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ABSTRACT

There are provided a point contact array, in which a plurality
of point contacts are arranged, each point contact electrically
and reversibly controlling conductance between electrodes
and being applicable to an arithmetic circuit, a logic circuit,
and a memory device, a NOT circuit, and an electronic
circuit using the same.
A circuit includes a plurality of point contacts each composed of a first electrode made of a compound conductive
material having ionic conductivity and electronic conductivity and a second electrode made of a conductive substance. The conductance of each point contact is controlled
to realize the circuit. Ag2S, Ag2Se, Cu2S, or Cu2Se is
preferably used as the compound conductive material. When
a semiconductor or insulator material is interposed between
the electrodes, a crystal or an amorphous material of GeS.,
GeSex, GeTex, or WOx (0<x<100) is preferably used as the
semiconductor or insulator material.
A NOT circuit is realized using a device which includes an
atomic switch serving as a two-terminal device, the device
including a first electrode made of a compound conductive
material having ionic conductivity and electronic conductivity and a second electrode made of a conductive substance, and capable of controlling conductance between the
electrodes.
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POINT CONTACT ARRAY, NOT CIRCUIT, AND
ELECTRONIC CIRCUIT COMPRISING THE SAME
TECHNICAL FIELD

[0001] The present invention relates to a point contact
array comprising a plurality of devices in each of which a
point contact is formed or disconnected between electrodes
facing each other to control conductance, a NOT circuit, and
an electronic circuit using the same, and more particularly to
a NOT circuit comprising an electronic device (an atomic
switch which will be described below) in which a point
contact is formed or disconnected between electrodes facing
each other to control conductance, and an electronic circuit
using the same.
BACKGROUND ART

[0002] As related arts [1], methods for forming a point
contact to control conductance are disclosed by, for
example, J. K. Gimzewski and R. Moller: Phys. Rev. B36,
p1284, 1987, J. L. Costa-Kramer, N. Garcia, P. GarciaMochales, P. A. Serena, M. I. Marques, and A. Correia:
Phys. Rev. B55, p5416,1997, and H. Ohnishi, Y. Kondo, and
K. Takayanagi: Nature, Vol. 395, p780, 1998.

[0003] Each of these methods requires a piezo device in
order to form and control each point contact. In other words,
a metallic probe equipped with the piezo device is positioned with respect to an opposite electrode with high
precision by driving the piezo device, thus forming a point
contact between the probe and the opposite electrode. The
state thereof is controlled.

[0004] In addition to these arts, as a related art [2], a

Sep. 18, 2003

[0009] Nowadays as the integration of silicon devices is
approaching its limit, new nanometer-sized devices such as
molecular devices are being developed. For example, the
result of the experiment of a transistor using a carbon
nanotube is described in Nature, Vol. 393, pages 49 to 50,
1998 (II).
DISCLOSURE OF INVENTION

[0010] According to the method of the foregoing related
arts [1], however, one point contact needs at least one piezo
device and a complicated control circuit for driving the
device. It is very difficult to integrate these components.

[0011] According to the method of the foregoing related
art [2], since temporarily oxide molecules are reduced and
the conductivity cannot be restored, the application is
remarkably restricted. Further, for [3], the foregoing threeterminal circuit becomes a factor to inhibit miniaturization.

[0012] For example, according to the method of the foregoing document (II), a structure such as a gate other than the
carbon nanotube is formed by applying an existing process
for manufacturing a semiconductor device. Accordingly, the
size of the entire transistor is not so different from that of the
conventional transistor. In other words, actually, the development of nanometer-sized devices still remains in the stage
of demonstrations of the fundamental principle.
[0013] In consideration of the above situations, a first
object of the present invention is to provide a point contact
array including a plurality of point contacts each of which
electrically and reversibly controls conductance between
electrodes and each of which is applicable to an arithmetic
circuit, a logic circuit, and a memory device.

method for controlling conductance of each point contact,
the method using organic molecules is disclosed by C. P.
Collier et al.: Science, Vol. 285, p391, 1999.

[0014] A second object of the present invention is to

[0005] According to this method, the conductivity of

[0015] To accomplish the above objects, according to the

rotaxane molecules of one molecule thickness sandwiched
by electrodes facing each other is changed by applying high
voltage between the electrodes. In other words, the rotaxane
molecules, sandwiched between the electrodes, initially
exhibit the conductivity. When a predetermined or higher
voltage of a certain polarity is applied, the molecules are
oxidized to reduce the conductivity, so that the electrodes are
isolated from each other.

present invention,

[0006] [3] Hitherto, it is known that an AND circuit and an
OR circuit can be formed using a diode serving as a
two-terminal device.

[0007] On the other hand, it is also well-known that a NOT
circuit cannot be formed using only the diode. In other
words, the NOT circuit cannot be formed using only the
conventional two-terminal devices. Accordingly, the formation of the NOT circuit requires a transistor serving as a
three-terminal device.

[0008] All of logic circuits can be constructed using the
combination of the AND circuit, the OR circuit, and the
NOT circuit. In other words, a three-terminal circuit is
indispensable to the formation of an arbitrary logic circuit.
This fact is described in detail in, for example, "NYUMON
ELECTRONICS KOHZA (Library of Introduction to Electronics) Digital Circuit", Vol. 2, pages 1 to 7, published by
Nikkan Kogyo Shinbun Co., Ltd. (I).

provide a NOT circuit including a nanometer-sized electronic device and an electronic circuit using the same.

[0016] [1] there is provided a point contact array including
a plurality of electronic devices, each of which includes a
first electrode made of a compound conductive material
having ionic conductivity and electronic conductivity and a
second electrode made of a conductive substance and each
of which can control conductance between the electrodes.

[0017] [2] In the point contact array described in [1],
preferably, the compound conductive material having
mobile ions (M ion: M denotes a metallic atom) is formed
on a source of the mobile ions (M).

[0018] [3] In the point contact array described in [1] or [2],
preferably, the compound conductive material is Ag2S,
Ag2Se, Cu2S, or Cu2Se.

[0019] [4] In the point contact array described in [1], [2],
or [3], preferably, the mobile ions, contained in the compound conductive material, form a bridge between the first
and second electrodes to change the conductance between
the electrodes.

[0020] [5] In the point contact array described in [1], [2],
or [3], preferably, a semiconductor or insulator material,
which can dissolve ions and which exhibits electronic conductivity and ionic conductivity due to the dissolution of
ions, is arranged between the first and second electrodes, and
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mobile ions contained in the compound conductive material
enter the semiconductor or insulator material to change the
conductance of the semiconductor or insulator.

