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create a tortuous thermal pathway thereby reducing parasitic
heat losses and increasing the device’s efficiency. The bel-
lows’ also allow for a controlled environment to be sustained
within the device. In a preferred embodiment the controlled
environment is a vacuum. In one embodiment, a modified
electrode for use in a diode device of the present invention is
disclosed, in which indents are made on the surface of the
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shape memory alloys: previously deformed bellows are
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between the electrodes. In further embodiments the use of
corrugation is applied to other parts of the diode device to
elongate its thermal pathway and thereby increase its effi-
ciency. For example, in one embodiment the outer rims of
electrodes in a diode device are corrugated to increase the
device’s thermal pathway.
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DIODE DEVICE UTILIZING BELLOWS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Provisional Patent
App. No. 60/761,849, filed Jan. 24, 2006.

BACKGROUND OF THE INVENTION

The present invention relates to diode devices, in particu-
lar, to reducing parasitic heat losses by providing a tortuous
thermal pathway connecting the electrodes thereby increas-
ing the efficiency of a diode device.

DEFINITIONS

“Thermionic or thermotunneling converter” is hereby
defined as a Cool Chip or a Power Chip; devices that use
electrical power or energy to pump heat, thereby creating,
maintaining, or degrading a thermal gradient. They may
accomplish this using thermionics, thermotunneling, or other
methods as described in this application. It is to be understood
that the present invention relates to Power Chips and Cool
Chips.

“Gap Diode” is defined as any diode which employs a gap
between the anode and the cathode, or the collector and
emitter, and which causes or allows electrons to be trans-
ported between the two electrodes, across or through the gap.
This includes close spaced (thermotunneling/field emission),
mid-spaced (field enhanced thermionic emission) or large-
spaced (thermionic emission). It is to be understood that
further references to thermionic or thermotunneling emission
include all variations of electron emission known to those
skilled in the art. Gap Diodes require at least some gap
between the anode and cathode. This may be in the form of a
solid or a liquid or it may be evacuated such that a vacuum
exists within the device. The Gap Diode may be used for Cool
Chips, Power Chips, and for other diode applications.

In what follows, the term ‘Avto Metals’ is to be understood
as a metal film having a modified shape, which increases the
Fermi energy level inside the modified electrode, leading to a
decrease in electron work function as described in the fore-
going, and illustrated in FIG. 1 below.

“Matching” surface features of two facing surfaces of elec-
trodes means that where one has an indentation, the other has
a protrusion and vice versa. Thus, the two surfaces are sub-
stantially equidistant from each other across the entire elec-
trode.

In U.S. Pat. No. 6,417,060 a method for manufacturing a
pair of electrodes is disclosed which comprises fabricating a
first electrode with a substantially flat surface and placing a
sacrificial layer over a surface of the first electrode, wherein
the sacrificial layer comprises a first material. A second mate-
rial is placed over the sacrificial layer, wherein the second
material comprises a material that is suitable for use as a
second electrode. The sacrificial layer is removed with an
etchant, wherein the etchant chemically reacts with the first
material, and further wherein a region between the first elec-
trode and the second electrode comprises a gap that is a
distance of 50 nanometers or less, preferably 5 nanometers or
less. This magnitude must be maintained to enable efficient
electrode transfer. Alternatively, the sacrificial layer is
removed by cooling the sandwich with liquid nitrogen, or
alternatively still, the sacrificial layer is removed by heating
the sacrificial layer, thereby evaporating the sacrificial layer.
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In U.S. Pat. No. 6,774,003 a method for manufacturing a
pair of electrodes is disclosed which comprises fabricating a
first electrode with a substantially flat surface and placing a
sacrificial layer over a surface of the first electrode, wherein
the sacrificial layer comprises a first material. A second mate-
rial is placed over the sacrificial layer, wherein the second
material comprises a material that is suitable for use as a
second electrode. The sacrificial layer is removed with an
etchant, wherein the etchant chemically reacts with the first
material, and further wherein a region between the first elec-
trode and the second electrode comprises a gap that is a
distance of 50 nanometers or less, preferably 5 nanometers or
less. Alternatively, the sacrificial layer is removed by cooling
the sandwich with liquid nitrogen, or alternatively still, the
sacrificial layer is removed by heating the sacrificial layer,
thereby evaporating the sacrificial layer.

