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IMAGE DISPLAY APPARATUS AND DRIVE
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 2002-0033995 filed on
Jun. 18, 2002 in the Korean Intellectual Property Office, the
content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] (a) Field of the Invention

[0003] The present invention relates to an image display
apparatus having pixels of which the brightness can be
controlled by a signal, that is, an image display apparatus
with pixels each having a light-emitting element such as an
organic EL (Electro-Luminescence) element of which the
brightness can be controlled by a current. More specifically,
the present invention relates to an active matrix type image
display apparatus that controls the amount of current sup-
plied to the light-emitting element using an active element
such as an insulated gate type field effect transistor provided
in each pixel.

[0004] (b) Description of the Related Art

[0005] In general, an active matrix type image display
apparatus has a plurality of pixels in matrix form and
controls intensity of light for each pixel according to given
brightness information so as to display an image. As for an
image display apparatus using liquid crystals as an electro-
optic material, the transmittance of each pixel is variable
depending on the voltage recorded in the pixel. The active
matrix type image display apparatus using an organic EL
material as an electro-optic material has the same basic
operation as the liquid crystal display devices. Unlike the
liquid crystal display devices, however, the organic EL
image display apparatus is a self-luminous type that has a
light-emitting element such as an OLED (Organic Light-
Emitting Diode) in each pixel and exhibits high visibility of
images and high response speed without a need for back-
lights. The brightness of each light-emitting element is
controlled by the amount of current. For example, the
organic EL. image display apparatus has a striking difference
from the liquid crystal display devices in that the light-
emitting element is of a current-driven or current-controlled

type.

[0006] Like the liquid crystal display devices, the organic
EL image display apparatus uses either a simple matrix type
driving method or an active matrix type driving method. The
simple matrix type driving method is simple in structure but
has a difficulty in realizing a large-size display device and
high resolution which has led to the recent demand for the
earnest development of active matrix methods. In the active
matrix type driving method, the current flowing to the
light-emitting element in each pixel is controlled by an
active element (usually a TFT (Thin Film Transistor), which
is a kind of insulated gate field effect transistor) provided in
the pixel.

[0007] Avariety of pixel structures have been suggested in
approaches to compensate for the inter-pixel characteristic
deviation of the threshold voltage of the TFT used as an
active element for controlling the current flowing to the
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light-emitting element. The pixel structure using a current
mode program system is one of them.

[0008] FIG. 1 shows a pixel structure applied to the
current mode program type image display apparatus accord-
ing to prior art. The pixel structure of FIG. 1 is an equivalent
circuit for one pixel.

[0009] As illustrated in FIG. 1, the pixel is formed at the
intersection of scan and data lines. A signal Scan for
selecting the pixel is applied to the scan line with a prede-
termined scanning cycle, and brightness information for
driving the pixel is applied in the form of a current Idata to
the data line. The pixel includes one OLED used as a
light-emitting element, four TFTs M1 to M4, and one
storage capacitor Cst.

[0010] Once the scan line on which the pixel is positioned
is selected according to the signal Scan, both the transistors
M2 and M3 are turned on and the transistor M4 for con-
trolling whether to supply the current to the OLED is turned
off. The current Idata including brightness information and
supplied through the data line is provided to the pixel via the
transistor M3 in the “on” state. The difference between this
current and a current flowing to the transistor M1 is fed back
to the gate electrode of the transistor M1 via the transistor
M2 in the “on” state. Then, a voltage corresponding to the
current Idata is recorded on the storage capacitor Cst
coupled between the gate and source electrodes of the
transistor M1.

[0011] Once the scan line is unselected, the transistors M2
and M3 are turned off and the transistor M4 is turned on. The
turn-off switching of the transistor M2 makes the gate
electrode of the transistor M1 float and sustains the voltage
recorded on the storage capacitor Cst. The transistor M1
operates in saturation region to generate a drain current
according to a gate voltage. The current generated by the
transistor M1 flows to the OLED via the transistor M4 in the
“on” state, and the degree of light emission of the OLED is
determined by the amount of the current, thereby represent-
ing a desired brightness.

[0012] In the above-described current mode program type
image display apparatus according to prior art, the current
for driving the data line must be equal to the current flowing
to the OLED, taking a long time to drive the data line. In
other words, the current mode program type image display
apparatus may compensate for the characteristic deviation of
mobility as well as that of threshold voltage of the transistors
used in the pixel, but it takes too much time to drive the data
line at a low current level and has a limitation in realizing a
high-gradation and high-resolution image display apparatus.

[0013] FIG. 2 shows an image display apparatus having a
pixel structure using an asymmetric current mirror for
solving the above-mentioned problems.

[0014] The pixel of FIG. 2 is formed at an intersection of
scan and data lines. Two scan lines are arranged for a pixel
of one row. Signals Scanl and Scan2 for selecting the pixel
are applied to the scan lines with a predetermined scan cycle,
and brightness information for driving the pixel is applied in
the form of a current Idata to the data line. The pixel includes
an OLED used as a light-emitting element, two TFTs M1
and M2 that form a current mirror, a storage capacitor Cst
for storing brightness information converted from the cur-
rent Idata at a voltage level, and transistors M3 and M4 for
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controlling the supply of the current Idata to the transistor
M2 and the storage capacitor Cst, respectively.

