-1- M N ATURI SED RELAY AND CORRESPONDI NG USES
DESCRI PTION 5 Field of the invention This invention
relates to a mniaturised relay. The invention al so
10 refers to different uses for mniaturised rel ays
according to the invention. State of the art 15
Currently there are various alternatives for the
production of mniaturised rglays, in particular, in
the context of technol ogi es known as MEMS technol ogy
(mcro el ectro-nmechani cal systerrs) M crosyst ens
and/ or M cromachi nes Ci such maK' be
classified WHWNR'ﬁEDt%EVE\éA @RBfESPSNFH & USES
actuation nechanismthey use to nove the contact 20
el ectrode. The classification usually applied is thus
bet ween el ectrostatic, nagnetic, thermal and
pi ezoel ectric relays. Eaglpgugphasnits advantages and
its drawbacks. However miniaturisation techniques
require the use of activation voltages and surfaces
which are as snall as possible. Relays known in the
state of the art have several problens inpeding their
advahigld offe injentigns respect. A manner of reducing the
activation voltage is precisely to increase the relay
surface areas, which renders mniaturisation .
di f fi cul t Thigdeyentien seiptepdp ryminialdiiesd/elayo The invention also
fpPpe i i
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anot her solution for 30 decr easi ng the activation
voltage is to greatly reduce the space between the
el ectrodes, or use very thin electrodes or speci al
mat eBlaig ef theartt hat the mechani cal recovery force is
very | ow. However this inplies problens of sticking,
since capillary forces are very high, which thus al so
teduces tQurrertly these varewmanidusg altemetivesd fare theapreduciioro f of
thesg hlﬁhﬁé@% reldy§, i rf?cfulé?' Ww@céo'ni’e% oPﬂechH&E%?Q%ﬁown as
al so has negati ve eftfects such as 1onisation
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necr]?rﬂl&ﬂhic?o%éc‘ﬁlntegt 'IrPBrir?dﬂ%l glﬁ'& r%{? Bb Ela‘ésiﬁé‘c@b&%r&iﬁé Fdjthe
the rel ay generates.

type of force or actuation mechanism they use to move the contact

20 electrode. The classification usually applied is thus between electrostatic,
magnetic, thermal and piezoelectric relays. Each one has its advantages
and its drawbacks. However miniaturisation techniques require the use of
activation voltages and surfaces which are as small as possible. Relays
known in the state of the art have several problems impeding their advance

- 25 inthis respect.

A manner of reducing the activation voltage is precisely to increase
the relay surface areas, which renders miniaturisation difficult, apart from
being conducive to the appearance of deformations reducing the useful life
and reliability of the relay. In electrostatic relays, another solution for
30 decreasing the activation voltage is to greatly reduce the space between
the electrodes, or use very thin electrodes or special materials, so that the
mechanical recovery force is very low. However this implies problems of

sticking, since capillary forces are very high, which thus also reduces the




5 Electrostatic relays al so have a significant problem
as toreliability, due to the phenonenon known as
“pull-in", and which consists in that, once a given

t hreshol d has been passed, the contact el ectrode noves
in increasing acceleration against the other free

el ectrode. This is due to the fact that as the relay
cl oses, the condenser which exerts the electrostatic
10 force for closing, greatly increases its capacity
(and would increase to infinity if a stop mere not
|nposed beforehand) Consequently there is
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switching. In this specification rel shoul
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whi ch™at | east one external electric circu
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an eél@&]’fdo%%grb%h‘éx&ds%ﬂm In the present description
and clalns the expression "contact point" has been

lsed to rEfssmal, gnagnatiacand piczaeleslric rappriasheamealiec speial
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and requires high peak currents for switching.
In this specification relay should be understood to be any device
suitable for opening and closing at least one external electric circuit, in
25  which at least one of the external electric circuit opening and closing
actions is performed by means of an electromagnetic signal.
in the present description and claims the expression "contact point"
has been used to refer to contact surfaces in which an electric contact is
made (or can be made). In this respect they should not be understood as
30  points in the geometric sense, since they are three-dimensional elements,

but rather in the electric sense, as points in an electric circuit.

Summary of the invention




5 - afirst zone facing a second zone, - a first
condenser plate, - a second condenser plate arranged
in the second zone, in which the second plate is
smal l er than or equal to the first plate, - an
‘internedi ate space arranged between the first zone and
the 10 second zone, - a conductive el enent arranged
in the intermedi ate space, thg. conductive el enent
bei ng nmechani cal ly i ndependent of the first zone and

t he second zone and being suitable for performng a
nmovenent across the internedi ate space dependant on
vol tages present in the first and second 15 condenser

pl ates, -Tge fbsjedtiveOnt aht PRIsBht Ghverflo®! RCYS | Svercome the
circuit, a second contact_point of the electric
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is suitable for entering into contact wth the first
st ops and- # firshEPrenfacing asssaREEoNBe el enent cl oses the

el ectric . ZBrsEléfdénbefifB, i n contact with the first
stops. In fact in the relay according to the invention
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electric circuit (across the first contact point and

