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DISPLAY APPARATUS THAT CONTROLS
LUMINANCE IRREGULARITY AND GRADATION
IRREGULARITY, AND METHOD FOR
CONTROLLING SAID DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to display apparatus,
and it particularly relates to a technology for display appa-
ratus using an organic EL.

[0003] 2. Description of the Related Art

[0004] Organic electroluminescent (hereinafter referred to
as “organic EL”) display apparatuses are attracting increas-
ing attention as a new type of flat-panel display apparatuses.
It is believed that the organic EL display apparatus will soon
replace the currently widespread liquid crystal display
devices. As a result, the organic EL display apparatus is
today amidst an intense development competition toward
practical application and mass production.

[0005] There are two drive systems for the organic EL
display apparatus, namely, the passive matrix drive system,
in which light is emitted by time division from the pixel held
between a scanning electrode and a data electrode at the
position where they intersect each other, and the active
matrix drive system, in which light emission from each pixel
is maintained for one frame period. Problems with the active
matrix drive system include the possibility of luminance
irregularity that may occur due to variation in the charac-
teristics of a drive transistor in each pixel. This kind of
luminance irregularity can be effectively eliminated by
correcting the luminance signal in response to the charac-
teristics of the drive transistor as disclosed in Japanese
Laid-Open Patent Application 2003-288055. On the other
hand, when a point sequential drive method is used, there is
a possibility of gradation irregularity occurring in the left
and right display due to the length of correction period. And
a known technique to eliminate the gradation irregularity
occurring in the left and right display uses a liquid crystal
display device that provides display using a different scan-
ning direction for each frame as disclosed in Japanese
Laid-Open Patent Application 2001-166277.

[0006] As for the drive system for an organic EL display
apparatus, there are roughly two types, namely, the analog
drive system and the digital drive system. In an analog drive
system, a current corresponding to the magnitude of data
voltage is supplied to each organic EL element and light is
emitted at a luminance corresponding to the data voltage.
There are a variety of methods proposed for the digital drive
system. In a time gradation system, for instance, multiple
gradations are realized by supplying a pulse current having
aduty ratio corresponding to data voltage to each organic EL
element and causing light emission for a period correspond-
ing to the data voltage as disclosed in Japanese Laid-Open
Patent Application 2003-5709.

[0007] Of such time gradation systems, a subfield drive
system is such that a field (frame) period, which is a display
cycle of a screen, is divided into a plurality of subfield
(frame) periods and the organic EL elements are each lit up
for a period corresponding to a supplied data voltage by
controlling the on and off of emission in each subfield
period. In so doing, the same amount of current is supplied

1. Field of the Invention
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to the organic EL elements, which emit light with the same
luminance, but the gradation of their emission is produced
by the length of their emission time. The emission period of
each subfield has a length of 2 to the nth power (n=0, 1, 2,
...» N-1). For example, 256 gradations are produced by the
on and off of the emission period set at lengths of 1,2, 4, 8,
16, 32, 64 and 128.

[0008] With a display apparatus disclosed in JPA laid open
2003-288055, correction of a luminance signal is accom-
plished by setting the gate voltage of a transistor at the level
of an operation threshold value at which the transistor just
barely turns on. However, the gate voltage of a transistor, if
it is near the operation threshold value, produces an
extremely high impedance. This results in a lapse of time,
which cannot be ignored in operation, and renders control
very complex until the gate voltage is set at the level of the
operation threshold value.

[0009] With a display apparatus disclosed in JPA laid open
2001-166277, the status of gradation irregularity that has
occurred in a frame gets inverted in a subsequent frame.
Hence, when an image with little change in luminance
between frames is to be displayed, the gradation irregularity
as a whole may not be so conspicuous for a certain group of
pixels having developed the gradation irregularity in the
previous frame, because the gradation irregularity for the
same pixels will be unlikely to occur in the next frame.
However, when an image with a considerable change in
luminance between frames is to be displayed, there will be
as an inevitable consequence a significant drop in image
quality due to gradation irregularity, which may not be fully
rectified in the next frame where there may be much change
in luminance for the same pixels as have developed grada-
tion irregularity in the previous frame.

[0010] With a display apparatus disclosed in JPA laid open
2003-5709, a through current flows in the inverter circuit
from the luminance signal write period to the emission
period. This through current, which is of a significant
magnitude in relation to the drive current that flows to the
organic EL elements, can be a cause for increased power
consumption.

RELATED ART LIST
[0011] JPA laid open 2003-288055
[0012]

[0013]

JPA laid open 2001-166277
JPA laid open 2003-5709

SUMMARY OF THE INVENTION

[0014] The present invention has been made in view of the
foregoing circumstances, and an objective thereof is to
provide a display apparatus capable of effectively reducing
the effects of luminance irregularity or gradation irregular-

1ty.

[0015] Apreferred mode of carrying out the present inven-
tion relates to a display apparatus. This apparatus includes a
plurality of pixels arranged in a matrix. Each of the plurality
of pixels includes: an optical element of current-driven type;
a drive circuit of non-complementing type which drives the
optical element based on a luminance signal and self-
corrects a drive operation thereof; a correction circuit which
controls on and off of the self-correction of the drive circuit;



US 2005/0212787 Al

and a holding circuit which holds the luminance signal used
in the drive operation. The drive circuit generates a lumi-
nance signal which is corrected based on a predetermined
signal delivered temporarily and an operation threshold
value of the drive circuit, and self-corrects the drive opera-
tion by driving the optical element based on the corrected
luminance signal.

[0016] As the optical element, an organic light-emitting
diode (OLED) can be assumed here but the optical element
is not limited thereto. As the drive circuit and the correction
circuit, a metal oxide-semiconductor (MOS) transistor or a
thin film transistor (TFT) can be assumed here but they are
not limited thereto. The “operation threshold value of the
drive circuit” may be a threshold voltage of a transistor. The
“drive circuit of non-complementing type” may be, for
example, a drive circuit excluding that of such a type, for
example an inverter, that the through current flows. Thus,
while the “drive circuit of non-complementing type” is
performing the self-correction, the signal line of a signal
used for the correction is not connected at least directly to
ground potential, so that the through current does not flow.
The holding circuit may contain a capacitance.

[0017] By employing the display apparatus according to
the above mode of carrying out the present invention, the
self-correction is performed by a drive circuit of non-
complementing type, based on the characteristics of said
drive circuit. Hence, the optical element can be driven
irrespective of variation in characteristics of the drive circuit
while the through current is prevented during the period of
correction.

[0018] Another preferred mode of carrying out the present
invention relates also to a display apparatus. This apparatus
includes a plurality of pixels arranged in a matrix. Each of
the plurality of pixels includes: an optical element of cur-
rent-driven type; a drive circuit of which drives the optical
element based on a luminance signal and self-corrects a
drive operation thereof; a power supply circuit, connected
with the drive circuit, which controls power supply to the
optical element via the drive circuit; a write circuit, con-
nected with the drive circuit, which controls input of the
luminance signal to the pixel; a correction circuit which
connects and shuts off a path through which a signal that has
flowed to the drive circuit is inputted to the drive circuit for
performing self-correction; a holding capacitance which
holds a signal inputted to the drive circuit; a control circuit
which controls drive of the optical element by the drive
circuit, by gradually decreasing or gradually increasing
voltage of the signal held by the holding capacitance; and a
reset circuit which connects and shuts off a path of drive
current to the optical element. The drive circuit generates a
luminance signal which is corrected based on a luminance
signal delivered temporarily through the write circuit and an
operation threshold value of the derive circuit, and self-
corrects the drive operation by driving the optical element
based on the thus corrected luminance signal; the power
supply circuit shuts off power to the optical element via the
drive circuit during a period of the self-correction; and the
reset circuit shuts off the path of drive current to the optical
element during a period of the self-correction.

[0019] A MOS transistor or a TFT can be assumed as the
drive circuit, power supply circuit, write circuit, correction
circuit and reset circuit. However, these circuits are not
limited to the MOS transistor or TFT.

Sep. 29, 2005

[0020] By employing the display apparatus according to
the above mode of carrying out the present invention, the
drive circuit self-corrects the luminance signal based on the
characteristics of said drive circuit and drives the optical
element independently of variation in the characteristics of
said drive circuit, and the through current does not occur
during the period of correction.

[0021] Still another preferred mode of carrying out the
present invention relates to a display apparatus controlling
method. This method includes: flowing a predetermined
signal to a drive circuit of non-complementing type which
drives an optical element of current-driven type; generating
a luminance signal by correcting the predetermined signal
flowing through the drive circuit with an operation threshold
value of the drive circuit; setting the corrected luminance
signal in the drive circuit and holding the thus set corrected
luminance signal; shutting off flow of the predetermined
signal to the drive circuit; and supplying drive current to the
optical element by gradually decreasing or gradually
increasing voltage of the luminance signal held in the setting
and holding.

[0022] By employing this method according to the above
mode of carrying out the present invention, the self-correc-
tion is performed by a drive circuit of non-complementing
type based on the characteristics of the drive circuit, so that
the through current does not occur during the period of
correction. Moreover, the optical element can be driven
independently of variation in the characteristics of the drive
circuit.

[0023] Still another preferred mode of carrying out the
present invention relates to a display apparatus. This display
apparatus, which is of active matrix type, includes: a plu-
rality of pixels arranged in a matrix; and a data control
circuit which inputs a luminance signal to each of the
plurality of pixels so that one frame is displayed a plurality
of times in different scanning directions.

[0024] By employing the display apparatus according to
this mode of carrying out the present invention, one frame
is displayed a plurality of times in different scanning direc-
tions, so that even if image degradation occurs in a scanning,
the degradation is compensated for by the repeated scan-
ning. In particular, even with moving pictures whose bright-
ness changes fast, the image degradation can be more
securely compensated for by an amount displayed a plurality
of times in one frame.

[0025] Still another preferred mode of carrying out the
present invention relates also to a display apparatus. This
apparatus, which is of active matrix type, includes: a plu-
rality of pixels arranged in a matrix; a selection control
circuit which selects a pixel line to which a luminance signal
is to be inputted among the plurality of pixels; and a data
control circuit which sequentially inputs the luminance
signal for each pixel contained in the pixel line selected by
the selection control circuit. The data control circuit is such
that after a luminance signal for one frame is inputted to
each pixel, the same luminance signal for one frame is again
inputted to the each pixel in a reversed scanning direction,
in order for the luminance signal for one frame to be inputted
a plurality of times for the each pixel.

[0026] In a case when a relatively longer time is required
for writing or compensating for a luminance signal in each
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pixel included in a display apparatus which uses a system of
a point sequential drive for writing the luminance signal or
other, the image degradation may be caused due to differ-
ences in the input timing of the luminance signals in the
respective pixels. However, by employing the structure
according to this mode of carrying out the present invention,
one frame is displayed a plurality of times in different
scanning directions. Hence, even if the image degradation
occurs in a scanning, the degradation is compensated for by
the repeated scanning. In particular, even with moving
pictures whose brightness changes fast, the image degrada-
tion can be more securely compensated for by an amount
displayed a plurality of times in one frame.

[0027] Still another preferred mode of carrying out the
present invention relates also to a display apparatus. This
apparatus includes: a plurality of pixels arranged in a matrix;
a selection control circuit which selects a pixel line to which
a luminance signal is to be inputted among the plurality of
pixels; and a data control circuit which sequentially inputs
the luminance signal for each pixel contained in the pixel
line selected by the selection control circuit. Each of the
plurality of pixels includes: an optical element of current-
driven type; a drive circuit which drives the optical element
based on a luminance signal which has been corrected
according to an operating characteristic; and a write circuit
which controls write of the luminance signal. The data
control circuit is such that after a luminance signal for one
frame is inputted to each pixel, the same luminance signal
for one frame is again inputted to the each pixelin a reversed
scanning direction, in order for the luminance signal for one
frame to be inputted a plurality of times for the each pixel.

[0028] As the optical element, an organic light-emitting
diode (OLED) can be assumed here but the optical element
is not limited thereto. As the drive circuit and the write
circuit, a metal oxide semiconductor (MOS) transistor or a
thin film transistor (TFT) can be assumed here but they are
not limited thereto. The “operating characteristic of a drive
circuit” may be, for example, a threshold voltage of the drive
transistor.

[0029] By employing the display apparatus according to
this mode of carrying out the present invention, even if the
image degradation occurs in a scanning, the degradation is
compensated for by the repeated scanning, by an amount in
which one frame is displayed a plurality of times in different
scanning directions.

[0030] Still another preferred mode of carrying out the
present invention relates to a display apparatus controlling
method. This method includes: first selecting sequentially a
pixel line, to which a luminance signal is to be inputted,
among a plurality of pixels arranged in a matrix; inputting
sequentially a luminance signal of one frame in a predeter-
mined scanning direction for each pixel contained in the
pixel line selected by the first selecting, every time the pixel
line is selected in the first selecting; correcting the inputted
luminance signal based on an operating characteristic of a
drive circuit included in the pixel; second selecting sequen-
tially the pixel line from the beginning, after completing the
first selecting for all pixel lines contained in the plurality of
pixels; inputting sequentially the same luminance signal as
the luminance signal of one frame in a scanning direction
opposite to the predetermined scanning direction for each
pixel contained in the pixel line selected by the second
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selecting, every time the pixel line is selected in the second
selecting; and correcting the inputted luminance signal
based on an operating characteristic of a drive circuit
included in the pixel.

