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(54) Signal processing circuit, control device, display device, method of driving display device,
and method of driving control device

(57) A circuit element (10) comprises a first lead wire
(12); a second lead wire (14); a third lead wire (16); first
and second rectifying elements (D1, D2) which are con-
nected in series in a forward direction between the first
lead wire (12) and the second lead wire (14); and a load
(20) which is connected between the third lead wire (16)
and a connection point (18) between the first and sec-

ond rectifying elements (D1, D2). V1 ≥ V2 over an entire
operating period provided that V1 represents an electric
potential of the first lead wire (12) and V2 represents an
electric potential of the second lead wire (14). V2 ≤ V3
≤ V1 in a period in which a current is blocked and does
not flow into the load (20), provided that V3 represents
an electric potential of the connection point (18).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a circuit ele-
ment which has a simple structure and which is usable
for circuits for various applications, a signal processing
circuit which includes the circuit element, a control de-
vice which includes the circuit element, a display device
to which the circuit elements are applied as picture ele-
ments (image pixels), a method of driving the display
device, a method of driving the circuit element, and a
method of driving the control device.

Description of the Related Art:

[0002] In general, when a large number of circuit ele-
ments are arranged in a matrix form to selectively drive
an arbitrary circuit element from the circuit elements, it
is conceived to use, for example, a passive matrix driv-
ing system as shown in FIG. 43 or an active matrix driv-
ing system using nonlinear resistance elements 1000
as shown in FIG. 44.
[0003] The driving systems as described above are
constructed such that the circuit elements 1004 having
capacitive loads 1002 are arranged in the matrix form.
In the case of the exemplary system shown in FIG. 43,
one terminal of the capacitive load 1002 is connected to
a select line 1006, and the other terminal is connected
to a signal line 1008. In the system shown in FIG. 44,
one terminal of the capacitive load 1002 is connected to
a select line 1006 via a nonlinear resistance element
1000, and the other terminal is connected to a signal
line 1008.
[0004] A conventional system, in which the passive
matrix driving system is applied to a display device, is
described in Japanese Laid-Open Patent Publication
No. 2003-17245, and a conventional system, in which
the active matrix driving system is applied to a display
device, is described in Japanese Laid-Open Patent
Publication No. 2002-108310, for example.
[0005] In the system shown in FIG. 43, the circuit el-
ement 1004 on an unselected row is affected by the sig-
nal which is supplied to the circuit element 1004 on the
selected row. This results in the increase of electric pow-
er consumption. When the system is applied to the dis-
play device, the picture element on the unselected row
is affected by the signal supplied to the picture element
on the selected row. Therefore, the memory effect (ac-
cumulation of electric charge in the capacitive load
1002) is not obtained for each of the picture elements.
Such a system is disadvantageous to realize the high
luminance or brightness and the high contrast.
[0006] In the system shown in FIG. 44, the nonlinear
resistance element 1000 has a current-voltage charac-
teristic as shown in FIG. 45. Therefore, in order to retain

or hold the voltage (accumulate the electric charge) of
the capacitive load 1002, it is necessary to prepare the
nonlinear resistance element 1000 in which the thresh-
old voltage Vth has a value larger than that of the holding
voltage. For this reason, a high driving voltage is re-
quired, and the electric power consumption is in-
creased.
[0007] Further, characteristics required for the nonlin-
ear resistance element 1000 is high. For example, a sta-
ble threshold value voltage Vth, a steep nonlinear char-
acteristic, and a small capacitance upon the breaking
are required. It is difficult to manufacture such a nonlin-
ear resistance element 1000.
[0008] In the circuit element 1004 on the unselected
row, the voltage is divided between the capacitance of
the nonlinear resistance element 1000 and the capaci-
tance of the capacitive load 1002, and the voltage of the
capacitive load 1002 is lowered. Therefore, it is neces-
sary to apply a larger charging voltage in consideration
of the decrease in voltage upon the unselection. Further,
the voltage level applied to the capacitive load 1002 is
dispersed by the division of the voltage for each of the
circuit elements 1004. For this reason, it is impossible
to apply stable charging voltage to each of the capacitive
loads 1002.

SUMMARY OF THE INVENTION

[0009] The present invention has been made taking
the foregoing problems into consideration, and an object
thereof is to provide a circuit element, a signal process-
ing circuit, and a control device in which the circuit ele-
ment in the unselected state is not affected by a signal
supplied to another circuit element in the selected state,
it is possible to realize low electric power consumption,
and the driving can be performed at a low voltage.
[0010] Another object of the present invention is to
provide a display device and a method of driving the dis-
play device in which a picture element in the unselected
state is not affected by another picture element in the
selected state, it is possible to realize the memory effect
in each picture element, and it is possible to realize a
high luminance and a high contrast.
[0011] Still another object of the present invention is
to provide a method of driving a circuit element and a
method of driving a control device in which the circuit
element in the unselected state is not affected by a sig-
nal supplied to another circuit element in the selected
state, it is possible to realize low electric power con-
sumption, and the driving can be performed at a low volt-
age.
[0012] According to the present invention, there is
provided a circuit element comprising a first lead wire;
a second lead wire; a third lead wire; first and second
rectifying elements which are connected in series in a
forward direction between the first lead wire and the sec-
ond lead wire; and a load which is connected between
the third lead wire and a connection point between the
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first and second rectifying elements.
[0013] It may be assumed that this invention is applied
to a system in which a plurality of the circuit elements
are arranged in a matrix form, and an arbitrary circuit
element is selected/unselected by using, for example,
a signal supplied from the first lead wire. On this as-
sumption, the two rectifying elements undergo the re-
verse bias for the circuit element which is in the unse-
lected state, and it is possible to allow them to function
to block the current. Therefore, the circuit element,
which is in the unselected state, is not affected by any
signal supplied to the circuit element in the selected
state. As a result, it is possible to realize the low electric
power consumption, and it is possible to perform the
driving at a low voltage.
[0014] Further, it is sufficient that the rectifying ele-
ment has such an extremely simple and general function
that the current flows in one direction only. Therefore, it
is easy to obtain stable characteristics. As for the recti-
fying element, the threshold value voltage in the forward
direction is small, and the equivalent capacitance in the
backward direction is small. Therefore, the voltage,
which is applied to the load in the unselected state, is
an accurate voltage (voltage approximately as exactly
as designed). It is almost unnecessary to increase the
driving voltage even when the rectifying elements are
inserted.
[0015] The driving can be performed at a low voltage
as compared with the conventional passive matrix driv-
ing system and active matrix driving system based on
the use of the nonlinear resistance element. The circuit
is simply constructed, which is advantageous to reduce
the cost, as compared with the conventional active ma-
trix driving system based on the use of TFT. Further, the
present invention is also applicable to a case in which
higher voltage resistance is required, to which it is diffi-
cult to apply any conventional TFT.
[0016] It is preferable that V1 ≥ V2 over an entire op-
erating period provided that V1 represents an electric
potential of the first lead wire and V2 represents an elec-
tric potential of the second lead wire.
[0017] In the operating period, when a first period in
which a current flows from the third lead wire to the load
is set, it is preferable that V1 < V3 in the first period pro-
vided that V3 represents an electric potential of the con-
nection point.
[0018] When a second period, in which a current flows
from the second lead wire to the load, is set in the op-
erating period, it is preferable that V2 > V3 in the second
period.
[0019] When a third period, in which the current is
blocked, is set in the operating period, it is preferable
that V2 ≤ V3 ≤ V1 in the third period.
[0020] The rectifying element may be a diode. In this
configuration, the diode may be a thin film diode. The
thin film diode may be an MIM (Metal Insulator Metal)
element. Alternatively, the rectifying element may be
formed by using a three-terminal element such as MOS

transistor, bipolar transistor, or TFT.
[0021] In particular, the configuration of the rectifying
element with the MIM element is especially effective, for
example, when a large number of circuit elements are
arranged and integrated and/or when a circuit element
or a device, which is of the thin type, is constructed. A
large number of circuit elements may be formed, for ex-
ample, on a ceramic substrate or a silicon wafer. Alter-
natively, a load may be preferably connected to a circuit
in which the rectifying element is formed on the sub-
strate as described above.
[0022] Any element may exist between the first and
second rectifying elements, without deviating from the
gist or essential characteristics of the present invention.
For example, a resistance element or an inductor may
be inserted and connected in order to effect the protec-
tion, for example, when the through-current is generated
by any abnormal voltage and/or in order to avoid the
rush current and/or reduce the noise. The additional el-
ement may exist between the first lead wire and the first
rectifying element, between the second lead wire and
the second rectifying element, between the third lead
wire and the load, between the load and the first recti-
fying element, or between the load and the second rec-
tifying element.
[0023] When the electric potential of the second lead
wire becomes higher than the electric potential of the
first lead wire, the through-current may flow to destroy
the circuit element. In order to avoid such an inconven-
ience, it is also preferable that an element such as a
bypass capacitor, a Zener diode, and a varistor is insert-
ed between the first lead wire and the second lead wire
separately from the circuit element to protect the circuit
element.
[0024] In another aspect, the present invention pro-
vides a signal processing circuit comprising a circuit el-
ement and a control circuit; wherein (1) the circuit ele-
ment includes a first lead wire; a second lead wire; a
third lead wire; first and second rectifying elements
which are connected in series in a forward direction be-
tween the first lead wire and the second lead wire; and
a load which is connected between the third lead wire
and a connection point between the first and second rec-
tifying elements; and (2) the control circuit controls at
least an electric potential of the first lead wire and an
electric potential of the second lead wire.
[0025] Accordingly, when the signal processing circuit
concerning the present invention is used, then it is pos-
sible to configure a system in which the low electric pow-
er consumption can be realized and the driving can be
performed at a low voltage. In this configuration, a large
number of the circuit elements may be prepared, and
the circuit elements may be arbitrarily arranged. Thus,
it is possible to control the voltage and the current of
each of the circuit elements.
[0026] The signal processing circuit according to the
present invention is also applicable to the driving of a
large number of circuit elements which are arranged in
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a matrix form. In particular, the signal processing circuit
is preferably applicable to an application in which the
current should flow in the two-way directions. The signal
processing circuit is also preferably applicable to the
driving of a circuit element in which a capacitive load is
used as the load, for the following reason. For the ca-
pacitive load, the features in the present invention to al-
low the current to flow in the two-way directions and to
retain the electric charge during the unselection are ad-
vantageous.
[0027] The signal processing circuit according to the
present invention is also preferably applicable to trans-
mission systems, for example, a transmission system in
which an arbitrary bus is selected from a large number
of buses, and a signal is supplied to the selected bus.
In this case, it is possible to obtain the transmission sys-
tem which is capable of smoothly switching without us-
ing any switching circuit and without causing any cross-
talk between the buses.
[0028] In still another aspect, the present invention
provides a control device comprising a plurality of circuit
elements and a plurality of control circuits; wherein (1)
each of the circuit elements includes a first lead wire; a
second lead wire; a third lead wire; first and second rec-
tifying elements which are connected in series in a for-
ward direction between the first lead wire and the sec-
ond lead wire; and a load which is connected between
the third lead wire and a connection point between the
first and second rectifying elements; and (2) each of the
control circuits controls electric potentials of the first
lead wire, the second lead wire, and the third lead wire.
[0029] Accordingly, when the control device concern-
ing the present invention is used, then it is possible to
configure a system in which the low electric power con-
sumption can be realized and the driving can be per-
formed at a low voltage. In this configuration, a large
number of circuit elements may be prepared, and the
circuit elements may be arbitrarily arranged. Thus, it is
possible to control the voltage and the current of each
of the circuit elements.
[0030] Further, the control device according to the
present invention is usable for the display device as de-
scribed later on as well as optical switches, MEMS (mi-
cro electro mechanical system), memories, printers, po-
sition control devices, and space optical modulation el-
ements, and so on.
[0031] It is preferable that V1 ≥ V2 over an entire op-
erating period provided that V1 represents the electric
potential of the first lead wire and V2 represents the
electric potential of the second lead wire.
[0032] When a selection period and an unselection
period are set for each of the circuit elements in the op-
erating period, it is preferable that V2 ≤ V3 ≤ V1 in the
unselection period provided that V3 represents an elec-
tric potential of the connection point. It is preferable that
V1 < V3 or V2 > V3 while each of the circuit elements is
actually selected in the selection period.
[0033] The meaning of the phrase "actually selected"

will now be explained. First, the selection period means
a period in which each of the circuit elements can be
selected or changed into a selected state. The relation-
ship of length between the selection period and the pe-
riod in which each of the circuit elements is actually se-
lected is: (selection period) ≥ (period in which each of
the circuit elements is actually selected). The start time
point of the selection period may be different from the
start time point of the period in which each of the circuit
elements is actually selected. Further, in the selection
period, some of the circuit elements might not be select-
ed. The relationship of V1 < V3 or V2 > V3, which is the
feature of the present invention, indicates the relation-
ship of the electric potential in the period in which each
of the circuit elements is actually selected, as described
above. Thus, if the length of the period in which each of
the circuit elements is actually selected is the same as
that of the selection period, the relationship of V1 < V3
or V2 > V3 in the selection period can be defined. How-
ever, if the length of the period in which each of the circuit
elements is actually selected is shorter than the selec-
tion period or zero, the definition cannot always be made
such that V1 < V3 or V2 > V3 in the selection period.
Accordingly, in the present invention, the definition is
made such that "V1 < V3 or V2 > V3 while each of the
circuit elements is actually selected in the selection pe-
riod".
[0034] When a reset period is set for each of the circuit
elements in the operating period, it is preferable that V1
< V3 or V2 > V3 while each of the circuit elements is
actually reset in the reset period. The meaning of the
phrase "actually reset" in this definition is the same as
that described above.
[0035] The load may be a displacement control ele-
ment which displaces a control objective on the basis of
a voltage applied to the load. In this arrangement, the
displacement control element may include a piezoelec-
tric element. Alternatively, the displacement control el-
ement may include at least a pair of opposing electrodes
to utilize an electrostatic force exerted when a voltage
is applied between at least the pair of electrodes. The
displacement control element may include an inductor,
and the displacement of the control objective may be
controlled by the magnetic force based on a voltage ap-
plied to the inductor. The inductor may have such a char-
acteristic that a magnetic flux density-magnetic field
characteristic curve has a hysteresis, and a saturation
magnetic flux density is approximately the same as a
residual or remanent magnetic flux density.
[0036] In still another aspect, the present invention
provides to a display device comprising a display sec-
tion which includes a large number of picture elements;
a large number of select lines each of which gives a se-
lection/unselection instruction to the respective picture
elements; a large number of signal lines each of which
supplies a picture element signal to the respective pic-
ture elements in a selected state; and a large number
of reset lines each of which supplies a reset signal to
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the respective picture elements in the selected state;
wherein each of the picture elements includes first and
second rectifying elements which are connected in se-
ries in a forward direction between two lines selected
from one of the select lines, one of the signal lines, and
one of the reset lines; and a load which is connected
between remaining one line and a connection point be-
tween the first and second rectifying elements. The re-
set signal herein includes, for example, signals to be
used to allow the load to perform the electric discharge
and allow the load to perform the charge, and also in-
cludes a signal to be used to allow the load to be in a
certain reference state.
[0037] Accordingly, the two rectifying elements under-
go the reverse bias respectively for the circuit element
disposed on the unselected row to successfully function
so that the current is blocked. Therefore, the picture el-
ement on the unselected row is not affected by any sig-
nal supplied to the picture element disposed on the se-
lected row. As a result, it is possible to realize the low
electric power consumption, and it is possible to perform
the driving at a low voltage. Further, it is possible to per-
form the driving while allowing the respective picture el-
ements to have the memory effect. It is possible to re-
alize the display device having a high luminance and a
high contrast.
[0038] Of course, as described above, the driving can
be performed at a low voltage as compared with the con-
ventional passive matrix driving system and the active
matrix driving system based on the use of the nonlinear
resistance element. The circuit is simply configured,
which is advantageous to reduce the cost, as compared
with the conventional active matrix driving system based
on the use of TFT. Further, the present invention is also
applicable to a case in which higher voltage resistance
is required, to which it is difficult to apply any conven-
tional TFT.
[0039] It is preferable that V1 ≥ V2 over an entire op-
erating period provided that the line selected from the
select line, the signal line, and the reset line, to which a
cathode of the first rectifying element is connected, is
defined as a first line, and the line, to which an anode
of the second rectifying element is connected, is defined
as a second line; and V1 represents an electric potential
of the first line, and V2 represents an electric potential
of the second line.
[0040] It is preferable that V2 ≤ V3 ≤ V1 in an unse-
lection period provided that a selection period and the
unselection period are set for each of the picture ele-
ments in the operating period; and V3 represents an
electric potential of the connection point.
[0041] It is preferable that V1 < V3 or V2 > V3 while
each of the circuit elements is actually selected in the
selection period. When a reset period is set for each of
the picture elements in the operating period, it is prefer-
able that V1 < V3 or V2 > V3 while each of the circuit
elements is actually reset in the reset period.
[0042] In still another aspect, the present invention

