
DISPLAY APPARATUS, DRIVING METHODS AND ELECTRONIC INSTRUMENTS BACKGROUND OF
THE INVENTION 1. Field of the Invention         The present invention
relates to an active-matrix display apparatus employing pixel circuits each
including a light omitting device and relates to a. driving method provided
for the display apparatus. In addition, the present invention also relates
to electronic instruments each including the active-matrix display
apparatus as the display unit thereof. 



2. Description of the Related Art         In recent years, planar display
apparatus of a self-light-emission type are developed intensively as well
as extensively as display apparatus each employing organic EL (Electro
Luminance) devices which each serve as a light emitting device. The organic
EL light emitting device is a device taking advantage of a phenomenon in
which light is emitted when an electric field is applied to an organic thin
film employed in the device. Since the organic EL light emitting device can
be driven to operate by applying a voltage not higher than 10 V, the
organic EL light emitting device consumes 1ittle power. In   addition,
since the organic EL light emitting device is a device of a self-light
emission type capable of emitting light by itself., the display apparatus
employing the organic EL light emitting devices does not require an
illumination member. Thus, the display apparatus employing the organic EL
light emitting devices can be made light and thin with ease. On top of
that, since the Organic EL light emitting device is a very fast device
having a response time of about several microseconds, the display apparatus
employing the organic EL light emitting devices does not generate a
residual image.         Planar display apparatus, which each employ pixel
circuits each including an organic EL light emitting device and serve as a
display apparatus of the selflight-emission type, include among others an
active-, matrix display apparatus employing pixel circuits each having
thin-f'im transistors integrated therein to serve as an active device. In
recent years, such active-matrix display apparatus are developed
intensively as well as extensively. Active-matrix planar display apparatus
of the self-light-emission type are described in documents as follows:
Japanese Patent Laid-open Nos, 2003-255856, 



2003-271095, 2004-133240, 2004-029791, 2004-093682, 2006- 251322, and
2007-310311,          FIG. 29 is a model circuit. diagram showing a typical
example of the existi g display apparatus el the a ct.i.ve..?--ma
tr.:'type.  rho display apparatus is configured tC) include a pixel array
se,tion 1 and driving se Lions surrounding the pixel array section 1. The
driving sections are a. horizontal selector 3 also refex.red to hereafter
as a signal selector and. a write scanner 4. The pixel array section 1
resemblAng a matrix of pixel circuits 2 has signal. lines SL each laid as
one of the columns of the matrix and scat lines WS each laid as one of the
rows of the matrix. Each of the pixel circuits 2 is located at an
intersection of one of the signal lines SL and one of the scat lines WS. In
order to make the following explanation easy to understand, the diagram of
FIG. 29 shows only one pixel circuit 2 at one intersection . The write
scanner 4 has a shift register. The write scanner 4 operates in accordance
with a. clock signal ck received from an external source. The write scanner
4 also receives start pulses sp supplied by an external source
sequentially. Receiving the clock signal ck and such start pulses sp, the
write scanner 4: asserts control signals sequentially on the scan lines WS.
The horizontal selector 3 asserts a video signal on the signal line SL with
a timing adjusted to the row-after- 



row sequential scan operation carried out by the write scanner 4.
The pixel circuit 2 employs a signal sampling transistor Ti, a device
driving transistor T2, a signal holding capacitor Cl and a light emitting
device EL. The device driving transistor T2 is a transistor of the
1?-channel type. A specific one of the two current terminals of the device
driving transistor T2 serves as the source electrode of the device driving
transistor T2. The specific current terminal serving as the source
electrode is connected to a power-supply line. The other one of the two
current terminals of the device driving transistor T2 serves as the drain
electrode of the device driving transistor T2. The other current terminal
serving as the drain electrode is connected to the anode electrode of the
light emitting device EL. The gate electrode of the device driving
transistor T2 is used as the control electrode of the device driving
transistor T2. The gate electrode of the device driving transistor T2 is
connected to the signal line SL through the signal sampling transistor Ti.
A control signal asserted on the scan line WS puts the signal sampling
transistor Ti in a turned-on state. The signal sampling transistor Ti put
in a turned-on state samples a video signal asserted by the  



horizontal selector 3 on the signal line SL and stores the video signal in
the signal holding capacitor Cl. The video signal stored in the signal
holding capacitor cm is applied to the gate electrode of the device driving
transistor 12 as a gate-source voltage Vgs which drives the device dxiving
transistor 12 to output a drain ..Sourcecurrent Ids to the light emitting
device EL. Thus, the light emitting device EL emits light having a
luminance according to the video signal. The gate-source voltage Vgs
represents an electric potential appearing on the gate electrode of the
device driving transistor 12 as an electric potential taking an electric
potential appearing on the source electrode of the device driving
transistor 12 as a reference. On the other hand, the drain-source current
Ids is a current flowing between the drain and source electrodes of the
device driving transistor T2.         The device driving transistor T2
operates in a saturated region. The relation between the gate-source
voltage Vg. and the drain-source current Ids is expressed by Eq. (1) given
as follows: ... 0/2),ii(WMCD4Vgs 0/02(1.)         In the above equation,
reference notation p denotes the mobility of the device driving transistor
12 whereas reference notation W denotes the width of the channel of  



the device driving transistor 12. Reference notation L denotes the length
of the channel of the device driving transistor 12 whereas reference
notation Cox denotes the gate insulation film capacitance per unit area of
the device driving transistor 12. Reference notation Vth denotes the
threshold voltage of the device driving transistor T2. As is obvious from
the characteristic expressed by Eq. (1), when the device driving transistor
12 is operating in a saturated region, the device driving transistor 12
functions as a constant current source supplying a drain-source current Ids
according to the gate-source voltage Vgs to the light emitting device EL.
FIG. 30 is a diagram showing graphs each representing a relation between a
voltage applied to the light emitting device EL and a driving current
flowing through the light emitting device EL. That is to say, FIG. 30 i8 a.
diagram showing graphs each representing a voltage-to-current
characteristic of the light emitting device EL. As is obvious from the
above description, the driving current flowing through the light emitting
device EL is the drain-source current Ids generated by the device driving
transistor 12. The voltage applied to the light emitting device EL is a
voltage V appearing on the anode electrode of the light emitting device EL.
The  horizontal. axis repLe sent a the voltage V appear: I. rig on the
anode electrode or. the Light emitting device EL whereas the verti cal..
axis repre ents the drainsource current. Ids which is also referred to u
after as the driving 



current cited. above. The voltage V appearing on the anode electrode DE the
light emitting dwice EL is the vol. tage appearing on the c La electrode of
the device driving transistor T2. The voltage-to current characteristic of
the light emitting device EL changes w ith. the lapse of time as indicated
by a change from the solid ...line curve to the dashed-line curve. To be
more specific, as time lapses, the voltage-to-current characteristic of the
light emitting device EL tends to be shifted. to the right. Thus, even. if
the driving current Ids is held at a constant magnitude, the anode
...electrode voltage V (or the drain voltage V) changes with the lapse of
time. To be more specific, even if the driving current Ids is held at a
constant magnitude, the anode ..electrodevoltage V (or the drain voltage V)
increases. Fortunately, however, the device driving transistor T2 employed
in the pixel circuit 2 shown in the diagram of: FIG. 29 is operating in a
saturated region to generate a drain source current Ids dependent on the
gate source voltage Vgs without regard to changes in drain voltage V. Thus,
the luminance of  



light generated by the light emitting device EL can be sustained at a fixed
value independently of the changes of the voltage-to-current characteristic
of the light emitting device EL with the lapse of time.         FIG. 31 is
another model circuit diagram showing a typical example of the existing
display apparatus of the active-matrix type. The pixel circuit 2 shown in
the diagram of FIG. 31 is different from the pixel circuit 2 shown in the
diagram of FIG. 29 in that, in the case of the pixel circuit 2 shown in the
diagram of FIG. 31, the device driving transistor T2 is a transistor of the
N-channel type in place of a. transistor of the P-channel type as is the
case with the pixel circuit shown in the diagram of FIG. 29. By employing
transistors of the N-channel type as both the signal sampling. transistor
1:1 and the device driving transistor 12, the process of manufacturing the
pixel circuit 2 becomes easier to carry out in many cases. SUMMARY OF THE
INVENTION         The device driving transistor T2 employed in each of the
pixel circuits 2 shown in the diagrams of FIGS. 29 and 31 operates in a
saturated region, controlling the magnitude of the drain-source current Ids
supplied to the  light emitting device EL to serve as a driving current.
Howev i, the threshold vollage Vt:.I of the thin-film 



t insistor serving as the device driving ran a i t o.r 12 var i e E f 'cm
LKi t ortransistor. As is obvious from Eq. (1) expressing the c.
racteristic of the device driving tran a I ,tor T2, if the threshold
voltage Vth of the device driving transistor T2 va:r:ie.s from tran i 1 )r
to transistor, the drain-source current Ids gencrated by the device driving
transistor T2 also varies from transistor to transistor. Thus, the
uniformity of the display screen is lost. For this reason, in the past,
there has been proposed a configuration employing pixel circuits 2 each
including a built-in threshold-voltage compensation function for
compensating the drain-source current Ids generated by the device driving
transistor 12 employed in the pixel circuit 2 for variations of the
threshold voltage Vth of the device driving trahsistor 12 from transistor
to transistor. Basically, each of the pixel circuits 2 shown In the
diagrams of FIGS. 29 and 31 base configuration employing two transistors
(i.e., the signal sampling transistor Tl and the device driving transistor
T2), a capacitor (that is, the signal holding capacitor C1) and a light
emitting device (that is, the light emitting device EL). If the
threshold-voltage  compensation function is to be built in such a
relatively simple configuration as described above, it is necessary to
assert an electric potential on each of the signal lines SL and an electric
potential on each of the power-supply lines DS in scan operatthns each
carried out with a timing adjusted to one of the row-after-row sequential
scan operations carried out by the write scanner 4 on the scan lines WS. As
a result, the sequence of operations becomes complicated.         In a
conventional pixel circuit 2 disclosed in Japanese Patent Laid-Open No.
2007-310311, prior to a process of storing a video signal into the pixel
circuit 2, a sequence of complex operations are carried out in order to
compensate the drain-source current Ids generated by the device driving
transistor T2 for variations of the threshold voltage Vth of the device
driving transistor T2. Since the sequence of such compensation operations
is complicated, however, it is quite within the bounds of possibility that
any of the compensation operations are carried out incorrectly. Thus, the
drain-source current Ids generated by the device driving transistor T2
cannot be necessarily compensated 



for variations of the threshold voltage Vth of the device driving
transistor T2 in some cases. If the threshold-  voltage compensation
function becomes instable due to the sequence of complex compensation
operations, the uniformity of the display screen is negatively affected,
raising a problem which. needs to be 5.0.Died..         Addressing the
problems described. above, inventors of the embodiments of the present
invention have innovated a display apparatus that is capable of carrying
out a. threshold-voltage compensation process with a high degree of
reliability and a. high degree of stability on every pixel circuit. The
inventors of the embodiments of the present invention have also innovated a
driving method forthe display apparatus. In. order to implement the display
apparatus and the driving method, the following means is provided.
The display apparatus according to an embodiment of the present invention
employs a pixel. array section and driving sections. The pixel array
section resembling a matrix of pixel circuits has signal lines each laid as
one of the columns of the matrix and scan lines each laid as one of the
rows of the matrix in addition to the pixel circuits themselves. Each of
the pixel circuits is located at an intersection of one of the signal lines
and one of the scan lines. In addition, the pixel array section also
includes power-supply lines parallel to the 



scan lines.         The driving sections are a signal selector, a write
scanner and a drive scanner. The signal selector is a section configured to
assert a driving signal having an electric potential representing a
gradation Cu: a reference elect..ic potential determined in advance on the
signal lines each laid as a column of the pixel matrix. The write scanner
is a section configured to assert a control signal on the scan lines each
laid as a. row of the pixel matrix. The drive scanner is a section
configured to assert a power-supply voltage changing from a high electric
potential to a low electric potential alternately on the power
..supplylines.         Each of the pixel circuits includes a signal
sampling transistor, a device driving transistor, a signal holding
capacitor and a. light emitting device. A specific one of current terminals
of the signal samplin.g transistor is connected to one of the signal lines
whereas the gate electrode of the signal sampling transistor is used as the
control terminal of the signal sampling transistor and is connected to one
of the scan lines. A specific one of current terminals of the device
driving transistor serves as the drain electrode of the device driving
transistor whereas the gate electrode of  



the device driving transistor is used as the control.. terminal of the
device driving transistor. The drain electrode of the device driving
transistor is connected to one of the power -supply lines whereas the gate
terminal of the device driving transistor is connected Sc) the other
current terminal of the signal sampling transistor. The other one of the
current terminals of the device driving transistor serves as the source
electrode of the device driving transistor. The source electrode of the
device driving transistor is connected to the light emitting device. The
signal holding capacitor is wired between the gate and source electrodes of
the device driving transistor.         First of all, if an operation to put
the signal sampling transistor in a. turned-on state by making use of the
control signal is carried out after the hi.gh electric potential has been
asserted on the power ..supplyline and S he reference electric potential
has been asserted on the signal line, a light extinction process is
performed. The light extinction process is a process to switch the light
emitting device from a. light emission state to a no -light emission state.
Thereafter, the signal sampling transistor is put in a turned-off state
and, then, the power ....supplyline is  



switched from the high electric potential to the low electric potential.
Thus, the voltage appearing on the source electrode of the device driving
transistor is lowered without. putting back the signal sampling transistor
in a turned-on state. The process of lowering the voltage appearing on the
source electrode of the device driving transistor is referred to as a
threshold-voltage compensation preparatory process.         Subsequently,
the power-supply line is switched back from the low electric potential back
to the high electric potential. Then, with the signal line sustained at the
reference electric potential, the signal sampling transistor is put in a
turned-on state by making use of the control signal, causing the voltage
appearing on the source electrode of the device driving transistor to rise
gradually in a process of! electrically charging the signal holding
capacitor. Thus, the voltage appearing between the gate and source
electrodes of the device driving transistor is reduced gradually in a
direction toward the threshold voltage of the device driving transistor.
The process to reduce the voltage appearing between the gate and source
electrodes of the device driving transistor in a direction toward the
threshold voltage of the device driving transistor is referred to  as a.
threshold-voltage compensation prace         It 18 desi.r ablei to provide
a configurAion in which the drive scanner drives adjacent.. power supply
lines each laid as one of the rows of the matrix as a powersupply Ine
group. The number of adjacent power supply lines to be driven by the drive
scanner as a power-supply i ne group is determi ecad.vance. In this
configuration, the drive scanner switches a power- upp) y voltage common to
adjacent power supply lines pertaining to the same power-supply line group
from the high electric potential to the low electric potential and vice
versa alternately, and sequentially applies the common power-supply voltage
to power-supply line groups by shifting the phase of the power supply
voltage from group to group. In this way, the common power .supply voltage
is supplied to a power -supply I :Lne group at the same phase determined
for the power-- upply line group and switched. ft om the high electric
potential to the low electric potential and vice versa alternately. 



In an embodiment. of the display apparatus, after the light extinction
process has been carried out to switch the light emitting device from a
light emission state to a no-light emission state, with the power
...supplyline sustaAned at the high electric potential and the  signal line
sustained at the reference electric potential, the signal sampling
transistor is put in a turned-on state at least once by making use of the
control signal supplied to the gate electrode of the signal sampling
transistor through the scan line in order to again execute at least another
additional light extinction process.         In addition, it is possible to
provide the embodiment with a configuration in which the write scanner
supplies a control signal to each of the scan lines sequentially for every
horizontal period and the signal sampling transistor carries out the light
extinction process and the additional light extinction processes in
accordance with the control signals received at intervals each having a
length at least equal to one aforementioned horizontal period.         On
top of that, it is possible to provide the embodiment with another
configuration in which adjacent scan lines each laid as one of the rows of
the matrix are treated as a scan line group and the number of adjacent scan
lines to be treated as a scan line group is determined in advance. In this
case, the write scanner provides each of the scan line groups sequentially
with a control signal common to adjacent scan lines pertaining 



to the same scan line group by shifting the phase of the control signal
from group to group. Thus, a control sighal. is supplied to adjacent scan
lines pertaining to the s'Ame scan line group at the same phase determined.
for the scan line group in order to carry out the additional light
extinction processes with timings common to the adjacent scan lines
pertaining' to the 5.an line gToup,         In another embodiment of the
display apparatus, after the execution of the light extinction process to
switch the light emitting device from a light emission state to a
noemission state has been completed but before said threshold-voltage
compensation preparatory process is carried out, the drive scanner switches
the power-supply line from the high electric potential to a middle electric
potential. between the high and low electric potentials.         In
addition, it is possible to provide the other embodiment with a
configuration in which the drive scanner sequentially switches each of the
power-supply line groups from the high electric potential to the middle
electric potential by shifting the phase of a switching signal from group
to group. In this case, the drive scanner sequentially switches each of
adjacent power ...supplylines pertaining to the same power ....supply  



line group from the high electric potential to the middle electric
potential at the same phase of a switching signal.         On top of that,
it is possible to provide the other embodiment with another configuration
in which, with the power-supply line sustained at the middle electric
potential and the signal line sustained at the reference electric
potential, the signal sampling transistor is put in a turned-on state by
making use of the control signal supplied to the gate electrode of the
signal sampling transistor through the scan line.         Moreover, it is
possible to provide the other embodiment with a further configuration in
which adjacent power-supply lines each laid as one of the rows of the
matrix are treated as a power ..supplyline group and the number of
adjacent. power-supply lines to be treated as a power ....supplyline group
is determined in advance. In this case, the drive scanner provides each of
the power .supplyline groups sequentially with a, power ....supplyvoltage
common to adjacent power-supply lines pertaining to the same power-supply
line group by shifting the phase of the power ...supplyvoltage from group
to group in order to drive the power-supply lines pertaining to the same
power-supply line group. Thus, a power-supply voltage is  supplied to
adjacent power-supply lines pertaining to the same power -supply line grOup
at the same phase determined for the group so as to drive the power-supply
lines pertaining to the power -supply line group. 



