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7) ABSTRACT

An image display apparatus according to the present inven-
tion includes a data line that supplies a voltage determined
based on emission brightness, a first switching unit that
controls writing of the voltage supplied from the data line,
a driver element that controls a current flowing through a
current-controlled light emitting element, an organic electro-
luminescence element that emits light of brightness corre-
sponding to current applied, a reference-voltage writing unit
that supplies a predetermined reference voltage, and a
threshold-voltage detecting unit that detects a threshold
voltage of the driver element.
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IMAGE DISPLAY APPARATUS CONTROLLING
BRIGHTNESS OF CURRENT-CONTROLLED
LIGHT EMITTING ELEMENT

BACKGROUND OF THE INVENTION

[0001] 1) Field of the Invention

[0002] The present invention relates to an active-matrix-
type image display apparatus controlling brightness of a
current-controlled light emitting element, and more particu-
larly, to an image display apparatus that suppresses a
decrease in refresh rates to perform high-quality image
display.

[0003] 2) Description of the Related Art

[0004] An organic electro-luminescence (EL) display
apparatus using an organic light-emitting-diode (LED) that
emits light autonomously is getting an attention as a next
generation image display apparatus, because it does not
require a back light that is necessary in a liquid crystal
display (LCD) apparatus, which makes it most suitable for
reducing thickness of the apparatus, and does not have any
limitation in the angle of visibility. Unlike the liquid crystal
display apparatus in which a liquid crystal cell is controlled
by a voltage, the organic LED used for the organic EL
display apparatus has a mechanism that the brightness of
each light emitting element is controlled by a current.

[0005] In the organic EL display apparatus, a simple
(passive) matrix type and an active matrix type can be
employed as a drive system. The former has a simple
configuration, but has a problem of realization of a large and
high definition display. Therefore, recent research and devel-
opment on the organic EL display apparatus is focused on
the active matrix type image display apparatus that controls
electric current flowing in a light emitting element in a pixel
by a driver element having a device such as a thin film
transistor (TFT) provided in the pixel.

[0006] The driver element is directly connected to the
organic LED, and becomes ON at the time of displaying an
image, to supply the current to the organic LED, so that the
organic LED emits light. Therefore, when the image display
apparatus is used for long time, and threshold voltage of the
TFT included in the driver element fluctuates, even when the
voltage supplied into the pixel is constant, the current
flowing through the driver element fluctuates, and hence the
current flowing through the organic LED also fluctuates.
Therefore, the emission brightness of the organic LED
becomes nonuniform, thereby deteriorating the image qual-
ity of the displayed image.

[0007] To cope with the problem, an image display appa-
ratus having a compensation circuit that makes up for the
fluctuations in the threshold voltage of the driver element is
necessary. FIG. 16 a circuit diagram of a pixel circuit having
such compensation circuit according to a conventional tech-
nology. The conventional image display apparatus includes
a data line 310 for supplying data voltage corresponding to
the emission brightness and zero voltage, a select line 320,
a reset line 330, a merge line 340, and a power line V.
Further, the image display apparatus includes a TFT 360, a
TFT 365, a TFT 370, a TFT 375, a capacitor 350, a capacitor
355, and an organic LED 380. The TFT 365 serves as a
driver element, and the capacitor 350 and the capacitor 355
are connected to a gate electrode of the TFT 365. A prede-
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termined voltage from among the data voltages charged in
the capacitor 350 and the capacitor 355 becomes the gate-
source voltage of the TFT 365, and the current correspond-
ing to the gate-source voltage flows through the TFT 365.

[0008] FIGS. 17A to 17D are circuit diagrams for illus-
trating operating processes of the pixel circuit shown in
FIG. 16. In the pixel circuit in the conventional technology,
the organic LED 380 emits light at a light emitting step after
the data voltage is written through a zero voltage applying
step and a threshold voltage detecting step. Solid line in
FIGS. 17A to 17D indicates a current flowing region, and
broken line indicates a non-current flowing region.

[0009] FIG. 17A depicts the zero voltage applying step.
The voltage applied to the data line 310 is changed from the
data voltage to the zero voltage. Since, when a data driver
controlling the applied voltage to the data line 310 changes
the applied voltage to the data line 310, a certain period of
time is required in the pixel circuit away from the data driver
until the applied voltage becomes stable, the zero voltage
applying step is necessary. After the applied voltage to the
data line 310 is stabilized at the zero voltage, the zero
voltage is supplied to the capacitor 350 by setting the select
line 320 to a low level and the TFT 360 to the ON state.

[0010] FIG. 17B depicts the threshold voltage detecting
step. By setting the reset line 330 to a low level and the TFT
370 to the ON state, the gate and the drain of the TFT 365
become conductive to each other. The TFT 360 becomes the
ON state, and the zero voltage is supplied from the data line
310, to the capacitor 350. By setting the merge line 340 to
a low level, the transistor 375 becomes the ON state, so that
the current flows to the TFT 365. When the gate-drain
voltage of the TFT 3635 becomes the threshold voltage, the
TFT 365 becomes the OFF state, thereby finishing detection
of the threshold voltage. During the threshold voltage
detecting step, the zero voltage is applied to the data line
310.

[0011] Then, control proceeds to a data writing step shown
in FIG. 17C. In this case, the voltage applied to the data line
310 is changed to the data voltage. After the applied voltage
to the data line 310 is stabilized at the data voltage, the select
line 320 becomes a low level, and the TFT 360 becomes the
ON state, and hence the data voltage is supplied from the
data line 310 to the capacitor 350. Thereafter, the TFT 360
becomes the OFF state, to finish the data writing step, and
control proceeds to the light emitting step shown in FIG.
17D.

[0012] As shown in FIG. 17D, by setting the merge line
340 to the low level and the TFT 375 to the ON state, the
current corresponding to the gate-source voltage flows to the
TFT 365, so that the organic LED 380 emits light. Since the
gate-source voltage of the TFT 365 includes the threshold
voltage detected at the threshold voltage detecting step, even
when fluctuations occur in the threshold voltage of the TFT
365, desired current can be allowed to flow to the organic
LED 380, regardless of the deterioration of the TFT 365
(see, for example, U.S. Pat. No. 6,229,506 (FIG. 3)).

[0013] However, in the pixel circuit shown in FIG. 16, the
time required for displaying one screen increases, thereby
causing a problem of decrease in refresh rate, the number of
times for displaying the screen in one second. The decrease
in the refresh rate is caused by the fact that the data line 310
supplies the data voltage and the zero voltage.
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[0014] In order to detect the threshold voltage stably, the
state in which the zero voltage is supplied to the capacitor
350 is required. As described above, after the applied
voltage to the data line 310 is changed from the data voltage
to the zero voltage by the data driver, the zero voltage is
supplied from the data line 310 to the capacitor 350.
However, certain time is required for the applied voltage to
the gate line 310 to be changed from the data voltage to the
zero voltage and stabilized at the zero voltage. Therefore, the
zero voltage applying step is conventionally necessary.
Further, certain time is also required until the applied voltage
to the data line 310 is changed from the zero voltage to the
data voltage and stabilized at the data voltage. Therefore,
starting of the data writing step takes time, too.

[0015] In the pixel circuit away from the data driver, when
the voltage applied to the data line 310 is changed, more
time is required until such a voltage becomes stable, as
compared with a pixel circuit closer to the data driver.
Further, when a signal delay occurs in the data line 310,
more time is required for supplying the voltage from the data
line 310.

