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(57) ABSTRACT

Disclosed herein are a pixel circuit and driving method for
active matrix Organic Light-emitting Diodes (OLEDs), and
a display using the same. The pixel circuit includes a Voltage
Control Current Source (VCCS), a high gain amplifier, a
storage capacitor, and first and second switches. The VCCS
is configured to drive OLEDs. The high gain amplifier is
configured such that the control input signal of the VCCS
causes the VCCS to be placed in an ON or OFF state. The
storage capacitor is located between the input terminal of the
high gain amplifier and a data line so as to assign the
ON-time of the VCCS. The first and second switches are
configured to be controlled through a scan line so as to store
voltage in the storage capacitor and control the light-emit-
ting time of the OLEDs, and are formed the input terminal
of the high gain amplifier and the input terminal of the
VCCS, respectively.
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[Figure 1]
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[Figure 2a]
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[Figure 3]
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[Figure 4]
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[Figure 5]
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[Figure 6]
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[Figure 7]
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[Figure 8]
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PIXEL CIRCUIT AND DRIVING METHOD FOR
ACTIVE MATRIX ORGANIC LIGHT-EMITTING
DIODES, AND DISPLAY USING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates generally to a pixel
circuit and driving method for organic light-emitting diodes
and, more particularly, to a pixel circuit and driving method
for active matrix organic light-emitting diodes, and a display
using the pixel circuit, which effectively and accurately
control the brightness of organic light-emitting diodes and
overcome gradient non-uniformity attributable to pixel-to-
pixel mismatch.

[0003] 2. Description of the Related Art

1. Field of the Invention

[0004] Inrecentyears, technology for forming a Thin Film
Transistor (TFT) on a substrate has been widely developed,
and the development of applications related to an active
matrix type display is being carried out. In particular, a TFT
that employs a polysilicon film has a higher electric field
effect mobility than a TFT that employs a conventional
amorphous silicon film, so that the former TFT can operate
at high speed. As a result, pixel control that has been
conventionally carried out by a driving circuit outside a
substrate can be carried out by a driving circuit formed on
the same substrate as pixels.

[0005] Such an active matrix display has attracted atten-
tion because it has many advantages, such as decreased
manufacturing cost, a decrease in the size of displays,
increased yield, and higher throughput, that can be achieved
by integrating a variety of circuits and devices with each
other on the same substrate.

[0006] Currently, research into an active matrix Electro
Luminescence (EL) display, including EL devices as self-
light-emitting devices, is being actively carried out. The EL
display is also referred to as an Organic Light-emitting
Diode (OLED) display, and an active matrix OLED display
is abbreviated to an AMOLED display.

[0007] The organic display is a self-light-emitting type
display unlike a Liquid Crystal Display (LCD). Each of the
EL devices is constituted such that an EL layer is disposed
between a pair of electrodes. When electrons and holes are
injected into an organic light-emitting layer formed between
a first electrode (negative electrode), that is, a cathode, and
a second electrode (positive electrode), that is, an anode, the
injected electrons and holes are combined so as to form pairs
and, therefore, an exciton is generated. The generated exci-
ton falls from an excited state to a ground state. In this
manner, the EL element emits light.

[0008] Such an OLED operates by applying a Direct
Current (DC) bias of 2 to 30 Volts. The luminescence of the
OELD may be controlled by adjusting the voltage or current
applied to the anode and the cathode. The relative amount of
light generated from the OLED is referred to as a gray level.
In general, the OLED operates optimally when operating in
a current mode. The optical output thereof is further stabi-
lized by constant current driving compared to constant
voltage driving. This is different from many other display
technologies that generally operate in a voltage mode.
Accordingly, active matrix displays that use OLED technol-
ogy require a specific pixel structure to provide a current
mode.
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[0009] In the AMOLED that is a matrix address type, a
plurality of OLEDs is typically formed on a single substrate
and arrayed in the form of regular grid pattern groups.
Several OLED groups that form the column of a grid may
share a common cathode or a cathode line with each other.
Several OLED groups that form the row of a grid may share
a common anode or an anode line with each other. A
predetermined group of individual OLEDs emit light when
the cathode and anode lines are simultaneously activated.
Each OLED group within a matrix may form a pixel for
display, and each OLED generally serves as a sub pixel or
a pixel cell.

[0010] The OLED has excellent characteristics, such as a
wide field of view, high-speed response, and high contrast,
so that they can be used for the pixel of a graphic display,
a television image display or a surface light source, can be
formed on a flexible, transparent substrate, such as a plastic
substrate, can be manufactured very thin and light, and can
provide good color. For these reasons, the OLED is expected
to be the next generation Flat Panel Display (FPD).