In a. further embodiment of the display apparatus, the sighal selector asa
first reference electric potential on the signal lin.e in the light
extinction process and asserts a. second reference electric potential
different from the first reference electric potential on theeignal line in
the throshold-voltage compensation process.         In addition, it is
possible to provide the further embodiment with a. configuration in which
the magnitude of the first reference electric potential ason the signal
line by the signal selector is larger than the magnitude of the second
reference electric potential but smaller than the sum of an electric
potential appearing on the cathode electrode of the light emitting device,
the threshold. voltage of the light emitting device and the threshold
voltage of the device driving transistor.         On top of that, it is
possible to provide the further embodiment with another configuration in
which, after the threshold-voltage compensation process has been carried
out, with the signal line sustained at a video-  



signal electric potential and the power-supply line sustained at the high
electric potential, the signal sampling transistor is put in a turned-on
state by making use of the control signal Supplied to the gate electrode of
the signal sampling transistor through the scan line in order to perform a
signal write process of storing the video-signal electric potential into
the signal holding capacitor.         Moreover, it is possible to provide
the further embodiment with a further configuration in which the signal
selector asserts a first video-signal electric potential representing a
gradation on the signal line, and the signal sampling transistor is put in
a turned-on state by making use of the control signal supplied to the gate
electrode of the signal sampling transistor through the scan line in order
to perform a first signal write process of storing the first video-signal
electric potential into the signal holding capacitor. Subsequently, the
signal selector asserts a second video signal electric potential
representing a gradation on the signal line, and the signal sampling
transistor is put in a turned-on state by making Use of another control
signal supplied to the gate electrode of the signal sampling transistor
through the scan line in order to perform a  second signal write process of
storing the second video-electric potential into the signal holding
capacitor. 



In accordance witix the embodiments of the present invelfti.on, when the
high. electric potential has been asserted on the power-supply line and the
reference electric potential has been asserted on the signal line, a light
extinction process of switching the light emitting device from a. light
emission state to a no -light emission state is performed.
Thereafter, the signal sampling transistor is put in a turned-off state
and, then, the power-supply line is switched from the high electric
potential to the low electric potential. Thus, the voltage appearing on the
source electrode of the device driving transistor is lowered in the
so-called threshold-voltage compensation preparatory process in order to
set a voltage appearing between the gate andsource electrodes of the device
driving transistor without putting back the signal sampling transistor in a
turned-on state.         Subsequently, the power ...supplyline is switched
back from the low electric potential back to the high electric potential.
Then, with the signal line sustained at the reference electric potential,
the signal sampling  transistor is put in a turned-on state so that the
voltage appearing on the gate electrode of the device driving transistor is
abruptly raised to the reference electric potential, causing the voltage
appearing on the source electrode of the device driving transistor to rise
gradually in a process of electrically charging the signal holding
capacitor. Thus, the voltage appearing between the gate and source
electrodes of the device driving transistor is reduced gradually in a
direction toward the threshold voltage of the device driving transistor in
the so-called threshold-voltage compensation process. 



As described above, by carrying out the light extinction process, the
threshold-voltage compensation preparatory process and the
threshold-voltage compensation process sequentially one process after
another, incorrect operations can be avoided so that it is possible to
carry out a threshold-voltage compensation process of the device driving
transistor with a high degree of reliability and a high degree of stability
in every pixel circuit. In particular, in the threshold-voltage
compensation preparatory process, the voltage appearing on the source
electrode of the device driving transistor is lowered without putting back
the signal  sampling transistor in a turned-on state . Thus, incorrect
operations can be avoided so that it is possible to carry out a.
threshold-voltage compensation process of the device driving transistor
with a high degree of st.A.)ility in every pixel circuit. BRIEF DESCRIPTION
OF THE DRAWINGS 



FIG. 1 is a block. diagram showing the entire configuration of a display
apparatus according to a first embodiment of the present invention;
FIG. 2 is a circuit diagram showing the concrete configuration of a pixel
circuit employed, in the display apparatus according to the first
embodiment;         FIG. 3 is a timing diagram showing a timing chart of
each signal relevant to a driving method for driving the pixel circuit
employed in the display apparatus according to the first embodiment;
FIGS. 421 to 4F are model circuit diagrams to be referred to in explanation
of operations carried out by the pixel circuit employed in the display
apparatus according to the first embodiment in periods (1) to (6),
respectively, shown in the timing diagram of FIG. 3;         FIG. 4G is a
diagram showing a curve indicating how a voltage appearing on the anode of
a light emitting  



device included in the pixel circuit employed in the display apparatus
according to the first embodiment rises with the lapse of time during the
period (6);         FIGS. 4H and 41 are model circuit diagrams to be
referred to in explanation of operations carried out by the pixel circuit
employed in the display apparatus according to the first embodiment in
periods (8) and (9), respectively, shown. in the timing diagram of FIG. 3;
FIG. 4J is a diagram depicting two graphs showing how the source electric
potential appearing on the source electrode of a device driving transistor
rises with the lapse of time for different values of the mobility of the
device driving transistor;         FIG. 4g, is a model circuit diagram to
be referred to in explanation of operations carried out by the pixel
circuit employed in the display apparatus according to the first embodiment
in a period (11) shown in the timing diagram of FIG. 3;         FIG. 5 is a
timing diagram showing a timing chart of each signal generated in
operations carried out by the pixel circuit employed in a typical reference
display apparatus;         FIGS. 611/4 to 6G are model circuit diagrams to
be referred to in explanation of operations carried out by 



the pixel circuit employed in the typical reference display apparatus in
periods (1) to (7), respectively, shown in the timing diagram et FIG. 5;
FTC:; 7 is a waveform diagram to be referred. to in explanation of problems
raised by the typical reference display apparatus;         FIG. 8 is a
block diagram showing the entire configuration of a display apparatus
according to a. second embodiment of the present invention;         FIG. 9
is a timing diagram showing a. timing chart of each signal relevant to a
driving method for driving the pixel circuit employed in the display
apparatus according to the second embodiment;         FIG. 10 is a timing
diagram showing a timing chart of each signal relevant to a driving method.
for driving the pixel circuit employed in the display apparatus accordAng
to the first embodiment in a state with no problem; 



FIG. 11 is a timing diagram showing a timing chart of each signal relevant
to a driving method for driving the pixel circuit employed in the display
apparatus according to the first embodiment in a state with a problem; FIG.
12 is a timing diagram showing a timing chart  of each signal relevant to a
driving method for driving the pixel circuit employed in a display
apparatus according to a third embodiment of the present invention;
FIG. 13 is a timing diagram showing timing charts for one stage as timing
charts of signals each relevant to the driving method for driving the pixel
circuit employed in the display apparatus according to the third
embodiment;         FIG. 14 is a timing diagram showing a timing chart of
each signal relevant to a driving method for driving the pixel circuit
employed in a display apparatus according to a fourth embodiment of the
present invention; 



FIG. 15A is a timing diagram showing a timing chart of each signal relevant
to a driving method for driving the pixel circuit employed. in the display
apparatus according to the first embodiment in a state with a problem;
FIG. 1513 is a timing diagram showing a timing chart of each signal
relevant to a driving method provided for driving the pixel circuit
employed in a display apparatus according to a fifth embodiment of the
present invention as a driving method for solving the problem explained by
referring to the timing diagram of FIG. 15A;          FIG. 16 is a timing
diagram showing a timing chart of each signal relevant to a driving method
for driving the pixel circuit employed in the display apparatus according
to the fifth embodiment;         FIG. 17 is a. timing diagram showing a
timing chart of each signal relevant to a driving method for driving. the
pixel circuit employed in a display apparatus according to a sixth
embodiment of the present invention;         FIG. 18 is a timing diagram
showing a timing chart of each signal relevant to a. driving method for
driving the pixel circuit employed in a display apparatus according to a
seventh embodiment of the present 



I nvention;         FIG. 19 is another timing diagram showing a timing
chart of each signal relevant to a driving method. for driving the pixel
circuit employed in the display apparatus according to the seventh
embodiment;         FIG. 20 is a timing diagram showing a timing chart of
each signal. relevant to a driving method for driving the pixel circuit
employed in a display apparatus according to an eighth embodiment of the
present invention;         FIG. 21 is a. timing diagram showing timing
charts for one stage as timing charts of signals each relevant  to the
driving method for driving the pixel circuit employed in the display
apparatus according to the eighth embodiment; 



FIG. 22 is a cross-sectional diagram showing a typical configuration of the
thin-film pixel circuit employed in the display apparatus provided by an
embodiment of the present invention;         FIG. 23 is a diagram showing a
top view of a modular configuration of the display apparatus provided by an
embodiment of the present invention;         FIG. 24 is a diagram showing a
squint view of the external appearance of a TV set serving as an electronic
instrument employing a flat display panel provided by an embodiment of the
present invention;         PIG. 25 is a diagram sliowi.ng a squint view of
the external appearance of a digital camera serving as an eleotro ic
Anstrume Lemploying a flat display panel provided by an embodiment of the
present invention;         FIG. 26 is a diagram showing a squint view of
the external appearance of a notebook personal computer serving as an
electronic instrument employing a flat display panel provided by an
embodiment of the present invention; FIG. 27 is a diagram showing the
external 



appearance of a. portable terminal such as a. cellular phone serving as an
electronic instrument employing a flat display panel provided by an
embodiment. of the present invention;         FIG. 28 is a diagram showing
a squint view of the external appearance of a video camera serving as an
electronic instrument employing a flat display panel provided by an
embodiment of the present invention;        WIG. 29 is a model circuit
diagram showing a typical example of the conventional display apparatus of
the active-matrix type;         FIG. 30 is a diagram showing graphs each
representing a relation between a voltage applied to a light. emitting
device EL and a current flowing. through the light emitting device EL as
graphs to be referred to in description of an aging problem; and
FIG. 31 is another model circuit diagram showing a. typical example of the
existing dAsplay apparatus of the active-matrix type. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS         Preferred
embodiments of the present invention are described in detail by referring
to diagrams as follows. FIG. 1 is a block. diagram showing the entire
configuration of a display apparatus according to a first embodiment of the
present invention. As shown in the block diagram of FIG. 1, the display
apparatus employs a pixel array section 1 and driving sections 3, 4 and 5
used for driving the pixel array section 1. The pixel array section 1
resembling a matrix of pixel circuits 2 has signal lines SI, each laid as
one of the columns of the matrix and scan lines WS each laid as one of the
rows of the matrix and power-supply lines DS parallel to the scan lines WE
in addition to the pi el circuits 2 themselves. Each of the pixel circuits
2 is located at an intersection of one of the signal lines SI, and one of
the scan lines WS. The driving section 4 is a control scanner also referred
to as a write scanner for carrying out a row- fter-row sequential scan
operation on the pixel circuits 2 in row units by sequentially asserting a
control signal on the scan lines WS. The driving section 5 is a
power-supply scanner also referred to as a drive scanner for carrying out a
row-after-row sequential scan operation adjusted to the row-after-row
sequential scan operation of the write scanner 4 on the pixel circuits 2 in
row units by sequentially asserting a power-supply voltage on the
power-supply lines DS. The drive scanner 5 switches the power-supply
voltage from a high electric  



potential. vcc to a low electric potential Vss and vice versa. The driving
section 3 is a signal selector also referred to as a horizontal selector
for carrying out. a column-after-column sequentiaj scan operation. adjusted
to the row-after-row sequential scan operations on the pixel circuits 2 in
column units by sequentially asserting an input signal on the signal lines
SL. The horizontal. selector 3 switches the signal from an electric
potential Vsig representing a video signal (or a gradation) to a reference
electric potential Vats and vice versa. It is to be noted that the write
scanner 4 operates in accordance with a clock signal WSck received from an
external source. The write scanner 4 also receives start pulses WSsp
supplied by an external source sequentially. Receiving the clock signal.
Wick and such start pulses W$sp, the write scanner 4 asthe control signal
sequentially on the scan lines WS. By the same token, the drive scanner 5
operates in accordance with a. clock signal DSck received from an external
source. The drive scanner 5 also receives start pulses DSsp supplied by an
external source sequentially. Receiving the clock. signal DSck and such
start pulses DSsp, the drive scanner 5 switches the power ....supplyvoltage
to be asserted sequentially on the power-supply lines OS.          FIG. 2
is a circuit diagram showing the concrete configuration of the pixel
circuit 2 employed in the display apparatus shown in the block diagram of
FIG. 1. As shown in the circuit diagram of FIG. 2, the pixel circuit 2 has
a configuration including a light emitting device EL of a two-terminal type
also referred to as a diode type, a signal sampling transistor Ti of the
N-channel type, a device driving transistor T2 also of the N--channel type
and a signal holding capacitor Cl of a thin-f'In type. A typical example of
the light emitting device EL employed in the pixel circuit 2 is an organic
EL (electro-iuminescence) light emitting device. The gate electrode of the
signal sampling transistor Ti is used as a control terminal whereas the two
current terminals of the signal sampling transistor Ti serve as the source
and drain electrodes respectively. The gate electrode of the signal
sampling transistor Ti is connected to the scan line WS. A specc one of the
two current terminals of the signal sampling transistor Ti is connected to
the signal line SL whereas the other current terminal of the signal
sampling transistor Ti is connected to the gate electrode G of the device
driving transistor T2. 



Much like the signal sampling transistor Ti, the gate electrode G of the
device driving transistor T2 also  serves as a control terminal whereas the
two current terminals of the device driving transistor 12 serve a8 the
scmarce and drain electrodes respectively. A specific one of the two (man
ent terminals of the device driving transistor 12 is connuctd to the light
emitting device EL whereas the other current terminal of the device driving
transistor 12 is connected to the power.-supply line DS. To put it more
concretely, in the embodiments of the present invention,  the device
driving transistor T2 is a transistor of the N-channel type. The drain
electrode of the device driving transistor 12 is connected to the power
...supplyline DS whereas the source electrode S of the device driving
transistor T2 is connected to the anode E lectro de of the light emitting
device EL. The cathode electrode of the light emitting device EL is fixed
at a constant cathode electric potential Vcat . The signal holding
capacitor Ci is connected between the source electrode S of the device
driving transistor T2 and the gate electrode G of the device driving
transistor 12. In the configuration described above, the control scanner 4
also referred to as the write scanner 4 carries out a row-after-row
sequential scan operation on the pixel circuits 2 in row units by
sequentially asserting a control signal on the  



scan lines WS. The write scanner 4 switches the control signal from a high
electric potential (or the pulse top) to a low electric potential (or the
pulse bottom) and vice versa. The power-supply scanner 5 also referred to
as the drive scanner 5 carries out a row-after-row sequential scan
operation adjusted to the row-after ow sequential scan operation of the
write scanner 4 on the pixel circuits 2 in row units by sequentially
asserting a power-supply voltage on the power-supply lines OS. The drive
scanner 5 switches the power-supply voltage from a high electric potential
Vcc to a low electric potential VS5 and vice versa. The signal selector 3
also referred to as the horizontal selector 3 carries out a
columnafter-column sequential scan operation adjusted to the row-after-row
sequential isoperations on the pixel circuits 2 in column units by
sequentially asserting an input signal on the signal lines ST,. The
horizontal selector 3 switches the signal f om an electric potential Vsig
representing a. video signal (or a gradation) to a reference electric
potential Vofs and vice versa.         In the configuration described
above., first of all, an operation to put the signal sampling transistor Ti
in a turned-on state by making use of the control signal is carried out
after the high electric potential Vcc has  been asserted on the
power-supply line DS and the reference electric potential Vats has been
asserted oIi the signal line SL in order to perform a. light extinction
process of switching the light emitting device EL from a. light emission
stale to a no-light emission state. Thereafter, the signal sampling
transistor Ti is put in a turned-off state by making use of the control
signal and, then, the power-supply line DS is switched from the high
electric potential Vcc to the low electric potential Vss. Thus, the voltage
Vs appearihg on the source electrode S of the device driving transistor T2
is lowered in the Weaned threshold-voltage compensation preparatory process
in order to set a voltage Vgs appearing between the gate and source
electrodes of the device driving transistor T2 at a magnitude greater than
the threshold voltage Vth of the device driving transistor 12 without
putting back the signal sampling transistor Ti in a. turned-on state after
the power-supply line DS has been switched from the high electric potential
Vcc to the low electric potential Vss. Subsequently, the power-supply line
DS is switched back from the low electric potential Vss to the high
electric potential Vcc. Then, with the signal line SL sustained at the
reference electric potential Vofs, the signal 



sampling' transistor The put in a turned-on state by  making use of the
control signal so that the voltage Vg appearing on the gate electrode G of
the device driving transistor T2 is abruptly raised to the reference
electric potential Vofs, causing the voltage Vs appearing on the source
electrode S of the device driving transistor T2 to rise gradually in a
process of electrically charging the signal holding capacitor Cl. Thus, the
voltage Vgs appearing between the gate and source electrodes of the device
driving transistor T2 is reduced gradually in a direction toward the
threshold voltage Vth of the device driving transistor T2 in the so-called
threshold-voltage compensation process.         In accordance with a
driving method provided by an embodiment of the present invention, first of
all, after the high electric potential Vcc has been asserted on the power
...supplyline DS and the reference electric potential Vofs has been
asserted on the signal. line SL, an operation to perform a light extinction
process of switching the light emitting device EL from a light emission
state to a no ..light emission state is carried out.         Thereafter,
the signal sampling transistor Ti is put in a turned-off state by making
use of the control signal and, then, the power-supply line DS is switched  