[0016] In the image display apparatus according to the
conventional technology, it is necessary to take the period
until the applied voltage to the data line 310 becomes stable
into consideration, in order to start the threshold voltage
detecting step and the data writing step. Therefore, long time
is necessary until the data writing step finishes, and hence
the light emitting time cannot be ensured, and the refresh
rate drops inevitably. Particularly, in the high definition
image display apparatus, since it is necessary to reduce the
time until the data writing step finishes, high-definition
image quality cannot be achieved with the image display
apparatus according to the conventional technology. Fur-
thermore, since the threshold voltage detecting step has to be
shortened to keep the optimum value of the refresh rate, the
fluctuations in the threshold voltage of the driver element
cannot be compensated sufficiently, thereby making it dif-
ficult to keep the uniformity in the image quality.

SUMMARY OF THE INVENTION

[0017] Tt is an object of the present invention to solve at
least the above problems in the conventional technology.

[0018] The image display apparatus according to one
aspect of the present invention includes a display pixel that
includes a current-controlled light emitting element that
emits light of brightness corresponding to current applied; a
driver element that includes a thin film transistor, and
controls the current flowing through the current-controlled
light emitting element; a data line that supplies a voltage
determined based on emission brightness; a first switching
unit that controls writing of the voltage supplied from the
data line; a first capacitor having a first electrode electrically
connected to a gate electrode of the driver element, to hold
a gate voltage of the driver element; a reference-voltage
writing unit that includes a supply source provided sepa-
rately from the data line for supplying a predetermined
reference voltage to a second electrode of the first capacitor,
and a second switching unit that controls electrical conduc-
tion between the supply source and the second electrode of
the first capacitor; and a threshold-voltage detecting unit that
detects a threshold voltage of the driver element, including
a third switching unit that controls electrical conduction
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between the gate electrode and a drain electrode of the driver
element, and a capacitance for supplying charges to the drain
electrode of the driver element.

[0019] The other objects, features, and advantages of the
present invention are specifically set forth in or will become
apparent from the following detailed description of the
invention when read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a circuit diagram of a pixel circuit
according to a first embodiment of the present invention;

[0021] FIG. 2 is a timing chart of the pixel circuit shown
in FIG. 1;
[0022] FIG. 3A is a circuit diagram for illustrating an

operating process of the pixel circuit in a period (1) shown
in FIG. 2;

[0023] FIG. 3B is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (2) shown
in FIG. 2;

[0024] FIG. 3C is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (3) shown
in FIG. 2;

[0025] FIG. 3D is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (4) shown
in FIG. 2;

[0026] FIG. 4 is another circuit diagram of the pixel
circuit according to the first embodiment;

[0027] FIG. 5 is a circuit diagram of an arbitrary nth pixel
circuit and an (n+1),, pixel circuit arranged in the same line
as the nth pixel circuit in an adjacent row in an image display
apparatus according to a second embodiment of the present
invention;

[0028] FIG. 6 is a timing chart of the pixel circuit shown
in FIG. 5;
[0029] FIG. 7A is a circuit diagram for illustrating an

operating process of the pixel circuit in periods (1) and (2)
shown in FIG. 6;

[0030] FIG. 7B is a circuit diagram for illustrating an

operating process of the pixel cireuit in a period (3) shown
in FIG. 6;

[0031] FIG. 7C is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (5) shown
in FIG. 6;

[0032] FIG. 7D is a circuit diagram for illustrating an

operating process of the pixel circuit in a period (6) shown
in FIG. 6;

[0033] FIG. 8 is another circuit diagram of the pixel
circuit according to the second embodiment;

[0034] FIG. 9is a circuit diagram of an arbitrary nth pixel
circuit and an (n+1),, pixel circuit arranged in the same line
as the nth pixel circuit in an adjacent row in an image display
apparatus according to a third embodiment of the present
invention;

[0035] FIG. 10 is a timing chart of the pixel circuit shown
in FIG. 9,
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[0036] FIG. 11A is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (1) shown
in FIG. 10;

[0037] FIG. 11B is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (2) shown
in FIG. 10;

[0038] FIG. 11C is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (3) shown
in FIG. 10;

[0039] FIG. 11D is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (4) shown
in FIG. 10;

[0040] FIG. 11E is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (5) shown
in FIG. 10;

[0041] FIG. 12 is another circuit diagram of the pixel
circuit according to the third embodiment;

[0042] FIG. 13 is a circuit diagram of an arbitrary n,, pixel
circuit and an (n+1),, pixel circuit arranged in the same line
as the n,, pixel circuit in an adjacent row in an image display
apparatus according to a fourth embodiment of the present
invention;

[0043] FIG. 14 is a timing chart of the pixel circuit shown
in FIG. 13;
[0044] FIG. 15A is a circuit diagram for illustrating an

operating process of the pixel circuit in a period (1) shown
in FIG. 14;

[0045] FIG. 15B is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (2) shown
in FIG. 14;

[0046] FIG. 15C is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (5) shown
in FIG. 14;

[0047] FIG. 16 a circuit diagram of a pixel circuit accord-
ing to a conventional technology; and

[0048] FIGS. 17A to 17D are circuit diagrams for illus-
trating operating processes of the pixel circuit shown in
FIG. 16.

DETAILED DESCRIPTION

[0049] Exemplary embodiments of an image display appa-
ratus controlling brightness of current-controlled light emit-
ting element according to the present invention will be
explained in detail with reference to the accompanying
drawings. The present invention is not limited to the
embodiments.

[0050] In a first embodiment of the present invention,
image display is performed by repeating a preprocessing
step, a threshold voltage detecting step of detecting a thresh-
old voltage of the driver element at which a reference
voltage is written by a data line and a reference-voltage
writing unit provided separately from a first switching unit,
a data writing step of writing the data voltage, and a light
emitting step of supplying the current corresponding to the
data voltage to the current-controlled light emitting element
S0 as to emit light.
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[0051] FIG. 1 is a circuit diagram of a pixel circuit
according to the first embodiment. The image display appa-
ratus according to the first embodiment is constructed by
arranging the pixel circuits shown in FIG. 1 in a matrix
form.

[0052] The pixel circuit in the first embodiment includes a
data line 3 for supplying the data voltage defined based on
the emission brightness, a TFT 4 being a first switching unit
that controls supply of the data voltage, a TFT 8 being a
driver element, and an organic LED 9 being the current-
controlled light emitting element. The pixel circuit also
includes capacitors 6 and 7 that hold the supplied voltage.
Further, the pixel circuit includes a reference-voltage writing
unit Al that writes a predetermined reference voltage, and a
threshold-voltage detecting unit A2 that detects the threshold
voltage of the TFT 8. For the brevity of explanation, for the
TFT 8, an electrode connected to the organic LED 9 is
designated as the drain electrode, and the other electrode is
designated as the source electrode.

[0053] The data line 3 supplics the data voltage defined
based on the emission brightness of the organic LED 9. The
TFT 4 is connected to the data line 3, to control write of the
data voltage supplied from the data line 3. A select line §
controls the driven state of the TFT 4, and by setting the
select line 3 to a high level, the TFT 4 becomes the ON state,
and becomes the OFF state by setting the select line 5 to a
low level.