[0015] For selecting the pixel, the signals Scanl and
Scan2 transferred via the two scan lines have a cycle for
turning on the two transistors M3 and M4 almost simulta-
neously. The current Idata including bright information that
is applied to the data line by the turn-on switching of the
transistor M3 flows to the transistor M2. The turn-on switch-
ing of the transistor M4 causes a short circuit between the
gate and drain electrodes of the transistor M2. The transistor
M2 operates in saturation region, and a gate-source voltage
corresponding to the current Idata is generated by a feedback
via the transistor M4 and recorded on the storage capacitor
Cst. When the two scan lines are unselected, the two
transistors M3 and M4 are turned off to make the gate
electrode of the transistor M2 float and sustain the voltage
recorded in the storage capacitor Cst. The voltage sustained
at the storage capacitor Cst is applied to the gate of the
transistor M1 to generate a drain current, by which the
OLED is driven.

[0016] In the image display apparatus having the above-
stated pixel structure, the channel width of the transistor M2
that forms the current mirror is greater than that of the
transistor M1 driving the OLED, or the channel length of the
transistor M1 is greater than that of the transistor M2. In this
manner, the current flowing to the transistor M2 is higher
than that flowing to the transistor M1 in a predetermined
proportion. Hence, the OLED can be driven with a current
having a magnitude in a desired brightness range, while
increasing the current used for driving the data line. But the
current flowing to the data line must be several tens of times
higher than the current flowing to the OLED because of a
high load caused by the parasitic capacitance and the para-
sitic resistance of the data line. With a high ratio between the
current flowing to the data line and the current flowing to the
OLED, the required time for driving the data line is short-
ened but the size of the transistor that forms the current
mirror is increased. Hence, there is a problem in that it is
difficult to acquire a high aperture ratio, for example, when
using a bottom emission system.

SUMMARY OF THE INVENTION

[0017] In an exemplary embodiment in accordance with
aspects of the present invention, there is provided an image
display apparatus that realizes high gradation and high
resolution with a guaranteed high aperture ratio.

[0018] In another exemplary embodiment in accordance
with aspects of the present invention, there is provided an
image display apparatus that includes: a plurality of data
lines for transferring a current including brightness infor-
mation; a plurality of scan lines arranged to intersect the data
lines; a plurality of pixels formed in a matrix form having
rows and columns, each pixel being located at a different
intersection of the data and scan lines, each row of pixels
being coupled to corresponding first and second said scan
lines, and each column of pixels being coupled to a corre-
sponding one of the data lines, each pixel receiving at least
a portion of the current transferred through the correspond-
ing data line when selected by the corresponding first scan
line, and performing a display operation according to the
current supplied through the corresponding data line when
selected by the corresponding second scan line; a scan driver
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responsive to a clock signal and a control signal for gener-
ating first signals for selecting pixels of at least two con-
secutive rows simultaneously and second signals for record-
ing the brightness information on the corresponding pixels;
and a data driver for generating the current including the
brightness information, and applying the generated current
to the corresponding data line.

[0019] In yet another exemplary embodiment in accor-
dance with aspects of the present invention, transistors that
form the current mirror are provided in the pixel and a pixel
structure having two scan lines is used, thereby selecting
pixels of at least two rows simultaneously, distributing the
current applied to the data line to the pixel for recording
display information and the adjacent pixel, and recording the
display information on the pixel of no more than one row
among the selected pixels. In this manner, the current for
driving the data line can be drastically increased, while
reducing the size of the transistors that form the current
mirror in the pixel. As a result, the aperture ratio of the image
display apparatus using organic light-emitting elements is
enhanced.

[0020] In still another exemplary embodiment in accor-
dance with aspects of the present invention, there is provided
a light emitting device to be coupled to a date line and first
and second control lines. The light emitting device includes
a light emitting element; a data input for receiving a portion
of a data current including brightness information on such
data line, the light emitting element being responsive to said
portion of the data current to adjust brightness of light
emitted; a first control input for receiving a first control
signal over such first control line, said first control input
being responsive to said first control signal to divert said
portion of the data current from such data line through the
data input; and a second control input for receiving a second
control signal over such second control line, said second
control input being responsive to enable said portion of the
data current to control the brightness of light emitted by the
light emitting element.

[0021] In a further exemplary embodiment in accordance
with aspects of the present invention, there is provided a
method of driving an imaging display apparatus that
includes a plurality of pixels arranged in a matrix form
having rows and columns, said method includes: selecting a
first row of pixels for a first predetermined time period;
selecting a second row of pixels for a second predetermined
time period, wherein the second row is adjacent to the first
row, and the first and second predetermined time periods are
substantially the same in duration and at least partially
overlap with one another; providing a current containing
brightness information to a first pixel on the first row and a
second pixel on the second row while the first and second
predetermined time periods overlap, wherein the current is
distributed to both the first and second pixels; and selecting
the first row for a third predetermined time period that
overlaps with the first predetermined time period to record
the brightness information on the first pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incorpo-
rated in and form a part of the specification, illustrate
exemplary embodiments in accordance with aspects of the
present invention, and, together with the description, serve
to explain the principles of the present invention:
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[0023] FIG. 1 is a schematic diagram showing an example
of the pixel structure applied to a current mode program type
image display apparatus according to prior art;

[0024] FIG. 2 is a schematic diagram showing another
example of the pixel structure applied to a current mode
program type image display apparatus according to prior art;

[0025] FIG. 3 is a block diagram showing the general
construction of an image display apparatus in an exemplary
embodiment in accordance with aspects of the present
invention;

[0026] FIG. 4 is a schematic diagram showing a structure
of one of the pixels shown in FIG. 3;

[0027] FIG. 5§ is a schematic diagram showing the struc-
ture of four consecutive pixels for explaining an operation of
the image display apparatus in an exemplary embodiment in
accordance with aspects of the present invention;

[0028] FIGS. 6A, 6B, and 6C are diagrams showing the
waveforms for driving the four consecutive pixels shown in
FIG. 5;

[0029] FIGS. 7A to 7D are diagrams for explaining an
operation of the circuit of FIG. 5 according to the waveform
shown in FIG. 6A,

[0030] FIGS. 8A to 8D are diagrams for explaining an
operation of the circuit of FIG. 5 according to the waveform
shown in FIG. 6B;

[0031] FIGS. 9A to 9D are diagrams for explaining an
operation of the circuit of FIG. § according to the waveform
shown in FIG. 6C;

[0032] FIG. 10 is a block diagram showing the general
construction of an image display apparatus in another exem-
plary embodiment in accordance with aspects of the present
invention; and

[0033] FIGS. 11A, 11B, and 11C are detailed diagrams of
the scan driver shown in FIG. 10 for generating the wave-
forms of FIGS. 6A, 6B, and 6C, respectively.

