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ABSTRACT

The present invention relates to a transistor for selecting a
storage cell and a switch using a solid electrolyte. In a storage
cell, a metal is stacked on a drain diffusion layer of a fieldeffect transistor formed on a semiconductor substrate surface.
The solid electrolyte using the metal as a carrier is stacked on
the metal. The solid electrolyte contacts with the metal via a
gap, and the metal is connected to a common grounding
conductor. A source of the field-effect transistor is connected
to a column address line, and a gate of the field-effect transistor is connected to a row address line.
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ELECTRIC DEVICE USING SOLID
ELECTROLYTE
TECHNICAL FIELD
The present invention mainly relates to an electric device
using a solid electrolyte. Particularly, the present invention
relates to a nonvolatile storage device which uses a solid
electrolyte and which enables to achieve high integration and
high speed, and a method of manufacturing the device.
BACKGROUND ART
In a recent highly information-oriented society, a storage
device temporarily or semipermanently holding a large
amount of information has been indispensable. Above all, a
dynamic memory (DRAM), a flash memory, a read-only
memory (ROM) and the like for use in a computer are well
known.
A first related art is a flash memory. A storage cell of the
flash memory comprises one floating gate type transistor. A
floating gate electrode disposed between a channel region
between source and drain and a control gate electrode is used
as a storage node of information.
A charged state of the floating gate electrode is set in
accordance with "0" and "1" of the information. Since the
periphery of the floating gate electrode is surrounded with an
insulating film, the charge stored in the electrode is not lost
even after power cut-off, and therefore, nonvolatility is realized. A read operation is performed by using a property of a
threshold voltage which changes in accordance with a charge
amount stored in the floating gate electrode. A write/delete
operation of the information is performed by injection of
electrons into a floating gate or release of the electrons from
the floating gate electrode by a tunnel current via an oxide
film.
A second related art is a quantum point contact switch
using an electrochemical reaction in the solid electrolyte (refer to Riken Review No. 37, p. 7, 2001). The solid electrolyte
is a material in which ions are freely movable in a solid as in
a solution, and many materials that exhibit conduction of
cations or anions have heretofore been found. When an electric field is added, metal ions constituting carriers move in the
solid thereby to flow currents.
In the above-described document, a switch using silver
sulfide which is a silver ion conductive solid electrolyte is
described. The surface of a silver wire is sulfurated to form
silver sulfide, and a platinum wire is brought close to a micro
gap. When a positive voltage is added to silver sulfide, and a
negative voltage is added to platinum, silver ions in silver
sulfide are deposited as silver atoms on the surface, and a
bridge of silver is formed in the gap from platinum to form a
point contact. The current hardly flows between silver sulfide
and platinum in case where the bridge is not formed. When
the bridge is formed, the current flows.
The formation and disappearance of the bridge occur at a
high rate which is a microsecond or less. The current flowing
in the bridge is quantized. The quantization of the current
indicates that the bridge is formed of several atomic chains,
and has a size of a nanometer order. With the use as the switch,
a high-rate operation, low power consumption, and further
high integration are possible. In the related art, it is described
that application to the switch or memory results in formation
of a new device.
The flash memory of the first related art is a device characterized by a low bit cost, and it is necessary to realize an
advantage bit cost with respect to another memory. In order to

realize this, scaling of a storage cell is supposed to advance
from now on. However, prospects are not bright in the actual
situation. One of causes for that lies in a tunnel oxide film leak
current generated with an increase of the number of rewrites.
5
The leak current is a fatal phenomenon in which the
charges stored in the floating gate electrode are eliminated.
Since the leak current rapidly increases with the decrease of
thickness of the oxide film, it is supposedly difficult to reduce
the thickness of the tunnel oxide film. There arises a necessity
io for consideration of the scaling which does not depend on the
film thickness reduction.
In the second related art, upon forming the gap, use is made
of a method of using a scanning type tunnel microscope and
a method of manually bringing two metal wires close to each
15 other. The method of using the scanning type tunnel microscope has an advantage that one gap can be formed with
excellent controllability, but is not suitable for forming a large
number of gaps. The method in which the silver sulfide wires
or the platinum wires are manually brought close to each
20 other is deteriorated in controllability, and is similarly inappropriate for forming a large number of gaps. Furthermore, in
silver sulfide on a silver wire as in the second related art, a size
of one storage cell is of a millimeter order, and is not suitable
for integration. Therefore, the integration of a storage device
25 is impossible.
It is therefore an object of the present invention to provide
a storage device using a solid electrolyte, particularly to a
storage device having a circuit constitution advantageous for
integration and a method of manufacturing the device.
30