[0054] The zero voltage is supplied to the capacitor 6
arranged between the TFT 4 and the TFT 8 at the threshold
voltage detecting step-, and the data voltage is supplied at
the data writing step. The capacitor 7 is connected to the TFT
8 and the capacitor 6 with one electrode, to hold the data
voltage stably. At the light emilting step, a predetermined
percent voltage of the data voltage held by the capacitors 6
and 7 is applied to the gate electrode of the TFT 8.

[0055] The TFT 8 serves as the driver element, and
controls the light emission of the organic LED 9 and the
brightness at the time of light emission, by allowing the
current corresponding to the gate-source voltage of the TFT
8 to flow. At this time, the gate-source voltage of the TFT 8
takes a value including the predetermined percent voltage of
the data voltage and the threshold voltage detected at the
threshold voltage detecting step.

[0056] The reference-voltage writing unit Al has a func-
tion of supplying the zero voltage as the predetermined
reference voltage, to the capacitor 6 at the threshold voltage
detecting step. The reference-voltage writing unit Al is
provided separately from the data line 3 and the TFT 4, and
has a power line 12 as a supply source of the reference
voltage, a TFT 13 as a second switching unit, and a reset line
11 as a first scan line. The power line 12 supplies the zero
voltage as the reference voltage, and the TFT 13 is con-
nected to the power line 12, to control the electrical con-
duction between the power line 12 and the capacitor 6. The
TFT 13 is controlled by the reset line 11. At the threshold
voltage detecting step, when the TFT 13 becomes the ON
state, the power line 12 supplies the zero voltage to the
capacitor 6. Since the image display apparatus according to
the first embodiment includes the reference-voltage writing
unit Al, it is not necessary to change the applied voltage to
the data line 3 in order to perform the threshold voltage
detecting step. As a result, the zero voltage applying step,
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which has heretofore been necessary, can be eliminated, and
the time until the data writing step is started can be reduced.

[0057] The threshold-voltage detecting unit A2 detects the
threshold voltage of the TFT 8, being the driver element, and
has a TFT 10 as a third switching unit, the organic LED 9,
and the power line 12. The TFT 10 controls electrical
conduction between the gate electrode and the drain elec-
trode of the TFT 8, and becomes the ON state at the
threshold voltage detecting step. The driven state of the TFT
10 is controlled by the reset line 11. The TFT 10 and the TET
13 are driven at the same timing, and hence it is explained
herein that the two are controlled by the same reset line 11,
but may be controlled by a separate scan line.

[0058] The organic LED 9 is originally a current-con-
trolled light emitting element that emits light with brightness
corresponding to the current flowing when the TFT 8 is in
the ON state, but in the threshold-voltage detecting unit A2,
the organic LED 9 serves as a capacitor for supplying
electric charges to the drain electrode of the TFT 8. This is
because the organic LED 9 can be considered to be electri-
cally equivalent to a light emitting diode, and when a
potential difference is provided in the forward direction, the
current flows to emit light, and on the other hand, when a
potential difference is provided in the opposite direction, the
organic LED 9 stores electric charges corresponding to the
potential difference.

[0059] The power line 12 is originally for supplying the
current when the organic LED 9 emits light, but in the
threshold-voltage detecting unit A2, it has a function of
inverting the polarity of the voltage with respect to the
polarity at the time of light emission to allow the current to
flow to the TFT 8 from the source electrode to the drain
electrode, so that the organic LED 9 stores the electric
charges. Since the power line 12 indicates zero level at the
threshold voltage detecting step, it also functions as a supply
source for the reference-voltage writing unit Al.

[0060] The preprocessing step, the threshold voltage
detecting step, the data writing step, and the light emitting
step will be explained, as the operation of the image display
apparatus according to the first embodiment. The threshold
voltage detecting step is executed by the operation of the
reference-voltage writing unit Al and the threshold-voltage
detecting unit A2. FIG. 2 is a timing chart of the pixel circuit
shown in FIG. 1. FIG. 3A is a circuit diagram for illustrat-
ing an operating process of the pixel circuit in a period (1)
shown in FIG. 2; FIG. 3B is a circuit diagram for illustrat-
ing an operating process of the pixel circuit in a period (2);
FIG. 3C is a circuit diagram for illustrating an operating
process of the pixel circuit in a period (3); and FIG. 3D is
a circuit diagram for illustrating an operating process of the
pixel circuit in a period (4). A solid line indicates a current
flowing region, and a broken line indicates a non-current
flowing region. The current flowing direction is indicated by
the arrow.

[0061] The preprocessing step will be explained with
reference to FIGS. 2 and 3A. At the preprocessing step, the
current is made to flow through the TFT 8 in a direction
opposite to the direction at the time of light emission so that
the organic LED 9 stores electric charges, as the prepro-
cessing for the threshold voltage detection for the TFT 8. As
shown in FIG. 2, by changing the voltage polarity of the
power line 12 connected to the source electrode of the TFT
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8 from the low level to the high level, the current flows from
the source electrode to the drain electrode of the TFT 8. The
current also flows to the organic LED 9 connected to the
TFT 8 in a direction opposite to the direction at the time of
light emission, and hence the organic LED 9 serves as a
capacitor and stores positive charges. The TFT 4, the TFT
10, and the TFT 13 are controlled so as to be in the OFF
state.

[0062] At the threshold voltage detecting step, the refer-
ence-voltage writing unit Al supplies the zero voltage, being
the predetermined reference voltage, to the capacitor 6, in
order to stably detect the threshold voltage. On the other
hand, the threshold-voltage detecting unit A2 discharges the
charges stored in the organic LED 9 at the preprocessing
step, so as to detect the threshold voltage of the TFT 8 by
dropping the gate-source voltage of the TFT 8 to a value
equal to the threshold voltage.

[0063] As shown in FIGS. 2 and 3B, at the threshold
voltage detecting step, the reset line 11 is set to the high
level, and the TFT 10 and the TFT 13 are set to the ON state,
so that the reference-voltage writing unit Al and the thresh-
old-voltage detecting unit A2 are operated. The reference-
voltage writing unit Al sets the applied voltage to the power
line 12 to zero level, in order to allow the power line 12 to
serve as the supply source, and supplies the zero voltage to
the capacitor 6 from the power line 12 via the TFT 13, during
the threshold voltage detecting step. The zero voltage is also
supplied to the capacitor 7 connected to the power line 12.
During the threshold voltage detecting step, since the zero
voltage is held in one of the electrodes of the capacitors 6
and 7, the threshold voltage of the TFT 8 can be stably
detected by the threshold-voltage detecting unit A2 con-
nected to the gate electrode of the TFT 8 and the other of the
electrodes of the capacitors 6 and 7. Since the reference
voltage detecting unit Al supplies the reference voltage to
the capacitor 6, it is not necessary to change the applied
voltage to the data line 3 in order to execute the threshold
voltage detecting step.

[0064] On the other hand, the threshold-voltage detecting
unit A2 sets the TFT 10 to the ON state, so that the gate
electrode and the drain electrode of the TFT 8§ become
conductive to each other. At this time, positive charges move
from the organic LED 9 so that the voltage V, and the
voltage V, at the connection parts shown in FIG. 1 become
equal, and as a result, a predetermined gate-source voltage
is generated in the TFT 8 and the current flows. Since the
current flows, the absolute value of the positive charges
stored in the organic LED 9 gradually decreases, and V, and
V, drop with the same voltage held therein. When the
gate-source voltage of the TFT 8 drops to a value equal to
the threshold voltage, the TFT 8 becomes the OFF state, so
that the gate voltage of the TFT 8 is kept at the value of the
threshold voltage. After detection of the threshold voltage of
the TFT 8 finishes, the reset line 11 is set to the low level,
to set the TFT 10 and the TFT 13 to the OFF state, thereby
finishing the threshold voltage detecting step.