[0031] By employing this method according to this mode
of carrying out the present invention, one frame is displayed
a plurality of times in different scanning directions. Thus,
even if the gradation irregularity due to the differences in
input timing of the luminance signals is caused as a result of
correction based on the operating characteristic of the drive
circuit in a certain scanning, the gradation irregularity is
compensated for by the repeated scanning. Hence, even with
moving pictures whose brightness changes fast, the image
degradation can be more securely compensated for.

[0032] Still another preferred mode of carrying out the
present invention relates to a display apparatus. This appa-
ratus, using a time gradation system, includes: an optical
element of current-driven type; a drive circuit which drives
the optical element; and a time control circuit which controls
drive timing by the drive circuit according to a luminance
signal inputted. The time control circuit controls emission
start timing according to the luminance signal in a control of
a first emission period which is any emission period among
a plurality of emission periods for one luminance signal, and
controls emission stop timing according to the luminance
signal in a control of a second emission period which is any
emission period different from the first emission period
thereamong.

[0033] As the optical element, an organic light-emitting
diode (OLED) can be assumed here but the optical element
is not limited thereto. As the drive circuit and the time
control circuit, a metal oxide semiconductor (MOS) transis-
tor or a thin film transistor (TFT) can be assumed here but
they are not limited thereto. “A plurality of emission peri-
ods” may be a plurality of sub-emission-periods which are
formed by dividing one frame or may be a separate emission
period contained in each of a plurality of frames.

[0034] By employing the display apparatus according to
this mode of carrying out the present invention, the emission
start and the emission stop are controlled based on a lumi-
nance signal at each of the plurality of emission periods.
Thus, even in a case when the variation in characteristics of
an internal circuit affects controlling the emission period,
any difference can be offset by any other difference and the
sum of the emission periods can be kept constant.

[0035] The time control circuit may cancel a difference
caused in the emission start timing according to the lumi-
nance signal in the control of a first emission period and
based on variation in an operation threshold of the time
control circuit, by a difference caused in the emission stop
timing according to the luminance signal in the control of a
second emission period and based on variation in an opera-
tion threshold of the time control circuit. Thereby, the
emission period can be kept constant irrespective of the
variation in the characteristics of the time control circuit and
the luminance irregularity due to the variation in the char-
acteristics thereof can be avoided.

[0036] The apparatus may further include a drive control
circuit which turns the drive circuit on in the first emission
period when the time control circuit is turned on and which
turns the drive circuit off in the second emission period when
the time control circuit is turned on.
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[0037] Still another preferred mode of carrying out the
present invention relates also to a display apparatus. This
apparatus includes: a time control transistor which controls
drive timing of an optical element according to a luminance
signal inputted; and a circuit which gradually increases or
gradually decreases source voltage or drain voltage of the
time control transistor. The time control transistor controls
emission start timing of the optical element in a control of
a first emission period which is any emission period among
a plurality of emission periods for one luminance signal, by
gradually increasing or gradually decreasing the source
voltage or drain voltage thereof whereas the time control
transistor controls emission stop timing of the optical ele-
ment in a control of a second emission period which is any
emission period different from the first emission period
thereamong, by gradually increasing or gradually decreasing
the source voltage or drain voltage thereof.

[0038] By employing the display apparatus according to
this mode of carrying out the present invention, the emission
start and the emission stop are controlled based on a lumi-
nance signal at each of the plurality of emission periods.
Thus, even in a case when the variation in characteristics of
an internal circuit affects controlling the emission period,
any difference can be offset by any other difference and the
sum of the emission periods can be kept constant.

[0039] Still another preferred mode of carrying out the
present invention relates to a display apparatus controlling
method. This method includes: inputting a luminance signal
indicative of emission start timing of an optical element in
a control of a first emission period which is any emission
period among a plurality of emission periods for one lumi-
nance signal; increasing gradually or decreasing gradually
voltage of the luminance signal indicative of the emission
start timing; turning a drive circuit on and starting emission
of the optical element when the time control circuit which
controls drive timing by the drive circuit is turned on by the
increasing gradually or decreasing gradually voltage of the
luminance signal; stopping the emission of the optical
element with a predetermined timing; inputting a luminance
signal indicative of emission stop timing of the optical
element in a control of a second emission period which is
any emission period different from the first emission period
among the plurality of emission periods; starting emission of
the optical element with a predetermined timing; increasing
gradually or decreasing gradually voltage of the luminance
signal indicative of the emission stop timing; and turning the
drive circuit off and stopping the emission of the optical
element when the time control circuit is turned on by the
increasing gradually or decreasing gradually voltage of the
luminance signal.

[0040] By employing the display apparatus according to
this mode of carrying out the present invention, the emission
start and the emission stop are controlled based on a lumi-
nance signal at each of the plurality of emission periods.
Thus, even 1n a case when the variation in characteristics of
an internal circuit affects controlling the emission period,
any difference can be offset by any other difference and the
sum of the emission periods can be kept constant.

[0041] Tt is to be noted that any arbitrary combination of
the above-described components and expressions mutually
replaced by among a method, an apparatus, a system and so
forth are all effective as and encompassed by the modes of
carrying out the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 illustrates a basic structure of a pixel
included in a display apparatus according to a first embodi-
ment of the present invention.

[0043] FIG. 2 illustrates an arrangement relationship of a
plurality of pixels included in the display apparatus of the
first embodiment.

[0044] FIG. 3 is a timing chart showing a state change
relationship among signals to be inputted to a first pixel in
the first embodiment.

[0045] FIG. 4 illustrates a basic structure of a pixel
included in a display apparatus according to a second
embodiment of the present invention.

[0046] FIG. 5 illustrates a basic structure of a pixel region
and its periphery included in a display apparatus according
to a third embodiment of the present invention.

[0047] FIG. 6 illustrates a detailed structure of a data
control circuit in the third embodiment.

[0048] FIG. 7 schematically illustrates detailed drive tim-
ing in one frame period in the third embodiment.

[0049] FIG. 8 is a timing chart showing a state change
relationship among signals inputted to a first pixel in the
third embodiment.

[0050] FIG. 9A schematically illustrate the display status
of each pixel in a first subframe period according to the third
embodiment.

[0051] FIG. 9B schematically illustrate the display status
of each pixel in a second subframe period according to the
third embodiment.

[0052] FIG. 10A schematically illustrate the display status
of each pixel in a first subframe period according to a fourth
embodiment.

[0053] FIG. 10B schematically illustrate the display status
of each pixel in a second subframe period according to a
fourth embodiment.

[0054] FIG. 11 illustrates a basic structure of a pixel
included in a display apparatus according to a fifth embodi-
ment of the present invention.

[0055] FIG. 12 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to the fifth embodiment.

[0056] FIG. 13 illustrates a basic structure of a pixel
included in a display apparatus according to a sixth embodi-
ment of the present invention.

[0057] FIG. 14 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to the sixth embodiment.

[0058] FIG. 15 illustrates a basic structure of a pixel
included in a display apparatus according to a seventh
embodiment of the present invention.

[0059] FIG. 16 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to a seventh embodiment of the present
invention.
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[0060] FIG. 17 illustrates a basic structure of a pixel
included in a display apparatus according to an eighth
embodiment of the present invention.

[0061] FIG. 18 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to the eighth embodiment.

[0062] FIG. 19 illustrates a basic structure of a pixel
included in a display apparatus according to a ninth embodi-
ment of the present invention.

[0063] FIG. 20 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to the ninth embodiment.

[0064] FIG. 21 illustrates a basic structure of a pixel
included in a display apparatus according to a tenth embodi-
ment of the present invention.

[0065] FIG. 22 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to the tenth embodiment.

[0066] FIG. 23 illustrates a basic structure of a pixel
included in a display apparatus according to an eleventh
embodiment of the present invention.

[0067] FIG. 24 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus according to the eleventh embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0068] The invention will now be described based on the
following embodiments which do not intend to limit the
scope of the present invention but exemplify the invention.
All of the features and the combinations thereof described in
the embodiments are not necessarily essential to the inven-
tion.

First Embodiment

[0069] FIG. 1 illustrates a basic structure of a pixel
included in a display apparatus according to a first embodi-
ment of the present invention. In a display apparatus 110, a
first pixel A includes an organic light-emitting diode (here-
inafter referred to as “OLED”) 116, a reset transistor 114, a
drive transistor 118, a write transistor 120, a power supply
transistor 122, a correction transistor 124 and a holding
capacitance 126. The OLED 116, which is a current-driven-
type optical element, emits light at an intensity correspond-
ing to a current value when a drive current flows. In the
present embodiment, however, the value of the drive current
is approximately constant, and therefore the gradation is
produced by the length of emission period of each pixel.

[0070] The drive transistor 118 and the power supply
transistor 122 are each a p-channel MOS transistor. The reset
transistor 114, the write transistor 120 and the correction
transistor 124 are each an n-channel MOS transistor. The
drive transistor 118 functions as a drive circuit for driving
the light emission of the OLED 116. The reset transistor 114
functions as a reset circuit that switches on (connection) and
off (shutoff) the signal path for the current driving the OLED
116.

[0071] The write transistor 120 has a drain electrode
thereof connected to a first data signal line DL1 and a source
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electrode thereof connected to a drain electrode of the power
supply transistor 122 and a source electrode of the drive
transistor 118. A gate electrode of the write transistor 120 is
connected to a first selection signal line SL1. The power
supply transistor 122 has a source electrode thereof con-
nected to a first power supply line VDD1 and a gate
electrode thereof connected to the first selection signal line
SL1. A drain electrode of the drive transistor 118 is con-
nected to a source electrode of the correction transistor 124
and a drain electrode of the reset transistor 114. A drain
electrode of the correction transistor 124 is connected to a
gate electrode of the drive transistor 118 and one end of the
holding capacitance 126. The other end of the holding
capacitance 126 is connected to a first ramp signal line RP1.
A gate electrode of the correction transistor 124 is connected
to the first selection signal line SL1. The reset transistor 114
has a source electrode thereof connected to an anode of the
OLED 116 and a gate electrode thereof connected to a first
reset line RS1. The holding capacitance 126 holds a lumi-
nance signal set at the gate electrode of the drive transistor
118.

[0072] FIG. 2 illustrates an arrangement relationship of a
plurality of pixels included in a display apparatus. In a
display apparatus 110, a plurality of pixels are arranged in a
matrix. For example, a plurality of pixels, such as a first
pixel A and a second pixel B, are arranged horizontally in the
first row, and a plurality of pixels, such as an nth pixel S (n
being a natural number) and an (n+1)th pixel T, are arranged
horizontally in the second row. The first pixel A is connected
to a first selection signal line SL1, a first data signal line
DL1, a first power supply line VDD1, a first reset line RS1
and a first ramp signal line RP1. The second pixel B is
connected to a first selection signal line SL1, a second data
signal line DL2, a second power supply line VDD2, a first
reset line RS1 and a first ramp signal line RP1. The nth pixel
S is connected to a second selection signal line SL2, the first
data signal line DL1, the first power supply line VDDI1, a
second reset line RS2 and a second ramp signal line RP2.
The (n+1)th pixel T is connected to the second selection
signal line SL2, the second data signal line DI.2, the second
power supply line VDD2, the second reset line RS2 and the
second ramp signal line RP2. Each pixel, including the
second pixel B, the nth pixel S and the (n+1)th pixel T, is
structured the same way as the first pixel A.

[0073] FIG. 3 is a timing chart showing a state change
relationship among the signals to be inputted to the first pixel
A. As shown in FIG. 3, one horizontal line selection period
is divided into two parts, the first half serving as a luminance
signal write period and the second half as an emission period
in the control of each pixel. In the write period, when a
selection signal inputted from the first selection signal line
SL1 goes high, the write transistor 120 and the correction
transistor 124 are turned on and the power supply transistor
122 is turned off. At this time, a reset signal inputted from
the first reset line RS1 is high, and the reset transistor 114 is
on. Accordingly, a node 128 is in connection with the OLED
116, so that a reset is performed with the potential at the
node 128 dropping. As the reset signal goes low and the reset
transistor 114 turns off, a reset period for the node 128 is
completed.

[0074] At the end of the reset period, the potential at the
node 128 is sufficiently lower than that of a luminance signal
inputted from the first data signal line DL1, so that the drive
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transistor 118 is turned on. A luminance signal having
flowed through the drive transistor 118 is inputted to the
node 128 and written to the gate electrode of the drive
transistor 118. Now, with the drain electrode and the gate
electrode of the drive transistor 118 short-circuited, the
potential at the node 128 drops gradually and gets turned off
when it reaches a level lower than a luminance signal
voltage Vdata by a threshold voltage Vtp of the drive
transistor 118. That is, the value of Vdata-Vip is set for the
node 128. Even when the first selection signal line SL1 goes
low and the write transistor 120 and the correction transistor
124 turn off, the value for the node 128 is maintained by the
holding capacitance 126.

