-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
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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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type of force or actuation mechanism they use to 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



noi se which the relay generates. 5 Electrostatic

relays al so have a significant problemas to
reliability. due to the phenonmenon 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 accel eration ggainst 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
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ot henolse, which renders having close electronic circuitry much more difficult,
and requires high peak currenis for switching.

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 electric sense, as points in an electric circuit.

Summary of the invention



abovenenti oned drawbacks. This is achieved by neans of
a mniaturised relay characterised in that it
conprises: 5 - a first zone facing a second zone, - a
first condenser plate, - a second condenser plate
arranged in the second zone, in which the second
plate is smaller than or equal to the first plate, -
an i nternedi ate space arrangéﬁ bet ween the first zone
and the 10 second zone, - a conductive el enent
arranged in the internedi ate space, the conductive

el enent bei ng nechanically independent of the first

zone and __t he second z ne and eJn
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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. 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



-4- element in a direction along the internedi ate
space. By neans of different designs to be described
in detail belowthis effect can be used in several

di fferent ways. Additionally, a relay according to the
invention |ikew se satisfactorily 5 resolves the
previously nentioned problem pof "pull-in". Another

addi ti onal advantage of the relay according to the
invention is the follow ng. in conventional

el ectrostatic relays, if the conductive el enent
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of contact point for the external electric circuit

and the fosexampleothe meverpelutihng copdusiim elemant kg be as
bet ygiRmst he first and second zones and make, or not
make, contact with 30 the other contact point,

Zependi ng dAirst pessibilily s dhat the cpndyctive elament faeye along the

intermediate space with a travelling movement, i.e., in a substantially

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



bel ow, this approach has a range of specific
advantages. - a third possibility is that the
conductive el enent nove along the internedi ate space
with a novenment that conbines a travelling novenent
-5- between the first and second zones, induced by the
el ectrostatic forces generated, and a novenent that

i s perpendicular to the forner,sinduced by a Coriolis
force. This solution will be described in greater
detail bel ow. Advantageously the first contact point
S tween the second zone 5 and the conductive
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contact point of 20 the electric circuit, the electric
circuit is closed, and it is possible to open the
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again close the electric circuit, it is enough to apply voltage between the

- first and .secon"d condenser plates. This causes the conductive element to
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 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



addition of a third condenser plate arranged in the
second zone, in which 30 the third condenser plate is
smal ler 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.
Wth this arrangenent the first condenser plate is to
one side of the internediate-§pace and the second - 6-
and third condenser plates are to the other side of
the internedi ate space and close to one another. In
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zone or the first zone, Advantageously the firsf, 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



~“are equal 1o

it is convenient that in its design the relay be
symmetrical in several respects. On one hand there is
symetry between the first and second zone, as
comment ed above. On the other hand it is necessary to
retain other types of symetry to avoi d ot her

probl ens, such as for exanple the 30 probl ens of
rotation or swinging in the cdnductive el enent and
which will be conmented upon below. In this respect
it i1s particularly advantageous that the rel ay
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' - in particular if the relay has six condenser plates in each zone, i
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



we shall see below, is another significant advantage.
Theref ore another preferable enbodi nent of the
invention is obtained when the relay 25 conprises 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 achievé* central symmetry: it

IS possible to achieve it as well, for exanple, wth
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circuit when in contact with the second contact point and third contact

point. 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 particdlarly 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




20 and the conductive elenent, in which the third
contact point defines a second stop, such that the
conductive el ement closes a second electric circuit
when in contact with the second contact point and
third contact point. In this case the relay acts as a
commuter, alternately connecting the second contact
poi nt with the first contact- %blnt and with the third
contact 25 point. A particularly advantageous

enbodi mnent of the previous exanple is achieved when
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_ solution can be particularly advantageous in the case of very small
.25 embodiments, since in this case the resolution capacity of the
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,



paral | el epi pedic part which defines a axis, in the
interior of which is housed the second contact point,
and a flat part which protrudes fromone side of the
radi al |y hol | ow paral el epi pedi c part and whi ch extends
in the direction of 20 the axis, in which the flat

part has a height, neasured Hﬁ the direction of the
axis, which is less than the elght of the
paral | el epi pedic part, neasured in the direction of
the axis. In fact, it is an enbodiment simlar to that
above, i rax‘m heﬁng ke cipcarag| sestierp iape diotiow dvavinged irpeiangular
par@ek i Ilow. This solution can be

par ticul ar y adva ‘ageous in the case of very small 25
enbodi nemiteoughi the Girst twa trinsbicatives efecthe ewst advantageous.
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means of a rotation (or ¥ means of a rotation
conbi nedAdyantagaonsly| gach 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




