e., a fifth TFT T5, receiving an
external management signal EMS through its gate, having a
drain region connected to a cathode part of an OLED, and
receiving an input of an OLED current through its source-
drain current path when the OLED emits light, a fourth
switching transistor, i.e., a fourth switching transistor, i.e., a
TFT T4, receiving a set scan signal SCAN through its gate
and having a source region and a drain region connected to
a gate part and a drain part of a third TFT T3, respectively,
the third TFT T3 being a current driving transistor for
determining the OLED current when the OLED emits light,
a capacitor C having an upper plate and a lower plate
connected to the gate part of the third TFT T3 and a ground
voltage VSS, respectively, a first switching transistor, i.e., a
first TFT TI1, receiving the external scan signal SCAN
through its gate and transferring a data voltage to a source
region of the third TFT T3, a second switching transistor,
ie., a second TFT T2, receiving the external management
signal EMS through its gate and connecting the lower part
of the capacitor C to the source regions of the third TFT T3,
and a sixth transistor, i.e., a sixth TFT T6, having a source
region and a drain region connected to an external clock
signal CLK and the gate region of the third TFT T3,
respectively, and having a gate connected to the gate part of
the third TFT T3. In this case, an anode part of the OLED
receives a high voltage VDD.

[0030] The operation of the unit pixel as constructed
above according to the first embodiment of the present
invention will be explained. In a period (1) of FIG. 4 where
two control signals, i.e., the external management signal
EMS and the scan signal SCAN, are all turned on, the fifth
TFT T5 and the fourth TFT T4 connected to the third TFT
T3 (e.g., driving TFT) are turned on, and the high voltage
VDD is pre-charged in the gate node of the third TFT T3
through a diode connection of the third TFT T3 through the
fifth TFT T5, to compensate for the threshold voltage of the
third TFT T3. In a period (2) of FIG. 4 where the EMS
signal goes to a low level and the SCAN signal is in an on
state, the current path between the OLED and the third TFT
T3 is removed due to the low voltage of the EMS signal, and
simultaneously, the gate and the drain of the third TFT T3
are in a diode connection state. In this case, the third TFT T3
operates in a saturation region, and after a predetermined
amount of time elapses, the voltage V54 of the third TFT T3
becomes the threshold voltage V. of the third TFT T3. At
this time, a data voltage having a positive value is applied to
the source node (i.e., B node) of the third TFT T3. Accord-
ingly, after the predetermined amount of time elapses, the
voltage Vi of the third TFT T3 becomes [Vig+Vparal-
Since VSS has been applied to the lower plate of the
capacitor C connected to the gate of the third TFT T3, the
voltage stored in the capacitor C becomes the difference
between the voltage stored in the gate of the third TFT T3
and the ground voltage VSS, i.e., [Vig+Vpara-VSS]. Ina
period (3) of FIG. 4 where the two control signals are all at
a low level, the SCAN signal is turned off until the EMS
signal is turned on again, and thus a charge injection from
the high voltage of the EMS signal to the gate of the fourth
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TFT T4 can be prevented. Last, if the EMS signal is turned
on in a state that the SCAN signal is turned off, the current
path between the third TFT T3 and the OLED is created
again. In this case, the OLED is actually in a light-emitting
state in a frame period as the voltage Vg stored in the
capacitor in the period (2) is maintained (in a period (4) of
FIG. 4). At this time, the current being discharged to the
OLED is determined by the following current-voltage rela-
tional expression in a saturation region.

Ip =1/2%kx (Vs = V)
=1/2%kx (Vry + Vpara — VSS = Vyy)?
=1/2xk% (Vpara — VS5)?

[0031] Here, k=uxCinsxW/L, and p denotes a field effect
mobility, Cins denotes the capacitance of an insulating layer,
W denotes the channel width of a TFT (i.e., the third TFT T3
that is a current driving TFT), and L denotes the channel
length of the TFT (T3 that is the current driving TFT).