t he secondan ddamrdiatpSiracg arpeged belwsendbe Sissttzopg sl e
f NRoRYzbhsel y. Le. the elastic 25 force of the
material Is not being used to force one of the relay
nmovenent s @ qadyctive) elgment grrangad iny ther indemniesadespace, the
sol Uédn‘aﬂéhveaélémgﬁnﬁélﬁ H&h&‘ia@ﬂ}/ iRGepeRd @rgfatﬁg it zone and
needi ng very low activation vo es an OW ng ver
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gesugrrgaltm & &‘?ﬁ’ﬂ\n}ﬂﬁ%é ﬂspﬁbﬁé | below this effect

use I n sever
In fact in the relay according to the invention the conductive

element, which is to say the element responsible for opening and closing
the external electric circuit (across the first contact point and the second
contact point), is a detached part capable of moving freely. l.e. the elastic
25  force of the material is not being used to force one of the relay movements.
This allows a plurality of different solutions, all benefiting from the
advantage of needing very iow activation voltages and allowing very small
design sizes. The conductive element is housed in the intermediate space.
The intermediate space is closed by the first and second zone and by
30 lateral walls which prevent the conductive element from leaving the
intermediate space. When voltage is applied to the first and second
condenser plate charge distributions are induced in the conductive element

which generates electrostatic forces which in tumn move the conductive



di fferent ways. Additionally, a relay according to the
invention |ikew se satisfactorily 5 resolves the
previously nentioned problemof "pull-in". Another
addi ti onal advantage of the relay according to the
invention is the followi ng: in conventiona

el ectrostatic relays, if the conductive el enent
sticks in a given position (wWhich depends to a great
extent, anong other factors, on the humdity) there
i's no possible manner of unsticking it 10 (except by
external neans, such as for exanple drying it) since
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rectil i neaf manner excl udi ng or course possi b
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first and 'second zones. - second possi bi
t hat cansecipengigoteny @tleltSerreﬁt rellﬂyv aceprding B@ttaﬁt ﬁnwntspn It will
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this appro a range SpecCi ¥CUE vant ages. -
t hi ri@ll@m& bility is that t he conduct ive el enent rmve

000 on 2 PASTRNE 6 CREOE AcRrBURERC ek ony e
secaointtrediats, spartuwét @yravhénelmc\tmm,at gc ifior cepstantially
rectilinear manner (excluding of course possible shocks or oscillations
and/or movements provoked by unplanned and undesired external forces)
between the first and second zones.
25 - & second possibility is that the conductive element have a
substantially fixed end, around which can rotate the conductive element.
The rotational axis can serve the function of contact point for the external
electric circuit and the free end of the conductive element can move
between the first and second zones and make, or not make, contact with
30 the other contact point, depending on its position. As will be outlined
below, this approach has a range of specific advantages.
- a third possibility is that the conductive element move along the

intermediate space with a movement that combines a travelling movement
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generated, and a novenent that is perpendicular to the
former, induced by a Coriolis force. This solution
will be described in greater detail bel ow.

Advant ageously the first contact point is between the
second zone 5 and the conductive element. This all ows
a range of solutions to be obtained, discussed bel ow
A preferabl e enbodi ment is achieved when the first
plate is in the second zone. Alternatively the relay
can be designed so that the first plate is in the
flrsé zone. In the first case a relay is obtaine
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ci r cisifgwer; {OnescarhekMgyshiochepp® gewenaxyé adievether alernatives
fi 1 SeRNEingYnIAE sﬁ&fﬁ@@éﬁlﬁenﬁ%rﬁ‘é ﬁrseagp;lz:'ﬁe causes the

conducti ve el enent be attracted toward the second
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be attracted toward the second zone, again contacting the first and second
25  contact point.

Should the fist condenser plate be in the first zone and the second
condenser plate in the second zone, a manner of achieving the necessary
force to open the circuit cited in the above paragraph is by means of the
addition of a third condenser plate arranged in the second zone, in which

30  the third condenser plate is smaller than or equal to the first condenser
plate, and in which the second and third condenser plates are, together,
larger than the first condenser plate. With this arrangement the first
condenser plate is to one side of the intermediate space and the second




_6_ and third condenser plates are to the other side
of the internedi ate space and close to one another.
In this manner one can force the novenent of the
conductive elenent in both directions by neans of

. electrostatic forces and, in addition, one can
guarantee the closing of the external electric 5
circuit even though the condugtor element renmins at a
voltage in principle wunknown, which will be forced by
the external circuit that is closed. Another

pref erabl e enbodi nent of the invention is achieved
whena@ng Hrdrangdgnsen glatesonrg) tpyihe oHisr sisleof dhe intermediate space
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adva% a5t HE first zone. Advantageously the first, second, third and fourth
25 condenser plates are all equal with respect to one another, since generally
it is convenient that in its design the relay be symmetrical in several
respects. On one hand there is symmetry between the first and second
zone, as commented above. On the other hand it is necessary to retain
other types of symmetry to avoid other problems, such as for example the
30  problems of rotation or swinging in the conductive element and which will
be commented upon below. In this respect it is particularly advantageous
that the relay comprise, additionally, a fifth condenser plate arranged in

the first zone and a sixth condenser plate arranged in the second zone, in




that the relay conprise, additionally, a fifth
condenser plate arranged in the first zone and a