[0075] When the first selection signal line SL1 goes low,
the power supply transistor 122 is turned on. When the first
reset line RS1 goes high, the reset transistor 114 is also
turned on. At this time, since the power supply voltage
supplied from the first power supply line VDD1 is set lower
than the low-level voltage of a luminance signal inputted
from the first data signal line D11 and the potential for the
node 128 is Vdata-Vtp, the drive transistor 118 remains off.
Hence, a current does not flow to the drive transistor 118,
and thus the OLED 116 remains off.

[0076] In an emission period, a ramp signal is inputted
from the first ramp signal line RP1 to the holding capaci-
tance 126. Since the potential of a ramp signal is fixed at a
high level during the write period and lowers gradually in
the emission period, the potential at the node 128 also lowers
gradually from Vdata-Vtp as a result of coupling with the
holding capacitance 126. Thus, in a manner as described
above, each pixel incorporated in a display apparatus 110 is
controlled.

[0077] Of the plurality of pixels included in a display
apparatus 110, the pixels have their respective OLEDs 116
emit light sequentially as the potential at the node 128
reaches a value smaller by Vip than the power supply
potential and a current flows to the drive transistor 118 of
each of the pixels. The potential of a ramp signal returns to
a high level, which is the initial value, immediately before
the end of an emission period, so that the potential at the
node 128 also returns to Vdata-Vtp, which is the initial
value, thus putting the OLEDs 116 of all the pixels included
in the display apparatus 110 in a light non-emissive state. In
this manner, a multiple-gradation display is realized by
modulating the light emission time of each pixel based on
the voltage of a luminance signal.

[0078] As described above, Vdata-Vtp, which is a value of
the voltage of a luminance signal corrected by the threshold
voltage of the drive transistor 118, is written to the gate
electrode of the drive transistor 118, and the start timing for
light emission is determined by a ramp signal based on the
potential. In this case, the OLED 116 can be turned on
independently of the threshold voltage of the drive transistor
118, so that there occurs no variation in display among the
pixels. Also, no current flows to the OLED 116 during the
write period, when the drive transistor 118 is off. Moreover,
no through current flows either because the drive transistor
118 is a non-complementary drive circuit. As a result, while
power consumption by the display apparatus 110 as a whole
is held low, the optical elements can be driven independently
of any variation in characteristics of the drive circuit and
thus luminance irregularity of the display apparatus can be
avoided.
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Second Embodiment

[0079] Adisplay apparatus according to a second embodi-
ment of the present invention differs from a display appa-
ratus according to the first embodiment in the structure or
arrangement of transistors included therein. Also, the struc-
ture of signal lines and the polarity of part of the signal lines
differ from those of the first embodiment. The following
description therefore will center on the differences and omit
the common features as appropriate.

[0080] FIG. 4 illustrates a basic structure of a pixel
included in a display apparatus according to the second
embodiment of the present invention. In a display apparatus
110, a first pixel A includes an OLED 116, a reset transistor
114, a drive transistor 118, a write transistor 120, a power
supply transistor 122, a correction transistor 124 and a
holding capacitance 126. However, the write transistor 120,
which is a p-channel MOS transistor, differs from that of the
first embodiment, which is an n-channel MOS transistor.
Also, the power supply transistor 122, which is an n-channel
MOS transistor, differs from that of the first embodiment,
which is a p-channel MOS transistor. Furthermore, this
second embodiment differs from the first embodiment in that
the gate electrode of the correction transistor 124 is con-
nected to a correction signal line CR1.

[0081] The write transistor 120 has a source electrode
thereof connected to a first data signal line D1 and a drain
electrode thereof connected to a source electrode of the
power supply transistor 122 and a source electrode of the
drive transistor 118. A gate electrode of the write transistor
120 is connected to a first selection signal line SL1. The
power supply transistor 122 has a drain electrode thereof
connected to a first power supply line VDD1 and a gate
electrode thereof connected to the first selection signal line
SL1. A drain electrode of the drive transistor 118 is con-
nected to a source electrode of the correction transistor 124
and a drain electrode of the reset transistor 114. A drain
electrode of the correction transistor 124 is connected to a
gate electrode of the drive transistor 118 and one end of the
holding capacitance 126. The other end of the holding
capacitance 126 is connected to a first ramp signal line RP1.
A gate electrode of the correction transistor 124 is connected
to the correction signal line CR1. The reset transistor 114 has
a source electrode thereof connected to an anode of the
OLED 116 and a gate electrode thereof connected to a first
reset line RS1. The holding capacitance 126 holds a lumi-
nance signal set at the gate electrode of the drive transistor
118.

[0082] In this second embodiment, too, one horizontal line
selection period is divided into two parts, the first half
serving as a luminance signal write period and the second
half as an emission period in the control of each pixel. Since
the write transistor 120 is a p-channel MOS transistor and
the power supply transistor 12.2 is an n-channel MOS
transistor, the polarity of a selection signal of the first
selection signal line SL1 is in an inverted form of the
selection signal of the first embodiment. The correction
transistor 124 is controlled by the correction signal of the
correction signal line CR1. In the write period, therefore,
when a selection signal is low, the correction signal is high,
so that the write transistor 120 and the correction transistor
124 are turned on and the power supply transistor 122 is
turned off. On the other hand, when a selection signal goes
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high and the correction signal goes low, the write transistor
120 and the correction transistor 124 are turned off and the
power supply transistor 122 is turned on. The voltage
changes of other signals and the operation of the transistors
are the same as those of the first embodiment.

[0083] By implementing the above structure, Vdata-Vtp,
which is a value of the voltage of a luminance signal
corrected by the threshold voltage of the drive transistor 118,
is also written to the gate electrode of the drive transistor
118. As a result, the OLED 116 can be turned on indepen-
dently of the threshold voltage of the drive transistor 118, so
that there occurs no variation in display between the pixels.
Also, no current flows to the OLED 116 during the write
period, when the drive transistor 118 is off, and no through
current flows in the drive transistor 118. Hence, while power
consumption by the display apparatus 110 as a whole is held
low, the optical elements can be driven independently of any
variation in characteristics of the drive circuit and thus
luminance irregularity of the display apparatus can be
avoided.

[0084] The present invention has been described based on
the first and second embodiments which are only exemplary.
It is therefore understood by those skilled in the art that there
exist other various modifications to the combination of each
component and process described above and that such
modifications are also within the scope of the present
invention.

[0085] In each of the first and the second embodiment, a
drive transistor 118 is operated by gradually dropping a
ramp signal inputted from a first ramp signal line RP1. In a
modification thereof, the voltage of a ramp signal in the first
ramp signal line RP1 may be raised gradually. In this case,
a low-level ramp signal is once inputted to each of the pixels
to have their respective drive transistors 118 operate and
their respective OLEDs 116 emit light, and then the voltage
of the ramp signal is raised gradually. Of the plurality of
pixels, the pixels, as the potential at the node 128 reaches a
value smaller by Vip than the power supply potential,
sequentially turn off their respective drive transistors 118
and thus their respective OLEDs 116. In this manner, a
multiple-gradation display is realized by modulating the
light emission time of each pixel.

[0086] Ineach of the first and the second embodiment, the
structure where the write transistor 120 and the power
supply transistor 122 are both connected to the first selection
signal line SL1 and controlled by the same selection signals
have been described. However, in a modification thereof, the
write transistor 120 and the power supply transistor 122 may
be connected to their separate signal lines and controlled by
their separate signals. Furthermore, the transistors may be
controlled by their separate signals, and all the transistors
used may be p-channel MOS transistors.

Third Embodiment

[0087] FIG. 5 illustrates a basic structure of a pixel region
and its periphery included in a display apparatus according
to a third embodiment of the present invention. A display
apparatus 110 is a point sequential drive type active matrix
display apparatus. In the display apparatus 110, a plurality of
selection signal lines and a plurality of data signal lines are
so arranged as to intersect each other, and a plurality of
pixels, each disposed at an intersecting position thereof, are
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arranged in a matrix in a pixel region 160. The plurality of
pixels each include an optical element, which emits light
controlled by a selection control circuit 130 via a selection
signal line and a data control circuit 132 via a data signal
line.

[0088] The selection control circuit 130 selects, for each
row, pixels to be subjected to input control by a luminance
signal. The selection control circuit 130 according to the
third embodiment scans a plurality of horizontal pixel lines,
which are rows in the pixels, by sending a selection signal,
which selects a horizontal pixel line, sequentially from top
row down. The selection signal is inputted to each of the
pixels contained in a horizontal pixel line via a correspond-
ing selection signal line.

[0089] The data control circuit 132 inputs a luminance
signal sequentially to each of the pixels included in a
horizontal pixel line having been selected by the selection
control circuit 130. The luminance signal is inputted to each
of the pixels via their respective data signal lines. The
following description of this third embodiment will be given
on the assumption that pixels from a first pixel A to a 10th
pixel J are arranged on a horizontal pixel line as illustrated
in FIG. 5.

[0090] An external drive circuit 142 inputs a vertical drive
signal to the selection control circuit 130 via an interface 140
and a vertical drive signal line 134. The external drive circuit
142 also inputs a horizontal drive signal to the data control
circuit 132 via the interface 140 and a horizontal drive signal
line 136 and inputs an image signal to the data control circuit
132 via the interface 140 and an image signal line 138. An
image signal includes luminance signals for a plurality of
colors to be inputted to their respective pixels.

[0091] The luminance signal included in an image signal
is inputted two times per frame to each of the pixels included
in a horizontal pixel line having been selected by the
selection control circuit 130. That is, the luminance signals
for a frame are inputted to the pixels from the first pixel A
to the 10th pixel J sequentially in the first scanning direction
(left to right in the figure) and then the luminance signals for
the same frame are inputted to the pixels from the 10th pixel
J to the first pixel A sequentially in the second scanning
direction (right to left in the figure). More specifically, in the
input in the first scanning direction, the data control circuit
132 inputs the respective luminance signals to the pixels
from the first pixel A to the 10th pixel J sequentially in their
respective periods from the first vertical line selection period
X1 to the 10th vertical line selection period X10. And, in the
input in the second scanning direction, the data control
circuit 132 inputs the respective luminance signals to the
pixels from the 10th pixel J to the first pixel A sequentially
in their respective periods from the 11th vertical line selec-
tion period Y1 to the 20th vertical line selection period Y10.

[0092] FIG. 6 illustrates a detailed structure of a data
control circuit 132. Image signal lines 138, which allow
luminance signals flow via an interface 140 from an external
drive circuit 142, are connected to each of a plurality of
switches 148A to 148] included in a switch circuit 148. A
start signal 150 and a scanning direction switching signal
152 are contained in a horizontal drive signal, which is sent
from the external drive circuit 142 via the interface 140 and
the horizontal drive signal line 136. The start signal 150 is
inputted to a shift register 144A at the left end and a shift
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register 144J at the right end of a plurality of shift registers
144A to 144] in a shift register circuit 144. The scanning
direction switching signal 152 is inputted to each of the
plurality of shift registers 144 A to 144J. A buffer circuit 146
includes a plurality of buffers 146A to 146J, and the plurality
of shift registers 144A to 144J are connected to their
corresponding buffers of the plurality of buffers 146A to
146J. The plurality of buffers 146A to 146J are connected to
their corresponding switches of the plurality of switches
148A to 1481.

[0093] When luminance signals are to be inputted to their
respective pixels sequentially in the first scanning direction,
the shift register 144A, upon the input of a start signal 150
thereto, sends a pulse signal to the corresponding buffer
146A and the next shift register 144B. Upon the input of a
pulse signal from the shift register 144A, the shift register
144B sends a pulse signal to the corresponding buffer 146B
and the next shift register 144C. In this manner, a pulse
signal is sent at each clock sequentially from shift register
144A to shift register 144J.

[0094] When a pulse signal is sent from the shift register
144A to the buffer 146A, the switch 148A is turned on, a
luminance signal is sent through the switch 148A to the first
pixel A, and the first vertical line selection period X1 is
started. When a pulse signal is sent from the shift register
144B to the buffer 146B, the switch 148B is turned on, a
luminance signal is sent through the switch 148B to the
second pixel B, and the second vertical line selection period
X2 is started. In this manner, when pulse signals are sent
sequentially from the shift registers 144A to 144J to the
buffers 146A to 146J, respectively, the switches 148A to
148] are turned on sequentially. Now luminance signals are
sent through the switches to the first pixel A to the 10th pixel
J, respectively, and the first vertical line selection period X1
to the 10th vertical line selection period X10 are started
sequentially.