15 Anot her preferable enbodi nent of the invention is
obt ai ned when the relay conprises a third and a
fourth contact points arranged between the first zone
and the conductive elenment, in which the third and
fourth contact points define second stops, such that
the conductive elenment closes a second electric
circuit when in contact withlthe third and fourth 20
contact points. In fact, in this case the relay can
alternatively connect two electric circuits.
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which it connects the first
which is introduced in the commuted electric circuit.
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 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



electric circuit to the second electric circuit. To
avoid sticking and high frictional forces it is

advant ageous that 15 the conductive el enent have
rounded external surfaces, preferably that it be
cylindrical or spherical. The spherical solution
mnimses the frictional forces and sticking in al
directions, whilst the cylindi2i-cal solution, with the
bases of the cylinder facing the first and second zone
all ow reduced frictional forces to be achieved with
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force is generated which counteracts the former and the external electric
circuit is again closed (or vice versa, i.e., it is neceséaw 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



10 Anot her preferable enbodi nent of a relay according
to the invention is obtained when one of the
condenser plates sinmultaneously serves as condenser
pl ate and as contact point (and thus of stop). This
arrangement will allow connection of the other contact
point (that of the external electric circuit) at a
fixed voltage (normally VCC ‘olr3”GND) or is leaving it
at hi gh i npedance. The subject of the invention

likewi se relates to preferential uses for relays
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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.



Accel eroneter: the force due to outside acceleration
noves the conductive elenent, opening the electric
circuit. The voltage applied to the condenser plates
creates an opposing force. Wien the circuit again

cl oses 10 the voltage required can be determ ned and
thus, the acceleration to which the conductive

el enent has been subjected. “THis can al so take pl ace
in reverse, such as comented upon above, the outside
accel eration being that which tends to close the

circuit. Whabalatirk SB8hidn 1A1thi®\0EsePlt @UbEIH M2 Bken Thid 2EdtRint
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coef (fiép aggst getv%er% {P'l% relays. In this manner one can dynamically change

the directionality of the acoustic wave, so that it can be direcied 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 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 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



condenser plates. If these plates are nade from
materials having different 5 thernmal expansion
coefficients, the surface area coefficients of the
condenser plates will change with tenperature. In this
manner there is a relationship between the sw tching
time and the tenperature with respect to a given
voltage applied to the plateds-Similarly the m ni num
vol tage necessary to switch the relay will depend on
the tenmperature. 10 Acoustic applications
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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 ime
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




on the voltage applied to the condenser plates- If
there is a rotational velocity which is perpendicul ar
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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



detecting the voltage which switches the relay, there
is the advantage that -16- the relay is required to
switch much | ess frequently, reducing wear and
increasing long termreliability and working life.
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.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;



30 el ement and the magnetic force will disappear, and
thus the conductive elenent will again cone into
contact with the electric contact points, since the
electrostatic field will remain active. Some tine
should thus be allowed to run before re-establishing
the electric current and the conductive -17- el enent
agai n experiences the magnetitg-force. To differentiate
the magnetic force which the conductive el enent
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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



according to the invention;, 30 Figure 7, a perspective
view of the relay of figure 6 fromwhich the
conmponents of the upper end have been renoved; Figure
8, a perspective view of the |ower elenents of the
relay of figure 6; la Figure 9, a perspective view
of a third enbodi nent of a relay according to the

i nvention, uncovered; Figure-1BQ, a perspective view,
in detail, of the cylindrical part of the relay of
figure 9; 5 Figure 11, a perspective view of a fourth
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Figure 2 shows a second basic functioning mode for a relay

15 according to the invention. The relay again defines an intermediate space
25 in'which is housed a conductive element 7, which can move freely along

the intermediate space 25, a first zone, on the left in figure 2, and a second
zone, on the right in figure 2. In the second zone Is aranged a second
condenser plate 9 whilst in the first zone is arranged a first condenser plate

20 3. The first condenser plate 3 and the second condenser plate 9 are
connected to a CC control circuit.  Applying a voltage betwsen 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