[0021] [6] In the point contact array described in [5],

of [13] to [18], and an AND circuit and an OR circuit, each
of which includes the atomic switch.
BRIEF DESCRIPTION OF THE DRAWINGS

preferably, the semiconductor or insulator material is a
crystal or an amorphous material of GeS., GeSex, GeTex, or
WOx (0<x<100).

[0035] FIG. 1 is a schematic perspective view showing a

[0022] [7] In the point contact array described in [1], [2],
[3], [4], [5], or [6], preferably, a metallic wire, of which at
least one part is covered with the compound conductive
material, functions as the first electrode, a metallic wire
functions as the second electrode, a plurality of metallic
wires functioning as at least one of the electrodes exist, and
a point contact is arranged at each intersection of the
metallic wires.

[0036] FIG. 2 is a schematic view showing a point contact

[0023] [8] In the point contact array described in [1], [2],

by an adding circuit comprising a point contact array according to a second embodiment of the present invention.

[3], [4], [5], [6], or [7], preferably, the conductance of each
point contact is quantized.

[0024] [9] The point contact array described in [8] may
function as a multiple recording memory device in which the
quantized conductance of each point contact is used as a
recording state.

[0025] [10] In the point contact array described in [8],

point contact array, in which a plurality of point contacts are
arranged, according to the present invention.
array constituting a multiple storage memory according to
the present invention.

[0037] FIG. 3 shows the result of reading of the multiple
storage memory according to a first embodiment of the
present invention.

[0038] FIG. 4 shows the result of an arithmetic operation

[0039] FIG. 5 shows the result of an arithmetic operation
by a subtracting circuit comprising a point contact array
according to a third embodiment of the present invention.

[0040] FIG. 6 is a schematic diagram of an OR gate
comprising a point contact array according to a fourth
embodiment of the present invention.

preferably, the quantized conductance of each point contact
is used as an input signal, and the potentials of the respective
electrodes are controlled to perform addition or subtraction
of the input signals.

[0041] FIG. 7 shows the results of the operation of an OR

[0026] [11] The point contact array described in [1], [2],

contact array logic circuit according to the fourth embodiment of the present invention.

[3], [4], [5], [6], or [7] may function as a logic circuit in
which a potential at one end of each point contact is used as
an input signal.

[0027] [12] There is provided a NOT circuit including
only two-terminal devices.

gate comprising a point contact array according to the fourth
embodiment of the present invention.

[0042] FIG. 8 is an equivalent circuit diagram of a point

[0043] FIG. 9 is a schematic diagram of an AND gate
comprising a point contact array according to a fifth embodiment of the present invention.

[0044] FIG. 10 shows the results of the operation of the

atomic switch serving as a two-terminal device.

AND gate comprising the point contact array according to
the fifth embodiment of the present invention.

[0029] [14] In the NOT circuit described in [13], prefer-

[0045] FIG. 11 is a view showing a method for forming a

ably, the atomic switch includes a device, which includes a
first electrode made of a compound conductive material
having ionic conductivity and electronic conductivity and a
second electrode made of a conductive substance and which
can control conductance between the first and second electrodes.

point contact array according to a sixth embodiment of the
present invention.

[0046] FIG. 12 is a schematic view of a point contact

[0030] [15] In the NOT circuit described in [14], prefer-

[0047] FIG. 13 is a schematic view of a point contact

[0028] [13] There is provided a NOT circuit including an

ably, the compound conductive material is Ag2S, Ag2Se,
Cu2S, or Cu2Se.

[0031] [16] The NOT circuit described in [14] or [15] may

array according to a seventh embodiment of the present
invention, the point contact array controlling the conductivities of semiconductors.
array according to an eighth embodiment of the present
invention, the point contact array having electrodes partially
covered with a compound conductor.

include a resistor and a capacitor, each of which serves as a
two-terminal device, in addition to the atomic switch.

[0048] FIG. 14 is a schematic diagram of a NOT circuit

[0032] [17] The NOT circuit described in [16] may include

[0049] FIG. 15 includes graphs showing a principle of the

a diode in addition to the resistor and the capacitor.

operation of the NOT circuit according to the ninth embodiment of the present invention.

[0033] [18] In the NOT circuit described in [16], prefer-

according to a ninth embodiment of the present invention.

ably, a voltage to be applied to the atomic switch is controlled through the capacitor to control the conductance of
the atomic switch.

[0050] FIG. 16 is a schematic diagram of a NOT circuit

[0034] [19] There is provided an electronic circuit includ-

operation of the NOT circuit according to the tenth embodiment of the present invention.

ing a combination of the NOT circuit described in any one

according to a tenth embodiment of the present invention.

[0051] FIG. 17 includes graphs showing a principle of the
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[0052] FIG. 18 is a schematic diagram of a NOT circuit
according to an eleventh embodiment of the present invention.

[0053] FIG. 19 includes graphs showing a principle of the
operation of the NOT circuit according to the eleventh
embodiment of the present invention.

[0054] FIG. 20 is a schematic diagram of a NOT circuit
according to a twelfth embodiment of the present invention.

[0055] FIG. 21 is a schematic diagram of a one-digit
binary adder according to a thirteenth embodiment of the
present invention.

[0056] FIG. 22 is a diagram showing logical symbols of
the one-digit binary adder according to the thirteenth
embodiment of the present invention.

[0057] FIG. 23 is a diagram showing a truth table of the
one-digit binary adder according to the thirteenth embodiment of the present invention.

voltage is applied to the second electrodes 3 and 4 with
respect to the first electrode 2, mobile ions (atoms) in the
electronic/ionic mixed conductive material are precipitated
due to effects of voltage and current, resulting in the
formation of the bridges 6 and 7 between the electrodes.
Consequently, each conductance between the electrodes is
increased. On the other hand, when a proper positive voltage
is applied to the second electrodes 3 and 4, the mobile ions
(atoms) return to the electronic/ionic mixed conductive
material, resulting in the disappearance of the bridges 6 and
7. In other words, the conductance is reduced.

[0065] As mentioned above, a voltage applied to each
metallic wire is independently controlled, so that a voltage
applied to the point contact formed at each of the intersections of the first electrode 2 and the second electrodes 3 and
4 can be independently controlled. In other words, the
conductance of the point contact at each intersection can be
independently controlled.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0066] In this manner, an electronic device such as a
memory device or an arithmetic device comprising a point
contact array and an electric circuit comprising the electronic devices can be formed.

[0058] Embodiments of the present invention will be

[0067] Embodiments using a first electrode comprising an

described in detail hereinbelow with reference to the drawings.
point contact array, in which a plurality of point contacts are
arranged, according to the present invention.

electronic/ionic mixed conductive material of Ag2S and an
Ag which is a source of mobile ions of Ag and second
electrodes comprising Pt will now be described hereinbelow.
It is needless to say that the similar results can be obtained
using other materials.