[0095] The data control circuit 132 performs the above-
described control whenever the selection control circuit 130
selects a horizontal pixel line. When the selection control
circuit 130 has completed sequentially selecting all the
horizontal pixel lines contained in a screen and returns to the
first horizontal pixel line, a scanning direction switching
signal 152 to reverse the scanning direction is sent to the
data control circuit 132, and the scanning direction switch-
ing signal 152 are inputted to each of the shift registers 144A
to 144J, thus reversing the input/output direction of a pulse
signal at each of the shift registers from the first scanning
direction to the second scanning direction. Accordingly,
when a start signal 150 is inputted to the shift register 144J,
pulse signals are sent sequentially from the shift registers
144] to 144A to the buffers 146] to 146A, respectively, the
switches 148]J to 148 A are turned on sequentially, luminance
signals are sent through the switches to the 10th pixel J to the
first pixel A, respectively, and the 11th vertical line selection
period Y1 to the 20th vertical line selection period Y10 are
started sequentially.

[0096] The luminance signals sent through the switches to
the 10th pixel J to the first pixel A, respectively, in the
second scanning direction are the same as those sent through
the switches to the first pixel A to the 10th pixel J, respec-
tively, in the first scanning direction. Hence, the sequence of
luminance signals which the external drive circuit 142 sends
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to the data control circuit 132 via the interface 140 is
reversed between the first scanning direction and the second
scanning direction. In other words, the external drive circuit
142 sends respective luminance signals in the sequence of
the first pixel A to the 10th pixel J at the time of first
scanning direction and in the sequence of the 10th pixel J to
the first pixel A at the time of second scanning direction. It
is to be noted here that even when the switches in the switch
circuit 148 are off, the luminance signals keep being inputted
to the pixels because the luminance signals sent through the
switches are held on the signal lines for a predetermined
period of time.

[0097] FIG. 7 schematically illustrates detailed drive tim-
ing in one frame period. To allow the input of the same
luminance signals to their respective pixels two times per
frame, one frame period is divided into two periods (here-
inafter referred to as “subframe periods”), namely, the first
subframe period and the second subframe period. The first
subframe period and the second subframe period are each
further divided into a write period and an emission period.
The same luminance signals are inputted to their respective
pixels in each of the first write period in the first subframe
period and the second write period in the second subframe
period.

[0098] The clock frequency for the input of luminance
signals in this third embodiment is equal to twice the frame
frequency for showing change in frames to be displayed. For
example, when the frame frequency is 60 Hz, the clock
frequency for luminance signals may be set at 120 Hz. Or,
conversely, the clock frequency for luminance signals may
be set to 60 Hz and the frame frequency may be controlled
to 30 Hz.

[0099] The first write period and the second write period
each include as many selection periods as the number of the
horizontal pixel lines. One horizontal pixel line selection
period includes as many selection periods as the number of
the vertical pixel lines. The description for the third embodi-
ment, however, will be given on the assumption that there
are 10 vertical pixel lines for the pixels from the first pixel
A to the 10th pixel J. In this case, during the first write
period, a sufficient correction can be made for the first pixel
A, with the luminance signal corrected by an operation
threshold value of the drive circuit from the start of the first
vertical pixel line selection period till the end of the 10th
vertical pixel line selection period. For the second pixel B,
a correction can be made from the second vertical pixel line
selection period to the 10th vertical pixel line selection
period. In this manner, the correction enabled period gets
shorter one vertical pixel line selection period at a time from
the first pixel A to the 10th pixel J, so that, if the length of
one vertical pixel line selection period is 1, then the lengths
of correction enabled period for the pixels from the first
pixel A to the 10th pixel J are (10, 9, 8, 7, 6, 5, 4, 3, 2, 1),
respectively. As a result, the correction enabled period for
the 10th pixel J is as short as Y10 of that for the first pixel A.

[0100] On the other hand, during the second write period,
when the scanning direction is reversed, a sufficient correc-
tion can be made firstly for the 10th pixel J, with the
luminance signal corrected by the operation threshold value
of the drive circuit from the start of the first vertical pixel
line selection period till the end of the 10th vertical pixel line
selection period. For the 9th pixel I, a correction can be
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made from the second vertical pixel line selection period to
the 10th vertical pixel line selection period. In this manner,
the correction enabled period gets shorter one vertical pixel
line selection period at a time from the 10th pixel J to the
first pixel A, so that the lengths of the respective correction
enabled periods are (10, 9, 8,7, 6, 5, 4, 3, 2, 1), respectively.
As a result, the correction enabled period for the 10th pixel
J is as long as 10 times that for the first pixel A.

[0101] As described above, the right-hand pixels, such as
the 10th pixel J and the 9th pixel I, which have shorter
correction enabled periods in the first write period, have
sufficiently long correction enabled periods in the second
write period. Conversely, the left-hand pixels, such as the
first pixel A and the second pixel B, which have shorter
correction enabled periods in the second write period, have
sufficiently long correction enabled periods in the first write
period. Therefore, this continuous processing of this twice-
per-frame display control at a clock frequency, which is 2
times the frame frequency, produces an effect in which the
viewer sees the two images overlapped on the screen.
Hence, even when there occurs an image quality drop, such
as a fluctuation in luminance or gradation level, in one of the
images, it can be visually compensated for by the other. This
results in a relative improvement in image quality by reduc-
ing image deterioration as a whole.

[0102] The basic structure of a pixel included in a display
apparatus according to the third embodiment may be the
same as that of the first embodiment as shown in FIG. 1. The
other pixels, such as the second pixel B to the 10th pixel J,
have the same structure. The structure of each pixel in the
present embodiment is not limited to the one illustrated in
the figure, but may be replaced by any other structure so long
as the circuit can correct the luminance signals by compen-
sating for the variation in characteristics of the drive circuit.

[0103] Referring to FIG. 1 representing also a basic
structure of the third embodiment, a first data signal line
DL1 is connected to a data control circuit 132, and a
luminance signal is sent from the data control circuit 132. A
first selection signal line SL1 is connected to a selection
control circuit 130, and a selection signal is sent from the
selection control circuit 130. A first reset line RS1 and a first
ramp signal line RP1 are also connected to the selection
control circuit 130, and a reset signal or a ramp signal is sent
from the selection control circuit 130.

[0104] FIG. 8 is a timing chart showing a state change
relationship among signals inputted to a first pixel A. As
shown in FIG. 8, one subframe period is divided into two
parts, the first half serving as a luminance signal write period
and the second half as an emission period in the control of
each pixel. The basic operations of those signals are the
same as those described in the first embodiment with refer-
ence to FIG. 3.

[0105] As shown in FIG. 3, the voltage of a luminance
signal is corrected by a threshold value of the drive transistor
118, and there is a certain time lapse between the input of a
luminance signal and the turning off of the drive transistor
118.

[0106] The timing with which a selection signal goes high
in a write period, that is, the timing with which a horizontal
pixel line selection period starts, varies with the horizontal
pixel line. The input timing of a luminance signal in a
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horizontal pixel line selection period varies with the vertical
pixel line, and therefore there is a possibility that there is not
enough time from the input of a luminance signal to the end
of correction in a vertical pixel line where the input timing
of a luminance signal is late. According to the third embodi-
ment, however, the scanning direction is reversed and the
same luminance signals are inputted again to the same
pixels, so that in the second write period, enough correction
enabled period is secured for the vertical pixel lines for
which correction has not been enough. In this manner, the
degradation of image quality is compensated for.

[0107] FIG. 9A and FIG. 9B schematically illustrate the
display status of each pixel in a first subframe period and a
second subframe period. In the first subframe period, lumi-
nance signals are inputted sequentially in the first scanning
direction from the first pixel A to the 10th pixel J. Compared
with the pixels on the first pixel A side, the pixels on the 10th
pixel J side have shorter correction enabled period for the
luminance signals and thus there is a possibility of inad-
equate correction for the luminance signals. As illustrated in
FIG. 9A, which shows a variation in gradation level in the
horizontal direction, the right-hand pixels may be increas-
ingly subject to inadequate correction. It is to be noted here
that the gradation in the illustration is simply a representa-
tion of the lengths of correction enabled periods for lumi-
nance signals on the respective vertical pixel lines and does
not represent the gradation of luminance itself.

[0108] In the second subframe period, luminance signals
are inputted sequentially in the second scanning direction
from the 10th pixel J to the first pixel A. Compared with the
pixels on the 10th pixel J side, the pixels on the first pixel
A side have shorter correction enabled period for the lumi-
nance signals and thus there is a possibility of inadequate
correction for the luminance signals. As illustrated in FIG.
9B, which shows a variation in gradation level in the
horizontal direction, the left-hand pixels may be increas-
ingly subject to inadequate correction.

[0109] For the vertical pixel lines for which correction of
luminance signals is not sufficient in the first subframe
period as shown in FIG. 9A, sufficient correction of the
luminance signals is done in the second subframe period as
shown in FIG. 9B. Accordingly, the consecutive display of
the two subframes has any gradation irregularity in one
subframe evened out by the other. As a result, an image
display with a least marked gradation irregularity is realized,
thus improving the image quality.

Fourth Embodiment

[0110] In a fourth embodiment of the present invention,
the scanning direction is reversed for every scanning of a
horizontal pixel line, in contrast to the third embodiment, in
which a display is made in the same scanning direction in the
first subframe period and the scanning direction is reversed
in the next subframe period. Other structural components are
the same as the third embodiment and the description thereof
is omitted here. And the following description will center on
the difference from the third embodiment.

[0111] FIG. 10A and FIG. 10B schematically illustrate
the display status of each pixel in a first subframe period and
a second subframe period according to the fourth embodi-
ment. In the first subframe period shown in FIG. 10A,
luminance signals are inputted sequentially in the direction



US 2005/0212787 Al

of the first pixel A toward the 10th pixel J for the first
horizontal pixel line and sequentially in the direction of the
10th pixel J toward the first pixel A for the next horizontal
pixel line. Then for the still next horizontal pixel line,
luminance signals are inputted sequentially from the first
pixel A to the 10th pixel J and then from the 10th pixel J to
the first pixel A for the next. This way, the scanning direction
is reversed for every horizontal pixel line. In this case, the
pixels with shorter correction enabled period, and therefore
insufficient correction, for the luminance signals alternate
from the right-hand side to the left-hand side, and then to the
right-hand side and to the left-hand side and so on, for every
horizontal pixel line.

[0112] In the second subframe period shown in FIG. 10B,
luminance signals are inputted sequentially in the direction
of the 10th pixel J toward the first pixel A for the first
horizontal pixel line and sequentially in the direction of the
first pixel A toward the 10th pixel J for the next horizontal
pixel line. Then for the still next horizontal pixel line,
luminance signals are inputted sequentially from the 10th
pixel J to the first pixel A and then from the first pixel A to
the 10th pixel J for the next. This way, the scanning direction
is reversed for every horizontal pixel line. In this case, the
pixels with shorter correction enabled period, and therefore
insufficient correction, for the luminance signals alternate
from the left-hand side to the right-hand side, and then to the
left-hand side and to the right-hand side and so on, for every
horizontal pixel line.

[0113] In this manner, in the first subframe period, the
scanning direction is reversed for every horizontal pixel line,
and in the second subframe period, the scanning direction is
reversed for every horizontal pixel line in the directions
opposite to those in the first subframe period. As a result,
similar to the third embodiment, the consecutive display of
the two subframes has any gradation irregularity in one
subframe evened out by the other. Thus an image display
with a least marked gradation irregularity is realized. Fur-
thermore, the reversion of scanning direction for every
horizontal pixel line also evens out the right or left deviation
of gradation irregularity that can occur in every subframe.
This also improves the image quality by further reducing the
gradation irregularity.

[0114] The present embodiment is only exemplary, and it
is therefore understood by those skilled in the art that there
exist other various modifications to the combination of each
component and process described above and that such
modifications are also within the scope of the present
invention. Such modifications of the third and fourth
embodiments will be described hereinbelow.

[0115] In each of the foregoing embodiments, the scan-
ning direction has been described concretely as from right to
left or from left to right, but in a modified example, such
sequences may be reversed. Also, in the fourth embodiment,
description was given of an example in which the scanning
direction is reversed for each horizontal pixel line, but in a
modified example, the scanning direction may be reversed
for every plurality of horizontal pixel lines. In such case, too,
there is a similar advantageous effect of evening out the right
or left deviation of gradation irregularity. Moreover, in each
of the foregoing embodiments, description has been given of
an example in which the same frame is displayed twice
consecutively, but in a modified example, the same frame
may be displayed three times or more consecutively.
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Fifth Embodiment

[0116] FIG. 11 illustrates a basic structure of a pixel
included in a display apparatus according to a fifth embodi-
ment of the present invention. The display apparatus 10 is an
active matrix type display apparatus which performs display
control using a time gradation system. In the display appa-
ratus 10, a plurality of pixels are arranged in a matrix, and
one of them is a pixel 12 shown in FIG. 11. The pixel 12
includes an organic light-emitting diode OLED 16, a drive
transistor 18, a drive control transistor 20, a time control
transistor 22, a set transistor 24, a write transistor 26 and a
holding capacitance 28.

[0117] The drive transistor 18, the drive control transistor
20, the set transistor 24 and the write transistor 26 are
p-channel MOS transistors. The time control transistor 22 is
an n-channel MOS transistor. The OLED 16, which 1s a
current-driven-type optical element, emits light at an inten-
sity corresponding to a current value when a drive current
flows. In the fifth embodiment, however, the value of the
drive current is fixed, and therefore the gradation is
expressed by the length of emission period of each pixel.