si xth condenser plate arranged in the second zone, in
-7 which the fifth condenser plate and the sixth
condenser plate are equal to each other. On one hand
i ncreasi ng the nunber of condenser plates has the
advant age of better conpensating manufacturing
variations. On the other, the several different

pl ates can be activated independently, both 5 fromthe
poi nt of view of voltage applied as of activation
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- in particular if the relay has six condenser plates in each zone, it

can in addition comply with the requirement of central symmetry which, as

we shall see below, is another significant advantage. Therefore another

preferable embodiment of the invention is obtained when the relay

25 comprises six condenser plates arranged in the first zone and six

-condenser plates arranged in the second zone. However it is not

absolutely necessary to have six condenser plates in each zone to achieve

central symmetry: it is possible to achieve it as well, for example, with three

condenser plates in each zone, although in this case one must forego

30 minimising current and power consumption and optimising the "smooth"

functioning of the relay. In general, increasing the number of condenser

plates in each zone allows greater flexibility and versatility in the design,

whilst it allows a reduction of the variations inherent in manufacture, since




30 mnimsing current and power consunption and
optimsing the "snooth" functioning of the relay. In
general, increasing the nunber of condenser plates in
each zone allows greater flexibility and versatility
in the design, whilst it allows a reduction of the
vari ations inherent in manufacture, since the

manuf acturing variations of each of the plates wll
tend to be conpensated by the variations of the

remai ning plates. However it should not be discounted
that in certain cases it can be |nterest|ng
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pomt In this case the relay acts as a commuter, alternately connecting the

~ second contact point with the first contact point and with the third contact
25  point.

A particufarly advantageous embodiment of the previous example is
achieved when the conductive element comprises a hollow cylindrical part
which defines a axis, in the interior of which is housed the second contact
point, and a flat part which protrudes from one side of the radially hollow

30  cylindrical part and which extends in the direction of the axis, in which the
flat part has a height, measured in the direction of the axis, which is less
than the height of the cylindrical part, measured in the direction of the axis.

This specific case complies simultanecusly with the circumstance that the




point, and a flat part which protrudes from one side
of the radially hollow 30 cylindrical part and which
extends in the direction of the axis, in which the
flat part has a height, neasured in the direction of
the axis, which is less than the height of the
cylindrical part, neasured in the direction of the
axis. This specific case conglies sinultaneously wth
the circunstance that the -9- conductive el enent
performa rotational novenent around one of its ends
(cf. the "second POSSIbI|Ity ci ted above).
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15he qahbnduhenﬂapgslaqzml m thls case the resolution capacuty of the
manufacturing process (in particular in the case of the photolithographic
procedures) obliges the use of straight lines. In both cases it should be
emphasised that the determining geometry is the geometry of the interior
hollow and that, in fact, several different combinations are possible:

30 - axis (second contact point) having a rectangular section and
hollow with rectangular section,

- axis having a circular section and hollow having a circular section,




procedures) obliges the use of straight lines. In both
cases it should be enphasised that the determ ning
geonetry is the geonetry of the interior hollow and
that, in fact, several different conbinations are
possi ble: 30 - axis (second contact point) having a
rectangul ar section and hollow with rectangul ar
section, - axis having a circylar section and hol | ow
having a circular section, -10- - axis having a
circul ar section and hollom1having a rectangul ar
section and vice versa, although the first two
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centglectod cmuﬂses of t he conduct ive elenent. In fact,

Advantageously each of the assemblies of condenser plates

arranged in each of the first zone and second zone is centrally symmetrical
with respect to a centre of symmetry, in which said centre of symmetry is
25  superposed to the centre of masses of the conductive element. In fact,
each assembly of the condenser plates arranged in each of the zones
generates a field of forces on the conductive element. If the force resulting
from this field of forces has a non nil moment with respect to the centre of
masses of the conductive element, the conductive element will not only
30 undergo travel but will also undergo rotation around its centre of masses.
In this respect it is suitable to provide that the assemblies of plates of each
zone have central symmetry in the case that this rotation is not

advantageous, or on the other hand it could be convenient to provide
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each assenbly of the condenser plates arranged in each
of the zones generates a field of forces on the
conductive elenent. If the force resulting fromthis
field of forces has a non nil nonment with respect to
the centre of masses of the conductive el enent, the

conductive elenent will not only 30 undergo travel but
wi Il also undergo rotation argund its centre of
masses. In this respect it is suitable to provide

that the assenblies of plates of each zone have

central symretry in the case that this rotation is not
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Likewise, should the conductive element have an upper face and a
25 lower face, which are perpendicular to the movement of the conductive
“element, and at least one lateral face, it is advantageous that the lateral
face have slight protuberances. These protuberances will further allow
reduction of sticking and frictional forces between the lateral face and the
lateral walls of the intermediate space.
30 Advantageously the conductive element is holiow. This allows
reduced mass and thus achieves lower inertia.
Should the relay have two condenser plates (the first plate and the

second plate) and both in the second zone, it is advantageous that the first




Li kewi se, should the conductive el enent have an upper
face and a 25 |lower face, which are perpendicular to
t he novenent of the conductive elenent, and at | east
one lateral face, it is advantageous that the | atera
face have slight protuberances. These protuberances
will further allow reduction of sticking and
frictional forces between thediateral face and the
|ateral walls of the internmedi ate space. 30