DISCLOSURE OF THE INVENTION

35

40

45

5o

55

60

65

The present invention is characterized by comprising a
transistor for selecting a storage cell and a solid electrolyte
switch (see FIG. 3(A)). In detail, the storage cell by a typical
aspect of the present invention is characterized in that a first
metal thin film is stacked on a drain region of a field-effect
transistor formed on a semiconductor substrate surface, a
solid electrolyte in which a metal ion of the first metal thin
film is used as a carrier is stacked on the first metal thin film,
the solid electrolyte intersects with a second metal thin film
via a air gap, the second metal thin film is connected to a
common grounding conductor, a source of the field-effect
transistor is connected to a column address line, and a gate of
the field-effect transistor is connected to a row address line
(see FIG. 3(B)).
According to another aspect of the present invention, the
storage cell is characterized by comprising one diode and one
solid electrolyte switch (see FIG. 4(A)). In detail, the aspect is
characterized in that a first metal thin film is disposed on one
electrode of a diode formed on a semiconductor substrate
surface, a solid electrolyte in which a metal ion of the first
metal thin film is used as a carrier is disposed on the first metal
thin film, a second metal thin film is disposed on the solid
electrolyte via an air gap, the second metal thin film is connected to a row address line, and the other electrode of the
diode is connected to the column address line (see FIG. 4(B)).
According to still another aspect of the present invention,
one storage cell serving as an element of a storage device is
characterized by comprising one solid electrolyte switch (see
FIG. 5(A)). In detail, the aspect is characterized in that a part
of a first metal thin film connected to a row address line
formed on a semiconductor substrate surface is a solid electrolyte using a metal ion of the first metal thin film as a carrier,
and the solid electrolyte intersects with a second metal thin
film connected to a column address line via an air gap (see
FIG. 5(B)).
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Furthermore, a sacrificial layer needs to be used to form the
The material insoluble to the organic solvent or the develair gap with excellent controllability in order to highly inteoping solution of the photoresist is used in forming the air gap
grate a solid electrolyte switch. The sacrificial layer upon
between the metal thin film and the solid electrolyte. For
forming the air gap is characterized by the use of materials
example, when the calixarene is exposed by the electron
insoluble to a developing solution of a photoresist and a 5 beam, molecules bond to each other to thereby form polymer
solvent of the photoresist, such as a calixarene-based resist
having a large size. The polymer formed thus is a stable
which is an electron beam resist, thermosetting resins such as
material which is insoluble to the solvent or the developing
polystyrene and polyimide, a silicon oxide film, and a silicon
solution of the photoresist. On the other hand, since the matenitride film.
rial is organic, it is carbonized by oxygen plasma treatments
A solid electrolyte switch which is a constituting element io such as oxygen ashing, and can be removed. As described
of the representative aspect of the present invention is disabove, it is possible to control the air gap in the switch using
posed on an insulating film 52 on a semiconductor substrate
the solid electrolyte with excellent controllability so that a
01 (FIG. 6(B)). A first metal thin film 53 is disposed on the
large number of devices can be integrated.
insulating film 52, a solid electrolyte 55 using the metal ion of
FIG. 14(A) shows a current/voltage property of the solid
the metal thin film as the carrier is disposed on the metal thin 15 electrolyte switch in which copper sulfide is used in the solid
film 53, and further a second metal thin film 54 is disposed via
electrolyte 55, titanium is used in the second metal thin film
an air gap 56. For a property of the switch using the solid
54, and copper is used in the first metal thin film.
electrolyte, a current flowing in the second metal thin film 54
The voltages at which transition between the on-state and
indicates a hysteresis at room temperature, when the first
the off-state of the solid electrolyte switch occurs are —I V or
metal thin film 53 is grounded and a voltage added to the 20 more, I V or less, respectively. It is found out that when the
second metal thin film 54 is repeatedly increased/decreased in
voltage is applied to the same solid electrolyte switch in a
a predetermined range (FIG. 6(A)).
range of —3 to 5 V as shown in FIG. 14(B), the voltage causing
As shown in FIG. 6(A), when the voltage applied to the
the transition of the on/off-state increases.
second metal thin film 54 rises/lowers between a first voltage
The on-state transits to the off-state at 3 V, and conversely
(-0.2 V) and a second voltage (0.5 V), the hysteresis appears 25 the off-state transits to the on-state at —3 V. The transition
in the current flowing in the second metal thin film 54 at room
voltage changes by movement of copper ions in the solid
temperature. When the voltage is decreased in a negative
electrolyte, and this relates to spread of the above-described
direction from 0 V, the current flows in the vicinity of —0.2 V.
ion depletion layer. It has not heretofore been known that the
A resistance value is about 20 ohms. When the voltage is
transition voltage can be controlled by the size of the applied
swept in a positive direction, the current rapidly decreases at 30 voltage, and this has experimentally been found by the
+0.06 V. It is seen that a bistable state in which there is a
present inventors.
difference of two or more digits in resistance can be realized
BRIEF DESCRIPTION OF THE DRAWINGS
between —0.2 and 0.06 V. It is seen that when the voltage is
small, the bistable state is held in (-0.2 to 0.06 V), and a latch
FIG. 1(A) is a diagram showing a solid electrolyte switch
function is realized. It has not heretofore been known that a 3s
according to a first embodiment of the present invention;
switch operation and a latch operation are performed in the
FIG. 1(B) is a diagram showing the solid electrolyte switch
solid electrolyte 55 on the first metal thin film 53, and this has
according to a second embodiment of the present invention;
experimentally been found by the present inventors. In an
FIG. 2 is a diagram showing a structure of a solid electroexperiment of FIG. 6A, the first metal thin film 53 is a silver
thin film, the solid electrolyte 55 is a silver sulfide thin film, 40 lyte transistor according to a third embodiment of the present
invention;
and the second metal 54 is platinum.
FIG. 3(A) is a structural diagram showing a storage cell
The above-described hysteresis property can be explained
according to a fourth embodiment of the present invention;
as follows with reference to FIG. 6(B).
FIG. 3(B) is a circuit diagram showing a storage device
When the first metal thin film 53 is grounded, and the
negative voltage is added to the second metal thin film 54, 45 using the storage cell shown in FIG. 3(A);
FIG. 4(A) is a structural diagram showing the storage cell
electrons are supplied to the solid electrolyte 55 from the
according to a fifth embodiment of the present invention;
second metal thin film 54 by a tunnel current, and the metal
FIG. 4(B) is a circuit diagram showing the storage device
ions are reduced on a solid electrolyte surface to deposit a
including the storage cell shown in FIG. 4(A);
metal 57. When the deposition is repeated, the air gap 56 is
FIG. 4(C) is a diagram showing a modification of the
narrowed, and finally a bridge is formed between the solid 50
storage cell shown in FIG. 4(A);
electrolyte and the second metal thin film 54. At this time, the
FIG. 5(A) is a structural diagram showing the storage cell
solid electrolyte 55 is electrically connected to the second
according to a sixth embodiment of the present invention;
metal thin film 54 so that the current flows. On the other hand,
FIG. 5(B) is a circuit diagram showing the storage device
when the positive voltage is added to the second metal thin
film 54, the bridge of the deposited metal 57 is oxidized, and 55 including the storage cell shown in FIG. 5(A);
FIG. 6(A) is a diagram showing a current/voltage property
diffused into the solid electrolyte 55. When the oxidation is
of the solid electrolyte switch according to the present invenrepeated, finally the air gap 56 is formed, and the solid election;
trolyte 55 is electrically disconnected from the second metal
FIG. 6(B) is an explanatory view of a principle operation of
thin film 54.
From the above, it has been seen that the current can be 60 the solid electrolyte switch according to the present invention;
turned on/off in one solid electrolyte switch. It is further seen
FIGS. 7(A), (B), (C), and (D) are explanatory views of a
that an on/off state is held at a certain voltage or less, and the
method of preparing the solid electrolyte switch shown in
switch has the latch function. When the latch function is used,
FIG. 1(A) in order of steps;
memory operations such as write, hold, and read of information are possible. The solid electrolyte switch may have a size 65
FIGS. 8(A), (B), (C), and (D) are explanatory views of the
equal to an atomic size, and further miniaturization is possible
method of preparing the solid electrolyte switch shown in
as compared with a typical electric device.
FIG. 1(B) in order of steps;
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FIGS. 9(A), (B), (C), and (D) are explanatory views of the
method of preparing the solid electrolyte transistor shown in
FIG. 2 in order of steps;
FIGS. 10(A) and (B) are diagrams showing the solid electrolyte switch according to each embodiment of the present
invention and the solid electrolyte switch in a via hole;
FIG. 11 is a diagram showing FPGA of the present invention comprising a logic block, wiring, and solid electrolyte
switch;
FIGS. 12(A), (B), (C), and (D) are is a sectional views
showing respective steps of a method of manufacturing the
solid electrolyte switch according to a seventh embodiment;
FIGS. 13 (A), (B), (C), and (D) are is a sectional views
showing respective steps of the method of manufacturing the
solid electrolyte switch according to an eighth embodiment;
and
FIGS. 14(A), (B) are diagrams showing a method of controlling a voltage in the present invention, and showing a
current/voltage property of the solid electrolyte switch during
changing of the voltage.
BEST MODE FOR CARRYING OUT THE
INVENTION
Embodiments of the present invention will be described in
detail with reference to the drawings.
First Embodiment
FIG. 1(A) shows a structural diagram of a solid electrolyte
switch 10A in accordance with the present embodiment.
The solid electrolyte switch 10A comprises a semiconductor substrate 01 such as silicon. An insulating film 02 having
a thickness of about 20 angstroms to 200 angstroms is disposed on the semiconductor substrate 01. The insulating film
02 may be an insulating film formed of a silicon oxide film,
silicon nitride film, silicon oxynitride film, and the like. A first
metal thin film 03 is disposed on the insulating film 02, and a
solid electrolyte 05 using a metal ion which is a material of the
first metal thin film 03 as a carrier is disposed on the first metal
thin film 03. The metal thin film 03 may be metals such as
silver, and may have a film thickness of 200 angstroms to
2000 angstroms. The solid electrolyte 05 may be, for
example, silver sulfide, and may have a film thickness of 20
angstroms to 2000 angstroms. A second metal thin film 04 is
disposed on the solid electrolyte 05 via an air gap 06.
As one example, a method of manufacturing the solid
electrolyte switch will be described with reference to FIGS.
7(A) to 7(D) in a case where the silicon oxide film is used in
the insulating film 02, a silver thin film is used in the first
metal thin film 03, silver sulfide is used in the solid electrolyte
05, and platinum is used in the second metal thin film 04.
A silicon oxide film 62 having a film thickness of 300 nm
is formed on the silicon substrate 01 by a thermal oxidation
method, and further the silver thin film having a film thickness
of 2500 angstroms is formed by a vacuum evaporation
method or a sputtering method (FIG. 7(A)).
Thereafter, the film is processed in a thin wire by a wet
etching method or a reactive ion etching method. The thin
wire may also be processed by a lift-off method. A silver thin
film 63 is formed, and subsequently sulfarated (FIG. 7(B)).
There are two methods of sulfurating the silver thin film 63. In
a first method of sulfuration, a silicon substrate having the
silver thin film 63 thereon is brought into a crucible together
with a sulfur powder, and heated at 130 degrees in a bake
furnace in a nitrogen atmosphere. When conductivity of the
silver thin film is measured during the sulfuration, the degree