[0118] The write transistor 26 has a gate electrode thereof
connected to a selection signal line SL, a source electrode
thereof connected to a data signal line DL and a drain
electrode thereof connected to a gate electrode of the time
control transistor 22. A selection signal of the selection
signal line SL has its voltage change between -5 V and 6 V.
A luminance signal of the data signal line DL has its voltage
change between 0.5 V and 5 V. The connection between the
drain electrode of the write transistor 26 and the gate
electrode of the time control transistor 22 is a first node V0.
The holding capacitance 28 is provided between the first
node VO and a ramp signal line RP. From the ramp signal
line RP, a ramp signal, which changes between -3 V and 5
V, is inputted to the holding capacitance 28.

[0119] The time control transistor 22 has a source elec-
trode thereof connected to a time control potential VG and
a drain electrode thereof connected to a drain electrode of
the set transistor 24. The time control potential VG is =3 V.
The set transistor 24 has a gate electrode thereof connected
to a set signal line ST and a source electrode thereof
connected to a power supply potential PVDD. A set signal
of the set signal line ST has its voltage change between 0 V
and 6 V. The power supply potential PVDD has a potential
of 5 V. A common drain electrode of the time control
transistor 22 and the set transistor 24 is connected to a gate
electrode of the drive control transistor 20.

[0120] The drive control transistor 20 has a drain electrode
(source electrode) thereof connected to a drive control signal
line VD and a source electrode (drain electrode) thereof
connected to a gate electrode of the drive transistor 18. A
drive control signal of the drive control signal line VD has
its voltage change between 0 V and 7 V. The drive transistor
18 has a source electrode thereof connected to the power
supply potential PVDD and a drain electrode thereof con-
nected to an anode of the OLED 16. A cathode of the OLED
16 is connected to a low potential VSS.

[0121] FIG. 12 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the fifth embodiment. Firstly, as
preparation for a first light emission, when a selection signal
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of a selection signal line SL is low and a write transistor 26
is on, a luminance signal indicating an emission timing is
inputted to a first node VO and the potential is set at a gate
electrode of a time control transistor 22. At this time, the
time control transistor 22 is turned on, but a set transistor 24
remains off because a set signal of a set signal line ST is
high. Now the potential at a second node V1, which is
between the drain electrode of the time control transistor 22
and the gate electrode of the drive control transistor 20, goes
low, so that the drive control transistor 20 is turned on. At
this time, a drive control signal of the drive control signal
line VD is high, and therefore the potential at a third node
V2, which is between the source electrode of the drive
control transistor 20 and a gate electrode of a drive transistor
18, goes high and the drive transistor 18 remains off.

[0122] When the selection signal line SL goes high, the
write transistor 26 is turned off, but the potential at the first
node V0 is maintained by the holding capacitance 28. Now
a ramp signal of the ramp signal line RP drops from high to
low and the potential at the first node VO drops, so that the
time control transistor 22 is turned off. With practically the
same timing, the set signal goes low, the set transistor 24 is
turned on, and the potential at the second node V1 goes high
as it is coupled to a power supply potential PVDD. Thus the
drive control transistor 20 is turned off. Thereafter the drive
control signal goes low.

[0123] In this manner, in the preparation for the first light
emission, the drive control signal goes low while the third
node V2 is high and the drive control transistor 20 is off.
Accordingly, if the time control transistor 22 and the drive
control transistor 20 turn on as a result of a rise in the
potential at the first node V0, the drive transistor 18 will also
turn on, thus preparing the OLED 16 to start emitting light.
Thus the emission start of the OLED 16 will be controlled
in response to a luminance signal inputted to the first node
Vo.

[0124] Next, the set signal goes high and the set transistor
24 is turned off to cut off the time control transistor 22 from
the power supply potential PVDD, then the potential of the
ramp signal rises gradually and the potential at the first node
V0 also rises gradually. And when the potential at the first
node VO reaches a value (VG+Vt), which is the sum of a
time control potential VG and an operation threshold value
Vit of the time control transistor 22, the time control tran-
sistor 22 turns on. It is assumed here that the potential of the
ramp signal when the time control transistor 22 turns on is
VRPL1. If the time control transistor 22 turns on, then the
potential at the second node V1 will drop and the drive
control transistor 20 will turn on. With the drive control
transistor 20 turning on, the potential at the third node V2
also drops and the drive transistor 18 turns on. Thus a drive
current flows to the OLED 16, which in turn starts emitting
light. Then, as the drive control signal goes high with a
predetermined timing, the third node V2 goes high and the
drive transistor 18 is turned off. Thus a drive current is cut
off from the OLED 16, which in turn stops the light emission
of the OLED 16.

[0125] Due to variation in transistor characteristics, there
are cases where the operation threshold value Vt of the time
control transistor 22 is different from the standard value,
which is assumed to be an ideal value. The operation
threshold value Vt presented as an example in the fifth
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embodiment is lower than the standard value, and as a
consequence, the time control transistor 22 turns on when
the potential at the first node VO exceeds VRP1, which is
lower than VRP2, which is primarily where it must turn on,
as shown in FIG. 12. That is, the emission start timing of the
OLED 16, is earlier by Td1 and thus the first light emission
period is longer by Tdl.

[0126] If the operation threshold value Vt of the time
control transistor 22 is higher than the standard value, the
emission start timing of the OLED 16 will be delayed by a
certain length of time and thus the first light emission period
will be shorter by the same length of time. The value used
for a ramp signal at the stop of light emission is to be one
that assures a margin Vs so that the OLED 16 can emit light
even when the luminance signal is one indicating “black” in
a linear part of the ramp signal.

[0127] As preparation for a second light emission, when a
selection signal goes low again and the write transistor 26 is
turned on, a luminance signal indicating an emission stop
timing is inputted to the first node VO from the data signal
line DL. The luminance signal indicating an emission stop
timing is the inverse of the luminance signal indicating an
emission timing inputted to the first node VO in the prepa-
ration for the first light emission. Even when the selection
signal returns to high, the voltage of the luminance signal is
held in the holding capacitance 28. When a drive control
signal goes low, the third node V2 goes low, too. When the
drive transistor 18 turns on, a drive current flows to the
OLED 16, which in turn starts emitting light for the second
time. Immediately after that, the ramp signal goes low and
the time control transistor 22 is turned off. Now when the set
signal becomes a low pulse and the set transistor 24 turns on,
the second node V1, coupled to the power supply potential
PVDD, goes high and the drive control transistor 20 turns
off. As a result, the potential at the third node V2 is
maintained, and the light emission by the OLED 16 is
maintained. During this time, the drive control signal goes
high.

[0128] In this manner, in the preparation for a second light
emission, the drive control signal goes high while the third
node V2 is low and the drive control transistor 20 is off.
Accordingly, if the time control transistor 22 and the drive
control transistor 20 turn on as a result of a rise in the
potential at the first node V0, the drive transistor 18 will also
turn on, thus preparing the OLED 16 to stop emitting light.
Thus the emission end of the OLED 16 will be controlled in
response to a luminance signal inputted to the first node V0.

[0129] Then as the ramp signal begins to rise again, the
potential at the first node V0 begins to rise, too. When the
potential at the first node VO reaches (VG+Vt), the time
control transistor 22 turns on, the potential at the second
node V1 drops, and the drive control transistor 20 turns on.
With the drive control transistor 20 turning on, the potential
at the third node V2 rises, the drive transistor 18 turns off,
and the OLED 16 stops emitting light.

[0130] In the second light emission, emission is started a
moment before the ramp signal rises. The duration Ts,
however, is less than 10 us, which cannot be recognized
visually and thus ignorable. Nevertheless, it may also be so
arranged that another transistor is added in series to the drive
transistor 18 and light emission is stopped by shutting off a
drive current to the OLED 16 until the ramp signal begins to
rise.
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[0131] In a pixel 12 according to this fifth embodiment,
signals, whose potential is sufficiently higher or sufficiently
lower than that at source electrodes, are inputted to the gate
electrodes of transistors other than the time control transistor
22. Accordingly, such transistors operate practically as
switches, so that there is no problem with variation in their
respective operation threshold values.

[0132] With the time control transistor 22, however, some
difference in emission start timing or emission stop timing
may sometimes occur depending on the variation in the
operation threshold value Vt. In the fifth embodiment, an
emission time for a given luminance signal is divided into
two times of emission, and for the first emission, the
emission start timing is controlled according to the lumi-
nance signal and for the second emission, the emission stop
timing is controlled according to the luminance signal. Here,
if the operation threshold value Vt of the time control
transistor 22 1s lower than the standard value, the time
control transistor 22, for the first light emission, will turn on
earlier by Tdl, which corresponds to the difference of the
operation threshold value Vt below the standard value. As a
result, the light emission will start earlier and thus the
emission time will be longer by Td1. On the other hand, for
the second light emission, the light emission will be stopped
earlier by Td2, which corresponds to the difference of the
operation threshold value Vt below the standard value, and
thus the emission time will be shorter by Td2. Since Td1 and
Td2 are the same length of time, the difference in emission
timing due to the operation threshold value Vit is canceled by
the difference in emission stop timing due to the operation
threshold value Vt. Hence, the sum of the first emission time
and the second emission time is constant irrespective of the
variation in the operation threshold value Vt, thus producing
a condition no different from when the operation threshold
value is the standard value. As a result, a good image quality
can be maintained.

[0133] Similarly, if the operation threshold value Vt of the
time control transistor 22 is higher than the standard value,
the time control transistor 22, for the first light emission, will
turn on later by a length of time, which corresponds to the
difference of the operation threshold value Vt above the
standard value. As a result, the light emission will start later
and thus the emission time will be shorter by said length of
time. On the other hand, for the second light emission, the
time control transistor 22 will turn on later by a length of
time, which corresponds to the difference of the operation
threshold value Vt above the standard value. As a result, the
emission stop timing will be delayed and thus the emission
time will be longer. In this case, too, the difference in
emission timing due to the operation threshold value Vt is
canceled by the difference in emission stop timing due to the
operation threshold value Vt. Hence, the sum of the first
emission time and the second emission time is equal to that
when the operation threshold value is the standard value.
Thereby a good image quality can be maintained.

[0134] Thus, luminance irregularity due to the variation in
transistor characteristics is avoided because the sum of the
first and the second emission time does not change with the
variation in the operation threshold value Vt of the time
control transistor 22. It is to be appreciated that one frame
period is an instant to the human senses and therefore the
two separate times of light emission employed in the fifth
embodiment do not look like blinking to the human eyes.
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Hence, the first and the second emission, even if a balance
is lost between the two emission times, are visually per-
ceived as a single continued light emission. Thus a balance
between the emission times is not a requisite so long as the
sum of the first and the second light emission is the same.

Sixth Embodiment

[0135] FIG. 13 illustrates a basic structure of a pixel
included in a display apparatus according to a sixth embodi-
ment of the present invention. In this sixth embodiment, the
circuit configuration within a pixel differs partially from that
of the fifth embodiment. And the following description will
center on the difference from the fifth embodiment.

[0136] A pixel 12 includes an OLED 16, a drive transistor
18, a drive control transistor 20, a time control transistor 22,
a write transistor 26, a holding capacitance 28 and a set
capacitance 30. The structure and arrangement thereof,
except for the set capacitance 30, are the same as those of the
fifth embodiment, excluding the set transistor 24 therein.
The set capacitance 30, which is disposed in the same
position as the set transistor 24 in the fifth embodiment, is
provided between a drain electrode of the time control
transistor 22 and a set signal line ST. A selection signal of a
selection signal line SL has its voltage change between -5 V
and 8.5 V. A set signal of the set signal line ST has its voltage
change between -5 V and 8.5 V. And a drive control signal
of a drive control signal line VD has its voltage change
between O V and 8.5 V.

[0137] FIG. 14 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the sixth embodiment. Except for
the change in a set signal, which differs from that of a set
signal of the fifth embodiment, the basic changes and
operations of other signals according to this sixth embodi-
ment are the same as those of the fifth embodiment. The set
signal of this sixth embodiment does not contain a pulse
such as the set signal of the fifth embodiment does. To be
more precise, in a first light emission, the set signal remains
low until a ramp signal of a ramp signal line RP goes low,
and the set signal goes high immediately after the ramp
signal goes low and immediately before a drive control
signal of a drive control signal line VD goes low. And this
set signal goes low again immediately after the drive control
signal goes high. In a second light emission, the set signal
goes high immediately after the ramp signal goes low after
the start of light emission.

[0138] As preparation for the first light emission, after a
luminance signal indicating an emission start timing is
inputted to a first node V0, the ramp signal of the ramp
signal line RP goes low and the time control transistor 22 is
turned off. Immediately after that, when the set signal goes
high, the potential at a second node V1 is boosted via the set
capacitance 30 and thus the potential at the second node V1
goes high. As a result, while the potential at a third node V2
remains high, the drive control transistor 20 is turned off. At
this point, the drive control signal goes low.