Advant ageously the conductive elenent is hollow This
allows reduced nass and thus achieves | ower inertia.
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vol t(a@Blf applhyerdeans Qfl‘aegluemdeltageraqmllled tsthe condenser plates a
force is generated which counteracts the former and the external electric
circuit is again closed (or vice versa, i.e., it is necessary to apply a voltage
to maintain the electric circuit open whilst the physical magnitude which
25  one wishes to study tends to close the circuit). The determination of the
voltage required allows determination of the physical magnitude one
wishes to measure. In general, miniaturisation allows the inclusion of
several sensors simultaneously, which increases the reliability of the
corresponding determination. The increase in reliability is due to the
30  possibility that these different sensors measure the same magnitude, and
subsequently one calculates the mean. A particularly advantageous
alternative is obtained by arranging a relay according to the invention with

electric contacts in both zones, i.e. three or four contacts in total, since in




force is generated which counteracts the forner and
the external electric <circuit is again closed (or
vice versa, i.e., it is necessary to apply a voltage
to maintain the electric circuit open whilst the
physi cal magni tude which 25 one wi shes to study tends
to close the circuit). The determ nation of the

vol tage required allows detergination of the physica
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t endrefemence chamber. A specific example of this type of sensor would be a
microphone.

25 Flow sensor: if the conductive element has an aperture through
which can pass a current of fiuid or if it has an extension which is immersed
in a current of fluid, a relay according to the invention can be used as flow
sensor. As in the above examples, by means of a given voltage applied to
the condenser plates one can counteract the force generated by the

30  physical magnitude one wishes to measure, in this case the hydraulic or
aerodynamic force generated by the fluid current. As in the above case
concerning the pressure sensor, the fluid cannot however be an electrical

conductor.




20 open (or close) the electric circuit. The voltage
necessary to again achieve closing (opening) of the
circuit allows measure of the pressure of said fluid
or, specifically, the difference of pressure between
said fluid and the reference chanber. A specific
exanpl e of this type of sensor would be a m crophone.
25 Flow sensor: if the conductjve el ement has an
aperture through which can pass a current of fluid or
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t he ; i a
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dire
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di fft%r ecﬂtect‘ijdnaﬁt‘s}t F W aH g{c%vave so that it can be directed according

to requirements without having to change the geometric distribution of the

relays. The presence of the electric contacts allows a determination of the
25 exact moment in which the shock of the conductive element with the
corresponding stops takes place.

Detector of Coriolis forces (usually known as gyrostats). These
detectors determine the rotational speed of an object by determining the
Coriolis force. To do so one needs a relay having condenser plates

30 arranged in the first zone and in the second zone, and contact points
arranged in an axis perpendicular to the first zone-second zone axis. The
conductive element should be in continual movement from one end to the

other so that it is always provided with a given velocity, which will depend




dephased with respect to tine to obtain a

mul tidirectional wave. It is also possible to contro
directionality by controlling the precise nonent in
whi ch 20 each relay is activated, which is to say, by
controlling the relative tenporal dephases between
the relays. In this manner one can dynam cally change
the directionality of the acqustic wave, so that it
can be directed according to requirenents wthout
havi ng to change the geonetric distribution of the

relays. The presence of the electric contacts allows a
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pr opeaoncemntration 2f ssudcyas, i iﬁblstd)ang&aln mass influences the activation
voltage, as well as the time lapse in moving from one end to another. Gas

25  concentration can thus be determined.

In general, in all sensors cited above one can determine the
corresponding magnitude by detecting in each case what is the minimum
voltage necessary to switch the relay, or detect which is the switching time
for a fixed applied voltage. In general it is easier to detect the switching

30 time, since it can be increased very simply using digital technology, whilst
generating variable voltages implies using analog circuits. However when

detecting the voltage which switches the relay, there is the advantage that




conductive el ement. Sensors of this type can be
i ncl uded sinultaneously in three perpendicul ar
di rections, which allows any rotation in space to be
determ ned. Gas sensor. Should the conductive el ement
be of a material 20 capable of reacting and/or
absor bi ng nol ecul es of a given gas (or should such
materi al ‘be incorporated in tfye conductive elenent) a
conductive elenment is obtained having a variable mass
depending on the concentration of said gas. This
chan mass i nf|uences the activation voltage,
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the contact points, and thus determination is possible. Knowing which of
the electric circuits was used for said determination gives the direction. It
25  should be observed that, to use the relay as magnetic field detector the
electric circuit should be closed and a sufﬁciehtly high electric current
should be passed through the conductive element for it to experience the
corresponding magnetic force. In fact, when the magnetic field opens the
electric circuit, electric current will cease to pass through the conductive
3¢ element and the magnetic force will disappear, and thus the conductive
element will again come into contact with the electric contact points, since
the electrostatic field will remain active. Some time should thus be allowed

to run before re-establishing the electric current and the conductive




15 that all spatial conponents of the magnetic field
can be determned, the entire nmagnetic field can be
deternmined. If the relay has electric contact points
both in the first zone and in the second, such that

two external electric circuits can be closed, then
with one relay a spatial conponent of the magnetic
field can be determ ned, irregpective of its

direction, since if 20 the conductive elenent is in

one zone, the magnetic field will tend to press it

agai nst the contact points instead of separating it,
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the electric current and the conductive 17 el enent
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Figure 3, a simplified diagram of a relay with three condenser

plates;
25 Figure 4, a perspective view of a first embodiment of a relay
according to the invention, uncovered;
Figure 5, a plan view of the relay of figure 4;
Figure 6, a perspective view of a second embodiment of a relay
according to the invention;
30 Figure 7, a perspective view of the relay of figure 6 from which the
components of the upper end have been removed,
Figure 8, a perspective view of the lower elements of the relay of
figure 6;