DETAILED DESCRIPTION

[0034] In the following detailed description, exemplary
embodiments of the present invention are shown and
described, by way of illustration. As those skilled in the art
would recognize, the described exemplary embodiments
may be modified in various different ways , all without
departing from the spirit or scope of the present invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not restrictive.

[0035] Hereinafter, the present invention will be described
in detail by way of exemplary embodiments in accordance
with aspects of the present invention. FIG. 3 is a block
diagram showing the general construction of an image
display apparatus in an exemplary embodiment in accor-
dance with aspects of the present invention. The image
display apparatus of FIG. 3 includes a plurality of data lines
and a plurality of scan lines arranged to intersect, by way of
example, perpendicular to, the data lines. Two scan lines are
allocated to the pixels of one row, and are referred to as first
and second scan lines. For example, the first and second scan
lines receive Scanl[m] and Scan2[m] signals, respectively
Each data line may be designated as Data[n]. The pixels are
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formed in an MxN matrix form at the respective intersec-
tions of the data and scan lines.

[0036] The image display apparatus includes a plurality of
pixels arranged in an MxN matrix format having rows and
columns. The pixels in each row are coupled to two corre-
sponding scan lines to receive corresponding signals Scanl
[m] and Scan2[m]. For example, the pixels in the first row
are coupled to receive Scanl[1] and Scan2[1], the pixels in
the second row are coupled to receive Scanl[2] and Scan2
[2], and the pixels in the Mth row are coupled to receive
Scanl[M] and Scan2[M]. Further, the pixels in each column
are coupled to one of the data lines. For example, the pixels
in the first column are coupled to receive Data[1], the pixels
in the second column are coupled to receive Data[2], and the
pixels in the Nth column are coupled to receive Data[N].

[0037] At each pixel, the current transferred through the
data line is distributed when the pixel is selected by the first
scan line, and a display operation is performed according to
the current supplied via the data line when the pixel is
selected by the second scan line. The image display appa-
ratus also includes a scan driver for driving the scan lines.
The scan driver includes first and second shift registers,
which generate a signal for selecting pixels of at least two
consecutive rows simultaneously and a signal for recording
display information (e.g., brightness information) in the
corresponding pixel according to a clock signal and a control
signal, and apply the signals to the first and second scan
lines, respectively.

[0038] By way of example, the first shift register receives
first and second clock signals and a first control signal SP1,
and according to the clock signals and the control signal SP1
generates signals for selecting at least two consecutive rows
of pixels simultaneously, and applies the generated signals to
the corresponding first scan lines. Similarly, the second shift
register receives first and second clock signals and a second
control signal SP2, and generates signals for recording the
brightness information according to the clock signals and the
control signal SP2, and applies the generated signals to the
corresponding second scan lines.

[0039] Third and fourth shift registers may also be pro-
vided to drive the second scan line of each color component
pixel of an RGB pixel. Here, the first shift register for
driving the first scan line is shared by all three color
component pixels of the RGB pixel. The first to fourth shift
registers can be distributed on either side of the pixel region.
A data driver generates a current having a current level
according to brightness information and applies it to the data
line.

[0040] The image display apparatus of FIG. 3 has two
scan lines for each pixel of one row. One scan line is for
selecting a corresponding pixel, and the other is for record-
ing a current signal transferred via the data line on the
corresponding pixel. In the described exemplary embodi-
ment, the pixels of at least two consecutive (i.e., adjacent)
rows are selected simultaneously for a predetermined time,
and display information is recorded sequentially on the
pixels of the respective rows according to the current signal
while the pixels of the at least two rows are selected. In this
manner, the current transferred via the data line is distributed
to the pixels of at least two rows, reducing the size of the
current transferred into each pixel.

[0041] FIG. 4 illustrates one of the pixels of FIG. 3 in
further detail. The pixel includes four transistors M1 to M4,
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a storage capacitor Cst, and an OLED, and is coupled over
a data line to a current Idata having a current level according
to brightness information, and over two scan lines, respec-
tively, to signals Scanl and Scan2 having a predetermined
scan cycle. The scan line to which the signal Scanl is
applied is referred to as a “first scan line”, and the scan line
to which the signal Scan2 is applied is referred to as a
“second scan line”. For example, the transistors M1-M4 of
FIG. 4 may be field effect transistors (FETs), and the OLED
may be used as a light-emitting element for performing a
display operation. In other embodiments, other types of
transistors and/or light emitting element may be used. For
example, the PMOS transistors that form the pixel in FIG.
4 may be replaced with NMOS transistors in other embodi-
ments.