[0139] Now the potential of the ramp signal increases
gradually, and when the potential at the first node V0 reaches
a value (VG+Vt), which is the sum of a time control
potential VG and an operation threshold value Vt of the time
control transistor 22, the time control transistor 22 turns on.
With the time control transistor 22 turning on, the potential



US 2005/0212787 Al

at the second node V1 drops, the drive control transistor 20
turns on, and the potential at the third node V2 also drops.
As a result, the drive transistor 18 turns on and a drive
current flows to the OLED 16, which in turn starts emitting
light. Thereafter, as the drive control signal of the drive
control signal line VD goes high with a predetermined
timing, the potential at the third node V2 goes high and the
drive transistor 18 is turned off. Thus a drive current is cut
off from the OLED 16, which in turn stops the light emission
of the OLED 16.

[0140] As preparation for the second light emission, a
luminance signal indicating an emission stop timing is
inputted to the first node V0, the drive control signal goes
low, and the drive transistor 18 turns on. Then a drive current
flows to the OLED 16, which in turn starts emitting light for
the second time. Immediately after that, the ramp signal goes
low and the time control transistor 22 is turned off. Now
when the set signal goes high and the potential at the second
node V1 is boosted via the set capacitance 30, the drive
control transistor 20 is turned off while the potential at the
third node V2 remains low. During this time, the drive
control signal goes high.

[0141] Thereafter, as the ramp signal begins to rise again,
the potential at the first node V0 also begins to rise. When
the potential at the first node VO reaches (VG+Vt), the time
control transistor 22 turns on, the potential at the second
node V1 drops and the drive control transistor 20 turns on.
With the drive control transistor 20 turning on, the potential
at the third node V2 rises, the drive transistor 18 turns off and
the OLED 16 stops the emission of light.

[0142] As described hereinabove, the structure and opera-
tion in the sixth embodiment, similar to the fifth embodi-
ment, are such that the sum of the first and the second
emission time is constant irrespective of the variation in
characteristics of the time control transistor 22. Thus lumi-
nance irregularity can be eliminated by canceling the effects
of the operation threshold value of the time control transistor
22. Furthermore, the sixth embodiment features fewer tran-
sistors than the fifth embodiment. As a result, the aperture
ratio can be raised, thus contributing the longer life of the
OLED 16.

Seventh Embodiment

[0143] FIG. 15 illustrates a basic structure of a pixel
included in a display apparatus according to a seventh
embodiment of the present invention. In this seventh
embodiment, the circuit configuration within a pixel differs
partially from that of the fifth and sixth embodiments. And
the following description will center on the differences from
the fifth and sixth embodiments.

[0144] A pixel 12 includes an OLED 16, a drive transistor
18, a drive control transistor 20, a time control transistor 22,
a write transistor 26 and a holding capacitance 28. The
structure and arrangement of this seventh embodiment are
the same as those of the fifth and the sixth embodiment,
except for the set transistor 24 and the set signal line ST in
the fifth embodiment and the set capacitance 30 and the set
signal line ST in the sixth embodiment. That is, the set
transistor 24 and the set signal line ST in the fifth embodi-
ment are not provided in this seventh embodiment whereas
the set capacitance 30 and the set signal line ST in the sixth
embodiment are not provided in this seventh embodiment. A

Sep. 29, 2005

selection signal of a selection signal line SL has its voltage
change between -5 V and 6 V. A drive control signal of a
drive control signal line VD has its voltage change between
0 Vand 7 V. Aramp signal of a ramp signal line RP has its
voltage change between =3 Vand 5V and 10 V. And a time
control potential VD changes between -3 V and 5 V.

[0145] FIG. 16 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the seventh embodiment. In this
seventh embodiment, the ramp signal not only has a linear
part in its voltage change between -3 V and 5 V but also
rises to an even higher level of 10 V. That is, in a first light
emission control, after a luminance signal indicating an
emission start timing is inputted to a first node V0 and the
write transistor 26 is turned off, the ramp signal rises to a
higher level, the potential at the first node V0 is boosted via
the holding capacitance 28 and the time control transistor 22
is forcefully turned on. With the time control transistor 22
forcefully turning on, the potential at a second node V1 goes
high, and the drive control transistor 20 is turned off, when
the time control potential VG goes high. The operation in a
first light emission control after the drive control transistor
20 is turned off is the same as in the fifth and the sixth
embodiment.

[0146] In a second light emission control, after a second
light emission is started by the OLED 16, the ramp signal
rises to a higher level, the potential at the first node VO is
boosted via the holding capacitance 28, and the time control
transistor 22 is forcefully turned on. With the time control
transistor 22 forcefully turning on, the potential at the
second node V1 goes high and the drive control transistor 20
is turned off, when the time control potential VG goes high.
The operation in the second light emission control after the
drive control transistor 20 is turned off is also the same as in
the fifth and the sixth embodiment.

[0147] As described hereinabove, the structure and opera-
tion in this seventh embodiment, similar to the fifth and the
sixth embodiment, are such that the sum of the first and the
second emission time is constant irrespective of the variation
in characteristics of the time control transistor 22. Thus
luminance irregularity can be eliminated by canceling the
effects of the operation threshold value of the time control
transistor 22. Furthermore, the seventh embodiment features
fewer transistors than the fifth embodiment, so that the
aperture ratio can be raised and the life of the OLED 16 can
be made longer.

Eighth Embodiment

[0148] FIG. 17 illustrates a basic structure of a pixel
included in a display apparatus according to an eighth
embodiment of the present invention. In this eighth embodi-
ment, the circuit configuration within a pixel differs partially
from that of the fifth to seventh embodiments. And the
following description will center on the differences from the
fifth to seventh embodiments.

[0149] A pixel 12 includes an OLED 16, a drive transistor
18, a drive control transistor 20, a time control transistor 22,
a wrile transistor 26, a set capacitance 30 and a holding
capacitance 32. The set capacitance 30 of this eighth
embodiment is of the same structure and position as that of
the sixth embodiment. The set transistor 24 of the fifth
embodiment is not provided in this eighth embodiment.
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Also, the holding capacitance 28 of the fifth embodiment is
not provided in this eighth embodiment, but, in its place, a
holding capacitance 32 is provided between a first node V0
and a power supply potential PVDD. A selection signal and
a set signal, in the same way as in the sixth embodiment,
have their respective voltages change between =5 V and 8.5
V. Adrive control signal of a drive control signal line VD has
its voltage change between 6 V and 12 V. With a source
electrode of the time control transistor 22 connected to a
ramp signal line RP, a ramp signal has its voltage change
between -3 V and 5.5 V. A power supply potential PVDD is
12 V. The time control potential VG in the fifth to seventh
embodiments is not provided in this eighth embodiment.

[0150] FIG. 18 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the eighth embodiment. In this
eighth embodiment, a ramp signal has a linear part in its
voltage change from high to low. That is, in a first light
emission control, after a luminance signal indicating an
emission start timing is set to a first node VO and the write
transistor 26 is turned off, a set signal goes high, the
potential at a second node V1 is boosted via the set capaci-
tance 30 and the drive control transistor 20 is turned off
while the potential at a third node V2 remains high. In this
condition, a drive control signal goes low.

[0151] Now the potential of the ramp signal begins to
drop, and when it reaches a value, which results from
subtracting an operation threshold value Vt of the time
control transistor 22 from the potential of the luminance
signal, the time control transistor 22 turns on. With the time
control transistor 22 turning on, the potential at the second
node V1 drops and the drive control transistor 20 turns on.
With the drive control transistor 20 turning on, the potential
at the third node V2 drops and the drive transistor 18 turns
on. As a result, a drive current flows to the OLED 16, which
in turn starts emitting light. Thereafter, as the drive control
signal goes high with a predetermined timing and the
potential at the third node V2 also goes high, the drive
transistor 18 turns off. Thus a drive current is cut off from the
OLED 16, which in turn stops the light emission of the
OLED 16. Now the ramp signal goes high and the set signal
goes low.

[0152] In a second light emission control, after a lumi-
nance signal indicating an emission stop timing is set to the
first node VO and the write transistor 26 is turned off, the
drive control signal goes low, the drive transistor 18 turns on
and a drive current flows to the OLED 16, which in turn
starts emitting light. Then as the set signal goes high and the
potential at the second node V1 goes high, the drive control
transistor 20 is turned off with the potential at the third node
V2 remaining low. In this condition, the drive control signal
goes high. Now the potential of the ramp signal begins to
drop gradually, and when it reaches a value, which results
from subtracting the operation threshold value Vt of the time
control transistor 22 from the potential of the luminance
signal, the time control transistor 22 turns on, the potential
at the second node V1 goes low and the drive control
transistor 20 turns on. With the drive control transistor 20
turning on, the potential at the third node V2 goes high and
the drive transistor 18 is turned off. As a result, a drive
current is cut off from the OLED 16, which in turn stops the
light emission of the OLED 16.
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[0153] As described hereinabove, the structure and opera-
tion in this eighth embodiment, similar to the fifth to seventh
embodiments, are such that the sum of the first and the
second emission time is constant irrespective of the variation
in characteristics of the time control transistor 22. Thus
luminance irregularity can be eliminated by canceling the
effects of the operation threshold value of the time control
transistor 22. Furthermore, the eighth embodiment features
fewer transistors than the fifth embodiment and a smaller
holding capacitance 32 than the holding capacitance 28 in
the fifth to seventh embodiments, so that the aperture ratio
can be raised and the life of the OLED 16 can be made
longer. Moreover, the eighth embodiment has less wiring
than the other embodiments due to the absence of the time
control potential VG, and this feature contributes to a further
raising of the aperture ratio.

Ninth Embodiment

[0154] FIG. 19 illustrates a basic structure of a pixel
included in a display apparatus according to a ninth embodi-
ment of the present invention. In this ninth embodiment, the
circuit configuration within a pixel differs partially from that
of the fifth to eighth embodiments. The following descrip-
tion therefore will center on the differences from the fifth to
eighth embodiments.

[0155] Apixel 12 includes an OLED 16, a drive transistor
18, a drive control transistor 20, a time control transistor 22,
a set transistor 24, a write transistor 26 and a holding
capacitance 28. The time control transistor 22, which is a
p-channel MOS transistor in this ninth embodiment, differs
from that of the fifth to eighth embodiments, which is an
n-channel MOS transistor. On the other hand, the drive
control transistor 20 and the set transistor 24, which are
n-channel MOS transistors in this ninth embodiment, differ
from those of the fifth to eighth embodiments, which are
p-channel MOS transistors. The time control transistor 22
has a source ¢lectrode thereof connected to a source elec-
trode of the set transistor 24 and a drain electrode thereof
connected to a time control potential VG. The set transistor
24 has a drain electrode thereof connected to a set signal line
ST and has the source electrode and drain electrode thereof
short-circuited. A common source electrode for the time
control transistor 22 and the set transistor 24 is connected to
a gate electrode of the drive control transistor 20, and the
node is called a second node V1.

[0156] A sclection signal of a selection signal line SL has
its voltage change between =5 V and 7 V. A set signal of a
set signal line ST has its voltage change between -5 V and
7 V. A drive control signal of a drive control signal line VD
has its voltage change between -7 V and 0 V. A time control
potential VG is 2 V. A ramp signal of a ramp signal line RP
has its voltage change between -3 V and 5 V. And a power
supply potential PVDD is 0 V.

[0157] FIG. 20 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the ninth embodiment. In this
ninth embodiment, the ramp signal has a linear part for its
voltage change from high to low in the same way as in the
eighth embodiment. Except for this point, the other signals
change in the same way as in the fifth embodiment.

[0158] In a first light emission control, the control
progresses in the same way as in the fifth embodiment until
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a luminance signal indicating an emission start timing is
inputted to a first node VO and held in the holding capaci-
tance 28. After that, when a set signal goes low, the drive
control transistor 20 is turned off with the potential at a third
node V2 remaining high. In this condition, a drive control
signal goes low. Now the potential of the ramp signal begins
to drop from high, and when the potential at the first node
V0 reaches a value (VG-Vt), which results from subtracting
the operation threshold value Vt of the time control transis-
tor 22 from the time control potential VG, the time control
transistor 22 turns on. With the time control transistor 22
turning on, the potential at the second node V1 rises and the
drive control transistor 20 turns on. With the drive control
transistor 20 turning on, the potential at the third node V2
drops and the drive transistor 18 turns on. As a result, a drive
current flows to the OLED 16, which in turn starts emitting
light. Then as the drive control signal goes high with a
predetermined timing, the OLED 16 stops the emission of
light.

[0159] Inasecond light emission control, in the same way
as in the fifth embodiment, after a luminance signal indi-
cating an emission stop timing is inputted to the first node
V0 and the drive control signal goes low, the OLED 16 starts
emitting light. Then the set signal goes low and the drive
control transistor 20 is turned off with the potential at the
third node V2 remaining high. In this condition, the drive
control signal line VD goes high. Now the potential of the
ramp signal begins to drop, and when the potential at the first
node VO reaches a value (VG-Vt), which results from
subtracting the operation threshold value Vt of the time
control transistor 22 from the time control potential VG, the
time control transistor 22 turns on. With the time control
transistor 22 turning on, the potential at the second node V1
rises and the drive control transistor 20 turns on. With the
drive control transistor 20 turning on, the potential at the
third node V2 goes high and, hence, the drive transistor 18
is turned off. As a result, the OLED 16 stops the emission of
light.