from the high electric potential Vco to the low electric potential. Vss.
Thus, the voltage Vs appearing on the source electrode S of. the device
driving transistor T2 is lowered. in the so-called threshold-voltage
compensation preparatory process in order to set a voltage Vgs appearing
bethe gate and source electrodos of the device driving transistor 12 at a
magnitude greater than the threshold voltage Vth of the device driving
transistor 12 without putting back the signal sampling transistor Ti in a
turned ...on state after the power -supply line DS has been switched from
the high electric potential Vac to the low electric potential Vss.
Subsequently, the power ....supplyline 08 is switched back from the low
electric potential Vasto the high electric potential Vcc. Then, with the
signal line St sustained at the reference electric potential Vofs, the
signal S ampling transistor Ti is put in a turned-on state so that the
voltage Vg appearing on the gate electrode G of the device driving
transistor T2 is abruptly raised to the reference electric potential Vofs,
causing the voltage Vs appearing on the source electrode S of the device
driving transistor 12 to rise gradually in a process of electrically
charging the signal holding. capacitor Cl. Thus, the voltage Vgs appearing
between the  



gate and source electrodes of the device driving transistor T2 is reduced
gradually in a direction toward the threshold voltage Vth of the device
driving transistor T2 in the so-called threshold-voltage compensation
process. As described above, by carrying out the light extinction process,
the threshold-voltage compensation preparatory process and the
threshold-voltage compensation process sequentially one process after
another, incorrect operations can be avoided so that it is possible to
carry out a thres id-voltage compensation process of the device driving
transistor T2 with a high degree of reliability and a high degree of
stability in every pixel circuit. In particular, in the threshold-voltage
compensation preparatory process, the voltage Vs appearing on the source
electrode S of the device driving transistor 12 is lowered without putting
back the signal sampling transistor 11 in a turned .onstate. Thus,
incorrect operations can be avoided so that it is possible to carry out a
threshold-voltage compensation process of the device driving transistor T2
with a high degree of stability in every pixel circuit 2.         FIG. 3 is
a timing diagram showing a timing chart of each signal relevant to the
driving method described above by referring to the circuit diagram of FIG.
2 as a  method for driving the pixel circuit 2. The horizontal axis of the
timing charts represents the lapse of time The three top time chaxts
represent changes ofect.r.',c.: 



potentials appearing on the scah line WS, the power- supply line DS and the
signal. line SL respectively. The changes of the electric potential.
appea.rihg on the scan line WS are changes of the control signal which
switches the signal sampling transistor Tl whereas the changes of the
electric potential appearing on the power-supply line OS are changes of the
power-supply voltage from the low electric potential Vss to the high
electric potential Vcc and vice versa. The changes of the electric
potential appearing on the signal line St are changes of the input signal
from the video-signal electric potential Vsig representing the video signal
to the reference electric potential Vofs and vice versa. The two bottom
time charts represent changes of the gate electric potential Vg appearing
on the gate electrode G of the pixel, circuit 2 and changes of the source
electric potential Vs appearing on the source electrode S of the pixel
circuit 2 respectively. As described earlier, the difference between the
gate electric potential Vg appearing on the gate electrode G of the pixel
circuit 2 and the source electric potential Vs appearing on the source
electrode S  of the pixel circuit 2 is referred to as the gate-source
voltage Vgs appearing between the gate and source electrodes of the device
driving transistor 12.         The horizontal axis of the timing charts
includes periods (1) to (11) during which the pixel circuit 2 carries out a
sequence of operations for descriptive purposes. In the light emission
period (1), the pixel circuit 2 is in a light emission state which is a
state of emitting light from the light emitting device EL of the pixel
circuit 2. In the no-light emission period (2), the pixel circuit 2 i8 in a
no light emission state which is a state of emitting no light from the
light emitting device EL of the pixel circuit 2. Then, in the preparatory
periods (3) to (5), the pixel circuit 2 carries out the threshold-voltage
compensation preparatory process described before as a. preparation for the
threshold-voltage compensation process explained previously. Subsequently,
in the threshold-voltage compensation period (6), the pixel circuit 2
carries out 



the actual threshold-voltage compensation process. In the typical time
diagram, there are three threshold-voltage compensation periods (6) before
the signal write period (9) and the wait period (8) between any two
successive threshold-voltage compensation periods (6). That is to  say,
prior to the signal write period (9), the threshold voltage. compensation
process is cart ed out three times. Then, the execution of the
thnRsholml-voltage compensation process is ended. In the signal write
period (9), the electric potential of the video-signal electric potential
Vsig is stored in the signal holding capacitor Cl, and a mobility
compensation process of the signal sampling transistor Ti is also carried
out as well. Then, the pixel circuit 2 starts another light emission period
(11) by making a transition from the no-light emission state to the light
emission state.         In the embodiment described so far by referring to
the timing diagram of FIG. 3, as explained above, the threshold-voltage
compensation process is carried out three times in three different
threshold-voltage compensation periods (6) on a timebasis. Between any two
successive threshold-voltage compensation periods (6), a wait period (8) is
inserted_ By carrying out the threshold-voltage compensation process
repeatedly a plurality of times in the same plurality of different
threshold-voltage compensation periods (6) in this way, a voltage having a
magnitude equal to the threshold voltage Vth of the device driving
transistor T2 is stored in the signal holding capacitor Cl. However,
implementations of  



the present invention are by no means limited to this driving method- For
example, the threshold-voltage compensation process can also be carried out
one time in one threshold-voltage compensation period (6).         Then,
the pixel circuit 2 enters the period (9) allocated to a signal write
process and a mobility compensation process. In the period (9), the
video-signal electric potential V8ig of the input signal is stored in the
signal holding capacitor Ci in the signal write process, being added to the
a voltage which has already been stored in the signal holding capacitor Cl
at a magnitude equal to the threshold voltage Vth of the device driving
transistor T2. At the same time, in the mobility compensation process, a
voltage 4V for the mobility compensation process is subtracted from a
voltage stored in the signal holding capacitor Cl. In the period (9)
allocated to a signal write process and a mobility compensation process, it
is necessary to sustain the signal line SL at the video-signal electric
potential Vsig and, then, putthe signal sampling transistor Tl in a
turned-on state. Then, the pixel circuit 2 enters the light emission period
(11) in which the light emitting device EL is emitting light at a luminance
determined by the magnitude of the video-signal electric potential Vsig.
The video-sigtal electric potential Vsig is adjusted by the threshold
voltage Vth of the device driving transistor 12 and the voltage Av for the
mobility compensation process. Thus, the luminance of light emitted by the
light emitting. device EL is by no means affected by variations of the
threshold. voltage Vth of the device driving transistor 12 and variations
of the mobility p of the device driving transistor 12. It is to be noted
that, in the early part of the light emission 



period (11), a bootstrap operation is carried out. In the bootstrap
operation, electric potentials appearing on the gate electrode G of the
device driving transistor T2 and the source electrode S of the device
driving transistor 12 rise while sustaining the gate-source voltage Vgs
appearing between the gate electrode G of the device driving transistor 12
and the source electrode S of the device driving transistor 12 at a
constant magnitude.         Next, operations carried out by the pixel
circuit 2 shown in the circuit diagram of FTG. 2 are explained in detail by
referring to circuit diagrams of FIGS. 4A to 4K. First of all, in the light
emission period (1) during which the light emitting. device EL is sustained
in a light emission state, the power -supply line DS i5 set at the high
electric potential Vcc and the signal sampling  transistor Ti is sustained
in a turned-off state as shown in the circuit diagram of FIG. 4A. Since the
device driving transistor T2 has been set to operate in a saturated region
at that time, the drain ...sourcecurrent Ids flowing from the device
driving transistor T2 to the light emitting device EL as a driving current
has a magnitude determined by the gate-source voltage Vgs appearing between
the gate and source electrodes of the device driving transistor T2 in
accordance with the transistor characteristic equation expressed by Eq.
(1). 



Then, on the border between. the light emission period (1) and the light
extinction period (2), a transition from a light emission state to a
no-light emission state occurs when the signal sampling transistor Ti is
put in a turned-on state after the electric potential appearing on the
signal line SL has been set at the reference electric potential Vofs. When
the signal sampling transistor Ti is put in a turned-on state after the
electric potential appearing on the signal line SL has been set at the
reference electric potential Vofs, the reference electric potential Vofs is
supplied to the gate electrode G of the device driving transistor T2 as
shown in the circuit diagram of FIG. 45. Thus, the gate-source voltage Vgs
appearing between the gate and source  electrodes of the device driving
transistor 12 has a magnitude not greater than the threshold voltage Vth of
the device driving transistor T2, stopping the flow of the drain-source
current. Ids t.o the light emitting device EL. As a result, the light
emitting device EL ceases to emit LiW:. At that time, a. voltage applied to
the light. emitting device EL has a mayequal to the threshold. voltage
Vthel of the light emitting device EL. Thus, an electric potential Vol
appearing on the anode electrode of the light emitting device EL has a
magnitude equal to a sum (Vcat -4- Vthel) where reference notation Vcat
denotes a voltage appearing on the cathode electrode of the light emitting
device EL whereas reference notation Vthel denotes the threshold voltage of
the light emitting device EL.         After certain Lime has lapsed, the
power-supply voltage is changed from the high electric potential Vcc to the
low electric potential VSS in order to start the preparatory period (3). In
this period, serving as the source electrode S of the device driving
transistor T2 is the current terminal connected to the power-supply line DS
and a current is flowing from the anode electrode of the light emitting
device EL to the power-supply line DS by way of the device driving
transistor 12 as shown in  



the circuit diagram of FIG. 40, Thus, the voltage Vel appearing on the
anode electrode of the light emitting device EL decreases with the lapse of
time. Since the signal sampling transistor Ti has been put in a turned-off
state at that time, the voltage Vg appearing on the gate electrode G of the
device driving transistor T2 also decreases in the same way as the voltage
Vel appearing on the anode electrode of the light emitting device EL does.
Thus, the gate-source voltage Vgs shown in the circuit diagram of FIG. 40
decreases with the lapse of time. As shown in the circuit diagram of FIG.
40, the gate-source voltage Vgs is an electric potential appearing between
the gate electrode 0 of the device driving transistor 12 and the
power-supply line DS.         If the device driving transistor 12 is
operating in a saturated region, that is, if a relation (Vgs - Vthd) Vds is
satisfied, the voltage Vg appearing on the gate electrode G of the device
driving transistor 12 attains a sum (vssVthd) in the course of time and the
period (4) is started as shown in the circuit diagram of FIG. 40. In the
relation, reference notation Vthd denotes the threshold of the voltage
appearing between the gate electrode 0 of the device driving transistor 12
and the power-supply line OS.          Then, the driving voltage is changed
from the low electric potential Vss back. to the high electric potential
Vcc as shown in the circuit diagram of FIG. FIE in order to start the
preparatory period (5). Al: that Lime, a coupling quantity AV is supplied.
to the gate electrode G of the device driving' transistor T2 and a voltage
Vx appears on the anode electrode of the light emitting device EL. As the
driving voltage asserted on the power-supply line DS is changed from the
low electric potential yes back to the high electric potential Vcc, serving
as the source electrode S of the device driving transistor T2 is the
current terminal connected to the anode electrode of the light emitting
device EL. In the preparatory period (5), the gate-source voltage Vgs
appearing between the gate and source electrodes of the device driving
transistor 12 determines the magnitude of a drain-source current Ids
flowing from the power-supply line DS to the anode electrode of She light
emitting device EL by way of the device driving transistor 12. If the
magnitude of the gate ....source voltage Vgs appearing between the gate and
source electrodes of the device driving transistor 12 is smaller than the
threshold voltage Vth of the device driving transistor T2, however, the
electric potential Vg appearing on the gate electrode  



G of the device driving transistor T2 and the electric potential Vs
appearing on the source electrodes of the device driving transistor T2
hardly increase during the preparatory period (5).         Then, after the
input signal asserted on the signal line ST has been set at the reference
electric potential Vofs, the signal sampling transistor Ti is put in a
turned-on state as shown in the circuit diagram of PIG. 413' in order to
start the threshold ..voltage. compensation period (6). Thus, the reference
electric potential Vofs is supplied to the gate electrode G of the device
driving transistor 12 by way of the signal sampling transistor Tl. A
fraction g of the change of the voltage appearing on the gate electrode G
of the device driving transistor T2 is applied to the source electrode S of
the device driving transistor T2. The fraction g is determined by the
capacitance of the signal holding capacitor Cl, the capacitance of a
parasitic capacitor Cgs existing between the gate and source electrodes of
the device driving transistor T2 and the capacitance of a parasitic
capacitor Cel existing between the anode and cathode electrodes of the
light emitting device FL. To put it in detail, the value of the fraction g
is expressed by Eq. (2) given as follows:  



Cld-(70 v=,(2) CI +Cgs 4.(24         if the gate-source voltage Vgs
appearing between the gate and source electrodes of the device driving
transistor T2 during the threshold -voltage compensation period (6) is
greater than the threshold voltage Vth of the device driving transistor T2,
a current flows from the power ..supplyline DS to the device driving
transistor 12 as shown in the circuit diagram of FIG. 41E. Tn other words,
it is necessary to deliberately set the low electric potential Vss and the
reference electric potential Vofs at such values that the gate-source
voltage Vg8 appearing' between the gate and source electrodes of the device
driving transistor T2 during the I:. hreshold-voltage compensation period
(6) is greater than the threshold. voltage Vth of the device driving
trahsistor T2. As described. earlier, the equivalent circuit of the light.
emitting device EL includes a diode and the parasitic capacitor Cel which
are connected to each other in parallel. Thus, the current flowing from the
power-supply line DS to the device driving' transistor T2 does not proceed
to the light emitting device EL as long as a relation Vel(Vcat t Vthel) is
satisfied and 



the magnitude of a leak, current flowing through the light  emitting device
EL is much smaller than the magnitude of the current flowing from the
power-supply line DS to the device driving transistor T2. As a result, the
current flowing from the power-supply line DS to the device driving
transistor T2 ...used for electrically charging the signal holding
capacitor Cl and the parasitic capacitor Cel of the equivalent circuit.
Thus, during the threshold-voltage compensation period (6), the voltage Vel
applied to the anode electrode of the light emitting device EL rises
gradually as shown by a curve in a diagram of PIG. 4G.         The period
serving as the threshold-voltage compensation period (6) is ended in order
to start a wait period (8) when the signal sampling transistor T1 is put in
a turned-off state before the input signal asserted on the signal line SL
is changed from the reference electric potential Vofs to the video-signal
electric potential Vsig. When the threshold-voltage compensation period (6)
is ended, the gate-source voltage Vgs appearing between the gate and source
electrodes of the device driving transistor T2 is still greater than the
threshold voltage Vth of the device driving transistor T2. Thus, the
drain-source current Ids flows through the device driving transistor T2 as
shown in the circuit diagram of FIG. 4171,  



and both the electric potentials appearing on the gate and source
electrodes of the device driving transistor 12 rise. Much. like the
theshold-voitage compensation period (6), however, a reversed bias is
applied to the light emitting device EL so that the light emitting device
EL does not emit light.         The wait period (8) is ended in order to
resume the suspended threshold-voltage compensation period (6) when the
signal sampling transistor Ti is put in a. turned on state after the input
signal asserted. on the signal. line SL has been changed from the
video-signal electric potential Vsig to the reference electric potential
Vofs. The threshold-vbltage compensation period (6) and the wait period (8)
immediately lagging behind the threshold-voltage compensation period (6)
are repeated in this way till. the gate-source voltage Vgs appearing
between the gate and source electrodes of the device driving transistor T2
is reduced. to the threshold voltage Vth of the device driving transistor
T2 at the end of the last threshold-voltage compensation period (6). At
that time, relations Vel = Vofs - Vth(Vcat  Vthel) axe satisfied.
The last threshold -voltage compensation period (6) is also ended by
putting. the signal sampling transistor Ti in a turned-off state. Then,
after the input signal  



asserted on the signal line SL has been changed from the reference electric
potential Vofs to the video-signal electric potential Vsig, the signal
sampling transistor T1 again put in a turned-on state in order to start the
write period (9) in which the pixel circuit 2 is set in a state shown in
the diagram of FIG. 41. As described before, the video-signal electric
potential Vsig is a voltage representing a gradation. Since the signal
sampling transistor T1 has been put in a turned-on state, the video-signal
electric potential Vsig is supplied to the gate electrode G of the do vice
driving transistor T2 by way of the signal sampling transistor Ti and a
current flows from the power-supply line OS to the device driving
transistor T2 as the drain-source current Ids. Since the relation Vs s'
(Vcat 4. Vthel) is satisfied, however, the drain ....sourcecurrent Ids is
used for electrically charging the signal holding capacitor Cl and the
parasitic capacitor Cel existing between the anode and cathode electrodes
of the light emitting device EL provided that the magnitude of a leak
current flowing through the light emitting device EL is much smaller than
the magnitude of the current flowing from the power-supply line DS to the
device driving transistor T2. When the signal write period (9) is started,
the threshold-  voltage compensation process of the device driving
transistor T2 has been completed. Thus, the drain sourcecurrent Rig flowing
through the device driving transistor T2 rels the mobility p of the device
driving transistor T2. To put it more concretely, the larger the value of
the mob:Fty, the larger the magnitude of the drain-source current Ids and,
thus, the higher the speed at which the source electric potential Vs
appearing on the source electrode S of the device driving transistor T2
rises. Conversely, the smaller the value of the mobility, the smaller the
magnitude of the drain-source current Ids and, thus, the lower the speed at
which the source electric potential Vs appearing on the source electrode S
of the device driving transistor 12 rises as shown in PIG. 4J. PIG. 4J is a
diagram depicting two curves showing how the source electric potential Vs
appearing on the source electrode S of a device driving transistor 12 rises
with the lapse of time for different values of the mobility of the device
driving transistor T2. Since the value of the mobillty is reflected in the
gate-source voltage Vgs appearing between the gate and source electrodes of
the device driving transistor T2, Vgs decreases to a level which is
completely independent of variations in mobflity.  