[0042] More specifically, the OLED has a cathode elec-
trode coupled to a cathode voltage, and an anode electrode
coupled to the drain electrode of the transistor M1. The
source electrode of the transistor M1 is coupled to a power
source voltage Vdd, and a storage capacitor Cst is coupled
between the gate and source electrodes of the transistor M1.
The transistor M2 has gate and drain electrodes coupled to
each other, and a source electrode coupled to the power
source voltage Vdd. The two transistors M1 and M2 form a
current mirror. The gate electrodes of the two transistors M1
and M2 are coupled to the source and drain electrodes of the
transistor M4, respectively, and the gate electrode of the
transistor M4 is coupled to the second scan line. The drain
electrode of the transistor M2 is coupled to the source
electrode of the transistor M3. The transistor M3 has a gate
electrode coupled to the first scan line, and a drain electrode
coupled to the data line.

[0043] The above-constructed pixel has four operational
conditions: (1) the case where both the two transistors M3
and M4 are ON by the first and second scan lines; (2) the
case where the transistor M3 is ON and the transistor M4 is
OFF; (3) the case where both the transistors M3 and M4 are
OFF; and (4) the case where the transistor M3 is OFF and
the transistor M4 is ON. The following is a description of the
operation of the pixel of FIG. 4 in the four operational
conditions of the transistors M1, M2, M3 and M4 of FIG.
4.

[0044] With the two transistors M3 and M4 ON, a current
flows through the path of the transistors M2 and M3 to
generate a voltage between the gate and source electrodes of
the transistor M2. Of course, the gate-source voltage of the
transistor M2 is dependent upon the magnitude of the drain
current of the transistor M2. This voltage is transferred to the
storage capacitor Cst via the transistor M4 in the “on” state,
and the storage capacitor Cst applies the voltage to the gate
electrode of the transistor M1. The transistor M1 generates
a drain current corresponding to the gate voltage, and the
drain current of the transistor M1 drives the OLED to
perform a display operation with a desired brightness.

[0045] With the transistor M3 ON and the transistor M4
OFF, the gate-source voltage of the transistor M2 is not
transferred to the storage capacitor Cst because the transistor
M4 is in the “off” state. But, a current flows through the path
of the transistors M2 and M3. In this case, the pixel performs
a function of dividing the current transferred via the data
line.

[0046] With the two transistors M3 and M4 OFF, the
current supply to the corresponding pixel via the data line is
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interrupted, and the transistor M1 drives the OLED with the
current corresponding to the voltage sustained by the storage
capacitor Cst to continue the display operation.

[0047] With the transistor M3 OFF and the transistor M4
ON, the current supply to the corresponding pixel via the
data line is interrupted, and the storage capacitor Cst is
discharged by the transistors M4 and M2 to stop the display
operation. The brightness can be adjusted by selecting the
second scan line of the pixel during a display operation at
predetermined time intervals in one frame period to interrupt
the display operation. The color coordinates can also be
adjusted to control the white balance by selecting the second
scan lines of RGB pixels at different time intervals.

[0048] Consider now the operation of the image display
apparatus in an exemplary embodiment in accordance with
aspects of the present invention with reference to FIGS. 5 to

9.

[0049] FIG. 5 shows pixels of four consecutive rows in
the image display apparatus in the exemplary embodiment.
The pixels of four rows illustrated in FIG. 5 are formed at
the intersections of the n-th data line and the m-th to
(m+3)-th first and second scan lines.

[0050] As stated above, in the image display apparatus of
FIG. 3, the pixels of at least two consecutive rows are
selected simultaneously and display information is recorded
on the pixel of one row during the selection period. In other
words, display information is recorded on the pixel of one
row while the pixels of at least two rows are selected
simultaneously.

[0051] Here and elsewhere in the present application,
when a reference is made to selecting two or more consecu-
tive rows simultaneously, the term “simultancously” does
not necessarily imply that the rows have to be selected
together at the same time nor does it necessarily imply that
the rows have to be unselected together at the same time.
Instead, the term “simultaneously” implies “present at the
same time” and refers to all situations where a period for
selection of one row at least partially overlaps another
period for selection of at least one other row that is adjacent
to the one row, regardless of whether or not the rows are
selected at the same time or unselected at the same time.

[0052] Three methods of selecting pixels and recording
display information will be described below. Hereinafter, the
term “selection time™ as used herein refers to the time period
during which the pixel of one row is selected by the first scan
line, and the term “recording time” as used herein refers to
the time period during which the pixel of one row is selected
by the second scan line for recording the display informa-
tion. In the described exemplary embodiment, two rows are
selected simultaneously, in which case the selection time is
double the recording time. Therefore, pixels of two con-
secutive rows are selected during the selection time and the
display information is sequentially recorded on the selected
pixels of the respective rows during the recording time. If
pixels of three consecutive rows are selected simultaneously,
then the selection time would be three times as long as the
recording time, if the pixels of four consecutive rows are
selected simultaneously, then the selection time would be
four times as long as the recording time, and so on.

[0053] FIGS. 6A, 6B, and 6C are waveform diagrams for
operating the pixel circuit of FIG. 5.
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[0054] The waveform diagram of FIG. 6A illustrates a
timing for selecting pixels of two rows during a defined
selection time and recording display information on the
selected pixels of the respective rows during a defined
recording time. For example, signals Scanl[m] and Scanl
[m+1] have a waveform for selecting the pixels of the m-th
and (m+1)-th rows for a defined selection time, respectively,
and signals Scan2[m] and Scan2[m+1] have a waveform for
determining the recording time as one half of the selection
time of the signals Scanl[m] and Scanl[m+1]. In the signal
symbol, “[m]” represents the m-th row, “Scanl” the first
scan line in a pixel, and “Scan2” the second scan line in a
pixel.