[0032] Ina period (5) of FIG. 4, a negative voltage can be
applied to the gate node of the third TFT T3. Specifically, the
sixth TFT T6 is added to the structure, which has a source
region and a drain region connected to a terminal of a clock
signal CLK and the gate node of the third TFT T3, respec-
tively, and it achieves a diode connection by short-circuiting
the gate region of the third TFT T3 and its gate region. When
the clock signal CLK descends to a negative voltage, the
sixth TFT T6 is turned on and discharges the charges
existing at the gate node of the third TFT T3 as the negative
voltage, so that the negative voltage is applied to the gate
node of the third TFT T3 for a predetermined time. Accord-
ingly, the deterioration of the threshold voltage of the third
TFT T3 can be minimized, and this can contribute to the
improvement of the reliability of the AMOLED panel. Of
course, since the sixth TFT T6 is in an off state in the period
where the clock signal is kept a positive voltage, the clock
signal does not affect the determination of the OLED cur-
rent.

[0033] FIG. 5 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a second embodiment of the present invention, and FIG. 6
1s a iming diagram explaining the operation of the unit pixel
of FIG. 5. Referring to FIGS. 5 and 6, the unit pixel
according to the second embodiment of the present inven-
tion has the same construction as the unit pixel according to
the first embodiment except that the sixth TFT T6 and the
external clock signal CLK are removed from the circuit. In
the first embodiment of the present invention as illustrated in
FIG. 3, the external clock signal CLK having a negative
voltage is periodically provided to the third TFT T3 through
the sixth TFT T6, and thus the deterioration of the third TFT
T3 is prevented. By contrast, in the second embodiment of
the present invention as illustrated in FIG. 5, the deterio-
ration of the third TFT T3 is somewhat severe in comparison
to the first embodiment of the present invention, but it has
the advantage that its circuit construction is simple. Except
for the operation of the sixth TFT T6, the operation of the
circuit according to the second embodiment of the present
invention is the same as that according to the first embodi-
ment of the present invention.
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[0034] FIG. 7 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a third embodiment of the present invention, and FIG. 8 is
a timing diagram explaining the operation of the unit pixel
of FIG. 7. Referring to FIGS. 7 and 8, in the unit pixel
according to the third embodiment of the present invention,
the source region of the third TFT T3 is directly connected
to the ground voltage VSS, and the lower plate of the
capacitor C is connected to the node B. The basic construc-
tion of the unit pixel as illustrated in FIG. 7 is similar to
those of the first and second embodiments as illustrated in
FIGS. 3 and 5, the data voltage has a positive value, not a
negative value.

[0035] The operation of the unit pixel according to the
third embodiment of the present invention will be explained.
In a period (1) of FIG. 8 where two control signals, i.e., the
external management signal EMS and the scan signal
SCAN, are all turned on, the fifth TFT TS and the fourth TFT
T4 connected to the third TFT T3 (e.g., driving TFT) are
turned on, and the high voltage VDD is pre-charged in the
gate node of the third TFT T3 through a diode connection of
the third TFT T3 through the fifth TFT T5, to compensate for
the threshold voltage of the third TFT T3. In a period (2) of
FIG. 8 where the EMS signal goes to a low level and the
SCAN signal is in an on state, the current path between the
OLED and the third TFT T3 is removed due to the low
voltage of the EMS signal, and simultaneously, the gate and
the drain of the third TFT T3 are in a diode connection state.
In this case, the third TFT T3 operates in a saturation region,
and after a predetermined amount of time elapses, the
voltage Vg of the third TFT T3 becomes the threshold
voltage V4 of the third TFT T3. At this time, a data voltage
Viara 18 applied to the lower plate of the capacitor C (i.e.,
node B) connected to the gate of the third TFT T3 by the first
TFT T1, and VS8 is applied to the source of the third TFT
T3. Since the voltage stored in the capacitor C corresponds
to the difference between the voltage stored in the gate of the
third TFT T3 (V. +VSS) and the data voltage VDD, it
becomes [Vi+VSS-Vpral In a period (3) of FIG. 8
where the two control signals EMS and SCAN are all at a
low level, the SCAN signal is turned off until the EMS signal
is turned on again, and thus a charge injection from the high
voltage VDD to the gate of the third TFT T3 can be
prevented. Last, in a period (4) of FIG. 8 where the EMS
signal is turned on in a state that the SCAN signal is turned
off, the current path between the third TFT T3 and the OLED
is created again. In this case, the OLED is actually in a
light-emitting state in a frame period as the voltage Vg
stored in the capacitor C is maintained. At this time, the
current being discharged to the OLED is determined by the
following current-voltage relational expression in a satura-
tion region.

Ip = 1/2xkx (Vs = Vry)?
= 1/2xk % (Vg + VSS = Vpara — Voy)?
= 1/2xk X (VSS = Vpaza)?