[0060] As shown in FIG. 1, point contacts (bridges) 6 and

[0068] When there are about ten atoms of Ag, each bridge

[0059] FIG. 1 is a schematic perspective view showing a

7 each comprising mobile ions (atoms) 5 are formed at the
intersections of a metallic wire (first electrode) 2 and metallic wires (second electrodes) 3 and 4, the metallic wire 2
being covered with an electronic/ionic mixed conductor 1.
These components are arranged on an insulating substrate 8
and are then fixed thereto using an insulating material (not
shown).

[0061] When a semiconductor or insulator material is
interposed between the first and second electrodes, mobile
ions are dissolved into the semiconductor or insulator to
change the conductance of the semiconductor.

[0062] Consequently, the conductance between the electrodes is changed. The amount of change depends on the
amount of the mobile ions dissolved in the semiconductor or
insulator material.

[0063] For the sake of simplification, FIG. 1 shows the
point contact array comprising the one metallic wire (first
electrode) 2, covered with the electronic/ionic mixed conductor 1, and the two metallic wires (second electrodes) 3
and 4. The number of point contacts is obtained by multiplying the number of metallic wires each constituting the
electrode. In this case, 2x1, namely, two point contacts are
formed. When the number of metallic wires constituting the
first and second electrodes is increased, a point contact array
having nxn point contacts can be formed.

[0064] According to the present invention, a voltage is
applied between the first electrode 2 and the second electrodes 3 and 4, resulting in the formation or disappearance
of the bridges 6 and 7 comprising ion atoms. Thus, the
conductance of each point contact formed between the
electrodes is controlled. Specifically, when a proper negative

can be sufficiently formed. On the basis of the measurement
result, on condition that a voltage is 100 mV and initial
interelectrode resistance is 100 kQ, the time required to
derive ten Ag atoms from Ag2S serving as the electronic/
ionic mixed conductor, namely, the time required to form a
bridge is estimated to be tens of nanoseconds at most. An
electric power required to form the bridge is on the order of
nanowatts, namely, the power is small. Accordingly, the
application of the present invention realizes the construction
of a high-speed device with low power consumption.

[0069] A first embodiment of the present invention will
now be described.

[0070] FIG. 2 shows a schematic view of a point contact
array according to the present invention, the point contact
array being applied to a multiple memory device.
[0071] For the sake of simplification, a sample comprising
two point contacts is used in a manner similar to FIG. 1. In
this case, Ag2S is used as an electronic/ionic mixed conductive material 11 functioning as a first electrode and an Ag
wire is used as a metallic wire 10. Pt wires are used as
metallic wires 13 and 14 each functioning as a second
electrode. The first electrode is grounded and voltages VI
and V2 are independently applied to the second electrodes
13 and 14, respectively. When negative voltages are used as
V1 and V2, Ag atoms 12 contained in the electronic/ionic
mixed conductive material 11 are precipitated to form
bridges 15 and 16. When positive voltages are used as VI
and V2, the Ag atoms 12 in the bridges 15 and 16 return to
the electronic/ionic mixed conductive material 11, resulting
in the disappearance of the bridges 15 and 16. Japanese
Patent Application No. 2000-265344, by the inventors of the
present application, proposes the detailed mechanism.
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[0072] According to the present invention, the use of a
plurality of point contacts realizes a new function, which
will be described hereinbelow.

[0073] According to the present embodiment, pulse voltages are applied to control the conductance of each point
contact. In other words, in order to increase the conductance,
a voltage of 50 mV is applied for 5 ms. In order to reduce
the conductance, a voltage of —50 mV is applied for 5 ms.
Thus, transition in the quantized conductance of each point
contact is realized. In other words, the transition corresponds
to the writing operation of the memory.
[0074] In order to read a recording state, VI and V2 are set
to 10 mV so that the recorded conductance is not changed by
the reading operation. In this situation, current I1 and I2
flowing through the metallic wires 13 and 14, each functioning as the second electrode of the point contact, are
measured. FIG. 3 shows the result.

[0075] Referring to FIG. 3, Il is shown by a thin solid line
and I2 is shown by a thick solid line. The point contact 15 or
16 is subjected to the writing operation every second. The
recording state is read out after each writing operation. The
ordinate axis on the left denotes a current actually measured.
The ordinate axis on the right denotes quantized conductance corresponding thereto. The conductance is obtained by
dividing the measured current by the applied voltage (10
mV).

[0076] It is understood from the graph that the conductance of each point contact is quantized. In other words,
when it is assumed that Ni denotes the quantum number of
the quantized conductance of a first point contact serving as
the bridge 15 and N2 denotes the quantum number of the
quantized conductance of a second point contact serving as
the bridge 16, N1=0 to 3 and N2=0 to 3, namely, 16 recording
states are realized in total.

[0077] According to the present embodiment, four quantized states of N=0 to 3 are used. If a state having a larger
quantum number is used, the recording density can be
increased. It is needless to say that the recording density can
also be increased by increasing the number of point contacts.

[0078] A second embodiment of the present invention will
now be described.

[0079] First, an example in which an adding circuit is
realized with the configuration shown in the first embodiment will be described.

[0080] According to the present invention, inputs denote
the quantum numbers Ni and N2 of the quantized conductance of the point contacts serving as the bridges 15 and 16.
The input operation is performed by controlling the voltages
V1 and V2 to set each of Ni and N2 to a desired value. V1
and V2 are set to a reading voltage, for example, 10 mV and
a current Io , flowing from the first electrode 10 to a ground
potential is measured, thus obtaining the result of an arithmetic operation.

[0081] FIG. 4 shows the result of the arithmetic operation
according to the second embodiment of the present invention. Below a graph, the inputted Nl and N2 and measured
No , are shown so as to correspond to the abscissa axis of the
graph. It is found that the obtained current Io„r has quantized
conductance corresponding to (N1+N2). In other words, the
addition is correctly performed. According to the present

embodiment, 16 addition results corresponding to N1=0 to 3
and N2=0 to 3 are shown in the same way as the first
embodiment. Larger quantum numbers can also be used. For
the number of point contacts used, namely, the number of
inputs, three or more inputs can also be used.

[0082] A third embodiment of the present invention will
now be described.

[0083] The configuration shown in the first embodiment
can also be applied to a subtracting circuit. Inputs are
controlled by the same method described in the second
embodiment. Upon subtraction, voltages, which have the
same absolute value and whose polarities are opposite to
each other, can be used as VI and V2. For example, when
V1 is set to 10 mV and V2 is set to —10 mV, the current Iout
corresponding to quantized conductance, which corresponds
to (N1—N2) , flows from the first electrode to the ground
potential. At that time, when the current flows in the direction from the first electrode to the ground potential, the result
of the arithmetic operation indicates a positive value. When
the current flows in the direction from the ground potential
to the first electrode, the result of the arithmetic operation
indicates a negative value.