6
of the sulfuration can be determined so that the silver thin film
63 can be su1farated with excellent control. The sulfuration is
performed until the conductivity becomes about 1h.
In the second method of the sulfuration, the substrate is
5 heated at 120 degrees to 300 degrees in hydrogen sulfide
diluted with nitrogen. Also in this case, when the resistance of
the silver thin film 63 is measured, the sulfuration can be
performed with excellent control. By the above sulfuration
step, the surface of the silver thin film changes to black silver
10 sulfide. Silver sulfide is a stable material existing in nature,
and is not deteriorated in the following steps, or not deteriorated with an elapse of time.
Next, after the film is spin-coated with a calixarene resist,
a calixarene resist 67 having a rectangular pattern is formed
15 so as to coat a part of silver sulfide 65 by an electron beam
drawing device (FIG. 7(C)). After exposure, developing and
rinsing are performed, and thereafter calixarene changes to a
chemically stable polymer. Therefore, the resist is not dissolved in the solvent or developing solution of the photoresist.
20 The film thickness of calixarene can be adjusted by changing
a revolution number during the spin-coating and concentration of calixarene. When 5 weight % of calixarene (solvent is
monochlorobenzene) is used, and a revolution number is
4000 rpm, the film thickness is 170 nm. It is possible to
25 exactly adjust the film thickness on the order of 10 nm.
Subsequently, a platinum thin film 64 is formed. After
forming the platinum thin film by the vacuum evaporation
method or the sputtering method, the film is processed in the
thin wire by the wet etching method or the reactive ion etching
30 method. The thin wire may also be processed by the lift-off
method. A calixarene resist 67 formed on silver sulfide exists
in a portion which overlaps with the silver sulfide 65, and the
silver sulfide 65 does not contact with the platinum thin film
64.
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Finally, the calixarene resist 67 is removed by the oxygen
ashing or organic solvent (FIG. 7(D)). In the ashing, the
organic material is carbonized and consequently removed,
and therefore the resist 67 can selectively be removed without
damaging silver sulfide or platinum. When the calixarene
resist 67 is removed, an air gap 66 is formed between silver
sulfide and platinum. The intervals of the air gaps can be
adjusted by changing the film thickness of the calixarene
resist 67.
An operation method of the solid electrolyte switch 10 will
be explained with reference to FIG. 7(D).
When the silver thin film 63 is grounded, and a negative
voltage (-0.2 V or more) is applied to the platinum thin film
64, the switch turns on. On the other hand, when a positive
voltage (0.06 V or more) is added to the platinum thin film 64,
the switch turns off. When the voltage is not applied, or the
applied voltage is small (-0.20 to 0.06 V), an on-state or
off-state is maintained.
In the above-mentioned embodiment, the calixarene resist
67 is removed to form the air gap 66, but the switching
operation was confirmed even in a such state that the calixarene resist 67 was left. It is supposedly because calixarene
made of a soft material was pushed away to proceed with
silver deposition so that the bridge was formed upon forming
the bridge of silver. Therefore, in case where the soft material
is used as a sacrificial layer, the sacrificial layer is not always
removed.
Second Embodiment

65

FIG. 1(B) shows a structural diagram of a solid electrolyte
switch 10B of another aspect of the present embodiment.
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The solid electrolyte switch 10B comprises the semiconductor substrate 01 such as silicon. The insulating film 02
having a thickness of about 20 angstroms to 200 angstroms is
disposed on the semiconductor substrate 01. The insulating
film 02 may be the insulating film formed of the silicon oxide
film, silicon nitride film, silicon oxynitride film and the like.
The second metal thin film 04 is disposed on the insulating
film 02, and the solid electrolyte 05 is disposed on the second
metal thin film 04 via the air gap 06.
The second metal thin film 04 is, for example, the metal
such as platinum, and the film thickness may be 200 angstroms to 2000 angstroms. The solid electrolyte 05 is, for
example, silver sulfide, and the film thickness may be 20
angstrom to 2000 angstrom. The first metal thin film 03
whose material is the metal ion as the carrier of the solid
electrolyte 05 is disposed on the solid electrolyte 05. When
silver sulfide is used as the solid electrolyte 05, the first metal
thin film 03 may be a silver thin film.
As one example, a method of manufacturing the solid
electrolyte switch will be described with reference to FIGS.
8(A) to 8(D) in a case where the silicon oxide film is used in
the insulating film 02, the silver thin film is used in the first
metal thin film 03, silver sulfide is used in the solid electrolyte
05, and platinum is used in the second metal thin film 04.
A silicon oxide film 72 having a film thickness of 300 nm
is formed on the silicon substrate 01 by the thermal oxidation
method, and further the platinum thin film having a film
thickness of 2500 angstroms is formed by the vacuum evaporation method or the sputtering method (FIG. 8(A)). Thereafter, the film is processed in the thin wire by the wet etching
method or the reactive ion etching method. The thin wire may
also be processed by the lift-off method.
Next, after the film is spin-coated with the calixarene resist,
a calixarene resist 77 having the rectangular pattern is formed
so as to coat a part of a platinum thin film 74 by the electron
beam drawing device (FIG. 8(B)). After the exposure, the
developing and rinsing are performed, and thereafter calixarene changes to the chemically stable polymer. Therefore,
the resist is not dissolved in the solvent or the developing
solution of the photoresist. The film thickness of calixarene
can be adjusted by changing the revolution number during the
spin-coating and the concentration of calixarene. When 5
weight % of calixarene (solvent is monochlorobenzene) is
used, and the revolution number is 4000 rpm, the film thickness is 170 nm. It is possible to exactly adjust the film thickness on the order of 10 nm.
Subsequently, the silver thin film is formed, and sulfurated.
There are two methods in sulfurating the silver thin film. In
the first method of sulfuration, the silicon substrate comprising the silver thin film thereon is brought into the crucible
together with the sulfur powder, and heated at 130 degrees in
the bake furnace in the nitrogen atmosphere. In the second
method of the sulfuration, the substrate is heated at 120
degrees to 300 degrees in hydrogen sulfide diluted with nitrogen.
By the above-mentioned step, the surface of the silver thin
film changes to black silver sulfide. Silver sulfide is a stable
material existing in nature, and is not deteriorated in the
following steps, or not deteriorated with the elapse of time. As
a result of sulfuration of the silver thin film, a silver sulfide
thin film 75 is formed (FIG. 8(C)).
Next, the calixarene resist 77 is removed by the oxygen
ashing or the organic solvent (FIG. 8(D)). In the ashing, the
organic material is carbonized and thereby removed, and
therefore the resist 77 can selectively be removed without
damaging silver sulfide or platinum. When the calixarene
resist 77 is removed, an air gap 76 is formed between silver

sulfide and platinum. The intervals of the air gaps can be
adjusted by changing the film thickness of the calixarene
resist 77. Finally, a silver thin film 73 is formed on the silver
sulfide thin film 75 by the vacuum evaporation method or the
sputtering method.
The operation method of the solid electrolyte switch 10
will be explained with reference to FIG. 8(D).
When the silver thin film 73 is grounded, and the negative
voltage (-0.2 V or more) is added to the platinum thin film 74,
the switch turns on. On the other hand, when the positive
voltage (0.06 V or more) is added to the platinum thin film 74,
the switch turns off. When the voltage is not applied, or the
applied voltage is small (-0.2 to 0.05 V), the on-state or the
off-state is maintained.

