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Description

[0001] The present invention relates to generators for
use in micro-electro-mechanical systems, and particu-
larly to a micro-electro-mechanical generator designed
to generate electricity by allowing a portion of a fluid
chamber charged with fluid to be moved reciprocally.
An electro-thermal device of conventional size is dis-
closed in German laid open patent application No. 1 016
502. The device comprises a cavity having a working
fluid disposed therein and an electrical heater for heating
the working fluid. At least a portion of said cavity is con-
figured to be displaced upon a change of pressure in the
cavity resulting from evaporation of the heated working
fluid so as to convert electrically generated heat into me-
chanical work.

[0002] A micro-electro-mechanical system (MEMS) is
one wherein mechanical components and electronic
components are incorporated together in a very small
size ranging from several micrometers to dozens of mil-
limeters. In a MEMS, a number of elements requiring
electricity such as micro-pumps, microprocessors, mi-
cro-sensors, micro-actuators, etc., are integrated with
one another. Although voltage and current required to
drive these elements of the MEMS are very minute in
magnitude compared to those consumed in macro-
scaled systems, it is difficult for a power supply for the
elements in the MEMS to generate a proper level of the
voltage and the current, as it must be very small in size
for use in the micro-scaled system.

[0003] Conventionally, supply of power for known
MEMS has been achieved by using a fuel cell and, in
some cases, the power has been supplied to the MEMS
in the form of microwaves. More recently, a need has
been identified for a semi-permanent system that gener-
ates electricity by using an external environment having
a temperature difference, without necessitating an exter-
nal power source. The need for a semi-permanent, self-
electricity generating system leads to a study on an au-
tonomous MEMS which would mean a system operable
semi-permanently in a condition isolated and independ-
ent from an external system.

[0004] Inaknown power generator for use in a macro-
scaled system, a high temperature section and a low tem-
perature section are provided. Working fluid is sequen-
tially passed between the two sections in such a manner
that the fluid is heated in the high temperature section to
work outside, then cooled by the low temperature section,
and is returned to the high temperature, repeatedly. The
problemin the artis that it is difficult to apply this principle
to a generator for a MEMS due to limitations in volume,
a limitation in the relevant micro-fabrication technology,
and influences to other electric circuits or electronic cir-
cuit components which have to be incorporated with the
generator in the MEMS.

[0005] Thermoelectric modules have also been used
for power generationina MEMS. Power generation using
the thermoelectric module adapts the Seebeck-effect
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wherein two different metals are joined to each other and
a temperature difference is applied between them to in-
duce a current.

[0006] The thermoelectric module is simple in config-
uration and when it operates under a small temperature
difference condition it can generate electricity commen-
surate to that small temperature difference. The thermo-
electric module could appear to provide a generator suit-
able for application with the MEMS as a stable energy
source with its advantages including operation with re-
duced noise as it requires no working fluid or parts per-
forming mechanical movement.

[0007] However, this type of generator has low oper-
ational efficiency and cannot generate sufficient levels
of current and voltage. For these reasons, this type of
generator is not an appropriate power source for a micro-
pump for the MEMS.

[0008] There is a need in the art for a micro-electro-
mechanical generator capable of providing appropriate
levels of electricity for MEMS atlevels greater than known
MEMS generators.

[0009] ltis, therefore, an object of the presentinvention
to provide a micro-electro-mechanical generator capable
of providing increased levels of electricity with respect to
levels provided by known MEMS generators.

[0010] The objectand other objects, which will become
apparentto those skilled in the art, are accomplished with
a micro-electro-mechanical generator, comprising a
housing, a heating means and a cooling means disposed
within the housing, with the cooling means opposite to
the heating means. A heat transfer member is positioned
between the heating means and cooling means, with the
heat transfer member having a first surface facing the
heating means and a second surface facing the cooling
means.

[0011] A supporting member supports the heat trans-
fer member at an external portion of the heat transfer
member and is alternatively deformable between a first
position wherein the heat transfer member is adjacent
the heating means, and a second position wherein the
heat transfer member is adjacent the cooling means. The
supporting member partitions the housing into a sealed
first space at a side of the heating means and a second
space at a side of the cooling means. The sealed first
space and the second spaces are respectively adapted
to be charged with a first fluid and a second fluid. The
supporting member is alternatively deformed in a bi-sta-
ble snapping action wherein the first position and the sec-
ond position of the supporting member are two stable
positions

[0012] A power-generating means generates electric-
ity by using the alternative deforming action by the sup-
porting member. The power-generating means can com-
prise a piezoelectric element provided in the supporting
member. The power-generating means can also com-
prise the heat transfer member and a coil disposed in the
housing, wherein the heat transfer member is a perma-
nent magnet. The first fluid is heated by the heating
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means to its boiling point and is cooled by the cooling
means to condensation. The heat transfer member can
further comprise a plurality of pins which maintain the
first fluid in a liquid state with a capillary action therebe-
tween. The first fluid is selected from the group consisting
of pentane and HFC-134a.