[0065] At the data writing step, by setting the TFT 4 to the
ON state, data voltage Vp,, is written from the data line 3. As
shown in FIGS. 2 and 3C, at the data writing step, the data
voltage Vp; is applied to the data line 3, and by setting the
select line 5 to the high level, the TFT 4 becomes the ON
state. When the TFT 4 becomes the ON state, the data line
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3 and the capacitor 6 become conductive to each other to
supply the data voltage Vi, and the data voltage Vp, is held
stably by the capacitors 6 and 7. Thereafter, the select line
5 is set to the low level, to set the TET 4 to the OFF state,
thereby finishing the data writing step.

[0066] At the light emitting step, the current flows through
the TFT 8 and the organic LED 9, based on the voltage held
by the capacitor 7, and the organic LED 9 emits light with
predetermined brightness.

[0067] As shown in FIGS. 2 and 3D, at the light emitting
step, the applied voltage from the power line 12 is changed
to the low level, and a voltage lower than that of the drain
electrode is applied to the source electrode of the TFT 8
connected to the power line 12. Further, since a predeter-
mined percent voltage of the data voltage Vy,, stored by the
capacitor 7 is supplied to the gate electrode of the TFT'8, the
TEFT 8 becomes the ON state, and hence the current corre-
sponding to the gate-source voltage of the TFT 8 flows.
Here, since the gate-source voltage of the TFT 8 has a value
including the threshold voltage of the TFT 8 detected at the
threshold voltage detecting step, even when the threshold
voltage of the TFT 8 fluctuates, the current flowing through
the TFT 8 does not drop. Since the current flowing through
the TFT 8 also flows through the organic LED 9, the organic
LED 9 emits light with desired brightness. At this step, the
TET 4, the TFT 10, and the TFT 13 are in the OFF state.

[0068] The advantages of the image display apparatus
according to the first embodiment will be explained. Since
the image display apparatus according to the first embodi-
ment includes the threshold-voltage detecting unit A2, it can
compensate fluctuations in the threshold voltage. Therefore,
the value of the current flowing into the organic LED 9 does
not fluctuate, and hence the organic LED 9 emits light with
desired brightness, thereby suppressing deterioration in the
image quality of the image display apparatus. The gate
voltage V, of the TFT 8 at the time of starting the light
emitting step is expressed by

Vo= Vo b =1y M
o= Vu+ o Vo

[0069] where V,,, is the threshold voltage of the TFT 8, C,
is the capacitance of the capacitor 6, and C, is the capaci-
tance of the capacitor 7. The current I, flowing through the
TFT 8 is expressed, based on the gate-source voltage of the
TFT §, by

)

I—a[V L ]z—a( a_ ]2
dx—z thi C1+C2 DI thi —2 C1+C2 DI

[0070] where, P is a predetermined constant. Since I,
does not include the threshold voltage V,,, of the TFT 8, I
does not change according to fluctuations in the threshold
voltage. Further, I, depends on the ratio of the capacitance
of the capacitors 6 and 7, and when the capacitance ratio is
constant, I, also takes a constant value. Here, since the
capacitors 6 and 7 are normally produced in the same
process, even if a misregistration of a mask pattern occurs at
the time of production, the difference in the capacitance
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substantially has the same ratio in the capacitors 6 and 7.
Therefore, even when a difference occurs, a substantially
constant value can be maintained as the value of (C,/(C+
C,)). Even when a manufacturing error occurs, the value of
I, can be maintained at a substantially constant value.

[0071] Therefore, the value of the current flowing through
the TFT 8 can keep a constant value, and the current flowing
into the organic LED 9 does not fluctuate, and hence the
organic LED 9 emits light with desired brightness. As a
result, the image display apparatus according to the first
embodiment can perform high-quality image display over a
long period of time.

[0072] The image display apparatus according to the first
embodiment includes the reference-voltage writing unit Al
provided separately from the data line 3 and the TFT 4, and
the reference-voltage writing unit Al supplies predeter-
mined reference voltage to the capacitor 6 at the threshold
voltage detecting step. Therefore, it is not necessary that the
data line 3 supplies the reference voltage at the threshold
voltage detecting step, and only supplies the data voltage
V_ atthe voltage writing step. Therefore, it is not necessary
to change the applied voltage to the data line 3 in order to
perform the threshold voltage detecting step, and hence the
zero voltage applying step, which has been heretofore nec-
essary, can be eliminated.

[0073] Since the reference voltage is supplied by the
reference-voltage writing unit Al, the data line 3 can have
an optional voltage at the threshold voltage detecting step.
Therefore, at the threshold voltage detecting step, the
applied voltage to the data line 3 is made to change from the
zero voltage to the data voltage V,,, and the applied voltage
to the data line 3 can be stabilized at the data voltage Vpy;
by the end of the threshold voltage detecting step. By
operating the image display apparatus in this manner, the
data line 3 can stably supply the data voltage, even in a pixel
circuit away from the data driver that controls the applied
voltage to the data line 3. Further, even when a signal delay
occurs in the data line 3, it can be prevented that start of the
data writing step is delayed. As a result, the image display
apparatus according to the first embodiment can shorten the
time until starting the data writing step.

[0074] In order to stably detect the threshold voltage, it is
necessary that the zero voltage is supplied to the capacitor 6
at the threshold voltage detecting step. In the image display
apparatus according to the first embodiment, since the TET
10 and the TFT 13 are controlled by the reset line 11, write
of the zero voltage by the reference-voltage writing unit Al
and detection of the threshold voltage by the threshold-
voltage detecting unit A2 can be started at the same time. As
a result, it is not necessary to stagger the start of operation
of the reference-voltage writing unit Al and the threshold-
voltage detecting unit A2, thereby preventing wasting opera-
tion time due to the stagger.

[0075] The image display apparatus according to the first
embodiment can eliminate the time required for stabilizing
the applied voltage to the data line 3, such as the zero voltage
applying step, and as a result, the time until starting the
threshold voltage detecting step, and the time until starting
the data writing step can be shortened. Therefore, predeter-
mined light emitting time can be ensured, and the refresh
rate can be kept at an optimum value. Further, the time for
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the threshold voltage detecting step can be ensured, thereby
enabling accurate detection of the threshold voltage of the
TFT 8.

[0076] The timing to proceed from the data writing step to
the light emitting step and the timing to proceed from the
light emitting step to the preprocessing step can be option-
ally controlled by adjusting the level of the applied voltage
to the power line 12. By such an adjustment of the timing,
the ratio of the time for displaying an image to the time for
not displaying the image can be optionally controlled.

[0077] The pixel circuit uses the power line 12, which
indicates zero level at the threshold voltage detecting step,
as the supply source constituting the reference-voltage writ-
ing unit Al. However, since a scan line that supplies the zero
voltage as the reference voltage at the threshold voltage
detecting step can function as the supply source, a line in
common use connected to the ground, as shown in FIG. 4,
can be substituted for the power line 12 as the supply source.
Since a power line 22 is connected to the anode side of the
organic LED 9, a voltage indicating the polarity opposite to
the voltage applied to the power line 12 shown in FIG. 2 is
applied to the power line 22.