[0084] FIG. 5 shows the result of the arithmetic operation
according to the third embodiment.

[0085] The arithmetic operation of (N1—N2) is correctly
performed. Further, if three or more point contacts are used,
an arithmetic operation of (N1+N2—N3) can be performed at
a time. In this case, for example, on condition that V1 and
V2 are set to 10 mV and V3 is set to —10 mV, the arithmetic
operation can be performed.

[0086] A fourth embodiment of the present invention will
now be described.

[0087] According to the present embodiment, a logic
circuit is constructed using the point contacts according to
the present invention. For the configuration of the logic
circuit, in contrast to the first to third embodiments, the
transition in the quantized conductance of each point contact
is not used. In other words, the point contact is used as an
on-off switching device. Typically, a resistance in the ON
state is equal to or less than 1 kQ and a resistance in the OFF
state is equal to or more than 100 kQ.

[0088] FIG. 6 is a schematic diagram of an OR gate
formed using the point contacts according to the present
invention.

[0089] Ag wires 21 and 22 are covered with Ag2S 23 and
24, respectively, thus forming first electrodes. Ag bridges 25
and 26, formed on the Ag2S 23 and 24, face a Pt electrode
20 serving as a second electrode, thus forming point contacts. One end of the Pt electrode 20 is connected to a
reference voltage Vs through a resistance 27 (10 kQ in the
present embodiment) and the other end functions as an
output terminal to generate an output voltage Vour. Input
voltage VI and V2 are applied to the Ag wires 21 and 22,
resulting in the formation or disappearance of the bridges 25
and 26. Thus, each point contact functions as an on-off
switching device.

[0090] FIG. 7 shows the results of the operation. According to the present embodiment, the inputs, namely, V1 and
V2 are changed every second to measure the output Vo„t.
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[0091] In a two-input OR gate, for binary low-level and
high-level inputs, if either input indicates a high level, an
output must go to a high level.

[0092] The OR gate is operated using 0 V (the reference
potential Vs also has the same value) as a low-level input
and 200 mV as a high-level input. FIG. 7(a) shows the result
of this case.

[0093] When either one of the two inputs V1 and V2 is 200
mV, the output V0 substantially indicates 200 mV. The
normal operation is found from the graph. When a high-level
voltage is increased to 500 mV, the similar result (FIG. 7(b))
is obtained.

[0094] FIG. 8 is an equivalent circuit diagram of the
present logic circuit.

[0095] The reference voltage Vs and the input voltages Vi
and V2 cause the formation or disappearance of the bridges

25 and 26 (FIG. 6), resulting in a change in the resistance
of each of resistors R1 and R2 (resistances of the point
contacts formed by the bridges). Although there is a small
resistance R12 (about several ohms to tens of ohms)
between two point contacts on the electrode 20 (FIG. 6), the
resistance is negligible as compared to RO (10 kQ), and R1
and R2 (1 kQ to 1 MQ).

[0096] First, when both of V1 and V2 are 0 V, all of the
three voltages connected to the system indicate 0 V. Therefore, the output V0 necessarily indicates 0 V. Subsequently,
when V1 is 0 V and V2 is 200 mV (500 mV), the bridge 25
(FIG. 6) grows and the resistance of the resistor R2
decreases. Typically, the resistance is equal to or less than 1
kQ.

[0097] Consequently, since the resistance of R2 is an order
or more of magnitude smaller than that of RO, V2' indicates
about 200 mV (500 mV). At this time, since Vi' also
indicates about 200 mV (500 mV), a voltage whereby a
bridge disappears is applied to the bridge 26 (FIG. 6), so that
Rl indicates a large value of 1 MQ or higher. Consequently,
when V1 is 0 V, RO, Rl>>R2. Accordingly, Vi' indicates
about 200 mV (500 mV) that is equivalent to V2'. Thus, the
output indicates 200 mV (500 mV). To be precise, the
growth of the bridge 25 and the disconnection of the bridge
26 simultaneously occur, thus causing the above-described
result.

[0098] In a case where V1 is 200 mV (500 mV) and V2 is
0 V, the similar explanation can be applied to the case. When
both of V1 and V2 are 200 mV (500 mV), both of the bridges
25 and 26 grow. Consequently, the voltage of V1 and V2,
namely, 200 mV (500 mV) is generated.

[0099] A fifth embodiment of the present invention will
now be described.

[0100] According to the present embodiment, the configuration of an AND gate will be described with reference to

FIG. 9.
[0101] According to the present embodiment, one end of
an Ag wire 30, covered with an Ag2S thin film 31, is
connected to a reference voltage Vs through a resistor 37.
The other end is an output terminal. Bridges 33 and 34,
formed by precipitation of Ag atoms serving as mobile ions,
are formed so as to face two Pt electrodes 35 and 36,
respectively. Input voltages V1 and V2 are applied to the two

Pt electrodes 35 and 36. In FIG. 9, reference numeral 32
denotes an Ag ion in the Ag2S thin film 31.

[0102] FIG. 10 shows the results of the arithmetic operation of the AND gate. In the two-input AND gate, when both
of the two inputs are at a high level, an output Vo„r goes to
a high level.

[0103] FIG. 10(a) shows the result of the operation on
condition that the high level is set to 200 mV. In this
instance, a reference voltage is also set to 200 mV.
[0104] FIG. 10(b) shows the result of the operation on
condition that the high level is set to 500 mV. In this
instance, the reference voltage is 500 mV.
[0105] Referring to FIG. 10, when the high level is set to
200 mV, V1 is 0 V, and V2 is 200 mV, the output Vo„r
indicates a partial value (about 50 mV). However, in the
other cases, the output indicates 0 V as the low level or 200
mV as the high level. When the high level is set to 500 mV,
the normal operation is performed in all of input patterns. In
the case of the operation using 200 mV, when a critical
voltage to determine low-high levels is set to 100 mV, no
problem occurs. The cause will be described below.