[0013] The above and other objects and features of
the present invention will become more apparent from
the following description of the preferred embodiments
given in conjunction with the accompanying drawings.

Fig. 1 illustrates a side sectional view of a micro-
electro-mechanical generator in accordance with a
first embodiment of the present invention, wherein a
supporting member is deformed downward.

Fig. 2 depicts a side sectional view of a micro-electro-
mechanical generator in accordance with the first
embodiment of the present invention, wherein the
supporting member has been deformed upward.
Fig. 3 illustrates a side sectional view of a micro-
electro-mechanical generator in accordance with a
second embodiment of the presentinvention, where-
in the supporting member has been deformed up-
ward.

Fig. 4 is a side sectional view of a micro-electro-me-
chanical generator in accordance with the second
embodiment of the present invention, wherein the
supporting member has been deformed downward.
Fig. 5 illustrates a bottom view of a heat transfer
member employed in the first embodiment of the
present invention.

Fig. 6 shows a top planar view of the supporting
member employed in the first embodiment of the
present invention.

Fig. 7 illustrates a side sectional view of a micro-
electro-mechanical generator in accordance with a
third embodiment of the present invention.

Fig. 8 depicts a side sectional view of a micro-electro-
mechanical generator in accordance with a fourth
embodiment of the present invention.

Fig. 9 illustrates a side sectional view of a micro-
electro-mechanical generator in accordance with a
fifth embodiment of the present invention.

Fig. 10 is a graph showing change of pressure ex-
erted by a thin film on a piezoelectric material of the
third embodiment of the present invention and a con-
sequent output voltage change, relative to change
in time.

[0014] Preferred embodiments of the present inven-
tion will now be described with reference to the accom-
panying drawings.

[0015] The inventive micro-electro-mechanical gener-
ator uses reciprocal movements of a moving portion of
a fluid chamber charged with fluid in order to generate
electricity. A change of volume in the fluid causes a vol-
ume change of the fluid chamber, which in turn results
in reciprocal movements by the moving portion of the
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fluid chamber. When the volume of the fluid chamber is
small, the moving portion of the fluid chamber is close to
a heater, so that heat transfer from the heater to the mov-
ing portion begins to occur. The rise in temperature in-
creases the volume of the fluid chamber. As a result, the
moving portion is moved upward. When the volume of
the fluid chamber is larger than a predetermined level,
the moving portion comes into contact with a cooler. As
there is now a distance from the heater, heat transfer
occurs from the moving portion to the cooler. As a result,
the fluid chamber begins to contract and the moving por-
tion moves downward.

[0016] A first embodiment

[0017] Fig. 1 shows a micro-electro-mechanical gen-
erator in accordance with a first embodiment of the
present invention. As shown, the micro-electro-mechan-
ical generator 100 includes a heating plate 12, wall por-
tions 14, a cooling plate 24, a plurality of pins 28, working
fluid 30, a heat transfer member 32, a supporting member
34 and a heat transfer member 32.

[0018] The heating plate 12 is thermally connected to
a heat source (not shown) and a constant high temper-
ature is continuously maintained thereto.

[0019] The wall portions 14 include a first wall portion
14a, a second wall portion 14b and a third wall portion
14c. The first wall portion 14a has an inclined surface 15
which extends from a same height as the heating plate
12 to the supporting member 34. The first wall portion
14a is adapted to surround the heating plate 12. The
second wall portion 14b is positioned on top of the sup-
porting member 34. The third wall portion 14c is formed
on top of the second wall portion 14b, and third wall por-
tion 14c is also adapted to surround the cooling plate 24.
The wall portions 14 are, preferably, made of an adiabatic
material.

[0020] The supporting member 34 supporting ends of
the heat transfer member 32 defines a hermetic fluid
chamber 26 together with the heat transfer member 32,
the first wall portion 14a and the heating plate 12. The
supporting member 34 has flexibility and elasticity such
that it can resiliently deform upward or downward in a
vertical direction, while resiliently supporting ends of the
heat transfer member 32. While vertical upward and
downward movement have been exemplified in this em-
bodiment, it will be apparent to one skilled in the art that
lateral, horizontal, diagonal movements are equally ap-
plicable while staying within the spirit of this invention,
after having the benefit of this disclosure.