[0011] Furthermore, the OLED can represent three colors:
RED (R), Green (G) and Blue (B), has low power consump-
tion because a backlight is not required compared to an LCD
that is already well known, and provides excellent color,
thus attracting attention as a device for a next generation full
color display.

[0012] FIG. 1 has been disclosed in U.S. Pat. No. 6,781,
567, and is one of the fundamental pixel structures for
implementing conventional Time Ratio Gray (TRG).

[0013] The conventional pixel structure has the problem of
an addressing time that is considered the most important
problem with respect to implementing the TRG. That is,
effective light-emitting time available becomes small in a
given frame period in proportion to the increase of the gray
scale because a frame time is divided into sub frame times
and data programming must be performed for each pixel
whenever the operation of each sub frame is performed so as
to represent an arbitrary gray-scale, so that it is difficult to
implement high level gray scale in the conventional struc-
ture.

[0014] FIGS. 2a and 25 are schemes disclosed in the
Society for Information Display (SID) 2003 and SID 2004,
and the pixel circuit of FIG. 2a is disadvantageous in that
shoot-through current occurs at the time of the operation of
a Complementary Metal-Oxide-Silicon (CMOS) inverter,
and a control signal for controlling light-emitting time is
added.

[0015] InFIG. 25, the shoot-through of the pixel circuit of
FIG. 2a has been eliminated, but there are disadvantages in
that a separate control line is still needed and it is difficult to
implement gray-scale uniformity when a transistor T3
exhibits different characteristics between pixels.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the prior
art, and an object of the present invention is to provide a
pixel circuit and driving method for active matrix OLEDs,
and a display using the pixel circuit, which implement both
pixel selection and gradient implementation using only data
and scan lines, and overcome gradient non-uniformity attrib-
utable to pixel-to-pixel mismatch.
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[0017] Inorderto accomplish the above object, the present
invention provides a pixel circuit for active matrix OLEDs,
including a Voltage Control Current Source (VCCS) con-
figured to drive the OLEDS; a high gain amplifier config-
ured such that the control input signal of the VCCS causes
the VCCS to be placed in an ON or OFF state; a storage
capacitor located between the input terminal of the high gain
amplifier and a data line so as to assign the ON-time of the
VCCS; and first and second switches configured to be
controlled through a scan line so as to store voltage in the
storage capacitor and control the light-emitting time of the
OLEDs, and formed at input terminal of the high gain
amplifier and the input terminal of the VCCS, respectively.

[0018] In addition, the present invention provides a
method of driving a pixel circuit for active matrix OLEDs,
including the step of using a sawtooth wave as a data line
signal that controls a light-emitting period, so as to use a
scan line not only as a control signal line for selecting a
arbitrary pixel during data programming for indicating a
gray level of the pixel but also as a reset control signal line.

[0019] In addition, the present invention provides a dis-
play using a pixel circuit for active matrix OLEDs, including
a plurality of pixel circuits constructed in an array form,
each of the pixel circuits comprising a VCCS configured to
drive the OLEDs, a high gain amplifier configured to cause
control the input signals of the VCCS to be placed in an off
state or an on state, and a storage capacitor located between
the input terminal of the high gain amplifier and a data line
so as to assign the ON-time of the VCCS, and first and
second switches configured to be controlled through a scan
line so as to store voltage in the storage capacitors and
control the light-emitting time of the OLEDs, and formed at
the input terminal of the high gain amplifier and the input
terminal of the VCCS, respectively; multiplexers connected
to respective data lines; and a sawtooth wave generator
connected to the data lines via the multiplexers; wherein a
light-emitting period of a pixel connected to the data line is
controlled using the sawtooth wave generator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other objects, features and advan-
tages of the present invention will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

[0021] FIG. 1is acircuit diagram showing a conventional
pixel structure for implementing TRG;

[0022] FIGS. 2a and 2b are pixel circuit diagrams dis-
closed in SID 2003 and SID 2004, respectively;

[0023] FIG. 3 is a conceptual diagram showing the con-
struction of a pixel circuit for active matrix OLEDs accord-
ing to the present invention;

[0024] FIG. 4 is a circuit diagram showing an embodi-
ment of FIG. 3;
[0025] FIG. 5 is the operational timing diagram of the

embodiment of FIG. 4;

[0026] FIG. 6 is a conceptual diagram showing a con-
struction complementary to FIG. 3;

[0027] FIG. 7 is a circuit diagram showing an embodi-
ment of FIG. 6; and

[0028] FIG. 8 is a diagram showing an example of a
display array to which the pixel circuit of the present
invention is applied.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] An embodiment of the present invention is
described in detail with reference to the accompanying
drawings below. The following embodiments only illustrate
examples of the present invention, and the present invention
is not limited to the following embodiments.