[0036] Here, k=pxCinsxW/L, and p denotes a field effect
mobility, Cins denotes the capacitance of an insulating layer,
W denotes the channel width of a TFT (i.e., the third TFT T3



US 2006/0256057 Al

that is a current driving TFT), and L denotes the channel
length of the TFT (T3 that is the current driving TFT).

[0037] By adding the sixth TFT T6 to the construction in
the third embodiment of the present invention, in the similar
manner as the construction in the first embodiment of the
present invention, the negative voltage can be periodically
applied to the gate node of the third TFT T3. That is, by
adding the sixth TFT T6 to the structure, which has a source
region and a drain region connected to a terminal of a clock
signal CLK and the gate node of the third TFT T3, respec-
tively, and which achieves a diode connection by short-
circuiting the gate region of the third TFT T3 and its gate
region, the deterioration of the threshold voltage of the third
TFT T3 can be minimized.

[0038] FIG. 9 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a fourth embodiment of the present invention, and FIG. 10
is a timing diagram explaining the operation of the unit pixel
of FIG. 9. The unit pixel of the voltage programming type
active matrix OLED having the construction as illustrated in
FIG. 9 is composed of four N-type TFTs and a capacitor.
Although the scan signal SCAN and the data signal DATA,
which are essential signals for the pixel, are used, the VDD
line that is the power supply line is replaced by a Vg,
signal line by applying the voltage V. to the gate node of
the second TFT T2 and the anode of the OLED.

[0039] The operation of the unit pixel according to the
fourth embodiment of the present invention will be
explained. In a period (1) of FIG. 10 where two control
signals, i.e., the external management signal EMS and the
scan signal SCAN, are all turned on, a high voltage Vi<
connected in series to the OLED is pre-charged in the gate
node (i.e., A node) through a diode connection of the third
TFT T3 through the fourth TFT T4, to compensate for the
threshold voltage of the third TFT T3. In a period (2) of FIG.
10 where the EMS signal goes to a low level and the SCAN
signal is in an on state, the current path between the OLED
and the third TFT T3 is removed due to the low voltage of
the EMS signal, and simultaneously, the gate and the drain
of the third TFT T3 are in a diode connection state. In this
case, the third TFT T3 operates in a saturation region, and
after a predetermined amount of time elapses, the voltage
V_, of the third TFT T3 becomes the threshold voltage Vi
of the third TFT T3.

[0040] The voltage V14 of the data signal is applied to
the lower plate of the capacitor C (i.e., node B) connected to
the gate of the third TFT T3. Since the voltage stored in the
capacitor C corresponds to the difference between the volt-
age stored in the gate of the third TFT T3 and the data
voltage Vo a1a, it becomes [VSS+V ;- Vpara |- In this case,
since the OLED current flowing in an emission period is
determined by the value stored in the capacitor C, the input
data voltage Vp, 414 should be a data having a negative value.
In a period (3) of FIG. 10 where the two control signals
EMS and SCAN are all at a low level, the SCAN signal is
turned off until the EMS signal is turned on again, and thus
a charge injection from the high voltage of the EMS signal
to the gate of the third TFT T3 can be prevented. Last, if the
EMS signal is turned on in a state that the SCAN signal is
turned off, the current path between the third TFT T3 and the
OLED is created again. In this case, the OLED is actually in
a light-emitting state in a frame period as the voltage Vg

Nov. 16, 2006

stored in the capacitor C is maintained. Also, in the actual
emission period (4) of FIG. 10, only the driving TFT (i.e.,
the third TFT T3) for determining the amount of discharged
current is connected between the power supply (i.e., the high
voltage of the EMS signal) and the OLED, the power
consumption becomes minimized. At this time, the current
being discharged to the OLED is determined by the follow-
ing current-voltage relational expression in a saturation
region.

Ip = 1/2xkx(Vas — V)
= 1/2xk X (VSS+ Viy — Vpara — Vry)*

= 1/2%k X (VSS = Vpars)?

[0041] Here, k=pixCinsxW/L, and pt denotes a field effect
mobility, Cins denotes the capacitance of an insulating layer,
W denotes the channel width of a TFT (i.e., the third TFT T3
that is a current driving TFT), and L denotes the channel
length of the TFT (T3 that is the current driving TFT).