[0106] The principle of the operation of the AND gate will
be described again with reference to FIG. 8. According to
the present embodiment, the reference voltage Vs is at the
high level (200 or 500 mV). First, when both of V1 and V2
are 0 V, both of the bridges 33 and 34 (FIG. 9) grow. Thus,
the resistance of each of the resistors R1 and R2 is typically
equal to or less than 1 kQ. In other words, the input voltages
at the low level are connected to the output terminal through
resistances which are one order or more of magnitude
smaller than the resistance RO (10 kQ). Accordingly, the
output V0 indicates 0 V. Subsequently, when V1 is 0 V and
V2 is 200 mV (500 mV), the bridge 33 (FIG. 9) alone
grows.
[0107] On the other hand, in the bridge 34, the voltage V2'
is smaller than 200 mV (500 mV) due to the voltage V1. In
other words, the voltage of a polarity, which allows the
bridge to disappear, is applied to the bridge 34, resulting in
the disappearance of the bridge 34. The resistance of R2 is
increased to about 1 MQ. In this instance, when a potential
difference between V2' and V2 is small, the bridge disappears insufficiently. Therefore, the resistance of R2 is not
increased enough. Accordingly, the above-mentioned partial
output may be generated. However, when a high-level
voltage is set to 500 mV, the potential difference between
V2' and V2 is increased enough. Thus, the completely
normal operation is realized.

[0108] The same description applies in the case where Vi
is 200 mV (500 mV) and V2 is 0 V. Since the characteristics
of the bridges 33 and 34 each constituting the point contact
are slightly different from each other, a normal output is
obtained in the case where an operating voltage is 200 mV.
Finally, when both of V1 and V2 are 200 mV (500 mV), the
formation or disappearance of the bridges 33 and 34 does not
occur. Since all of voltages are 200 mV (500 mV), an output
voltage also indicates 200 mV (500 mV).

[0109] The logic circuits using the point contacts have
been described. According to the foregoing embodiments,
the two-input logic circuits have been explained. When three
or more point contacts according to the present invention are
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used, a logic circuit having three or more inputs can be
formed on the basis of the above-mentioned principle of
operation.

[0110] A sixth embodiment according to the present invention will now be described.

[0111] A method for forming a point contact array will be
described.

[0112] FIG. 11 is a diagram showing the method for
forming a point contact array according to the sixth embodiment of the present invention.
[0113] As shown in FIG. 11, Ag wires 41 and 42 are
formed on an insulating substrate 40. The surfaces of the Ag
wires are sulfurized to form Ag2S films 43 and 44. Pt wires
45 and 46 are disposed thereon. Thus, an essential part of the
point contact array is completed. It is important that bridges
47 and 48 comprising Ag atoms are formed at the intersections of the Ag wires 41 and 42 and the Pt wires 45 and 46,
the Ag wires 41 and 42 being covered with the Ag2S films
43 and 44, respectively.
[0114] According to the present invention, therefore, when
the Pt wires 45 and 46 are arranged, a voltage is applied
between the Pt wires 45 and 46 and the Ag wires 41 and 42
to precipitate Ag on the Ag2S film 43 and 44, resulting in the
formation of the bridges 47 and 48. Consequently, when the
Pt wires 45 and 46 are arranged using, for example, a wiring
system or the like, the present invention can be realized.

[0115] The bridge can be previously formed at each intersection by evaporation of Ag through a mask. Alternatively,
electron beams can be irradiated on each Ag wire covered
with the Ag2S film to precipitate Ag atoms. It is important
that Ag exists between Ag2S functioning as a first electrode
and Pt functioning as a second electrode.
[0116] Furthermore, Pt wires can be previously formed on
another substrate and be then adhered to the substrate having
the Ag wires covered with the Ag2S films.

[0117] A seventh embodiment of the present invention
will now be described.

[0118] A method for forming another point contact array
and the structure thereof will be described.

[0119] FIG. 12 is a schematic view of a point contact array
according to the seventh embodiment of the present invention, the point contact array controlling the conductivity of
each semiconductor.
[0120] Referring to FIG. 12, Ag wires 51 and 52, respectively covered with Ag2S films 53 and 54, are formed on an
insulating substrate 50. Further, semiconductors or insulators 57, 58, 59, and 60, which can dissolve Ag atoms, are
formed only at the intersections of the Ag wires 51 and 52
and the Pt wires 55 and 56. In FIG. 12, an insulating
material covering these components are not shown. All of
the components shown in the diagram are embedded in a
device.
[0121] In this case, according to the same principle as that
described above, Ag ions move from the Ag2S films 53 and
54. The moving Ag ions are dissolved into the semiconductors or insulators 57, 58, 59, and 60 to change the conductivity of each semiconductor or insulator. Thus, the similar
effects as those in the above-mentioned embodiments can be

realized. In this case, since a space where the formation or
disappearance of the bridges is not needed in the device,
these components can be easily embedded in an insulating
member.
[0122] When Ag thin films are previously formed in place
of the semiconductors or insulators, the same structure as
that described in the sixth embodiment is obtained. In this
case, Ag atoms contained in the Ag thin films enter the Ag2S
films, resulting in the disappearance of the thin film.
[0123] According to the present invention, crystals or
amorphous materials of GeS., GeSex, GeTex, or WOx
(O<x<100) are used as the semiconductors or insulators
which can dissolve the Ag ions.

[0124] An eighth embodiment of the present invention
will now be described.

[0125] FIG. 13 shows an embodiment in which a part of
each metallic wire serving as a first electrode is covered with
an electronic/ionic mixed conductor. According to the
present embodiment, it is enough to form point contacts,
each comprising "a metal serving as a first electrode, an
electronic/ionic mixed conductor, a bridge or a semiconductor, and a metal serving as a second electrode", at the
intersections of the metallic wire functioning as the first
electrode and metallic wires each functioning as the second
electrode.
[0126] Therefore, as shown in FIG. 13, when electronic/
ionic mixed conductors 73 and 74 are formed only in the
vicinity of the intersections of a metallic wire 70 functioning
as a first electrode and metallic wires 71 and 72 each
functioning as a second electrode, a point contact (bridge) 75
can be formed between the electronic/ionic mixed conductor
73 and the metallic wire 71 and a point contact (bridge) 76
can be formed between the electronic/ionic mixed conductor
74 and the metallic wire 72.
[0127] Furthermore, for the metal serving as the first
electrode, each part which is in contact with the electronic/
ionic mixed conductor can be different from a material of the
wire between the point contacts. According to the present
embodiment, for example, Ag wires 79 and 80 are used as
parts which are in contact with electronic/ionic mixed conductors (Ag2S) 77 and 78, respectively. Tungsten wires are
used as other parts 81 to 83. For the material of each part to
be in contact with the electronic/ionic mixed conductor, it is
necessary that each part comprise the same element as the
mobile ions in the electronic/ionic mixed conductor. According to the present embodiment, therefore, since Ag2S is used
as the electronic/ionic mixed conductor, Ag is used as a
material for the part which is in contact therewith.

[0128] A NOT circuit according to another embodiment of
the present invention and an electronic circuit using the
same will now be described in detail hereinbelow.

