-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 miniaturisedTlelays, in particular, in
the context of technol ogi es known as MEMS technol ogy
(mcro electro-nmechani cal systens), M crosystens

and/ or M oquAIREDRMED REDAPANIECORRESFONDING UBSES
classified according to the type of force or
actuation nechanismthey use to nove the contact 20
el ectrode. The classification usually applied is thus
bet ween el ectrostati c, dgaggg&i&agthernal and

pi ezoel ectric relays. E 1] its advantages and
ists drawbacks. However miniaturisation techniques
require the use of activation voltages and surfaces
which are as snall as possible. Relays known in the
st atlﬁelﬁﬁf%g%\%ﬁwave several problens inpeding their
adv ' s respect. A manner of reducing the
activation voltage is precisely to increase the relay

surface afrn?saﬁweetﬁia;n%]a& °8 Snifflaliebd re1aR! 1TH3 invention also

di fficult, apar rom el ng conducl ve
mppeaiesmbe:hffﬁremterseaa fmmlmﬁ@nsf@mﬁlﬂm@c@mmw@ﬂm inygrtign.
and reliability of the relay. In electrostatic rel ays,
anot her solution for 30 decreasing the activation
voltage is to greatly reduce the space between the
ele use very thin el ectrodes or speci al
tggmwsﬁ%%—{that the nechanical recovery force is
very low. Hovvever this inplies problens of sticking,
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the t{/peel A 19%8 eéraggtﬂatian mechanism they use o move the contact

20  elactrode. The classification usually applied is thus between electrostatic,

magnetic, thermal and piezoelectric relays. Each one has its advantages

~ and its drawbacks. However miniaturisation technigues 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 in this respect.

A manner of reducing the activation voltage is pret:lsely to increase

the relay surface areas, which renders miniaturisation difficuit, 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 ihe aciivation voltage iz to grestly 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 &erts the electrostatic
10 force for closing, greatly increases its capacity
(and would increase to infinity if a stop were not
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In -thié specification relay should be understood to be any device

suitable for opening and closing at least one extermal electric circuit, in
25 which at least one of the external electric circuit opening and closing
‘actions is performed by means of an electromagnetic signaf.

In the present description and claims the expression "contact point”
has been used o 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 geomeitric sense, since they are three-dimensional elements,
but rather in the etecth‘c sense, as points in an electric cireuit.

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

i nternmedi ate space arranged between the first zone and
the 10 second zone, - a conductive el enent arranged
in the internedi ate space, tte 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
novenent across the internedi ate space dependant on
vol t ages nt in the first and s n 5 S
pl ates, - % e ‘ﬂ? 'ﬁﬁﬂeﬂEé %&@&ﬂ@ tHe

cir caﬂov@mantm@e rmehvmmmctrhms athiefed wmemmH miniaturised
circujt f| rst. and second contact point
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the second contact point), is a detached part capabl e
& feoenthZaeeel y. Le. the elastic 25 force of the
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smal | design sizes he conductive elenment is hgused
in tinfermediate ppacadepandanicon vaiisges praserteinithe st gag sepand

pel osc%qaﬂys LBEJ' rst and second zone and by 30 | ateral

prevent the conductive el enent from
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can be U§gGiN i E Bhy 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. Le. the elastic

. 25 force of the material is not being used fo force one of the relay movements.

This allows a plurality of different solutions, all benefiting from the
advantage of needing very low 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 turn 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 gconductive el enent

sticks in a given position (which depends to a great
extent, anong other factors, on the humdity) there
IS no p033|ble manner of unstlcklng it 10 (except by
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t hi goiRiyRF oach has a range of specific advantages. -
third possibility is that the conductive el enent rmv%~|Ea

281 ong t he 2 firat orebilitytie thaidbe oppdustive piaresrt fpovenalpng
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rectiinear manner (excluding of course possible shocks or oscillations
" and/or movements provoked by unplanned and undesired extsrnal forces)
between the first and second zones.