provides a method of driving a display device compris-
ing a display section which includes a large number of
picture elements; a large number of select lines each of
which gives a selection/unselection instruction to the
picture elements; a large number of signal lines each of
which supplies a picture element signal to the picture
elements in a selected state; and a large number of reset
lines each of which supplies a reset signal to the picture
elements in the selected state; each of the picture ele-
ments including first and second rectifying elements
which are connected in series in a forward direction be-
tween two lines selected from one of the select lines,
one of the signal lines, and one of the reset lines; and a
load which is connected between remaining one line
and a connection point between the first and second rec-
tifying elements; wherein a picture element in the select-
ed state is driven so that V1 < V3 or V2 > V3; and a
picture element in the unselected state is driven so that
V2 ≤ V3 ≤ V1 provided that the a line selected from the
one of the select lines, the one of the signal lines, and
the one of the reset lines, to which a cathode of the first
rectifying element is connected, is defined as a first line,
and a line selected from the one of the select lines, the
one of the signal lines, and the one of the reset lines, to
which an anode of the second rectifying element is con-
nected, is defined as a second line; and V1 represents
an electric potential of the first line, V2 represents an
electric potential of the second line, and V3 represents
an electric potential of the connection point of the picture
element.
[0043] Accordingly, the picture element, which is in
the unselected state, is not affected by the signal sup-
plied to the picture element in the selected state, and
the memory effect can be realized for each of the picture
elements. Thus, it is possible to realize a high luminance
and a high contrast.
[0044] A picture element, which has the following light
emission characteristic, may be used as the picture el-
ement. A first voltage and a second voltage are applied
to the load, and light is emitted while the second voltage
is applied.
[0045] In this procedure, a light emission luminance
of the picture element may be changed depending on a
gradation level by changing the end time point of the
second voltage by modulating a pulse width of the pic-
ture element signal supplied to the picture element de-
pending on the gradation level of the picture element.
[0046] A light emission luminance of the picture ele-
ment may be changed depending on a gradation level
by changing an amplitude of the second voltage by con-
trolling an amplitude of the picture element signal sup-
plied to the picture element depending on the gradation
level of the picture element.
[0047] A light emission luminance of the picture ele-
ment may be changed depending on a gradation level
by changing the start time point of the second voltage
state by modulating a phase of a trigger signal included
in the picture element signal supplied to the picture el-
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ement depending on the gradation level of the picture
element.
[0048] A light emission luminance of the picture ele-
ment may be changed depending on a gradation level
by changing an amplitude of the second voltage by mod-
ulating a pulse width of the picture element signal sup-
plied to the picture element depending on the gradation
level of the picture element.
[0049] When the picture element has a characteristic
that a light amount is changed depending on a duty ratio
of a period of the first voltage with respect to a prede-
termined period, a light emission luminance of the pic-
ture element may be changed depending on a gradation
level by changing a pulse width of the first voltage by
modulating a phase of a trigger signal included in the
picture element signal supplied to the picture element
depending on the gradation level of the picture element.
[0050] When the picture element has a characteristic
that a light amount is changed depending on an accu-
mulated voltage in the first voltage, a light emission lu-
minance of the picture element may be changed de-
pending on a gradation level by changing an amplitude
of the first voltage by modulating a pulse width of the
picture element signal supplied to the picture element
depending on the gradation level of the picture element.
[0051] When the picture element has such a charac-
teristic that a light amount is changed depending on an
accumulated voltage in the first voltage, a light emission
luminance of the picture element may be changed de-
pending on a gradation level by changing an amplitude
of the first voltage by modulating an amplitude of the
picture element signal supplied to the picture element
depending on the gradation level of the picture element.
[0052] In the procedures as described above, when
the first voltage and the second voltage are continuously
applied to the load, it is preferable since more intense
and stable light emission is obtained.
[0053] Alternatively, any picture element, which has
the following light emission characteristic, may be used
as the picture element. The picture element has a light
emission characteristic that a first voltage, a reference
voltage, and a second voltage having a polarity opposite
to that of the first voltage are applied to the load, and
thus light emission is effected at least in an application
period of the first voltage and an application period of
the second voltage.
[0054] In this procedure, a light emission luminance
of the picture element may be changed depending on a
gradation level by changing a start time point of the first
voltage and a start time point of the second voltage by
modulating a phase of a trigger signal included in the
picture element signal supplied to the picture element
depending on the gradation level of the picture element.
[0055] A light emission luminance of the picture ele-
ment may be changed depending on a gradation level
by changing an amplitude of the first voltage and an am-
plitude of the second voltage by modulating a pulse
width of the picture element signal supplied to the pic-

ture element depending on the gradation level of the pic-
ture element.
[0056] A light emission luminance of the picture ele-
ment may be changed depending on a gradation level
by changing an amplitude of the first voltage and an am-
plitude of the second voltage by modulating an ampli-
tude of the picture element signal supplied to the picture
element depending on the gradation level of the picture
element.
[0057] In still another aspect, the present invention
provides a method of driving an array of circuit elements,
the array comprising a plurality of circuit elements, a plu-
rality of first lead wires, a plurality of second lead wires,
and a plurality of third lead wires, a first group compris-
ing the plurality of first lead wires, a second group com-
prising the plurality of second lead wires, at least one of
the first group and the second group giving a selection/
unselection instruction to the circuit elements, and each
of the circuit elements including: a first rectifying ele-
ment and a second rectifying element which are con-
nected in series in a forward direction respectively be-
tween two lead wires selected from one of the first lead
wires, one of the second lead wires, and one of the third
lead wires; and a load which is connected between re-
maining one lead wire and a connection point between
the first rectifying element and second rectifying ele-
ment, wherein a selected circuit element in a selected
state is driven so that V1 < V3 or V2 > V3; and an un-
selected circuit element in an unselected state is driven
so that V2 ≤ V3 ≤ V1, provided that a lead wire selected
from one of the first lead wires, one of the second lead
wires, and one of the third lead wires, to which a cathode
of the first rectifying element is connected, being defined
as a first lead wire, and a lead wire selected from one
of the first lead wires, one of the second lead wires, and
one of the third lead wires, to which an anode of the
second rectifying element is connected, being defined
as a second lead wire; and V1 represents an electric
potential of the first lead wire, V2 represents an electric
potential of the second lead wire, and V3 represents an
electric potential of the connection point.
[0058] Accordingly, it is possible to contemplate the
low electric power consumption of the circuit element,
and it is possible to perform the driving at a low voltage.
Therefore, when the method of driving the circuit ele-
ment is used for a variety of applications, it is possible
to realize the low electric power consumption and the
low voltage driving of each of the applications.
[0059] In still another aspect, the present invention
provides a method of driving a control device, the control
device comprising: a plurality of circuit elements; a large
number of select lines each of which gives a selection/
unselection instruction to the respective circuit ele-
ments; a large number of signal lines each of which sup-
plies a signal to the respective circuit elements in a se-
lected state; and a large number of reset lines each of
which supplies a reset signal to the respective circuit
elements in the selected state, wherein each of the cir-
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cuit elements includes: a first rectifying element and a
second rectifying element which are connected in series
in a forward direction respectively between two lines se-
lected from one of the select lines, one of the signal
lines, and one of the reset lines; and a load which is
connected between remaining one line and a connec-
tion point between the first rectifying element and sec-
ond rectifying element, wherein a selected circuit ele-
ment in the selected state is driven so that V1 < V3 or
V2 > V3; and an unselected circuit element in an unse-
lected state is driven so that V2 ≤ V3 ≤ V1, provided that
a line selected from one of the select lines, one of the
signal lines, and one of the reset lines, to which a cath-
ode of the first rectifying element is connected, is de-
fined as a first line, and a line selected from one of the
select lines, one of the signal lines, and one of the reset
lines, to which an anode of the second rectifying element
is connected, is defined as a second line; and V1 rep-
resents an electric potential of the first line, V2 repre-
sents an electric potential of the second line, and V3
represents an electric potential of the connection point.
[0060] In this arrangement, the load may include a pi-
ezoelectric element, and the displacement of the control
objective may be controlled by using the inverse piezo-
electric effect of the piezoelectric element. Alternatively,
at least a pair of opposing electrodes may be provided,
and the displacement of the control objective may be
controlled by using the electrostatic force exerted when
the voltage is applied between at least the pair of elec-
trodes.
[0061] In still another aspect, the present invention
provides a method of driving a control device, the control
device comprising a plurality of circuit elements, each
of the circuit elements including: a first lead wire which
gives displacement instruction in a positive direction, a
second lead wire which gives displacement instruction
in a negative direction, a third lead wire which gives a
displacement amount instruction, a first rectifying ele-
ment and a second rectifying element which are con-
nected in series in a forward direction between the first
lead wire and the second lead wire, and a load which is
connected between the third lead wire and a connection
point between the first rectifying element and the second
rectifying element, wherein a circuit element, for which
the displacement instruction in the positive direction is
given, is driven so that V1 ≥ V2 and V3 > V1 at a dis-
placement start time point; a circuit element, for which
the displacement instruction in the negative direction is
given, is driven so that V1 ≥ V2 and V3 < V2 at a dis-
placement start time point; and a circuit element, which
is in an unselected state, is driven so that V2 ≤ V3 ≤ V1,
provided that V1 represents an electric potential of the
first lead wire, V2 represents an electric potential of the
second lead wire, and V3 represents an electric poten-
tial of the connection point.
[0062] In this arrangement, the load may include an
inductor, and the displacement of the control objective
may be controlled by the magnetization of the inductor

controlled by the current flowing through the inductor de-
pending on the voltage. The inductor may have a char-
acteristic that a magnetic flux density-magnetic field
characteristic curve has a hysteresis, and a saturation
magnetic flux density is approximately the same as a
residual or remanent magnetic flux density. The load
may include a piezoelectric element, and the displace-
ment of the control objective may be controlled by using
the inverse piezoelectric effect of the piezoelectric ele-
ment. Alternatively, at least a pair of opposing elec-
trodes may be provided, and the displacement of the
control objective may be controlled by using the electro-
static force exerted when the voltage is applied between
at least the pair of electrodes.
[0063] In the method of driving the control device de-
scribed above, the circuit element, which is in the unse-
lected state, is not affected by the signal to be supplied
to the circuit element which is in the selected state. It is
possible to contemplate the low electric power con-
sumption, and it is possible to perform the driving at a
low voltage.
[0064] As explained above, according to the circuit el-
ement, the signal processing circuit, and the control de-
vice concerning the present invention, the circuit ele-
ment, which is in the unselected state, is not affected by
the signal to be supplied to the circuit element which is
in the selected state. It is possible to contemplate the
low electric power consumption, and it is possible to per-
form the driving at a low voltage.
[0065] Further, according to the display device and
the method of driving the display device concerning the
present invention, the picture element, which is in the
unselected state, is not affected by the signal to be sup-
plied to the picture element which is in the selected
state. It is possible to realize the memory effect in each
of the picture elements, and it is possible to realize the
high luminance and the high contrast.
[0066] Further, according to the method of driving the
circuit element and the method of driving the control de-
vice concerning the present invention, the circuit ele-
ment, which is in the unselected state, is not affected by
the signal to be supplied to the circuit element which is
in the selected state. It is possible to contemplate the
low electric power consumption, and it is possible to per-
form the driving at a low voltage.
[0067] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068]

FIG. 1 shows a configuration illustrating a circuit el-
ement according to an embodiment of the present
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invention;
FIG. 2 shows a configuration illustrating a signal
processing circuit according to an embodiment of
the present invention;
FIG. 3 shows the electric potentials in the operating
period for the signal processing circuit according to
the embodiment of the present invention;
FIG. 4 shows a configuration illustrating a display
device according to a first embodiment;
FIG. 5 shows a characteristic of voltage-accumulat-
ed electric charge of a capacitive load to be used
for the display device according to the first embod-
iment;
FIG. 6 shows a timing chart illustrating an exempla-
ry driving system for the display device according
to the first embodiment;
FIG. 7 shows a diagram illustrating the timing to be
used when the driving system for the display device
according to the first embodiment is applied to four-
row scanning;
FIG. 8A shows a waveform to be obtained when the
end time point of the first voltage state is changed
by modulating the pulse width of the picture element
signal;
FIG. 8B shows an exemplary light output waveform;
FIG. 8C shows another exemplary light output
waveform;
FIG. 9A shows a waveform to be obtained when an
amplitude of the first voltage state is changed by
modulating the amplitude of the picture element sig-
nal;
FIG. 9B shows an exemplary light output waveform;
FIG. 9C shows another exemplary light output
waveform;
FIG. 10 shows a configuration illustrating a display
device according to a second embodiment;
FIG. 11A shows a waveform illustrating the change
of the terminal voltage across a capacitive load to
be used for the display device according to the sec-
ond embodiment;
FIG. 11B shows the change of the light output as-
sociated with the change of the terminal voltage
across the capacitive load;
FIG. 12 shows a timing chart illustrating an exem-
plary driving system for the display device accord-
ing to the second embodiment;
FIG. 13A shows a diagram illustrating an example
of the timing to be used when the driving system for
the display device according to the second embod-
iment is applied to four-row scanning;
FIG. 13B shows a diagram illustrating another ex-
ample;
FIG. 14A shows a waveform to be obtained when
the phase of the trigger signal included in the picture
element signal is changed;
FIG. 14B shows a case in which the start time point
of the first voltage state is changed by modulating
the phase;