[0021] Referring to Fig. 6, the supporting member 34
is equipped with a piezoelectric element, so that the pi-
ezoelectric element generates electricity when the sup-
porting member 34 is deformed. The supporting member
34 and/or the piezoelectric element is electrically con-
nected to an electrical connection means (not shown)
through which the electricity generated in the piezoelec-
tric element is transmitted to the outside of the generator
100.
[0022]

The heat transfer member 32 is a member mov-
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ing up and down. The heat transfer member 32 is heated
by the heating plate 12 and then is cooled by the cooling
plate 24. Accordingly, itis preferable that the heat transfer
member 32 be made of a material having a good heat
transferring property.

[0023] On a bottom surface of the heat transfer mem-
ber 32, the plurality of pins 28 protrude. It is preferable
that the pins 28 be integrally formed with the heat transfer
member 32. It is preferable that the pins 28 be made of
a same material as that of the heat transfer member 32.
A work space 30a represents a space between the pins
28. The pins 28 are so close to each other such that the
fluid 30 charged in a work space 30a does not deviate
from the work space 30a due to capillary phenomenon
of each pin 28. As shown in Fig. 1, it is preferable that a
width of each pin 28 be larger than that of the work space
30a.

[0024] As shown in Fig. 1, when the supporting mem-
ber 34 is in a downwardly deformed position, the fluid 30
in a liquid state kept in the work space 30a is proximate
to the heating plate 12. In this position, heat from the
heating plate 12 is transferred to the pin 28 and the fluid
30.

[0025] Inthe above configuration, the working fluid 30
kept in the work space 30a experiences a phase change
beyond its boiling point by the heat transferred from the
heating plate 12. Increase in vapor pressure due to the
temperature elevation increases the overall pressure
within the fluid chamber 26. As a result, a pressure force
is biased upwardly and the supporting member 34 begins
to rise. When the pressure within the fluid chamber 26
exceeds a predetermined level, the supporting member
34 is deformed upward, generating electricity.

[0026] The heat transfer member 32 supported by the
supporting member 34 comes into contact with the cool-
ing plate 24, as the supporting member 34 is deformed
upward. At that stage, the heat of the fluid chamber 26
is transferred to the cooling plate 24 through the heat
transfer member 32.

[0027] The cooling plate 24 serves to cool the fluid
chamber 26. When the supporting member 34 is de-
formed upward, the heat transfer member 32 contacts
the cooling plate 24 and heat transfer occurs from the
fluid chamber 26 including the work space 30a, to the
cooling plate 24. As a result, the fluid 30 in vapor state
begins to be condensed.

[0028] One operationcycle of the inventive micro-elec-
tro-mechanical generator 100 in accordance with the first
embodiment will now be described.

[0029] Initially, heat is continuously transferred to the
heating plate 12 from the heat source (not shown) by
conduction or any other known method. Although not
specifically illustrated, it will be apparent to one skilled in
the artthata choice of heating means can be easily adapt-
ed to achieve substantially the same function of providing
a source of temperature elevation, after having the ben-
efit of this disclosure.

[0030] Inthe second step, as shownin Fig. 1, the heat-
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ing plate 12 heats the working fluid 30 kept around the
pins 28, i.e. inthe work space 30a. Transferred heat caus-
es a phase change from liquid to vapor in the working
fluid 18. During this procedure, the volume and pressure
of the fluid 30 kept in both the work space 30a and the
hermetic fluid chamber 26, begin rising.

[0031] Inthe third step, when the rising pressure within
the fluid chamber 26 exceeds a preset magnitude, the
supporting member 34 is deformed upward in an instant.
In other words, a snapping action results. Atthatmoment,
the heat transfer member 32 makes contact with the cool-
ing plate 24, as shown in Fig. 2. At the same time, current
is induced in the supporting member 34 made of the pi-
ezoelectric element due to the deformation of the latter.
[0032] In the fourth step, with continued contact with
cold cooling plate 24, heat is depleted from the pins 28
and consequently from work space 30a and the fluid
chamber 26 through the heat transfer member 32 and
the temperature and pressure of the fluid chamber 26
begins decreasing. Further, the fluid 30 in vapor begins
to condense. Simultaneously, relatively hot vapor
charged in the fluid chamber 26 is condensed on the
surface of the pins 28 which have relatively lower tem-
perature than the hot vapor, and the condensed liquid is
kept in the work space 30a between the pins 28 due to
a capillary phenomenon

[0033] Finally, whenthe pressure within the fluid cham-
ber becomes less than the preset level, the supporting
member 34 is snapped downward, and the pins 28 return
to the position adjacent to the heating plate 12, as shown
in Fig. 1. This deformation of the supporting member 34
induces current in the supporting member 34. This com-
pletes one cycle of operation.