[0042] FIG. 11 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a fifth embodiment of the present invention, and FIG. 12 is
a timing diagram explaining the operation of the unit pixel
of FIG. 11. Referring to FIGS. 11 and 12, the unit pixel
according to the fifth embodiment of the present invention is
the same as that according to the first embodiment of the
present invention. In the fifth embodiment of the present
invention, however, the data voltage has a negative value,
not a positive value.

[0043] The operation of the unit pixel as constructed
above according to the fifth embodiment of the present
invention will be explained. In a period (1) of FIG. 12 where
two control signals EMS and SCAN are all turned on, the
high voltage Vg, 18 pre-charged in the gate node (ie., A
node) through a diode connection of the third TFT T3
through the fourth TFT T4, to compensate for the threshold
voltage of the third TFT T3. In a period (2) of FIG. 12 where
the EMS signal goes to a low level and the SCAN signal is
in an on state, the current path between the OLED and the
third TFT T3 is removed due to the low voltage of the EMS
signal, and simultaneously, the gate and the drain of the third
TFT T3 are in a diode connection state. In this case, the third
TFT T3 operates in a saturation region, and the data voltage
having the positive value is applied to the source node (i.e.,
B node) of the third TFT T3. Accordingly, after a predeter-
mined amount of time elapses, the voltage V of the third
TFT T3 becomes [Vi+Vparal Since VSS has been
applied to the lower plate of the capacitor C connected to the
gate of the third TFT T3, the voltage stored in the capacitor
C becomes the difference between the voltage stored in the
gate of the third TFT T3 and the ground voltage VSS, i.e.,
[Vig+Vpara—-VSS]. In a period (3) of FIG. 12 where the
two control signals are all at a low level, the SCAN signal
is turned off until the EMS signal is turned on again, and thus
a charge injection from the high voltage of the EMS signal
to the gate of the fourth TFT T4 can be prevented. Last, if
the EMS signal is turned on in a state that the SCAN signal
is turned off; the current path between the third TFT T3 and
the OLED is created again. In this case, the OLED is
actually in a light-emitting state in a frame period as the
voltage Vg stored in the capacitor in the period (2) is
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maintained. Also, in the actual emission period (4) of FIG.
12, only the driving TFT (i.e., the third TFT T3) for
determining the amount of discharged current is connected
between the power supply (i.e., the high voltage of the EMS
signal) and the OLED, the power consumption becomes
minimized. At this time, the current being discharged to the
OLED is determined by the following current-voltage rela-
tional expression in a saturation region.

Ip = 1/2%kx (Vas - Veu)?
= 1725k X (Vg + Voazs — VSS = V2
=1/2%kx (Vpars — VSS)*

[0044] Here, k=pxCinsxW/L, and p denotes a field effect
mobility, Cins denotes the capacitance of an insulating layer,
W denotes the channel width of a TFT (i.e., the third TFT T3
that is a current driving TFT), and [ denotes the channel
length of the TFT (T3 that is the current driving TFT).

[0045] FIG. 13 is a circuit diagram of a unit pixel of a
voltage programming type active matrix OLED according to
a sixth embodiment of the present invention, and FIG. 14 is
a timing diagram explaining the operation of the unit pixel
of FIG. 13. Referring to FIGS. 13 and 14, the unit pixel of
the voltage programming type active matrix OLED accord-
ing to the sixth embodiment of the present invention is
composed of three N-type TFTs (i.e., the 11™ TFT T, the
12 TFT T12, and the 13" TFT T13) and a capacitor Cyrq.
In addition to the scan signal SCAN and the data signal
DATA, which are essential signals for the pixel, a clock
signal is applied to the source and the drain of the third
switching transistor (i.c., third TFT T3). In operation, the
13" TFT T13 and a clock signal line is formed for each row
of the panel, and thus the pixel of the actual panel is driven
by two TFTs.

[0046] Referring to FIGS. 13 and 14, the operation of the
unit pixel according to the sixth embodiment of the present
invention will be explained. During a gate selection time, the
11" TFT T11 is turned on, and the data voltage is stored in
the capacitor Cqp. After the gate selection time, the 12™
TFT T12 supplies the current corresponding to the applied
data voltage to the OLED. At this time, since the clock signal
connected to the 13™ TFT T13 has a voltage higher than the
data voltage, the source of the 13% TET T13 becomes the
gate node of the 12® TFT T12, Accordingly, the 13® TFT
T13 is turned off since Vg 15=0. If the clock signal is
shifted to a voltage state (i.e., a negative voltage) that is
sufficiently lower than the stored data voltage (i.e., a positive
voltage), the clock signal appears at the source of the 13™
TFT T13, and at this time, the data voltage having been
stored in the gate node of the 12 TFT T12 (i.e., the drain
node of the 13™ TFT T13) is discharged to the clock signal.
Accordingly, the gate node of the 12 TFT T12 maintains
the potential of the negative voltage.