Det ai | ed description of sone enbodi nents of the.
invention Figure 1 shows a first basic functioning
node of a relay according 30 to the invention. The
relay defines an internmedi ate space 25 in which is
housed a conductive el enent 7, which can nove freely
along the internediate space 25, since physically it
is a detached part which is mat. physically joined to
the walls which define the internedi ate space 25. The
-19- relay also defines a first zone, on the Ieft in
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the first zone is arranged a first condenser plate
3. Tingether withe #ivd epsespopring eelectin ¢iretie (Fdeorl figure s
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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 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



25 reason, the fact that in the exanple 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 elenent 7 would not nove in any direction.
The conductive element 7 will nove towards the right
until being stopped by first-"Atops 13, which are a 30
first contact point 15 and a second contact point 17
of a first external electric circuit CEl, such that
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the production of several layers and presents a great deal of versatility in

the 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
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the direction of novenent of the conductive el enent 7.
25 To achi eve noving the conductive elenent 7 in both
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, 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



condenser surface area is smallest (functioning as in
figure 2). 20 Figures 4 and 5 illustrate a relay
designed to be manufactured with EFAB technol ogy.
Thi s m cronmechani sm manuf acturing technol ogy by neans
of | ayer depositing is known by persons skilled in the
art, and allows the production of several |ayers and
presents a great deal of vergatility in the design of
t hree-di nensi onal structures. The relay is nounted on
a 25 substrate | which serves as support, and which in
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t hi r @ng N contact point 21 facing each other. The distance between the

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 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



poi nt 21 or the second contact point 17 with the
fourth contact point 23. In the figures, however, the
play is not drawn to scale, so as to allow greater
clarity in the figures. 20 Figures 6 to 8 show anot her
rel ay designed to be manufactured wth EFAB
technology. In this case the conductive el enent 7
noves vertically, in accordamce with figures 6 to 8.
The use of one or the other novenent alternative in
the relay depends on design criteria. The
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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



I
sufficiently small to avoid the first contact point 15
contacting with the third 15 contact point 21 or the
second contact point 17 contacting with the fourth
contact paint 23. The relay shown in figures 9 and 10
is an exanple of a relay in which the novenment of the
conductive element 7 is substantially a rotation
around one of its ends. Thissgelay has a first
condenser plate 3, a second 20 condenser plate 9, a
third condenser plate 11 and a fourth condenser plate

5, all mounted on a substrate 1. Ad
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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



As can be seen, substituting a parall el epipedic part
for the cylindrical part 31 and replacing the second
contact point 17 having a circular section by one
havi ng a quadrangul ar section, as long as play is
sufficient, one can design a relay which is
conceptually equivalent to that of 15 figures 9 and
10. If, for exanple, in the rgl.ay shown in figures 9
and 10 the first contact point 15 and/or the third
contact point 21 were elimnated, then it would be

the very. condenser I at Speci f| C i
CondEParicapREcivg Skt ok g B eiiBet PRl angynot
Whi' € iha\Qimkadt §§ihté%r3§s m@ RbES inap O the c&@e@bddu&@ e’mps By
nmeans of a sui tabl e choice o

condenser Fjgug &5 SIPR)%% aNgrant & L@eggfg?%@@g‘%ﬁd f"htﬁ“r?% H;nd 5.

voI t 2‘9911@63@ WRYndYétve Hlerfdit- 7 MY pRtutResRES 30 ihyis lateral
, for exanple, that the third contact point

21 \/\é?‘@sﬂét electrically connected to any external

circuit. plhed14 NEsited 8 vaRin a.cﬂqeraaa%cmhgi tcﬂﬁmeJ@ﬁtl@n
stop, and en the conductive 25 el emenhmgP acts’

the Spewrally dﬁ?fﬁﬂﬁd fobLsg ag 7 ditagiorgf Lonif &feﬁa")
POI Nipyig %;?1 BH@c&?ﬁeﬁ%aﬂﬂb%&H ek 1t firdt coMahsbr ifatk 1B @nd a

state o a edance in

t. Th
showfrurih dongenser mt@te % §rra@@edg¢1bf§e:|:4f{ Feasrariange iaul«%aure 18)
Yt N gf ﬁ%ﬁ%@fv@ él&ﬁ@:'&of %ﬁﬂ a'%‘écéde &ﬁﬂ}éné@rﬂlé@@ﬂnd thinfd