[0034] Subsequently, a new cycle of operation begins
with the initial step.

[0035] During a cycle, the supporting member 34
shows a bi-stable behavior. In other words, it alternates
rapidly between two stable positions, one at the down-
ward position and the other at the upward position. Thus,
the two stable positions are relatively fixed with support-
ing member 34 rapidly snapping between the two stable
positions. The rapid deformation of the supporting mem-
ber 34 between the stable upward and downward posi-
tions is referred to herein as "the bi-stable snapping ac-
tion." The bistable snapping action enables the generator
100 to be efficiently operated. Specially, the heat transfer
member 32 travels rapidly when the position change oc-
curs, and one cycle of operation can be completed in a
reduced time interval. This enables production of a larger
amount of electricity for a given period of time.

[0036] Inthe bi-stable snapping action, the heat trans-
fer member 32 is not permitted to stay in a mid-position
between the two stable positions of the supporting mem-
ber 34 where the heat transfer member 32 is alternatively
heated and cooled by the heating plate 12 and the cooling
plate 24. As aresult, there is a reduced possibility for the
heat transfer member 32 to be heated and cooled simul-
taneously. This also enables the supporting member 34
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to convert its position more frequently.

[0037] Figs. 5 and 6 show a bottom view of the heat
transfer member 32 and a top planar view of the support-
ing member 34, respectively. The supporting member 34
has a cutout 34b of a substantial rectangular shape and
slits 34a formed along diagonal lines of the supporting
member 34. In order to allow the supporting member 34
and the heat transfer member 32 to perform the bi-stable
snapping action, the heat transfer member 32 and the
supporting member 34 are assembled together in such
a manner that the heat transfer member 32 is received
by a central portion 34b of the supporting member 34
that has a size smaller than that of the heat transfer mem-
ber 32. As aresult, the supporting member 34 becomes
naturally distorted upward or downward. With this con-
figuration, the heat transfer member 32 and the support-
ing member 34 conduct the bi-stable snapping action.
[0038] The configuration of the pins 28 whereby the
fluid in liquid state can be kept around them enables more
efficientoperation of the generator 100. More specifically,
for efficient cooling action by the cooling plate 24 in the
configuration shown in Fig. 2, condensed liquid is initially
required to be kept near the cooling plate 24 without drop-
ping on the heating plate 12. The capillary force by ad-
jacent pins 28 can prevent this.

[0039] On the other hand, a space defined between
the cooling plate 24 and the heat transfer member 20
may be charged with fluid. The fluid to be charged in that
space may be different from the fluid in the fluid chamber
26 or same fluid as that in the fluid chamber 26. The fluid
charged in the fluid chamber 26 is preferably, pentane
or HFC-134a.

[0040] To achieve maximum efficiency, the optimum
proportional area of heating plate 12 to the area of cooling
plate 24 can be pre-determined by one skilled in the art.
The heating plate 12 and the cooling plate 24 may be
made of materials having suitable conductivity such as
copper, aluminum, gold and the like.

[0041] A second embodiment

[0042] Fig. 3 illustrates a micro-electro-mechanical
generator 200 in accordance with a second embodiment
of the present invention. In this description of the second
embodiment, same reference numerals are designated
for components which are the same as those shown in
connection with the first embodiment and a separate de-
scription thereof are omitted.

[0043] Although the generator 200 is very similar to
the generator 100 in accordance with the first embodi-
ment, it has a configuration different from the generator
100 in terms of the conversion of the thermal energy of
fluid 30 into electric energy.

[0044] As shown, the generator 200 is provided with a
moving member 20 and a supporting member 16 sup-
porting ends of the moving member 20 and formed on
top of the first wall portion 14a. A coil 18 is formed in the
first wall portion 14a and the second wall portion 14b.
[0045] Inthe second embodiment, the moving member
20 functions as a permanent magnet moving up and
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down which is heated by the heating plate 12 and then
is cooled by the cooling plate 24. The moving member
20 is made of a magnet material having a good conduc-
tivity.

[0046] The moving member 20 has a plurality of pins
28 on its bottom surface. Like the first embodiment, the
fluid 30 in a liquid state is placed in the work space 30a
between the pins 28. Further, the pins 28 are, preferably,
made of a same material as that of the moving member
20. It is also preferable that the pins 28 be integrally
formed with the moving member 20.

[0047] The supporting member 16 can be made of a
material with elasticity and flexibility and is adapted to
upward and downward deformation as shown in Figs. 3
and 4. Whenever the supporting member 16 conducts
the snapping action, the moving member 20 is moved
upward or downward.