25 ~ a second possibility is that the conductive element have a

substantially fixed end, around which can rotate the conductive slement.
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 possibifity is that the conductive element move along the
intermediate space wit_h a movement that combines a travelling m_ovement



between the first and second zones, induced by the

el ectrostatic forces generated, and a novenent that
is perpendicular to the forner, induced by a Coriolis
force. This solution will be described in greater
detai|l bel ow. Advantageously the first contact point
Is between the second zone 5 and the conductive
element. This allows a range ofs; solutions to be
obt ai ned, di scussed bel ow. A preferable enbodinent is
achi eved when the first plate is in the second zone.
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first and second condenser plates. This causes the
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- 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 achlevmg 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 ére, 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

el ectrostatic forces and, in addition, one can

guar antee the cl osing of the external electric 5
circuit even though the conduétor el ement remains at a
voltage in principle wunknown, which will be forced by
the external circuit that is closed. Another
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advanmagedis 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



~ “anot her .

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 conpensat-i’ng nmanufacturing
variations. On the other, the several different
pl ates can be activated independently, both 5 fromthe
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circuit teithad atdesigaavhithcdliows aghieimam avihation heizge fierdixed
in contagt .. - ..n rticul i.f. the relay . Si
cond SHU B fey pnBRf, sEice 3 abind o p|cRaciaS IR zone and
conpbge \plid acthee nethei stherendneotistired tsurhces praastoan alivagh be
i% \ﬁfo sgal | see below, is another significant
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Theref ore another preferable enbodi nent of

‘'t he i1 nvent itanows mitinRetadofirdigient el pelarcoRsurepiivor asdaiso
si x condepser plates arranged in the first zone and
si x a@&?&ﬁ‘ﬁ%@%{ﬁ'ﬁ?@"%ranged in the second zone.

However it it scaiptguspdraed uthel Yopeaings aad yclbsingauke the Xrelay,
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gx anhlegondiidtiive ittt whon deyseter il edréacti N each zone,

al though ' {r]] ;gar}lic‘?v.-xla(lzra}t§ %eor‘é'i%y'ﬂé%tsii gc{n%gﬁsler plates in gach 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
ébsolutely necessary {o have six condsnser 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 desigr,
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 8. the
manuf acturing vari ations of edch of the plates will
tend to be conpensated by the variations of the

remai ning plates. However it should not be discounted
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25 point. ,
A particularly advantageous embodiment of the previous example is
achieved when the conductive efement comprises a hollow cylindrical part
which defines a axis, in the interior of which is housed the second contact |
point, a_nd a flat part which protrudes from one side of the radially hollow

390  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 simuitaneously with the circumstance that the




whi ch defines a axis, in the interior of which is
housed the second contact point, and a flat part

whi ch protrudes fromone side of the radially holl ow
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 cylindﬁ1cal part, measured in
the direction of the axis. This specific case
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 manufacturing process {in particular in the case of the photelithographic
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 coniact point) ha\;ing a rectangular section and
hollow with rectangular section, |
- axis having a circular section and hollow having a circular section,



manuf acturing process (in particular in the case of

t he photolithographic 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
conbi nations are possible: 30 - axis (second contact
poi nt) having a rectangul ar “Section and hollow with
rectangul ar section, axis having a circular section
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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 hés 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
advantage_ous; or on the other hand it could be convenient to provide



25 superposed to the centre of masses of the
conductive elenent. In fact, each assenbly of the
condenser plates arranged in each of the zones
generates a field of forces on the conductive el enent.
If the force resulting fromthis field of forces has
a non nil nonment with respect to the centre of nasses
of the conductive el enment, t-Ré-conductive el ement will
not only 30 undergo travel but will also undergo
rotation around its centre of masses. |In this respect
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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 furthar 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 hollow. 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 movenent 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 thel2l-ateral face and the

| ateral walls of the internmedi ate space. 30
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: force is generated which counteracts the former and the external electric

cirouit is again closed (or vice versa, ie., it is neceseal'y 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 aellows the inclusion of
several sensors simultaneously, which increases the reliability of the
corresponding determination.  The increase in reliability is due to the

30 .poss}bi!ity 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 contacis in both zones, i.e. three or four ¢ontacts in total, since in



force is generated which counteracts the forner and
the external electric <circuit is again closed (or
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25 Flow sensor: if the conductive element has an aperture through