technol ogy 1s known person sKkil in the
~art, camdpriser ldatarﬁoar@ngg@enw Bt QGtha Gguﬁdw&&%elemem? The

m cr 9%!%9 ﬁh?&ww firBt 4N L, %Frﬁéﬁ%&ir@ frl;tadbﬁfa%t ?cﬂﬁ‘t 18\hd the
sacriticCla ayers vvever concep t ual | IS

si mi |sa¢ondocqrﬁm:t peinkyi 75 ifothe waper |P§Grf§ﬁ99r9a¥%l gyl two second
al thapon 4 'd\gﬁ;te?]gifeetréqm%gbﬁ G R arﬂ“fﬁé fbnﬁ'rtﬁ Bénth& goint

of figure nser I s equal

t16 t |8, tnhihe dowermiashaleligyse dfe The ccmsﬂuctivg eiﬁ-'mﬁ@tr%moves in a
f
r Omzf?%gll ¥ at eb%‘?r@gr‘? ‘B?eﬁﬁormeﬁtsé‘r aaﬁ%gqhérhﬁ tBWHitths applied

conde are e each other and
smal |be’rwaenawchhdf ther neisty. lswbﬁcie dp deriolin farers theeeasgHctive

cont agt  peRNLy é@ nH&veE‘i‘éte%u?"h Ce\iae %gﬂgrdetor 'dBﬁnT&Qﬂ%rac%&@m to

whi ch permts ucti ve el enent I
t he |ﬁﬂur@r*n?e(ﬁuap@ﬁl!3gﬁ@é tr%rotatmal et ¢o remendipdanto the

%Kng pbgi#gﬁa%vuf?d r}?rrﬂagmﬂlc%gtgﬁaﬁy?ﬁemrﬁ‘ﬂoﬁﬁghﬁﬁlﬁﬁé éhosthe
r el apeeand egintachpiet 17 (or the third contact point 21 and the: fourth contact
point 23, and depending on the speed with which the zigzag is performed
(and on the geometric parameters and the masses of the relay) the Coriolis
force can be determined and, in consequence, the speed of rotation. The
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zZigzag movement is detected by the closing of the corresponding electric
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30 by a person skilled in the art.



between the first contact point 15 and the third
contact point 21 is equal to the distance between the
condenser plates. Gven that the novenent of 10 the
conductive element 7 is a rotational novenent around
the second contact point 17, the opposite end of the
conductive el enent describes an arc such that it
contacts with first or third contact point 15, 21
before the flat part 33 cad7touch the condenser
plates. Figure 12 shows another relay designed to be
manuf actured with 15 pol yMJUWPS technol ogy. This rel ay
is simlar to the relay of figures 4 and 5, although
it has, additionally, a ficihlimgondenser plate 35 and a
sixth condenser plate 37. Figure 13 illustrates a
relay equivalent to that shown in figures 4 and 5,

but mrmmrauiﬁaﬁrawclﬁﬁae@m&rm@mb@ sl the first zone
and s % condenser plates in the second zone.
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principle unknown, which will be forced by the external circuit that is closed.



5 faces 41. Figure 18 illustrates a variant of the
relay according to the invention. 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 condenser
plate 5 arranged on the left (in accordance with
figure 18) 10 of a conductive elenent 7, and a second
condenser plate 9 and a thi 28 condenser plate 11
arranged on the right of the conductive elenent 7. The
relay also has two first stops 13, which are the first
contZrcRelyorceardieg tapleimt heharaciasiseidindba seid firs epntact paint iy hetween
saldREcoHPRRE alPdald Bldubi@Wledied8. and two second stops 19
which are the third contact point 21 and the fourth
contact point 15 23, in the |ower part of figure 18.
The 3cqRelyGbdovdngab BRI ais TR @ SchhActerised IndRA Shid R84HdRbhntact point
. bet ween HEF(&Endenser pl ates thanks to vol tages
s HSe AbsaIGTETREEMesuch. I the relay is subjected to
Coriolis forces the conductive elenment 7 wll be
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speed with which the zigzag is perforned (and on the

geonetric paraneters and the masses of the relay) the
Cor iPolRelay apeprding walpibd, durasteriteddnl thahehid finst, senude thimriné fourth

cobdiBsePRREhOM 404136 Latlomdhe 25 relay also has third
stops 43 and fourth stops 45 which can (additionally

and optionally) also be electric contacts. Thus the
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are QP Ol 9ibhe art. 27 CLAIMS 1.- Mniaturised rel ay
characterised in that it conprises: - a first

| at. - d d | ate faci
Cai 0 P eReoBn i gl o SR B g

arrarged in said first zone and six condenser plates arranged in said second zone.