[0048] In this configuration, moving member 20 makes
arelative movementwith respectto the coil 28 in acycling
between upward and downward snapping action of the
supporting member 16. This allows an electromotive
force to be induced in the coil 28. The current induced in
the coil 28 is transmitted to the outside through an elec-
trical connection means (not shown) through which elec-
tricity induced in coil 18 is transmitted as a source to the
outside of the generator 200. Position of the coil 18 in
the wall portions 14a and 14b is determined by consid-
ering the movements of the moving member 20 so that
greater current can be induced in the coil 18.

[0049] A third embodiment

[0050] Fig. 7 shows a micro-electro-mechanical gen-
erator in accordance with a third embodiment of the
present invention.

[0051] As shown, the micro-electro-mechanical gen-
erator 300 includes a heating plate 312, a first adiabatic
portion 314, a second adiabatic portion 315, a diaphragm
or thin film 316, working fluid 318, a piezoelectric material
320, and a cooling plate 322. In this embodiment, a liquid
working fluid 318 is contemplated.

[0052] The heating plate 312 is thermally connected
to a heat source (not shown) and a constant high tem-
perature is continuously maintained thereto.

[0053] The first adiabatic portion 314 is provided with
a lower portion 314a adapted to be adjacent and sur-
rounding the heating plate 312 at a vertical level flush
therewith, and a wall 314b extending vertically upward
from the ends of the lower portion 314a. The heater 312,
the lower portion 314a, the wall 314b and the thin film
316 define a sealed space having a volume therein.
[0054] More specifically, the thin film 316 is adapted
on an upper surface of the wall 314b; and the thin film
316, the wall 314b, the lower portion 314a and the heating
plate 312 define a hermetical fluid chamber 328. The thin
film 316 has aflexible central portion 316a that can move
up and down. The fluid chamber 328 confines working
fluid 318 so that the working fluid 318 is exposed to the
heating plate 312. The working fluid 318 is not required
to charge the entire volume of the fluid chamber 328 and
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it is preferable that working fluid 318 be partially charged
in the fluid chamber 328.

[0055] Intheabove configuration, a portion of the work-
ing fluid 318 experiences a phase change beyond its boil-
ing point by the heat transferred from the heating plate
312. Increase in vapor pressure due to the high temper-
ature increases the overall pressure within the fluid
chamber 328. As a result, the central portion 316a of the
thin film 316 is pushed upwardly.

[0056] The piezoelectric material 320 is adapted
above the thin film 316 such that there is a distinct sep-
aration from the thin film 316. As pressure pushes the
central portion 31643, it too presses the piezoelectric ma-
terial 320 during its upward movement. The pressing
force of the fluid chamber 328 that is exerted to the pie-
zoelectric material 320 by the central portion 316a of the
thin film 316 is converted to electric energy by the piezo-
electric material 320. The increase of pressure within the
fluid chamber 328 pushes the central portion 316a up-
wards, resulting in the central portion 316a pressing the
piezoelectric material 320, with piezoelectric material
320 generating electricity.

[0057] The second adiabatic portion 315 is adapted
between the piezoelectric material 320 and the thin film
316 to increase the heat insulation effect of the fluid
chamber 328.

[0058] The cooling plate 322 is adapted on an upper
surface of the piezoelectric material 320. The cooling
plate 322 serves to keep the piezoelectric material 320
in a low temperature state.

[0059] With this configuration, the thin film 316 is ini-
tially deformed upward to press piezoelectric material
320 to generate electricity, and continued contact by the
thin film 316 against piezoelectric material 320 allows the
heat of the thin film 316 to be transferred to the cooling
plate 322 through the piezoelectric material 320. The
heat transfer results in lowering of the temperature
around the central portion 316a of the thin film 316 and
consequently, the pressure within the fluid chamber 328
is also lowered, allowing the central portion 316a to begin
descending.

[0060] An operation of the inventive micro-electro-me-
chanical generator 300 in accordance with the third em-
bodiment will now be described.

[0061] Initially, heat is continuously transferred to the
heating plate 312 from the heat source (not shown).
[0062] In the second step, the transferred heat ele-
vates the temperature of the working fluid 318 and a
phase change from liquid to vapor occurs in a portion of
the working fluid 318. During this procedure, the volume
and pressure of the fluid in vapor within the hermetic fluid
chamber 328, begin rising.

[0063] In the third step, the increased pressure up-
wardly deforms the thin film 316 to allow the central por-
tion 316a to be raised. The central portion 316a is con-
tacted to the piezoelectric material 320 keptin a low tem-
perature state by the cooling plate 322.

[0064] Inthe fourth step, the pressure being increased
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presses against the piezoelectric material 320. On being
depressed, the piezoelectric material 320 converts the
pressing force into electric energy.