[0030] FIG. 3 is a conceptual diagram showing the con-
struction of a pixel circuit for active matrix OLEDs accord-
ing to the present invention, FIG. 4 is a circuit diagram
showing an embodiment of FIG. 3, and FIG. 5 is the
operational timing diagram of the embodiment of FIG. 4.
With reference to the drawings, the principle of the present
invention is briefly described below.

[0031] The present invention employs a single storage
capacitor CS1 connected to a data line 103 not only to drive
each pixel, which is provided in an active matrix array, to a
desired brightness but also to select a arbitrary pixel and
store data (voltage) corresponding to desired brightness in
the selected pixel. Furthermore, the present invention
employs only data and scan lines 103 and 104 to control a
light-emitting period.

[0032] Two switch components are used to control the
operation required for each period. A high gain amplifier is
used such that the control input signal of a Voltage Con-
trolled Current Source (VCCS) that drives the OLEDs of
each pixel causes the VCCS to be placed in an ON or OFF
state. Furthermore, a sawtooth wave is used as a second
input signal, which is input to the data line, to define an exact
light-emitting time of each pixel.

[0033] Furthermore, the control period of the pixel circuit
for the active matrix OLEDs according to the present
invention is divided into a data-programming period (T1 of
FIG. 5) and a light-emitting period (T2 of FIG. 5).

[0034] The data-programming period includes a required
time and a switching operation to store an analog voltage
value necessary for achieving a desired brightness, in the
storage capacitor CS1 of FIG. 3. A sawtooth wave, that is,
a sawtooth sweep signal, is applied to the data line 103 after
the light-emitting period, thus allowing effective light-emit-
ting time (T3 of FIG. 5) to be controlled depending on the
voltage value programmed within the data programming
period.

[0035] The data programming period is defined as a period
ranging from time A to time B, and the light-emitting period
is defined as a period ranging from time C to time D.

[0036] A delay ranging from time B to time C exists
between the data programming period and the light-emitting
period, and is determined depending on not only a display
system but also a display matrix array structure and the
number of scan lines that depend on a display format.

[0037] Furthermore, to overcome gradient non-uniformity
attributable to Pixel-to-Pixel mismatch, the present inven-
tion allows the control state of devices (the VCCS of FIG.
3 or 6 and the switch M2 of FIG. 7 that will be described
later) to be placed in either an ON or OFF state. For this
purpose, it is necessary to digitize the control input signals
of the devices. To digitize the control input signals, the
output of the high gain amplifier 102 is used as the control
input signal of the VCCS 101 of FIG. 3 or 6.
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[0038] Furthermore, the present invention employs the
data line 103 and the scan line 104 to control the light-
emitting period. The reason why this is possible is because
a sweep signal used for the light-emitting period has a
sawtooth wave form and the time when the rising slope
thereof is completed becomes the time when the light-
emitting periods of all pixels are completed, so that the high
gain amplifier 102 and the VCCS 101 can be reset by
applying an appropriate signal.

[0039] The present invention is described in more detail
below based on the above-described concept.

[0040] As shown in FIG. 3 that is the conceptual diagram
of the present invention, the pixel circuit for active matrix
OLED:s is configured to input the control signal of the VCCS
101, which supplies OLEDs with current, through the high
gain amplifier 102 so as to digitally drive the OLEDs. The
storage capacitor CS1 is disposed between the input terminal
of the high gain amplifier 102 and the data line 103 to
perform programming for the ON period of the VCCS 101,
and switches S11 and S12, which are controlled through the
scan line 104, are provided to the input terminal of the high
gain amplifier 102 and the input terminal of the VCCS 101,
respectively, so as to perform programming for storing data
in the storage capacitor CS1 and control light-emitting time.
The ends of the switches S11 and S12 are connected to a
ground GND and a DC voltage source VDD and, respec-
tively.

[0041] FIG. 4 is a circuit diagram showing an embodi-
ment of FIG. 3, in which each of the switches is imple-
mented using a P-channel TFT, the VCCS 101 is imple-
mented using a P-channel TFT, and the high gain amplifier
is implemented using a N-channel, the operation of which is
described in detail with reference to the operational timing
diagram of FIG. 5.