[0055] In FIG. 6A, the first scan lines at the pixels of the
m-th and (m+1)-th rows are selected simultaneously, and
then the second scan lines at the pixels of the m-th and
(m+1)-th rows are sequentially selected during the selection
time. In FIG. 6B, the first scan lines at the pixels of the m-th
and (m+1)-th rows are selected with an overlap of one
recording time, and the second scan line at the pixel of the
(m+1)-th row is selected during the overlapped time. In
FIG. 6C, the first scan lines at the pixels of the m-th and
(m+1)-th rows are selected with an overlap of one recording
time, and the second scan line at the pixel of the m-th row
is selected during the overlapped time. In the waveform
diagrams of FIGS. 6B and 6C, the first scan line signals
Scanl are sequentially generated with an overlap of one
recording time towards the lower row, and the second scan
line signals Scan2 are then sequentially generated. Accord-
ingly, a dummy pixel of one row is required at the pixel of
the first row or the last row, when the waveform diagram of
FIG. 6B or 6C is applied. The dummy pixel of one row may,
for example, include only the transistors M2 and M3 (but not
the transistors M1, M4 nor the capacitor Cst), and be
coupled to the first scan line at the gate of the transistor M3,
but not to the second scan line.

[0056] It should be noted that the waveforms shown in
FIGS. 6B and 6C may also be applicable to the image
display apparatus of FIG. 1.

[0057] As described above, one scan line and one data line
are provided at each pixel of the image display apparatus in
FIG. 1. Therefore, Scanl signal shown in FIG. 6B or FIG.
6C may be applied to the scan line of each pixel. Although
one pixel has been illustrated in FIG. 1, in practice a
plurality of pixels that have the same structure as the pixel
of FIG. 1 may be arranged in matrix form in an image
display apparatus.

[0058] More specifically, with reference to Scanl signals
in FIG. 6B or FIG. 6C, a Scanl signal is applied to each
scan line of the image display apparatus and the Scanl signal
has selection time period and non-selection time period.
Moreover, the Scanl signals respectively applied to neigh-
boring scan lines have their own selection time periods
where the selection time periods at each continuous Scanl
signals have time period longer than one recording time and
are sequential to each continuous Scanl signals. At the same
time, the selection time periods at each continuous Scanl
signals overlap each other during predetermined time, for
example one recording time. During the overlapping time,
data recording is performed at one pixel row of two con-
tinuous pixel rows selected by the continuous Scanl signals.

[0059] This procedure may be illustrated as follows with
reference to FIG. 1 and FIG. 6B. First, m-th pixel row is
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selected by Scanl[m] signal in FIG. 6B and then m-th pixel
row and (m+1)-th pixel row are simultaneously selected by
Scanl[m] and Scanl[m+1] signals. During the simultaneous
selection time, which may be referred to as an overlapping
time of each selection time at consecutive scan lines, data
recording is performed at m-th pixel row. Next, (m+1)-th
pixel row and (m+2) pixel row are simultancously selected
by Scanl[m+1] and Scanl[m+2] signals. During the simul-
taneous selection time, data recording is performed at
(m+1)-th pixel row. Hence, when two consecutive pixel
rows are simultaneously selected by the scanl signals, data
recording is performed at one of the selected pixel rows. At
this time, division of data current is performed by the other
one of the. selected pixel rows. In other embodiments, more
than two consecutive pixel rows may be simultaneously
selected by the Scan 1 signals. This way, the current trans-
ferred to each pixel row for recording data is reduced at each
pixel row since the current from the data line is distributed
to at least two pixel rows.

[0060] Next, the operation of the image display apparatus
in the described exemplary embodiment will be given in
reference to the waveforms of FIGS. 6A, 6B, and 6C and
FIGS. 7A-D, 8A-D, and 9A-D. FIGS. 7A-D show circuit
diagrams for explaining the operation of the image display
apparatus using the waveform of FIG. 6A; FIG. 8A-D show
circuit diagrams for explaining the operation of the image
display apparatus using the waveform of FIG. 6B; and
FIGS. 9A-D show circuit diagrams for explaining the opera-
tion of the image display apparatus using the waveform of
FIG. 6C.

[0061] FIG. 7A shows the waveform of FIG. 6A, and
FIGS. 7B, 7C, and 7D show the circuit conditions at the
intervals 1, 2, and 3 of FIG. 7A, respectively.

[0062] Referring to FIG. 7A, at interval 1, the signals
Scanl[m] and Scanl[m+1] are selected among the first scan
lines, and the signal Scan2[m] is selected among the second
scan lines. The other signals are all unselected. FIG. 7B
shows the switching status at the pixels of four rows at
interval 1. The transistors M3 and M4 are turned on at the
pixel of the m-th row and only the transistor M7 is turned on
at the pixel of the (m+1)-th row. So, the current Idata
supplied through the data line and including display infor-
mation is distributed to the pixels of the m-th and (m+1)-th
rows in substantially equal portions (i.e, half and half), and
display information is recorded in the pixel of the m-th row
according to the turn-on switching of the transistor M4. The
detailed operation of the circuit can be understood with
reference to the circuit of FIG. 4. As a result, the display
information is recorded on the pixel of the m-th row at the
interval 1 of FIG. 7A.

[0063] In the circuit of FIG. 7B, when the transistor M2
is the same in characteristics as the transistor M6, the
transistor M3 being the same in characteristics as the tran-
sistor M7, and the resistance of the data line between the
drain electrodes of the transistors M3 and M7 is zero, the
current Idata of the data line is distributed to the transistors
M2 and M6 in substantially equal portions. In other words,
the current flowing to the transistor M2 is reduced substan-
tially by half, so that the current ratio of transistor M2 to
transistor M1 in a current mirror is also reduced substan-
tially by half relative to the conventional method even when
the data line is driven with the current of the same magni-
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tude. The reduced current ratio of the transistors M1 and M2
that form the current mirror leads to the decreased size of the
transistors M1 and M2, and hence an increase in the aperture
ratio. Accordingly, in the described exemplary embodiment,
pixels of at least two adjacent rows are selected simulta-
neously in recording the display information on the pixel of
one of the selected rows to reduce the current flowing to the
transistors that form the current mirror in the pixel, thereby
decreasing the size of the transistors and increasing the
aperture ratio of the display apparatus.