The use of composite materials as matching electrode pair
precursors is disclosed in U.S. Patent App. Pub. No. 2003/
0068431. The approach comprises the steps of fabricating a
first electrode with a substantially flat surface; placing over
the first electrode a second material that comprises a material
that is suitable for use as a second electrode, and separating
the composite so formed along the boundary of the two layers
into two matched electrodes.

In U.S. Patent App. Pub. No. 2003/0042819 a thermotun-
neling converter is disclosed comprising a pair of electrodes
having inner surfaces substantially facing one another, and a
spacer or plurality of spacers positioned between the two
electrodes, having a height substantially equal to the distance
between the electrodes, and having a total cross-sectional
area that is less than the cross-sectional area of either of the
electrodes. In a preferred embodiment, a vacuum is intro-
duced, and in a particularly preferred embodiment, gold that
has been exposed to cesium vapor is used as one or both of the
electrodes. In a further embodiment, the spacer is made of
small particles disposed between the electrodes. In a yet
further embodiment, a sandwich is made containing the elec-
trodes with an unoxidized spacer. The sandwich is separated
and the spacer is oxidized, which makes it grow to a required
height whilst giving it insulatory properties, to allow for
tunneling between the electrodes.

In WO03/083177, the use of electrodes having a modified
shape and a method of etching a patterned indent onto the
surface of a modified electrode, which modifies the electronic
energy levels inside the modified electrode, leading to a
decrease in electron work function is disclosed. The method
comprises creating an indented or protruded structure on the
surface of a metal. The depth of the indents or height of
protrusions is equal to a, and the thickness of the metal is
Lx+a. The minimum value for a is chosen to be greater than
the surface roughness of the metal. Preferably the value ofa is
chosen to be equal to or less than [x/5. The width of the
indentations or protrusions is chosen to be at least 2 times the
value of a. Typically the depth of the indents is ZA/2, wherein
A is the de Broglie wavelength, and the depth is greater than
the surface roughness of the metal surface. Typically the
width of the indents is >>A, wherein A is the de Broglie
wavelength. Typically the thickness of the indents is a mul-
tiple of the depth, preferably between 5 and 15 times said
depth, and preferably in the range OF 20 to 500 nm. FIG. 1
shows the shape and dimensions of a modified electrode
having a thin metal film 60 on a substrate 66. Indent 64 has a
width b and a depth a relative to the height of metal film 60.
Film 60 comprises a metal whose surface should be as planar
as possible as surface roughness leads to the scattering of de
Broglie waves. Metal film 60 is given sharply defined geo-
metric patterns or indent 64 of a dimension that creates a de
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Broglie wave interference pattern that leads to a decrease in
the electron work function, thus facilitating the emissions of
electrons from the surface and promoting the transfer of
elementary particles across a potential barrier. The surface
configuration of the modified electrode may resemble a cor-
rugated pattern of squared-oft, “u”-shaped ridges and/or val-
leys. Alternatively, the pattern may be a regular pattern of
rectangular “plateaus” or “holes,” where the pattern
resembles a checkerboard. The walls of indent 64 should be
substantially perpendicular to one another, and their edges
should be substantially sharp. The surface configuration com-
prises a substantially planar slab of a material having on one
surface one or more indents of a depth approximately 5 to 20
times a roughness of said surface and a width approximately
5 to 15 times said depth. The walls of the indents are substan-
tially perpendicular to one another, and the edges of the
indents are substantially sharp.

In U.S. Pat. No. 6,720,704 diode devices are disclosed in
which the separation of the electrodes is set and controlled
using piezo-electric, electrostrictive or magnetostrictive
actuators. This avoids problems associated with electrode
spacing changing or distorting as a result of heat stress. In
addition it allows the operation of these devices at electrode
separations which permit quantum electron tunneling
between them. Pairs of electrodes whose surfaces replicate
each other are also disclosed. These may be used in construct-
ing devices with very close electrode spacings.