' which can pass a current of fluid 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 meaﬁ'ure, in this case the hydraulic or

| aerodynamic force generated by the fluld 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
exanple of this type of sensor would be a m crophone.
25 Fl ow sensor if the conducti*ve el ement has an
aperture through which can pass a current of fluid or
if it has an extension which is imersed in a current

of fluid, Tampelafite %@ﬁéﬂrdllﬁ @ik @aéeh@ shoM8 el @nemmro lecount
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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 Corlolis 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 conderser 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 acdfistic wave, so that it
can be directed according to requirenents wthout
havi ng to change the geonetric distribution of the
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voltage, as well as the time lapse in moving from one end te 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 iime
for a fixed applied voltage. In general it is easier io detect the switching

30  time, since it can be increased very simply using digital techrology, 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
directions, which allows any rotation in space to be
determ ned. Gas sensor. Should the conductive el enent
be of a material 20 capable of reacting and/or
absor bi ng nol ecul es of a given gas (or should such
material be incorporated in t e conducti ve el enent) a
conductive elenment is obtained having a variable mass
depending on the concentration of said gas. This
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25 - should be obsarved that, to use the relay as magnetic field detector the
-electric circuit should be closed and a sufficiently 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 cirouit, electric current will cease o pass through the conductive
30 -elément and the magnetic force will disappear, and thus the conductive
element will again come info contact with the electric contact points, since
the electrostatic field will remain active. Some time should thus be allowed
fo run before re-establishing the electric curent 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

wWith one relay a spatial conponent of the magnetic
field can be determ ned, |rré§pect|ve of its

direction, since if 20 the conductive elenent is in
one zone, the magnetic field will tend to press it
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electrostat d wll remain active. Sone tine
should thus be allowed to run before re-establishing

the Bh8GhEddnibN bf BRldraMdHed he conductive -17- el enent
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the magnetic force which the conductive el ement
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Alternativ one same relay can perform
magriattﬂle:sefqoeddom%mre@@s (by provoking the passage of

cury ent QU of GiRnfiAY éﬁf%{?lrgl\%ﬁ%%? thRlehapRe? Blics,

with 10 ac eratlo rea current 1s not
passw@lnbﬂdugﬁhelzenea:ﬂmmﬁt ive elenent). Brief

descriptigh,Qf 2t BegdhlaN@8aram of a relay with three condenser
plates;
.25 _ Figure 4, a perspective view of a first embodiment of a refay
| 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 plat®gs 20 in the second zone
thereof; Figure 2, a sinplified diagramof a relay
with two condenser plates, one in each of the zones

ot EHES, B B bpL AR LT i s oy

perspeatrdmg twtl'te\nnmtim funns\terehbodi ment of a relay

aecer S 19654 1G 4 INSRLAOR O LFRUGOESy o S o

per spselay biiguve @w of a second enbodi nent of a rel ay

250 9 "SRR 1S, KT % 81 e FerEF b

conpabeditivg @ tHeleventipgr end have been renoved; Figure

8, apers CtIV vi ew of .t he.l r

rel ay of fqu : & PRIgPeqHvg VoW \g? aaﬁjg'é E';Heo?f'ﬁ%g ‘9&% [elay
of aab&ﬂrﬁlﬁgwmqmrmﬂan of a rel ay accordl ng to the

i nvention,_ unc

0, ers e vie
in detail Figyfe %rea a f"'ﬁ‘ "]ﬂb ’F‘sc’@fnef‘ ;e YRFoging to
floguties Bverftiohi gure 11, a perspective view of a fourth

nbodi ment.. of | ding to t
Fi gur o 12 Fiire o <h BEIPERVE R B 2 5oKTE IR Rohe B

‘a I elagyording &P imgntign;t he invention; Figure 13, a plan

e O s ToCH o e Fof iy ALk, of %

sev eRighttesrBadiment ofef refay aeb@iling a6 teridisngon;o t he

|1r51vent Hon. Figure 16, a sphere produced with surface micromachining;

Figure 17, a perspeciive 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
ilustrated 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 't shows a first basic functioning mode of a relay according