[0064] Atinterval 2 of FIG. 7A, the signals Scan1[m] and
Scanl[m+1] are selected among the first scan lines, and the
signal Scan2[m+1] is selected among the second scan lines.
The other signals are all unselected. So, the current Idata of
the data line flows to the pixels in the m-th and (m+1)-th
rows, and the display information is recorded only on the
pixel of the (m+1)-th row.

[0065] At interval 3 of FIG. 7A, the signals Scanl[m+2]
and Scanl[m+3] are selected among the first scan lines, and
the signal Scan2[m+2] is selected among the second scan
lines. The other signals are all unselected. So, the current
Idata of the data line flows to the pixels of both the (m+2)-th
and (m+3)th rows, and the display information is recorded
only on the pixel of the (m+2)-th row.

[0066] FIG. 8A shows the waveform of FIG. 6B, and
FIGS. 8B, 8C, and 8D show the circuit conditions at the
intervals 1, 2, and 3 of FIG. 8A, respectively. In the
waveform of FIG. 8A, the first scan lines at the pixels of the
m-th and (m+1)-th rows are selected with an overlap of one
recording time, and the second scan line at the pixel of the
(m+1)-th row is selected during the overlapped time. In
other words, according to the waveform of FIG. 8A, the first
scan line signals select the pixels of a row for recording the
display information and the previous row for one recording
time. The second scan line signal sequentially selects the
pixel of one row. Unlike the waveform of FIG. 7A, the first
scan lines also sequentially select the pixels of two rows.
With the above-constructed waveform of the first and second
scan lines, the principle of the described exemplary embodi-
ment may be achieved that the pixels of at least two rows are
selected and the display information is recorded on the pixel
of no more than one row.

[0067] The operation at three intervals of FIG. 8A will
now be described in further detail. Referring to FIGS. 8A
and 8B, at interval 1, the signals Scanl[m] and Scanl[m+1]
are selected among the first scan lines, and the signal
Scan2[m+1] is selected among the second scan lines. The
other signals are all unselected. At the interval 1, the current
Idata of the data line is distributed to the pixels of the m-th
and (m+1)-th rows in substantially equal portions, and the
display information is recorded only on the pixel of the
(m+1)-th row. Referring to FIGS. 8A and 8C, at interval 2,
the signals Scanl[m+1] and Scan1[m+2] are selected among
the first scan lines, and the signal Scan2[m+2] is selected
among the second scan lines. The other signals are all
unselected. At the interval 2, the current Idata of the data line
is distributed to the pixels of the (m+1)-th and (m+2)-th rows
in substantially equal portions, and the display information
is recorded only on the pixel of the (m+2)-th row. Referring
to FIGS. 8A and 8D, at interval 3, the signals Scanl[m+2]
and Scan1[m+3] are selected among the first scan lines, and
the signal Scan2[m+3] is selected among the second scan
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lines. The other signals are all unselected. At the interval 3,
the current Idata of the data line is distributed to the pixels
of the (m+2)-th and (m+3)-th rows in substantially equal
portions, and the display information is recorded only on the
pixel of the (m+3)-th row.

[0068] FIG. 9A shows the waveform of FIG. 6C, and
FIGS. 9B, 9C, and 9D show the circuit conditions at the
intervals 1, 2, and 3 of FIG. 9A, respectively. In the
waveform of FIG. 9A, the first scan lines at the pixels in the
m-th and the (m+1)-th rows are selected with an overlap of
one recording time, and the second scan line at the pixel of
the m-th row is selected during the overlapped time. In other
words, according to the waveform of FIG. 9A, the first scan
line signal selects the pixels of a row for recording the
display information and the next row for one recording time.
The second scan line signal sequentially selects the pixel of
one row. Unlike the waveform of FIG. 7A, the first scan
lines also sequentially select the pixels of two rows. With the
above-constructed waveform of the first and second scan
lines, the principle of the described exemplary embodiment
may be achieved that the pixels of at least two rows are
selected and the display information is recorded on the pixel
of no more than one row.

[0069] The operation at three intervals of FIG. 9A will
now be described in further detail. Referring to FIGS. 9A
and 9B, at interval 1, the signals Scanl[m] and Scan1[m+1]
are selected among the first scan lines, and the signal
Scan2[m] is selected among the second scan lines. The other
signals are all unselected. At the interval 1, the current Idata
of the data line is distributed to the pixels of the m-th and
(m+1)-th rows in substantially equal portions, and the dis-
play information is recorded only on the pixel of the m-th
row. Referring to FIGS. 9A and 9C, at interval 2, the signals
Scanl[m+1] and Scanl[m+2] are selected among the first
scan lines, and the signal Scan2[m+1] is selected among the
second scan lines. The other signals are all unselected. At the
interval 2, the current Idata of the data line is distributed to
the pixels of the (m+1)-th and (m+2)-th rows in substantially
equal portions, and the display information is recorded only
on the pixel of the (m+1)-th row. Referring to FIGS. 9A and
9D, at interval 3, the signals Scanl[m+2] and Scanl[m+3]
are selected among the first scan lines, and the signal
Scan2[m+2] is selected among the second scan lines. The
other signals are all unselected. At the interval 3, the current
Idata of the data line is distributed to the pixels of the
(m+2)-th and (m+3)-th rows in substantially equal portions,
and the display information is recorded only on the pixel of
the (m+2)-th row.