FIG. 14C shows an example in which the light out-
put period is changed depending on the phase of
the trigger signal;
FIG. 15A shows a waveform illustrating an example
in which the pulse width of the picture element sig-
nal is changed;
FIG. 15B shows a waveform to be obtained when
the amplitude of the first voltage state is changed
by modulating the pulse width;
FIG. 15C shows an example in which the light out-
put level is changed depending on the pulse width
of the picture element signal;
FIG. 16A shows a waveform illustrating an example
in which the amplitude of the picture element signal
is changed;
FIG. 16B shows a waveform illustrating a case in
which the amplitude of the first voltage state is
changed by modulating the amplitude;
FIG. 16C shows an example in which the light out-
put level is changed depending on the amplitude of
the picture element signal;
FIG. 17 shows a configuration illustrating a display
device according to a third embodiment;
FIG. 18 shows a characteristic of duty ratio-light
amount of a capacitive load to be used for the dis-
play device according to the third embodiment;
FIG. 19A shows a waveform illustrating an example
in which the phase of the trigger signal included in
the picture element signal is changed;
FIG. 19B shows a waveform illustrating a case in
which the start time point of the second voltage
state is changed by modulating the phase;
FIG. 19C shows an example in which the light out-
put level is changed depending on the phase of the
trigger signal;
FIG. 20 shows a characteristic of accumulated volt-
age-light amount of a capacitive load to be used for
the display device according to the third embodi-
ment;
FIG. 21A shows a waveform illustrating an example
in which the pulse width of the picture element sig-
nal is changed;
FIG. 21B shows a waveform illustrating a case in
which the amplitude of the second voltage state is
changed by modulating the pulse width;
FIG. 21C shows an example in which the light out-
put level is changed depending on the pulse width
of the picture element signal;
FIG. 22A shows a waveform illustrating an example
in which the amplitude of the picture element signal
is changed;
FIG. 22B shows a waveform illustrating a case in
which the amplitude of the second voltage state is
changed by modulating the amplitude;
FIG. 22C shows an example in which the light out-
put level is changed depending on the amplitude of
the picture element signal;
FIG. 23 shows a timing chart illustrating an exem-
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plary driving system for the display device accord-
ing to the third embodiment;
FIG. 24 shows a configuration illustrating a display
device according to a fourth embodiment;
FIG. 25 shows a timing chart illustrating an exem-
plary driving system for the display device accord-
ing to the fourth embodiment;
FIG. 26A shows a diagram illustrating an example
of the timing to be used when the driving system for
the display device according to the fourth embodi-
ment is applied to four-row scanning;
FIG. 26B shows a diagram illustrating another ex-
ample;
FIG. 27A shows a waveform illustrating an example
in which the phases of the trigger signal having pos-
itive polarity and the trigger signal having negative
polarity included in the picture element signal are
changed;
FIG. 27B shows a waveform illustrating a case in
which the respective start time points of the first volt-
age state and the second voltage state are changed
by modulating the phase;
FIG. 27C shows an example in which the light out-
put period is changed depending on the phases of
the trigger signal having positive polarity and the
trigger signal having negative polarity;
FIG. 28A shows a waveform illustrating an example
in which the pulse width of the picture element sig-
nal is changed;
FIG. 28B shows a waveform illustrating a case in
which the respective amplitudes of the first voltage
state and the second voltage state are changed by
modulating the pulse width;
FIG. 28C shows an example in which the light out-
put level is changed depending on the pulse width
of the picture element signal;
FIG. 29A shows a waveform illustrating an example
in which the amplitude of the picture element signal
is changed;
FIG. 29B shows a waveform illustrating a case in
which the respective amplitudes of the first voltage
state and the second voltage state are changed by
modulating the amplitude;
FIG. 29C shows an example in which the light out-
put level is changed depending on the amplitude of
the picture element signal;
FIG. 30 shows a configuration illustrating a position
control device according to an embodiment of the
present invention;
FIG. 31 shows a model illustrating a position control
system comprising an inductor and a resistor;
FIG. 32 shows a characteristic illustrating the
change of the position of a control objective de-
pending on the magnitude and the direction of the
current flowing through the inductor;
FIG. 33 shows a timing chart illustrating the control
operation when the control objective is displaced in
the positive direction with the position control device

according to the embodiment of the present inven-
tion;
FIG. 34 shows a timing chart illustrating the control
operation when the control objective is displaced in
the negative direction with the position control de-
vice according to the embodiment of the present in-
vention;
FIG. 35A shows a diagram illustrating an example
of the timing when the driving system for the posi-
tion control device according to the embodiment of
the present invention is applied to four-row scan-
ning;
FIG. 35B shows a diagram illustrating another ex-
ample;
FIG. 36A illustrates the setting of the terminal volt-
age across the load when the control objective is
moved in the positive direction;
FIG. 36B illustrates the setting of the terminal volt-
age across the load when the control objective is
moved in the negative direction;
FIG. 37 shows an example of the displacement-
voltage characteristic of the piezoelectric element
used as the displacement control element;
FIG. 38 shows another example of the displace-
ment-voltage characteristic of the piezoelectric ele-
ment used as the displacement control element;
FIG. 39 schematically shows an optical switch array
configured by arranging a large number of displace-
ment control elements;
FIG. 40A illustrates a first state of the optical switch;
FIG. 40B illustrates a second state of the optical
switch;
FIG. 41 shows an example of the B-H characteristic
of the displacement control element based on the
use of the coil having the large residual magnetic
flux;
FIG. 42 shows a timing chart illustrating an example
of the method of driving the circuit element including
the displacement control element based on the use
of the coil having the large residual magnetic flux;
FIG. 43 illustrates a conventional passive matrix
driving system;
FIG. 44 illustrates a conventional active matrix driv-
ing system based on the use of nonlinear resistance
elements; and
FIG. 45 shows a characteristic of current-voltage of
the nonlinear resistance element.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0069] Illustrative embodiments of the circuit element,
the signal processing circuit, the control device, the dis-
play device, the method of driving the display device,
the method of driving the circuit element, and the meth-
od of driving the control device according to the present
invention will be explained below with reference to
FIGS. 1 to 42.
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[0070] As shown in FIG. 1, a circuit element 10 ac-
cording to an embodiment of the present invention com-
prises a first lead wire 12, a second lead wire 14, a third
lead wire 16, first and second rectifying elements D1,
D2 which are connected in series in the forward direction
between the first lead wire 12 and the second lead wire
14, and a load 20 which is connected between the third
lead wire 16 and a connection point 18 between the first
and second rectifying elements D1, D2.
[0071] As shown in FIG. 2, a signal processing circuit
30 according to an embodiment of the present invention
comprises one or more circuit elements 10 as described
above and a control circuit 32. The embodiment shown
in the drawing is illustrative of two circuit elements 10
and one control circuit 32.
[0072] As shown in FIG. 3, the control circuit 32
makes control so that V1 ≥ V2 over the entire operating
period provided that V1 represents the electric potential
of the first lead wire 12 and V2 represents the electric
potential of the second lead wire 14.
[0073] The control circuit 32 makes control during the
operating period as follows. That is, V1 < V3 in the first
period in which the current flows from the third lead wire
16 to the load 20, V2 > V3 in the second period in which
the current flows from the second lead wire 14 to the
load 20, and V2 ≤ V3 ≤ V1 in the third period in which
the current is prohibited from flowing into the load 20.
[0074] It is now assumed that an arbitrary circuit ele-
ment 10 is selected/unselected by using, for example,
a signal supplied from the first lead wire 12. On this as-
sumption, the two rectifying elements D1, D2 undergo
the reverse bias for the circuit element 10 which is in the
unselected state to successfully function so that the cur-
rent is cut off, because the circuit element 10 in the un-
selected state is in the third period of the operating pe-
riod described above. The circuit element 10, which is
in the selected state, is in the first period or the second
period. Therefore, the circuit element 10, which is in the
unselected state, is not affected by any signal supplied
to the circuit element 10 in the selected state. Therefore,
it is possible to realize the low electric power consump-
tion, and it is possible to perform the driving at a low
voltage in the circuit element 10 and the signal process-
ing circuit 30 according to the embodiments of the
present invention.
[0075] Further, it is sufficient that the rectifying ele-
ment D1, D2 has an extremely simple and general func-
tion that the current flows only in one direction. There-
fore, it is easy to obtain stable characteristics. As for the
rectifying element D1, D2, the threshold value voltage
in the forward direction is small, and the equivalent ca-
pacitance in the backward direction is small. Therefore,
the voltage, which is applied to the load 20 in the unse-
lected state, can be an accurate voltage (voltage ap-
proximately as exactly as designed). It is almost unnec-
essary to increase the driving voltage even when the
rectifying elements D1, D2 are inserted.
[0076] The driving can be performed at a low voltage

as compared with the conventional passive matrix driv-
ing system and the active matrix driving system based
on the use of the nonlinear resistance element. The cir-
cuit is simply configured, which is advantageous to re-
duce the cost, as compared with the conventional active
matrix driving system based on the use of TFT. Further,
the present invention is also applicable to a case in
which higher voltage resistance is required, to which it
is difficult to apply any conventional TFT.
[0077] In the signal processing circuit 30 according to
the embodiment of the present invention, a large
number of the circuit elements 10 may be prepared, and
the circuit elements 10 may be arbitrarily arranged to
successfully control the voltage and the current of each
of the circuit elements 10. Therefore, the signal process-
ing circuit 30 can be also utilized as a control system,
for example, for displacement, position, temperature,
light, and pressure.
[0078] The signal processing circuit 30 is also prefer-
ably applicable to transmission systems, for example, a
transmission system in which an arbitrary bus is select-
ed from a large number of buses, and a signal is sup-
plied to the selected bus. In this configuration, it is pos-
sible to obtain the transmission system capable of
smoothly performing the switching without using any
switching circuit (without generating any noise) and
without causing any crosstalk between the buses.
[0079] Each of the first and second rectifying ele-
ments D1, D2 may be a diode. In this configuration, the
diode may be a thin film diode. The thin film diode may
be an MIM element. Alternatively, the rectifying element
may be formed by using a three-terminal element such
as MOS transistor, bipolar transistor, or TFT.
[0080] In particular, the configuration of the first and
second rectifying elements D1, D2 with MIM elements
is especially effective, for example, when a large
number of circuit elements 10 are arranged and inte-
grated, and when a thin type circuit element 10 or a thin
type device is configured. A large number of circuit ele-
ments 10 may be formed, for example, on a ceramic
substrate or a silicon wafer. It is also preferable that the
load 20 is connected to a circuit obtained by forming the
first and second rectifying elements D1, D2 on a sub-
strate as described above.
[0081] There may be one or some elements between
the first and second rectifying elements D1, D2 without
deviating from the gist or essential characteristics of the
present invention. For example, a resistance element or
an inductor may be inserted or connected in order to
protect a circuit when the through-current is generated
by any abnormal voltage and/or in order to avoid the
rush current and/or reduce the noise. Such an additional
element may be between the first lead wire 12 and the
first rectifying element D1, between the second lead
wire 14 and the second rectifying element D2, between
the third lead wire 16 and the load 20, between the load
20 and the first rectifying element D1, or between the
load 20 and the second rectifying element D2.
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[0082] When the electric potential of the second lead
wire 14 becomes higher than the electric potential of the
first lead wire 12, the through-current may flow to de-
stroy the circuit element 10. In order to avoid such in-
convenience, it is also preferable that an element such
as a bypass capacitor, a Zener diode, and a varistor is
inserted between the first lead wire 12 and the second
lead wire 14 separately from the circuit element 10 to
protect the circuit element 10.
[0083] Next, an explanation will be made with refer-
ence to FIGS. 4 to 29C about illustrative embodiments
in which the circuit element 10 and the signal processing
circuit 30 according to the embodiments of the present
invention are applied to display devices.
[0084] First, as shown in FIG. 4, a display device 40A
according to a first embodiment includes a display sec-
tion 44 in which a large number of picture elements 42
are arranged in a matrix form, select lines 46 whose
number corresponds to the number of rows of the pic-
ture elements 42, signal lines 48 whose number corre-
sponds to the number of columns of the picture ele-
ments 42, and reset lines 50 whose number corre-
sponds to the number of columns of the picture ele-
ments 42.
[0085] The display device 40A further includes a ver-
tical shift circuit 52, a horizontal shift circuit 54, and a
signal control circuit 56.
[0086] The vertical shift circuit 52 selectively supplies
a selection signal Ss to the select line 46 to successively
select the picture elements 42 in a unit of one row. The
horizontal shift circuit 54 outputs a picture element sig-
nal Sd to the signal lines 48 in parallel. A common reset
signal Sr is supplied to the respective reset lines 50 by
the signal control circuit 56.
[0087] The picture element 42 includes first and sec-
ond rectifying elements D1, D2 which are connected in
series in the forward direction between the select line
46 and the reset line 50, and a capacitive load 60 which
is connected between the signal line 48 and a connec-
tion point 58 between the first and second rectifying el-
ements D1, D2.
[0088] The terminal voltage Vc across the capacitive
load 60 relates to the accumulated electric charge Q as
shown by a characteristic in FIG. 5. That is, a hysteresis
curve is depicted on the basis of a terminal voltage Vc
= 0. For example, when the terminal voltage Vc is
changed from 100 V to -150 V, then the change is made
in order of points P1 → P2 → P3, and the light is emitted
at the point P3. After that, when the terminal voltage Vc
is raised to 100 V, then the change is made in order of
points P3 → P4 → P1 to return to the original point P1.
[0089] The driving system for the display device 40A
will now be explained with reference to FIG. 6 as exem-
plified by two-row scanning. The waveform shown in
FIG. 6 is illustrative of the signal waveform in relation to
the picture element disposed on the first row.
[0090] First, at a time point t0, the system enters a
selection period Ts1 for the picture element 42 on the