[0078] It is explained above that, in the image display
apparatus according to the first embodiment, the TFT 13
constituting the reference-voltage writing unit Al and the
TFT 10 constituting the threshold-voltage detecting unit are
controlled by the reset line 11, but these may be controlled
by separate scan lines. At the threshold voltage detecting
step, the threshold voltage of the TFT 8 can be detected, so
long as the TFT 10 and the TFT 13 are both in the ON state
during the period required for detecting the threshold volt-
age of the TFT 8. Therefore, the TFT 10 and the TFT 13 may
be controlled by separate scan lines.

[0079] In the first embodiment, the predetermined refer-
ence voltage is designated as the zero voltage, but the
predetermined reference voltage is not limited to the zero
voltage, and may be a value lower than the voltage value
corresponding to the emission brightness of the organic LED
9. However, when the reference voltage is not the zero
voltage, it is necessary to set the data voltage applied to the
data line 3, taking into consideration a difference between
the voltage value corresponding to the emission brightness
of the organic LED 9 and the reference voltage value.

[0080] In the first embodiment, the image display can be
performed by any of a progressive method and an interlace
method, but in a second embodiment of the present inven-
tion, image display is performed by the interlace method.

[0081] The interlace method is for performing one display
in such a manner that while, for example, a pixel circuit in
the odd level performs display corresponding to the picture
signal (hereinafter, “white display”), a pixel circuit in the
even level does not emit light (hereinafter, “black display”),
and thereafter, the pixel circuit in the even level performs
white display, and the pixel circuit in the odd level performs
black display. In other words, by displaying a screen alter-
nately by the odd level and the even level, one screen is
displayed. In this interlace method, the data voltage supplied
to the pixel circuit performing white display, and the zero
voltage supplied to the pixel circuit performing black dis-
play are applied to the data line alternately a plurality of
times during one display period. In the second embodiment,
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the zero voltage to be applied to the data line is used as the
reference voltage, to detect the threshold voltage of the
driver element.

[0082] FIG. 5 is a circuit diagram of an arbitrary nth pixel
circuit 30, and an (o+1),, pixel circuit 30_, , arranged in the
same line as the pixel circuit 30, and in an adjacent row, in
the image display apparatus according to the second
embodiment. The optional pixel circuit 30, includes the
threshold-voltage detecting unit A2 having an organic LED
9. and aTFT 110, a capacitor 6 , a capacitor 7_, and a TFT
8, being the driver element. Further, the pixel circuit 30,
includes the data line 3 and a TFT 4, and the data line 3 and
the TFT 4, also serve as components of the reference-
voltage writing unit Al. The pixel circuit 30, further
includes a reset line 31, as a second scan line that controls
the driven state of the TFT 10, and a select line 35 as a first
scan line that controls the driven state of the TFT 4. Of the
components described above, the respective components
other than the data line 3 are provided respectively for each
pixel circuit. The image display apparatus according to the
second embodiment includes a power line 32, and has a
configuration such that the power line 32 is shared by the
pixel circuit 30, and the pixel circuit 30, ;. The respective
components will be explained below.

[0083] The data voltage and the zero voltage are alter-
nately applied to the data line 3. The TFT 4, controls supply
of the data voltage from the data line 3. The TFT 4, further
controls supply of the zero voltage to the capacitor 6, by
becoming the ON state at a timing when the zero voltage is
applied from the data line 3. Therefore, the data line 3 also
functions as a supply source of the reference voltage, and the
TFT 4_ functions as a first switching unit that controls supply
of the data voltage and supply of the reference voltage, and
hence the data line 3 and the TFT 4, constitute the reference-
voltage writing unit Al. The driven state of the TFT 4, is
controlled by the select line 35,.

[0084] The power line 32, has a function of supplying the
current to the organic LED 9, and an organicLED 9, , atthe
time of emitting light, and inverting the polarity of voltage
with respect to the polarity at the time of light emission to
allow the current to flow through the TFT 8, and TFT 8, ;
in a direction opposite to that at the time of light emission.
A pixel circuit performing white display executes the pre-
processing, and a pixel circuit performing black display
executes the reset step described later, by inverting the
polarity of voltage of the power line 32, with respect to the
polarity at the time of light emission.

[0085] The capacitor 6_, the capacitor 7, and the TFT 8
function in the same manner as in the image display accord-
ing to the first embodiment, and the organic LED 9, and the
TFT 10, function as the threshold-voltage detecting unit A2.
The reset line 31, controls the driven state of the TFT 10,.

[0086] The operation of the image display apparatus
according to the second embodiment will be explained with
reference to FIGS. 6 and 7A to 7D, taking an example in
which the pixel circuit 30, performs white display and the
pixel circuit 30, performs black display. The reference-
voltage writing unit Al and the threshold-voltage detecting
unit A2 operate at a timing when the zero voltage is applied
to the data line 3, and hence the pixel circuit 30, detects the
threshold voltage.

[0087] FIG. 6 is a timing chart of the pixel circuit 30, and
the pixel circuit 30, ; shown in FIG. 5. FIG. 7A is a circuit
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diagram for illustrating an operating process of the pixel
circuit in periods (1) and (2) shown in FIG. 6; FIG. 7B is
a circuit diagram for illustrating an operating process of the
pixel circuit in a period (3); FIG. 7C is a circuit diagram for
illustrating an operating process of the pixel circuit in a
period (5); and FIG. 7D is a circuit diagram for illustrating
an operating process of the pixel circuit in a period (6). A
solid line indicates a current flowing region, and a broken
line indicates a non-current flowing region.

[0088] The preprocessing step performed by the pixel
circuit 30, and the reset step performed by the pixel circuit
30, ; will be explained with reference to FIGS. 6 and 7A.
As shown in the period (1) in FIG. 6, by inverting the
polarity of the voltage of the power line 32, with respect to
the polarity at the time of light emission and setting the
polarity to the high level, the current flows through the TFT
8, in the direction opposite to that at the time of light
emission, thereby performing the preprocessing step for
storing positive charges in the organic LED 9,. On the other
hand, in the pixel circuit 30_, ;, the current is made to flow
through the TFT 8., in the direction opposite to that at the
time of light emission to perform the reset step of removing
the charges remaining in the organic LED 9, ; Specifically,
in the pixel circuit 30_,; the current flows in the direction
opposite to that at the time of light emission, and positive
charges are supplied to the organic LED 9_, ,, to eliminate
negative charges stored in the organic LED 9, at the time
of light emission in the previous frame.

[0089] Inthe period (2)in FIG. 6, a black data writing step
is performed in the pixel circuit 30, . At this step, the TFT
4. ., and the TFT 10, , are set to the ON state at a timing
when the zero voltage is applied to the data line 3. When the
TFT 10,,, becomes the ON state so that the gate electrode
and the drain electrode of the TFT 8_, ; become conductive
to each other, electrons discharged from the organic LED
9 , are supplied to the capacitor 7H+1 connected to the gate
eléctrode of the TFT 8 .., and negative charges are stored
therein. Since the TFT 4, ; becomes the ON state when the
zero voltage is applied to the data line 3, the zero voltage is
supplied to the capacitor 6_,,. As a result, since negative
charges are held in the capacitor 6_,, and capacitor 7,
negative voltage is applied to the gate electrode of the TFT
8., Therefore, even when the power line 32, is changed to
the low level in the period (6) in FIG. 6, the pixel circuit
30 does not emit light and can perform black display. At
this’ step, by applying negative voltage to the gate electrode
of the TFT 8_,; the fluctuation margin of the threshold
voltage in the TFT 8_,, can be reduced. That is, when
positive voltage is applied to the gate electrode of the TFT
8_ ., continuously for long time, fluctuations in the threshold
voltage of the TFT 8, progress, but by executing this step,
progress of fluctuations in the threshold voltage of the TFT
8., can be stopped, and the threshold voltage can be
recovered. The pixel circuit 30_,, may perform the black
data writing step for a plurality of times, so long as the zero
voltage 1s applied to the data line 3 during the period (1) in
FIG. 6.