In WO003/090245 a Gap Diode is disclosed in which a
tubular actuating element serves as both a housing for a pair
of electrodes and as a means for controlling the separation
between the electrode pair. In a preferred embodiment, the
tubular actuating element is a quartz piezo-electric tube. In
another embodiment a Gap Diode is disclosed which is fab-
ricated by micromachining techniques in which the separa-
tion of the electrodes is controlled by piezo-electric, electros-
trictive or magnetostrictive actuators.

A significant drawback of the aforementioned disclosures
is that the means for controlling and maintaining the separa-
tion between the electrodes of the diode device impairs the
device’s efficiency. In a diode device electrons travel through
a gap between two electrodes. However, any material con-
necting the electrodes facilitates a thermal back-flow, which
reduces the device’s efficiency. The piezo elements separat-
ing the electrodes disclosed above are within the vacuum
system thereby allowing a substantial thermal back-flow,
increasing parasitic heat losses and decreasing the device’s
overall efficiency. In one embodiment of U.S. Pat. No. 6,720,
704, corrugated tubes are disclosed, which can form part of
the structure between the electrodes of a diode device. These
tubes are intended to conduct heat and facilitate heat transfer
between a heat source or sink and the electrodes. There is
clearly a need in the art for a new device to separate an
electrode pair, which provides a longer, tortuous thermal
pathway thereby reducing parasitic heat losses whilst
enabling a vacuum or other controlled environment to be
maintained within a diode device.

BRIEF SUMMARY OF THE INVENTION

The present invention seeks to substantially minimize the
thermal back-flow and parasitic heat flow losses occurring in
a diode device by providing a tortuous thermal pathway
between the electrodes. Additionally the present invention
seeks to allow a controlled environment to be preserved
within a diode device while maintaining the gap between the
electrodes. The device of the present invention may be inte-
grated or used for any ordinary diode application.
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Accordingly, the present invention discloses flexible bel-
lows that are attached to the electrode pair. Further embodi-
ments of the present invention include the use of other corru-
gated surfaces within diode devices to elongate the thermal
path. The flexible bellows may be utilized with any of the
prior art devices to beneficial effect.

Accordingly, the thermal pathway connecting the elec-
trode pair is long and tortuous the thermal back-flow is
reduced and the overall efficiency of the device is increased.

Furthermore, the electrodes may be separated at a required
distance and a vacuum or other controlled environment may
be maintained within the device.

In additional embodiments of the present invention the use
of corrugation is applied to other parts of a diode device to
lengthen the heat path and thereby increase its overall effi-
ciency. For example, in one embodiment the outer rim of the
electrodes are corrugated to create a tortuous heat path
between them.

Further objects and advantages of the present invention
will become apparent from a consideration of the ensuing
drawings and detailed description.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

For a more complete understanding of the present inven-
tion and the technical advantages thereof, reference is made
to the following description taken with the accompanying
drawings, in which:

FIG. 1 is a cross sectional view of a prior art modified
electrode;

FIG. 2 is a cross-sectional view of a diode device of the
current invention;

FIG. 3 is a greatly enlarged 3-dimensional view of the
bellows used in the present invention;

FIG. 4 is a greatly enlarged 3-dimensional view of one
embodiment of the present invention in the course of fabri-
cation showing bellows positioned directly between the elec-
trodes;

FIG. 5 is a schematic showing a process for the manufac-
ture of one embodiment of the present invention;

FIG. 6 is a schematic showing a process for the manufac-
ture of a further embodiment of the present invention in which
deformed bellows are attached to the diode device and then
grown to set the gap between the electrodes;

FIG. 7 is a cross-sectional view of one embodiment of a
diode device of the present invention in which bellows are
utilized as spacers; and

FIG. 8 is a cross-sectional view of a further embodiment of
the present invention: a diode device utilizing electrodes com-
prising corrugated rims.