first row. In this situation, the reset signal Sr is changed
to the low level (for example, 0 V), the selection signal
Ss maintains the high level (for example, 260 V), and
the picture element signal Sd maintains the low level (for
example, 0 V). The electric potential Va at the connec-
tion point 58 is 100 V. In this state, both of the first and
second rectifying elements D1, D2 undergo the reverse
bias as a non-conduction state. The state (first voltage
state), in which the voltage having positive polarity (for
example, 100 V) is applied to both ends of the capacitive
load 60, is maintained.
[0091] When the picture element signal Sd is changed
to high level (for example, 150 V) at the next time point
t1, the electric potential Va of the connection point 58
rises up to 250 V. However, the terminal voltage Vc
across the capacitive load 60 is not changed, because
the selection signal Ss maintains the high level.
[0092] When the selection signal Ss is changed to the
low level (for example, 0 V) at the next time point t2, the
first rectifying element D1 undergoes the forward bias
as a conduction state, and the electric potential Va of
the connection point 58 is steeply lowered from 250 V
to 0 V. Accordingly, the terminal voltage Vc across the
capacitive load 60 is steeply lowered down to -150 V,
and simultaneously the light is emitted by the capacitive
load 60. The light emission state is maintained until the
picture element signal Sd falls (until a time point t3). In
other words, the capacitive load 60 has a light emission
characteristic that the light emission is started at the
start time point of the second voltage state Pn to be ap-
plied, and the light emission is completed at the end time
point of the second voltage state Pn. Therefore, the light
emission luminance, which corresponds to the grada-
tion level of the picture element 42, can be obtained by
changing the pulse width of the picture element signal
Sd, especially the falling timing depending on the gra-
dation level of the relevant picture element 42 by the
signal control circuit 56.
[0093] When the picture element signal Sd is changed
to the low level (for example, 0 V) at the next time point
t3, the electric potential Va of the connection point 58 is
lowered down to about -150 V. Accordingly, the second
rectifying element D2 is in conduction, and the terminal
voltage across the capacitive load 60 is 0 V.
[0094] When the system enters the reset period Tr1
for the picture element 42 on the first row at the next
time point t4, and the reset signal Sr is changed to the
high level (for example, 100 V) at a time point t5 there-
after, then the charge is performed in a period of time
corresponding to the CR time constant of the picture el-
ement 42, and the terminal voltage Vc across the ca-
pacitive load 60 is restored to 100 V.
[0095] The system enters, from the next time point t7,
the selection period Ts2 and the reset period Tr2 for the
picture element 42 on the second row (unselection pe-
riod for the picture element on the first row). However,
the selection signal Ss for the first row maintains the high
level during the periods Ts2 and Tr2. Therefore, even
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when the level of the picture element signal Sd is
changed and the electric potential Va of the connection
point 58 is changed, the levels thereof are not as high
as the level of the selection signal Ss for the first row.
Accordingly, the reverse bias is applied to the first and
second rectifying elements D1, D2 concerning the pic-
ture element 42 on the first row, and the non-conduction
state is maintained.
[0096] Therefore, the picture element 42 on the first
row is not affected by the picture element signal Sd for
the picture element 42 on the second row. Further, the
electric charge is retained in the capacitive load 60 of
the picture element 42 on the first row in the unselection
period for the first row. Therefore, the electric power con-
sumption, which is generated by the electric charge and
discharge in the capacitive load 60 in the unselection
period, is substantially zero. Power may be merely con-
sumed by the parasitic capacitance (<< load capaci-
tance).
[0097] The driving method described above is used
especially when the light emission is started at the start
time point of the second voltage state Pn, and the light
emission is completed at the end time point. Further, the
driving method is advantageous when a pulse-shaped
light is emitted during the application period of the sec-
ond voltage state Pn. The method is used more effec-
tively when the wave height value and/or the duration
time of the pulse-shaped light emission is changed de-
pending on the time width and the voltage value in the
second voltage state Pn.
[0098] This driving system may be applied, for exam-
ple, to a case of the four-row scanning. In this case, as
shown in FIG. 7, assuming that one frame is in a display
period for one image, the following procedure may be
adopted. That is, the one frame is divided into four pe-
riods. The selection period and the reset period are set
in the initial period. The unselection periods (periods in
which the selection signal Ss maintains the high level)
and the reset periods are set in the remaining periods.
In the example shown in FIG. 7, the reset periods are
set and inserted immediately after the selection period
and immediately after the unselection periods in the one
frame. However, one or more of the reset periods may
be curtailed in the one frame.
[0099] The gradation control for the picture element
42 is conducted in a system based on the pulse width
modulation as shown in FIGS. 8A to 8C and a system
based on the voltage control as shown in FIGS. 9A to
9C.
[0100] In the pulse width modulation system, the end
time point of the second voltage state Pn is changed by
modulating the pulse width of the picture element signal
Sd depending on the gradation level of the picture ele-
ment (see FIG. 6), and thus the light emission luminance
of the picture element 42 is changed depending on the
gradation level. As for the light output waveform ob-
tained in this procedure, as shown in FIGS. 8B and 8C,
the light output period TL is changed depending on the

pulse width of the picture element signal Sd.
[0101] In the voltage control system, the amplitude of
the second voltage state Pn is changed as shown in FIG.
9A by controlling the amplitude of the picture element
signal Sd depending on the gradation level of the picture
element, and thus the light emission luminance of the
picture element is changed depending on the gradation
level. As for the light output waveform obtained in this
procedure, as shown in FIGS. 9B and 9C, the light out-
put level is changed depending on the amplitude of the
picture element signal Sd.
[0102] As described above, in the display device 40A
according to the first embodiment, the first and second
rectifying elements D1, D2 undergo the reverse bias for
the picture element 42 on the unselected row, and thus
it is possible to allow the first and second rectifying ele-
ments D1, D2 to function so that the current is cut off.
Therefore, the picture element 42 on the unselected row
is not affected by the picture element signal Sd supplied
to the picture element 42 on the selected row. As a re-
sult, it is possible to realize the low electric power con-
sumption, and the driving can be performed at a low volt-
age. Further, the driving can be performed while allow-
ing the respective picture elements 42 to have memory
effect, and it is possible to apply a certain bias voltage
during the unselection. Therefore, the operation can be
performed stably without depending on the image pat-
tern.
[0103] Of course, the driving can be performed at a
low voltage as compared with the conventional passive
matrix driving system and the active matrix driving sys-
tem based on the use of the nonlinear resistance ele-
ment as described above. Further, the circuit configura-
tion is simple as compared with the conventional active
matrix driving system based on the use of TFT, which is
advantageous to realize the low cost. Further, the
present invention is also applicable to a case in which
higher voltage resistance is required, to which it is diffi-
cult to apply any conventional TFT.
[0104] Next, a display device 40B according to a sec-
ond embodiment will be explained with reference to
FIGS. 10 to 16C.
[0105] The display device 40B according to the sec-
ond embodiment is configured in approximately the
same manner as the display device 40A according to
the first embodiment described above. However, as
shown in FIG. 10, the display device 40B is different
from the display device 40A in that the number of reset
lines 50 corresponds to the number of rows of picture
elements 42, and each of select lines 46 and each of
the reset lines 50 form a pair. A reset signal Sr relating
to the relevant row is supplied to each of the reset lines
50, for example, by a vertical shift circuit 52. The struc-
ture of the picture element 42 slightly differs, and the
light emission characteristic of the capacitive load 60
slightly differs as well.
[0106] The picture element 42 includes first and sec-
ond rectifying elements D1, D2 which are connected in
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series in the forward direction between the reset line 50
and the signal line 48, and the capacitive load 60 which
is connected between the select line 46 and a connec-
tion point 58 between the first and second rectifying el-
ements D1, D2.
[0107] As shown in FIGS. 11A and 11B, the capacitive
load 60 has a light emission characteristic that the light
emission is started at the start time point of the second
voltage state Pn (for example, -10 V) to be applied, and
the light emission is completed at the end time point of
the second voltage state Pn.
[0108] The driving system of the display device 40B
will now be explained with reference to FIG. 12 as ex-
emplified by the two-row scanning. FIG. 12 shows a tim-
ing chart in relation to the picture element disposed on
the first row.
[0109] First, at a time point t10, the system enters a
selection period Ts1 for the picture element on the first
row. In this situation, the reset signal Sr maintains the
high level (for example, 140 V), the selection signal Ss
is changed to the low level (for example, 50 V), and the
picture element signal Sd maintains the low level (for
example, 0 V). In this state, both of the first and second
rectifying elements D1, D2 undergo the reverse bias as
the non-conduction state. The electric potential Va at the
connection point 58 is at the level of the picture element
signal Sd (0 V). The state is maintained, in which the
voltage having positive polarity (for example, 50 V) is
applied to both ends of the capacitive load 60.
[0110] When the picture element signal Sd is changed
to the high level (for example, 60 V) at the next time point
t11, the second rectifying element D2 undergoes the for-
ward bias as the conduction state, and the electric po-
tential Va of the connection point 58 is steeply raised
from 0 V to 60 V. Accordingly, the terminal voltage Vc
across the capacitive load 60 steeply drops down to -10
V, simultaneously with which the light emission is
caused by the capacitive load 60. The light emission
state is maintained until the reset signal Sr falls (until a
time point t16).
[0111] When the picture element signal Sd is changed
to the low level (0 V) at the next time point t12, the sec-
ond rectifying element D2 undergoes the reverse bias
again as the non-conduction state. The electric potential
Va at the connection point 58 maintains 60 V, and the
terminal voltage Vc across the capacitive load 60 is also
maintained to be -10 V.
[0112] When the selection signal Ss is changed to the
high level (for example, 120 V) at the next time point t13,
the electric potential Va of the connection point 58 rises
up to 130 V. However, the terminal voltage Vc across
the capacitive load 60 is not changed, because the reset
signal Sr maintains the high level.
[0113] The system enters a selection period Ts2 for
the picture element 42 on the second row (unselection
period for the first row) from the next time point t14. How-
ever, in the selection period Ts2, the reset signal Sr for
the first row maintains the high level. Therefore, even

when the level of the picture element signal Sd is
changed, the electric potential Va at the connection
point 58 is not changed. Further, the levels are not as
high as the high level of the reset signal Sr for the first
row. Therefore, the reverse bias is applied to the first
and second rectifying elements D1, D2 concerning the
picture element 42 on the first row, and the non-conduc-
tion state is maintained.
[0114] Therefore, the picture element 42 on the first
row is not affected by the picture element signal Sd for
the picture element 42 on the second row. Further, the
electric power, which is consumed by the capacitive load
60 in the unselection period, is approximately zero, and
thus the electric power consumption is considerably de-
creased. The capacitive load 60 continues to retain the
electric charge during the unselection period, and hence
it is possible to continue the light emission. Thus, it is
possible to realize the high luminance and the high con-
trast. Even when the picture element on the first row re-
mains in the light off state, the electric potential Va of
the connection point 58 remains to be 70 V during the
selection period Ts2. The reverse bias is applied to the
first and second rectifying elements D1, D2 in relation
to the picture element 42 on the first row, and the non-
conduction state is maintained.
[0115] The system enters a reset period Tr1 for the
picture element on the first row from a time point t15.
When the selection signal Ss is changed to the low level,
the electric potential Va of the connection point 58 is low-
ered down to 60 V. In this situation, the reset signal Sr
maintains the high level. Therefore, the terminal voltage
Vc across the capacitive load 60 is not changed.
[0116] When the reset signal Sr for the first row is
changed to the low level (for example, 0 V) at the next
time point t16, then the first rectifying element D1 un-
dergoes the forward bias as the conduction state, and
the electric potential Va of the connection point 58 is
steeply lowered from 60 V to 0 V. Accordingly, the ter-
minal voltage Vc across the capacitive load 60 is steeply
raised up to 50 V as the initial reset state.
[0117] When this driving system is applied, for exam-
ple, to a case of the four-row scanning, it is possible to
adopt a system as shown in FIG. 13A or a system as
shown in FIG. 13B.
[0118] In the system shown in FIG. 13A, one frame is
divided into four periods (subfields), and one subfield is
divided into four periods. As for the initial three subfields,
the selection period is set for the initial period and the
unselection periods are set for the remaining three pe-
riods for each of the subfields. As for the remaining one
subfield, the reset period is set for the initial period, and
the unselection periods are set for the remaining three
periods. This system is preferably usable for the time
gradation control.
[0119] On the other hand, in the system shown in FIG.
13B, one frame is divided into eight or more periods.
The selection period is set for the first period of each
frame, the reset period is set for the final period of each
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frame, and the unselection periods are set for the re-
maining periods. According to this system, the light off
time is removed in the unselection period after the reset
period, which is effective to improve the luminance.
[0120] The system shown in FIG. 13A may be com-
bined with the system shown in FIG. 13B.
[0121] The gradation control for the picture element
includes a system based on the phase modulation (time
gradation control) as shown in FIGS. 14A to 14C, a sys-
tem based on the pulse width modulation as shown in
FIGS. 15A to 15C, and a system based on the voltage
control as shown in FIGS. 16A to 16C.
[0122] In the system based on the phase modulation,
the start time point of the second voltage state Pn is
changed as shown in FIG. 14B by modulating the phase
of the trigger signal Pt included in the picture element
signal Sd depending on the gradation level of the picture
element as shown in FIG. 14A. As for the light output
waveform obtained in this procedure, as shown in FIG.
14C, the light output period TL is changed depending
on the phase of the trigger signal Pt.
[0123] In the pulse width modulation system, the am-
plitude of the second voltage state Pn is changed as
shown in FIG. 15B by modulating the pulse width W of
the picture element signal Sd depending on the grada-
tion level of the picture element as shown in FIG. 15A,
and thus the light emission luminance of the picture el-
ement is changed depending on the gradation level. As
for the light output waveform obtained in this procedure,
as shown in FIG. 15C, the light output level is changed
depending on the pulse width W of the picture element
signal Sd.
[0124] In the voltage control system, the amplitude of
the second voltage state Pn is changed as shown in FIG.
16B by controlling the amplitude of the picture element
signal Sd depending on the gradation level of the picture
element as shown in FIG. 16A, and thus the light emis-
sion luminance of the picture element is changed de-
pending on the gradation level. As for the light output
waveform obtained in this procedure, as shown in FIG.
16C, the light output level is changed depending on the
amplitude of the picture element signal Sd. The light
emission/light off and the polarity of the second voltage
state Pn may be reverse to those described above by
way of example. The same or equivalent effect can be
obtained by only determining the voltage appropriately
even in the case of the picture element in which the light
emission/light off can be controlled without reversing the
polarity of the second voltage state Pn.
[0125] Next, a display device 40C according to a third
embodiment will be explained with reference to FIGS.
17 to 23.
[0126] The display device 40C according to the third
embodiment is constructed approximately in the same
manner as the display device 40B according to the sec-
ond embodiment described above. However, as shown
in FIG. 17, the display device 40C is different from the
display device 40B in that electric discharge instruction