[0070] FIG. 10 is a block diagram of the general con-
struction of an image display apparatus in the present
invention that does not use a method of adjusting the
brightness by discharging the storage capacitor Cst with
selection of the second lines. In this case, no more than one
shift register is used to construct a scan driver. The scan
driver structures shown in FIGS. 11A, 11B, and 11C are
used for the waveforms of FIGS. 6A, 6B, and 6C, respec-
tively. Scan1[0] of FIG. 11B and Scan1[M+1] of FIG. 11C
represent the first scan lines at the dummy pixels of the first
row and the last one role, respectively.

[0071] As described above, the image display apparatus in
exemplary embodiments in accordance with aspects of the
present invention includes transistors that form a current
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mirror in the pixel and uses a pixel structure having two scan
lines, so as to select pixels of at least two rows simulta-
neously, distribute the current applied to the data line to the
pixel for recording display information and the adjacent
pixel, and record the display information on the pixel of no
more than one row among the selected pixels. This drasti-
cally increases the current for driving the data line and
decreases the size of the transistors that form the current
mirror in the pixel, thereby increasing the aperture ratio of
the image display apparatus using organic light-emitting
elements.

[0072] While this invention has been described in connec-
tion with specific exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims.

What is claimed is:
1. An image display apparatus comprising:

a plurality of data lines for transferring a current including
brightness information;

a plurality of scan lines arranged to intersect the data
lines;

a plurality of pixels formed in a matrix form having rows
and columns, each pixel being located at a different
intersection of the data and scan lines, each row of
pixels being coupled to corresponding first and second
said scan lines, and each column of pixels being
coupled to a corresponding one of the data lines, each
pixel receiving at least a portion of the current trans-
ferred through the corresponding data line when
selected by the corresponding first scan line, and per-
forming a display operation according to the current
supplied through the corresponding data line when
selected by the corresponding second scan line;

a scan driver responsive to a clock signal and a control
signal for generating first signals for selecting pixels of
at least two consecutive rows simultaneously and sec-
ond signals for recording the brightness information on
the corresponding pixels; and

a data driver for generating the current including the
brightness information, and applying the generated
current to the corresponding data line.

2. The image display apparatus as claimed in claim 1,
wherein the first scan line is a scan line for selecting a pixel
so0 as to distribute the current transferred through the corre-
sponding data line, and the second scan line is a scan line for
controlling recording of the current transferred through the
corresponding data line on the selected pixel.

3. The image display apparatus as claimed in claim 1,
wherein the scan driver applies the first signals to the first
scan lines corresponding to said at least two consecutive-
rows, the first signals having waveforms for selecting pixels
of said at least two consecutive rows, and the second signals
to the second scan lines corresponding to said at least
two-consecutive rows, the second signals having waveforms
for-sequentially recording the brightness information on the
selected pixels of said at least two consecutive rows.

4. The image display apparatus as claimed in claim 3,
wherein the first signals applied to the corresponding first
scan lines have a selection time for selecting the pixels of
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said at least two consecutive rows, and the second signals
applied to the corresponding second scan lines have a
recording time for sequentially recording the brightness
information on the selected pixels of said at least two
consecutive rows.

5. The image display apparatus as claimed in claim-A 4,
wherein the selection time of the first signals applied to the
first scan lines is at least twice as long as the recording time
of the second signals applied to the second scan lines.

6. The image display apparatus as claimed in claim 3,
wherein the pixels of said at least two consecutive rows
comprise the pixel of a row for recording the display
information and the pixel of the previous row or the next
row.

7. The image display apparatus as claimed in claim 1,
wherein each of the pixels comprises:

a first transistor for providing a current path for distrib-
uting the current supplied through the data line;

a second transistor being selected by the first scan line and
controlling a current supply between the data line and
the first transistor;

a storage capacitor for converting a current flowing
through the first transistor to a voltage;

a third transistor being selected by the second scan line
and performing a switching function between the first
transistor and the storage capacitor;

a fourth transistor for forming a current mirror with the
first transistor, and generating a current corresponding
to a voltage at the storage capacitor; and

a light-emitting element for emitting a light according to
a magnitude of the current supplied through the fourth
transistor to perform a display operation.

8. The image display apparatus as claimed in claim 7,
wherein the light-emitting element includes an organic light-
emitting diode.

9. The image display apparatus as claimed in claim 7,
wherein the transistors comprise field effect transistors.

10. An image display apparatus comprising a data line and
first and second scan lines, said image display apparatus
comprising:

a first transistor having a gate electrode and a drain
electrode coupled to each other, and a source electrode
coupled to a power source voltage;

a second transistor having a gate electrode coupled to the
first scan line, a drain electrode coupled to the data line,
and a source electrode coupled to the drain electrode of
the first transistor;

a storage capacitor having two terminals, one terminal
being coupled to the power source voltage;

a third transistor having a gate electrode coupled to the
second scan line, a drain electrode coupled to the gate
electrode of the first transistor, and a source electrode
coupled to the other terminal of the storage capacitor;

a fourth transistor having a gate electrode coupled to the
other terminal of the storage capacitor and the source
electrode of the third transistor, and a source electrode
coupled to the power source voltage; and
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an organic light-emitting element having a cathode elec-
trode and an anode electrode, the cathode electrode
being coupled to a predetermined cathode voltage, the
anode electrode being coupled to the drain electrode of
the fourth transistor.

11. The image display apparatus as claimed in claim 10,
having four operational conditions according to signals
applied through the first and second scan lines, the four
operational conditions comprising: a case where both the
second and third transistors are ON; a case where the second
transistor is ON and the third transistor is OFF; a case where
both the second and third transistors are OFF; and a case
where the second transistor is OFF and the third transistor is
ON.