8.- Relay according to any of claims 1 to 7, characterised in that it comprises a second

stop between said first zone and said conductive element.

9.- Relay according to any 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



smaller than or equal to said first plate, - an

i nternmedi ate space, - a conductive el enent arranged in
said internedi ate space, said conductive el ement

bei ng a detached part capable of noving freely al ong

the internedi ate space and being suitable for

effecting a novenent across said internedi ate space
froma first end of said internediate space, defining

a first zone, to a second edfl of said internediate

space, defining a second zone, and vice versa, said
novenent dependi ng on voltages present in said first

and second condenser plates, where said first
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sai d second condenser plate is arranged 1 n sa

Brigeopd prutact poipt and spid thirdhreriAi @pink| at e arranged in

said second zone, in which said third condenser plate

is s Ilﬁr than or equal to said first condenser
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dmmﬂmafﬁxhkectrlc circuit, in which said first and
second contact points define first stops, in which
said conductive elenent is suitable for entering into
contlacRelay pdyordamigdo ¢lpimsd, charapsisalnia thansaihjopductwd aement comprises
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princi pl e unknown, which will be f orce
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pardll&pidtiio Part, Shcluftdm the disdoBbAG G LAgd i n that said first
contact point is between said second zone and said
conductive elenent. 3.- Relay according to one of
cl ailms Rbla}aﬁccar,dm@h&ﬁﬁéﬂ&fﬁﬂdlﬁﬁd th 17, §HaRkteSRl Gh HRCIOBSprises a third

tact s |ikewise in.said secand zone,
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condenser plate and said fourth condenser plate are

equal to each other. 5.- Relay according to claimd4,
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with respect to a centre of



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 sixth condenser plate arranged in said second zone,
in which said fifth condenser plate and said sixth
condenser plate are equal to each other. 7.- Relay
according to claim6, characterised in that it
conprises, six condenser pla®es arranged in said
first zone and si x condenser plates arranged in said
second zone. 8.- Relay according to any of clains 1 to
7, characterised in that it conprises a second stop
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9,- .Re|lay according to any o
‘m@ﬂﬁ?ﬁf%@¥WSed inthat it conprises a third contact
poi nt arranged between said first zone and said

condyctive el ement, i ich said third, contact point
o 1 §eRelsY 350 e do ' Ll s slock tRgreds i By astambly of said
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i.th.said.secon ontact .point .and said third
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forgued by saig third apd fourthyapniagt pRRt®r di ng to claim 9,
characterised in that said conductive el ement
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clesait HassoadedextetRDivdfatespoi Nt, and a flat part which
protrudes fromone side of said radially is hollow
par al el epi pedi c part and which extends in the
di r Bt Relay @éconthigdtoadlhitn 16,Nchadactedted ad Ghak lsaill doadictiftadledent is
cﬂﬁ%&%ﬁt’ nmeasured in the-direction of said axis, which
I's 1éss than the height of said parallelepipedic
part, measured in the direction of said axis. 12.-
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sphérgpak t h cont act poi nt arranged between said first zone
and said conductive elenent, in which said third
contact point and fourth contact point define second
st offs, Redaycaeceriiag to guy of elamsuictol Vie chiremerined il thatesidaconductive
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.third contact point an contact po
said movement of said conductive element, and at least one lateral face, in which said lateral face

has slight protuberances.