[0042] Inthe data-programming period, a pixel is selected
and the voltage of the scan line 104 is changed from a
non-selected state to a selected state to define an initial state,
so that the switches M3 and M4 are turned on (the scan of
FIG. 5).

[0043] In this case, the state of the data line 103 is
determined so that an input, such as the analog voltage of
FIG. 5, can be applied from an analog voltage source by
controlling the state of a multiplexer MUX, and an analog
voltage value Vx is maintained for some time (T4 of FIG.
5) when the scan line 14 enters into a non-selected state to
sufficiently guarantee operational safety. After the data-
programming period of FIG. 5, a constant delay T5 is a
value that varies with an array structure and addressing
speed when a pixel array is constructed and used.

[0044] 1In the light-emitting period, a waveform, such as
the sawtooth wave of FIG. 5, which is generated from a
sawtooth wave generator 107, is allowed to be applied by
controlling the state of the multiplexer MUX. A maximal
emitting time is determined by the pulse width T2 of the
sawtooth wave of the FIG. 5.

[0045] The actual waveform of the data line 103 is rep-
resented as DATA of FIG. 5 by the control of the scan line,
the input of the analog voltage and the application of the
sawtooth wave. When such a waveform is input to the data
line 103, the programming analog voltage value Vx has been
stored in the storage capacitor CS1 in the data programming
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period, so that the input terminal voltage V1 of the high gain
amplifier 102 of FIG. 3 has voltage difference identical to
the voltage Vx, and the waveform of the data line 103 is
duplicated without change (the dotted line waveform V1 of
FIG. 5).

[0046] Accordingly, the time when the N-channel TFT M1
of FIG. 4 corresponding to the high gain amplifier 102 of
FIG. 3 is turned on becomes the approximate time when the
voltage V1 begins to be higher than the threshold voltage
Vth of the TFT M1, and the light-emitting period starts from
this time (Time E of FIG. 5).

[0047] The TFT M1 of FIG. 4 operates as an inverting
amplifier having a large load, and the gain of the amplifier
constructed by the TFT M1 is very large, so that the input
voltage V2 of a P-channel TFT M2 corresponding to the
VCCS 101 becomes a low state at time E of FIG. 5, the TFT
M2 enters into an ON state, and, therefore, saturation current
begins to be supplied to the OLEDS.

[0048] In this case, even when the voltage V2 of FIG. 5
changes very sharply and the threshold voltage or mobility
of the TFT M2 differs between pixels, the effect of the
difference therebetween is cancelled.

[0049] As a result, it can be seen that the waveform of
current supplied to the OLED:s is represented as 1 of FIG. 5
and, therefore, the OLEDs are digitally driven.

[0050] When the light-emitting period is completed, the
voltage of the data line 103 drives the TFT M1 of FIG. 4 to
be turned off. However, the gate voltage of the TFT M2
cannot drive the TFT M2 to be turned off by causing the TFT
M1 to be turned off, so that the light-emitting period can be
accurately controlled by applying a short reset signal to the
scan line.

[0051] That is, the greatest advantage of the present inven-
tion is the accurate control of the light-emitting period
without a separate control line. This is feasible because the
light-emitting period is controlled by a Pulse Width Modu-
lation (PWM) scheme using a sawtooth wave.

[0052] When a triangular wave type of sweep signal is
used instead of the sawtooth wave, a reset signal cannot be
applied to the scan line because the time points at which the
light emission of pixels are completed are different from
each other.

[0053] As described above, the operational timing dia-
gram of the present invention may be divided into three
periods: the data programming period, the light-emitting
period, and the delay of each period. In the data program-
ming period and the light-emitting period, a signal input to
the data line 103 is controlled by the multiplexer MUX, and
is set to differ between the times of programming and
light-emitting.

[0054] In the light-emitting period, the effective light-
emitting time is defined by the analog voltage and the
sawtooth wave applied in the data programming period, and
two control signals corresponding to the data line 103 and
the scan line 104 are necessary for performing data pro-
gramming and light-emitting.

[0055] The present invention has a great feature in that a
separate signal line for switch control is not used. Various
slopes are applied to the sawtooth wave, so that effective
gamma control can be performed without changing an
existing data format.
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[0056] FIG. 7 is a circuit diagram showing a construction
complementary to FIG. 4, and shows an embodiment of the
conceptual diagram of FIG. 6. The circuit diagram is
constructed by inverting the channel types of the TFTs of
FIG. 4. The fundamental operation principle of the embodi-
ment is the same as that of FIG. 4, and it is different in that
control signals for pixel selection are simply changed.