[0129] FIG. 14 is a schematic diagram of a NOT circuit
according to a ninth embodiment of the present invention.

[0130] As shown in the diagram, a first electrode 102
serving as an electronic/ionic mixed conductor is formed on
a conductive substance 101. A potential difference between
the first electrode 102 and a second electrode 103 is controlled, thus controlling so that mobile ions (atoms) 104 in
the electronic/ionic mixed conductor are precipitated as
metallic atoms on the surface of the first electrode 102,
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alternatively, the precipitated metallic atoms are dissolved as
mobile ions (atoms) into the first electrode 102. In other
words, when a proper negative voltage is applied to the
second electrode 103 with respect to the first electrode 102,
the mobile ions (atoms) 104 in the electronic/ionic mixed
conductive material is precipitated due to the effect of
voltage and current, thus forming a bridge 105 between the
electrodes 102 and 103. Consequently, resistance between
the electrodes 102 and 103 decreases.
[0131] On the contrary, when a proper positive voltage is
applied to the second electrode 103, the mobile ions (atoms)
104 are dissolved into the electronic/ionic mixed conductive
material, resulting in the disappearance of the bridge 105. In
other words, the resistance increases. Hereinbelow, such a
two-terminal device will be called an "atomic switch".
Japanese Patent Application No. 2000-265344, by the inventors of the present application, proposes the detailed principle of operation thereof.

[0132] A voltage VH/2 corresponding to a high-level
output is applied to the second electrode 103 of the atomic
switch through a resistor 106 (resistance Rl). An input
terminal Vin is connected to the second electrode 103
through a capacitor 108 (capacitance Cl). On the other hand,
a voltage VL corresponding to a low-level output is applied
to the conductive substance 101 functioning as the first
electrode 102 of the atomic switch through a resistor 107
(resistance R2). An output terminal Vo„r is connected to the
conductive substance 101.
[0133] It is assumed that R(ON) denotes a resistance of the
atomic switch in the ON state and R(OFF) denotes a
resistance thereof in the OFF state. According to the present
invention, the resistors and the atomic switch which satisfy
the following relation are used.
R(OFF)>>R2>>R(ON)-R1

[0134] For the input Vin, VH is used as a high-level input
and VL is used as a low-level input. When the input Vin is
VL, the output V0 indicates VH/2. When the input Vin is
VH, the output Vo„r indicates VL. In other words, when the
input is at a high level, the output goes to a low level. When
the input is at a low level, the output goes to a high level.
Thus, the atomic switch functions as a NOT circuit.
[0135] Hereinbelow, an embodiment using an atomic
switch, in which Ag2S formed on Ag is used as the first
electrode 102 and Pt is used as the second electrode 103, will
now be described. It is needless to say that a NOT circuit can
be formed using an atomic switch having another electronic/
ionic mixed conductor such as Ag2Se, Cu2S, or Cu2Se and
a metal other than Pt.

[0136] As mentioned above, according to the present
invention, the use of the atomic switch, serving as a twoterminal device comprising the first electrode 102 made of
an electronic/ionic mixed conductive material and the second electrode 103 made of a conductive substance, realizes
a NOT circuit comprising only the two-terminal devices.
[0137] In this instance, the case where VH is used as the
high-level input Vin and VL (0 V) is used as the low-level
input will be used as an example and the principle of
operation of the NOT circuit shown in FIG. 14 will now be
described in detail with reference to FIG. 15.

[0138] When the input Vin changes from a low level (VL)
to a high level (VH) at time tl[refer to FIG. 15(a)], charges

Q=C1xVH (Cl denotes the capacitance of the capacitor) are
accumulated in the capacitor 108. At this time, a potential
Vin' of the second electrode 103 of the atomic switch
changes due to a current, which temporarily flows, as shown
in FIG. 15(b). In other words, the potential of the second
electrode 103 of the atomic switch is temporarily higher than
that of the first electrode 102, so that the atomic switch
changes to the OFF state (high resistance) [refer to FIG.
15(c)]. Thus, R(OFF)>>R2. The output V0 indicates VL
[refer to FIG. 15(d)].
[0139] Since the resistance of the atomic switch is
increased, the potential between the electrodes 102 and 103
of the atomic switch is increased as shown in FIG. 15(e).
Switching time is is almost determined by the capacitance
Cl of the capacitor 108 and the resistance R1 of the resistor
106. For instance, when it is assumed that the capacitance
Cl of the capacitor is 1 pF and the resistance R1 is 10Q,
switching can be performed on the order of gigahertzs.

[0140] On the other hand, when the input Vin changes
from the high level (VH) to the low level (VL) at time
t2[refer to FIG. 15(a)], the charges accumulated in the
capacitor 108 are discharged. Due to a current which temporarily flows, the potential Vin' of the second electrode 103
of the atomic switch changes as shown in FIG. 15(b). In
other words, the potential of the second electrode 103 in the
atomic switch is temporarily remarkably lower than that of
the first electrode 102, so that the atomic switch changes to
the ON state (low resistance) [refer to FIG. 15(c)]. Consequently, R2>>R(ON). The output V0 indicates VH/2 [refer
to FIG. 15(d)].

[0141] FIG. 15(e) shows the potential difference between
the electrodes 102 and 103 of the atomic switch. When the
input Vin is at the low level (VL), the potential difference
between the electrodes 102 and 103 of the atomic switch
indicates about zero. Thus, the ON state of the atomic switch
is held stably. On the other hand, when the input Vin is at the
high level (VH), the potential difference between the electrodes 102 and 103 of the atomic switch indicates VH/2.
This value indicates the potential difference at which the
atomic switch should be in the OFF state. Therefore, the
OFF state is held stably. In other words, the NOT circuit
according to the present embodiment operates with reliability and stability.
[0142] According to the present embodiment, the case
where VH or VL is used as an input and VH/2 or VL is used
as an output is described. In the NOT circuit shown in FIG.
14, according to the principle of operation of the atomic
switch, under limitations that a potential difference between
inputs (in the present embodiment, VH—VL) has to always
be larger than a potential difference between outputs (in the
present embodiment, VH/2—VL), the potential difference
between inputs and that between outputs can be freely set
within the limitations.
[0143] In the eleventh and twelfth embodiments, a case
where the potential difference between inputs is equivalent
to that between outputs will be described in detail. In other
words, according to the present invention, a NOT circuit in
which the level of an input is equivalent to the level of an
output can be formed.

[0144] FIG. 16 is a schematic diagram of a NOT circuit
according to a tenth embodiment of the present invention.
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[0145] A NOT circuit comprising two-terminal devices
with arrangement different from that shown in FIG. 14 will
now be described as another embodiment.