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 wth respect to a
centre of 30 symmetry, and in which said centre of
symmetry is superposed to the centre of masses of said
conductive elenent. 14.- Relay according to any of
claims | to 12, characterised in that the assenbly of
said condenser plates arragged in each of said first
and second zones has central asymetry, thus
generating a nonment of forces with respect to the
centie efay'Resaag & a@abtdclﬁglg dugt jgv @he@ic?eﬁ?é@lt in that-said conductive
Rel ay accordlng fo any of claims 12 to 14,
clepat5bell™ sed in that between said flrst zone and
sai d second zone extend two lateral walls, in mhich
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el enent from simultaneously entering into contact with
a contact point of the group formed by said first and
sec @2d Relanb@odding oo mtyf aIBﬁhsWi to B1,ahaamndraet in dat ode odfaid Emdenser
and fourth contact points.
pla%%%-lﬁrﬁéqa%oqgg 8‘2%05 §£b g(fngac ap Omt of clains 1 to 15,
characterised in that sald conductive elenment has
rounqe I to
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elenment is cylindrical. 18.- Relay according to claim
16, 28 h@E@tﬁ‘ta%léﬁa%gor&Hg {or%% IIQS PB%%tabc\é 0¢+ r]tfé%g
spherical. 19.- Relay actording to any o al ms 0
17, characterlsed in that said conductive elenent has
an uppeke dracQayaddtbr@ing RWRY off Bkfs 1 £3h s iRREE: and | over
faces being perpendicular to said novement of said
conductive el enent, and at |east one lateral face, in
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20.- Relay according to any of clainms 1 to 19,
characterised in that said conductive elenent is
hol RnviUsedt a relfyakaydingeo angdofMmbiho! ©2a) pkssuthaisact eri sed
in that said first condenser plate has a surface area
which is equal to or double the surface area of said
secdhdUsarid etayercopdiag te an?& claitiel @y2,a6 adorephoge. t 0 any of
claims 1 to 21, characterised in that one of said
condenser
29.- Use of a relay according to any of claims 1 to 22, as flow sensor.

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



plates is sinmultaneously one of said contact points.
23.- Use of a relay according to any of clains 1 to
22, as accelerometer. 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 tiltneter. 26.- Use of a relay according to any
of clainms 1 to 22, as detector of Coriolis forces.

27.- Use of a relay accordigg to any of clainms 1 to
22, as pressure sensor. 28.- Use of a relay according
to any of clains 1 to 22, as m crophone. 29.- Use of
a relay according to any of clains 1 to 22, as flow
SensNI-UsSbk a relep &ocOilding td £ Y 1AM 9 Edjif' Q)r E&u@ﬁ%pﬁfcat‘r‘oln?' s
1 to 22, as tenperature Sensor.

rel ay accordlng to any of clalnB 1 to 22 for acoustlc
appl 326 aksé SfNSrelay SRordinlian9bf @aim€h &Y2006CA% ghitg, t0 any of
clainms 1 to 22, as gas sensor. 33.- Use of a relay
according to any of clains 1 to 22, as magnetic field
SensiBr Us3éf.a-relby acading (my atdaimt | RO22QadhdghaicWeldzador.

rel ay according to claiml1, where said relay

addi,i riSes. h con ens
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thdiraitzeé®e, on the other side for the conductive el enent
to travel towards the first zone. -33- M N ATURI SED
RELAY AND CORRESPONDI NG USES ABSTRACT $ The subj ect
of the invention is a mniaturised relay which

~conprises a first zone facing a second zone, a first
condenser plate (3), a second condenser plate (9)
arranged in the second zone, and snaller than or 10
equal to the first plate, an internedi ate space (25)
bet ween both zones, a conductive elenment (7) arranged
in the internedi ate space (25) and which



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). Suchi+el ays can be used, for
exanpl e, as: acceleroneters, acceleroneters in
airbags, tiltneters, Coriolis force detectors,

Censors,  THBWATUBRT EECAZ I EPRIEFORBRIE LSS

sensors and magnetic field sensors, 20 etc. (Fig. 4)

ABSTRACT

The subject of the invention is a miniaturised relay which comprises

a first zone facing a second zone, a first condenser plate (3), a second
condenser plate (9) arranged in the second zone, and smaller than or

10 equal to the first plate, an intermediate space (25) between both zones, a
conductive element (7) arranged in the intermediiale space (25) and which

is mechanically independent from the adjacent walls and can move freely
across the intermediate space (25) depending on voltages present
between both plates, contact points (15, 17) of an electric circult, in which

15 the conductive efement (7) closes the electric circuit by making contact with
the contact points (15, 17). Such relays can be used, for example, as:
accelerometers, accelerometers in  airbags, filtmeters, Coriolis force
detectors, microphones, in acoustic applications, pressure sensors, flow
eensors, temperature sensors, gas sensors and magnetic field sensors,

20 efc.

(Fig. 4)