[0090] The threshold voltage detecting step performed in
the pixel circuit 30 will be explained with reference to FIG.
7B. During the period (3) in FIG. 6, the zero voltage is
applied to the data line 3. In the pixel circuit 30,, the reset
line 31, and the select line 35 are set to the high level, and
the TFT 4, and the TFT 10, are set to the ON state, at a
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timing when the zero voltage is applied to the data line 3. As
a result, the reference-voltage writing unit Al supplies the
zero voltage to the capacitor 6, from the data line 3 via the
TFT 4,. On the other hand, the threshold-voltage detecting
unit A2 sets the TFT 10, to the ON state so that the gate
electrode and the drain elecirode of the TFT 8 become
conductive to each other, thereby detecting the threshold
voltage of the TFT 8. As shown in the period (4) in FIG.
6, the threshold voltage detecting step can be performed a
plurality of times, at a timing when the zero voltage is
applied from the data line 3.

[0091] In the pixel circuit 30,, as shown in FIG. 7C, the
TFT 4, is set to the ON state at a timing when the data
voltage Vi, 1s applied to the data line 3, thereby performing
the data writing step. Thereafter, in the pixel circuit 30,, as
shown in FIG. 7D, the light emitting step of making the
organic LED 9, to emit light is performed, at which the
power line 32 is set to the low level, so that the current
flows through the TFT 8. As a result, in the pixel circuit 30,
white display is performed. On the other hand, in the pixel
circuit 30_,,, since the black data writing step has been
performed in the period (2) in FIG. 6, the TFT 8, ; stays in
the OFF state, so as to perform black display. Thereafter, the
operation of the pixel circuit 30, described above is per-
formed in the pixel circuit 30, in order to perform white
display, and the operation of the pixel circuit 30,,, is
performed in the pixel circuit 30, in order to perform black
display, thus the pixel circuit 30, and the pixel circuit 30,
alternately repeat light emission.

[0092] In the image display apparatus according to the
second embodiment, the threshold voltage detecting step is
performed at a timing when the zero voltage is applied to the
data line 3, during the period after the black display finishes
and until the light emitting step is started, by using the fact
that the zero voltage and the data voltage V,, are alternately
applied to the data line 3. Therefore, the threshold voltage of
the pixel circuit that performs white display can be detected,
without shortening the light emitting time. Therefore, the
optimum value of the refresh rate can be kept, and fluctua-
tions in the threshold voltage of the driver element can be
compensated.

[0093] Since the data line 3 and the TFT 4,, function as the
reference-voltage writing unit Al, it is not necessary to
separately provide the TFT 13 included in the image display
apparatus according to the first embodiment, and hence, the
number of TFTs included in the pixel circuit can be reduced.

[0094] As shown in FIG. 5, the pixel circuit 30, and the
pixel circuit 30, ; share the power line 32,. Therefore, in the
image display apparatus according to the second embodi-
ment, the number of scan lines in the respective pixel
circuits can be reduced to 3.5 lines, as compared with the
image display apparatus according to the first embodiment,
in which four scan lines are necessary.

[0095] In the period (1) in FIG. 6, as shown in FIG. 7A,
the reset step is performed in the pixel circuit 30, that
performs black display. The reason for performing the reset
step is as described below. That is, in the light emitting step
in the previous frame, electric charges are stored in the
organic LED 9 ., as the current flows in the forward
direction. If the charges remain therein, even when prede-
termined current flows through the organic LED 9, , at the
light emitting step, the remaining charges flow as a part of
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the current. As a result, the value of the current flowing in
the organic LED 9, decreases by that amount, thereby
decreasing the emission brightness. Therefore, in the image
display apparatus according to the second embodiment, the
reset step is performed for the pixel circuit 30_,, that
performs black display, so that the remaining charges are
eliminated by allowing the current to flow in a direction
opposite to that at the time of light emission. Therefore,
when the pixel circuit 30 _,, performs white display, the
organic LED 9_,, can emit light with desired brightness,
without being affected by the charges stored in the previous
frame.

[0096] The threshold voliage detecting step may be per-
formed not only in the period (3) but also in the period (4)
in FIG. 6. That is, the threshold voltage detecting step may
be performed a plurality of times, during the period after the
preprocessing step has finished and until the data writing
step is started, and while the zero voltage is applied to the
data line 3. Therefore, detection of the threshold voltage can
be performed for long time, thereby enabling accurate
detection of the threshold voltage of the TFT 8.

[0097] The image display apparatus according to the sec-
ond embodiment may have a configuration in which a power
line 42 is connected to the anode sides of the organic LED
9 and the organic LED 9_,; as shown in FIG. 8, other than
the configuration in which the power line 32, is connected
to the source electrodes of the TFT 8, and the TFT 8__ ;. In
this case, voltage of a polarity opposite to that of the voltage
applied to the power line 32, shown in FIG. 6 is applied to
the power line 42.

[0098] An image display apparatus according to a third
embodiment of the present invention has a configuration in
which a TFT as a first switching unit and a TFT as a second
switching unit in an adjacent pixel circuit are controlled by
one select line, thereby reducing the number of scan lines to
be used.

[0099] FIG. 9 is a circuit diagram of an arbitrary nth pixel
circuit 50, and an (n+1),, pixel circuit 50, ; arranged in the
same line as the pixel circuit 50, and in an adjacent row, in
the image display apparatus according to the third embodi-
ment. ATFT 4 in the pixel circuit 50, and a TFT 10_,, in
the pixel circuit 50, ; are both connected to a select line 35,
being a third scan line. Therefore, when the select line 55,
becomes the high level, the TFT 4, in the pixel circuit 50,
and the TFT 10, , in the pixel circuit 50_,, become the ON
state at the same timing. Further, the driven state of the TFT
10, in the pixel circuit 50, is controlled by a select line
55, 1. Apower line 52 functions in the same manner as the
power line 32, in the second embodiment.

[0100] Of the operations of the image display apparatus
according to the third embodiment, a case of the pixel circuit
50, performing white display and the pixel circuit 50,
performing black display will be explained, with reference
to FIGS. 10 and 11A to 11E.

[0101] FIG. 10 is a timing chart of the pixel circuit 50,
and the pixel circuit 50, ; shown in FIG. 9. FIG. 11A is a
circuit diagram for illustrating an operating process of the
pixel circuit in a period (1) shown in FIG. 10; FIG. 11B is
a circuit diagram for illustrating an operating process of the
pixel circuit in a period (2); FIG. 11C is a circuit diagram
for illustrating an operating process of the pixel circuit in a
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period (3); FIG. 11D is a circuit diagram for illustrating an
operating process of the pixel circuit in a period (4); and
FIG. 11E is a circuit diagram for illustrating an operating
process of the pixel circuit in a period (5). A solid line
indicates a current flowing region, and a broken line indi-
cates a non-current flowing region.