[0047] On the other hand, as the positive voltage is con-
tinuously applied to the gate node, the threshold voltage of
the hydrogen amorphous silicon (a-Si:H) is increased. This
pheniomenon can be explained by two kinds of mechanisms:
a charge capture to a silicon nitride layer and a defect region
generation in a channel. Generally, it is known that stress
occurring due to the applying of a positive voltage to the
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gate node increases the relative density of the charge cap-
ture, while stress due to the applying of a negative voltage
to the gate node decreases the captured charge and defect
state density. Accordingly, in the present invention, the
deterioration of the threshold voltage caused by the continu-
ous applying of the positive voltage to the gate node of the
amorphous silicon thin film transistor can be reduced by
applying the negative voltage to the gate node. For example,
a positive voltage is applied to the gate node of a unit device
for 14 msec of 16.7 msec that corresponds to one frame, and
a negative voltage is applied for the remaining 2.7 msec. The
duty ratio and the magnitude of the negative voltage can be
diversely set for each panel design. In addition, the driving
method proposed in the present invention can suppress the
current error due to the hysteresis phenomenon of the a-Si
TFT by applying a constant negative voltage before the
driving voltage V5 in the current frame.

[0048] In addition, the driving method proposed with
reference to FIG. 13 can suppress the deterioration of the
threshold voltage itself by applying a negative voltage to the
gate node of the current driving TFT.

[0049] Although the construction and operation of the
pixel structure using a voltage programming type active
matrix OLED have been described with reference to the
preferred embodiments of the present invention, they are
exemplary, and various modifications can be made without
departing from the scope of the present invention. For
example, even in the construction according to the embodi-
ments as illustrated in FIGS. 9 and 11, the same construc-
tion as the sixth TFT T6, which prevents the deterioration of
the third TFT T3 by periodically providing an external clock
signal CLK having a negative voltage to the third TFT T3
through the sixth TFT T6, proposed in the first embodiment
of the present invention as illustrated in FIG. 3, can also be
adopted. Also, since the circuit, which is composed of
N-type TFTs according to the present invention, can be
constructed using P-type TFTs, thin film transistors such as
nanocrystalline-Si TFTs, polycrystalline-Si TFTs, organic
TFTs, oxide (transparent) TFTs, and others, can be used in
driving the AMOLED display device, in addition to a-Si
TFTs. Also, although in the embodiments of the present
invention, the OLED has a common-anode structure, the
present invention can be widely used for an OLED having
a common-cathode structure.

[0050] As described above, the pixel structure for the
voltage programming type active matrix OLED according to
the first embodiment of the present invention can minimize
the OLED current reduction phenomenon even if the thresh-
old voltage of the driving transistor that drives the current
deteriorates, by effectively storing the threshold voltage of
the amorphous silicon thin film transistor. Also, the pixel
structure according to the first embodiment of the present
invention can reduce at maximum the deterioration of the
threshold voltage itself by periodically applying a negative
voltage to the gate node of the current driving TFT. Fur-
thermore, the pixel structure according to the fourth embodi-
ment of the present invention can minimize the number of
TFTs in comparison to the conventional pixel structure, by
replacing the conventional VDD line that is essential for the
pixel by a signal line required in a compensation circuit, and
thus a display device having an excellent reliability can be
implemented.
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[0051] While the present invention has been shown and
described with reference to certain preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the appended claims.