[0146] The used components are exactly the same as those
shown in FIG. 14 according to the ninth embodiment. In
other words, a first electrode 112 serving as an electronic/
ionic mixed conductor (Ag2S) is formed on Ag 111 serving
as a conductive substance. Mobile ions (Ag ions) 114 in the
electronic/ionic mixed conductor are precipitated to form a
bridge 115 comprising Ag atoms between the first electrode
112 and a second electrode (Pt) 113. An atomic switch with
the above structure is used.

the OFF state (high resistance) [refer to FIG. 17(c)]. Consequently, R(OFF)>>R3. The output V0 indicates VH/2
[refer to FIG. 17(d)].

[0154] FIG. 17(e) shows the potential difference between
the electrodes 112 and 113 of the atomic switch. When the
input Vin is at the low level (VL), the potential difference
between the electrodes 112 and 113 of the atomic switch
indicates VH/2. This value indicates a potential difference at
which the atomic switch should be in the OFF state. Therefore, the OFF state is held stably.

113.

[0155] On the other hand, when the input Vin is at the high
level (VH), the potential difference between the two electrodes 112 and 113 of the atomic switch indicates substantially zero. Thus, the ON state of the atomic switch is held
stably. In other words, the NOT circuit according to the
present embodiment operates with reliability and stability.

[0148] On the other hand, a voltage VL corresponding to

[0156] According to the embodiment, the case where VH

a low-level output is applied to the conductive substance
(Ag) 111 constituting the first electrode 112 of the atomic
switch through a resistor 117 (resistance R4). An input
terminal Vin is connected to the first electrode 112 through
a capacitor 118 (capacitance C2).

and VL are used as inputs and VH/2 and VL are used as
outputs is described. In the same case as the NOT circuit
according to the ninth embodiment (FIG. 14), under limitations that a potential difference between inputs has to
always be larger than a potential difference between outputs,
the potential difference between inputs and that between
outputs can be freely set within the limitations.

[0147] A voltage VH/2 corresponding to a high-level
output is applied to the second electrode (Pt) 113 of the
atomic switch through a resistor 116 (resistance R3). An
output terminal V0 is connected to the second electrode

[0149] It is assumed that R(ON) denotes a resistance of the
atomic switch in the ON state and R(OFF) denotes a
resistance of the atomic switch in the OFF state. According
to the present embodiment, the resistors and the atomic
switch, which satisfy the following relation, are used.
R(OFF)>>R3>>R(ON)-R4

[0150] The principle of operation of the NOT circuit
shown in FIG. 16 will now be described in detail with
reference to FIG. 17.
[0151] When the input Vin changes from a low level (VL)
to a high level (VH) at time tl[refer to FIG. 17(a)], charges
Q=C2xVH (C2 denotes a capacitance of the capacitor) are
accumulated in the capacitor 118. At this time, a potential
Vin' of the first electrode 112 in the atomic switch changes
due to a current, which temporarily flows, as shown in FIG.
17(b). In other words, the potential of the first electrode 112
in the atomic switch is temporarily remarkably higher than
that of the second electrode 113, so that the atomic switch
changes to the ON state (low resistance) [refer to FIG.
17(c)].

[0152] Thus, R3>>R(ON). The output Vo„r indicates VL
[refer to FIG. 17(d)]. Switching time is is almost determined
by the capacitance C2 of the capacitor 118 and the resistance
R4 of the resistor 117. For instance, when it is assumed that
the capacitance C2 of the capacitor is 1 pF and the resistance
R4 is 10Q, switching can be performed on the order of
gigahertzs.
[0153] On the other hand, when the input Vin changes
from the high level (VH) to the low level (VL) at time
t2[refer to FIG. 17(a)], the charges accumulated in the
capacitor 118 are discharged. Due to a current which temporarily flows, the potential Vin' of the first electrode 112 in
the atomic switch changes as shown in FIG. 17(b). In other
words, the potential of the first electrode 112 in the atomic
switch is temporarily remarkably lower than that of the
second electrode 113, so that the atomic switch changes to

[0157] For the arrangement of the atomic switch, the
resistors, and the capacitor, and the number of each device,
the pattern other than that of the above-mentioned embodiment can be made. The principal characteristics of the
present invention are to use the above devices as components.

[0158] FIG. 18 is a schematic diagram of a NOT circuit
according to the eleventh embodiment of the present invention. FIG. 19 includes graphs showing the principle of
operation of the NOT circuit shown in FIG. 18.

[0159] The NOT circuit in which a potential difference
between inputs is equivalent to that between outputs will
now be described. A diode 109 is connected to a portion
(Vollt in FIG. 18) corresponding to the output of the NOT
circuit according to the ninth embodiment (FIG. 14). VH is
applied to the other end of the diode 109 through a resistor
110 (resistance R5). An output terminal V0 is connected to
the other end thereof. Further, the present NOT circuit differs
from the NOT circuit according to the ninth embodiment
(FIG. 14) with respect to a point that a voltage to be applied
through the resistor 107 (resistance R2) is not VL, but VS.

[0160] The potential of Vo„t is changed in the same way
as the ninth embodiment except that the low level is not VL,
but VS [refer to FIG. 19(b)]. According to the present
embodiment, by satisfying the relation of VH/2<VF(VHVS) (VF denotes a threshold voltage of the diode 109), the
potential difference between inputs is equalized to that
between outputs in the NOT circuit. In other words, when
V0 indicates VH/2, a voltage that is equal to or lower than
the threshold voltage is applied to the diode 109. It is
assumed that RB denotes a resistance of the diode 109 at this
time and RF denotes a resistance thereof when a voltage that
is equal to or higher than the threshold. The resistor 110
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R5/n2=(VH-VL)/(VL-VF-VS)

In the diagram, respective parts corresponding to the NOT
circuit, the AND circuit, and the OR circuit are surrounded
by dotted lines. In other words, the present one-digit binary
adder comprises two NOT circuits 121 and 122, three AND
circuits 123, 124, and 125, and one OR circuit 126.

VL>VF+VS

[0170] FIG. 22 shows the circuits using logical symbols.

[0161] Thus, the output V0 is changed as shown in FIG.
19(d). In other words, the NOT circuit in which the potential
difference between inputs is equivalent to that between
outputs can be realized.

[0162] FIG. 20 is a schematic diagram of a NOT circuit
according to a twelfth embodiment of the present invention.