[0102] As shown in FIG. 11A, in the period (1) in FIG.
10, by applying a voltage of a polarity opposite to that at the
time of light emission to the power line 52, to set the power
line 52, to the high level, the preprocessing step is per-
formed in the pixel circuit 50 , and the reset step is per-
formed in the pixel circuit 50, ;. Thereafter, after the select
line 55,_, becomes the high level, and the TFT 10, consti-
tuting the threshold-voltage detecting unit A2 in the pixel
circuit 50, becomes the ON state, the power line 52, is set
to zero level.

[0103] In the period (2) in FIG. 10, the threshold voltage
detecting step is performed in the pixel circuit 50,. The
select line 55, becomes the high level at a timing when the
zero voltage is applied to the data line 3 constituting the
reference-voltage writing unit Al. At this time, as shown in
FIG. 11B, in the pixel circuit 50, since the TFT 4, becomes
the ON state, the reference-voltage writing unit Al supplies
the zero voltage to the capacitor 6., and the threshold-
voltage detecting unit A2 performs the threshold voltage
detecting step. When the select line 55,_; becomes the low
level and the TFT 110 becomes the OFF state, the threshold
voltage detecting step finishes. Since the select line 35, stays
in the high level, the TFT 4, maintains the ON state.

[0104] In the period (3) in FIG. 10, the data writing step
is performed in the pixel circuit 50,. That is, in the period (3)
in FIG. 10, the applied voltage to the data line 3 changes to
the data voltage V5, and as shown in FIG. 11C, in the pixel
circuit 50, the data voltage Vi, is supplied to the capacitor
6, from the data line 3 via the TFT 4 keeping the ON state.
Thereafter, when the sclect line 55, becomes the low level,
and the TFT 4 becomes the OFF state, the data writing step
in the pixel circuit 50, finishes.

[0105] In the period (4) in FIG. 10, the zero voltage is
applied to the data line 3, and black data writing step is
performed in the pixel circuit 50_, ; As shown in FIG. 11D,
in the pixel circuit 50, ; since the ON state of the TFT 4,
is maintained, the zero voltage is supplied from the data line
3 to the capacitor 6, ;

[0106] In the period (5) in FIG. 10, when the power line
52, becomes the low level, the pixel circuit 50, allows the
current to flow through the TFT 8_, to perform the light
emitting step. On the other hand, the pixel circuit 50_,,
performs black display.

[0107] The image display apparatus according to the third
embodiment exhibits the same effect as that of the image
display apparatus according to the second embodiment, and
further, the number of the scan lines can be reduced by
controlling the TFT 4, in the pixel circuit 50, and the TFT
10_,, in the pixel circuit 50_,, by one select line 355,.
Further, since the current flowing through the select line 55
needs only to be able to control the driven state of the TFT
4, and the TFT 10, ,, it is not necessary to increase the line
width of the select line 55,. Therefore, in the image display
apparatus according to the third embodiment, the number of
scan lines in each pixel circuit can be reduced to 2.5 lines,



US 2004/0252089 Al

as compared with the image display apparatus according to
the second embodiment, which requires 3.5 scan lines.

[0108] The image display apparatus according to the third
embodiment may have a configuration such that a common
power line 62 is connected to the anode sides of the organic
LED 9, and the organic LED 9_,,, as shown in FIG. 12,
other than the configuration in which the power line 52 is
connected to the source electrodes of the TFT 8 and the TFT
8_... In this case, voltage indicating a polarity opposite to
that of the voltage applied to the power line 52, shown in
FIG. 10 is applied to the power line 62_.

[0109] In the second and the third embodiments, after the
pixel circuit finishes the light emitting step, the preprocess-
ing step is performed in the pixel circuit that emits light next.
However, in a fourth embodiment of the present invention,
while the light emitting step is performed in a pixel circuit,
the preprocessing step is performed in a pixel circuit that
emits light next.

[0110] FIG. 13 is a circuit diagram of an arbitrary nth
pixel circuit 70, and an (n+1),, pixel circuit 70, ,, arranged
in the same line as the pixel circuit 70, and in an adjacent
row, in the image display apparatus according to the fourth
embodiment. The image display apparatus according to the
fourth embodiment has a configuration such that a reset line
71_, a power line 72, and a select line 75 are respectively
provided for each pixel circuit.

[0111] The reset line 71, controls the driven state of the
TFT 10, included in the pixel circuit 70,. The select line 75
controls the driven state of the TFT 4, included in the pixel
circuit 70,

[0112] The power line 72, is connected to the anode side
of the organic LED 9, in the pixel circuit 70, and the current
in a predetermined direction flows through the organic LED
9., due to a potential difference between the power line 72
and the power line 72, ; included in the pixel circuit 70, ;.
Specifically, when the applied voltage to the power line 72,
is higher than that to the power line 72_, ,, the current flows
to the TFT 8, from the drain electrode to the source elec-
trode, so that the organic LED 9, emits light. On the other
hand, when the applied voltage to the power line 72 is lower
than that to the power line 72 ,,, the current flows to the
TFT 8, from the source electrode to the drain electrode, so
that the organic LED 9 stores charges.

[0113] Of the operations of the image display apparatus
according to the fourth embodiment, an instance when the
pixel circuit 70, performs white display and the pixel circuit
70, performs black display will be explained, with refer-
ence to FIGS. 14 and 15A to 15C. In the image display
apparatus according to the third embodiment, while the pixel
circuit performing white display performs the light emitting
step, the pixel circuit that emits light next is performing the
preprocessing step.

[0114] FIG. 14 is a timing chart of the pixel circuit 70, and
the pixel circuit 70_,; shown in FIG. 13. FIG, 15A is a
circuit diagram for illustrating an operating process of the
pixel circuit in a period (1) shown in FIG. 14; FIG. 15B is
a circuit diagram for illustrating an operating process of the
pixel circuit in a period (2); and FIG. 15C is a circuit
diagram for illustrating an operating process of the pixel
circuit in a period (5). A solid line indicates a current flowing
region, and a broken line indicates a non-current flowing
region.
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[0115] The state in which the pixel circuit 70,, which is to
perform white display next, performs the preprocessing step,
while the pixel circuit 70, , performs the light emitting step
will be explained with reference to FIGS. 14 and 15A. In
the period (1), the pixel circuit 70, sets the power line
72 to the high level to allow the current to flow from the
drain electrode to the source electrode of the TFT 8, so as
to perform the light emitting step for allowing the organic
LEDY__, to emit light. On the other hand, in the pixel circuit
70, since the power line 72, keeps the zero level, the current
flows to the TFT 8, from the source electrode to the drain
electrode, and hence the current flows to the organic LED 9,
in a direction opposite to the direction at the time of emitting
light. Therefore, the pixel circuit 70, performs the prepro-
cessing step of storing charges in the organic LED 9.

[0116] In the period (2), as shown in FIG. 15B, the pixel
circuit 70, performs the threshold voltage detecting step. As
shown in the periods (3) and (4), the threshold voltage
detecting step can be executed a plurality of times, by setting
the select line 75, and the reset line 71, to the high level, at
a timing when the zero voltage is applied to the data line 3.