The signal write period (9) is ended when the signal sampling transistor Ti
is put in a turned-off state. In the light emission period (11), a
drain-source current Ids 1 is flowing to the light emitting device EL as a
driving current for driving the light emitting device EL to emit light in
a. light emission state shown in the circuit diagram of FIG. 4K. Since the
gate-source voltage Vgs appearing between the gate and source electrodes of
the device driving transistor T2 is sustained at a constant magnitude, the
luminance of the light emitted by the light emitting device EL is also
fixed.         Due to an aging phenomenon occurring over the long lapse of
time, the I-V characteristic of the light emitting device EL employed in
the pixel circuit. 2 changes undesirably. Thus, the electric potential
appearing at a point 2 shown in the circuit diagram of FIG. 4K also
changes. Since the source-gate voltage Vgs appearing between the gate and
source electrodes of the device driving transistor T2 is sustained, at a
constant magnitude, however, the drain-source current Ids flowing to the
light emitting device EL a driving current for driving the light emitting
device EL also stays at a fixed magnitude as well, As a result, even if the
I-V  characteristic of the light emitting device EL employed in the pixel
circuit 2 changes, the drain-source current Ids is sustained at a fixed
magnitude so that the luminance of light. emitted by the Light emitting
device EL remains unchanged too.         FIG. 5 is a timing diagram showing
a. timing chart of each signal generated in operations carried out by the
pixel. circuit 2 shown in the circuit diagram of FIG. 2. However., the
timing diagram showing the timing charts is merely a typical reference to
be compared with a timing diagram for a sequence of operations carried out
by the pixel circuit 2 in accordance with the present invention. In order
to make the following description easy to understand, the timing ddagram of
FIG. 5 makes use of the same reference notations as the timing diagram of
FIG. 3. The horizontal axis of the timing diagram of FIG. 5 represents
periods (1) to (7) corresponding to transitions of operations carried out
by the pixel circuit 2. The period (1) 18 a light emission period, the
period (2) is a light extinction period, each of the periods (3) and (4) is
a preparatory period, each of the periods (5) is a threshold-voltage
compensation period, each of the periods (5a) is a wait period, the period.
(6) is a signal write period whereas the period (7) is 



another light emission period.         Next, the operations carried out
during the periods (1) to (7) shown in the timing diagram of FIG. 5 are
explained briefly by referring to circuit diagrams of FIGS. 6A to 60. First
of all, during the light emission period (1), the power-supply voltage
....sustained at the high electric potential Vcc whereas the signal
sampling transistor Ti is sustained in a turned-off state as shown in the
circuit diagram of FIG. 6A, Since the device driving t ransistor T2 has
been set to operate in a saturated region at that time, the drain-source
current Ids flowing from the device driving transistor T2 to the light
emitting device EL as a driving current has a magnitude determined by the
gate -source voltage Vgs appearing between the gate and source electrodes
of the device driving transistor T2 in accordance with the transistor
characteristic equation expressed by Eq. (1).         A transition from the
light emission period (1) to the light extinction period (2) leading ahead
of the preparatory period (3) is made when the power-supply voltage
...changed from the high electric potential Vcc to the low electric
potential Vss as shown in FIG. 6173. The low electric potential Vss is set
at a magnitude smaller than the sum of the threshold voltage Vthel of  the
light emitting device EL and the cathode electric potential Vcat appearing
on the cathode electrode of the light emitting device EL. That is to say,
if a. relation Vss < (VthelVcat) is satisfied, the light emitting 



device EL ceases to emit light. In the Light extinction period (2), serving
as the source elecr:ode S of the device driving. transistor T2 is the
current terminal connected to the power-supply line OS and a current is
flowing from the anode electrode of the light emitting device EL to the
power ..supplyline DS by way of the device driving transistor T2 as shown
in the circuit diagram of FIG. 613 to electrically discharge an electrical
charge accumulated in the signal helding capacitor Cl toward the low
electric potential Vs s.         Then, as the input signal asserted on the
signal line SL is changed from the video-signal electric potential Vsig to
the reference electric potential Vofs, a transition. from the light
extinction period (2) to the prepaxatory period (3) is made. Subsequently,
as the signal sampling transistor T1 is put in a turned-on state, a
transition from the preparatory period (3) to the preparatory period. (4)
is made. In the transition from the preparatory period (3) to the
preparatory period (4), the reference electric potential Vats is supplied
to the  gate electrode G of the device driving transistor f2. Thus, the
source electric potential Vs appearing on the source electrode S of the
device driving transistor T2 and the gate electric potential Vg appearing
on the gate electrode G of the device driving transistor T2 are
initialized, and the gate-source voltage Vgs appearing between the gate and
source electrodes of the device driving transistor 12 is initialized at a
difference (Vofs - Vss). The magnitudes of the reference electric potential
Vofs and the low electric potential Vss have been set 80 that the
difference (Vofs - Was) is greater than the threshold voltage Vth of the
device driving transistor T2, 11"s the device driving transistor T2 is
initialized, that is, as a relation Vgs > Vth is satisfied, the
threshold-voltage compensation preparatory process is completed. 



The threshold-voltage compensation period ( ) is started. when the
power-supply voltage asserted on the power-supply line DS is changed from
the low electric potential VSS back to the high electric potential Vcc as
shown in FIG. 60, In the threshold-voltage compensation state, the high
electric potential Vcc set as the power-supply voltage causes the
drain-source current Ids to flow through the device driving transistor T2
as shown in  the circuit diagram of PIG. 6D. The equivalent circuit. of.
the light emitting device EL includes a diode Tel and a parasitic capacitor
Cel which are connected to each other in parallel as shown in the circuit
diagram of ETC. 6D. Thus, the current. flowing from the power -supply line
DS to the device driving transistor T2 does not proceed to the light
emitting device EL as long as the anode electric potential ye]. (that is,
the source electric potential Vss) satisfies a relation Vel(vcat 1. Vthel)
and the magnitude of a leak current. flowing through. the light emitting
device EL is much smaller than the magnitude of the current flowing from
the power-supply line DS to the device driving transistor T2. Since the
light emitting device EL is put in a turned ..off state, the current
flowing from the power -supply line DS to the device driving transistor 12
is mostly used for electrically charging the signal holding capacitor Cl
and the parasitic capacitor Cel of the equivalent circuit.         Thus,
during the threshold-voltage compensation period (5), the voltage Vel
applied to the anode electrode of the light emitting device EL (that is,
the source electric potential Vs appearing on the source electrode S of the
device driving transistor T2) rises gradually with the lapse of time. In
this embodiment, 



however, before the source electric potential Vs appearing on the source
electrode S of the device driving transistor T2 attains a difference (Vofs
- Vth), the first threshold-voltage compensation period (5) is terminated
in order to make a transition from the threshold-voltage compensation
period (5) to a first wait period (5a) by putting the signal sampling
transistor Ti in a turned-off state. FIG. SE is a circuit diagram showing
the state of the pixel circuit 2 during the wait period (5a). In the first
wait period (5a), the magnitude of the gate-source voltage Vgs appearing
between the gate and source electrodes of the device driving transistor T2
is still greater than the threshold voltage Vth of the device driving
transistor T2 so that the drain-source current Ids keeps flowing from the
power-supply line DS set at the high electric potential Vcc to the signal
holding capacitor Cl as shown in the circuit diagram of FIG. SE. Thus,
during the threshold-voltage compensation period (5), the source electric
potential Vs appearing on the source electrode S of the device driving
transistor T2 rises gradually with the lapse of time. Since the signal
sampling transistor Ti has been put in a turned-off state, however, the
gate electrode G of the device driving transistor T2 is put in a
high-impedance state  also referred. to as a floating state. TInas, the
gate electric potential Vg appearing on the gate electrode G of the device
driving. transistor T2 also rises gradually with the lapse of time in a
manner of being interlocked with the source electric potential Vs appearing
on the source electrodes of the device driving transistor T2. That is to
say, both the gate electric potential Vg appearing on the gate electrode G
of the device driving transistor 12 and the source electric potential Vs
appearing on the source electrode S of the device driving transistor T2
rise gradually with the lapse of time in a bootstrap operation based on the
coupling effect in the first wait period (5a). The reversed bias is still 



applied to the light emitting device EL. As a result, the light emitting
device EL does not emit light.         The input signal asserted on the
signal line SL is changed from the reference electric potential Vofs to the
video-signal electric potential Vsig (or from the video-signal electric
potential Vsig to the reference electric potential Vofs) at intervals of
1171 as shown in the timing diagram of if5. During the first wait period
(5a), the input signal asserted on the signal line SL is changed from the
video-signal electric potential Vsig to the reference electric potential
Vofs. Then, the signal  sampling transistor Tl is put in a turned onstate
in order to make a transition from the first wait period (5a) to a second
threshold-voltage compensation period (5) in which a second
threshold-voltage compensation process is carried out in a way similar to
the first threshold-voltage compensation process performed in the first
threshold-voltage compensation period (5). Subsequently, the second
threshold-voltage compensation period (5) is followed by a second wait
period (5a). The threshold-voltage compensation period (5) and the wait
period (5a) immediately lagging behind the threshold-voltage compensation
period (5) are repeated a plurality of times in this way till the gate
source voltage Vgs appearing between the gate and source electrodes of the
device driving transistor T2 is eventually reduced to the threshold voltage
Vth of the device driving transistor 12 at the end of the last t lire
shold-vbitage compensation period (5). At that time, relations Vs - Vel =
VatsVth 



(Vcat + Vthel) are satisfied.         In the last wait period (5a)
immediately lagging behind the last threshold-voltage compensation period
(5), the input signal asserted on signal line SL is changed from the
reference electric potential Vofs to the video-signal electric potential
Vsig. Then, the signal sampling  transistor Ills put in a turned on state
in order to make a transition from the last wait period (5a) to the period
(6) allocated to a signal write process and a mobility compensation process
as shown in PIG. 6E. As described earlier, the video-signal electric
potential Vsig is the electric potential of a voltage representing a
gradation. Since the signal sampling. transistor T1 has been put in a
turned-on state, the video ..signal electric potential Vsig is supplied to
the gate electrode G of the device driving transistor T2 by way of the
signal sampling. transistor Tl. Since the power ....supplyvoltage asserted
on the power-supply line DS is sustained at the high electric potential
Vcc, the drain-source current Ids is still flowing from the power-supply
line DS to the device driving transistor 12. However, the current flowing
from the power -supply line CS to the device driving. transistor 12 does
not proceed to the light emitting device Etas long as a relation Vel(Vcat
Vthel) is satisfied. In the relation, reference no Vel denotes a voltage
applied to the anode electrode of the light emitting device EL, reference
notation Vcat denotes a cathode voltage applied to the cathode electrode of
the light emitting device EL and reference notation Vthel denotes the
threshold voltage of the light 



emitting device EL. Since the light emitting device EL is put in a
turned-off state because the relation Vel (Vcat + Vthel) is satisfied, the
current flowing from the power-supply line DS to the device driving
transistor T2 is mostly used for electrically charging the signal holding
capacitor Cl and the parasitic capacitor Cel of the equivalent circuit.
Thus, during the period (6) allocated to a signal write process and a
mobility compensation process, the voltage Vol applied to the anode
electrode of the light emitting device EL (that is, the source electric
potential Vs appearing on the source electrode S of the device driving
transistor T2) rises gradually with the lapse of time. When the period (6)
is started, the threshold-voltage compensation process of the device
driving transistor T2 has been completed. Thus, the drain...source current
Ids flowing through the device driving transistor T2 reflects the mobility
p of the device driving transistor T2. To put it more concretely, the
larger the value of the mobility p, the larger the magnitude of the
drain-source current Ids and, thus, the higher the speed at which the
source electric potential Vs appearing on the source electrode S of the
device driving transistor T2 rises with the lapse of time or the larger the
mobility compensation quantity AV. Conversely,  



the smaller the value of the mobility p, the smaller the magnitude of the
drain-source cnbilt Tds and, thus, the lower the speed. at which the source
electric potential Vs appearing on the source electrode S of the device
driving transistor T2 rises with the lapse of time or the smaller the
mobility compensation quantity AV. Since the value of the mobility is
reflected in the mobility compensation quantity AV, the gate
..sourcevoltage Vgs appearing between the gate and source electrodes of the
device driving transistor T2 decreases during the period. (6) to a level
which is completely independent of variations in mobility p.         The
period (6) allocated to both a. signal write process and a mobility
compensation process IS ended when the signal sampling transistor The put
in a turned-off state in order to sustain the gate-source voltage Vgs
appearing between the gate and source electrodes of the device driving
transistor 12 at a constant. magnitude. Even after the signal write period
(6) has been ended, the source electric potential Vs appearing on the
source electrode S of a device driving transistor T2 keeps rising till the
relation Vel > (VcatVthel) is satisfied, that is, till the magnitude of the
anode voltage Vel appearing on the anode electrode of the light  emitting
device EL becomes greater than the sum of the cathode voltage Vcat
appearing on the cathode electrode of the light emitting device EL and the
threshold voltage Vthel of the light emitting device EL. As the relation
vel > (Vcat + Vthel) is satisfied, the light emission period (7) is
actually started. In the light emission period (7), a drain-source current
Ids' is flowing to the light emitting device EL as a driving current for
driving the light emitting device EL to emit light in a light emission
state shown in the circuit diagram of FIG. 6G. Since the gate  source
voltage Vgs appearing between the gate and source electrodes of the device
driving transistor T2 is sustained at a constant magnitude as a result of a
bootstrap operation based on the coupling effect of the signal holding
capacitor Cl, the luminance of the light emitted by the light emitting
device EL 



also fixed. Thus, even if the current -voltage characteristic of the light
emitting device EL deteriorates due to an aging phenomenon, the magnitude
of the drain-source current Ids' flowing to the light emitting device EL as
a driving current for driving the light emitting device EL to emit light in
a light emission state i5 always sustained at a constant value so that the
luminance of the light emitted by the light  emitting device EL by no means
changes. Next, by referring to a waveform diagram of FIG.
, the following description explains problems raised by the 



first threshold-voltage compensation process carried out in the typical
nferc,nce deqerihed above. The period allocated to the first
threshold-voltage compensation process is prescribed to be started by
putting the power - supply line DS in. a. turned ....onstate (that. is, by
changing the power -supply voltage asserted on the power-supply line DS
from the low electric potential Vss to the high electric potential Vcc) and
to be ended by putting the signal sampling transistor Ti in a turned-off
state also as shown in the timing diagram of FIG. 7. As the size of the
pixel array section 1 becomes larger and the resolution of the display
screen becomes higher, the length of the one horizontal period (12) becomes
short. Since the threshold-voltago compensation period is even shorter than
the one horizontal period (1H), in the case of a. large size of the pixel
array section 1 and a high resolution of the display screen, the effects of
transient phenomena occurring on the power-supply line DS and the scan line
WS become relatively bigger. That is to say, the waveform of the
power-supply voltage appearing on the power" supplyline DS on the side
close to the  drive scanner 5 is different from the waveform of the
power-supply voltage appearing on the power ....supplyline DS on the side
far from the drive scanner 5 whereas the waveform of the control signal
appearing on the scan line WS on the side close to the write scanner 4 are
different from the waveform of the control signal appearing on the scan
line WS on the side far from the write scanner 4 resulting in different
threshold-voltage compensation periods as shown in the waveform diagram of
FIG. 7.In the waveform diagram of FIG. 7, the side close to the write
scanner 4 or the drive scanner 5 is referred to as a control line input
side whereas the side far from the write scanner 4 or the drive scanner 5
is referred to as a control line input opposite side. 



In general, i.f :t threshold-voltage compensation period becomes shorter,
the gate-source voltage Vgs appearing between the gate and source
electrodes of the device driving transistor T2 becomes inevitably larger at
the end of the threshold-voltage compensation period so that the magnitude
of the drain-source current Ids flowing through the device driving
transistor T2 during a wait period immediately lagging behind the
threshold-voltage compensation period also becomes inevitably larger as
well. As a result, when the next threshold-   voltage compensation period
is started. by changing the input signal from the video-signal electric
potential Vsig to the reference electric potential Vofs, the gate-source
voltage Vgs appearing between the gate and source electrodes of the device
driving transistor T2 has become Li ndesirably smaller than the threshold
voltage Vth of the device driving transistor T2. Thus, the
threshold-voltage compensation process cannot be carried out normally
during the next threshold-voltage compensation period 80 that abnormalities
such as unevenness and shadings are generated on the display screen.
In order to solve the problems described above, there i5 provided a driving
method whereby, before a threshold-voltage compensation process is ended,
the electric potential of the input signal asserted on the signal line SL
is changed from the reference electric potential Vofs Lo an intermediate
electric potential. Vini, which is a. relatively low electric potential
even lower than the reference electric potential Vofs, in order to prevent
the drain-source current Ids from flowing through the device driving
transistor T2 during a wait period between two successive threshold-voltage
compensation periods. By adoption of this driving method, however, the 



peak of the input signal asserted on the signal line SL is determined by a
white signal and the intermethate electric potential Vini so that the
horizontal selector 3 must be designed as a scanner good enough for
withstanding high voltages. As a result, the manufacturing cost increases
so that the driving method is difficult to implement if cost reduction is
to be taken into consideration.         The driving method provided by the
embodiment of the present invention as explained earlier by refer to the
timing diagram of FIG. 3 solves the problems raised by the typical
reference. In accordance with the driving method provided by the embodiment
as explained earlier, each threshold-voltage compensation period is started
by putting the signal sampling transistor Tl in a turned-on state and ended
by putting the signal sampling transistor Ti in a turned-off state. It is
thus possible to avoid a situation in. which the first threshold-voltage
compensation period allocated to the first threshold-voltage compensation
process becomes short due to the effects of transient phenomena occurring
on the power-supply line DS and the scan line WS connected to the signal
sampling transistor Ti as is the case with the typical reference described
above by referring to the  waveform diagram of FIG. 7, That is to say, the
threshold voltage compensation process can he carried out, normally. As a
result, it is possible to prevent abnormalities .,.mch as unevenness and
shadings from being generated on the display screen and, hence, to provide
a high image quality. 