DETAILED DESCRIPTION OF THE INVENTION

The embodiments of the present invention and its technical
advantages are best understood by referring to FIGS. 2-8. The
present invention is directed to a diode device utilizing flex-
ible bellows. It is to be understood that the diode device of the
present invention may include a number of types of diode
devices including, for example, (i) a device which uses a
thermal gradient of any kind to generate electrical power
using thermionics, thermotunneling or other methods as
described herein; (ii) a device which uses electrical power or
energy to pump heat, thereby creating, maintaining or degrad-
ing a thermal gradient using thermionics, thermotunneling or
other methods as described herein; and (iii) as any diode
which employs a gap between the anode and the cathode, or
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between the collector and emitter, and which causes or allows
electrons to be transported between the two electrodes, across
or through the gap (with or without a vacuum in the gap).
Alternatively, the device of the present invention may be
integrated or used for any ordinary diode application.

Referring now to FIG. 2, which shows a cross-sectional
view of a diode device 18 of the current invention, a first
surface 26 is separated from a second surface 22 by a gap 24.
Flexible bellows 30 are attached to the edges of surfaces 26
and 22 and maintain gap 24. Bellows 30 are attached to
surfaces 26 and 22 allowing a vacuum or other controlled
environment to be formed and maintained between the two
surfaces. It is to be understood that all further references to a
vacuum include all relevant controlled environments.
Although FIG. 2 shows bellows 30 with one ridge it is to be
understood that more ridges may be used and that this is by
way of an example only and does not limit the invention.
Bellows 30 may be attached to the diode device 18 by
approaches known to the art, including without limitation
welding, brazing, soldering or adhesing. Although FIG. 2
shows bellows 30 attached to the edges of diode device 18 it
is to be understood that other geometries are included within
the scope of the invention.

Diode device 18 can function as a thermionic or thermo-
tunneling converter, or as a thermionic or thermotunneling
diode heat pump, such as those disclosed in the prior art, or as
any other variation of gap diode known to those skilled in the
art. In a preferred embodiment, electrodes 26 and 22 are
matching. It is to be understood that the present invention is
not limited to the variations disclosed.

Surfaces 26 and 22 comprise electrodes made of materials
suitable for optimum performance. The corrugated walls of
bellows 30 provide a long thermal backpath when device 18
is in operation, thus losses are reduced and the efficiency of
device 18 is increased. When fully compressed bellows 30
comprise a rigid structure. Therefore bellows 30 may be
constructed such that when fully compressed electrodes 26
and 22 are separated by a minimal gap 24 through which
electrons can tunnel. Thus, if subjected to pressure electrodes
22 and 26 may remain apart and gap 24 will be preserved
while still maintaining a long thermal pathway and the opera-
tion of device 18 is uninterrupted. Due to the flexibility of
bellows 30, there is minimal disturbance within the controlled
environment when electrodes 26 and 22 expand and contract
during their operation as bellows 30 will respond accordingly.

Furthermore, because the walls of bellows 30 are
extremely thin and sensitive only minute forces are required
to produce large deflections enabling easy and precise spac-
ing of electrodes 26 and 22. Therefore if spacing between
electrodes 26 and 22 needs to be varied (because of thermal
growth or vibration or any other reason), this allows precise
positioning of the electrode pair to achieve maximum elec-
tron flow.

Bellows 30 may be beneficially utilized in the diode device
configurations of the prior art.

For example, in one embodiment disclosed in U.S. Patent
App. Pub. No. 2003/0042819 above, spacers are introduced
between an electrode pair to set the distance between them.
This diode device can be used in conjunction with the present
invention in which bellows 30 may then be attached to the
device to maintain the distance between the electrode pair and
to hold the vacuum. In a further embodiment disclosed above
(U.S. Patent App. Pub. No. 2003/0042819), a sandwich is
made containing an electrode pair and an unoxidised spacer.
The sandwich is separated and the spacer is oxidized, which
makes it grow to a required height whilst giving it insulatory
properties, to allow for tunneling between the electrodes.
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Bellows 30 are then attached as disclosed and the device is
sealed. It is to be understood that the present invention
includes but is not limited by the prior art configurations
disclosed above.