lines 70 for instructing the electric discharge of the ca-
pacitive loads 60 are arranged in place of the reset lines
50, and the number of the electric discharge instruction
lines 70 corresponds to the number of rows of picture
elements. An electric discharge instruction signal Sh
concerning the row is supplied to each of the electric
discharge instruction lines 70, for example, by a vertical
shift circuit 52. The light emission characteristic of the
capacitive load 60 slightly differs as well.
[0127] As shown in FIGS. 18 and 19B, the capacitive
load 60 has a characteristic that the light amount is
changed depending on the duty ratio {(τ/T) x 100 (%)}
of the output period τ of the first voltage state Pp with
respect to a predetermined period (for example, one
frame: T).
[0128] Therefore, the system based on the phase
modulation can be easily applied for the gradation con-
trol. That is, the start time point of the first voltage state
Pp is changed as shown in FIG. 19B by modulating the
phase of the trigger signal Pt included in the picture el-
ement signal Sd depending on the gradation level of the
picture element as shown in FIG. 19A. As for the light
output waveform obtained in this procedure, as shown
in FIG. 19C, the light output level during the electric dis-
charge period Th of the capacitive load 60 is changed
depending on the phase of the trigger signal Pt.
[0129] As shown in FIGS. 20 and 21B, it is also pos-
sible to use, as the capacitive load 60, a capacitive load
having a characteristic that the light amount is changed
depending on the accumulated voltage Vcs of the first
voltage state Pp.
[0130] In this procedure, it is possible to adopt a sys-
tem based on the pulse width modulation as shown in
FIGS. 21A to 21C and a system based on the voltage
control as shown in FIGS. 22A to 22C.
[0131] In the pulse width modulation system, the light
emission luminance of the picture element is changed
depending on the gradation level by changing the am-
plitude of the first voltage state Pp as shown in FIG. 21B
by modulating the pulse width W of the picture element
signal Sd depending on the gradation level of the picture
element as shown in FIG. 21A. The light output wave-
form obtained in this procedure is shown in FIG. 21C.
That is, the light output level during the electric dis-
charge period Th of the capacitive load 60 is changed
depending on the pulse width W of the picture element
signal Sd.
[0132] In the voltage control system, the light emis-
sion luminance of the picture element is changed de-
pending on the gradation level by changing the ampli-
tude of the first voltage state Pp as shown in FIG. 22B
by controlling the amplitude of the picture element signal
Sd depending on the gradation level of the picture ele-
ment as shown in FIG. 22A. The light output waveform
obtained in this procedure is shown in FIG. 22C. That
is, the light output level, which is outputted during the
electric discharge period Th of the capacitive load 60, is
changed depending on the amplitude of the picture el-
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ement signal Sd.
[0133] An explanation will now be made with refer-
ence to FIG. 23 about the driving system for the display
device 40C as exemplified by the two-row scanning.
FIG. 23 shows a timing chart in relation to the picture
element disposed on the first row.
[0134] First, the system enters a selection period Ts1
for the picture element on the first row at a time point
t20. In this situation, the electric discharge instruction
signal Sh maintains the high level (for example, 260 V),
the selection signal Ss maintains the high level (for ex-
ample, 150 V), and the picture element signal Sd is
changed to the high level (for example, 100 V). In this
state, both of the first and second rectifying elements
D1, D2 undergo the reverse bias as the non-conduction
state. The electric potential Va at the connection point
58 is at the level of the selection signal Ss (150 V). The
reference voltage (for example, 0 V) is maintained at
both ends of the capacitive load 60.
[0135] When the selection signal Ss is changed to the
low level (for example, 0 V) at the next time point t21,
the first rectifying element D1 undergoes the forward bi-
as as the conduction state, and the electric potential Va
of the connection point 58 is steeply lowered from 150
V to 0 V. However, the charge of the capacitive load 60
is subsequently started, and the electric potential Va of
the connection point 58 is gradually raised. The charge
is continued until a time point t22 at which the picture
element signal Sd is at the low level. For example, when
100 V is charged in the capacitive load 60 at the time
point t22, the first rectifying element D1 undergoes the
reverse bias again as the non-conduction state, and the
electric potential Va of the connection point 58 is 100 V
as well. The charged state is maintained until the electric
discharge instruction signal Sh falls (until a time point
t25).
[0136] When the selection signal Ss is changed to the
high level (for example, 150 V) at the next time point t23,
the electric potential Va of the connection point 58 rises
up to 250 V. However, the terminal voltage Vc across
the capacitive load 60 is not changed, because the elec-
tric discharge instruction signal Sh maintains the high
level.
[0137] The system enters a selection period Ts2 for
the picture element 42 on the second row from the next
time point t24. However, in the selection period Ts2, the
electric discharge instruction signal Sh for the first row
maintains the high level. Therefore, even when the level
of the picture element signal Sd is changed, the electric
potential Va at the connection point 58 is not changed.
Further, the levels are not as high as the high level of
the electric discharge instruction signal Sh for the first
row. Therefore, the reverse bias is applied to the first
and second rectifying elements D1, D2 concerning the
picture element 42 on the first row, and the non-conduc-
tion state is maintained.
[0138] Therefore, the picture element 42 on the first
row is not affected by the picture element signal Sd for

the picture element 42 on the second row. Further, the
electric power, which is consumed by the capacitive load
60 in the unselection period, is approximately zero, and
thus the electric power consumption is effectively re-
duced. Even when the picture element signal Sd for the
first row remains to be 0 V, the electric potential Va of
the connection point 58 is 150 V during the selection
period Ts2 for the second row. The reverse bias is ap-
plied to the first and second rectifying elements D1, D2
of the picture element on the first row, and the non-con-
duction state is maintained.
[0139] The system enters an electric discharge period
Th for the picture element 42 on the first row from a time
point t25. When the electric discharge instruction signal
Sh for the first row is changed to the low level (for ex-
ample, 0 V), the first rectifying element D1 undergoes
the forward bias as the conduction state. The electric
potential Va of the connection point 58 is steeply low-
ered from 250 V to 0 V. Accordingly, the terminal voltage
Vc across the capacitive load 60 is steeply lowered
down to -150 V, simultaneously with which the light
emission is effected by the capacitive load 60. The light
emission is maintained until the selection signal Ss falls
(until a time point t26).
[0140] When the selection signal Ss for the first row
is changed to the low level (for example, 0 V) at the time
point t26, then the second rectifying element D2 under-
goes the forward bias as the conduction state, and the
electric potential Va of the connection point 58 is steeply
lowered from 0 V to -150 V. However, the charge of the
capacitive load 60 is subsequently started. Therefore,
the electric potential Va of the connection point 58 is
gradually raised, and both of the electric potential Va of
the connection point 58 and the terminal voltage Vc
across the capacitive load 60 are 0 V.
[0141] When this driving system is applied, for exam-
ple, to a case of the four-row scanning, it is possible to
adopt the system shown in FIG. 13 or the system shown
in FIG. 13B.
[0142] Next, a display device 40D according to a
fourth embodiment will be explained with reference to
FIG. 24.
[0143] The display device 40D according to the fourth
embodiment is constructed in approximately the same
manner as the display device 40B according to the sec-
ond embodiment described above. However, the dis-
play device 40D is different from the display device 40B
in the following points.
[0144] The picture element 42 includes first and sec-
ond rectifying elements D1, D2 which are connected in
series in the forward direction respectively between a
first line 80 and a second line 82, and a capacitive load
60 which is connected between a signal line 48 and a
connection point between the first and second rectifying
elements D1, D2.
[0145] Further, as shown in FIGS. 25 and 27A to 27C,
for example, one frame is divided into two fields (first
and second fields F1, F2), and the control is made so
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that the picture element signal Sd is logically reversed
in the first field F1 and the second field F2.
[0146] For example, as shown in FIGS. 27B and 27C,
the control is made as follows. In the first field F1, the
light emission is performed during the period in which
the second voltage state Pn is applied to the capacitive
load 60. In the second field F2, the light emission is per-
formed in the period in which the first voltage state Pp
is applied to the capacitive load 60.
[0147] Therefore, in the first field F1, the first line 80
functions as the select line, and the second line 82 func-
tions as the reset line. On the contrary, in the second
field F2, the first line 80 functions as the reset line, and
the second line 82 functions as the select line. In view
of this fact, the signal, which is transmitted through the
first line 80, is referred to as "first signal S1", and the
signal, which is transmitted through the second line 82,
is referred to as "second signal S2" in the following de-
scription.
[0148] The driving system for the display device 40D
will now be explained with reference to FIG. 25 as ex-
emplified by the two-row scanning. FIG. 25 shows a tim-
ing chart in relation to the picture element disposed on
the first row.
[0149] First, the system enters the selection period
Ts11 for the picture element on the first row in the first
field F1 at a time point t30. In this situation, the first sig-
nal S1 is changed to the low level (for example, 0 V),
the second signal S2 maintains the low level (for exam-
ple, -110 V), and the picture element signal Sd maintains
the low level (for example, 0 V). In this state, both of the
rectifying elements D1, D2 undergo the reverse bias as
the non-conduction state. The electric potential Va at the
connection point 58 is at the level (0 V) of the picture
element signal Sd. The state, in which 0 V is applied to
both ends of the capacitive load 60, is maintained.
[0150] When the picture element signal Sd is changed
to the high level (for example, 100 V) at the next time
point t31, the first rectifying element D1 undergoes the
forward bias as the conduction state. The terminal volt-
age Vc across the capacitive load 60 is steeply lowered
down to -100 V, simultaneously with which the light
emission is effected by the capacitive load 60. The light
emission is maintained until the second signal S2 rises
(until a time point t36).
[0151] When the picture element signal Sd is changed
to the low level (0 V) at the next time point t32, the first
rectifying element D1 undergoes the reverse bias again
as the non-conduction state. The electric potential Va at
the connection point 58 is the same as that of the termi-
nal voltage Vc across the capacitive load 60, i.e., -100 V.
[0152] Subsequently, the first signal S1 is changed to
be at the high level (for example, 210 V) at a time point
t33. This procedure is a preparatory process in order
that the picture element 42 on the first row is not affected
by the picture element signal Sd to be supplied to the
picture element 42 on the second row in the next selec-
tion period Ts12 for the second row (unselection period

for the first row).
[0153] The system enters the selection period Ts12
for the picture element on the second row (unselection
period for the first row) from the next time point t34. How-
ever, in the selection period Ts12, the first signal S1 for
the first row maintains the high level. Therefore, even
when the level of the picture element signal Sd is
changed and the electric potential Va of the connection
point 58 is changed, the levels thereof are not as high
as the high level of the first signal S1 for the first row.
Therefore, the reverse bias is applied to the first and
second rectifying elements D1, D2 in relation to the pic-
ture element 42 on the first row, and the non-conduction
state is maintained.
[0154] Therefore, the picture element 42 on the first
row is not affected by the picture element signal Sd for
the picture element 42 on the second row. Further, the
electric power, which is consumed by the capacitive load
60 in the unselection period, is approximately zero,
which is effective to reduce the electric power consump-
tion. Further, the capacitive load 60 continues to retain
the electric charge during the unselection period. There-
fore, it is possible to continue the light emission. Thus,
it is possible to realize the high luminance and the high
contrast.
[0155] The system enters the reset period Tr11 for the
picture element 42 on the first row from a time point t35.
When the picture element Sd is changed to the high lev-
el (for example, 100 V), the electric potential Va of the
connection point 58 is raised up to 0 V. In this situation,
the first signal S1 maintains the high level, and hence
the terminal voltage Vc across the capacitive load 60 is
not changed.
[0156] When the second signal S2 for the first row is
changed to the high level (for example, 100 V) at the
next time point t36, then the second rectifying element
D2 undergoes the forward bias as the conduction state,
and the electric potential Va of the connection point 58
is steeply raised from 0 V to 100 V. Accordingly, the ter-
minal voltage Vc across the capacitive load 60 is steeply
raised up to 0 V as the initial reset state.
[0157] When the second signal S2 for the first row is
changed to the low level (for example, -110 V) at the
next time point t37, the second rectifying element D2
undergoes the reverse bias again as the non-conduc-
tion state. The electric potential Va at the connection
point 58 maintains 100 V, and the terminal voltage Vc
across the capacitive load 60 is maintained to be 0 V as
well.
[0158] After the reset period Tr12 for the next picture
element 42 on the second row, the system enters the
selection period Ts21 for the picture element 42 on the
first row in the second field F2 at the next time point t38.
In this situation, the first signal S1 maintains the high
level (for example, 210 V), the second signal S2 is
changed to the high level (for example, 100 V), and the
picture element signal Sd maintains the high level (for
example, 100 V). In this state, both of the first and sec-
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ond rectifying elements D1, D2 undergo the reverse bias
as the non-conduction state. The electric potential Va at
the connection point 58 is at the level of the picture el-
ement Sd (100 V). The state, in which 0 V is applied to
both ends of the capacitive load 60, is maintained.
[0159] When the picture element signal Sd is changed
to the low level (for example, 0 V) at the next time point
t39, the second rectifying element D2 undergoes the for-
ward bias as the conduction state. The terminal voltage
Vc across the capacitive load 60 is steeply raised up to
100 V, simultaneously with which the light emission is
effected by the capacitive load 60. The light emission is
maintained until the first signal S1 rises (until a time point
t44).
[0160] When the picture element signal Sd is changed
to the high level (100 V) at the next time point t40, the
second rectifying element D2 undergoes the reverse bi-
as again as the non-conduction state. The electric po-
tential Va at the connection point 58 is the same as the
voltage obtained by adding the voltage of the picture el-
ement signal Sd to the terminal voltage Vc across the
capacitive load 60, i.e., 200 V.
[0161] The second signal S2 is changed to the low
level (for example, -110 V) at the next time point t41.
[0162] The system enters the selection period Ts22
for the picture element on the second row (unselection
period for the first row) from the next time point t42. How-
ever, in the selection period Ts22, the first signal S1 for
the first row maintains the high level. Therefore, even
when the level of the picture element signal Sd is
changed and the electric potential Va of the connection
point 58 is changed, the levels are not as high as the
high level of the first signal S1. Therefore, the reverse
bias is applied to the first and second rectifying elements
D1, D2 in relation to the picture element 42 on the first
row, and the non-conduction state is maintained.
[0163] Therefore, the picture element 42 on the first
row is not affected by the picture element signal Sd for
the picture element 42 on the second row.
[0164] The system enters the reset period Tr21 for the
picture element 42 on the first row from a time point t43.
When the picture element signal Sd is changed to the
low level (for example, 0 V), the electric potential Va of
the connection point 58 is lowered down to 100 V. In this
situation, the first signal S1 maintains the high level.
Therefore, the terminal voltage Vc across the capacitive
load 60 is not changed.
[0165] When the first signal S1 for the first row is
changed to the low level (for example, 0 V) at the next
time point t44, the first rectifying element D1 undergoes
the forward bias as the conduction state. The electric
potential Va of the connection point 58 is steeply low-
ered from 100 V to 0 V. Accordingly, the terminal voltage
Vc across the capacitive load 60 steeply drops down to
0 V as the initial reset state.
[0166] When the first signal S1 for the first row is
changed to the high level (for example, 210 V) at the
next time point t45, the first rectifying element D1 under-