5

10

15

Third Embodiment

20

25

30

35

40

45

50

55

60

65

FIG. 2 is a structural diagram of a solid electrolyte transistor 20 according to the present embodiment.
The solid electrolyte transistor 20 comprises the semiconductor substrate 01 such as silicon. An insulating film 12
having a thickness of about 20 angstroms to 200 angstroms is
disposed on the semiconductor substrate 01. The insulating
film 12 may be an insulating film formed of the silicon oxide
film, silicon nitride film, silicon oxynitride film and the like.
A metal thin film 13 is disposed on the insulating film 12, and
a solid electrolyte 15 using the metal ion which is the material
of the metal thin film 13 as the carrier is disposed in the metal
thin film 13. The metal thin film 13 may be metals such as
silver, and may have a film thickness of 200 angstroms to
2000 angstroms. The solid electrolyte 15 may be, for
example, silver sulfide, and may have a film thickness of 20
angstroms to 2000 angstroms.
An insulating film 18 is disposed on the solid electrolyte
15, and a gate electrode 17 is disposed on the insulating film
18. The insulating film may be an insulating film having a
thickness of about 20 angstroms to 200 angstroms and formed
of the silicon oxide film, silicon nitride film, silicon oxynitride film and the like. A source electrode 11 and a drain
electrode 14 are disposed on opposite ends of the metal thin
film 13. The source electrode, drain electrode, or gate electrode may be an aluminum or metal thin film having a film
thickness of 500 to 2000 angstroms.
As one example, a method of manufacturing the solid
electrolyte transistor will be described with reference to
FIGS. 9(A) to 9(D) in a case where the silicon oxide film is
used in the insulating film 12, the silver thin film is used in the
metal thin film 13, and silver sulfide is used in the solid
electrolyte 15.
A silicon oxide film having a film thickness of 300 nm is
formed on the silicon substrate 01 such as silicon by the
thermal oxidation method (FIG. 9(A)).
A silver thin film 83 having a film thickness of 2500 angstroms is formed by the vacuum evaporation method or the
sputtering method, and further a source electrode 81 and a
drain electrode 84 are formed by the vacuum evaporation
method or the sputtering method (FIG. 9(B)). Thereafter, the
sulfuration is performed (FIG. 9(C)). There are two methods
in sulfurating the silver thin film 83.
In the first method of sulfuration, the silicon substrate
comprising the silver thin film 83 thereon is brought into the
crucible together with the sulfur powder, and heated at 130
degrees in the bake furnace in the nitrogen atmosphere. There
are two methods in sulfurating the silver thin film 83. In the
first method of sulfuration, the silicon substrate comprising
the silver thin film 83 thereon is brought into the crucible
together with the sulfur powder, and heated at 130 degrees in
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the bake furnace in the nitrogen atmosphere. When the conductivity of the silver thin film is measured during the sulfuration, the degree of the sulfuration can be determined, and
the silver thin film 83 can be sulfurated with excellent control.
The sulfuration is performed until the conductivity becomes
about '/o.
In the second method of the sulfuration, the substrate is
heated at 120 degrees to 300 degrees in hydrogen sulfide
diluted with nitrogen. Also in this case, when the resistance of
the silver thin film 83 is measured, the sulfuration can be
performed with excellent control. By the above-mentioned
sulfuration step, the silver thin film changes to black silver
sulfide. Silver sulfide is a stable material existing in nature,
and is not deteriorated in the following steps, or not deteriorated with the elapse of time. In the above-mentioned step, the
silver sulfide 75 is formed in the silver thin film 84.
Next, an insulating film 88 is formed (FIG. 9(D)). The
insulating film 88 may be an insulating film formed of the
silicon oxide film, nitride silicon film, silicon oxynitride film
and the like, and is formed by a vapor phase growth method or
the like. The film thickness may be 20 angstroms to 2000
angstroms. A gate electrode 87 is formed by using aluminum
as the material on the insulating film 88 by the sputtering
method. The film thickness may be 500 angstroms to 2000
angstroms.
An operation method of the solid electrolyte transistor 20
will be explained with reference to FIG. 9(D).
The source electrode 81 is grounded, and a micro positive
voltage (about 10 mV) is added to the drain electrode 84.
When the negative voltage (about —1 V) is added to the gate
electrode 87, a silver ion in the silver thin film held between
silver sulfide 85 and insulating film 82 is attracted by the gate
electrode, and moves in the silver sulfide 85. When silver
moves, the air gap is generated, a current path to the drain
electrode 84 from the source electrode 81 is cut off so that the
transistor turns on. Conversely, when the positive voltage
(about 1 V) is applied to the gate electrode 87, silver is
deposited from the silver sulfide 85 to thereby fill the air gap.
In this event, the current path is formed so that the transistor
turns on.
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FIG. 3(A) shows the structural diagram of a storage cell
100 according to the present embodiment, and FIG. 3(B)
shows a circuit diagram of a storage device.
The storage cell 100 comprises the semiconductor substrate 01 such as silicon. A source region 110, a drain region
111 and a channel region 109 disposed therebetween are
formed in the substrate 01. A part of the source region 110, the
channel region 109, and a part of the drain region 111 are
coated with an insulating film 108 disposed to have a thickness of about 20 angstroms to 200 angstroms. The insulating
film 108 may be an insulating film formed of the silicon oxide
film, silicon nitride film, silicon oxynitride film and the like.
A source electrode 101 is disposed on the source region
while a gate electrode 107 is disposed on the insulating film
108. The material of the electrode may be metals such as
aluminum, silver, and gold, or polysilicon doped at a high
concentration. A first metal thin film 103 is disposed on the
drain region 111, and a solid electrolyte 105 using the metal
ion which is the material of the metal thin film 103 as the
carrier is disposed on the first metal thin film 103.
The metal thin film 103 may be metals such as silver, and
the film thickness may be 200 angstroms to 2000 angstroms.
The solid electrolyte 105 may be, for example, silver sulfide,
and the film thickness may be 200 angstroms to 2000 ang-
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stroms. A second metal thin film 104 is disposed on the solid
electrolyte 105 via an air gap 106.
The storage device is provided with a storage cell array 26
of the storage cells 100. A peripheral circuit of the storage
device includes a column address decode circuit 24 and a row
address decode circuit 25 which can be prepared by a related
art. Connection to each storage cell 100 with respect to the
storage cell array 26 carried out as follows.
Specifically, all the second metal thin films 104 of the
respective storage cells are connected to one another via a
common grounding conductor 23, and grounded. The source
electrodes 101 of the storage cells 100 in the same column are
connected to one another via a column address line. For
example, a column address line 21a is connected to the source
electrode 101 from each storage cell 100 in a left-end column.
The gate electrodes 107 of the respective storage cells 100 in
the same row are connected to one another via a row address
line. For example, a row address line 22a is connected to the
gate electrode 107 of each storage cell 100 in an upper-end
row.
A method of manufacturing the above-mentioned storage
device will be described.
As one example, p-type silicon is used as the semiconductor substrate 01 and channel region 109 while n-type silicon is
used as the source region 110 and drain region 111. Moreover,
silver sulfide is used as the solid electrolyte 105, and the
platinum thin film is used as the second metal thin film 104.
The column address decode circuit 24 or the row address
decode circuit 25 as the peripheral circuit of the storage
device can be produced by the use of a semiconductor processing technique in a related art.
In the storage cell 100 constituting the storage cell array 26,
the source region 110, channel region 109, drain region 111,
insulating film 108, source electrode 101, and gate electrode
107 are produced by using the semiconductor processing
technique in the related art.
Furthermore, the first metal thin film 103, solid electrolyte
105, air gap 106, and second metal thin film 104 are produced
by using the method of manufacturing the solid electrolyte
switch 10 of the above-mentioned example 1 shown in FIGS.
7(A) to 7(D).
Description will be made of the operation method of the
present storage device produced by the above-described
manufacturing method.
Operations such as write, delete (erase), and read are selectively performed with respect to one specific storage cell in
the storage cell array 26. The storage cell may be selected by
designating the row address line and column address line
connected to the storage cell to be selected. Here, a write state
is defined as a case where the bridge is formed between the
solid electrolyte 105 and the second metal thin film 104 while
a delete state is defined as a case where the bridge is not
formed between the solid electrolyte 105 and second metal
thin film 104. In order to write the storage cell 100 selected in
the storage cell array 26, the positive voltage (+1 V) is applied
to the row address line related to the selected storage cell 100,
and the positive voltage (+0.2 V) is applied to the column
address line related to the selected storage cell 100. At this
time, in the selected storage cell 100, an n-channel is generated in the channel region 109 which is p-type silicon, the
source region 110 is electrically connected to the drain region
111, and a potential of the drain region 111 becomes substantially equal to that of the source region 110.
In this manner, the positive voltage (about 0.2 V) is applied
to the solid electrolyte 105 of the selected storage cell so that
a potential difference is caused between the solid electrolyte
and the second metal thin film 104 connected to the common
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grounding conductor. By the potential difference, the metal
related art. The connection to each storage cell 200 in the
ion in the solid electrolyte is deposited as the metal, and the
storage cell array 36 is carried out as follows. Specifically, the
bridge is formed between the solid electrolyte and the second
electrodes 201 of the respective storage cells 200 in the same
metal thin film 104. In order to delete the selected storage cell
column are connected to one another via the column address