12. An image display apparatus comprising:

a plurality of data lines for transferring a current including
brightness information;

a plurality of scan lines arranged to intersect the data
lines; and

a plurality of pixels formed in a matrix form having rows
and columns, each pixel being located at a different
intersection of the data and scan lines, each row of
pixels being coupled to a corresponding one of the scan
lines, and each column of pixels being coupled to a
corresponding one of the data lines, the pixels perform-
ing display operation according to the current supplied
through the corresponding data line when selected by
the corresponding scan line;

a scan driver responsive to a clock signal and a control
signal for generating signals for sequentially selecting
the pixel rows during a predetermined time and apply-
ing the generated signals to the scan lines respectively;
and,

a data driver for generating current including the bright-
ness information and applying the generated current to
the corresponding data line,

wherein the signals generated in the scan driver have an
overlapping period for selecting consecutive pixel rows
simultaneously, the current generated in the data driver
is applied to the consecutive pixel rows, data recording
is performed at one pixel row of the consecutive pixel
rows and the generated current is distributed in sub-
stantially equal portions to the consecutive pixel rows
that are selected simultaneously.
13. A method for driving an image display apparatus
having a plurality of pixels arranged in a matrix form having
rows and columns, comprising;:

selecting at least two consecutive pixel rows simulta-
neously for a first predetermined time period,

selecting said at least two consecutive pixels rows sequen-
tially for a second predetermined time period, which
overlaps the first predetermined time period, wherein
the second predetermined time period is less than the
first predetermined time period;

performing data recording on the pixel row selected
during the second predetermined time period; and

distributing data current in substantially equal portions to
said at least two consecutive pixel rows when said at
least two consecutive pixel rows are simultaneously
selected.
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14. A light emitting device to be coupled to a date line and
first and second control lines, comprising:

a light emitting element;

a data input for receiving a portion of a data current
including brightness information on such data line, the
light emitting element being responsive to said portion
of the data current to adjust brightness of light emitted;

a first control input for receiving a first control signal over
such first control line, said first control input being
responsive to said first control signal to divert said
portion of the data current from such data line through
the data input; and

a second control input for receiving a second control
signal over such second control line, said second con-
trol input being responsive to enable said portion of the
data current to control the brightness of light emitted by
the light emitting element.

15. The light emitting device as claimed in claim 14,
wherein the data input comprises a drain electrode of a first
transistor and the first control input comprises a gate elec-
trode of the first transistor, wherein said portion of the data
current flows through the first transistor when the first
control signal is applied at the gate electrode of the first
transistor.

16. The light emitting device as claimed in claim 15,
wherein the second control input comprises a gate electrode
of a second transistor, wherein the second transistor is turned
on to enable said portion of the data current to control the
brightness of light emitted by the light emitting element
when the second control signal is applied at the gate clec-
trode of the second transistor.

17. The light emitting device as claimed in claim 16,
further comprising third and fourth transistors that form a
current mirror, wherein gate electrodes of the third and
fourth transistors are coupled to drain and source electrodes
of the second transistor, respectively, and a source electrode
of the fourth transistor is coupled to the light emitting
element.

18. The light emitting device as claimed in claim 17,
further comprising a capacitor having a terminal coupled to
the source electrode of the second transistor and the gate
electrode of the fourth transistor, wherein the brightness
information is recorded on the capacitor when the second
transistor is turned on by applying the second control signal
on the gate of the second transistor.

19. The light emitting device as claimed in claim 18,
wherein the light emitting element comprises an organic
light emitting element (OLED).

20. A method of driving an imaging display apparatus
comprising a plurality of pixels arranged in a matrix form
having rows and columns, said method comprising:

selecting a first row of pixels for a first predetermined
time period,

selecting a second row of pixels for a second predeter-
mined time period, wherein the second row is adjacent
to the first row, and the first and second predetermined
time periods are substantially the same in duration and
at least partially overlap with one another;

providing a current containing brightness information to a
first pixel on the first row and a second pixel on the
second row while the first and second predetermined
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time periods overlap, wherein the current is distributed
to both the first and second pixels; and

selecting the first row for a third predetermined time
period that overlaps with the first predetermined time
period to record the brightness information on the first
pixel.

21. The method as claimed in claim 20, wherein the
current is distributed to the first and second pixels in
substantially equal portions.

22. The method as claimed in claim 20, wherein the first
and second predetermined time periods overlap substantially
completely with one another, the method further comprising:

providing another current containing another brightness
information to the first pixel and the second pixel,
wherein said another current is distributed to both the
first and second pixels; and

selecting a second row for a fourth predetermined time
period that overlaps with the second predetermined
time period and does not overlap with the third prede-
termined time period to record said another brightness
information on the second pixel.
23. The method as claimed in claim 22, wherein said
another current is distributed to the first and second pixels in
substantially equal portions.
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24. The method as claimed in claim 20, further compris-
ing:

selecting a third row of pixels for a fifth predetermined
time period, wherein the third row is adjacent to the
first row, and the fifth predetermined time period is
substantially the same in duration as and at least
partially overlaps with the first predetermined time
period;

providing another current containing another brightness
information to the first pixel and a third pixel on the
third row, wherein said another current is distributed to
both the first and third pixels; and

selecting the third row for a sixth predetermined time
period that overlaps with the fifth predetermined time
period and does not overlap with the third predeter-
mined time period to record said another brightness
information on the third pixel.
25. The method as claimed in claim 24, wherein said
another current is distributed to the first and third pixels in
substantially equal portions.
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