Inafurther embodiment electrodes 26 and 22 utilized in the
present invention may be formed from materials disclosed in
diode device configurations of the prior art. For example,
electrodes disclosed in Patent Number WO03/090245 may be
utilized with relatively little modification. Thus, in one
embodiment the diode device of the present invention can be
built with the modified electrode disclosed in WO03/083177
and shown in FIG. 1, which allows for a decrease in the work
function of the electrode, and therefore an increase in the
efficiency of the device. It is to be understood that the modi-
fied electrode 66 may be used as one or both electrodes in the
diode device of the present invention. Electrodes may be
modified and then placed at a specified distance from each
other and sealed by the use of the bellows of the present
invention.

Referring now to FIG. 3, which shows a greatly enlarged
3-dimensional view of bellows 30 for use in the present inven-
tion. The corrugated nature of bellows 30 significantly
increases the thermal conductivity path, thus minimizing
thermal back-flow and improving efficiency when used as
part of a diode device. Bellows 30 may be made from mate-
rials including without limitation silicon, nickel and stainless
steel. In a preferred embodiment of the present invention
bellows 30 comprise materials with an extremely small coef-
ficient of thermal expansion to further reduce the thermal
back-flow. These materials such as some nickel and iron
alloys and silicon compounds are known to those skilled in
the art. Bellows 30 are also flexible and their walls are thin
making them extremely responsive to any deflections.

Referring now to FIG. 4, which shows a greatly enlarged
3-dimensional view of one embodiment of the present inven-
tion in the course of fabrication. In this embodiment bellows
30 are positioned directly between electrodes 22 and 26.
Electrodes 22 and 26 are as disclosed in FIG. 2 above. When
the device is in operation, bellows 30 maintain the integrity of
the vacuum between electrodes 22 and 26 and provide a long
thermal pathway thereby reducing thermal losses and
increasing the device’s overall efficiency. Although FIG. 4
shows circular disc shaped electrodes 26 and 22, and cylin-
drical bellows 30 positioned directly between them, it is to be
understood that this should not limit the present inventions.
Further positions of bellows 30 utilizing different shaped
electrodes 26 and 22 known to those skilled in the art may be
used to maximize electron flow across the diode ofthe present
invention.

Referring now to FIG. 5, which is schematic showing a
process for the manufacture of one embodiment of the present
invention. Diode device 18 is as shown in FIG. 2, and is
constructed as disclosed in prior art comprising electrodes 26
and 22 positioned at the required distance thereby forming
gap 24 through which electronic emission may occur. In step
100 bellows 30 are attached to electrodes 26 and 22, sealing
diode device 18 so that a vacuum can be maintained. Bellows
30 are as disclosed above in FIGS. 2-4. In step 110, heat sink
20 is attached to one side of diode device 18 to remove heat
produced. Being attached to heat sink 20 on one side also
contributes to the stability of the device. On the other side a
6-axis piezo unit 28 is attached to respond to movement of
electrodes 22 and 26 and thus control the distance of gap 24.
Piezo unit 28 is then mounted on something rigid to hold the
device in place. Piezo unit 28 is positioned a substantial
distance away from electrodes 26 and 22. Because piezo unit
28 is not contained within the vacuum system and it has long
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struts rather than a ring, it presents minimal limitation or
interference with the thermal pathway of device 18. Further-
more, piezo unit 28 has a lot of throw which compensates for
the general flexibility of the device shown.

In step 120 electrodes 26 and 22 are connected to an elec-
trical load or power supply 34 by means of wires 32 (34 is an
electrical load when the device is a heat energy to electrical
energy converter and is a power supply when the device is a
heat pump). Electrodes 26 and 22 may also be connected to
capacitance controller 36 which is able to assess the separa-
tion of the electrodes. The separation of electrodes 26 and 22
may be accurately controlled via a feedback loop 38 to piezo
unit 28. Alternatively, in another embodiment actuators can
be attached directly to bellows 30 so that they may respond to
the deflections of bellows 30 and thus control electrode posi-
tioning. Due to the thin walls of bellows 30 they are extremely
sensitive and responsive to movement of electrodes 26 and 22
during the operation, thus enabling precise positioning.