100 in the storage cell array 26, the positive voltage (+1 V) is 5 line. For example, a column address line 31a is connected to
applied to the row address line related to the selected storage
the electrode 201 of each storage cell 200 in the left-end
cell 100, and the negative voltage (-0.2 V) is applied to the
column. The second metal thin films 204 of the respective
column address line related to the selected storage cell. At this
storage cells 200 in the same row are connected to one another
time, the n-channel is generated in the channel region 109
via the row address line. For example, a row address line 32a
which is p-type silicon, the source region 110 is electrically io is connected to the second metal thin film 204 of each storage
connected to the drain region 111, and the potential of the
cell 200 in the upper-end row.
drain region 110 becomes substantially equal to that of the
A method of manufacturing the present storage device will
source region 111.
be explained.
In this manner, the negative voltage (about —0.2 V) is
As one example, p-type silicon is used as the semiconducapplied to the solid electrolyte 105 of the selected storage cell, 15 tor substrate 01 while n-type silicon is used as the n-type
and the potential difference is caused between the solid elecsemiconductor region 208. Moreover, p-type silicon is used
trolyte and the second metal thin film 104 connected to the
as the p-type semiconductor region 207, silver sulfide is used
common grounding conductor. The metal ion forming the
as the solid electrolyte 205, and the platinum thin film is used
bridge moves into the solid electrolyte 105 by the potential
as the second metal thin film 204. The column address decode
difference, and the bridge disappears. In order to read the 20 circuit 34 and the row address decode circuit 35 as the periphselected storage cell 100 in the storage cell array 26, the
eral circuit of the storage device can be produced by the use of
positive voltage (+1 V) is applied to the column address line
the semiconductor processing technique in the related art.
related to the selected storage cell 100, and the micro positive
In the storage cell 200 constituting the storage cell array 36,
voltage (0.01 V) is applied to the row address line related to
the n-type semiconductor region 208, p-type semiconductor
the selected storage cell 100. At this time, the n-channel is 25 region 207, and electrode 201 are produced by using the
generated in the channel region 109 which is p-type silicon,
semiconductor processing technique in the related art. Furthe source region 110 is electrically connected to the drain
thermore, the first metal thin film 203, solid electrolyte 205,
region 111, and the potential of the drain region 111 is subair gap 206, and second metal thin film 204 are produced by
stantially equal to that of the source region 110.
using the method of manufacturing the solid electrolyte
In this manner, the positive voltage (about 0.01 V) is 30 switch 10 of the present example 1 shown in FIGS. 7A to 7D.
applied to the solid electrolyte 105 of the selected storage cell
In FIG. 4(A), the electrode 201 needs to be formed in a case
100, and the potential difference is caused between the solid
where a wiring resistance is lowered, but does not have to be
electrolyte and the second metal thin film 104 connected to
necessarily formed, when the n-type semiconductor region
the common grounding conductor 23. The current flows into
208 is used as the wiring of the row address line. A degree of
the column address line in a case where the bridge is formed 35 integration in this case may be a size of 2Fx2F assuming a
(write state). On the other hand, the current does not flow in a
minimum processing line width F.
case where the bridge is not formed (delete state). The state of
In the storage cell 200 of FIG. 4(A), when the p-type
the storage cell 100 can be read by presence/absence of the
semiconductor 207 and n-type semiconductor 208 are formed
current.
between the electrode 201 and the first metal thin film 203
40 instead of being formed in the semiconductor substrate, an
Fifth Embodiment
area per one storage cell can be reduced (see FIG. 4(C)).
In detail, an insulating film 202 having a thickness of about
FIG. 4(A) shows the structural diagram of a storage cell
20 angstroms to 200 angstroms is disposed on the semicon200 according to the present embodiment, and FIG. 4(B)
ductor substrate 01. The insulating film 202 may be an insushows a circuit diagram of the storage device.
45 lating film formed of silicon oxide film, silicon nitride film,
The storage cell 200 comprises the semiconductor subsilicon oxynitride film and the like. The electrode 201 is
strate 01 such as silicon. The semiconductor substrate 01 is a
disposed on the insulating film 202. The material of the elecp-type semiconductor. An n-type semiconductor region 208
trode 201 may be the metals such as aluminum, silver, and
and p-type semiconductor region 207 are disposed in the
gold, or polysilicon doped at the high concentration. The
semiconductor substrate 01. An electrode 201 is disposed on 5o n-type semiconductor region 208 is disposed on the electrode
the n-type semiconductor region 208. The material of the
201.
electrode may be the metals such as aluminum, silver, and
Further the p-type semiconductor region 207 is disposed
gold, or polysilicon doped at the high concentration.
on the n-type semiconductor 208. The first metal thin film 203
A first metal thin film 203 is disposed on the p-type semiis disposed on the p-type semiconductor region 207, and the
conductor region 207, and a solid electrolyte 205 using the 55 solid electrolyte 205 using the metal ion which is the material
metal ion which is the material of the first metal thin film 203
of the first metal thin film 203 as the carrier is disposed on the
as the carrier is disposed on the first metal thin film 203. The
first metal thin film 203. The first metal thin film 203 may be
first metal thin film 203 may be the metals such as silver, and
the metals such as silver, and the film thickness may be 200
the film thickness may be 200 angstroms to 2000 angstroms.
angstroms to 2000 angstroms. The solid electrolyte 205 is, for
The solid electrolyte 205 may be, for example, silver sulfide, 60 example, silver sulfide, and the film thickness may be 200
and the film thickness may be 200 angstroms to 2000 angangstroms to 2000 angstroms. The second metal thin film 204
stroms. A second metal thin film 204 is disposed on the solid
is disposed on the solid electrolyte 205 via the air gap 206.
electrolyte 205 via an air gap 206.
A method of manufacturing the storage cell of FIG. 4(C)
The storage device is provided with a storage cell array 36
will be explained.
of the storage cells 200. The peripheral circuits of the storage 65
As one example, p-type silicon is used as the semiconducdevice include a column address decode circuit 34 and a row
tor substrate 01 while n-type silicon is used as the n-type
address decode circuit 35 which can be produced by the
semiconductor region 208. Moreover, p-type silicon is used
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as the p-type semiconductor region 207, silver sulfide is used
as the solid electrolyte 205, and the platinum thin film is used
as the second metal thin film 204. The n-type semiconductor
region 208, p-type semiconductor region 207, and electrode
201 are produced by using the semiconductor processing
technique in the related art. Furthermore, the first metal thin
film 203, solid electrolyte 205, air gap 206, and second metal
thin film 204 are produced by using the method of manufacturing the solid electrolyte switch 10 of the present example 1
shown in FIG. 7(A) to 7(D).
Description will be made of the operation method of the
present storage device produced by the above-described
manufacturing method.
Operations such as write, delete, and read have to be selectively performed with respect to one specific storage cell in
the storage cell array 36. The storage cell may be selected by
designating the row address line and column address line
connected to the storage cell to be selected. Here, the write
state is defined as the case where the bridge is formed between
the solid electrolyte 205 and the second metal thin film 204,
and the delete state is defined as the case where the bridge is
not formed in the method of preparing the solid electrolyte
switch 205 and the second metal thin film 204.
In order to write the storage cell 200 selected in the storage
cell array 36, the positive voltage (+0.2 V) is applied to the
row address line related to the selected storage cell 200, and
the negative voltage (-0.2 V) is applied to the column address
line related to the selected storage cell 200. At this time, the
potential difference is caused between the solid electrolyte
205 of the selected storage cell and the solid electrolyte
switch of the second metal thin film 204. Since a pn-junction
is formed in a boundary between the n-type semiconductor
region 208 and p-type semiconductor region, a reverse-direction voltage is added to the pn-junction in a case where the
positive voltage is added to the electrode 201. Therefore, the
potential of the p-type semiconductor region is determined by
a relation between a pn junction capacitance Cl and a capacitance C2 of the solid electrolyte 205 and second metal thin
film 204. When Cl is substantially equal to C2, the potential
difference between the solid electrolyte 205 and the second
metal thin film 204 is about 0.2 V. By the potential difference,
the metal ion in the solid electrolyte is deposited as the metal
so that the bridge is formed between the solid electrolyte and
the second metal thin film 204.
Since only the potential difference of 0.1 V is caused
between the solid electrolyte 205 and the second metal thin
film 204 related to the non-selected storage cell, the bridge is
not formed. Since the current does not flow during the present
write, power consumption is low. In order to delete the
selected storage cell 200 in the storage cell array 36, the
negative voltage (-0.1 V) is applied to the row address line
related to the selected storage cell 200, and the positive voltage (0.1 V) is applied to the column address line related to the
selected storage cell. At this time, the potential difference is
caused between the solid electrolyte 205 and the second metal
thin film 204.
By this potential difference, the metal ion forming the
bridge moves into the solid electrolyte so that the bridge
disappears. In order to read the selected storage cell 200 in the
storage cell array 36, the negative voltage (-0.01 V) is applied
to the row address line related to the selected storage cell 200,
and the positive voltage (0.01 V) is applied to the column
address line related to the selected storage cell 200. At this
time, the potential difference is caused between the solid
electrolyte 205 and second metal thin film 204 of the selected
storage cell 200. The current flows in the column address line
in a case where the bridge is formed (write state). On the other