[0160] As described hereinabove, the structure and opera-
tion in this ninth embodiment, similar to the fifth to eighth
embodiments, are such that the sum of the first and the
second emission time is constant irrespective of the variation
in characteristics of the time control transistor 22. Thus
luminance irregularity can be eliminated by canceling the
effects of the operation threshold value of the time control
transistor 22.

[0161] The foregoing is merely illustrative of the prin-
ciples of this ninth embodiment and various modifications
can be made. For example, in place of the set transistor 24,
a set capacitance, similar to one in the sixth embodiment,
may be provided in the same position. The write transistor
26 may be an n-channel MOS transistor, and the set tran-
sistor 24 may be a p-channel MOS transistor. The structure
may be so modified that the ramp signal is controlled in three
levels of potential as in the seventh embodiment and the
potential at the second node V1 is brought low by such a
ramp signal via the holding capacitance 28 and the time
control transistor 22. The structure may be so modified that,
in the same way as in the eighth embodiment, one end of the
holding capacitance 28 is connected to the power supply
potential PVDD, instead of the ramp signal line RP, and at
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the same time the ramp signal line RP is connected to the
time control transistor 22, instead of the time control poten-
tial VG.

Tenth Embodiment

[0162] FIG. 21 illustrates a basic structure of a pixel
included in a display apparatus according to a tenth embodi-
ment of the present invention. In this tenth embodiment, the
configuration and structure of the circuit within a pixel and
of the signal lines differs partially from that of the fifth to
ninth embodiments. The following description therefore will
center on the differences from the fifth to ninth embodi-
ments.

[0163] A pixel 12 includes an OLED 16, a drive transistor
18, a drive control transistor 20, a time control transistor 22,
a write transistor 26, a holding capacitance 28, a set capaci-
tance 30 and an emission control transistor 34. The structure
and arrangement of a pixel 12, except for the emission
control transistor 34, are the same as those of the pixel 12 in
the sixth embodiment. The emission control transistor 34,
which is a p-channel MOS transistor, has a source electrode
thereof connected to a drain electrode of the drive transistor
18 and has a drain electrode thereof connected to an anode
of the OLED 16. A gate electrode of the emission control
transistor 34 is connected to an emission control signal line
EE. Similar to the sixth embodiment, a selection signal and
a set signal have their voltage change between =5 V and 8.5
V. Adrive control signal of a drive control signal line VD has
its voltage change between 3 V and 10 V. A ramp signal of
aramp signal line RP has its voltage change between 0V and
4 V. An emission control signal of the emission control
signal line EE has its voltage change between 0 V and 10 V.
A time control potential VG is -1 V.

[0164] FIG. 22 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the tenth embodiment. The drive
control signal of the drive control signal line VD in the fifth
and ninth embodiment is a waveform containing asynchro-
nous and short pulses. According to the tenth embodiment,
part of timing with which to stop or start the emission of the
OLED 16 is controlled by the emission control signal of the
emission control signal line EE, thus further simplifying the
drive control signal.

[0165] The basic part of state changes in the preparation of
the first light emission is the same as the state changes of the
sixth embodiment. More specifically, after a luminance
signal indicating an emission start timing is inputted to a first
node V0, a ramp signal of a ramp signal line RP goes low
and the time control transistor 22 is turned off. Thereafter, a
set signal goes high and a potential at a second node V1 goes
high. As a result, the drive control, transistor 20 is turned off
with the potential at a third node V2 remaining high. In this
condition, a drive control signal goes low. At this time, the
emission control signal of the emission control signal line
EE according to the tenth embodiment is set to the low level,
thereby turning an emission control transistor 34 on.

[0166] Similar to the sixth embodiment, when the poten-
tial of a ramp signal begins to rise and the potential at the
first node VO reaches (VG+Vt), which is the time control
potential VG added with the operation threshold value Vt of
the time control transistor 22, the time control transistor 22
is turned on and thereby the drive control transistor 20 and
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the drive transistor 18 are turned on in sequence. As
described above, since the emission control transistor 34 is
on, the drive current flows to the OLED 16 and the OLED
starts emitting the light. Thereafter, differing from the sixth
embodiment, the drive control signal of the drive control
signal line VD remains low and with a predetermined timing
the emission control signal of the emission control signal
line EE becomes high and then the emission control tran-
sistor 34 is turned off. As a result, the drive current to the
OLED 16 is cut off and the OLED 16 stops emitting light.

[0167] In preparation for a second light emission, a lumi-
nance signal indicating an emission stop timing is inputted
to the first node V0. In the tenth embodiment the drive
control signal and the potential at the second node V1 are
low, and the potential at the third node V2 remains low since
the first light emission. Thus the drive transistor 18 has been
turned on. Now when the emission control signal of the
emission control signal line EE goes low, the emission
control transistor 34 is turned on and the drive current is
supplied to the OLED 186, thus starting the second emission
of the OLED 16. On the other hand, the ramp signal goes
low and the time control transistor 22 is turned off. After
that, the set signal goes high and the potential at the second
node V1 goes high similarly to the sixth embodiment. As a
result, the drive control transistor 20 is turned off with the
potential at the third node V2 remaining low. Thereafter, the
drive control signal goes high.

[0168] Then, similar to the sixth embodiment, the ramp
signal rises again. Thus, the time control transistor 22 is
turned on when the potential at the first node VO reaches
(VG+V1). And the potential at the second node V1 drops and
the drive control transistor 20 is turned on. As a result, the
potential at the third node V2 rises and the drive transistor
18 is turned off, so that the OLED 16 stops the emission of
light.

[0169] As described hereinabove, the structure and opera-
tion in this tenth embodiment, similar to the fifth to ninth
embodiments, are such that the sum of the first and the
second emission time is constant irrespective of the variation
in characteristics of the time control transistor 22. Thus
luminance irregularity can be eliminated by canceling the
effects of the operation threshold value of the time control
transistor 22. Furthermore, the one-time emission stoppage
and the two-time emission starts are controlled by the
emission control signal line EE and the emission control
transistor 34. Thus, the input waveform does not contain
asynchronous and short pulses, so that the same advanta-
geous operations and effects as with the fifth to ninth
embodiments are achieved and the burden on the clock
generation is small.

[0170] The foregoing is merely illustrative of the prin-
ciples of this tenth embodiment and various modifications
can be made. For example, the emission control transistor 34
may be an n-channel MOS transistor, and the emission
control signal of the emission control signal line EE may be
an inverted waveform. A structure may be such that a set
transistor, similar to the fifth embodiment, may be provided
in place of the set capacitance 30. The structure may be so
modified that the ramp signal is controlled in three levels of
potential as in the seventh embodiment and the potential at
the second node V1 is brought low by such a ramp signal via
the holding capacitance 28 and the time control transistor 22.
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The structure may be so modified that, in the same way as
in the eighth embodiment, one end of the holding capaci-
tance 28 is connected to the power supply potential PVDD,
instead of the ramp signal line RP, and at the same time the
ramp signal line RP is connected to the time control tran-
sistor 22, instead of the time control potential VG. The time
control potential VG may be a fixed value that lies in the
range between -1 V and 1 V (both inclusive).

Eleventh Embodiment

[0171] FIG. 23 illustrates a basic structure of a pixel
included in a display apparatus according to an eleventh
embodiment of the present invention. In this eleventh
embodiment, the configuration and structure of the circuit
within a pixel and of the signal lines differs partially from
that of the fifth to tenth embodiments. The following
description therefore will center on the differences from the
fifth to tenth embodiments.

[0172] Apixel 12 includes an OLED 16, a drive transistor
18, a drive control transistor 20, a time control transistor 22,
a write transistor 26, a holding capacitance 28, a set capaci-
tance 30, a first emission control transistor 34A and a second
emission control transistor 34B. The structure and arrange-
ment of a pixel 12, except for the first and second emission
control transistors 34A and 34B and connection wires there-
for, are the same as those of the pixel 12 in the sixth
embodiment. The first emission control transistor 34A and
the second emission control transistor 34B are both p-chan-
nel MOS transistors.

[0173] A source electrode (drain electrode) of the first
emission control transistor 34A is connected to a source
electrode (drain electrode) of the drive control transistor 20,
and the drain electrode (source electrode) thereof is con-
nected to a drain electrode of the second emission control
transistor 34B. A gate electrode of the first emission control
transistor 34A is connected to a first emission control signal
line EE(A). The source electrode of the second emission
control transistor 34B, together with the drive transistor 18
which is connected in parallel with the second emission
control transistor 34B, is connected to a power supply
potential PVDD whereas a gate electrode of the second
emission control transistor 34B is connected to a second
emission control signal line EE (B). A gate electrode of the
drive transistor 18 according to the eleventh embodiment is
connected to the source electrode (drain electrode) of the
first emission control transistor 34A and the drain electrode
of the second emission control transistor 34B. Similar to the
sixth embodiment, a selection signal and a set signal have
their voltage change between -5 V and 8.5 V. Similar to the
tenth embodiment, a drive control signal and a ramp signal
have their voltage change between 3 V and 10 V and
between 0 V and 4 V, respectively. Both an emission control
signal of the first emission control signal line EE(A) and an
emission control signal of the second emission control signal
line EE(B) have their voltage change between 0.0 V and 10
V.

[0174] FIG. 24 is a timing chart showing a state change
relationship among control signals inputted to a display
apparatus 10 according to the eleventh embodiment. Similar
to the tenth embodiment, the asynchronous and short pulses
are not contained in the drive control signal of a drive
control signal line VD in the eleventh embodiment. And part
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of timing with which to stop or start the emission of the
OLED 16 is controlled by the emission control signals of the
first emission control signal line EE(A) and the second
emission control signal line EE(B), thus further simplifying
the drive control signal.

[0175] The basic part of state changes in the preparation
for a first light emission is the same as the state changes of
the sixth and the tenth embodiment. More precisely, after a
luminance signal indicating an emission start timing is
inputted to a first node V0, a ramp signal of a ramp signal
line RP goes low and the time control transistor 22 turns off.
Thereafter, a set signal goes high and a potential at a second
node V1 goes high. As a result, the drive control transistor
20 1s turned off while a third node V3, which is a common
source electrode to the drive transistor 20 and the first
emission control transistor 34A, remains high. In this con-
dition, the drive control signal goes low. In this eleventh
embodiment, on the other hand, the emission control signal
of the first emission control signal line EE(A) is set to the
low level and the emission control signal of the second
emission control signal line EE(B) is set to the high level.
Thereby, the first emission control transistor 34A turns on
and the second emission control transistor 34B turns off.

[0176] When the potential of a ramp signal begins to rise
and the potential at the first node VO reaches (VG+Vt),
which is the time control potential VG added with the
operation threshold value Vt of the time control transistor
22, the time control transistor 22 is turned on. With this time
control transistor 22 turning on, the drive control transistor
20 is turned on and the potential at the third node V2 goes
low. As described above, since the emission control signal of
the first emission control signal line EE(A) is low, the first
emission control transistor 34A is on. Hence, a potential of
a fourth node V3, which is both the source electrode of the
first emission control transistor 34A and the drain electrode
of the second emission control transistor 34B, goes low. As
a result, the drive transistor 18 is turned on and a drive
current is supplied to the OLED 16, which in turn starts
emitting light.

[0177] Then, with the drive control signal of the drive
control signal line VD remaining low, the emission control
signal of the first emission control signal line EE(A) goes
high with a predetermined timing, and the first emission
control transistor 34A is turned off. At the same time, the
emission control signal of the second emission control signal
line EE(B) goes low and the second emission control
transistor 34B is turned on. As a result, since the potential at
the fourth node V3 goes high due to the power supply
potential PVDD, the drive transistor 18 is turned off and the
drive current to the OLED 16 is cut off, which in turn stops
the light emission of the OLED 16.

[0178] The preparation for the second light emission is,
similar to the tenth embodiment, such that a Iuminance
signal indicating an emission stop timing is inputted to the
first node V0. Similar to the tenth embodiment, since the
drive control signal and the potential at the second node V1
are low, the potential at the third node V2 remains low since
the first light emission. Now, in the eleventh embodiment,
the emission control signal of the second emission control
signal line EE(B) goes high and the second emission control
transistor 34B is turned off; at the same time the emission
control signal of the first emission control signal line EE(A)
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goes low and the first emission control transistor 34A is
turned on. Then the fourth node V3 goes low and the drive
transistor 18 is turned on, thus starting the emission of the
OLED 16.

[0179] Thereafter, similar to the tenth embodiment, the
ramp signal goes low, which turns the time control transistor
22 off. The set signal goes high and therefore the potential
at the first node V1 goes high, which turns the drive control
transistor 20 off. Then the drive control signal goes high.
And when the ramp signal rises and the potential at the first
node V0 reaches (VG+Vt), the time control transistor 22 is
turned on, the potential at the second node V1 drops and the
drive control transistor 20 is turned on. This raises the
potential of the third node V2. Since the first emission
control transistor 34A is in the state of being on, the potential
at the fourth node V3 also rises and the drive transistor 18
is turned off. Thereby, the OLED 16 stops emitting light.