In addition, in accordance with the embodiment of the present invent: ion,
the peak of the input signal asserted on the signal line SL is determined
by a white signal and the reference eloctric potential Vofs so that the
horizontal selector 3 does not have to be designed as at scanner good
enough for INhigh voltages. As aresult, the manufacturing cost can be kept
low so that the driving method is not difficult to implement even if cost
reduction is to be taken into consideration.         On top of that, in the
accordance with the embodiment. of the present invention, the light
extinction procesS is carried out by putting the signal sampling transistor
T1 in a. turned-on state after setting the power-supply voltage asserted on
the power ....supply line 05 at the high. electric potential Voc and
setting the input signal asserted on the signal line SL at the reference
electric potential Vofs. Thus, the period of sustaining the power-supply
voltage asserted on the power ....supply  line DS at the low electric
potential Vss is not dependent on the light emission period and, as a
result, the period of applying a reversed bias to the light emitting device
EL becomes shorter. Accordingly, the number of generated point defects such
as vanishing points can be reduced.         EIG. 8 is an entire block
diagram showing a second embodiment implementing a display apparatus
according to the present invention. In order to make the following
description easy to understand, in the block diagram of FIG. 8, components
identical with their respective counterparts employed in the first
embodiment shown in the block diagram of FIG. 1 are denoted by the same
reference notations and reference numerals as the 



counterparts. The second embodAment is different from the first embodiment
in that the drive scanner 5 employed in the second embodiment has a
configuration different from that of the first. embodiment. In the case of
the second embodiment shown in the block diagram of FIG. 8, a plurality of
adjacent power-supply lines DS, the number of which is determined in
advance, are tied to each other to form a group of power-supply lines. The
drive scanner 5 switches a power-supply voltage common to adjacent
power-supply lines pertaining to the same power-supply  lino group from the
high electric potential Vcc to the low electric potential VSS and vice
versa alternately, and sogucintially applies the common power -supply
voltage to power-supply line groups by shifting the phase of the
power-supply voltage from group to group. In this way, the common power
-supply voltage is supplied to a power-supply line group at the same phase
determined for the group and switched from the high electric potential Vcc
to the low electric potential Vss and vice versa   ifIn the case of the
second embodiment shown in the block diagram of FIG. 8, two adjacent power
....supplylines DS are tied to each other to form a group of power-supply
lines. The drive scanner 5 switches a power ....supplyVC) ltage common to
adjacent power-supply lines pertaining to the same power- supply line group
from the high 



electric potential Vcc to the low electric potential Vss and vice versa
alternately, and sequentially applies the common power-supply voltage to
power-supply line groups by shifting the phase of the power
....supplyvoltage from group to group. In this wethe common power-supply
voltage is supplied to a power-supply line group at the same phase
determined for the group and switched from the high electric potential Vcc
to the low electric potential yes and vice versa alternately. However, the
number of  adjacent power-supply lines DS to be tied to each other to form
a group of power-supply lines is not limited to two. In general, timings to
drive a plurality of power supply lines DS (or a plurality of stages)
pertaining to the same power-supply line group are made common to the
power-supply lines DS.        Basically, the drive scanner 5 is configured
to employ a shift register and output buffers each connected to one of
stages of the shift register. The shift register operates in accordance
with a clock signal DSck received from an external source. The shift
register also receives start pulses DSsp supplied by an external source
sequentially. Receiving the start pulses DSsp, the shift register generates
a control signal for switching the power-supply voltage. The output buffer
provided for a stage of the shift register outputs the power-supply voltage
switched from the high electric potential Vcc to the low electric potential
Vss and vice versa to the power-supply lines DS. In the present embodiment,
timings to drive a plurality of power-supply lines DS (or a plurality of
stages) pertaining to the same power-supply line group are made common to
the power-supply lines DS so as to make the output buffer provided for a
stage of the shift register common to the power-supply lines DS 



pertaining to the same power-supply line group which corresponds to the
stage. Thus, the number of output butcan be i_educed. Since each of the
output be outputs a. power -supply voltage to a plurality of power-supply
lines DS pertaining to the same power-supply line group, however, the
output buffer is required to have a capability of supplying a large current
to the power - supply lines US. In consequence, the size of the output
buffer increases. However, the number of such output. buffers can be
reduced so as to decrease the circuit size of the driving sections
surrounding the pixel array section 1. As a. result, the manufacturing cost
can be reduced and a high yield can be resulted in. In the case of the
typical implementation according to the second embodiment shown in the
block diagram of PIG. 8 for example, one output buffer is shared by two
adjacent power-supply lines DS pertaining to the same power-supply line
group. Thus, the number of! all output buffers is half the number of output
buffers employed in the first embodiment. If ten adjacent power-supply
lines are tied to each other to share common control timings in the same
power ....supplyline group, the number of all output buffers employed in
the second embodiment can be reduced to one-tenth (1/10) of the number of
output buffers employed in 



the first. embodiment.         FIG. 9 is a timing diagram showing
explanatory timing charts referred to in description of operations carried
out by the second embodiment .shown in the block diagram of FIG. 8. It is
to be noted that, the timing charts of the timing diagram are timing charts
for a driving method applied to a configuration in which three adjacent
power-supply lines are tied. to each other to form a power-supply line
group.         The top timing chart shown in the timing diagram of FIG. 9
is the timing chart of the input signal (or the driving signal) asserted on
the signal line St as a signal changing from the video-signal electric
potential Vsig to the reference electric potential Vofs and vice versa
within one horizontal scan period lIA. The second timing chart from the top
is the timing chart of the power-supply voltage asserted on the
power-supply line DS as a voltage changing from the high electric potential
vcc to the low electric potential Vss and vice versa. This second timing
chart from the top is common to three power-supply lines DS pertaining to a
power-supply line group. In the case of the timing diagram of FIG. 9, the
second timing chart from the top is common to three power-supply lines DS
associated with scan lines WS  



provided at the first to third stages on the first to third matrix rows
respectively. The three timing charts beneath the second timing chart from
the top are the timing ch.arts of control signals (or control pulses)
appearing on the scan lines WS provided at the first to third stages. By
the same token, the three bottom timing charts are the timing charts of
control signals (or control pulses) appearing on scan lines WS provided at
the fourth to sixth stages. Each of the control pulses also starts a.
threshold-voltage compensation process as shown in the timing diagram of.
FIG. 3. The control pulses are described in detail as follows. To begin
with, the input signal (or the driving signal) asserted on the signal line
SI changes from the video-signal electric potential, Vsig to the reference
electric potential Vofs and vice versa alternately at a. frequency
corresponding to a period of 114 as shown in the top timing chart. As shown
by the second timing chart from the top, the power supply voltage common to
the three power-supply lines DS associated with scan lines WE provided. at
the first to third stages changes from the high electric potential Vcc to
the low electric potential Vss and is then restored from the low electric
potential Vss back to the high electric potential Vcc. With the input
signal on the  signal line SL set at the reference electric potential Vats
and the power-supply voltage on the power-supply line DS set at the high
electric potential Vcc, first of all, the first control pulse is asserted
on the scan line WS provided at the first stage in order to carry out a
light extinction process of making a transition from a no-light emission
state to a Tight emission state in the pixel circuit 2 connected to the
scan line WS, Then, the second to fourth control pulses are asserted
consecutively on the scan line WS in order to initiate the first to third
threshold-voltage compensation processes respectively so that the first to
third threshold-voltage compensation processes are carried out sequentially
in throe successive threshold-voltage compensation periods. ]finally, the
fifth control pulse is asserted on the scan line WS in order to carry out
the signal write process of storing the video ...signal electric potential
Vsig in the signal holding capacitor Cl 



employed in the pixel circuit 2 and the mobility compensation process.
By the same token, the first to fifth control pulses are also asserted
sequentially on the scan line WS provided at the second stage by shifting
the phases of the pulses from the phases for the first stage by 1H in
order to carry out the light. extinction process, the first to third
threshold-voltage compensation pfl)coss the signal write process and the
mobility compensation process in the same way as the first stage. LUcewi::,
the first to fifth control pulses are also asserted sequentially on the
scan line WS provided at the third stage by shifting the phases of the
pulses from the phases for the second stage by 1H in order to carry out the
light extinction process, the first to third threshold-voltage compensation
processes, the signal write process and the mobility compensation process
in a way similar to the first and second stages.         Then, as the
sequence of such. operations proceeds to the fourth to sixth stages, the
drive scanner 5 changes the power ...supplyvoltage common to the three
perlines DS associated with scan lines WS 



provided at the fourth to sixth stages from the high. electric potential
Vcc to the low electric potential VSS and then restores the power
.supplyvoltage from the low electric potential Vss back to the high
electric potential Vcc. The drive scanner 5 changes the power-supply
voltage in a way similar to the first to third stages at a. phase shifted
from that used in the first to third stages. In addition, the five control
pulses are  asserted sequentially on each of the scan line WS provided at
the fourth to sixth stages in the same way as the first to third stages.
As is obvious from the above description, the second embodiment controls
the electric potential of power-supply voltage with a timing common to
adjacent power-supply lines provided at three stages. By adopting such a
driving method, the number of outputs generated by the drive scanner 5 can
be reduced. In the case of the typical driving method explained above by
referring to the timing diagram of PIG. 9, the number of outputs generated
by the drive scanner 5 cal be reduced to one-third (1/3). Thus, the cost
can be lowered.        It is to be noted that, in the case of the second
embodiment, the period between the restoration of the power ..supplyvoltage
from the-low electric potential Vss back to the high electric potential Vcc
and the start of the first threshold-voltage compensation process varies
among the first, second and third. stages. As described above, if the
drain-source current Ids flowing through the device driving transistor T2
following a change of the power ....supplyvoltage from the high electric
potential Vcc to the low electric potential Vas is small, that is, if the
gate-source voltage Vgs appearing between the gate  



and source electrodes of the device driving transimtor T2 following a
change of the power. ...supply voltage from the high electric potential Vcc
to the low electric potential yes is small, the source eloctric potential
Vs appearing' on the source electrode S of the device driving transistor T2
and the gate electric potential Vg appearing on the gate electrode 0 of the
device driving transistor 12 do not rise much so that the threshold-voltage
compensation process can be carried out normally at each of the stages.
Next, a third embodiment implementing a display apparatus according to the
present invention is explained. The third embodiment is provided to serve
as an improved version of the first and second embodAments. In order to
make the following description easy to understand, before the third
embodiment is explained, the description begins with explanation of
portions included in the first and. second embodiments as portions which
need to be improved. FIG. 10 is a timing diagram showing timing charts of
signals generated in an ideal operating state of the first embodiment.. The
light extinction process carried out by the pixel circuit 2 to change the
state of the pixel circuit 2 from a light. emission state to a no-light
emission state is discussed by referring to the timing  charts shown in the
timing diagram of FIG. 10. As shown in the timing diagram, the light
extinction process is carried out by putting the signal sampling transistor
T1 in a turned-on state after setting the power ....supplyvoltage asserted
on the power-supply line DS at the high electric potential Vcc and setting
the input signal asserted on the signal line SL at the reference electric
potential Vofs. When the signal sampling transistor Ti is put in a
turned-on state, the gate electric potential Vg appearing on the gate
electrode G of the device driving transistor T2 changes from a light
emission electric potential to the reference electric potential Vofs. Some
of the change of the gate electric potential Vg appearing on the gate
electrode G of the device driving transistor 12 propagates to the paxasitic
capacitor Cel by way of 



the signal holding capacitor Cl and the parasitic gate-source capacitor
Cgs. If the voltage ye .1 appearing on the anode electrode of the light
emitting device EL becomes to an electric potential not lower than the sum
of the cathode voltage Vcat appearing on the cathode electrode of the light
emitting device EL and the threshold voltage Vthel of the light emitting
device EL as a result of the propagation of the change, that is, if a
relation Vel I' (Vcat + Vthel) is satisfied as a result of the  propagation
of the change, the anode voltage Vel decreases due to a self electrical
discharging process.           C. 11 is a timing diagram showing timing
charts of' signals generated in an actual operating state of the first
embodiment. The signal sampling transistor Ti must be put in a. turned-off
state before the input signal asserted on the signal line SL is changed
from the reference electric potential Vofs to the video-signal electric
potential Vsig after the lapse of certain time. In general, the time period
of the self electrical discharging process is long because the capacitance
of the parasitic capacitor Col of the light emitting device El is large. At
that time, even if the signal sampling transistor Ti is put in a turned-off
state, the anode voltage 'Ye] appearing on the anode electrode of the light
emitting device EL continues to decrease provided that the voltage Vel is
not lower than the sum of the cathode VC) ltage '/cat appearing on the
cathode electrode of the light emitting device EL and the threshold voltage
Vthel of the light emitting device EL, that is, if a relation Vel(Vcat +
Vthel) is satisfied. Then, after the lapse of certain time, the voltage Vel
appearing on the anode electrode of the light emitting device EL attains
(Vcat Vthel). When the signal sampling transistor Tl is put in 



a turned-off state, the gate electrode of the devide driving transistor T2
is electrically disconnected from the signal line SL and put in a
high-impedance state also referred to as a floating state. Thus, the gate
electric potential Vg appearing on the gate electrode G of the device
driving transistor T2 also falls gradually with the lapse of time in a
manner of being interlocked with the anode voltage Vel appearing on the
anode electrode of the light emitting device EL.         Next, a period
allocated to a threshold-voltage compensation preparatory process is
discussed. In the pixel circuit 2 subjected to the driving method according
to the timing diagram shown in WIG. 11, the period allocated to a
threshold-voltage compensation preparatory process is started when the
power ..supplyvoltage asserted on the power ..supplyline DS is changed from
the high electric potential Vcc to the low electric potential Vss after the
signal sampling transistor Ti has been put in a turned-off state. In the
threshold ...voltage compensation preparatory process, a current is flowing
from the anode electrode of the light emitting device EL to the
power-supply line DS. In the threshold-voltage compensation preparatory
process, the gate electric potential Vg appearing on the gate electrode G
of the device driving  transistor. T2 falls gradually with the lapse of
time in Manner of being inierthcked with the anode voltage Vol.. appearing
on the anode electrode of the light emitting device EL as described above.
1.1(let reference notation Va denote the voltage appearing. on the anode
electrode of the light emitting device EL after certain time has lapsed
since the start of the threshold-voltage compensation preparatory process.
The anode voltage Va is determined by the gate electric potential Vg which
appears on the gate electrode G of the device driving transistor T2 right
before the power ....supplyvoltage asserted on the power-supply line DS is
changed from the high electric potential Vcc to the low electric potential
Vs s, To be more specific, the larger the gate electric potential Vg which
appears on the gate electrode G of the device driving transistor T2 right
before the power-supply voltage asserted on the power-supply line US is
changed from the high electric potential Vcc to the low electric potential
Vss, the smaller the anode voltage Va. 



or the larger the absolute value of the anode voltage Va.),         In the
threshold-voltage compensation preparatory process, since the signal
sampling transistor Ti is put In a turned-off state, the anode voltage Vol
appearing on  the anode electrode of the light emitting device EL decreases
in manner of being interlocked with the gate electric potential Vg
appearing on the gate electrode G of the device driving transistor T2 with
the lapse of time as described above provided that the voltage Vel is not
lower than the sum of the cathode voltage Vcat appearing on the cathode
electrode of the light emitting device EL and the threshold voltage Vthel
of the light emitting device EL, that is, if a relation Vel(Vcat Vthel) is
satisfied. At the end of the threshold-voltage compensation preparatory
process, the anode voltage Va is undesirably too high so that, in the
threshold-voltage compensation preparatory process, the gate-source voltage
Vgs appearing between the gate and source electrodes of the device driving
transistor T2 has become already smaller than the threshold voltage Vth of
the device driving transistor T2. As a result, it is feared that the
threshold-voltage compensation process cannot be carried out normally. In a
driving method serving as a solution to this problem, the low electric
potential Vss is 



reduced in order to lower the anode voltage va, that is, in order to
increase the absolute value of the anode voltage Va. With this driving
method, however, the amplitude of the driving voltage is undesirably
increased  so that the drive scanner 5 must be designed as a. scanner good
enough. for withstanding high voltagesn111, this driving methoci is
difficult to irmplcent because of a. problem caused by a high cost.:.,
FIG. 12 is a timing diagram showing timing charts for the thirci embodiment
offering a solution to the problem raised by the first embodiment as
explained above by referring to the timing diagram of FIG. 11. Ae shown in
the timing diagram of FIG. 12, in the third embodiment, the light
extinction process is carried out repeatedly a plurality of times. That is
to say, after the first light extinction process is carried out to change
the state of the light emitting device EL from a light emission state to a
no-light emission state, at least a. second control pulse is asserted on
the scan line WS in order to put the signal sampling' transistor Ti in a
turned-on state while the power-supply voltage asserted on the power
....supply 



line DS is being sustained at the high electric potential Vcc and after the
input signal asserted on the signal line SL has been changed. from the
video-signal electric potential Vsig to the reference electric potential
Vofs. The second control pulse triggers an additional light extinction
process. In the typical control method implemented by the third embodiment
as showfl in the  timing diagram of FIG. 12, three control pulses are
applied to the gate electrode of the signal sampling transistor Ti
successively in a row to carry out three light extinction processes
respectively. As a result, in the case of the third embodiment, the light
extinction process is carried out repeatedly three times. The first light
extinction process is the true light extinction process basically for
changing the state of the light emitting device EL from a light emission
state to a no-light emission state. Each of the second and third light
extinction processes is an additional process carried out in order to
stabilize the threshold-voltage compensation process to be carried out
later on.         Inthe case of the third embodiment, the write scanner 4
sequentially applies the consecutive control pulses on the scan line WS at
intervals each corresponding to a horizontal period 1H. In accordance with
the control pulses applied to the gate electrode of the signal sampling
transistor Ti at intervals of 1H, the true light extinction process and the
additional. light extinction processes are carried out. Thus, in the case
of the third embodiment, the true light extinction process and the
additional light extinction processes are also carried out at intervals of
1H. However,  