30 to the invention. The relay defines an intermediate space 25 in which i
housed a conductive element 7, which can move fresly 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 ewbodi nent of a relay
according to the invention. 20 As shall be seen bel ow,
the preferred enbodi ments of the invention
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cl rméi)rgnected to a CC conirol circuit. Applying a voltage between the first
condenser plate 3 and the second condenser plate 9, the conductive
element is always attracied to the right of the figure 2, towards the smallest
condenser plate, i.e. fowards 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

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 1s according to the
invention. 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 imgfiigure 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. [t 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 ti‘ne 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 CE1l whilst the
el ectrostatic force would terd-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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thirehe 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 §) 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 relajy 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 elenent is attract®@ 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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movemnent alternative in the relay depends on design criteria. Thé

, 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 relay with a form similar to that shown in the figures 6 to 8 (veriical

relay), whilst a relay with a form similar to that shown in figures 4 and &

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, Qinetig's,

efc) the number of layers will always be limited. The advantage of a



wi thout interfering wwth the condenser plates 3, S. 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,
the condenser plates 3. 5, 92and 11 and the two
lateral walls 29) which is sufficiently small to
prevent the conductive element 7 15 from spi nning
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f‘rst 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 oylindrical section,

In this manner the conductive elerent 7 will establish an electﬁgal

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 (figune-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_cont oin '
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contact point 21 were not electrically connected to any external circuit.
Then the third contact point would only be a stop, and when the conductive
25 slement 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 skifled in the art, and is characterised by being a surface
micromachining with three structural layers and two sacrificlal 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
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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 flat
part 33. In this manner one .ayoi ds the fl at part 33
entering into contact with the substrate 1, which
reduces the frictional forces and io0 sticking As can
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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
_ surrcund the conductive element are parallelepipedic, whilst it 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 manufaciured 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 ﬁg-ures 14 or 15 replacing the cylindrical
| conductive element 7 by a spherical one. Should be {aken into account
however certain geomsetric adjustments in the arrangement of the

| condenser plates and the contact points in the upper end, to av_oié 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 al so cmn 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 [ 1is ual
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avoi % E@‘éan be determined and, in conseguence, the speed of rotation. The
25 relay also has third stops 43 and fourth stops 45 which can (additionally
and optionally) alse be electric contacts. Thus the end travel of each
zZigzag 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 relay according to the
invention. specifically de&€fgned 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 condenser plate 5 arranged on
the left (in accordance wgiRmgoure 18) 10 of a
conductive elenment 7, and a second condenser plate 9
and a third condenser plate 11 arranged on the right
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CLAIMS 1.- Mniaturised relay characterised in that it

conprises: - a first condenser plate, - a second

condenser plate facing said first condenser plate, in

whi ch said second plate is smaller than or equal to

said first plate, - an internedi ate space, - a

conductive elenent arranged in said internedi ate

space, said conductive elenent being a detached part

capabl e of nmoving freely al @ig the internedi ate space

and being suitable for effecting a novenent across

said internmedi ate space froma first end of said

i nt ekiigvarceordigp s daimdlpfcharhatrgised i thas sai¢ §irse corttagt point is between
saRIREQRE 20 dndhidtehdlcivikRiRdI at e space, defining a

second zone, and vice versa, said novenent dependi ng
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third ndensey. plate is,smaller_than or ual to .
Lo 0 RORY SRR b ob Bt 181 3 (feeRied T Yot gmonses,
addinichailfi a Gucio nobdasearplatp hredngsl iarseid firageiid) & whikla e first &abenser

' dr St ense late,. .- a, cagntrol cjrcuit (CC
R0l shi 5 bnF CAGRS Bl o e R ™ i B i ptse and
saig Gpvpth corfdenseenlate ot equal tbagph otepl | ed as of activation

time, said first, second and third condenser plates, -

a first contact point of an electric circuit, a second

contadielay@reprding togddin e Flmeactefissd g thetisaid firsi, pecpil, eirdsiad dourth
cohdehsdt plaBchSAFQRH (£ Q0h 8fidy, POI Nts define first stops, in

whi ch said conductive element is suitable for

entering into contact with said first stops and in

whi gh radyd .&8RECEH ¥R 6f 8RBRL 4 & 0S@aras@hdda 8h 8RdtTit Comprises,

i.rcyit waen in contact with said first stops, where
addifiety. g 1y condensre Platet awianger in spid firptj zong japd @i sixtle sendppser plate
arr@igdd RHaRIBEcdRY Bbhel MOMEIN hiden fBQRAILELP plakl BIBHRY siki8¥BAdRSser plate

at vol.tage in principle unknown, which will be
arefet}'f’a@&)oeabtﬁl"tg‘i‘i'e external circuit that is closed. 28 2.-