15 O her advantages and characteristics of the
invention wll becone evident fromthe follow ng
description in which, entirely non-limtatively, are
descri bed sone preferential enbodi nents of the
invention, with reference to the appended draw ngs.
The figures show Figure 1, a sinplified diagramof a
relay with two condenser platgs 20 in the second zone
thereof; Figure 2, a sinplified diagramof a relay

W th two condenser plates, one in each of the zones
thereof; FEigure 3, a si n’p|lfl ed di agramof a rel afy
with threE'%‘Eﬁw@er%@?"S%‘Ftﬁ?e‘ﬁeWZ@ fi i eerabodiment of a relay

Defsﬁé‘&frdl?{§td/ﬂh€%\féhtfé}1 fuhE&Jergdrbodi nent of a rel ay
according to the invention, uncovered; Fig

pl an vi ewFtsHre Wb & Raragecve f"iel}}’ur"bd@ta" Hf(‘jlﬁ@f"edr’c@i part of the
per spest biMgudd ¢w of a second enbodi ment of a relay
according to the invention; 30 Figure 7, a perspective
vi ew of thigureefltya dﬁr&negweewewmfoanfwﬂftﬁmbﬁ@men of a relay

CoNPRARRig &f thE ifeHiter end have been renoved; Figure
8, a perspective view of the | ower elenents of the

rel ay of FigHgudd e;pergimctive yigve of a Afth gnbndimenteofy pefiglay
of aa&jg,irdiﬁigﬁjmg%,gﬁmn of a relay according to the

i nvention, uncovered; Figure 10, a perspective view,

in detail Flgb'fe the Ri%ﬂ yignof g@pxtl'pgmboﬂjfnenggf a relayaecerding to

fd QUG iWenBlodsi gure 11, a perspective view of a fourth
enbodi ment of a relay according to the invention;

Fi gure 12Flgarepb4= ﬂa@@ﬁpwvmvm of a severnth embediveniohe rslay

are the invention; Figure 13, a plan
é&%ﬁrdg?éfooch IenB fidh;

Vi ew 0 SI xt odi'ment of a relay according to 10
t he i nventigdie, 15%igperepeadiive yiepefrempaiow.ewitoshsidistriate, of an

|S ﬁ&gﬁ%ﬁtgﬁé%'irﬂ&ﬂtof erelay Egéo?éfing ?&&%ﬁﬁl}éﬁaoﬁ;o the

15 Figure 16, a sphere produced with surface micromachining;

Figure 17, a perspective view of a ninth embodiment of a relay
according to the invention; and

Figure 18, a plan view, uncovered, of a tenth embodiment of a relay
according to the invention.

20 As shall be seen below, the preferred embodiments of the invention
illustrated in the figures include a combination of the several different
alternatives and options considered above, whilst a person skilled in the art
will be able to see what alternatives and options can be combined together
in different ways.

25

Detailed description of some embodiments of the invention

Figure 1 shows a first basic functioning mode of a relay according

30  to the invention. The relay defines an intermediate space 25 in which is
housed a conductive element 7, which can move freely along the
intermediate space 25, since physically it is a detached part which is not

physically joined to the walls which define the intermediate space 25. The




Fi gure 15, a perspective view from bel ow, w thout
substrate, of an eighth enbodi nent of a relay
according to the invention; 15 Figure 16, a sphere
produced with surface m cromachining; Figure 17, a
perspective view of a ninth enbodi nent of a relay
according to the invention; and Figure 18, a plan

vi ew, uncovered, of a tenth eppodi ment of a relay
according to the invention. 20 As shall be seen bel ow,
the preferred enbodinents of the invention
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connected to a CC control circuit. Applying a voltage between the first

condenser plate 3 and the second condenser plate 9, the conductive
element is always attracted to the right of the figure 2, towards the smallest
condenser plate, i.e. towards the second condenser plate 9. For this
25 reason, the fact that in the example shown in figure 2 both condenser
plates 3 and 9 have different surface areas is, in this case, absolutely
necessary, since if they were to have equal surface areas, the conductive
element 7 would not move in any direction. The conductive element 7 will
move towards the right until being stopped by first stops 13, which are a
30 first contact point 15 and a second contact point 17 of a first external
electric circuit CE1, such that the first external electric circuit CE1 is closed.
On the left there are second stops 19 which in this case do not serve any

electric function but which stop the conductive element 7. from entering into




CEl is closed. Figure 2 shows a second basic
functioning node for a relay 15 according to the
i'nvention. The relay again defines an internediate
space 25 in which is housed a conductive el enent 7,
whi ch can nove freely along the internedi ate space
25, a first zone, on the left in figure 2, and a
second zone, on the right infigure 2. In the second
zone is arranged a second condenser plate 9 whilst in
the first zone is arranged a first condenser plate 20
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which is zero. It should be recalled that the sign of the voltage applied
does not effect the direction of movement of the conductive element 7.