Imp lementations of the driving method according to the third embodiment of
the present invention are by no means limited to the control method having
an interval of For example, the true light extinction process and the
additional 1.1.(41-q: extinction processes cah also be carried out at
intervals of several Us         in the same way as the second embodiment.,
also in case of the third embodiment, every three adjacent power-supply
lines are collectively tied to each other to form a group. The drive
scanner 5 switches a power-supply voltage common to three adjacent
power-supply lines pertaining to the same power-supply line group from the
high electric potential Vcc to the low electric potential Vss and vice
versa alternately, and sequentially applies the common power-supply voltage
to power-supply line groups by shifting the phase of the power-supply
voltage from group to group. In this way, the common power-supply voltage
is supplied to a power-supply line group at the same phase determined
forthe group and switched from the high electric potential to the low
electric potential and vice versa alternately.         FIG. 13 is a. timing
diagram showing timing charts of the third embodiment in the same way as
the timing diagram of FIG. 12 except that. a timing chart only of a  



scan line WS provided at one stage is shown and timing charts of the gate
electric potential Vg appearing on the gate electrode G of the device
driving transistor T2 and the source electric potential Vs appearing on the
source electrode S of the device driving transistor T2 are also given. The
timing charts of the gate electric potential Vg and the source electric
potential Vs are also shown on a common time axis along with the timing
charts of the input signal asserted on the signal line SL, the power-supply
voltage asserted on the power-supply line DS and the control signal
asserted on the scan line WS in order to make the following description
easy to understand. It is to be noted that the source electric potential Vs
appearing on the source electrode S of the device driving transistor T2 is
no other than the anode voltage Vel appearing on the anode electrode of the
light emitting device EL.         Even if the signal sampling transistor Ti
is put in a turned-off state after the execution of the first light
extinction process, the anode voltage Vel appearing on the anode electrode
of the light emitting device EL continues to decrease in manner of being
interlocked with the gate electric potential Vg appearing on the gate
electrode G of the device driving transistor T2 with the  lapse of. time
provided that the voltage Vel is not lower than the sum of the cathode
voltage Vcat appearing on the cathode electrode of the light emitting
device EL and the threshold voltage Vthel of the light emittimg device EL.
In this state, with the input signal on the signal line  Laggain set in the
reference electric potential Vofs, the signal Istransistor Tl is put in a
turned-on 



state so that the reference electric potential Vofs is supplied to the gate
electrode G of the device driving transistor T2 by way of the signal
sampling transistor At that time, a fixed fraction of the change of the
gate electric potential Vg appearing on the gate electrode G of the device
driving transistor 12 propagates to the anode electrode of the light
emitting device EL.         Much like the first light extinction process,
in the second light extinction process, the period of sustaining the signal
sampling transistor Ti in the turned-on state is the period of supplying
the reference electric potential Vofs to the gate electrode G of the device
driving transistor 12 by way of the signal sampling transistor Ti in a
second light extinction process. The anode voltage Vel appearing on the
anode electrode of the light emitting device EL decreases gradually with
the lapse of time due to a self electrical  discharging process. After the
lapse of certain time, when the signal sampling transistor Ti is again put
in a turned-off state, the anode voltage Vel appearing on the anode
electrode of-the light emitting device EL attains an electric potential
lower than an electric potential which was attained by the anode voltage
Vel when the signal sampling transistor Tl was put in a turned-off state
during the first light extinction process. This time, the voltage Vel
appearing on the anode electrode of the light emitting device EL more
closely approaches the sum of the cathode voltage Vcat appearing on the
cathode electrode of the light emitting device EL and the threshold voltage
Vthel of the light emitting device EL. By carrying out the light extinction
process repeatedly a plurality of times, the anode voltage Vel appearing on
the anode electrode of the light emitting device EL decreases gradually
with the lapse of time and eventually attains the sum of the cathode
voltage Vcat and the threshold voltage VLhel. That is to say, finally, an
equation Vel = (VcatVthel) is satisfied. 



Thus, when the power-supply voltage asserted on the power-supply line DS is
changed from the high electric potential Vcc to the low electric potential
Vss in order to start the threshold-voltage compensation preparatory  proc,
th( ;)atepotential Vg appea_ing on the gate electrode G of the devicc
driving transistor T2 can be set at the reference lectliL potential Vofs
whereas the anode voltage V- appearinCj on the anode el :trade of the light
emitting dovice EL in the threshold-voltage compensatio 11 preparatory
process can be reduced, that the absolute value of the anode voltage Va can
be increased.         Since the anode voltage V. in the threshold ..voltage
compensation preparatory process can be reduced, the threshold-voltage
compensation process can be carried out normally. It is thus possible to
give a uniform image quality having neither unevenness nor image cords. In
addition, since the threshbid-voltage compensation process c '1 be carried
out normally, it is not necessary to lower the low electric potential Vss,
Thus, the amplitude of the driving. volt-Igo is not increased so that the
drive scanner 5 does not have to be designed as a Scanner good enough for
witnstandim h.:L gh voltages. In addition, since a plurality of adjacent
power" supply lines DS are treated. collectively as a group of power-supply
lines DS by making use of a signal common to the power supply lines OS, the
manufacturing cost can be reduced- 



FIG. 14 is a timing diagram showing timing charts for a fourth embodiment
implementing a display apparatus provided by the present invention. In
order to make the following description easy to understand, in the timing
diagram of FIG. 14, elements identical with their respective counterparts
shown in the timing diagram of FTG. 12 as the timing diagram for the third
embodiment are denoted by the same reference notations and reference
numerals as the counterparts. In the case of the fourth embodiment, as
shown in the timing diagram of FIG. 14, a predetermined number of adjacent
scan lines WS are tied to each other to form a group of scan lines. The
write scanner 4 applies a control signal common to adjacent scan lines
pertaining to the same scan line group by segue ially shifting the phase
from group to group. In the case of the fourth embodiment implementing the
driving method according to ttiming diagram of FIG. 14, the typical number
of adjacent scam lines WS to be treated as a group is three. Much like the
third embodiment, the write scanner 4 employed in the fourth embodiment
also applies three control pulses on the scan Line WS provided at every
stage in order to carry out three light extinction processes respectively. 



However, the fourth embodiment implementing the  driving method according
to the timing diagram of FIG. 1,1     differ it. from the third
era.xyliment in that, in the case pf. the fourth embodiment, the second nd
third light extinction proce eI the scan lirlE3 WS at the first to third
stages are car i.ed out with timings common to the three stages.
Next, a. fifth embodiment implementing a display apparatus provided by the
present invention is explaAned. The fifth embodiment is also obtained to
serve as an improved version of the first embodiment. In order to make the
following description easy to understand, before the fifth embodiment, is
explained, by referring to a timing diagram of FIG. 15A, the description
begins with brief explanation of portions included in the first 



enibod inc mit as a portion which need to be improvedIt is to be noted
that, in order to make the following description simple the
threshold-voltage compensation process is carried out only once. The
following description also includes a discussion of a. preparatory period.
allocated. to a threshold .voltage compensation preparatory process The
preparatory period is discussed also by referring to the timing diagram of
FIG. 15A. In the pixel circuit 2 according to the fifth embodiment, the
preparatory period allocated to a threshold ..voltage  compensation
preparatory process is started when the power-supply voltage is changed
from the high electric potential Vcc to the low electric potential V88 with
the signal sampling transistor Ti already put in a turned-off state. In the
preparatory period, a current is flowing from the anode electrode of the
light emitting device EL to the power-supply line DS. As described earlier,
in the preparatory period, a parasitic capacitor Op existing between the
gate electrode G of the device driving transistor T2 and the power-supply
line OS is effective. In the preparatory period, serving as the source
electrode S of the device driving transistor T2 is the current terminal
connected to the power-supply line DS. When the device driving transistor
T2 is operating in a saturated region of this state, a channel is cleated
on the source side so that the capacitance Of the parasitic capacitor Op
increases. When the device driving transistor T2 is operating in a
saturated region with its current terminal on the power-sup- ly line side
serving as the drain electrode of the device driving transistor T2, on the
other hand, the channel is not created so that the capacitance of the
parasitic capacitor Cp is small.         When the power-supply voltage
asserted on the power-supply line DS is changed from the high. electric 



potential vcc to the low electric potential. Vss, the operating region of
the device driving transistor T2 is changed by a transition from a
turned-off region taking the anode electrode of the light emitting. device
Ea, as the current source to a saturated region taking the power-supply
line DS as the current source by way of a. t.urnc:ciaff region taking the
power-supply line DS as the current source. A coupling effect on the load
side is introduced to the gate electrode G of the device driving transistor
T2 through the parasitic capacitor Cp. If the coupling effect is large, the
anode voltage Va appearing on the anode electrode of the light emitting
device EL inevitably increases, that is, the absolute of the anode voltage
Va unavoidably decreases in the threshold-voltage compensation preparatory
process. This is because the anode voltage Va. is determined by the gate
electric potential Vg which. has appeared on the gate electrode G of the
device driving transistor T2 right before the power ....supplyvoltage
asserted on the power ....supplyline DS is changed from the high electric
potential Vcc to the low electric potential Vss and, if the coupling effect
applied to the gate electrode G of the device driving transistor T2
i.large, the gate electric potential Vg which has appeared on the gate
electrode G of the device  driving transistor T2 right before the power
-supply voltage asserted on the power supplyline DS 9 changed from the high
electric potential Vcc to the low electric potential yes, has a small
magnitude.         If the anode voltage Va at the end of the
threshold-voltage compensation preparatory process is undesirably too high,
the gate-source voltage Vgs appearing between the gate and source
electrodes of the device driving transistor T2 in the threshold-voltage
compensation process becomes already smaller than the threshold voltage Vth
of the device driving transistor 12. As a result, it is feared that the
threshold-voltage compensation process cannot be carried out normally. In a
driving method serving as a solution to this problem, the low electric
potential Vss is reduced in order to lower 



the anode voltage Va, that is, in order to increase the absoihte value of
the anode voltage Va. With this driving method, however, the amplitude of
the driving voltage is undesirably increased so that the drive scanner 5
must be designed as a scanner good enough for withstanding high voltages.
Thus, this driving method is difficult to implement because of a problem
caused by a high cost.         E'IG. 15B is a timing diagram showing timing
charts of the fifth embodiment. The fifth embodiment offers a  solution to
the problem raised by the first embodiment as described above. As shown in
the timing diagram, in the fifth embodimet., atter the light extinction
process has been completed and before the threshold-voltage compensation
preparatory process to be carried out as a preparation for the threshold
-voltage compensation process is atthe drive scanner 5 changes the power
-supply voltage asserted on the power-supply line DS from the high electric
potential Vcc to a intermediate electric potential Vini between the high
electric potential Vcc and the low electric potential V5$. The drive
scanner 5 switches a power-supply voltage appearing on the power-supply
line OS common to adjacent power-supply lines pertaining to the same
power-supply line group from the hiih electric potential. Vcc to the
intermediate electric potential Vini, and segpentially applies the common
power-supply voltage to power-supply line groups by shifting the phase of
the power-supply voltage from group to group. In this way, the power-supply
voltage appearing on the common power-supply line OS is supplied to a
power-supply line group at the same phase determined for the group and
switched from the high. electric potential Vcc to the intermediate electric
potential Vint. In the fifth embodiment, after the power  



supply line OS has been set at the intermediate electric potential Vini,
the signal sampling transistor T1 is put in a turned-on state by a control
signal in a state of sustaining the signal line SL at the reference
electric potential Vofs. Next, operations carried out by the fifth
embodiment are explained in detail by referring to a timing diagram shown
in FIG. 16. FIG. 16 is a timing diagram referred to in description of
operations focused on pixel circuits 2 provided on one of the rows of the
matrix in the fifth embodiment. For simplified description, the
threshold-voltage compensation process is carried. out only once.
In the fifth embodiment, after the light emitting device EL has been put in
a no-light emission state by putting the signal sampling transistor Ti in a
turned-on state, the power-supply voltage is changed f to the intermediate
electric potential Vini. The', the signal sampling transistor Ti is put in
a turned-on state again with a timing after the signal line SL has been set
at the reference electric potential Vofs. As described above, the
intermediate electric potential Vini is an electric potential between the
high electric potential Vcc and the low electric potential VSS. After the
signal line SL has 



been set at the reference electric potential Vofs for the first Lime after
the power-supply voltage has been changed to the irntermediate electric
potential Vin:, the ,.;ignbl samplincj transistor Ills put in a turned-on
state again as described above in order to set volta.g.es at which the
device dxiving transistor T2 is not operating in a saturated. region. That
is to say, the reference electrib potential Vofs and the intermediate
electric potential Vini satisfies a relation (VofsVini) Vthdmin where
reference notation Vthdmin denotes the minimum value of a threshold voltage
between the gate electrode G of the device driving transistor T2 and the
specific current terminal of the device driving transistor 12.
E'irst of all, in the light extinction process, the gate electric potential
Vg of the device dxiving transistor T2 is lowered to the reference electric
potential Vofs whereas the source electric potential Vs of the device
driving transistor 12 is lowered to the sum (VcatVthel). At the end of the
light extinction process, the signal sampling. transistor T1 is put in a
turned -off state in order to electrically disconnect the 



gate electrode G of the device driving transistor 12 from the signal line
SL and put the gate electrode G in a  floating state. Then, the
power-supply voltage asserted on the power-supply line DS is changed from
the high electric potential Vcc to the intermediate electric potential
Vini. If the intermediate electric potential Vini is a voltage having the
magnitude described earlier, the device driving transistor T2 is put in a
tui,ned-off state allowing almost no current to flow through the device
driving transistor T2. In addition, the change of the power-supply voltage
asserted on the power-supply line DS propagates to the gate electrode G of
the device driving transistor T2 by way of a capacitor Op of the device
driving transistor T2. The voltage change AV propagating from the
power-supply line DS to the gate electrode G is expressed in terms of Cp
and CO by Eq. (3) given below. In the equation, reference notation CO
denotes the combined capacitance for the gate electrode G of the device
driving transistor 12. Specifically, the combined capacitance CO
..represented by the signal holding capacitor Cl, the parasitic gate-source
capacitor Cgs and the parasitic capacitor Cel of the light emitting device
EL. AV =Cp Wee - Vint) ... ( 3 ) Cp + CO That is to say, the gate elect 'b
potential Vg of 



the device driving transistor T2 decreases by the voltage change AV due to
the coupling effect provided by the signal holding capacitor Cl. Then,
after the input signal. asserted on the signal line St has been changed to
the reference electtic potential Vats upon the lapse of certain time, the
signal sampling transistor Tl is put in a turned -en state again in order
to supply the reference electric potential Vets to the gate electrode G of
the device driving transistor T2. When the reference electric potential
Vofs is supplied. to the gate electrode G of the device driving transistor
T2, the source electrode S of the device driving transistor T2 is set at
(VthelVcat). In addition, the power-supply voltage has been changed to the
intermediate electric potential Vini at. that time. The device driving
transistor T2 is in a turned-off state, allowing almost no current to flow
through the device driving transistor T2 as described above. Thus, the
anode voltage Vel remains unchanged,         Then, after the lapse of
certain time, the power-supply voltage asserted on the power -supply line
OS is changed from the intermediate electric potential Vini to the low
electric potential Vss in order to start the threshold--voltage
compensation preparatory process. The change of the power-supply voltage
asserted on the power- 



supply line DS causes a coupling quantity 1W2 to be supplied to the gate
electrode G of the device driving transistor T2. The coupling quantity 1W2
is expressed by Eq. (4) given as follows: A V2 =,Cp(vin/ Vss)(4) (.7p + CO
Let us think of the fifth embodiment. In the case of the first embodiment,
the power -supply voltage asserted on the power supplyline DS is changed
from the high electric potential Vcc to the low electric potential Vss in
order to start the threshold-voltage compensation preparatory process. The
change of the power-supply voltage asserted on the power ....supplyline DS
causes a. coupling quantity AVO to be supplied to the gate electrode G of
the device driving transistor T2. The coupling quantity AVO is expressed by
Eq. (5) given below. In the case of the fifth embodiment, on the other
hand, 



the coupling quantity AV2 is expressed by Eq. (4) given above. That is to
say, since the coupling quantity 8V2 applied to the gate electrode G of the
device driving transistor T2 in the fifth embodiment can be smaller than
the coupling quantity AVO applied to the gate electrode G of the device
driving transistor T2 in the first embodiment, the anode voltage Va of the
light emitting   device EL during the threshold-voltage compensation
prpxatory process according to the fifth embodiment can be made smaller
than that in the ffrst embodiment. That is to say, the absolute value of
the anode voltage Vs in the fifth embodiment is greater than that in the
first embodiment. Cp 0/CC "'"( 5 ) Cp 't 



co         Since the anode voltage Va during the threshold-voltage
compensation preparatory process according to the fifth embodiment can be
made smaller than that in the first embodiment, the threshold-voltage
compensation process can be carried out normally. It is thus possible to
give a uniform image quality having neither unevenness nor image cords. In
addition, since the threshold-voltage compensation process can be carried
out normally, it is not necessary to lower the low electric potential Vss.
Thils, the drive scanner 5 does not have to be designed as a scanner good
enough for withstanding high. voltages. On top of that, since a plurality
of adjacent power ...supply lines DS are treated collectively as a group of
power-supply lines DS by making use of a signal common to the power-supply
lines DS, the manufacturing cost can be reduced.          In addition, the
intermediate electric potential Vini is set at a magnitude which satisfies
the aforementioned relation (Vofs - Vini) < Vthdmin for a reason described
as follows. When the signal sampling transistor Ti is put in a turned-on
state in order to supply the reference electric potential Vofs to the gate
electrode G of the device driving transistor T2, if a voltage appearing
between the gate electrode G and the power-supply line DS is greater than
the threshold voltage between the gate electrode G of the device driving
transistor T2 and the power-supply line DS the voltage appearing on the
anode electrode decreases, attaining the voltage asserted on the
power-supply line DS after the lapse of certain time. Then, in the course
of the threshold-voltage compensation preparatory process, when the
power-supply voltage asserted on the power-supply line DS is changed to the
high electric potential Vcc, a bootstrap operation raises both the gate
electric potential Vg and the source electric potential Vs With the
gate-source voltage Vgs sustained at a magnitude to a certain degree. As a
result, the threshold-voltage compensation process cannot be carried out
normally. It is thus necessary to set the power-supply voltage at an
electric potential that prevents the device driving 