[0057] FIG. 8 is an example that implements the pixel of
FIG. 4 in an array form. In this example, an active matrix
OLED array is driven using driver chip or System on Glass
(SOG) technology, and is implemented such that a sawtooth
wave generator, which is an input source to the data line
DL1 to DL3, is further shared as a common input to
multiplexers Mux1 to Mux3 connected to data lines DL1 to
DL3 when the light-emitting period is controlled.

[0058] In such a construction, the multiplexers Mux1 to
Mux3 connected to the data lines DL1 to DL3, respectively,
are classified to correspond to R, G and B, and share the
sawtooth wave generator that is a input source to the
respective data input lines DL1 to DL3, and different rising
functions are applied to a sawtooth wave, so that different R,
G and B gamma corrections can be performed.

[0059] As described above, the present invention can
achieve pixel selection and gradient implementation only
using data and scan lines in the active matrix OLED display,
and can overcome gradient non-uniformity using additional
pulse width modulation along with analog voltage driving.
Furthermore, in the implementation of the active matrix
OLED array, the number of wires necessary for controlling
the pixel selection and the light-emitting time is minimized.

[0060] Furthermore, only the sawtooth wave generator
and the multiplexers are added without great change to the
structure of an existing TFT-LCD driver chip, so that an
active matrix OLED driver chip can be implemented. Fur-
thermore, a pixel structure and an array structure can be
provided so as to enable the application of a driving scheme
that facilitates optimal gamma correction for increasing
overall power efliciency. Furthermore, a driving scheme,
which enables the representation of a high gradation without
a high system clock frequency, can be applied.

[0061] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modifi-
cations, additions and substitutions are possible, without
departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

What is claimed is:
1. A pixel circuit for active matrix Organic Light-emitting
Diodes (OLEDS) comprising:

a Voltage Control Current Source (VCCS) configured to
drive the OLEDS;

a high gain amplifier configured such that a control input
signal of the VCCS causes the VCCS to be placed in an
ON or OFF state;

a storage capacitor located between an input terminal of
the high gain amplifier and a data line so as to assign
ON-time of the VCCS; and
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first and second switches configured to be controlled
through a scan line so as to store voltage in the storage
capacitor and control light-emitting time of the OLEDs,
and formed at input terminal of the high gain amplifier
and an input terminal of the VCCS, respectively.

2. The pixel circuit as set forth in claim 1, wherein the
VCCS is implemented using a P-channel Thin Film Tran-
sistor (TFT), the high gain amplifier is implemented using a
N-channel TFT, and each of the first and second switches is
implemented using a P-channel TFT.

3. The pixel circuit as set forth in claim 1, wherein the
VCCS is implemented using an N-channel TFT, the high
gain amplifier is implemented using a P-channel TFT, and
each of the first and second switches is implemented using
an N-channel TFT.

4. A method of driving a pixel circuit for active matrix
OLEDs, comprising the step of using a sawtooth wave as a
data line signal that controls a light-emitting period, so as to
use a scan line not only as a control signal line for selecting
a arbitrary pixel during data programming for indicating a
gray level of the pixel but also as a reset control signal line.

5. The method as set forth in claim 4, wherein a gamma
correction is performed by a variety of rising functions at a
rising time of the sawtooth wave.

6. The method as set forth in claim 5, wherein the gamma
correction is performed using different Red (R), Green (G),
Blue (B) when the variety of rising functions are applied at
the rising time of the sawtooth wave.

7. A display using a pixel circuit for active matrix OLEDs,
comprising:

a plurality of pixel circuits constructed in an array form,
each of the pixel circuits comprising a VCCS config-
ured to drive the OLEDS, a high gain amplifier con-
figured to cause control input signals of the VCCS to be
placed in an off state or an on state, and a storage
capacitor located between an input terminal of the high
gain amplifier and a data line so as to assign ON-time
of the VCCS, and first and second switches configured
to be controlled through a scan line so as to store
voltage in the storage capacitors and control light-
emitting time of the OLEDs, and formed at the input
terminal of the high gain amplifier and an input termi-
nal of the VCCS, respectively;

multiplexers connected to respective data lines; and

a sawtooth wave generator connected to the data lines via
the multiplexers;

wherein a light-emitting period of a pixel connected to the
data line is controlled using the sawtooth wave gen-
erator.

8. The display as set forth in claim 7, wherein the
multiplexers, which are connected to correspond to the data
line, are classified according to R, G or B, the sawtooth wave
generator is shared by the multiplexers, and different rising
functions are applied to a sawtooth wave output from the
sawtooth wave generator, so that different R, G and B
gamma corrections are performed.
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