Rel ay according to claim1, characterised in that said

first contact.point i et ween  .sai d.second zpne and

sai i ESRY CEPI R o iy oot i it SRR, SHroBirascp plates
arrgiged insaifl fiok zdde atsin @odeasdr platds arfanpdidh sBdsedorslecmnd

contact point is likewse in said second zone. 4.-

Rel ay according to one of clains 1 to 3, characterised

i n Bh&elay kecovlingrtb smsof claasl il tto Bnhhbagterisad frothattihcomprises a second
stoff RAENSRE ARY ARE B LANGEHID ARES, [1 1St zone, in whi ch

ald tirst condenser plate and Ssaid second condenser

pl ate are equal to each other, and said third

CongeRsfy aRoftify @Qﬂy of claims 1 to 8, characterised in that it comprises a third

contact point arranged between said first zone and said conductive element, in which said third

contact point defines a



said fourth condenser plate are equal to each other.
5.- Relay according to claim4, characterised in that
said first, second, third and fourth condenser plates
are all equal to each other. 6.- Relay according to
one of clains 4 or 5, characterised in that it
conprises, additionally, a fifth condenser plate
arranged in said first zone and a si xth condenser
plate arranged in said sec@hd zone, in which said
fifth condenser plate and said sixth condenser plate
are equal to each other. 7.- Relay according to claim
6, characterised in that it conprises, six condenser

sdRbit &, sRh PS8 cdnBuidd Bedibdt %fose% Oarkgcoﬂﬁ' gle&h?:( c&cﬁm 4835 1 contact

| ates arranged_in said second zone. 8.-
witfsaidys BORE i erpnt 83d seiddirdeontagtgoint.  char act erl sed in
that it conprises a second stop between said first
zone and. sai d conductive elenment. 9.- Relay according

fo 2y Retey areqrdiie q cla % charpeisrised iythel sl Fandyceig clpment comprises
a h‘{ﬁmrdyﬁﬁﬁqcﬂ Iﬁhl\ﬂﬁbh (féﬁfﬁsa?cims@% fhe iRERR Y icRe! WRBA && fcond

conducti.ve eIe n
copfint dafe TR PEET Y BBt Rb 405 36 SUE Bkl bpfoley i
pattihad wisieh d(tandsnﬂlnl&tdu\texoe besmeidxisCinag e said Siegantaed ieedht, intasured

i el HE0 T RRPL o b 2 3o 6oy A essued n e
duaamop&mmgxmo claim9, characterised in that said
conductive el ement conprises a hollow cylindrica
part which defines a axis, in the interior of which is
houdédRslay eccardingrieiclainich rhertciqpistdrin thapsaill @nductive ghament comprises
& B0 Par RIGRDIUHE Sarf VAR Rffes 118, Rine TRk AR s Yol L ¥econd
cylindrical fP i ch ekt en s in e directl
coRffct poing and 3 rpawwleaeh peorydes| fem pae tsideaef amcheadng is hollow

paﬁﬁﬂéﬁiétﬁgpard ﬁdt\xrhﬁzh@k{eﬁﬁtlﬁ 8 dRboteRbfsafdxR: m\M}Hl&;rbafdgl E§§has a
t han the hei ght said cylindrical part nmeasure

‘heighfe mea?%‘cfl} SFCC‘E‘&II o#f aseids amilethPelF dyssathenriby rhglghto of said
parlleMpiPedic pit) MeaduteRlin e dirdchord §Tkig8at d conductive el enent
conprises a hollow parallelepipedic part which
defines a axis, in the interior of which is housed

sai d2.s Ré:l@fl dccoﬁﬁigtt&@ﬁy $TQdldidns 1804, éhafal:téﬁse@ﬂ{ that# t6thbrises a third

one side of said radially is hol

TR et e AR K —
elememantwhmh saifl deelicdntact ipSint dnd fvBth@bnts@ipsinf defihie Radnkd sdP§ sich that
- saif e PR entrite <SpE Syl 4F Fasaf i i i onta
pmp@nﬂfourtba@wcepbmtn the direction of said axis. 12.-