Typically gap 24 is of the order 1.0 to 1000 nm. However,
to achieve maximum efficiency gap 24 is altered during the
device’s operation in response to movement of the electrodes.
Bellows 30 are constructed such that when fully compressed
bellows 30 comprise the minimal height of gap 24 through
which electrons can tunnel successtully. Therefore if sub-
jected to pressure or electrodes 22 and 26 will remain apart
and gap 24 will be preserved while still maintaining a long
thermal pathway.

Further embodiments of the present invention involve
applying or modifying bellows 30 under different thermal
conditions, using different material choices and different bel-
lows geometries to accurately set and maintain the gap
between the electrodes and thus achieve maximum efficiency.

For example, referring now to FIG. 6 which is a schematic
showing a process for the manufacture of a further embodi-
ment of the present invention in which deformed bellows are
attached to the diode device and then grown to set the gap
between the electrodes. An unfinished diode device 50 is built
comprising electrodes 22 and 26. Electrodes 22 and 26 are as
disclosed in FIG. 2 above. In step 200 deformed bellows 40
are attached to unfinished diode device 50 in the manner
disclosed above. Deformed bellows 40 comprise Shape
Memory Alloys (SMA) such as nickel-titanium alloys and
copper-base alloys such as CuZnAl and CuAlNi. These are
metallic materials that return to some previously defined
shape or size when subjected to the appropriate thermal pro-
cedure. Deformed bellows 40 made from these materials may
be plastically deformed to an appropriate size at a low tem-
perature and then fitted to diode device 50 as disclosed. In step
210 the thermal environment is altered and the temperature is
increased such that deformed bellows 40 grow to a predeter-
mined size and gap 24 is formed between electrodes 22 and
26. Bellows 40 thereby set and maintain gap 24 between
electrodes 22 and 26. Because the transformation occurs over
a range of temperatures rather than at a single point, it is
necessary to manipulate the thermal conditions and use part
of bellows’ 40 shape recovery to accurately position elec-
trodes 22 and 26. Materials with a two-way shape memory
known to those skilled in the art may be used such that they
undergo change in shape upon heating and then return to their
previous shape upon recooling. Alternatively materials that
exhibit shape memory only upon heating and have one-way
shape memory may be used.

In yet a further embodiment, electrodes 22 and 26 may be
formed from a matching electrode pair precursor, which is a
composite that may be separated along a boundary between
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two different composite layers into two matched electrodes,
as disclosed in U.S. Patent Application Pub. No. 2003/
0068431.

Referring now to FIG. 7, which shows one embodiment of
the present invention in which bellows are utilized as spacers.
Diode device 52 is constructed as disclosed with electrodes
26 and 22 positioned substantially facing each other sepa-
rated by a gap 24 through which electrons can tunnel. Elec-
trodes 22 and 26 separated by gap 24 are as disclosed in FI1G.
2 above. Bellows 30 are attached to diode device 52 as dis-
closed above. Smaller bellows 42 are positioned between
electrodes 22 and 26 to act as spacers. Because the air seal is
not needed within diode device 52, smaller bellows 42 com-
prise simple springs used to create a long pathway between
electrodes 26 and 22. Since diode device 52 is subjected to
movement from thermal expansion of electrodes 22 and 26 or
other forces, rigid spacers separating the electrodes may
break the device. Therefore smaller bellows 42 are used as
spacers as they can respond to movement and gap 24 is
restored during both tension and compression of the device.
Furthermore the tortuous path created by the corrugated walls
of smaller bellows’ 42 reduce the thermal back-flow and
minimize heat losses. In a further embodiment smaller bel-
lows 42 are buried in electrode 26 forming a minute trench
around them. This further reduces their conductivity thereby
increasing the device’s efficiency.

Accordingly the present invention is markedly more effi-
cient than its prior art due to the corrugated walls of the
bellows providing a longer thermal pathway and thereby
minimizing parasitic heat losses during the diode device’s
operation.