[0065] Finally, heat is depleted from the upper portion
of the fluid chamber 328 including the thin film 316 to the
cooling plate 322. As a result, the pressure in the fluid
chamber 328 is lowered and the central portion 316a of
the thin film 316 moves downward to its initial position.
[0066] A fourth embodiment

[0067] Fig. 8 shows a micro-electro-mechanical gen-
erator 400 in accordance with a fourth embodiment.
[0068] The micro-electro-mechanical generator 400
shown in Fig. 8 is similar to the generator 300 in accord-
ance with the third embodiment, except that in this fourth
embodiment, the working fluid 430 in the fluid chamber
428 is preferably, a gas.

[0069] In the fourth embodiment, the volume change
of the fluid chamber 428 is caused by direct volume ex-
pansion of the gas itself, unlike the third embodiment
where the phase change from liquid to vapor generates
the volume change in fluid chamber 328. Accordingly, a
response delay due to the phase change when liquid is
used as the working fluid is absent in the micro-electro-
mechanical generator 400.

[0070] Further, the micro-electro-mechanical genera-
tor 300 may show a performance difference depending
on its spatial posture, i.e. whether the generator is in a
tilted state or not, whereas the micro-electro-mechanical
generator 400 can provide a constant output regardless
of its position.

[0071] A fifth embodiment

[0072] Fig.9illustrates the inventive micro-electro-me-
chanical generator 300 in accordance with the fifth em-
bodiment.

[0073] Although the generator 500 is nearly similar to
the generator 300 in accordance with the third embodi-
ment, it has a configuration different from the generator
300 in terms of the conversion of the thermal energy of
fluid into electric energy. As shown, the generator 500 in
accordance with the fifth embodiment is provided with a
permanent magnet 526 formed on top of a thin film 516,
and a coil 524 is adapted above the permanent magnet
526. In this configuration, the permanent magnet 526
makes a relative movement with respect to the coil 524
with the upward and downward deformation of the thin
film 516. This allows an electromotive force to be induced
in the coil 524. The permanent magnet 526 comes into
contact with the cooling plate 522 adapted on top of coll
524 during its upward movement through the coil 524.
[0074] The graph in Fig. 10 plots performance curves
for the micro-electro-mechanical generator 300 in ac-
cordance with the third embodiment using piezoelectric
material 320 and liquid working fluid 318, where the
change of pressure P exerted on the piezoelectric mate-
rial by the thin film, and the consequent change of output
voltage V, are shown with respect to time change T.
[0075] The inventive micro-electro-mechanical gener-
ator may use waste heat from a power plant, a chemical
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plant, an incinerator, etc., as its energy source. When it
is made in a miniature size, it may be applied as the main
power source or supplementary power source for a mo-
bile phone, a personal digital assistant (PDA), a lap top
computer or a DNA chip, using for instance, body heat
or solar heat as thermal energy source.

[0076] While the present invention has been shown
and described with respect to the particular embodi-
ments, it will be apparent to those skilled in the art that
many exchanges and modifications may be made without
departing from the scope of the invention as defined in
the appended claims.

Summarized, the invention provides a micro-electro-me-
chanical generator has a housing, a heater, a cooler, a
heat transfer member, a supporting member, and fluid.
The heater is formed in the housing and the cooler is
formed in the housing opposite to the heater. The heat
transfer member is positioned between the heater and
the cooler and is provided with a first surface facing the
heater and a second surface facing the cooler. The sup-
porting member supports the heat transfer member at an
external portion of the heat transferring member and is
deformable between a first position where the heat trans-
ferring member is positioned adjacent to the heater, and
a second position where the heat transferring member
is positioned adjacent to the cooler. The supporting mem-
ber also partitions the housing into a sealed first space
at a side of the heater and a second space at a side of
the cooler. The fluid is charged in the sealed first space.
Electric energy is obtained whenever the deformation of
the supporting member provided with a piezoelectric el-
ement.

Claims

1. A micro-electro-mechanical generator (100, 200,
300), comprising:

a housing (14, 314, 315);

a heating means (24, 322) disposed within said
housing (14, 314, 315);

a cooling means (12, 312) disposed within said
housing (14, 314, 315), and opposite to said
heating means (12, 312);

a heat transfer member (20, 32, 316a) posi-
tioned between said heating means (12, 312)
and said cooling means (24, 322), the heat
transfer member (20, 32, 316) having a first sur-
face facing said heating means (12, 312) and a
second surface facing said cooling means (24,
322);

a supporting member (16, 34, 316) supporting
said heat transfer member (20, 32, 316a) at an
external portion of said heat transfer member
(20, 32, 316a) and being deformable between a
first position wherein said heat transfer member
(26, 32, 316a) is positioned adjacent to said
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heating means (12, 312), and a second position
wherein said heat transfer member (20, 32,
316a) is positioned adjacent to said cooling
means (24, 322), and the supporting member
(16, 34, 316) partitioning said housing (14, 314,
315) into a sealed first space (26, 328) at a side
of said heating means (12, 312) and a second
space at a side of said cooling means (24, 322),
wherein the sealed first space (26, 328) and sec-
ond spaces, respectively, are adapted to be
charged with a first fluid (30, 318) and a second
fluid; and

a power-generating means generating electric-
ity by using said deforming action by said sup-
porting member (16, 34, 316).