Rel ay according to any of clainms 1 to 7, characterised

inthat it conprises a third contact point and a

f out¥ hRAoyrceedingloiany Ofmlarilamg@dle@tlwetmeé i tht Bach of thz egsemblics
£ Qfcoaalde
of G0 el SR in SR OF B o il ey Bhel bl bl pymmenry
with reapest to g gentreofat



sai d conductive el enment closes a second electric
circuit when in contact wwth said third contact point
and fourth contact point. 13.- Relay according to any
of claims | to 12, characterised in that each of the
assenblies of said condenser plates arranged in each
of said first and second zones has central symetry
with respect to a centre of 30 symetry, and in which
said centre of symetry is 8Uperposed to the centre of
masses of said conductive elenent. 14.- Relay
according to any of clains | to 12, characterised in
that the assenbly of said condenser plates arranged

sylfhe@RAGRd &f whial 6hid dehfd oPRANRES Wﬁpéﬁ&@@ to RS BB LF f'?llaﬁes of said
%% é%%¥ thus generating a nonment of forces wt
COpQGtive B the centre of masses of said conductive
elenent 15.- Relay according to any of clains 12 to
en said first zone and

h cterlsed in th t bet
o S RERE HEDRE ‘oAt dm oo At & B ey of sad
cobdeasee plags pirangedoint svelenf Sad first Atdeseadnd 2o Ihss ad‘ﬂldalsa'éytﬁmetry, thus

RNt S B b S PR  L SBLL

el enent fron13|nultaneously enterlng into contact Wi th
a cqat f an
ceond oy lling ) an NP B Fhieltteih il bFeep g o
zopgragd gaid peserdbednd yxtgfaﬁ tgro tl4ternlowadindin fudishtthere Briaydtetween sdidlateral
16 and B
wachgnr | e??ﬁgg&ﬁ@ El@fnglg Ea@d ?139/ é)g&%l gléftﬁ!m\%lylsrrfaﬁ s% ats tﬂ éseometncally
Prel”?ﬂﬁ Fradepnéyctivs fﬂq!lensﬁm alér@!;anewly ~enRehgiptoontent tith g cordact point of
SpforkRd by rﬁﬁfi e Ghd &@&d‘ danttaa %Bm&aa'nﬁi “Htﬁ%dcgﬁlta&\f)gmt oﬁ the group
ement s I'i ndri cal 8.- Relay according'to c ar m
mgﬁﬁb%%%VQEF@ﬁ HWW@%P%ﬁ$sald conductive el enent is
spherical. 19.- Relay according to any of claims 1 to
17,H§ gracterlsed in that said conductive elenment has
Y

Flay aeegrdmgdfo #ny Shsleinsak &0 13 sharagigsised imthat saisheqnductive
elefnat &% b@idedexpetapamn@isul ar to said novenent of said
conductive el enent, and at | east one lateral face, in
whi ch said lateral face has slight protuberances. 31
20. 17.RBEiay aamﬂﬁ)’fgdiongafho 16 dha@étergded iifBhal shi@ cbflductive element is
cﬂﬁaﬁ{pcterlsed in that said conductive elenent is
ow. 21.- Relay according to claiml, characterised
in that said first condenser plate has a surface area
2’2'0% dkc g(l:eéﬁldle ! otoogl?rgno %) l c%aract:le:rlsg’&J rn]: %1 ?sae}cri ec%ncﬁ)lcti\%aélgment is
spherical.,

19.- Relay according to any of claims 1 to 17, characterised in that said conductive
-element has an upper face and a lower face, said upper and lower faces being perpendicular to
said movement of said conductive element, and at least one lateral face, in which said lateral face

has slight protuberances.