What is claimed is:

1. A pixel structure using a voltage programming type
active matrix organic light emitting diode (OLED), the pixel
structure comprising:

a first switching transistor receiving an external scan
signal through its gate and receiving a data voltage
through its source-drain current path;

an OLED receiving a first power supply voltage;

a fifth switching transistor receiving an external control
signal through its gate, having a drain region connected
to an output terminal part of the OLED, and receiving
a current of the OLED through its source-drain current
path;

a second switching transistor having a source-drain cur-
rent path connected to the source-drain current path of
the first switching transistor at a node B, and receiving
the external control signal through its gate;

a third driving transistor having a source-drain current
path connected to the source-drain current path of the
fifth switching transistor, a gate connected to a node A,
and a source part connected to the node B;

a fourth switching transistor receiving the external scan
signal through its gate, and having a source-drain
current path connected to the gate and the drain of the
third driving transistor through the node A; and

a capacitor connected in series to the node A and a second
power supply.
2. A pixel structure using a voltage programming type
active matrix organic light emitting diode (OLED), the pixel
structure comprising:

a first switching transistor receiving an external scan
signal through its gate and receiving a data voltage
through its source-drain current path;

an OLED receiving a first power supply voltage;

a fifth switching transistor receiving an external control
signal through its gate, having a drain region connected
to an output terminal part of the OLED, and receiving
a current of the OLED through its source-drain current
path;

a second switching transistor having a source-drain cur-
rent path connected to the source-drain current path of
the first switching transistor at a node B, and receiving
the external control signal through its gate;

a third driving transistor having a source-drain current
path connected to the source-drain current path of the
fifth switching transistor, a gate connected to a node A,
and a source part connected to a second power supply;

a fourth switching transistor receiving the external scan
signal through its gate, and having a source-drain
current path connected to the gate and the drain of the
third driving transistor through the node A; and

Nov. 16, 2006

a capacitor connected in series to the node A and the node
B.

3. The pixel structure as claimed in claim 1, further
comprising a sixth switching transistor having a source
region and a drain region connected to the external clock
signal and the gate region of the third driving transistor,
respectively, and having a gate connected to the gate part of
the third driving transistor.

4. The pixel structure as claimed in claim 1, wherein each
of the driving transistor and the switching transistors is
composed of a n-type or p-type thin film transistor (TFT),
and the TFT is one of an amorphous silicon TFT, a nanoc-
rystalline silicon TFT, a polycrystalline silicon TFT, an
organic TFT, and an oxide (transparent) TFT.

5. The pixel structure as claimed in claim 1, wherein the
pixel corresponds to an OLED having a common anode
structure or an OLED having a common cathode structure.

6. A pixel structure using a voltage programming type
active matrix organic light emitting diode (OLED), the pixel
structure comprising:

an OLED receiving a current from a predetermined con-
trol signal;

a first switching transistor receiving an external scan
signal through its gate and receiving a data voltage
through its source-drain current path;

a driving transistor having a source-drain current path
connected to an output terminal of the OLED; and

a circuit unit composed of a second switching transistor
having a source-drain current path connected to the
source-drain current path of the first switching transis-
tor, and a fourth switching transistor connecting the
gate and the drain of the driving transistor, and storing
a threshold voltage by closing the current path between
the OLED and the driving transistor in a period where
the control signal is in an off state.

7. A pixel structure using a voltage programming type

active matrix organic light emitting diode (OLED), the pixel
structure comprising:

a first switching transistor receiving an external scan
signal through its gate and receiving a data voltage
through its source-drain current path;

an OLED receiving a current from a predetermined con-
trol signal;

a second switching transistor having a source-drain cur-
rent path connected to the source-drain current path of
the first switching transistor at a node B, and receiving
the control signal through its gate;

a third driving transistor having a source-drain current
path connected to an output terminal of the OLED and
a gate connected to a node A;

a fourth switching transistor receiving the external scan
signal through its gate, and having a source-drain
current path connected to the gate and the drain of the
third driving transistor through the node A; and

a capacitor connected in series to the node A and the node
B.
8. A pixel structure using a voltage programming type
active matrix organic light emitting diode (OLED), the pixel
structure comprising:
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an OLED receiving a predetermined control signal;

a first switching transistor receiving an external scan
signal through its gate and receiving a data voltage
through its source-drain current path;

a second switching transistor having a source-drain cur-
rent path connected to the source-drain current path of
the first switching transistor at a node B, and receiving
a predetermined control signal through its gate;

a third driving transistor having a source-drain current
path connected to an output terminal of the OLED and
a gate connected to a node A;

a fourth switching transistor receiving the scan signal
through its gate, and having a source-drain current path
connected to the gate and the drain of the third driving
transistor through the node A; and

a capacitor connected in series to the node A and a ground

power supply.

9. The pixel structure as claimed in claim 6, wherein each
of the driving transistor and the switching transistors is
composed of a n-type or p-type thin film transistor (TFT),
and the TFT is one of an amorphous silicon TFT, a nanoc-
rystalline silicon TFT, a polycrystalline silicon TFT, an
organic TFT, and an oxide (transparent) TFT.