goes the reverse bias again as the non-conduction
state. The electric potential Va at the connection point
58 maintains 0 V, and the terminal voltage Vc across the
capacitive load 60 is maintained to be 0 V as well.
[0167] When this driving system is applied, for exam-
ple, to the four-row scanning, it is possible to adopt a
system as shown in FIG. 26A or a system as shown in
FIG. 26B.
[0168] In the system shown in FIG. 26A, each of the
first field F1 and the second field F2 is divided into four
periods (subfields), and one subfield is divided into four
periods. In the initial three subfields, the selection period
is set for the initial period, and the unselection periods
are set for the remaining three fields for each of the sub-
fields. As for the remaining subfield, the reset period is
set for the initial period, and the unselection periods are
set for the remaining three periods. In the second field
F2, the same setting as described above is made. This
system is preferably usable for the time gradation con-
trol.
[0169] On the other hand, in the system shown in FIG.
26B, each of the first field F1 and the second field F2 is
divided into eight or more periods. For example, in the
first field F1, the selection period is set for the first peri-
od, the reset period is set for the final period of each
frame, and the unselection periods are set for the re-
maining periods. In the second field F2, the same setting
as described above is made. According to this system,
it is possible to remove any light off period in the unse-
lection period after the reset period, and it is possible to
obtain an effect to improve the luminance.
[0170] The system shown in FIG. 26A may be com-
bined with the system shown in FIG. 26B.
[0171] The gradation control for the picture element
includes a system based on the phase modulation as
shown in FIGS. 27A to 27C (time gradation control), a
system based on the pulse width modulation as shown
in FIGS. 28A to 28C, and a system based on the voltage
control as shown in FIGS. 29A to 29C.
[0172] In the system based on the phase modulation,
the start time points of the second voltage state Pn and
the first voltage state Pp are changed as shown in FIG.
27B by modulating the phases of the trigger signal Pt1
having positive polarity and the trigger signal Pt2 having
negative polarity included in the picture element signal
Sd depending on the gradation level of the picture ele-
ment as shown in FIG. 27A. As for the light output wave-
form obtained in this procedure, as shown in FIG. 27C,
the light output period is changed depending on the
phases of the trigger signals Pt1, Pt2.
[0173] In the pulse width modulation system, the light
emission luminance of the picture element is changed
depending on the gradation level by changing the am-
plitudes of the second voltage state Pn and the first volt-
age state Pp as shown in FIG. 28B by modulating the
pulse widths W1, W1 of the picture element signal Sd
depending on the gradation level of the picture element
as shown in FIG. 28A. As for the light output waveform
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obtained in this procedure, as shown in FIG. 28C, the
light output level is changed depending on the pulse
width.
[0174] In the voltage control system, the light emis-
sion luminance of the picture element 42 is changed de-
pending on the gradation level by changing the ampli-
tudes of the second voltage state Pn and the first voltage
state Pp as shown in FIG. 29B by controlling the ampli-
tude of the picture element signal Sd depending on the
gradation level of the picture element as shown in FIG.
29A. As for the light output waveform obtained in this
procedure, as shown in FIG. 29C, the light output level
is changed depending on the amplitude of the picture
element signal Sd.
[0175] In the voltage control system, arbitrary grada-
tions can be expressed as follows. Assuming that the
ON level of the picture element signal Sd is, for example,
80 V and the OFF level is 0 V in the first field F1, the
logical reversal may be made in the second field F2 so
that-the ON level of the picture element signal Sd is, for
example, 20 V and the OFF level is 100 V in the second
field F2.
[0176] In particular, in the display device 40D accord-
ing to the fourth embodiment, when the second voltage
state Pn is applied to the capacitive load 60 to emit the
light in the first field F1, the light emission is maintained
until the second signal S2 is at the high level. Further,
when the first voltage state Pp is applied to the capaci-
tive load 60 to emit the light in the second field F2, the
light emission is maintained until the first signal S1 be-
comes the low level. That is, it is possible to provide the
memory effect in the two fields F1, F2.
[0177] Therefore, the display device 40D is more ad-
vantageous to realize the high luminance. Even when
the light emission is changed depending on the effective
value of the voltage, it is possible to obtain a large dy-
namic range for the effective value. Thus, it is possible
to further realize the high luminance and the high con-
trast. Further, liquid crystal cells can be preferably
adopted as the capacitive loads. By the liquid crystal
cells, it is sufficient to use a small voltage in order to
obtain an identical effective value. Therefore, it is pos-
sible to realize the operation at a low voltage. That is, in
the matrix driving, a predetermined voltage is progres-
sively applied to each of the picture elements while per-
forming the row scanning. However, in order to obtain a
predetermined effective value in the selection period for
the row to which the picture element is connected, it is
necessary to use a high voltage as the voltage to be
applied to the picture element. On the contrary, in the
case of the display devices 40A to 40D according to the
first to fourth embodiments, the voltage is continuously
retained not only in the selection period of the row but
also in the time period in which the picture element is in
the unselected state. Therefore, it is sufficient to use a
small applied voltage (absolute value) in order to obtain
an identical effective value.
[0178] The absolute value of the voltage and the pulse

width can be identical between the first voltage and the
second voltage as described above. Alternatively, it is
also easy to make the voltages and the pulse widths dif-
ferent. That is, the picture element signal Sd is control-
led so as to be logically reversed in the first field F1 and
the second field F2. Otherwise, the picture element sig-
nal Sd for the first field F1 may be controlled independ-
ently of the picture element signal Sd for the second field
F2.
[0179] In the display device 40B according to the sec-
ond embodiment and the display device 40D according
to the fourth embodiment described above, a resistor
may be connected in parallel to the capacitive load 60,
and the electric charge, which is charged in the capac-
itive load 60 during the selection, may be discharged
during the unselection by the resistor.
[0180] In this procedure, an appropriate time constant
may be set for the capacitive load 60 and the resistor to
effectively utilize the electric discharge time. For exam-
ple, in the case of the liquid crystal display device, the
voltage is returned to zero by the electric discharge dur-
ing the unselection period, and the light transmittance
is returned to the original value. However, in the case of
the example described above, the time average value
of the light transmittance can be controlled by using the
voltage to be charged during the selection period (or by
using the number of times of charge to be performed
during the selection period). Therefore, it is possible to
perform the gradational expression. Further, this proce-
dure is advantageous in that the electric charge charged
in the capacitive load 60 can be returned to zero without
providing the reset period.
[0181] For example, when the displacement is con-
trolled by using a piezoelectric material, the voltage-dis-
placement characteristic has hysteresis. Therefore, the
procedure is also effective, for example, for a case in
which the displacement is retained even when the volt-
age is returned to zero when the displacement is gen-
erated by applying the voltage. Further, for example, the
procedure is also effective for a case of the liquid crystal
display device in which the lowered light transmittance
state is retained even when the voltage is returned to
zero when the light transmittance is lowered by applying
the voltage.
[0182] In the display devices 40A to 40D according to
the first to fourth embodiments, the voltage can be ap-
plied alternately to the picture element. This procedure
is used effectively when it is intended to exclude any DC
component from the applied voltage for the picture ele-
ment irrelevant to the image pattern. This procedure is
used especially preferably for the display element which
utilizes the AC driving system. This procedure is espe-
cially preferred for the liquid crystal display element and
the electroluminescence display element.
[0183] Next, an explanation will be made with refer-
ence to FIGS. 30 to 35B about an illustrative embodi-
ment in which the circuit element 10 and the signal
processing circuit 30 according to the embodiments of
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the present invention are applied to a device of the po-
sition control system.
[0184] As shown in FIG. 30, a circuit element 10 of a
position control device 90 according to this embodiment
includes first and second rectifying elements D1, D2
which are connected in series in the forward direction
between a first line 80 and a second line 82, and a load
92 which is connected between a signal line 48 and a
connection point 58 between the first and second recti-
fying elements D1, D2. The load 92 comprises an induc-
tor 94 and a resistor 96 which are connected in series.
[0185] FIG. 31 shows a model 98 of a position control
system constructed by the inductor 94 and the resistor
96. This model shows that a control objective 102, which
is connected to the ceiling via a spring 100, has the po-
sition P which is controlled by the magnetic field gener-
ated by the current i flowing through the inductor 94.
That is, as shown in FIG. 32, the position P can be
changed in the positive direction (upward direction) and
the negative direction (downward direction) depending
on the magnitude and the direction of the current i flow-
ing through the inductor 94. In other words, the inductor
94 controls the displacement of the control objective.
[0186] The current i flowing through the inductor is de-
termined by the resistor R and the terminal voltage Vc
across the load 92. The voltage Vc = Ri except for the
transient state.
[0187] As for the position control device 90, as shown
in FIG. 33, for example, the control is made as follows.
The selection period Ts1 for the circuit element 10 on
the first row is divided into two periods (positive direction
period Ts1p and negative direction period Ts1n). When
the control objective 102 is moved in the positive direc-
tion, the control objective 102 is driven in the positive
direction period Ts1p. When the control objective 102 is
moved in the negative direction, the control objective
102 is driven in the negative direction period Ts1n.
[0188] The driving system for the position control de-
vice 90 will now be explained with reference to FIGS.
33 and 34 as exemplified by the two-row scanning. The
waveforms shown in FIGS. 33 and 34 are illustrative of
timing charts in relation to the circuit element 10 dis-
posed on the first row. In particular, FIG. 33 shows a
timing chart adopted when the control objective is driven
and displaced in the positive direction, and FIG. 34
shows a timing chart adopted when the control objective
is driven and displaced in the negative direction.
[0189] First, the system enters the positive direction
period Ts1p in the selection period Ts1 for the circuit el-
ement 10 on the first row at a time point t60 shown in
FIG. 33. In this situation, the first signal S1 maintains
the high level (for example, 10 V), the second signal S2
maintains the low level (for example, 0 V), and the data
signal SD maintains the high level (for example, 10 V).
In this state, both of the first and second rectifying ele-
ments D1, D2 undergo the reverse bias as the non-con-
duction state. The electric potential Va at the connection
point 58 is the same as the level (10 V) of the data signal

SD. As a result, 0 V is maintained as the voltage Vc
across the load 92.
[0190] When the first signal S1 is changed to the low
level (for example, 0 V) at the next time point t61, the
first rectifying element D1 undergoes the forward bias
as the conduction state. The electric potential Va of the
connection point 58 steeply drops down to 0 V, simulta-
neously with which the terminal voltage Vc across the
load 92 is steeply raised up to the high level (for exam-
ple, 10 V). Thus, the current flows through the inductor
94 in the positive direction, and the control objective 102
is moved in the positive direction.
[0191] When the first signal S1 is changed to the high
level (for example, 10 V) at the next time point t62, the
first rectifying element D1 undergoes the reverse bias
again as the non-conduction state. The electric potential
Va of the connection point 58 is steeply raised up to 10
V, simultaneously with which the terminal voltage Vc
across the load 92 steeply drops down to the low level
(for example, 0 V). Thus, the control objective 102 is
moved toward the original position (zero point).
[0192] The system enters the negative direction peri-
od Ts1n for the circuit element 10 on the first row at the
next time point t63. In the period Ts1n, the data signal
SD maintains the high level (for example, 10V). There-
fore, even when the second signal S2 is changed to the
high level (for example 10 V) at a time point t64 there-
after, both of the first and second rectifying elements D1,
D2 remain in the non-conduction state. 0 V is maintained
as the voltage Vc across the load 92. That is, the control
objective 102 remains to stop at the zero point.
[0193] The system enters the selection period Ts2 for
the circuit element 10 on the second row (unselection
period for the first row) at the next time point t65. How-
ever, in the selection period Ts2, the first signal S1 for
the first row maintains the high level. Therefore, even
when the level of the data signal SD is changed, and the
electric potential Va of the connection point 58 is
changed, then the levels thereof are not as high as the
high level of the first signal S1 for the first row. Therefore,
the non-conduction state is maintained for both of the
first and second rectifying elements D1, D2 in relation
to the circuit element 10 on the first row.
[0194] Therefore, the circuit element 10 on the first
row is not affected by the data signal SD for the circuit
element 10 on the second row. Further, the current i,
flowing into the load 92 in the unselection period, is ap-
proximately zero. It is possible to decrease the electric
power consumption as well.
[0195] Next, the displacement in the negative direc-
tion is controlled as follows. First, the system enters the
selection period Ts1 for the circuit element 10 on the first
row at a time point t70 shown in FIG. 34. At this time
point t70, the first signal S1 maintains the high level (for
example, 10 V), the second signal S2 maintains the low
level (for example, 0 V), and the data signal SD is
changed to the low level (for example, 0 V). In this situ-
ation, both of the first and second rectifying elements
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D1, D2 are in the non-conduction state. Therefore, the
electric potential Va at the connection point steeply
drops down to 0 V. As a result, 0 V is maintained as the
voltage Vc across the load 92.
[0196] Even when the first signal S1 is changed to the
low level (for example, 0 V) at the next time point t71,
the electric potential Va of the connection point is still
maintained at 0 V. Therefore, 0 V is maintained as the
voltage Vc across the load 92.
[0197] When the first signal S1 is changed to the high
level at the next time point t72, the first rectifying ele-
ment D1 undergoes the reverse bias as the non-con-
duction state. The electric potential Va of the connection
point is still maintained at 0 V, and 0 V is maintained as
the voltage Vc across the load 92.
[0198] The system enters the negative direction peri-
od Ts1n for the circuit element 10 on the first row at the
next time point t73. When the second signal S2 is
changed to the high level (for example 10 V) at a sub-
sequent time point t74, the second rectifying element
D2 is in the conduction state, and the electric potential
Va of the connection point 58 is steeply raised up to 10
V, simultaneously with which the voltage Vc across the
load 92 steeply drops down to the low level (for example,
-10 V). Accordingly, the current flows through the induc-
tor 94 in the negative direction, and the control objective
102 is moved in the negative direction.
[0199] When the second signal S2 is changed to the
low level (for example, 0 V) at the next time point t75,
the second rectifying element D2 undergoes the reverse
bias again as the non-conduction state. The electric po-
tential Va of the connection point 58 steeply drops down
to 0 V, simultaneously with which the terminal voltage
Vc across the load 92 is steeply raised up to the high
level (for example, 0 V). The control objective 102 is
moved toward the original position (zero point).
[0200] The system enters the selection period Ts2 for
the circuit element 10 on the second row (unselection
period for the first row) at the next time point t76. How-
ever, in the selection period Ts2, the first signal S1 for
the first row maintains the high level. Therefore, even
when the level of the data signal SD is changed and the
electric potential Va of the connection point 58 is
changed, the levels thereof are not as high as the high
level of the first signal S1 for the first row. Therefore, the
non-conduction state is maintained for both of the first
and second rectifying elements D1, D2 in relation to the
circuit element 10 on the first row.
[0201] Therefore, the circuit element 10 on the first
row is not affected by the data signal SD for the circuit
element 10 on the second row. Further, the current i
which flows into the load 92 in the unselection period is
approximately zero. It is possible to decrease the elec-
tric power consumption as well.
[0202] When the driving system is applied, for exam-
ple, to a case of the four-row scanning, it is possible to
adopt a system as shown in FIG. 35A or a system as
shown in FIG. 35B.