hand, the current does not flow in a case where the bridge is
not formed (delete state). The state of the storage cell 200 can
be read by the presence/absence of the current. There is a
possibility that the current flows via the adjacent storage cell,
but either pn-junction in the current path has a reverse direction. Therefore, the current does not flow via the adjacent
storage cell.
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FIG. 5(A) shows the structural diagram of a storage cell
300 according to the present embodiment, and FIG. 5(B)
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shows a circuit diagram of the storage device.
The storage cell 300 comprises the semiconductor substrate 01 such as silicon. An insulating film 302 having a
thickness of about 20 angstroms to 200 angstroms is disposed
on the semiconductor substrate 01. The insulating film 302
may be the insulating film formed of the silicon oxide film,
silicon nitride film, silicon oxynitride film and the like. A first
metal thin film 303 is disposed on the insulating film 302, and
a solid electrolyte 305 using the metal ion which is the material of the first metal thin film 303 as the carrier is disposed on
the first metal thin film 303.
The first metal thin film 303 may be the metals such as
silver, and the film thickness may be 200 angstroms to 2000
angstroms. The solid electrolyte 305 may be, for example,
silver sulfide, and the film thickness may be 200 angstroms to
2000 angstroms. A second metal thin film 304 is disposed on
the solid electrolyte 305 via an air gap 306.
The storage device is provided with a storage cell array 46
of the storage cells 300. The peripheral circuits of the storage
device include a column address decode circuit 44 and a row
address solid electrolyte preparation method decode circuit
45 which can be produced by the related art. The connection
to each storage cell 300 in the storage cell array 46 is carried
out as follows. Specifically, the first metal thin films 303 of the
respective cells 300 in the same column are connected to one
another via the column address line. For example, a column
address line 41a is connected to the first metal thin film 303
from each storage cell 300 in the left-end column. The second
metal thin films 304 of the respective storage cells 200 in the
same row are connected to one another via the row address
line. For example, a row address line 42a is connected to the
second metal thin film 304 of each storage cell 300 in the
upper-end row.
A method of manufacturing the present storage device will
be explained.
As one example, silicon is used as the semiconductor substrate 01, silver sulfide is used as the solid electrolyte 305, and
platinum is used as the second metal thin film 304. The
column address decode circuit 44 and the row address decode
circuit 45 as the peripheral circuits of the storage device can
be produced by the use of the semiconductor processing
technique in the related art. The first metal thin film 303, solid
electrolyte 305, air gap 306, and second metal thin film 304 of
the storage cell 300 constituting the storage cell array 46 are
produced by using the method of manufacturing the solid
electrolyte switch 10 of the present example 1 shown in FIG.
7(A) to 7(D).
Description will be made of the operation method of the
present storage device produced by the above-described
manufacturing method.
Operations such as write, delete, and read have to be selectively performed with respect to one specific storage cell in
the storage cell array 46. The storage cell may be selected by
designating the row address line and column address line
connected to the storage cell to be selected. Here, the write
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state is defined as the case where the bridge is formed between
may be 20 angstroms to 200 angstroms. In the first wiring
the solid electrolyte 305 and the second metal thin film 304,
layer 503, copper having a film thickness of 200 to 3000
and the delete state is defined as the case where the bridge is
angstroms is used. The material of the ion supply layer 507 is
not formed in the solid electrolyte 305 and the second metal
the metal ion included in the solid electrolyte layer 506. When
thin film 304.
5 copper is used in the first wiring layer 503, the first wiring
In order to write the storage cell 300 selected in the storage
layer 503 itself can be the ion supply layer, and therefore the
cell array 46, the negative voltage (-0.1 V) is applied to the
ion supply layer 507 may be omitted. When the first wiring
row address line related to the selected storage cell 300, and
layer 503 is other than copper, copper is used as the material
the positive voltage (+0.1 V) is applied to the column address
in the ion supply layer 507, and the film thickness may be
line related to the selected storage cell 300. At this time, the io about 20 to 500 angstroms. In the second wiring layer 504,
potential difference is caused between the solid electrolyte
copper having a film thickness of 200 to 3000 angstroms is
305 and the second metal thin film 304 of the selected storage
used. A size of the air gap 508 is about 10 angstroms to 1000
cell. The potential difference between the solid electrolyte
angstroms.
305 and the second metal thin film 304 is 0.2 V. By the
When the solid electrolyte layer 506 is made of sulfides of
potential difference, the metal ion in the solid electrolyte is 15 metal X other than copper, the ion supply layer 507 needs to
deposited as the metal so that the bridge is formed between
be a material containing the metal X. A combination of the
the solid electrolyte and the second metal thin film 304.
solid electrolyte layer 506 and ion supply layer 507 maybe, in
Since only the potential difference of 0.1 V or less is
addition to copper sulfide-copper described above, chromium
generated between the solid electrolyte 305 and the second
sulfide-chromium, silver sulfide-silver, titanium sulfide-titametal thin film 3 04 related to the non-selected storage cell, the 20 nium, tungsten sulfide-tungsten, and nickel sulfide-nickel.
bridge is not formed. In order to delete the selected storage
Other than titanium described above, the opposite electrode
cell 300 in the storage cell array 46, the positive voltage
layer 505 may contain platinum, aluminum, copper, tungsten,
(+0.05 V) is applied to the row address line related to the
vanadium, niobium, chromium, molybdenum, or nitride, or
selected storage cell 300, and the negative voltage (-0.05 V)
silicide. In addition to copper described above, a wiring mateis applied to the column address line related to the selected 25 rial which has heretofore been used may also be used, and, for
storage cell. At this time, the potential difference is caused
example, aluminum, gold and the like may also be used.
between the solid electrolyte 305 and the second metal thin
When the metal Xis used in the first wiring layer 503, the ion
film 304. By this potential difference, the metal ion forming
supply layer 507 can be omitted.
the bridge moves into the solid electrolyte so that the bridge
One example of manufacturing steps will be described with
disappears. In order to read the selected storage cell 300 in the 3o reference to FIG. 12.
storage cell array 46, the negative voltage (-0.01 V) is applied
The silicon substrate is oxidized to produce the substrate
to the row address line related to the selected storage cell 300,
501. A copper thin film having a film thickness of 2000