10. The pixel structure as claimed in claim 6, wherein the
pixel corresponds to an OLED having a common anode
structure or an OLED having a common cathode structure.

11. The pixel structure as claimed in claim 7, further
comprising a fifth switching transistor having a source
region and a drain region connected to the external clock
signal and the gate region of the third driving transistor,
respectively, and having a gate connected to the gate part of
the third driving transistor.

12. A pixel structure using a voltage programming type
active matrix organic light emitting diode (OLED), the pixel
structure comprising:
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a first switching transistor selecting a driven pixel accord-
ing to an externally applied scan signal, and receiving
a data voltage;

a capacitor for storing specified charges according to a
control voltage applied by the first switching transistor;

a second driving transistor receiving a voltage according
to the charges stored in the capacitor and applying a
current to the corresponding pixel; and

a third switching transistor connected to a gate node of the
second driving transistor in a diode structure, receiving
a clock signal, and applying a negative voltage of the
clock signal to the second driving transistor,

wherein the third switching transistor and the clock signal

are provided for each row of a display panel.

13. The pixel structure as claimed in claim 12, wherein the
negative voltage is applied to the gate of the second driving
transistor for a time that is a part of one frame time in order
to minimize deterioration of a threshold voltage of the
second driving transistor.

14. The pixel structure as claimed in claim 12, wherein
whether to apply the negative voltage is determined depend-
ing on an on/off operation of the third switching transistor
according to the input clock signal.

15. The pixel structure as claimed in claim 12, wherein
each of the driving transistor and the switching transistors is
composed of a n-type or p-type thin film transistor (TFT),
and the TFT is one of an amorphous silicon TFT, a nanoc-
rystalline silicon TFT, a polycrystalline silicon TFT, an
organic TFT, and an oxide (transparent) TFT.

16. The pixel structure as claimed in claim 12, wherein the
pixel corresponds to an OLED having a common anode
structure or an OLED having a common cathode structure.



patsnap

TRAFROE) EREEREENGELENATEREMSEEN LS
NIF(2E)E US20060256057A1 K (2E)R 2006-11-16
HiES US11/412525 HiEA 2006-04-27
#RIREEFRAGE) HHKOO
)
BHE (T RR)AGE) HHE
=20
LHEHRFEMND)ACGE) BREMRZN L ER
FRIKEAA HAN MIN KOO
LEE JAE HOON
RBEA HAN, MIN-KOO
LEE, JAE-HOON
IPCH %S G09G3/36
CPCH#%S G09G3/3258 G09G2320/0233 G09G2300/0842 G09G2300/0819
£ £ 1020050092966 2005-10-04 KR
1020050036073 2005-04-29 KR
H T SCEk US7872620
S\EBEEE Espacenet USPTO
HE(E) VDD
NHT—MEABEREEEREMENAXZRE (OLED ) WEBELE S ®
1, BT EE RS ARSML. SELHAESETFT  LEYH can
Wk ZW AR EBEEFESEMS , EBEEZIOLEDH AR I 2 #y R X I
&, HEHOLEDA XrHEN HIRK - milk B R EWOLEDE R — |
ASBITFTS B e e amEEscaN | #Eaas s Data °

BIE=TFT TIWHMHRFIRM I 2 HRMABRXE , F=TFT T3RATF
EOLEDR B EOLEDE R B RIS REE LK , BAEC , H LR
TR BIEZEIE=TFT TIMMR L Mk BEVSS , BE—TFTEIH
MR EWSCANE S H HHREBEAETFERXE, F=TFTT3, £=
TFTEE EMMRZEREMSE S H G REECH T EHEZRIE=TFT T3HW
BRXE , EATFTERRRARRXE 5 5E £ 2 2 E08 4415 5 CLKF
SE=TFT T3WMR X35, , H EMREESIZE=TFT TIMMIRE 5.
OLEDHY PR 58 43 322 e 8 £ VDD,

T

J_ |

STG—E

OLED

T2


https://share-analytics.zhihuiya.com/view/c5b56102-8daa-40c8-9a42-6ec63b84ff4e
https://worldwide.espacenet.com/patent/search/family/037418643/publication/US2006256057A1?q=US2006256057A1
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=%2220060256057%22.PGNR.&OS=DN/20060256057&RS=DN/20060256057