22.- Relay according to any of clainms 1 to 21,
characterised in that one of said condenser plates is
si mul t aneously one of said contact points. 23.- Use of
a relay according to any of clains 1 to 22, as
accel eroneter. 24.- Use of a relay according to any of
clains | to 22, as acceleroneter in airbags. 25.- Use
of a relay according to any of clainms 1 to 22, as
tiltmeter. 26.- Use of a relay according to any of
claims 1 to 22, as detector 3pf Coriolis forces. 27.-
Use of a relay according to any of clains 1 to 22, as
pressure sensor. 28.- Use of a relay according to any
of cloai KaylactQdide to @1@ 5i QigRhoReLo clgagacfenl:&lemq{lat Baid RoRMuctive
accorg@ng to any of clains 1 to 22, as flow sensor.
cloggent is pllownt 5 rel ay according to any of clainms 1 to
22, as tenperature sensor. 32 31.- Use of a relay

accg{dgﬁglto an §§0f1C|alg$ 1 to 22, for_acoustic
appl Y pgeordifg, o_c %glel argctenéedav; tggcsalldot’frﬂgcop@ngﬁ)plang has a
sutthe@iares which & eghl toa® dowbSe tREUSRFe. ared 3f said Beon@lomeksel Pite.
according to any of claims 1 to 22, as magnetic field
sensor. 34.- Process for actuating a mniaturized
rel &g.- ﬁe]@wﬂ@bndglgtw)arwloﬁbm 1 tad B rcharsaddrided i@ Ay one of said condenser
es.a fourth condenser plate
plai&?%%&@%ﬁéowg 8&2& ' 'Jﬂ EPASIRE™ i n which said first
condenser pl ate and sald second condenser plate are
eauah. % AA0LA8 in, %@Fzgink'? ey Ss%g 8055ke, P 2t e
and Said fourth condénser plate are ual
ot her, characterised in that voltage |s applled to
t he ok L Usd ofaNday RESrhily ©ANFENSEhs Pl ER ac il ARG a%ags
and to the second or to the thlrg condenser pl ates,
on the other side for the conductive elenment to travel
t owap desd 47 reBCRAG RSBy ofmd NiolAk t¥RkEATE IS
applied to the second and third condenser plates, on
one side, and to the first or to the fourth condenser
pl abesUseiTa tdlfy Rtdi@hg BiafPollRimd NG 2008 dbtedibr\v8 Colig B tes.
to travel towards %e first zone. -33- M N ATURI SED
RELAY AND CORRESPONDI NG USES ABSTRACT $ The subj ect
of BheUiervf e fdldyidcdrdingto @hydfalaihd S©A2 )€ baysuidvebr.
conprises a first zone facing a second zone, a first
condenser plate (3), a second condenser plate (9)
ar r ahgest of a rddyaceetiognd amosfelaimnicko ek hivropghban or 10
equal to the first plate, an internediate space (25)
bet ween both zones, a conductive elenent (7) arranged
i n EheUient e ramydcardngtp aceef cRE)s o d2,whflot sensor.

- 30.- Use of a relay according to any of claims 1 to 22, as temperature sensor.



is mechanically independent fromthe adjacent walls
and can nove freely across the internedi ate space
(25) dependi ng on vol tages present between both

pl ates, contact points (15, 17) of an electric
circuit, in which 15 the conductive elenent (7) closes
the electric circuit by making contact with the
contact points (15, 17). Such relays can be used, for
exanpl e, as: acceleroneterg? acceleroneters in
airbags, tiltneters, Coriolis force detectors,

m cr ophones, in acoustic applications, pressure
sensors, flow sensors, tenperature sensors, gas

sensAr-yisapich MRYARbIIG g td £ dr SERS S22, tf Qco‘f:‘lgtf‘c-ap}(ifzgtgms. 4)

32.- Use of a relay according to any of claims 1 to 22, as gas sensor.

33.- Use of a relay according to any of claims 1 to 22, as magnetic field sensor.

34.- Process for actuating a miniaturized relay according to claim 1, where said relay
additionally comprises a fourth condenser plate arranged in said first zone, in which said first
condenser plate and said second condenser plate are equal to each other, and said third condenser
plate and said fourth condenser plate are equal to each other, characterised in that voltage is
applied to the first and fourth condenser plates, on one side, and to the second or to the third
condenser plates, on the other side for the conductive element to travel towards the second zone,
and in that voltage is applied to the second and third condenser plates, on one side, and to the first
or to the fourth condenser plates, on the other side for the conductive element to travel towards

the first zone.