Itis to be understood that the present invention includes the
use of corrugation and other methods of increasing the heat
path within a diode device known to those skilled in the art.
For example, in a further embodiment the active area of the
electrodes themselves are corrugated to substantially increase
the heat path between the electrodes. FIG. 8 shows a cross
sectional view of a further embodiment of the use of corru-
gation to increase the heat path between two electrodes. The
outer rims of electrodes 70 are corrugated such that the span
of'their surface is longer than their width. This means that the
heat path from the cold side to the hot side (or vice versa), as
illustrated by the arrows, is substantially increased. Housing
72 may also comprise bellows as disclosed in embodiments
above.

It is to be understood that this is not a complete list of all
possible applications, but serves to illustrate rather than limit
the scope of the invention. It is to be further understood that
many other applications of this invention are possible, and
that it is likely that the flexible bellows of the present inven-
tion may be utilized with different combinations of the diode
device embodiments described above.

Accordingly, the invention is not limited to the embodi-
ments described herein but should be considered in light of
the claims that follow.

The invention claimed is:

1. A diode device comprising:

a first electrode;

a second electrode substantially facing said first electrode;

ahousing disposed so as to separate said first electrode and
said second electrode by a distance; and

an electrical circuit connected to said electrodes;

wherein said housing comprises bellows whereby said bel-
lows provide a longer, tortuous thermal pathway; said
pathway reducing parasitic heat losses and maintaining
a controlled environment within said diode device.
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2. The diode device of claim 1, wherein the walls of said
bellows are corrugated.

3. The diode device of claim 2, wherein the length of said
corrugated walls of said bellows are substantially longer than
the height of said distance between said first electrode and
said second electrode, whereby the thermal pathway between
said electrodes is increased.

4. The apparatus of claim 1, wherein the walls of said
bellows are substantially thin and flexible whereby minute
forces applied to said walls produce large deflections of said
walls.

5. The diode device of claim 1, wherein said bellows com-
prise a cylindrical shape with an upper end and a lower end
and said first and said second electrodes are positioned at said
upper and said lower end of said bellows, respectively.

6. The diode device of claim 1, wherein said bellows com-
prise a material or plurality of materials selected from the
group consisting of: silicon, nickel and stainless steel.

7. The diode device of claim 1, wherein said bellows com-
prise a material or plurality of materials whereby said mate-
rial or plurality of materials have low coefficient of thermal
expansion.

8. The diode device of claim 1, wherein said bellows com-
prise shape memory alloy.

9. The diode device of claim 1, wherein said bellows are
attached to said first and said second electrodes by means
selected from the groups of: welding, brazing, soldering,
adhesing, and mechanical attachment means such as screw-
ing.

10. The diode device of claim 1, wherein said bellows
attached to said first electrode and said second electrode
sustain a controlled environment within said diode device.

11. The diode device of claim 1, wherein the height of said
bellows when fully compressed is such that said distance
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between said electrodes comprises a magnitude sufficient to
enable emission of electrons to occur between said elec-
trodes.

12. The diode device of claim 1, wherein said first and said
second electrodes comprise materials suitable for optimum
thermionic or thermotunneling emission.

13. The diode device of claim 1 wherein said first electrode
and said second electrode each comprise a surface for posi-
tioning facing the other, wherein said surfaces are substan-
tially flat and wherein minor topographical features of said
first electrode surface match topographical feature of said
second electrode surface.

14. The apparatus of claim 1, wherein the magnitude of
said distance separating said electrodes is between 1.0 and
1000 nm.

15. The diode device of claim 1 additionally comprising an
actuating element whose length may be modified by a signal
applied thereto, whereby the magnitude of said distance sepa-
rating said electrodes may be set and controlled.

16. The diode device of claim 15, wherein said actuating
element is attached to either or both of said electrodes.

17. The diode device of claim 15, wherein said actuating
element is attached to said bellows.

18. The diode device of claim 15, wherein said actuating
element comprises a 6-axis piezo unit element.

19. The diode device of claim 1, wherein said first electrode
and said second electrode each comprise a surface for posi-
tioning facing the other and additionally comprising a spacer
or plurality of spacers disposed between said electrodes to
maintain said distance, and where the surface area of the
spacer or plurality of spacers in contact with said surfaces is
less than the surface area of said surfaces.

20. The diode device of claim 19, wherein said spacers
comprise bellows or simple springs.
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