[0203] In the system shown in FIG. 35A, it is assumed
that the period, in which all position control is completed
for the circuit elements 10 on the four rows, is designat-
ed as one frame. On this assumption, the one frame is
divided into four periods. Further, the positive direction
period and the negative direction period are set in the
first period, and the unselection period is set in the re-
maining three periods.
[0204] On the other hand, in the system shown in FIG.
35B, one frame is divided into two periods (first and sec-
ond fields F1, F2). Further, each of the first and second
fields F1, F2 is divided into four periods. As for the first
field F1, the positive direction period is set in the first
period, and the unselection period is set in the remaining
three periods. As for the second field F2, the negative
direction period is set in the first period, and the unse-
lection period is set in the remaining three periods.
[0205] A system based on the voltage control is pref-
erably adopted for the position control for the control ob-
jective 102. For example, when the control objective 102
is moved in the positive direction to a position corre-
sponding to a terminal voltage Vc across the load 92
with 10 V, the level of the first signal S1 is set to 0 V, and
the level of the data signal SD is set to 10 V in the pos-
itive direction period. Accordingly, as shown in FIG. 36A,
the terminal voltage Vc across the load 92 can be 10 V
in the positive direction.
[0206] On the other hand, when the control objective
102 is moved in the negative direction to a position cor-
responding to a terminal voltage Vc across the load 92
with 8 V, then the level of the second signal S2 is set to
10 V, and the level of the data signal SD is set to 2 V in
the negative direction period. Accordingly, as shown in
FIG. 36B, the terminal voltage Vc across the load 92 can
be made to be 8 V in the negative direction (i.e., -8 V).
[0207] The embodiment described above is the case
in which the current-position characteristic is subjected
to the change linearly as shown in FIG. 32. Alternatively,
a hysteresis curve may be depicted on the basis of the
current i = 0. For example, a magnetized coil has some
residual magnetization even when the current is re-
turned to zero. In this case, when the unselection period
is given and the current is zero after the movement to a
predetermined position with the current flowing during
the selection period, it is possible to approximately re-
tain the predetermined position by the residual magnet-
ization.
[0208] Next, for example, an element, which has a
characteristic equivalent to the displacement-voltage
characteristic of the piezoelectric element as shown, for
example, in FIG. 37 or FIG. 38, can be used, for exam-
ple, as the displacement control element for the capac-
itive load to perform the displacement control and the
position control.
[0209] In the piezoelectric element having the dis-
placement-voltage characteristic as shown in FIG. 37,
an approximately linear voltage-displacement charac-
teristic can be obtained, for example, by utilizing a por-
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tion depicted by a segment connecting Point "a" and
Point "c" or by utilizing a portion depicted by a segment
connecting Point "d" and Point "e". Thus, the control can
be made with ease. On the other hand, in the piezoe-
lectric element having the displacement-voltage char-
acteristic as shown in FIG. 38, the change of the dis-
placement amount of expansion with respect to the
change of the voltage is different from the change of the
displacement amount of the contraction or shrinkage
with respect to the change of the voltage, in which the
hysteresis is provided in relation to the voltage-displace-
ment characteristic. Therefore, such a piezoelectric el-
ement is advantageous, for example, when the cam op-
eration is performed.
[0210] In FIG. 39, a device is exemplified, which uses
the displacement control element having a characteris-
tic equivalent to the displacement-voltage characteristic
of the piezoelectric element as shown in FIG. 37 or FIG.
38. The device is an optical switch array 116 in which a
plurality of optical waveguide paths 110a to 110e are
aligned in the vertical direction, a plurality of optical
waveguide paths 112a to 112d are aligned in the hori-
zontal direction, and optical switches 114 are arranged
at respective intersections. In the optical switch array
116, light beams 118a to 118e come into the plurality of
optical waveguide paths 110a to 110e aligned in the ver-
tical direction, and some of the light beams outgo from
the optical waveguide paths 112a to 112d aligned in the
horizontal direction. In FIG. 39, the light beam 118a
coming into the optical waveguide path 110a on the first
row outgoes from the optical waveguide path 112b on
the second column; the light beam 118b coming into the
optical waveguide path 110b on the second row outgoes
as it is in the horizontal direction; the light beam 118c
coming into the optical waveguide path 110c on the third
row outgoes from the optical waveguide path 112a on
the first column; the light beam 118d coming into the op-
tical waveguide path 110d on the fourth row outgoes
from the optical waveguide path 112c on the third col-
umn; and the light beam 118e coming into the optical
waveguide path 110e on the fifth row outgoes from the
optical waveguide path 112d on the fourth column. In
FIG. 39, open circles show that the optical switch 114 is
in the first state (114a) to guide the incident light in the
horizontal direction, and filled circles show that the op-
tical switch 114 is in the second state (114b) to guide
the incident light in the vertical direction.
[0211] In order to realize the first state (114a), as
shown in FIG. 40A, a reflection plate 120 connected to
the displacement control element (not shown) is pre-
vented from being inserted into an intersection 122 be-
tween the optical waveguide path 110 extending in the
row direction and the optical waveguide path 112 ex-
tending in the column direction. In order to realize the
second state (114b), as shown in FIG. 40B, the reflec-
tion plate 120 connected to the displacement control el-
ement is inserted into the intersection 122.
[0212] A method of driving the displacement control

element can be easily realized in accordance with a driv-
ing method similar to the methods for the display devic-
es 40A to 40D according to the first to fourth embodi-
ments described above.
[0213] Other than the piezoelectric material as de-
scribed above, another method may be used in order to
control the displacement. For example, a pair of elec-
trodes are opposed to one another to change the dis-
tance between the electrodes by means of the electro-
static force exerted when a voltage is applied between
the electrodes.
[0214] Next, as shown in FIG. 41, an explanation will
be made about a method of driving the displacement
control element based on the use of a coil having a B-H
characteristic in which the residual magnetic flux is large
(hysteresis is large). The phrase "magnetic flux is large"
indicates the fact that the B-H curve has a hysteresis,
and the saturation magnetic flux density is approximate-
ly the same as the residual magnetic flux density. The
circuit configuration of a position control device having
the displacement control element as described above is
constructed in approximately the same manner as the
configuration shown in FIG. 30.
[0215] First, in relation to the B-H curve shown in FIG.
41, the magnetic field (H) corresponds to the current i
flowing through the coil, and the magnetic flux density
(B) corresponds to the displacement amount of the con-
trol objective. Therefore, for example, when it is intend-
ed to obtain a residual magnetic flux density indicated
by Point F, the voltage level is set so that a current cor-
responding to Point "e" flows in the selection period. In
this situation, the operation point of the displacement
control element is moved to Point E. When the current
is shut off in the unselection period, the operation point
is moved to Point F. That is, the control objective is dis-
placed to a position corresponding to the residual mag-
netic flux density indicated by Point F.
[0216] The driving voltage may be applied to the dis-
placement control element alternately, for example,
such that Point F and Point H each having a reversed
polarity are used as a pair. Alternatively, a driving volt-
age having different positive and negative voltage levels
may be applied to make the control, for example, such
that the negative polarity side is in the reset state to al-
ways pass through Point D while passing through Point
B, Point F, or Point J on the positive polarity side.
[0217] An explanation will now be made with refer-
ence to FIG. 42 about an example of the method of driv-
ing the circuit element 10 including the displacement
control element based on the use of the coil having the
B-H characteristic as shown in FIG. 41.
[0218] In this driving method, as shown in FIG. 42, for
example, the positive direction period Ts1p begins,
which is the selection period for the circuit element 10
on the first row. After that, for example, the positive di-
rection period Ts2p (unselection period Ts1u for the cir-
cuit element on the first row) follows, which is the selec-
tion period for the circuit element 10 on the second row.
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After that, the negative direction period Ts1n follows,
which is the selection period for the circuit element 10
on the first row. After that, for example, the negative di-
rection period Ts2n (unselection period Ts1u for the cir-
cuit element 10 on the first row) follows, which is the
selection period for the circuit element on the second
row.
[0219] First, the system enters the positive direction
period Ts1p for the circuit element 10 on the first row at
a time point t80 shown in FIG. 42. In this situation, the
first signal S1 maintains the low level (for example, 0 V),
the second signal S2 also maintains the low level (for
example, 0 V), and the data signal SD also maintains
the low level (for example, 0 V). In this state, both of the
first and second rectifying elements D1, D2 are in the
non-conduction state. As shown in FIG. 30, the electric
potential Va at the connection point 58 is at the same
level as the level (0 V) of the data signal SD. As a result,
0 V is maintained as the voltage across the load 92.
[0220] When the data signal SD is changed to the high
level (for example, 10 V) at the next time point t81, the
first rectifying element D1 undergoes the forward bias
as the conduction state, and the voltage Vc across the
load 92 is steeply raised up to the high level (for exam-
ple, 10 V). Accordingly, the current flow through the in-
ductor 94 in the positive direction, and the control ob-
jective 102 is moved in the positive direction. For exam-
ple, the control objective 102 is moved to the position in
the positive direction corresponding to the magnetic flux
density indicated by Point A shown in FIG. 41. In this
situation, the electric potential Va of the connection point
maintains 0 V.
[0221] When the data signal SD is changed to the low
level (for example, 0 V) at the next time point t82, the
first rectifying element D1 undergoes the reverse bias
again as the non-conduction state, and the voltage Vc
across the load 92 steeply drops down to the low level
(for example, 0 V). However, the control objective stops
at the position corresponding to the residual magnetic
flux density indicated by Point B shown in FIG. 41.
[0222] The system enters the positive direction period
Ts2p for the circuit element 10 on the second row (un-
selection period Ts1u for the circuit element on the first
row) at the next time point t83. In this situation, the first
signal S1 is changed to be at the high level (for example,
10 V). Therefore, in the positive direction period Ts2p,
even when the level of the data signal SD is changed
and the electric potential Va of the connection point 58
is changed, the levels thereof are not as high as the high
level of the first signal S1 for the first row and not as low
as the low level of the second signal S2 for the first row.
Therefore, the non-conduction state is maintained for
both of the first and second rectifying elements D1, D2
in relation to the circuit element 10 on the first row. In
other words, the control objective 102 stops at the po-
sition corresponding to the residual magnetic flux den-
sity indicated by Point B shown in FIG. 41.
[0223] The system enters the negative direction peri-

od Ts1n for the circuit element 10 on the first row at the
next time point t84. In this situation, the first signal S1
maintains the high level, the second signal S2 is
changed to the high level (for example, 10 V), and the
data signal SD is changed to the high level (for example,
10 V). In this case, the electric potential Va at the con-
nection point 58 is at the same level as the level (10 V)
of the data signal SD. The non-conduction state is main-
tained for both of the first and second rectifying elements
D1, D2 in relation to the circuit element 10 on the first
row. In other words, the control objective stops at the
position corresponding to the residual magnetic flux
density indicated by Point B shown in FIG. 41.
[0224] When the data signal SD is changed to the low
level (for example, 0 V) at the next time point t85, the
second rectifying element D2 undergoes the forward bi-
as as the conduction state, and the voltage Vc across
the load 92 is steeply lowered down to the low level (for
example, -10 V). Accordingly, the current flows through
the inductor 94 in the negative direction, and the control
objective 102 is moved in the negative direction. For ex-
ample, the control objective 102 is moved to the position
in the negative direction corresponding to the magnetic
flux density indicated by Point C shown in FIG. 41. In
this situation, the electric potential Va of the connection
point maintains 10 V.
[0225] When the data signal SD is changed to the high
level (for example, 10 V) at the next time point t86, the
second rectifying element D2 undergoes the reverse bi-
as again as the non-conduction state, and the voltage
Vc across the load 92 is steeply raised up to 0 V. How-
ever, the control objective stops at the position corre-
sponding to the residual magnetic flux density indicated
by Point D shown in FIG. 41.
[0226] The system enters the negative direction peri-
od Ts2n for the circuit element 10 on the second row
(unselection period Ts1u for the circuit element on the
first row) at the next time point t87. In this situation, the
second signal S2 is changed to the low level (for exam-
ple, 0 V). Therefore, in the negative direction period
Ts2n, even when the level of the data signal SD is
changed, the level is not as high as the high level of the
first signal S1 for the first row and not as low as the low
level of the second signal S2 for the first row. Therefore,
the non-conduction state is maintained for both of the
first and second rectifying elements D1, D2 in relation
to the circuit element 10 on the first row. In other words,
the control objective stops at the position corresponding
to the residual magnetic flux density indicated by Point
D shown in FIG. 41.
[0227] As described above, the circuit element 10 on
the first row is not affected by the data signal SD for the
circuit element 10 on the second row. Further, the posi-
tion of the control objective can be maintained by utiliz-
ing the residual magnetic flux density of the B-H char-
acteristic shown in FIG. 41. In other words, no current
flows through the inductor 94 in the unselection period.
Therefore, the position of the control objective 102 is
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retained by the residual magnetization without any
change. The current i, which flows into the load 92, is
approximately zero in the unselection period. Thus, it is
possible to decrease the electric power consumption as
well.

Claims

1. A circuit element comprising:

a first lead wire (12);
a second lead wire (14);
a third lead wire (16);
a first rectifying element (D1) and a second rec-
tifying element (D2) which are connected in se-
ries in a forward direction between said first
lead wire (12) and said second lead wire (14);
and
a load (20) which is connected between said
third lead wire (16) and a connection point (18)
between said first rectifying element (D1) and
said second rectifying element (D2).

2. The circuit element according to claim 1, wherein
V1 ≥ V2 over an entire operating period provided
that V1 represents an electric potential of said first
lead (12) wire and V2 represents an electric poten-
tial of said second lead wire (14).

3. The circuit element according to claim 2, wherein in
said operating period, a first period is set in which
a current flows from said third lead wire (16) to said
load (20).

4. The circuit element according to claim 3, wherein
V1 < V3 in said first period provided that V3 repre-
sents an electric potential of said connection point
(18).

5. The circuit element according to claim 2, wherein in
said operating period, a second period is set in
which a current flows from said second lead wire
(14) to said load (20).

6. The circuit element according to claim 5, wherein
V2 > V3 in said second period provided that V3 rep-
resents an electric potential of said connection point
(18).

7. The circuit element according to claim 2, wherein in
said operating period, a third period is set in which
a current does not flow in said load (20).