25 To achieve moving the conductive element 7 in both directions by
means of electrostatic forces, it is necessary to provide a third condenser
plate 11, as shown in figure 3. Given that the conductive element 7 will
always move towards where the smallest condenser plate is located, it is
necessary, in this case, that the third condenser plate 11 be smaller than

30 the first condenser plate 3, but that the sum of the surface areas of the
second condenser plate 9 and the third condenser plate 11 be larger than
-the first condenser plate 3. In this manner, activating the first condenser

plate 3 and the second condenser plate 9, connecting them to different




the magnitude to be neasured nust exercise a force
tending to open the electric circuit CE1L, whilst the
el ectrostatic force will tend to close it. However, a
relay can be designed to work exactly in the opposite
respect: such that the magnitude to be neasured woul d
tend to close the electric 15 circuit CE1 whilst the
el ectrostatic force would teng,_to open it. In this
case, the first stops 13 would need to be positioned
on the left in figures 1 and 2, together with the
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19, the prodmmiior of séaraltinese aned poeradnist @ gseat Aedkedf mseamty in

thi rtﬂe design of three-dimensional structures. The relay is mounted on a

25  substrate 1 which serves as support, and which in several of the appended
drawings has not been illustrated in the interest of simplicity. The relay has
a first condenser plate 3 and a fourth condenser plate 5 arranged on the
left (according to figure 5) of a conductive element 7, and a second
condenser plate 9 and a third condenser plate 11 arranged on the right of

30  the conductive element 7. The relay also has two first stops 13 which are
the first contact point 15 and the second contact point 17, and two second

stops 19 which are the third contact point 21 and the fourth contact point




contact point 21 and a fourth contact point 23. 10
Shoul d two condenser plates be provided in each of the
first and second zones, the novenent of the
conductive element 7 can be solicited in two
different ways: - applying a voltage between the two
condenser plates of a sane zone, so that the
conductive element is attracted by them (functioning
as in 15 figure 1) - applying a voltage between one
condenser plate of one zone and a (or both) condenser
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el eCidriig, ih Gbbrdiance with figures 6 to 8. The use of one or the other

movement alternative in the relay depends on design criteria. The
manufacturing technology consists in the deposit of several layers. In all
25  figures the vertical dimensions are exaggerated, which is to say that the
physical devices are much flatter than as shown in the figures. Should one
wish to obtain larger condenser surfaces it would be preferable to construct
the refay with a form similar to that shown in the figures 6 to 8 (vertical
relay), whilst a relay with a form similar to that shown in figures 4 and 5
30  (horizontal relay) would be more appropriate should a lesser number of
layers be desired. Should certain specific technologies be used (such as
those usually known as polyMUMPS, Dalsa, SUMMIT, Tronic's, Qinetiq's,
etc) the number of layers will always be limited. The advantage of a




wi thout interfering wwth the condenser plates 3, 5, 9
and 11, and their corresponding control circuits. 10
The conductive elenment 7 has a hollow internal space
27. There is play between the conductive elenent 7 and
the walls which formthe internedi ate space 25 (which
is to say the first stops 13, the second stops 19,

t he condenser plates 3, 5, 9 _gpd 11 and the two

lateral walls 29) which is sufficiently small to
prevent the conductive el enent 7 15 fron1spinning
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first contact point 15 and the third contact point 21 is less than the distance
between the condenser plates. The conductive element 7 has a cylindrical
25  part 31 which is hollow, in which the hollow is likewise cylindrical. In the
interior of the cylindrical hollow is housed a second contact point 17, having

a cylindrical section.
In this manner the conductive element 7 will establish an electrical
contact between the first contact point 15 and the second contact point 17
30 or the third contact point 21 and the second contact point 17. The
movement performed by the conductive element 7 is substantially a
rotation around the axis defined by the cylindrical part 31. The play
between the second contact point 17 and the cylindrical part 31 is




second stops 19 which are the third contact point 21
and the fourth contact point 23. As can be seen in
the drawi ngs the second stops 19 are above the
condenser plates, such that the conductive el enent 7
can bear on the second stops 19 without entering into
contact with the first and fourth 10 condenser pl ates
3, 5. In the upper end (figurg.6) is the second
condenser plate 9, the third condenser plate 11 and
two first stops 13 which are the first contact point
15 and the second contact point 17. In this case the
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Then the third contact point would only be a stop, and when the conductive
25  element 7 contacts the second contact point 17 with the third contact point
21, the second contact point 17 would be in a state of high impedance in

the circuit.
The relay shown in figure 11, is designed to be manufactured with
polyMUMPS technology. As already mentioned, this technology is known
30 by a person skilled in the art, and is characterised by being a surface
micromachining with three structural layers and two sacrificial layers.
However, conceptually it is similar to the relay shown in figures 9 and 10,

although there are some differences. Thus in the relay of figure 11 the first




Fromthe cylindrical part 31 extends a flat part 33
which has a 5 |lesser height than the cylindrical part
31, neasured in the direction of the axis of said
cylindrical part 31. This can be observed in greater
detail in figure 10, in which is shown a view al nost
in profile of the cylindrical part 31 and the fl at
part 33. In this manner one aypids the flat part 33
entering into contact with the substrate 1, which
reduces the frictional forces and 10 sticking. As can
be seen, substitutin paral | el epi pedic part fo
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Figures 14 and 15 illustrate a relay in which the conductive element