2. The micro-electro-mechanical generator (100, 200)
of Claim 1, wherein said power-generating means
comprises a piezoelectric element provided in said
supporting member (16, 34).

3. The micro-electro-mechanical generator (200) of
Claim 1, wherein said power-generating means
comprises said heat transfer member (20) and a coll
(18) disposed in said housing (14), wherein said heat
transfer member (20) is a permanent magnet.

4. The micro-electro-mechanical generator (100, 200,
300) of Claim 1, wherein said first fluid (30, 318) is
heated by said heating means (12, 312) to its boiling
point and is cooled by said cooling means (24, 322)
to condensation.

5. The micro-electro-mechanical generator (100, 200)
of Claim 1, wherein said heat transfer member (20,
32) further comprises a plurality of pins (28), the pins
(28) maintaining said first fluid (30) in a liquid state
with a capillary action therebetween.

6. The micro-electro-mechanical generator (100, 200,
300) of Claim 1, wherein said supporting member
(34, 316) is alternatively deformed in a bi-stable
shapping action wherein said first position and said
second position of said supporting member (34, 316)
are two stable positions.

7. The micro-electro-mechanical generator (100, 200,
300) of Claim 1, wherein said first fluid (30, 318) is
selected from the group consisting of pentane and
HFC-134a.

Patentanspriiche

1. Mikroelektromechanischer Generator (100, 200,
300), umfassend:

ein Gehause (14, 314, 315);
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ein Heizmittel (12, 312), das in dem Gehause
(14, 314, 315) angeordnet ist;

ein Kuhlmittel (24, 322), das in dem Gehéause
(14, 314, 315) und dem Heizmittel gegeniiber
angeordnet ist;

ein Warmeubertragungselement (20, 32, 316a),
das zwischen dem Heizmittel (12, 312) und dem
KuhImittel (24, 322) angeordnet ist, wobei das
Warmelbertragungselement (20, 32, 316a) ei-
ne erste Flache aufweist, die dem Heizmittel (12,
312) zugewandt ist, und eine zweite Flache auf-
weist, die dem Kihimittel (24, 322) zugewandt
ist;

ein Stltzelement (16, 34, 316), welches das
Warmelbertragungselement (20, 32, 316a) an
einem auReren Abschnitt des Warmeubertra-
gungselements (20, 32, 316a) stitzt und zwi-
schen einer ersten Position, in der sich das War-
melbertragungselement (20, 32, 316a) neben
dem Heizmittel (12, 312) befindet, und einer
zweiten Position, in der sich das Warmeubertra-
gungselement (20, 32, 316a) neben dem Kihl-
mittel (24, 322) befindet, verformbar ist, und wo-
bei das Stltzelement (16, 34, 316) das Gehause
(14, 314, 315) in einen abgedichteten ersten
Raum (26, 328) auf einer Seite des Heizmittels
(12, 312) und einen zweiten Raum auf einer Sei-
te des Kuhimittels (24, 322) unterteilt, wobei der
abgedichtete erste Raum (26, 328) und der
zweite Raum jeweils dazu ausgebildet sind, mit
einem ersten Fluid (30, 318) bzw. einem zweiten
Fluid beaufschlagt zu werden; und

ein Stromerzeugungsmittel, das durch Nutzung
der Verformungsarbeit durch das Stitzelement
(16, 34, 316) Elektrizitat erzeugt.

Mikroelektromechanischer Generator (100, 200) ge-
maf Anspruch 1, wobei das Stromerzeugungsmittel
ein piezoelektrisches Element umfasst, das in dem
Stutzelement (16, 34) angeordnet ist.

Mikroelektromechanischer Generator (200) geman
Anspruch 1, wobei das Stromerzeugungsmittel das
Warmelbertragungselement (20) und eine Spule
(18), die in dem Gehause (14) angeordnet ist, um-
fasst, wobei das Warmeibertragungselement (20)
ein Dauermagnet ist.

Mikroelektromechanischer Generator (100, 200,
300) gemaR Anspruch 1, wobei das erste Fluid (30,
318) durch das Heizmittel (12, 312) auf seinen Sie-
depunkt erhitzt wird und durch das Kuhimittel (24,
322) bis zur Kondensation abgekuhlt wird.