8. The circuit element according to claim 7, wherein
V2 ≤ V3 ≤ V1 in said third period provided that V3
represents an electric potential of said connection
point (18).

9. The circuit element according to any one of claims
1 to 8, wherein said rectifying element (D1, D2) is a
diode.

10. The circuit element according to claim 9, wherein
said diode is a thin film diode.

11. The circuit element according to claim 10, wherein
said thin film diode is an MIM element.

12. A signal processing circuit comprising a circuit ele-
ment (10) and a control circuit (32),

wherein said circuit element (10) includes:

a first lead wire (12);
a second lead wire (14);
a third lead wire (16);
a first rectifying element (D1) and a second rec-
tifying element (D2) which are connected in se-
ries in a forward direction between said first
lead wire (12) and said second lead wire (14);
and
a load (20) which is connected between said
third lead wire (16) and a connection point (18)
between said first rectifying element (D1) and
said second rectifying element (D2);
said control circuit (32) controls at least an elec-
tric potential of said first lead wire (12) and an
electric potential of said second lead wire (14).

13. A control device comprising a plurality of circuit el-
ements (10) and a plurality of control circuits (32),

wherein each of said circuit elements (10) in-
cludes:

a first lead wire (12);
a second lead wire (14);
a third lead wire (16);
a first rectifying element (D1) and a second rec-
tifying element (D2) which are connected in se-
ries in a forward direction between said first
lead wire (12) and said second lead wire (14);
and
a load (20) which is connected between said
third lead wire (16) and a connection point (18)
between said first rectifying element (D1) and
said second rectifying element (D2);
each of said control circuits (32) controls elec-
tric potentials of said first lead wire (12), said
second lead wire (14), and said third lead wire
(16).

14. The control device according to claim 13, wherein
V1 ≥ V2 over an entire operating period provided
that V1 represents said electric potential of said first
lead wire (12) and V2 represents said electric po-
tential of said second lead wire (14).
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15. The control device according to claim 14, wherein
a selection period and an unselection period are set
for each of said circuit elements (10) in said oper-
ating period; and

V2 ≤ V3 ≤ V1 in said unselection period pro-
vided that V3 represents an electric potential of said
connection point (18).

16. The control device according to claim 15, wherein
V1 < V3 or V2 > V3 while each of said circuit ele-
ments (10) is actually selected in said selection pe-
riod.

17. The control device according to claim 16, wherein
a reset period is set for each of said circuit elements
(10) in said operating period; and

V1 < V3 or V2 > V3 while each of said circuit
elements (10) is actually reset in said reset period.

18. The control device according to any one of claims
13 to 17, wherein said load (20) is a displacement
control element which displaces a control objective
(102) based on a voltage applied to said load (20).

19. The control device according to claim 18, wherein
said displacement control element includes a pie-
zoelectric element.

20. The control device according to claim 18, wherein
said displacement control element includes an in-
ductor (94), and a displacement of said control ob-
jective is controlled by magnetization of said induc-
tor (94) which is controlled by a current flowing
through said inductor (94) depending on a voltage.

21. The control device according to claim 18, wherein
said displacement control element includes at least
a pair of opposing electrodes to utilize an electro-
static force exerted when a voltage is applied be-
tween at least said pair of electrodes.

22. A display device comprising:

a display section (44) which includes a large
number of picture elements;
a large number of select lines (46) each of
which gives a selection/unselection instruction
to said respective picture elements (42);
a large number of signal lines (48) each of
which supplies a picture element signal (Sd) to
said respective picture elements (42) in a se-
lected state; and
a large number of reset lines (50) each of which
supplies a reset signal (Sr) to said respective
picture elements (42) in said selected state,
wherein each of said picture elements (42) in-
cludes:

a first rectifying element (D1) and a second
rectifying element (D2) which are connect-
ed in series in a forward direction between
two lines selected from one of said select
lines (46), one of said signal lines (48), and
one of said reset lines (50); and
a load (60) which is connected between re-
maining one line and a connection point
(58) between said first rectifying element
(D1) and second rectifying element (D2).

23. The display device according to claim 22, wherein
V1 ≥ V2 over an entire operating period provided
that:

a line selected from the one of said select lines
(46), the one of said signal lines (48), and the
one of said reset lines (50), to which a cathode
of said first rectifying element (D1) is connect-
ed, is defined as a first line, and a line selected
from the one of said select lines (46), the one
of said signal lines (48), and the one of said re-
set lines (50), to which an anode of said second
rectifying element (D2) is connected, is defined
as a second line; and
V1 represents an electric potential of said first
line, and V2 represents an electric potential of
said second line.

24. The display device according to claim 23, wherein
a selection period and said unselection period are
set for each of said picture elements (42) in said
operating period, V2 ≤ V3 ≤ V1 in said unselection
period provided that V3 represents an electric po-
tential of said connection point (58).

25. The display device according to claim 24, wherein
V1 < V3 or V2 > V3 while each of said circuit ele-
ments (42) is actually selected in said selection pe-
riod.

26. The display device according to claim 25, wherein
a reset period is set for each of said picture ele-
ments (42) in said operating period; and

V1 < V3 or V2 > V3 while each of said circuit
elements (42) is actually reset in said reset period.

27. A method of driving a display device, said display
device comprising:

a display section (44) which includes a large
number of picture elements;
a large number of select lines (46) each of
which gives a selection/unselection instruction
to said picture elements (42);
a large number of signal lines (48) each of
which supplies a picture element signal (Sd) to
said picture elements (42) in a selected state;
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and
a large number of reset lines (50) each of which
supplies a reset signal (Sr) to said picture ele-
ments (42) in said selected state, each of said
picture elements (42) including:

a first rectifying element (D1) and a second
rectifying element (D2) which are connect-
ed in series in a forward direction between
two lines selected from one of said select
lines (46), one of said signal lines (48), and
one of said reset lines (50); and
a load (60) which is connected between re-
maining one line and a connection point
(58) between said first rectifying element
(D1) and said second rectifying element
(D2),

wherein a picture element (42) in said select-
ed state is driven so that V1 < V3 or V2 > V3; and

a picture element (42) in an unselected state
is driven so that V2 ≤ V3 ≤ V1,

provided that a line selected from the one of
said select lines (46), the one of said signal lines
(48), and the one of said reset lines (50), to which
a cathode of said first rectifying element (D1) is con-
nected, is defined as a first line, and a line selected
from the one of said select lines (46), the one of said
signal lines (48), and the one of said reset lines (50),
to which an anode of said second rectifying element
(D2) is connected, is defined as a second line; and

V1 represents an electric potential of said first
line, V2 represents an electric potential of said sec-
ond line, and V3 represents an electric potential of
said connection point (58) of said picture element.

28. The method of driving said display device according
to claim 27, wherein a first voltage (Pp) and a sec-
ond voltage (Pn) are applied to said load (60), and
each of said picture elements (42) has a light emis-
sion characteristic that light is emitted while said
second voltage (Pn) is applied.

29. The method of driving said display device according
to claim 28, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing an end time point of
said second voltage (Pn) by modulating a pulse
width of said picture element signal (Sd) supplied
to said picture element (42) depending on said gra-
dation level of said picture element (42).

30. The method of driving said display device according
to claim 28, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing an amplitude of said
second voltage (Pn) by controlling an amplitude of
said picture element signal (Sd) supplied to said pic-

ture element (42) depending on said gradation level
of said picture element (42).

31. The method of driving said display device according
to claim 28, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing a start time point of
said second voltage (Pn) by modulating a phase of
a trigger signal (Pt) included in said picture element
signal (Sd) supplied to said picture element (42) de-
pending on said gradation level of said picture ele-
ment (42).

32. The method of driving said display device according
to claim 28, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing an amplitude of said
second voltage (Pn) by modulating a pulse width of
said picture element signal (Sd) supplied to said pic-
ture element (42) depending on said gradation level
of said picture element (42).

33. The method of driving said display device according
to claim 28, wherein said picture element (42) has
a characteristic that a light amount is changed de-
pending on a duty ratio of a period of said first volt-
age (Pp) with respect to a predetermined period,
and

a light emission luminance of said picture el-
ement (42) is changed depending on a gradation
level by changing a pulse width of said first voltage
(Pp) by modulating a phase of a trigger signal (Pt)
included in said picture element signal (Sd) sup-
plied to said picture element (42) depending on said
gradation level of said picture element (42).

34. The method of driving said display device according
to claim 28, wherein said picture element (42) has
a characteristic that a light amount is changed de-
pending on an accumulated voltage in said first volt-
age (Pp), and

a light emission luminance of said picture el-
ement (42) is changed depending on a gradation
level by changing an amplitude of said first voltage
state (Pp) by modulating a pulse width of said pic-
ture element signal (Sd) supplied to said picture el-
ement (42) depending on said gradation level of
said picture element (42).

35. The method of driving said display device according
to claim 28, wherein said picture element (42) has
a characteristic that a light amount is changed de-
pending on an accumulated voltage in said first volt-
age (Pp), and

a light emission luminance of said picture el-
ement (42) is changed depending on a gradation
level by changing an amplitude of said first voltage
(Pp) by modulating an amplitude of said picture el-
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ement signal (Sd) supplied to said picture element
(42) depending on said gradation level of said pic-
ture element (42).

36. The method of driving said display device according
to any one of claims 28 to 35, wherein said first volt-
age (Pp) and said second voltage (Pn) are contin-
uously applied to said load (60).

37. The method of driving said display device according
to claim 27, wherein said picture element (42) has
a light emission characteristic that a first voltage
(Pp), a reference voltage, and a second voltage
(Pn) having a polarity opposite to that of said first
voltage (Pp) are applied to said load (60), and light
is emitted at least while said first voltage (Pp) is ap-
plied and while said second voltage (Pn) is applied.

38. The method of driving said display device according
to claim 37, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing a start time point of
said first voltage (Pp) and a start time point of said
second voltage (Pn) by modulating a phase of a trig-
ger signal (Pt) included in said picture element sig-
nal (Sd) supplied to said picture element (42) de-
pending on said gradation level of said picture ele-
ment (42).

39. The method of driving said display device according
to claim 37, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing an amplitude of said
first voltage (Pp) and an amplitude of said second
voltage (Pn) by modulating a pulse width of said pic-
ture element signal (Sd) supplied to said picture el-
ement (42) depending on said gradation level of
said picture element (42).

40. The method of driving said display device according
to claim 37, wherein a light emission luminance of
said picture element (42) is changed depending on
a gradation level by changing an amplitude of said
first voltage (Pp) and an amplitude of said second
voltage (Pn) by modulating an amplitude of said pic-
ture element signal (Sd) supplied to said picture el-
ement (42) depending on said gradation level of
said picture element (42).

41. A method of driving an array of circuit elements,
said array comprising a plurality of circuit elements
(10), a plurality of first lead wires (80), a plurality of
second lead wires (82), and a plurality of third lead
wires (48), a first group comprising said plurality of
first lead wires (80), a second group comprising said
plurality of second lead wires (82), at least one of
said first group and said second group giving a se-
lection/unselection instruction to said circuit ele-

ments (10), and each of said circuit elements (10)
including:

a first rectifying element (D1) and a second rec-
tifying element (D2) which are connected in se-
ries in a forward direction respectively between
two lead wires selected from one of said first
lead wires (80), one of said second lead wires
(82), and one of said third lead wires (48); and
a load (92) which is connected between re-
maining one lead wire and a connection point
(58) between said first rectifying element (D1)
and second rectifying element (D2),

wherein a selected circuit element (10) in a
selected state is driven so that V1 < V3 or V2 > V3;
and

an unselected circuit element (10) in an unse-
lected state is driven so that V2 ≤ V3 ≤ V1,

provided that a lead wire selected from one of
said first lead wires (80), one of said second lead
wires (82), and one of said third lead wires (48), to
which a cathode of said first rectifying element (D1)
is connected, being defined as a first lead wire, and
a lead wire selected from one of said first lead wires
(80), one of said second lead wires (82), and one
of said third lead wires (48), to which an anode of
said second rectifying element (D2) is connected,
being defined as a second lead wire; and

V1 represents an electric potential of said first
lead wire, V2 represents an electric potential of said
second lead wire, and V3 represents an electric po-
tential of said connection point (58).

42. A method of driving a control device, said control
device comprising:

a plurality of circuit elements (10);
a large number of select lines (46) each of
which gives a selection/unselection instruction
to said respective circuit elements (10);
a large number of signal lines (48) each of
which supplies a signal to said respective cir-
cuit elements (10) in a selected state; and
a large number of reset lines (50) each of which
supplies a reset signal (Sr) to said respective
circuit elements (10) in said selected state,
wherein each of said circuit elements (10) in-
cludes:

a first rectifying element (D1) and a second
rectifying element (D2) which are connect-
ed in series in a forward direction respec-
tively between two lines selected from one
of said select lines (46), one of said signal
lines (48), and one of said reset lines (50);
and
a load (60) which is connected between re-
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maining one line and a connection point
(58) between said first rectifying element
(D1) and second rectifying element (D2),

wherein a selected circuit element (10) in said
selected state is driven so that V1 < V3 or V2 > V3;
and

an unselected circuit element (10) in an unse-
lected state is driven so that V2 ≤ V3 ≤ V1,

provided that a line selected from one of said
select lines (46), one of said signal lines (48), and
one of said reset lines (50), to which a cathode of
said first rectifying element (D1) is connected, is de-
fined as a first line, and a line selected from one of
said select lines (46), one of said signal lines (48),
and one of said reset lines (50), to which an anode
of said second rectifying element (D2) is connected,
is defined as a second line; and

V1 represents an electric potential of said first
line, V2 represents an electric potential of said sec-
ond line, and V3 represents an electric potential of
said connection point (58).

43. A method of driving a control device, said control
device comprising a plurality of circuit elements
(10), each of said circuit elements (10) including:

a first lead wire (80) which gives a displacement
instruction in a positive direction, a second lead
wire (82) which gives a displacement instruc-
tion in a negative direction, a third lead wire (48)
which gives a displacement amount instruction,
a first rectifying element (D1) and a second rec-
tifying element (D2) which are connected in se-
ries in a forward direction between said first
lead wire (80) and said second lead wire (82),
and a load (92) which is connected between
said third lead wire (48) and a connection point
(58) between said first rectifying element (D1)
and said second rectifying element (D2),

wherein a circuit element (10), for which said
displacement instruction in said positive direction is
given, is driven so that V1 ≥ V2 and V3 > V1 at a
displacement start time point;

a circuit element (10), for which said displace-
ment instruction in said negative direction is given,
is driven so that V1 ≥ V2 and V3 < V2 at a displace-
ment start time point; and

a circuit element (10), which is in an unselect-
ed state, is driven so that V2 ≤ V3 ≤ V1,

provided that V1 represents an electric poten-
tial of said first lead wire (80), V2 represents an elec-
tric potential of said second lead wire (82), and V3
represents an electric potential of said connection
point (58).
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