7 is cylindrical. Referring to the relay of figure 14, the lateral walls 29 which
surround the conductive element are parallelepipedic, whilst in the relay of

25  figure 15 the lateral walls 29 which surround the conductive element 7 are
cylindrical. With respect to figure 16, it shows a sphere manufactured by
means of surface micromachining, it being noted that it is formed by a
plurality of cylindrical discs of varying diameters. A relay with a spherical
conductive element 7 such as that of figure 16 can be, for example, very

30 similar conceptually to that of figures 14 or 15 replacing the cylindrical
conductive element 7 by a spherical one. Should be taken into account
however certain geometric adjustments in the arrangement of the

condenser plates and the contact points in the upper end, to avoid the



fromthe second condenser plate 9 and the fourth
condenser plate 5, which are equal to each other and
smaller than the former. Wth respect to the second
contact point 17 it has a wdening at its upper end

- which permts 5 retaining the conductive elenent 7 in
the internedi ate space 25. The second contact point
17 of figures 9 and 10 also cgn be provided with this
kind of wdening. It is also worth noting that in this
relay the distance between the first contact point 15
and the third contact point 21 is equal to the
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25 relay also has third stops 43 and fourth stops 45 which can (additionally
and optionally) also be electric contacts. Thus the end travel of each
zigzag movement is detected by the closing of the corresponding electric
| circuit, which is used by the relay control circuit. Alternatively, the position
of the conductive element 7 can be determined by other procedures known

30 by a person skilled in the art.




-26- spherical conductive elenent 7 first touching the
condenser plates and not the contact points or, as
the case may be, the corresponding stops. Figure 17
~shows a variant of the relay illustrated in figures 4
and 5. In this case the conductive elenent 7 has
protuberances 39 in its lateral 5 faces 41. Figure 18
illustrates a variant of the gglay according to the

i nvention, specifically designed for use as a
detector of Coriolis forces (gyrostat). In this case
one can note that the relay _has a first condenser
plate 3 and a fourth condéﬁgﬂﬂﬁblate 5 arranged on
the left (in accordance with figure 18) 10 of a

conductiv? ﬁlerrent 7, and a second condenser plate 9
and a t hi i-aMgiEeselayiaharasterised jn thagibgorBrrisese ri ght

of the conget byt RbRERYecédnd 2612, relay also has two
first stops_ 13, which are the first contact point 15
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30S Uéﬁjif,rgystwseg??l ay control circuit. Alternatively,

the position the conductive elenent 7 can be
determ ned by ot her procedures known 30 by a person

skilled in tI'\ttlz‘?ayaE\[:corc'iil?la'to claim 1, characterised in that said first
contact point (15) is between said second zone and said conductive
element (7).
25
3.- Relay according to one of claims 1 or 2, characterised in that
said first plate is in said second zone.

4.- Relay according to one of claims 1 or 2, characterised in that
30 said first plate is in said first zone.

5.- Relay according to one of claims 1 to 4, characterised in that

said second contact point (17) is likewise in said second zone.




CLAIMS 1.- Mniaturised relay characterised in that
it conprises: - a first zone facing a second zone, 5
- a first condenser plate (3), - a second condenser
plate (9) arranged in said second zone, in which said
second plate is smaller than or equal to said first
plate, - an internedi ate space (25) arranged between
said first zone and said secgnd zone, 10 - a
conductive element (7) arranged in said internediate
space (25), said conductive elenment (7) being
mechani cal ly i ndependent fromsaid first zone and
second zone and being suitable for effecting a

novenent £CRAEY actBidthd ISR UMNE 55628 Enaratlerised in that it
dependi ng on volta resent in said first and
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suitable for entering Into Contact sal
stops (13) and in which said conductlve el enent (7)
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i n scdndensar plate thiare squal Reéaph efberor di ng t o one of
clains 1 to 4, characterised in that said second
contact point (17) is likewise in said second zone.
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9.- Relay according to one of claims 7 or 8, characterised in that it
comprises, additionally, a fifth condenser plate (35) arranged in said first
20 .zone and a sixth condenser plate (37) arranged in said second zone, in
which said fifth condenser plate (35) and said sixth condenser plate (37)

are equal to each other.

10.- Relay according to claim 9, characterised in that it comprises,
25  six condenser plates arranged in said first zone and six condenser plates

arranged in said second zone.

11.- Relay according to any of claims 1 to 10, characterised in that it
comprises a second stop between said first zone and said conductive
30 element (7).