Mikroelektromechanischer Generator (100, 200) ge-
maRk Anspruch 1, wobei das Warmelbertragungs-
element (20, 32) des Weiteren mehrere Stifte (28)
umfasst, wobei die Stifte (28) das erste Fluid (30) in
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einem flissigen Zustand halten und zwischen ihnen
eine Kapillarwirkung besteht.

Mikroelektromechanischer Generator (100, 200,
300) gemalt Anspruch 1, wobei das Stitzelement
(34, 316) alternativ in einer bi-stabilen Schnappak-
tion verformt wird, wobei die erste Position und die
zweite Position des Stiitzelements (34, 316) zwei
stabile Positionen sind.

Mikroelektromechanischer Generator (100, 200,
300) gemaf Anspruch 1, wobei das erste Fluid (30,
318) aus der Gruppe bestehend aus Pentan und
HFC-134a ausgewahlt ist.

Revendications

Générateur microélectromécanique (100, 200, 300),
comprenant :

un boitier (14, 314, 315) ;

un moyen de chauffage (12, 312) disposé a I'in-
térieur dudit boitier (14, 314, 315);

un moyen de refroidissement (24, 322) disposé
alintérieur dudit boitier (14, 314, 315) eten face
dudit moyen de chauffage (12, 312) ;

un élément de transfert de chaleur (20, 32, 316a)
positionné entre ledit moyen de chauffage (12,
312) etleditmoyen de refroidissement (24, 322),
I'élément de transfert de chaleur (20, 32, 316)
ayant une premiére surface faisant face audit
moyen de chauffage (12, 312) et une seconde
surface faisant face audit moyen de refroidisse-
ment (24, 322) ;

un élément de support (16, 34, 316) supportant
ledit élément de transfert de chaleur (20, 32,
316a) au niveau d’'une partie externe dudit élé-
ment de transfert de chaleur (20, 32, 316a) et
étant déformable entre une premiére position
dans laquelle ledit élément de transfert de cha-
leur (20, 32, 316a) est positionné adjacent audit
moyen de chauffage (12, 312) et une seconde
position dans laquelle ledit élément de transfert
de chaleur (20, 32, 316a) est positionné adja-
cent audit moyen de refroidissement (24, 322),
et I'élément de support (16, 34, 316) divisant
ledit boitier (14, 314, 315) en un premier espace
fermé hermétiquement (26, 328) d’'un cété dudit
moyen de chauffage (12, 312) et en un second
espace d’'un cété dudit moyen de refroidisse-
ment (24, 322), dans lequel le premier espace
fermé hermétiquement (26, 328) et le second
espace, respectivement, sont aptes a étre char-
gés d'un premier fluide (30, 318) et d’'un second
fluide ; et

un moyen de production de puissance produi-
sant de I'électricité en utilisant ladite action de
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déformation dudit élément de support (16, 34,
316).

Générateur microélectromécanique (100, 200) se-
lon la revendication 1, dans lequel ledit moyen de
production de puissance comprend un élément pié-
zoélectrique installé dans ledit élément de support
(16, 34).

Geénérateur microélectromécanique (200) selon la
revendication 1, dans lequel ledit moyen de produc-
tion de puissance comprend ledit élément de trans-
fert de chaleur (20) et un enroulement (18) disposé
dans ledit boitier (14), dans lequel ledit élément de
transfert de chaleur (20) est un aimant permanent.

Geénérateur microélectromécanique (100, 200, 300)
selon la revendication 1, dans lequel ledit premier
fluide (30, 318) est chauffé par ledit moyen de chauf-
fage (12, 312) jusqu’a son point d’ébullition et est
refroidi par ledit moyen de refroidissement (24, 322)
jusqu’a condensation.

Geénérateur microélectromécanique (100, 200) se-
lon la revendication 1, dans lequel ledit élément de
transfert de chaleur (20, 32) comprend en outre une
pluralité de tiges (28), les tiges (28) maintenant ledit
premier fluide (30) dans un état liquide au moyen
d’'un effet de capillarité entre celles-ci.

Générateur microélectromécanique (100, 200, 300)
selon la revendication 1, dans lequel ledit élément
de support (34, 316) est alternativement déformé
sous un effet de ressort bistable dans lequel ladite
premiére position et ladite seconde position dudit
élément de support (34, 316) sont deux positions
stables.

Générateur microélectromécanique (100, 200, 300)
selon la revendication 1, dans lequel ledit premier
fluide (30, 318) est choisi parmi le groupe consistant
en pentane et en HFC-134a.
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