Iii.: ansistor T2 from operating in a sataixated region.         In the
case of the fifth embodiment,is not necessary to lower the low electric
potential. Vss in order to carry out the threshold-voltage compensation
process normally. Thus, the drive scanner 5 does net have to be designed as
a scanner good enough. for withstanding high voltages. In addition, since a
plurality of adjacent power ..supplylines DS are treated collectively as a.
group of power-supply lines DS by making use of a signal common to the
power-supply lines DS, the manufacturing cost can be reduced.         FIG.
17 is a timing diagram showing timing charts of asixth embodiment
implementing a display apparatus provided by the present invention. In
order to make the following description easy to understand, in the timing
diagram of FIG. 17, elements identical with their respective counterparts
shown in the timing diagram of. FIG. 15B for the fifth embodiment are
denoted by the same reference notations and reference numerals as the
counterpaxts. The timing diagram of FIG. 17 for the sixth embodiment is
identical with the timing diagram of 



FIG. 151:3 forthe fifth embodiment except that, in the case of the timing
diagram of FIG. 17, with the power' supply line DS already set at the
intermediate electric  potential Vini, the signal sampling transistor Ti of
each scan line WS laid on the same matrix row as one of the power-supply
lines OS pertaining to the same group is turned on with the same timing as
each other scan line WS. Also in the case of the sixth embodiment, the
power- supply voltage is changed from the high electric potential Vcc to
the ow electric potential Vss in order to start the threshold-voltage
compensation preparatory process. The change of the power..supply voltage
causes a coupling quantity to be supplied to the gate electrode G of the
device driving transistor T2. Therefore, the anode voltage Va of the light
emitting device EL during the threshold-voltage compensation preparatory
process according to the sixth embodiment can be made smaller than that in
the first embodiment. That is to say, the absolute value of the anode
voltage Va in the fifth embodiment is greater than that in the first
embodiment. Thus, the manufacturing cost can be reduced. In addition, in
the case of the sixth embodiment, with the power supply line OS already set
at the intermediate electric potential Vini, the signal sampling transistor
Ti of each scan line WS laid on the same matrix row as one of the
power-supply lines OS pertaining to the same group is 



turned on with the same timing as each other scan line WS,  as described
above. Thus, the period of sustaining the power-supply voltage asserted
oi:i the paws supplylino DS at the intermediate electric potential vini can
be made shorter. As a. result, the li.ght emission period can be made
longer.         Next, a seventh embodiment implementing a. display
apparatus provided by the present invention is explained. The seventh
embodiment is also obtained to serve as an improved version of the first
embodiment,         To begin with, the threshold-voltage compensation
preparatory process carried out by the first embodiment is revisited. The
threshold ..voltage compensation preparatory process is started when the
power-supply voltage is changed from the high electric potential Vcc to the
low electric potential Vss after the sighal sampling transistor 'El has
been put in a turned-off state, In this case, a current flows from the
anode electrode of the light emitting device EL to the power ....supplyline
OS. Here, let reference notation Va denote the voltage appearing on the
anode electrode of the light emitting device EL in the threshold
....voltage compensation 



preparatory process. The anode voltage Va is determined. by the gate
electric potential Vg which appears on the gate electrode G of the device
driving. transistor T2  right before the power-supply voltage is changed
from the high electric potential Vcc to the low electric potential Vss. If
the resulting voltage Va is small, that is, if the absolute value of the
resulting anode voltage Va is large, the low electric potential Vss can be
increased by a difference corresponding to the decrease in anode voltage
Va. Thus, the amplitude of the power-supply voltage asserted on the
power-supply line ES can be decreased. As a result, the manufacturing cost
can be reduced.         In accordance with a conceivable driving method, in
order to reduce the anode voltage Va, it is conceivable to increase the
reference electric potential Vofs. As described above, the anode voltage Va
is determined by the gate electric potential Vg which appears on the gate
electrode G of the device driving transistor 12 right before the power
-supply voltage is changed from the high electric potential Vcc to the low
electric potential Vss. Thus, the anode voltage Va can be reduced by
increasing the reference electric potential Vofs. If the reference electric
potential Vofs is increased, however, the anode voltage Vel appearing on
the anode electrode of the light emitting device EL also increases as well
in the signal write process. Thus, in the signal write process, the  



anode voltage ye l may undesirably exceed the threshold voltage Vthol of
the light emittim.g device EL. If the anode voltage Vel appearing on the
anode electrode of the light emItting device EL undesirably exceeds the
threshold voltage Vthel of the light emitting device EL in the signal write
process, a driving current flows to the light emitting device EL during the
signal write process, raising a problem that the mobility compensation
process cannot be carried out normally at the same time as the signal write
process.         FIG. 18 is a timing diagram showing timing charts of a
seventh embodiment implementing a display apparatus provided by the present
invention. The seventh embodiment has a feature in which the horizontal
selector 3 asserts a first reference electric potential Vera on the signal
line SL allocated to light extinction processes. On the other hand, the
horizontal selector 3 asserts a second reference electric potential Vofs
different from the first. reference electric potential Vers on the signal
line SL. To put it in detail, the first reference electric potential Vers
asserted by the horizontal selector 3 on the signal line St is higher than
the second reference electric potential, Vats. In addition, the first
reference electric potential Vers is not  greatez t han the sum (Vcat +
VthelVth) where reference notation Vcat denotes the voltage appearing on
the cathode electrode of the light emitting device EL, reference notation
Vthel denotes the threshold voltage of the light emitting device EL whereas
reference notation Vth denotes the threshold voltage of the device driving
transistor 172. 



Thus, the seventh embodiment has a feature in which the horizontal selector
3 sets the electric potential appearing on the signal. line SL at the
second reference electric potential Vofs serving as a reference voltage for
the threshold-voltage compensation process in the same way as the first
embodiment, the video-signal electric potential Vsig representing a
gradation in the same way as the first embodiment or the additional first
reference electric potential Vera serving as a voltage for the light
extinction process. In addition, in accordance with the driving method
shown in the timing diagram of FIG. 18, the first reference electric
potential Vers, the second reference electric potential Vats and the
video-signal electric potential Vsig are asserted on the signal line SL in
a sequence they are enumerated in this sentence in order to sequentially
changes the electric potential appearing on the signal  line SL. If the
period between the end of the threshold-. voltage compensation process and
the 8U:3:Li of the signal write process (and the mobility compensation.
process) is to be taken into consideration, this sequence of the first
reference electric potential Vera, the second reference electric potential
Vofs and the video-signal electric potential Vsig is desirable. However,
the seventh embodiment is by no means limited to this sequence.         In
addition, used as a voltage for the light extinction process, the first
reference electric potential Vets must be smaller than the sum (Vcat  Vthel
Vth) where reference notation Vcat denotes the voltage appearing on the
cathode electrode of the light emitting device EL, reference notation.
Vthel denoted the threshold voltage of the light emitting device EL whereas
reference notation Vth denoted the threshold voltage of the device driving
transistor 12. That is to say, the relation Vera 



(VcatVthel i Vth) must be satisfied. In addition, in the seventh
embodiment, the first reference electric potential Vers must be higher than
the second reference electric potential Vofs. Thus, as a whole, the
relations Vofs < Vers S- (Vcat -4- VthelVth) must be satisfied. FIG. 19 is
a. timing diagram referred to in detailed  description of operations
carried out by the seventh embodiment. The operations explained in detail
by referring to timing charts shown. in the timing diagram of' FT G, 19 are
operations focused on pixel circuits 2 provided on one of the rows of the
matrix in the seventh embodiment. The timing diagram of FIG. 19 shows
timing charts representing changes of the electric potentials of the input
signal appearing on the signal line SL, the power-supply voltage appearing
on the power supply line DS, the control. signal. appearing on. the scan
line WS, the gate electric potential Vg appearing on the gate electrode G
of the device driving transistor T2 and the source electric potential Vs
appearing on the source electrode S of the device driving transistor T2. As
described earlier, the control signal appearing on the scan line WS is
supplied to the gate electrode of the signal sampling transistor Ti. 



First of ail, the light extinction process is started when the signal
sampling transistor Tl is put in a turned-on state, allowing the first
reference electric potential Vers to be supplied to the gate electrode G of
the device driving transistor T2. As described earlier, the first reference
electric potential Vers is lower than the sum of the cathode voltage Vcat
and the threshold  voltage Vthel of the light emltting device EL and the
threshold voltage Vth of the device driving transistor T2. Thus, the first
reference (.1entric potential Vers is supplied to the the device driving.
transistor 12 and puts the device driving transistor 12 in a turned-off
state which does not allow a driving current to flow. The light extinction
process is ended when the signal sampling transistor Ti is put in a
turned-off state.         After the lapse of certain time, in a
threshold-voltage compensation preparatory process, the power-supply
voltage is changed from the high electric potential Vcc to the low electric
potential Vss. Since the relation Vers > Vofs is satisfied, the anode
voltage Va of the light emitting device EL during the threshold-voltage
compensation preparatory process besmaller theh that of the first
embodiment as described earlier. That is to say, the absolute value of the
anode voltage Va becomes relatively large. Then, after the lapse of
certain. time, the power-supply voltage is changed from the low electric
potential Vss back to the high electric potential Vcc. Subsequently, after
the lapse of certain time, with the signal line SL sustained at the second
reference electric potential Vofs, the signal sampling transistor15 put in
a turned ....on state in order to 



supply the second reference electric potential Vofs to the gate electrode G
of the device driving transistor T2. If the gate- source voltage Vgs
appearing between the gate and source electrodes of the device driving
transistor T2 is increased to a value not smaller than the threshold.
voltage Vth of the device driving transistor T2 when the signal sampling
transistor Ti is put in a turned-on state, the threshold-voltage
compensation process can be carried out normally thereafter. Thus, the
signal write process and the mob'l'ty compensation process can also be
carried out 55 well after the completion of the execution of the
threshold-voltage compensation process. Finally, the light emitting. device
EL i8 driven to emit. light in the light emission state following the
signal write process and the mobility compensation process.         Let us
think of the seventh embodiment. In the case of the seventh embodiment, the
first reference electric potential Vers higher than the second reference
electric potential Vofs is used as a light extinction electric potential.
As a result, the anode voltage Va appearing on the anode electrode of the
light emitting device EL during the threshold .voltage compensation
preparatory process can be made smaller than that of the first embodiment
as described earlier. That is to say,  



the absolute value of the anode voltage Va can be made relatively large.
Since the anode voltage Va during the threshold-voltage compensation
preparatory process can he made relatively simail, the threshold-voltage
compensation process can be carried. out normally, Tt is thus possible to
give a uniform image gpality having neither unevenness nor image cords. In
addition, since the threshold-voltage compensation process can be carried
out normally, it is not necessary to lower the low electric potential Vss.
Thus, the drive scanner 5 does not have to be designed as a scanner good
enough for withstanding high voltages. On top of that, since a plurality of
adjacent power-supply linos OS are treated collectively as a group of
power-supply Lines OS by making use of a signal. common to the power
-supply lines DS. As a result, the manufacturing cost can be reduced.
rIG. 20 is a timing diagram showing Liming charts of an eighth embodiment
implementing a display apparatus provided by the present invention. The
eighth embodiment is provided for the purpose of improving the signal write
process of storing the video-signal electric potential Vsig in the signal
holding capacitor Cl. As shown in the ttming diagram, the signal write
process is staxted when the signal sampling transistor Ti is put in a
turned-on  state by making use of a control signal connected to the gate
electrode of the signal sampling transistor Ti after the power-supply
voltage asserted on the power-supply line DS has been changed from the low
electric potential VS'S to the high electric potential Vcc and the input
signal asserted on the signal line SL has been set at-the video-signal
electric potential Vsig upon completion of the execution of the
threshold-voltage compensation process. At the same time as the signal
write process, the mobility compensation process is also carried out as
well to compensate the drain-source current Ids flowing through the device
driving transistor T2 for variations of the mobility of the device driving
transistor T2 from transistor to transistor.         The eighth embodiment
has a feature in which the horizontal selector 3 employed in this
embodiment asserts a first video-signal electric potential Vofs2 also
representing a gradation and a second video-signal electric potential Vsig
serving as a second gradation electric potential sequentially and
alternately on the signal line SL in addition to the second reference
electric potential Vofs and the first reference electric potential Vers.
The first video-signal electric potential Vofs2 is supplied to the signal
holding capacitor Ci in  



order to store the first video-signal. electric potential Vofs2 in the
signal. holding capacitor Ci in the so-called first signal write process by
way of the signal sampling. transistor Ti which is turned on by a control
signal appearing on the scan line WS connected to the gate electrode of the
signal sampling transistor Ti. Then, the second video-signal electric
potential Vsig is supplied. to the signal holding capacitor Cl in order to
store the second video-signal. electric potential Vsig in the signal
holding capacitor Ci in the so-called second signal write process by way of
the signal sampling transistor Ti which is turned on by another control
signal appearing on the scan line WS,         The mobility compensation
process according to the eighth embodiment is explained in detail by
referring to a. timing diagram of FIG. 21. The timing diagram of FIG. 21
shows timing charts of pixel circuits 2 on one matrix row corresponding to
one stage cited. before. The timing diagram of FIG. 21 also shows timing
charts of the gate electric potential Vg appearing on the gate electrode G
of the device driving transistor T2 and the source electric potential Vs
appearing on the source electrode S of the device driving transistor T2 on
a common time axis along with the timing charts of the  input signal
asserted on the signal line SL, the power-supply voltage asserted on the
power... supplyline OS and the control signal asserted on the scan line WS
in order to make the following description easy to understand. The input
signal asserted on the signal line St can be the 



new first video-signal electric potential Vofs2, the first reference
electric potential Vers, the second reference electric potential Vofs or
the second video-signal electric potential Vsig. As described above, the
new first video-signal electric potential Vofs2 also varies in accordance
with the gradation.         Essentially, in order to normally carry out the
mobility compensation process on all gradations, it is necessary to supply
the input signal having a timing chart created by an external component to
the signal sampling transistor fl in the signal write process. However,
such a ,chome is costly. In order to solve this problem, in the case of the
eighth, the mobility compensation process is carried out at two stages in
order to normally carry out the mobility compensation process on all
gradations. Thus, the eighth does not adopt a configuration for supplying
the input signal having a timing chart created by an external component to
the signal sampling transistor T1 in the signal write  process.         in
accordance with the eighth embodiment, before a signal write process is
carried out, the first video - 



signal electric potential Vors2 reflecting a. desired gradation is supplied
in advance to the gate electrode G of the device driving transistor T2 in a
mobility compensation process. In this case, it is necessary to determine
the magnitude of the first video-signal electric potential Vofs2 and the
timing to supply the first video-signal electric potential Vofs2 in advance
so that the mobility compensation process is performed completely at the
same time as the actual signal write process instead of completely carrying
out only the mobility compensation process. In this way, the mobility
compensation process is carried out at two stages in order to allow the
mobllity compensation process to be normally carried out on all gradations.
In addition, the manufacturing cost can be further lowered.         FIG. 22
is a cross-sectional diagram showing a typical configuration of the
thin-film pixel circuit 2 employed in the display apparatus provided by the
present invention. That is to say, FIG. 22 is a diagram showing a MOdel
C.:TOSS section Of a pixel Circuit 2 created on an insulation substrate. As
shown in the cross-sectional  diagram, the pixel circuit 2 includes a
transistor section having a plurality of transistors, In the
cross-sectional diagram, however, the transistor section is shown as only
one TFT (Thin Film Transiotor). The pixel circuit 2 also has a capacitor
section including the signal holding capacitor Cl and a light emitting
section including the light emitting device EL. By carrying out a TFT
process, the transistor section including a plurality transistors and the
capacitor section including the signal holding capacitor Cl are created on
the substrate. Then, the light emitting section including the light
emitting device EL is created over the transistor section and the capacitor
section to form a laminated stack. An adhesive layer is then formed on the
light emitting device. Subsequently, a transparent opposing substrate is
created on the adhesive layer to form a flat panel. 