and an ion supply layer 507 can be omitted in a case where
angstroms is formed on the substrate 501 by the vacuum
metal X is used in the selected first wiring layer 13. The
evaporation method or the sputtering method. Thereafter, a
positive voltage (0.01 V) is applied to the column address line 35 resist mask whose region other than the first wiring layer 503
related to the storage cell 300. At this time, the potential
is opened is used, and the layer is processed in the form of the
difference is caused between the solid electrolyte 305 and
first wiring layer 503 by a wet etching method or reactive ion
second metal thin film 304 of the selected storage cell 300.
etching method.
The current flows in the column address line in a case
A resist pattern having an opening in a via hole 509 region
where the bridge is formed (write state). On the other hand, 40 is used as a mask to sulfurate the opening. The sulfuration is
the current does not flow in a case where the bridge is not
performed by anode polarization in an aqueous solution conformed (delete state). There is a possibility that the current
taining sulfide. A copper thin film is used as a cathode to
flows via the adjacent storage cell, but a current value is
perform the anode polarization in the aqueous solution conreduced by a certain resistance in the current path, and theretaining 0.05 mol/liter of sodium sulfide. The added voltage is
fore it can be judged whether or not the current has flown via 45 about 0.5 V, and a sulfide amount is adjusted by controlling
the adjacent storage cell.
the current. Reaction is stopped where the copper thin film is
sulfurated by about 20 to 200 angstroms from the surface. A
Seventh Embodiment
portion sulfurated to form copper sulfide forms the solid
electrolyte layer 506 while a non-sulfurated remaining copFIG. 10(A) shows a structural diagram of a solid electro- 50 per portion forms the first wiring layer 503. Since the material
lyte switch 500A according to the present embodiment.
of the first wiring layer 503 is a metal constituting the solid
The solid electrolyte switch 5O0A is disposed on a subelectrolyte, the ion supply layer 507 can be omitted.
strate 501. The substrate 501 has, for example, a structure in
There are two sulfuration methods other than the sulfurawhich the surface of the silicon substrate is coated with an
tion method by the above-described anode polarization. In the
insulating layer. A first wiring layer 503 is disposed on the 55 second method of sulfuration, the substrate 501 comprising
substrate 501, and an ion supply layer 507 is disposed on the
the copper thin film thereon is brought into the crucible
first wiring layer 503. A solid electrolyte layer 506 is disposed
together with the sulfur powder, and heated at 130 degrees in
on the ion supply layer 507, and an interlayer insulating layer
the bake furnace in the nitrogen atmosphere. When the con502 is disposed so as to coat the substrate 501. A part of the
ductivity of the copper thin film is measured during the sulinterlayer insulating layer 502 on the solid electrolyte layer 60 furation, the degree of the sulfuration can be determined, and
506 is opened to form a via hole, and an opposite electrode
the copper thin film can be sulfurated with excellent control.
layer 505 is disposed in the vicinity of the via hole through the
The sulfuration is stopped where only the surface layer of the
solid electrolyte layer 506 and an air gap 508. Furthermore, a
copper thin film is sulfurated. In a third method of sulfuration,
second wiring layer 504 is disposed so as to coat the opposite
the substrate is heated at 120 degrees to 300 degrees in hydroelectrode layer 505.
6 5 gen sulfide diluted with nitrogen. Also in this case, when the
The solid electrolyte layer 506 is, for example, copper
resistance of the copper thin film is measured, the sulfuration
sulfide which is a compound conductor, and the film thickness
can be performed with excellent control. By this sulfuration
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step, the surface of the copper thin film changes to copper
sulfide. Moreover, instead of sulfurating the copper thin film
to form copper sulfide, copper sulfide may also be deposited
by the sputtering method or a laser abrasion method in the
related art.
Next, a sacrificial layer 510 is formed in order to form the
air gap 508. Polymer which is decomposed at 400 degrees to
500 degrees is used as the sacrificial layer 510. For example,
a norbornene-based resin which is a thermosetting resin is
used. The norbornene resin is applied by the spin-coating, and
a hardening treatment is performed. Instead of the norbornene-based resin, any polymer may be used that is
insoluble to the photoresist and that has thermal resistance
and that is decomposed at about 500 degrees.
Thereafter, the resist mask whose region other than the via
hole 509 is opened is used to process the norbornene resin in
the form of the via hole 509 by the wet etching method or the
reactive ion etching method. In this manner, the sacrificial
layer 510 is formed. The size of the sacrificial layer 510 has to
be larger than or equal to that of the via hole 509 region. Here,
the structure shown in FIG. 12(A) can be formed.
Subsequently, the interlayer insulating layer 502 is formed.
A silicon oxynitride film is formed by the sputtering method.
After forming the film, the resist pattern whose via hole 509
region is opened is used as the mask to form the via hole 509
by the dry etching or wet etching (FIG. 12(B)). The material
of the interlayer insulating layer 502 is preferably a low
dielectric film, and a step of a low formation temperature is
low is desirable.
Next, the opposite electrode layer 505 is formed. Titanium
is formed by the vacuum evaporation method (FIG. 12(C)).
Then, copper is stacked by the sputtering method, and the
resist mask which is opened except the region of the second
wiring layer 504 is used to form the second wiring layer 504
by a dry etching method. Finally, the temperature is raised at
about 500 degrees to decompose the norbornene-based resin
so that the air gap is formed (FIG. 12(D)).
After producing the device, a voltage of ±4 V is applied to
the solid electrolyte layer 506 and the opposite electrode layer
505. Thus, an on-voltage of transition to the on-state from the
off-state and an off-voltage of transition to the off-state from
the on-state are set to about ±2 V. The setting of the voltage
can appropriately be changed in accordance with a use purpose.
Eighth Embodiment
FIG. 10(B) shows a structural diagram of a solid electrolyte
switch 500B by the present embodiment.
The solid electrolyte switch 500B is disposed on the substrate 501. For the substrate 501, for example, the surface of
the silicon substrate is coated with the insulating layer norbornene resin by the spin coating, and is hardened/treated.
The first wiring layer 503 is disposed on the substrate 501,
and the opposite electrode layer 505 is disposed on the first
wiring layer 503. The interlayer insulating layer 502 is disposed so as to coat the opposite electrode layer 505 and
substrate 501. A part of the interlayer insulating layer 502 on
the opposite electrode layer 505 is opened to form the via
hole, and the solid electrolyte layer 506 is disposed in the
vicinity of the via hole through the opposite electrode layer
505 and air gap 508. Furthermore, the ion supply layer 507 is
disposed on the solid electrolyte layer 506, and the second
wiring layer 504 is disposed so as to coat the ion supply layer
507.