[0180] As described hereinabove, the structure and opera-
tion in this eleventh embodiment, similar to the fifth to tenth
embodiments, are such that the sum of the first and the
second emission time remains constant independently of the
variation in characteristics of the time control transistor 22.
Thus luminance irregularity can be eliminated by canceling
the effects of the operation threshold value of the time
control transistor 22. Furthermore, similar to the tenth
embodiment, the input waveform does not contain asyn-
chronous and short pulses, so that the same advantageous
operations and effects as with the fifth to tenth embodiments
are achieved and the burden on the clock generation is small.
Furthermore, since transistors for controlling the light emis-
sion are arranged in a position previous to the drive tran-
sistor 18, the drive transistor 18 is the only transistor
disposed between the power supply potential PVDD and the
OLED 16. This arrangement proves more efficient, in terms
of power supply, than a case where the transistors are
disposed in series with the drive transistor 18.

[0181] The first emission control transistor 34A and the
second emission control transistor 34B may be n-channel
MOS transistors and the emission control signals of the first
emission control signal line EE(A) and the second emission
control signal line EE(B) may be inverted waveforms. A
structure may be such that a st transistor, similar to the fifth
embodiment, may be provided in place of the set capacitance
30. The structure may be so modified that the ramp signal is
controlled in three levels of potential as in the seventh
embodiment and the potential at the second node V1 is
brought low by such a ramp signal via the holding capaci-
tance 28 and the time control transistor 22. The structure
may be so modified that, in the same way as in the eighth
embodiment, one end of the holding capacitance 28 is
connected to the power supply potential PVDD, instead of
the ramp signal line RP, and at the same time the ramp signal
line RP is connected to the time control transistor 22, instead
of the time control potential VG. The time control potential
VG may be a fixed value that lies in the range between -1
V and 1 V (both inclusive).

[0182] The present invention has been described based on
the embodiments which are only exemplary. It is therefore
understood by those skilled in the art that there exist other
various modifications to the combination of each component
and process described above and that such modifications are
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also within the scope of the present invention. Hereinbelow,
some modifications to the fifth to eleventh embodiments will
be described.

[0183] Each transistor provided as a p-channel MOS tran-
sistor in each of the embodiments may be structured by an
n-channel MOS transistor, or each transistor provided as an
n-channel MOS transistor in each of the embodiments may
be structured by a p-channel MOS transistor. However, the
type of channel (n- or p-channel) of the time control tran-
sistor 22 is always in the opposite relation to that of the drive
control transistor 20 in the time control transistor 22 and the
drive control transistor 20. That is, if the time control
transistor 22 is an n-channel MOS transistor, then the drive
control transistor 20 is a p-channel MOS transistor. And if
the time control transistor 22 is a p-channel MOS transistor,
then the drive control transistor 20 is an n-channel MOS
transistor. This is because the drive control transistor 20 is to
be forcefully turned on when the time control transistor 22
turns on.

[0184] In the present embodiments, the emission start
timing is controlled in the first emission period, and the
emission stop timing is controlled in the second emission
period. However, the sequence of the emission start timing
and the emission stop timing is not limited thereto. In this
modification, the emission stop timing may be controlled in
the first emission period, and the emission start timing may
be controlled in the second emission period. A plurality of
such emission periods may not be in continuous sequences.

[0185] In the present embodiments, the organic EL ele-
ment is used in the description above as a light emitting
element included in a display apparatus. The same opera-
tions and advantageous effects as described in the above
present embodiments can be achieved if the display appa-
ratus is constituted by other light emitting elements such as
an inorganic EL element.

[0186] Although the present invention has been described
by way of exemplary embodiments and modifications, it
should be understood that many other changes and substi-
tutions may further be made by those skilled in the art
without departing from the scope of the present invention
which is defined by the appended claims.

What is claimed is:

1. A display apparatus including a plurality of pixels
arranged in a matrix, each of the plurality of pixels includ-
ing:

an optical element of current-driven type;

a drive circuit of non-complementing type which drives
said optical element based on a luminance signal and
self-corrects a drive operation thereof;

a correction circuit which controls on and off of the
self-correction of said drive circuit; and

a holding circuit which holds the luminance signal used in
the drive operation,

wherein said drive circuit generates a luminance signal
which is corrected based on a predetermined signal
delivered temporarily and an operation threshold value
of said drive circuit, and self-corrects the drive opera-
tion by driving said optical element based on the
corrected luminance signal.
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2. A display apparatus according to claim 1, each of the
plurality of pixels further including a control circuit which
controls drive of said optical element by said drive circuit,
by gradually changing voltage of the luminance signal held
in said holding circuit,

wherein said drive circuit self-corrects operation timing of

said drive circuit.

3. A display apparatus according to claim 1, wherein said
drive circuit performs self-correction by using an uncor-
rected luminance signal delivered temporarily as a prede-
termined signal.

4. A display apparatus according to claim 1, each of the
plurality of pixels further including a power supply circuit
which shuts off said drive circuit from a power supply line
during a period at which the self-correction is being per-
formed.

5. A display apparatus including a plurality of pixels
arranged in a matrix, each of the plurality of pixels includ-

ing:
an optical element of current-driven type;

a drive circuit which drives said optical element based on
a luminance signal and self-corrects a drive operation
thereof;

a power supply circuit, connected with said drive circuit,
which controls power supply to said optical element via
said drive circuit;

a write circuit, connected with said drive circuit, which
controls input of the luminance signal to the pixel,

a correction circuit which connects and shuts off a path
through which a signal that has flowed to said drive
circuit is inputted to said drive circuit for performing
self-correction;

a holding capacitance which holds a signal inputted to
said drive circuit;

a control circuit which controls drive of said optical
element by said drive circuit, by gradually changing
voltage of the signal held by said holding capacitance;
and

a reset circuit which connects and shuts off a path of drive
current to said optical element,

wherein said drive circuit generates a luminance signal
which is corrected based on a luminance signal deliv-
ered temporarily through said write circuit and an
operation threshold value of said drive circuit, and
self-corrects the drive operation by driving said optical
element based on the thus corrected luminance signal,

wherein said power supply circuit shuts off power to said
optical element via said drive circuit during a period at
which the self-correction is being performed, and

wherein said reset circuit shuts off the path of drive
current to said optical element during a period at which
the self-correction is being performed.

6. A display apparatus controlling method, comprising:

delivering a predetermined signal to a drive circuit of
non-complementing type which drives an optical ele-
ment of current-driven type;



US 2005/0212787 Al

generating a luminance signal by correcting the predeter-
mined signal flowing through the drive circuit with an
operation threshold value of the drive circuit;

setting the corrected luminance signal in the drive circuit
and holding the thus set corrected luminance signal;

shutting off flow of the predetermined signal to the drive
circuit; and

supplying drive current to the optical element by gradu-
ally changing voltage of the luminance signal held in
said setting and holding.

7. A display apparatus of active matrix type, including:

a plurality of pixels arranged in a matrix; and

a data control circuit which inputs a luminance signal to
each of the plurality of pixels so that one frame is
displayed a plurality of times in different scanning
directions.

8. A display apparatus of active matrix type, comprising:

a plurality of pixels arranged in a matrix;

a selection control circuit which selects a pixel line to
which a luminance signal is to be inputted among the
plurality of pixels; and

a data control circuit which sequentially inputs the lumi-
nance signal for each pixel contained in the pixel line
selected by said selection control circuit,

wherein said data control circuit is such that after a
luminance signal for one frame is inputted to each
pixel, the same luminance signal for one frame is again
inputted to the each pixel in a reversed scanning
direction, in order for the luminance signal for one
frame to be inputted a plurality of times for the each
pixel.

9. A display apparatus, including:

a plurality of pixels arranged in a matrix;

a selection control circuit which selects a pixel line to
which a luminance signal is to be inputted among the
plurality of pixels; and

a data control circuit which sequentially inputs the Tumi-
nance signal for each pixel contained in the pixel line
selected by said selection control circuit,

each of the plurality of pixels including:
an optical element of current-driven type;

a drive circuit which drives the optical element based
on a luminance signal which has been corrected
according to an operating characteristic; and

a write circuit which controls write of the luminance
signal,

wherein said data control circuit is such that after a
luminance signal for one frame is inputted to each
pixel, the same luminance signal for one frame is again
inputted to the each pixel in a reversed scanning
direction, in order for the luminance signal for one
frame to be inputted a plurality of times for the each
pixel.

10. A display apparatus according to claim 7, wherein said

data control circuit inputs an equal luminance signal to each
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pixel respectively in a plurality of subframe periods which
are obtained by dividing one frame period.

11. A display apparatus according to claim 8, wherein said
data control circuit reverses the scanning direction for the
each pixel line selected.

12. A display apparatus controlling method, including:

first selecting sequentially a pixel line, to which a lumi-
nance signal is to be inputted, among a plurality of
pixels arranged in a matrix;

inputting sequentially a luminance signal of one frame in
a predetermined scanning direction for each pixel con-
tained in the pixel line selected by said first selecting,
every time the pixel line is selected in the first selecting;

correcting the inputted luminance signal based on an
operating characteristic of a drive circuit included in
the pixel;

second selecting sequentially the pixel line from the
beginning, after completing said first selecting for all
pixel lines contained in the plurality of pixels;

inputting sequentially the same luminance signal as said
luminance signal of one frame in a scanning direction
opposite to the predetermined scanning direction for
each pixel contained in the pixel line selected by said
second selecting, every time the pixel line is selected in
the second selecting; and

correcting the inputted luminance signal based on an
operating characteristic of a drive circuit included in
the pixel.
13. A display apparatus using a time gradation system, the
apparatus comprising:

an optical element of current-driven type;
a drive circuit which drives said optical element; and

a time control circuit which controls drive timing by said
drive circuit according to a luminance signal inputted,

wherein said time control circuit controls emission start
timing according to the luminance signal in a control of
a first emission period which is any emission period
among a plurality of emission periods for one lumi-
nance signal, and controls emission stop timing accord-
ing to the luminance signal in a control of a second
emission period which is any emission period different
from the first emission period thereamong.

14. A display apparatus according to claim 13, wherein a
difference caused in the emission start timing according to
the luminance signal in the control of a first emission period
and based on variation in an operation threshold of said time
control circuit is cancelled by a difference caused in the
emission stop timing according to the luminance signal in
the control of a second emission period and based on
variation in an operation threshold of said time control
circuit.

15. A display apparatus according to claim 13, further
comprising a drive control circuit which turns said drive
circuit on in the first emission period when said time control
circuit is turned on and which turns said drive circuit off in
the second emission period when said time control circuit is
turned on.

16. A display apparatus according to claim 13, wherein
said time control circuit controls, in the control of the first
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emission period, the emission start timing by said drive
circuit, by gradually changing voltage of a luminance signal
indicative of the emission start timing whereas said time
control circuit controls, in the control of the second emission
period, the emission stop timing by said drive circuit, by
gradually changing voltage of a luminance signal indicative
of the emission stop timing.

17. A display apparatus according to claim 13, wherein
said time control circuit is structured by a transistor and
wherein said time control circuit controls, in the control of
the first emission period, the emission start timing by said
drive circuit, by gradually changing one of source voltage
and drain voltage of the transistor whereas said time control
circuit controls, in the control of the second emission period,
the emission stop timing by said drive circuit, by gradually
changing one of source voltage and drain voltage of the
transistor.

18. A display apparatus, comprising:

a time control transistor which controls drive timing of an
optical element according to a luminance signal input-
ted; and

a circuit which gradually changes one of source voltage
and drain voltage of said time control transistor,

wherein said time control transistor controls emission
start timing of the optical element in a control of a first
emission period which is any emission period among a
plurality of emission periods for one luminance signal,
by gradually changing one of the source voltage and
drain voltage thereof whereas said time control tran-
sistor controls emission stop timing of the optical
element in a control of a second emission period which
is any emission period different from the first emission
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period thereamong, by gradually changing one of the
source voltage and drain voltage thereof.
19. A display apparatus controlling method, including:

inputting a luminance signal indicative of emission start
timing of an optical element in a control of a first
emission period which is any emission period among a
plurality of emission periods for one luminance signal,

changing gradually voltage of the luminance signal
indicative of the emission start timing;

turning a drive circuit on and starting emission of the
optical element when a time control circuit which
controls drive timing by the drive circuit is turned on by
said changing gradually voltage of the luminance sig-
nal;

stopping the emission of the optical element with a
predetermined timing;

inputting a luminance signal indicative of emission stop
timing of the optical element in a control of a second
emission period which is any emission period different
from the first emission period among the plurality of
emission periods;

starting emission of the optical element with a predeter-
mined timing;

changing gradually voltage of the luminance signal
indicative of the emission stop timing; and

turning the drive circuit off and stopping the emission of
the optical element when the time control circuit is
turned on by said changing gradually voltage of the
luminance signal.
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