12.- Relay according to any of claims 1 to 11, characterised in that it

comprises a third contact point (21) arranged between said first zone and




second zone, in which said third condenser plate (11)
is smaller than or 5 equal to said first condenser
plate (3), and in which said second and third
condenser plates are, together, larger than said first
condenser plate (3). 7.- Relay according to one of
clains 4 or 5, characterised in that it conprises,
additionally, a third condensgy plate (11) arranged in
said 10 second zone and a fourth condenser plate (5)
arranged in said first zone, in which said first
condenser plate (3) and said second condenser plate
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t o alhw dypcliangfiggidiaxiso 11, char acterised in that it
conprises a third contact point (21) arranged between
said first zone and -29- said conductive elenment (7),

In whi ch i Relay ratceinoade gaimtl1 zquar@té@riaedsira that said
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20 axis, in which said flat part {33} has a height, measured in the direction of

- said axis, which is less than the height of said parallelepipedic part,

measured in the direction of said axis.

15.- Relay according to any of claims 1 to 10, characterised in that it
- 25 comprises a third contact point (21) and a fourth contact point (23)
arranged between said first zone and said conductive element (7), in which
said third contact point (21) and fourth contact point (23) define second
stops (19), such that said conductive element (7) closes a second electric
circuit when in contact with said third contact point (21) and fourth contact
30  point (23). '

16.- Relay according to any of claims 1 to 15, characterised in that

each of the assemblies of said condenser plates arranged in each of said




defines a axis, in the interior of which is housed

sai d second contact point (17), and a flat part (33)
whi ch protrudes fromone side of said radially 10

hol I ow cylindrical part (31) and which extends in the
direction of said axis, 1in which said flat part (33)
has a height, neasured in the direction of said axis,
which is less than the heightypf said cylindrical part
(33) neasured in the direction of said axis. 15 14.-
Rel ay according to claim 12, characterised in that

said_ conductive elenment (7) conprises a hol
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to any of clainms 15 to 17, characterised in that
20.- Relay according to claim 19, characterised in that said

conductive element (7) is cylindrical.

25 21.- Relay according to claim 19, characterised in that said
conductive element (7) is spherical.

22.- Relay according to any of claims 1 to 20, characterised in that

said conductive element (7) has an upper face and a lower face, said upper

30  and lower faces being perpendicular to said movement of said conductive
element (7), and at least one lateral face, in which said lateral face has

slight protuberances.




- between said first zone and said second zone extend
two lateral walls (29), in which there is play
between said lateral walls (29) and said conductive
el enment (7), said play being sufficiently small so as
to geonetrically prevent said conductive el enment (7)
from sinultaneously entering into 15 contact with a
contact point of the group fofyed by said first and
second contact points (15, 17) and with a contact
poi nt of the group forned by said third and fourth
cont act p0|nts (21, 23 19.- Rel ay according to any
of clai ms2d- B@aysﬂcce'ﬁimgaf@taéw@@!ﬂmﬁ TttRA2. chayaglgrigpd in that
condggabgﬁnghﬁggghegﬂ?)Rﬁﬁmbﬁunded external surfaces.
20.- Relay according to claim 19, characterised in
that said conductive elenment (7) is cylindrical. 25
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3, characterised in that sai d first 5 condenser plate
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Rel ay according to any of clains 1 to 25,
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(3, 5, 9, 11 s mult aneoudsl'y one o
contmlewhﬁﬁs (15, 17 21, 23). 15 27.- Use of a
relay according to any of clains 1 to 26, as

28.- Use of a relay according to any of claims 1 to 26, as

20  accelerometer in airbags.
29.- Use of a relay according to any of claims 1 to 26, as tiltmeter.

30.- Use of a relay according to any of claims 1 to 26, as detector of

25  Coriolis forces.

31.- Use of a relay according to any of claims 1 to 26, as pressure
sensor.

30 32.- Use of a relay according to any of claims -1 to 26, as
microphone.




accel eroneter. 28.- Use of a relay according to any of
clains 1 to 26, as 20 acceleroneter in airbags. 29.-
Use of a relay according to any of clains 1 to 26, as
tiltmeter. 30.- Use of a relay according to any of
claims 1 to 26, as detector of 25 Coriolis forces.
31.- Use of a relay according to any of clains 1 to
26, as pressure sensor. 30 33.- Use of a relay
according to any of clainms 1 to 26, as m crophone. 32
33 - Use of a relay according to any of clainms 1 to

as fl ens 34. - e of a relay according t
any of cl g¥'vn§f fanBIayaaacco'@”lgeFPpéF‘lﬁtou g nstg 26383 Tow
Use eénserrel ay according to any of clains 1 to 26, for
acoustic applications. 10 36.- Use of a relay
according to any of clains 1 to 26, as gas sensor.

37 - Use B4 .- aJseclohya asRQr Skddedih® 5t6n¥n)0fof0élé1h1§511tot 26, as

as aC{netl c field sensor.
5 temperature sensor.

35.- Use of a relay according to any of claims 1 to 26, for acoustic

applications.

10 36.- Use of a relay according to any of claims 1 to 26, as gas
Sensor.

37.- Use of a relay according to any of claims 1 to 26, as magnetic
field sensor.
15