[0117] In the period (5), as shown in FIG. 15C, by
keeping the select line 75, at the high level, during the
period in which the data voltage Vp,, is applied to the data
line 3, the pixel circuit 70, performs the data writing step.

[0118] In the period (6), the pixel circuit 70, performs the
light emitting step by setting the power line 72, to the high
level to allow the current to flow through the TFT 8. On the
other hand, since the current flows to the pixel circuit 70, ;
in a direction opposite to that of the current flowing at the
time of light emitting step, the organic LED 9, does not
emit light and performs black display. Further, since the
current flows to the organic LED 9_,in a direction opposite
to that of the current flowing at the time of emitting light, the
pixel circuit 70, performs the preprocessing step. In the
period (7) in FIG. 14, the pixel circuit 70, , performs the
reset step by setting the TFT 4, ; and the TFT 10, to the
ON state. Since the TFT 10_, ; becomes the ON state, the
gate electrode and the drain electrode of the TFT 8,
become conductive to each other, and negative charges are
stored in the capacitor 7., connected to the gate electrode
of the TFT8_, ;. Further, since the TFT 4, ; becomes the ON
state, the zero voltage is supplied to the capacitor 6, from
the data line 3. Therefore, charges remaining from the
previous frame are eliminated.

[0119] The image display apparatus according to the
fourth embodiment can simultaneously perform the light
emitting step in a pixel circuit and the preprocessing step in
a pixel circuit that performs white display next. Therefore,
the time for performing the threshold voltage detecting step
can be ensured for long time, without shortening the light
emitting time, thereby enabling accurate detection of the
threshold voltage. Therefore, an image display apparatus
that can keep an optimum value of the refresh rate, can
compensate fluctuations in the threshold voltage highly
accurately, and can perform high-quality image display over
a long period of time can be realized.

[0120] Further, the pixel circuit 70, ,, that performs black
display can eliminate charges remaining from the previous
frame in the capacitor 6,,, and the capacitor 7, by per-
forming the reset step. Therefore, the organic LED in the
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pixel circuit that performs white display can emit light with
desired brightness, without being affected by the previous
frame.

What is claimed is:
1. An image display apparatus comprising a display pixel,
wherein the display pixel includes

a current-controlled light emitting element that emits light
of brightness corresponding to current applied,

a driver element that includes a thin film transistor, and
controls the current flowing through the current-con-
trolled light emitting ¢lement;

a data line that supplies a voltage determined based on
emission brightness;

a first switching unit that controls writing of the voltage
supplied from the data line;

a first capacitor having a first electrode electrically con-
nected to a gate electrode of the driver element, to hold
a gate voltage of the driver element;

a reference-voltage writing unit that includes

a supply source provided separately from the data line
for supplying a predetermined reference voltage to a
second electrode of the first capacitor; and

a second switching unit that controls electrical conduc-
tion between the supply source and the second
electrode of the first capacitor; and

a threshold-voltage detecting unit that detects a threshold
voltage of the driver element, including

a third switching unit that controls electrical conduction
between the gate electrode and a drain electrode of
the driver element; and

a capacitance for supplying charges to the drain electrode

of the driver element.

2. The image display apparatus according to claim 1,
wherein the threshold-voltage detecting unit detects the
threshold voltage of the driver element based on a mecha-
nism that

the third switching unit is set to ON while the reference
voltage is supplied to the second electrode of the first
capacitor,

the driver element is set to ON based on a gate-source
voltage generated by electric charges accumulated in
the capacitance,

the gate-source voltage is dropped to the threshold voltage
due to a decrease in the electric charges in the capaci-
tance resulting from current flowing between a drain
and a source of the driver element, and

the driver element is set to OFF.

3. The image display apparatus according to claim 1,
wherein the data line supplies the voltage determined based
on emission brightness to the first capacitor, after the thresh-
old-voltage detecting unit detects the threshold voltage.

4. The image display apparatus according to claim 1,
further comprising a second capacitor having an electrode
electrically connected to the first electrode of the first
capacitor and the gate electrode of the driver element.
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5. The image display apparatus according to claim 1,
wherein the supply source has both functions of a current
supply source for the current-controlled light emitting ele-
ment and a charge supply source for the capacitance.

6. The image display apparatus according to claim 1,
wherein the current-controlled light emitting element and
the capacitance are formed by a single organic electro-
luminescence element.

7. The image display apparatus according to claim 1,
further comprising a scan line that controls driven states of
the second switching unit and the third switching unit.

8. An image display apparatus of an interlace system
comprising a display pixel, wherein the display pixel
includes

a current-controlled light emitting element that emits light
of brightness corresponding to current applied,

a driver element that includes a thin film transistor, and
controls the current flowing through the current-con-
trolled light emitting element;

a reference-voltage writing unit that writes the reference
voltage in the first capacitor, including

a first capacitor that holds a gate-source voltage of the
thin film transistor;

a data line that supplies a voltage determined based on
emission brightness and a predetermined reference
voltage alternately; and

a first switching unit that controls electrical conduction
between the data line and the first capacitor; and

a threshold-voltage detecting unit that detects a threshold
voltage of the driver element, including

a second switching unit that controls electrical conduc-
tion between a gate electrode and a drain electrode of
the driver element; and

a capacitance that is formed by the current-controlled
light emitting element, and supplies electric charges
accumulated to the drain electrode of the driver
element.

9. The image display apparatus according to claim 8§,
wherein the threshold-voltage detecting unit detects the
threshold voltage of the driver element based on a mecha-
nism that

the driver element is set to the ON state based on a
gate-source voltage generated by the electric charges
accumulated in the capacitance when the reference
voltage is supplied from the data line to the first
capacitor,

the gate-source voltage drops to the threshold voltage due
to a decrease in the electric charges resulting from
current flowing between a drain and a source of the
driver element, and

the driver element is set to OFF.

10. The image display apparatus according to claim 8§,
further comprising a second capacitor arranged between the
first capacitor and the driver element.

11. The image display apparatus according to claim 8§,
further comprising a power line that applies a voltage in a
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forward direction to the current-controlled light emitting
element to supply the current, and applies a voltage in a
reverse direction to the current-controlled light emitting
element so that the electric charges are accumulated in the
capacitance.

12. The image display apparatus according to claim 11,
wherein the power line is electrically connected to the
current-controlled light emitting element in an nth display
pixel and the current-controlled light emitting element in an
mth display pixel, where n and m are different positive
integer, and supplies a voltage in same direction simulta-
neously to the nth current-controlled light emitting element
and the mth current-controlled light emitting element.

13. The image display apparatus according to claim 8§,
further comprising:

a first scan line for controlling a driven state of the first
switching unit; and

a second scan line for controlling a driven state of the
second switching unit.
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14. The image display apparatus according to claim 8,
further comprising a third scan line for controlling driven
states of the first switching unit in an nth stage and the
second switching unit in an mth stage.

15. The image display apparatus according to claim 11,
wherein the power line is electrically connected to the
current-controlled light emitting element in an nth display
pixel and the current-controlled light emitting element in an
mth display pixel, where n and m are different positive
integer, and supplies a voltage in a forward direction to one
of the current-controlled light emitting element in an nth
display pixel and the current-controlled light emitting ele-
ment in an mth display pixel to emit the light, while
supplying a voltage in a reverse direction to other current-
controlled light emitting element so that the electric charges
are accumulated in the other current-controlled light emit-
ting element.
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