The display apparatus provided by the present invention can have the shape
of a flat display module like one shown in a diagram of FIG. 23. In the
flat display module, a pixel array section 1 is created on the insulation
substrate by integrating pixel circuits 2 to form a pixel matrix. As
described earlier, the pixel circuits 2 each have an organic EL light
emitting device, the signal holding capacitor Cl as well as thin-film  I:
ransistors and serve as the pixel axray section 1. Then, the pixel array
section 1 also referred to as a. pixel matrix section is covered by an
adhesive layer on which a opposing substrate made of typically glass is
attached to form the flat display module. if necessary, the transparent
opposing substrate can be provideci with a color filter, a protection film
and a. light shielding film to mention a few. The flat display module can
be provided with for example an PPC (Plexible Print Circuit) to serve as a
connector through which signals are exchanged between the pixel array
section 1 and a unit external to the display module.         The display
apparatus provided by the present invention described above has the shape
of a flat display panel which is employed in a. variety of electronic
instruments such a digital camera, a notpersonal computer, a cellulax phone
and a video camera. The display apparatus provided by the present invention
as a flat display panel can be employed in the electronic instruments used
in a variety of fields to serve as a display section for displaying
information as an image or a video. The information has been input to the
main unit of the electronic instrument or generated in the main unit as a
result of operations carried out by the main  



unit.. Typical electronic instruments each employing the display apparatus
provided by the present invention as a. flat display panel are explained as
follows.         A typical example of the electronic instrument is a TV
set. FIG. 24 is a diagram showing a squint view of the external appearance
of the TV set to which the present invention is applied. The TV set employs
a video display screen section 11 which typically includes a front panel 12
and a filter glass plate 13. The TV set is constructed by employing the
display apparatus provided by the present invention in the video display
screen section 11.         FIG. 25 shows squint views of the digital camera
to which the present invention is applied. The upper figure shows a front
side of the digital camera whereas the lower figure shows a rear side of
the digital camera. The digital camera includes an image pickup lens, a
flash light emitting section 15, a display section 16, control switch, a.
menu switch and a shutter button 19. The digital camera is constructed by
employing the flat display panel provided by the present invention in the
digital camera as the display section 16. 



FIG. 26 is a diagram showing a squint view of the notebook personal
computer to which the present invention is applied. The notebook personal
computer employs a main  unit 20 which. has a keyboard 21 to be operated by
the user for entering characters to the main unit 20 and a display section
22 included in a main -unit cover for displaying an image. The notebook.
personal computer is constructed by employing the display apparatus
provided by the present invention in the personal computer as the display
section 22.         FIG. 27 shows a portable terminal to which the present
invention is applied. The left figure is a diagram showing the front view
of the cellular phone in a St ate of being already opened. The right figure
is a diagram showing the top view of the cellular phone in a state of being
already closed. The cellular phone employs an upper case 23, a. lower case
24, a link section 25 which is a hinge, a display section 26, a display
subsection 27, a. picture light 28 and a. camera 29. The cellular phone is
constructed by employing the display apparatus provided by the present
invention in the cellular phone as the display section 26 and/or the
display sub-section 27.         FIG. 28 shows a video camera to which the
present invention is applied. The video camera employs a main body 30, an
image pickup lens 34 for taking an image, a start/stop switch 35 and a
monitor 36. Provided on the  



front face of the video camera, the image-taking lens 34 oriented in the
forward direction is a lens for taking an image of a photographing subject
located in front of the main body 30. The video camera is constructed by
employing the display apparatus provided by the present invention in the
video camera as the monitor 36.         The present application contains
subject matter related to that disclosed in Japanese Priority Patent
ikpplication JP 2008-144359 filed in the Japan Patent Office on June 2,
2008, the entire content of which is hereby incorporated by reference.
It should he understood by those skilled in the art that various
modifications, combinations, sub-combinations and alternations may occur
depending on design requirements and other factors insofar as they are
within the scope of the appended claims or the equivalent thereof.  WHAT IS
CLAIMED IS: 1. A display apparatus comprising: 



a pixel array section; and driving secri.ons, wherein         sai.d pixel
array section resembling a. matrix cf pixel circuits has signal lines each
laid as one of the columns of said matrix and scan lines each. laid as one
of the rows of said matrix, power-supply lines parallel to said scan lines,
each of said pixel circuits is located at an intersection of one of said
signal lines and one of said scan lines,         said driving sections are
a signal selector, a write scanner and a drive sca:n2,           sa:ua
signal selector is a section configured to assert a. driving signal having
an electric potential representing a gradation or a reference electric
potential determined in advance on said signal lines each laid as a column
of said matrix, 



said write scanner is a section configured to assert a control signal on
said scan lines each laid as a row of said matrix,         said drive
scanner is a section configured to assert a power-supply voltage changing
from a high  electric potential to a low electric potential alternately on
said power-supply lines each laid as a line parallel to said scan lines,
each of said pixel circuits includes 



a signal sampling transistor, a device driving transistor, a signal holding
capacitor, and. a light emitting device,         a specific one of current
terminals of said signal sampling transistor is connected to one of said
signal lines whereas the gate electrode of said signal sampling transistor
is used as the control terminal of said signal sampling transistor and is
connected to one of said scan le s, 



a specific one of current terminals of said device driving transistor
serves as the drain electrode of said device driving transistor whereas the
gate electrode of said device driving transistor is used as the control
terminal of said device driving transistor,         said drain electrode of
said device driving transistor is connected to one of said power-supply
lines whereas said gate terminal of said device driving transistor is
connected to the other current terminal of said signal sampling transistor,
the other one of said current terminals of said device driving. transistor
serves as said source electrode of said device driving transistoris
connected to said light emitting device,         said signal holding
capacitor is wired between said gate and source elect'rndes of said device
driving transistor, 



first of all, when an operation to put said signal sampling transistor in a
turned-on state by making use of said control signal is carried out after
said high electric potential has been asserted on said power-supply line
and said reference electric potential has been asserted. on said signal
line, a light extinction process is performed as a process to switch said
light emitting device from a. light emission state to a no-light emission
state,         thereafter, said signal sampling transistor is put in a
turned-off state,         then, said power -supply line is switched from
said high electric potential to said low electric potential so that a.
voltage appearing on said source electrode of said device driving
transistor is lowered without putting back said signal sampling transistor
in a turned-on state in a threshold-voltage compensation preparatory
process which  is a process of lowering said voltage appearing on said
source electrode of said device driving transistor, and 



subsequently, said power-supply line is switched back from said low
electric potential back to said high electric potential and, then, with
said signal line sustained at said reference electric potential, said
signal sampling transistor is put in a turned-on state by making use of
said control signal, causing said voltage appearing on said source
electrode of said device driving transistor to rise gradually in a process
of electrically charging said signal holding capacitor and, as a result, a
voltage appearing between said gate and source electrodes of said device
driving transistor is reduced gradually in a direction toward the threshold
voltage of said device driving transistor in a threshold-voltage
compensation process which is a process to reduce said voltage appearing
between said. gate and. source electrodes of said device driving transistor
in a direction toward said threshold voltage, wherein after said execution
of said light extinction process to switch said light emitting device from
a light emission state to a no-light emission state has been completed hut
before said threshold-voltage compensation preparatory process is carried
out, said drive scanner switches said power-supply line from said high
electric potential to a middle electric potential between said high and low
electric potentials.         2. The display apparatus according to claim I
wherein         said drive scanner drives adjacent power-supply lines each
laid as one of the rows of said matrix as a power-supply line group;
the number of said adjacent power-supply lines to be driven by said drive
scanner as a power-sum:Ay line group is determined in advance.; 



said drive scanner switches a power-supply voltage common to adjacent
power-supply lines pertaining to the same power-supply line group from
said. high electric potential to said low electric potential and vice versa
alternately, and sequentially applies said common power-supply voltage to
power-supply line groups by shifting the phase of said. power-supply
voltage from group to group; and         said common power-supply voltage
is supplied to a power-supply line group at the same phase determined for
said power ..supplyline group and switched from said high electric
potential to Bain low electric potential and vice versa. alternately.
3. The display apparatus according. to claim 1 wherein,         after said
light extinction process has been carried out to switch said light emitting
device from a light emission state to a no-light emission state, with said
power ..supplyline sustained at said high electric potential and. said
signal line sustained at said reference electric potential, said signal
sampling  



transistor is put in a turned-on state at least once by making use of said
control signal supplied to said gate electrode of said signal sampling
transistor through said scan line in order to again execute at least
another additional light extinction process.         4. The display
apparatus according to claim 3 wherein:         said write scanner asserts
a control signal on each of said scan lines sequentially for every
horizontal period; and         said signal sampling transistor carries out
said light extinction process and said additional light extinction
processes in accordance with said control signals received at intervals
each having a length at least equal to one sai.d horizontal period.
S. The display apparatus according to claim 3 wherein:         adjacent
scan lines each laid as one of the rows of said matrix are treated as a
scan line group; 



the number of adjacent scan lines to be treated as a scan line group is
determined. in advance;         said write scanner provides each of said
power-supply line groups sequentially with a control signal common to
adjacent scan lines pertaining to the same scan  line group by shifting the
phase of said control signal from group to group; and a control Isis
supplied to adjacent scan lines pertaining to the same scan line group at
the same phase determined for said scan line group in order to carry out
said additional light extinction processes with timings common to said
adjacent scan lines pertaining to said scan line group. 



6. The display apparatus abcording to claim I wherein:         said drive
scanner sequentially switches each of said power-supply line groups from
said high electric potential to said middle electric potential by shifting
the phase of a switching signal from group to group; and         said drive
scanner sequentially switches eah of adjacent power-supply lines pertaining
to the same power supply line group from said high electric potential to
said middle electric potential at the same phase determined for said
power-supply line group as the phase of said switching signal.         7.
The display apparatus according to claim 6 wherein, with said power
supplyline sustained at said middle electric potential and said signal line
sustained at said reference electric potential, said signal  



sampling transistor is put in a turned-on state by making use of said
control signal supplied to said gate electrode of said signal sampling
transistor through said scan line.         8. The display apparatus
according to claim 7 wherein:         adjacent power-supply lines each laid
as one of the rows of said matrix are treated as a power ....supplyline
group;         the number of adjacent power-supply lines to be treated as a
power-supply line group is determined in advance;         said drive
scanner provides each of said power-, supply line groups sequentially with
a power-supply voltage common to adjacent power-supply lines pertaining to
the same power-supply line group by shifting the phase of said power
...supplyvoltage from group to group in order to drive said power
....supplylines pertaining to said power-supply line group;         a
power-supply voltage is supplied to adjacent power ....supplylines
pertaining to the same power-supply line group at the same phase determined
for said group so as to drive said power-supply lines pertaining to said
power-supply lihe group. 



9. An electronic instrument comprising: a main unit configured to carry out
operations determined iii advance; and         a display apparatus for
displaying informatiodi generated as a result of execution of said
operations determined in advance; wherein said display apparatus includes a
pixel array section, and driving sections, 



said pixel array section resembling a matrix of pixel circuits has signal
lines each laid as one of the columns of said matrix and scan lines each
laid as one of the rows of said matrix, power-supply lines parallel to said
scan lines,         each of said pixel circuits is located at an
intersection of one of said signal lines and one of said scat lines,
S aid driving sections are a signal selector, a write scanner and a drive
scanner,         said signal selector is a section configured to assert a
driving signal having an electric potential representing a gradation or
areference electric potential determined in advance on said signal lines
each laid as a column of said matrix,          said write scanner is a
section configured to assert a control signal on said scan lines each laid
as a row of said matrix, 



said drive scanner is a section configured to assert a power
....supplyvoltage changing from a high electric potential to a low electric
potential alternately on said power-supply lines,         each of said
pixel circuits includes a signal sampling transistor, a device driving
transistor, signal holding capacitor and a light emitting device,         a
specific one of current terminals of said signal sampling transistor is
connected to one of said signal lines whereas the gate electrode of said
signal sampling transistor is used as the control terminal of said signal
sampling transistor and is connected to one of said scan lines,         a
specific one ofcurrent: terminals of said device driving transistor serves
as the drain electrode of said device driving transistor whereas the gate
electrode of said device driving transistor is used as the control terminal
of said device driving transistor,         said drain electrode of said
device driving transistor is connected to one of said power-supply lines
whereas said gate terminal of said device driving  



transistor is connected to the other current terminal of said signal
sampling transistor,         the other one of said. current. terminals of
said device drivincj transistor serves as saici source electrode of said
device driving transistor and is connected to said light. emitting device,
said signal holding capacitor is wired between said gate and source
electrodes of said device driving transistor,         first of all, when an
operation to put said sampling transistor in a turned-on state by making
use of said control signal is carried out after said high electric
potential has been ason said power-supply line and said reference electric
potential has been asserted on said signal line, a light. extinction
process is performed. as a process to switch said light emitting device
from a light emission state to a no-light emission state,
thereafter, said signal sampling transistor is put in a turned-off state, 



then, said power -supply line is switched from said high electric potential
to said low electric potential 80 that a voltage appearing on said source
electrode of said device driving transistor is lowered without putting back
said signal sampling transistor in a turned-on state in a threshold-voltage
compensation preparatory process which is a process of lowering said
voltage appearing on said source electrode of said device driving
transistor, and         subsequently, said power-supply line is switched
back from said low electric potential back to said high electric potential
and, then, with said signal line sustained at said reference electric
potential, said signal sampling transistor is put in a turned-on state by
making use of said control signal, causing said voltage appea ing on said
source electrode of said device driving transistor to rise gradually in a
process of electrically charging said signal holding capacitor and, as a
result, a voltage appearing between said gate and source electrodes of said
device driving transistor is reduced gradually in a direction toward the
threshold voltage of said device driving transistor in a threshold-voltage
compensation process which is a process to reduce said voltage appearing
between said gate and source electrodes of said device driving transistor
in a direction toward said threshold voltage, wherein after said execution
of said light extinction process to switch said light emitting device from
a light emission state to a no-light emission state has been completed but
before said threshold-voltage compensation preparatory process is carried
out, said drive scanner switches said power-supply line from said high
electric potential to a middle electric potentiaJ between said 



high. and low electric potentials.         10. A driving method for driving
a display apparatus including a pixel array section, and driving sections,
wherein         said pixel array section resembling a matrix of pixel
circuits has signal lines each laid as one of the columns of said matrix
and scan. lines each laid as one of the rows of said matrix, power-supply
lines parallel to said. scan lines, 



each of said pixel circuits is located at an intersection of one of said
signal lines and one of said scan lines,         said driving sections are
a signal selector, a write scanner and a drive scanner,         said signal
selector is a. section configured to assert a driving signal having an
electric potential representing a gradation or a reference electric
potential determined in advance on said signal lines each laid as a column
of said matrix,         said write scanner is a section configured to
assert a control signal on said scan lines each laid as a row of said
matrix,         said drive scanner is a section configured to assert a
power-supply voltage changing from a high electric potential to a low
electric potential alternately on said power-supply lines,         each of
said pixel circuits includes a signal sampling transistor, a device driving
transistor, a 



139  signal, holding capacitor and a light emitting device,         a
specific one of current terminals of said signal sampling transistor is
connected to one of said signal lines whereas the gate electrode of said
signal sampling transistor is used as the control terminal of said signal
sampling transistor and is connected to one of said scan lines,         a
specific one of current terminals of said device driving transistor serves
as the drain electrode of said device driving transistor whereas the gate
electrode of said device driving transistor is used as the control terminal
of said device driving transistor,         said drain electrode of said
device driving transistor is connected to one of said power ....supplylines
whereas said gate terminal of said device driving transistor is connected
to the other current terminal of said signal sampling transistor, 



the other one of said current terminals of said device driving transistor
serves as said source electrode of said device driving  transistor and is
connected to said light emitting device, and         said signal holding
capacitor is wired between said gate and source electrodes of said device
driving transistor,  said driving method comprising the steps of:
first of all, when an operation to put said signal sampling transistor in a
turned-on state by making use of said control signal is carried out after
said high. electric potential as been asserted on said power-supply line
and said reference electric potential has been ason said signal line,
performing a Light 



extinction process as a process to switch. said light omitting device from
a light emission state to a no' light emission at         putting said
signal sampling transistor in a turned-off state;         switching said
power-supply line from said high electric potential to said. low electric
potential so that a voltage appearing on said source electrode of said
device driving transistor is lowered. without putting back said signal
sampling transistor in a turned ..on state in a threshold-voltage
compensation preparatory process which is a process of lowering said
voltage appearing on said source electrode of said device driving
transistor; and         switching said power .supplyline back from said low
electric potential back to said high electric potential and, then, with
said signal line sustained at said reference electric potential, said
signal sampling transistor being put in a turned-on state by making use of
said control signal, causing said voltage appearing on said source
electrode of said device driving transistor 



to rise gradually in a process of electrically charging said signal holding
capacitor and, as a result, a voltage appearing between said gate and
source electrodes of said device driving transistor being reduced gradually
in a direction toward the threshold voltage of said. device driving
transistor in a threshold-voltage compensation process which is a process
to reduce said voltage appearing between said gate and source electrodes of
said device driving transistor in a direction toward said threshold
voltage, wherein after said execution of said light extinction process to
switch said light emitting device from a light emission state to a no light
emission state has been completed but before said threshold-voltage
compensation preparatory process is carried out, switching said power
supply line from said high electric potential to a middle electric
potential between said high and low electric potentials by the drive
scanner. 






