The solid electrolyte layer 506 is, for example, copper
sulfide which is the compound conductor, and the film thick-
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ness may be 20 angstroms to 2000 angstroms. In the second
wiring layer 504, copper having a film thickness of 200 to
3000 angstroms is used. The material of the ion supply layer
507 is the metal ion included in the solid electrolyte layer 506.
5 When copper is used as the second wiring layer 504, the
second wiring layer 504 is coated with the norbornene resin
by the spin coating, and is hardened/treated. Since 504 itself
can serve as the ion supply layer, the ion supply layer 507 may
be omitted.
10
When the second wiring layer 504 is other than copper,
copper is used as the material in the ion supply layer 507, and
the film thickness may be about 20 to 500 angstroms. In the
second wiring layer 504, copper having a film thickness of
15 200 to 3000 angstroms is used. The size of the air gap 508 is
about 10 angstroms to 1000 angstroms.
When the solid electrolyte layer 506 is made of the sulfide
of the metal X other than copper, the ion supply layer 507
needs to be the material containing the metal X. The combi20 nation of the solid electrolyte layer 506 and ion supply layer
507 may be, in addition to copper sulfide-copper described
above, chromium sulfide-chromium, silver sulfide-silver,
titanium sulfide-titanium, tungsten sulfide-tungsten, and
nickel sulfide-nickel. Other than titanium described above,
25 the opposite electrode layer 505 may contain platinum, aluminum, copper, tungsten, vanadium, niobium, tantalum,
chromium, molybdenum, or nitride, or silicide or 509.
In addition to copper described above, the wiring material
which has heretofore been used may also be used as the first
30 wiring layer 503 and second wiring layer 504, and, for
example, aluminum, gold and the like may also be used.
When the metal X is used as the second wiring layer 504, the
ion supply layer 507 can be omitted.
One example of the manufacturing steps will be described
35 with reference to FIG. 13.
The silicon substrate is oxidized to produce the substrate
501. The copper thin film having a film thickness of 2000
angstroms is formed on the substrate 501 by the vacuum
evaporation method or the sputtering method. Next, the oppo40
site electrode layer 505 is formed. Titanium is formed by the
vacuum evaporation method. The resist pattern having the
opening in the region other than the first wiring layer 503 is
used as the mask to process the shape of the first wiring layer
503 by the wet etching method or the reactive ion etching
4s
method.
Then, the sacrificial layer 510 is formed in order to produce
the air gap 508. Polymer which is decomposed at about 400
degrees to 500 degrees is used in the sacrificial layer 510. For
example, the norbornene-based resin which is the thermoset50
ting resin is used. The norbornene resin is applied by the
spin-coating, and the hardening treatment is performed.
Instead of the norbornene-based resin, any polymer may be
used that is not soluble to the photoresist and that has thermal
resistance
and that is decomposed at about 500 degrees.
55
Thereafter, the resist mask whose region other than the via
hole 509 is opened is used to process the norbornene resin in
the form of the via hole 509 by the wet etching method or the
reactive ion etching method so that the sacrificial layer 510 is
60 formed. The size of the sacrificial layer 510 has to be larger
than or equal to that of the via hole 509 region. Here, the
structure shown in FIG. 13(A) can be formed.
Subsequently, the interlayer insulating layer 502 is formed.
The silicon oxynitride film is formed by the sputtering
65 method. After forming the film, the resist pattern whose via
hole 509 region is opened is used as the mask to form the via
hole 509 by the dry etching or wet etching (FIG. 13(B)). The
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material of the interlayer insulating layer 502 is preferably the
106 times. This is confirmed by the present inventor. The solid
low dielectric film, and the step having the low formation
electrolyte switch is structurally simple, and is operable with
temperature is desirable.
a size which is approximately equal to an atomic size in
Next, the solid electrolyte layer 506 is formed. The copper
principle. Therefore, further miniaturization is possible as
thin film having a film thickness of 2000 angstroms is formed 5 compared with the conventional electric device.
by the vacuum evaporation method or the sputtering method.
FIG. 11 is a schematic diagram of the FPGA in which the
Then, the sulfuration is performed by the anode polarization
solid electrolyte switch according to the present embodiment
in the sulfide-containing aqueous solution. The copper thin
is used.
film is used as the cathode to perform the anode polarization
A basic unit of FPGA comprises logic circuit blocks 601,
in the aqueous solution containing 0.05 mol/liter of sodium io wirings 602 to 604, and solid electrolyte switches 605 which
sulfide. The added voltage is about 0.5 V so that the film is
switch the connection of the wirings.
completely sulfurated.
The logic block 601 and peripheral circuits are formed in
There are two sulfuration methods other than the sulfurathe substrate 01 of FIG. 1 or 2 or the substrate 601 of FIG. 10,
tionmethod by the above-described anode polarization. In the
and the solid electrolyte switch described in any of the first
second method of sulfuration, the substrate 501 comprising 15 and second and ninth embodiments is produced on the subthe copper thin film thereon is brought into the crucible
strate 01 or 601.
together with the sulfur powder, and heated at 130 degrees in
INDUSTRIAL APPLICABILITY
the bake furnace in the nitrogen atmosphere. When the conductivity of the copper thin film is measured during the sulAccording to the present invention, there is provided a
furation, the degree of the sulfuration can be determined so 20
storage device using a solid electrolyte, and it is possible to
that the copper thin film can be sulfurated with excellent
especially provide a structure of a storage device having a
control. The sulfuration is stopped where only the surface
circuit constitution advantageous for integration, and a
layer of the copper thin film is sulfurated. In the third method
method of manufacturing the device.
of sulfuration, the substrate is heated at 120 degrees to 300
The invention claimed is:
degrees in hydrogen sulfide diluted with nitrogen. Also in this 25
1. An electric device which is a solid electrolyte switch and
case, when the resistance of the copper thin film is measured,
having a latch function, comprising:
the sulfuration can be performed with excellent control.
a first metal thin film that is disposed on an insulating film,
Moreover, instead of sulfurating the copper thin film to
the first metal thin film contacting with the insulating
form copper sulfide, copper sulfide may also be deposited by
film,
the sputtering method or the laser abrasion method in the 30
a solid electrolyte that is disposed on a top surface of the
related art. The resist mask which is opened except the region
first metal thin film, a metal ion of the first metal thin film
of the solid electrolyte layer 506 is used to form the solid
being used as a carrier in the solid electrolyte, and
electrolyte layer 506 by the reactive ion etching method (FIG.
a second metal thin film that is disposed over the solid
13(C)).
electrolyte and over the top surface of the first metal thin
Next, copper is stacked by the sputtering method, and the 35
film via an air gap,
resist mask which is opened except the region of the second
wherein the second metal thin film does not make contact
wiring layer 504 is used to form the second wiring layer 504
with the solid electrolyte, and
by the reactive ion etching method. Since the second wiring
wherein the first metal thin film and the second metal thin
layer 504 is copper, the production of the ion supply layer 507
film are partially overlapped in a vertical direction with
is omitted.
40
respect to the insulating film.
Finally, the temperature is raised at about 500 degrees so
2. An electric device which is a solid electrolyte switch and
that the norbornene resin is decomposed to form the air gap
having a latch function, comprising:
(FIG. 13(D)).
a solid electrolyte that is disposed in a first part on a top
After producing the device, the voltage of ±4 V is applied
surface of an insulating film;
to the solid electrolyte layer 506 and the opposite electrode 45
a first metal thin film that is disposed on the solid electrolayer 505. In this manner, the on-voltage of transition to the
lyte; and
on-state from the off-state, and the off-voltage of the transia second metal thin film that is disposed on the top surface
tionto the off-state from the on-state are set to about ±2 V. The
of the insulating film,
setting of the voltage can appropriately be changed in accorwherein the solid electrolyte is disposed in a second part
dance with the use purpose.
50
over the second metal thin film via an air gap,
Ninth Embodiment
wherein a metal ion as a carrier of the solid electrolyte
being used as a material in the first metal thin film,
wherein the second metal thin film does not contact with
A switch mainly used in a field programmable gate array
the solid electrolyte, and
(FPGA) is an anti-fuse device. Since the resistance at an 55
wherein the first metal thin film and the second metal thin
on-time is small, there is a characteristic that a signal delay is
film are partially overlapped in a vertical direction with
small, but re-programming is impossible. During the prorespect to the insulating film.
gramming of FPGA, debugging is impossible, and the pro3. A storage device, comprising:
gram cannot be switched during operation.
one storage cell forming a constituting element of the storEven when the power is cut off, the solid electrolyte switch 60
age device comprises (1) one field-effect transistor and
can hold the on-state or the off-state. Furthermore, the resis(2) one solid electrolyte switch according to claim 1 or 2,
tance of the on-state is as small as several hundreds of Q or
the solid electrolyte switch according to claim 1 or 2 is
less. From this reason, it is found out that the solid electrolyte
disposed on a drain region of the field-effect transistor
switch is suitable for the switch for connection and function
formed on a semiconductor substrate surface,
selection of a logic circuit block of FPGA. The anti-fuse 65
device which has heretofore been used is not re-programthe second metal thin film of the solid electrolyte switch is
mable, while the solid electrolyte switch is re-programmable
connected to a common grounding conductor,
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a source of the field-effect transistor is connected to a
7. A storage device, wherein:
column address line, and
a semiconductor thin film is disposed in a portion contacta gate of the field-effect transistor is connected to a row
ing with the gap in the second metal thin film according
address line.
to claim 5, and
4. A storage device, comprising:
5
a Schottky barrier is formed in an interface between a
one storage cell forming a constituting element of the storsemiconductor and a metal so that a rectification funcage device comprises (1) one diode and (2) one solid
tion operates, when the solid electrolyte switch turns on.
electrolyte switch according to claim 1 or 2,
8. An electric device according to claim 1 or claim 2,
the solid electrolyte switch according to claim 1 or 2 is
wherein the solid electrolyte is any one of silver ion conducdisposed on one electrode of a diode formed on a semi- io tive solid electrolytes, and copper ion conductive solid elecconductor substrate surface,
trolytes, and a second metal is any one of platinum, tungsten,
the second metal thin film of the solid electrolyte switch is
aluminum, gold, copper, and silver.
connected to row address line, and
9. A storage device according to claim 3, wherein the solid
the other electrode of the diode is connected to a column
electrolyte is any one of silver ion conductive solid electroaddress line.
15 lytes, and copper ion conductive solid electrolytes, and
5. A storage device, comprising:
said second metal is any one of platinum, tungsten, alumione storage cell forming a constituting element of the stornum, gold, copper, and silver.
age device and comprising the solid electrolyte switch
10. An electric device as the solid electrolyte switch
according to claim 1 or 2,
according to claim 1 or 2, wherein:
a part of the first metal thin film connected to a row address 20
a voltage is applied between a solid electrolyte layer and an
line formed on a semiconductor substrate surface is the
opposite electrode layer at a manufacturing time in order
solid electrolyte in which a metal ion of the first metal
to control an on-voltage which transits to an on-state
thin film is used as a carrier, and
from an off-state and an off-voltage which transits to the
the solid electrolyte intersects with the second metal thin
off-state from the on-state.
film connected to a column address line via the air gap. 25
11. An electric device as a field programmable gate array
6. An electric device, wherein:
comprising the solid electrolyte switch according to claim 1
a semiconductor thin film is disposed in a portion contactor 2, wherein:
ing with the gap in the second metal thin film according
the solid electrolyte switch is used as a first switch of
to claim 1 or 2, and
wirings between logic blocks and a second switch which
a Schottky barrier is formed in an interface between a 30
selects a function of the logic block.
semiconductor and a metal so that a rectification function operates, when the solid electrolyte switch turns on.