[0163] A NOT circuit in which a potential difference
between inputs is equivalent to that between outputs can be
formed on the basis of the NOT circuit according to the tenth
embodiment shown in FIG. 16. A diode 119 is connected to
a portion (V0 ') corresponding to the output of the NOT
circuit according to the tenth embodiment (FIG. 16). VH is
applied to the other end of the diode 119 through a resistor
120 (resistance R6). An output terminal V.., is connected to
the other end thereof. Further, the present NOT circuit differs
from the NOT circuit according to the tenth embodiment
with respect to a point that the voltage applied through the
resistor 117 (resistance R4) is not VL, but VS.

In FIG. 22, reference numerals 121' and 122' denote the
NOT circuits, 123', 124', and 125' denote the AND circuits,
and 126' denotes the OR circuit.
[0171] For inputs X and Y, it is assumed that a high-level
input indicates 1 and a low-level input indicates 0. Outputs
S and C are as shown in FIG. 23. According to the present
invention, the one-digit binary adder, which is applied to a
computer, can be constructed. This case is one example.
According to the present invention, a NOT circuit, an AND
circuit, and an OR circuit can be constructed using twoterminal devices. Accordingly, all of logic circuits can be
constructed using only the two-terminal devices.
[0172] The present invention is not limited to the above
embodiments. Various modifications are possible on the
basis of the spirit of the present invention and are not
excluded from the scope of the present invention.
[0173] As mentioned above, according to the present
invention, the following advantages can be obtained.

[0164] The principle of operation is substantially the same

[0174] (A) A high-speed point contact array with low

as that of the NOT circuit described in the eleventh embodiment. The resistor 120 which satisfies the relation of
RB>>R6>>RF is used and the resistances and a voltage to
be applied are set so as to satisfy the following expressions.

power consumption can be constructed, resulting in
the realization of a multiple recording memory
device, a logic circuit, and an arithmetic circuit.

R6/2R4=(VH-VL)/(VL-VF-VS)
VL>VF+VS

[0165] On this condition, the NOT circuit in which the
potential difference between inputs is equivalent to that
between outputs can be realized. In the above case, the
resistance of the atomic switch is substantially equivalent to
R4. When the condition does not apply, it is necessary to
control VS to some extent.

[0166] When the diode and the resistor are added to the
NOT circuit in which the atomic switch, the resistors, and
the capacitor are arranged according to various patterns, the
above-mentioned NOT circuit in which the potential difference between inputs is equivalent to that between outputs
can be constructed. In other words, the arrangement of the
atomic switch, the resistors, the capacitor, and the diode is
not limited to that described in the present embodiment. The
present invention is characterized in that these devices are
used as components.

[0167] FIG. 21 is a schematic diagram of a one-digit
binary adder according to a thirteenth embodiment of the
present invention.

[0168] According to the present embodiment, a case
where the one-digit binary adder comprises a NOT circuit
according to the present invention, an AND circuit, and an
OR circuit, the AND circuit and the OR circuit each having
an atomic switch, will be described.

[0169] The NOT circuit according to the eleventh embodiment shown in FIG. 18 is used. The AND circuit and the OR
circuit, proposed by the inventors of the present application
in Japanese Patent Application No. 2000-334686, are used.

[0175] (B) Since a NOT circuit can be constructed
using two-terminal devices, all of logic circuits can
be realized using only the two-terminal devices. A
nanometer-sized atomic switch can be easily formed.
According to the present invention, therefore, a
nanometer-scale device can be realized.
INDUSTRIAL APPLICABILITY

[0176] A point contact array, a NOT circuit, and an electronic circuit using the same according to the present invention are applicable to a logic circuit, an arithmetic circuit,
and a memory device which are nano-scale.
1. A point contact array comprising a plurality of electronic devices, each of which comprises a first electrode
made of a compound conductive material having ionic
conductivity and electronic conductivity and a second electrode made of a conductive substance and each of which can
control conductance between the electrodes.
2. The point contact array according to claim 1, wherein
the compound conductive material having mobile ions (M
ion: M denotes a metallic atom) is formed on a source of the
mobile ions (M).
3. The point contact array according to claim 1 or 2,
wherein the compound conductive material is Ag2S, Ag2Se,
Cu2S, or Cu2Se.
4. The point contact array according to claim 1, 2, or 3,
wherein the mobile ions, contained in the compound conductive material, form a bridge between the first and second
electrodes to change the conductance between the electrodes.
5. The point contact array according to claim 1, 2, or 3,
wherein a semiconductor or insulator material, which can
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dissolve ions and which exhibits electronic conductivity and
ionic conductivity due to the dissolution of ions, is arranged
between the first and second electrodes, and mobile ions
contained in the compound conductive material enter the
semiconductor or insulator material to change the conductance of the semiconductor or insulator.
6. The point contact array according to claim 5, wherein
the semiconductor or insulator material is a crystal or an
amorphous material of GeS., GeSex, GeTex, or WOx
(O<x<100).
7. The point contact array according to claim 1, 2, 3, 4, 5,
or 6, wherein a metallic wire, of which at least one part is
covered with the compound conductive material, functions
as the first electrode, a metallic wire functions as the second
electrode, a plurality of metallic wires functioning as at least
one of the electrodes exist, and a point contact is arranged
at each intersection of the metallic wires.
8. The point contact array according to claim 1, 2, 3, 4, 5,
6, or 7, wherein the conductance of each point contact is
quantized.
9. The point contact array according to claim 8, functioning as a multiple recording memory device in which the
quantized conductance of each point contact is used as a
recording state.
10. The point contact array according to claim 8, wherein
the quantized conductance of each point contact is used as
an input signal, and the potentials of the respective electrodes are controlled to perform addition or subtraction of
the input signals.

11. The point contact array according to claim 1, 2, 3, 4,
5, 6, or 7, functioning as a logic circuit in which a potential

at one end of each point contact is used as an input signal.
12. (Deleted)
13. A NOT circuit comprising an atomic switch serving as
a two-terminal device.
14. The NOT circuit according to claim 13, wherein the
atomic switch comprises a device, which comprises a first
electrode made of a compound conductive material having
ionic conductivity and electronic conductivity and a second
electrode made of a conductive substance and which can
control conductance between the first and second electrodes.
15. The NOT circuit according to claim 14, wherein the
compound conductive material is Ag2S, Ag2Se, Cu2S, or
Cu2Se.
16. The NOT circuit according to claim 14 or 15, comprising a resistor and a capacitor, each of which serves as a
two-terminal device, in addition to the atomic switch.
17. The NOT circuit according to claim 16, comprising a
diode in addition to the resistor and the capacitor.
18. The NOT circuit according to claim 16, wherein a
voltage to be applied to the atomic switch is controlled
through the capacitor to control the conductance of the
atomic switch.
19. An electronic circuit comprising a combination of the
NOT circuit according to any one of claims 13 to 18, and an
AND circuit and an OR circuit, each of which comprises the
atomic switch.

