1 PI EZO RESI STI VE FORCE SENSOR W TH BUMPS ON MEMBRANE STRUCTURE Fi el d of
the I nvention [0001] The present invention generally relates to devices for
sensing a force, and nore particularly to a piezo-resistive force sensor
for vehicle brake applications. Background of the Invention [0002] Force
sensi ng devi ces such as piezo-resistiJe force sensor have becone nore
popul ar in el ectro-nechani cal systens because the Brovide preci se and

reliable force JARLORENMSTEYEHRRCESENSORWITILREMEBS ONeur t her nore, t he

conpact package of the pi emmﬂv&ﬁﬂmﬁﬁnsor facilitates easy

integration into the el ectro-nechani cal”  systens. The piezo-resistive force
sensor operates on the principle that the silicon inplanted

pi ezo-resistors vary their resjstance when defornmed by a force. Typically,
these piezo-resistors are fabFielhottreilnvention i con die/chip, where the
silicon die/chip is configured to be flexed or conpressed by the force.
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to sl owndesparftulsilpd 4 piezo-wehitict orcd eRsortef {dhidle beke applicatioidki Nng syst em can
result in traffic accidents and other undesirabl e consequences. Therefore,
know edge and control of the braking force is inportant to inprove the

ef ficiency of the braking systEMouhdShéfNenfshstive force sensors are
integrated in vehicle braking sgl}sterrs to measure and facilitate control of

the braking force, thus inproving the overall braking performance. [0004]
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application. The force sensor 1 conprises a plunger 2, a flexible nmenbrane
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implanted piezo-resistors vary their resistance when deformed by a force. Typically, these
piezo-resistors are fabricated in a silicon die/chip, where the silicon die/chip is configured
to be flexed or compressed by the force.
[0003] Vehicles, as transport means, have become an important part of society.
Typically, driving a vehicle requires the constant use of brakes to slow down or stop the
vehicle. The inefficiency of a braking system can result in traffic accidents and other
undesirable consequences. Therefore, knowledge and control of the braking force is
important to improve the efficiency of the braking system. The piezo-resistive force
sensors are integrated in vehicle braking systems to measure and facilitate control of the
braking force, thus improving the overall braking performance.
[0004] Figure 1 illustrates a known piezo-resistive force sensor 1 for brake
application. The force sensor 1 comprises a plunger 2, a flexible membrane 4 a silicon die
10, and a support plate 7. The plunger 2 is configured to receive a force from a load,
wherein the plunger 2 transmits the force to the membrane 4. In particular, the lower
surface of the plunger 2 has a ring-shaped bump 3 that complementarily fits into a ring-
shaped groove 5 at the upper surface of the membrane 4. The membrane 4 is supported by

the fixed support plate 7, wherein the lower surface of the membrane 4 has another ring-

shaped groove 6 configured to allow a ring-shaped bump 8 on the support plate 7 to fit




the fixed support plate 7, wherein the | ower surface of the nmenbrane 4 has
anot her ring- shaped groove 6 configured to allow a ring-shaped bunp 8 on
the support plate 7 to fit 2 into. Furthernore, the | ower surface of the
menbrane 4 has a centrally di sposed cgnvex step 9 that secures the silicon
die 10 between the nenbrane 4 and the“support plate 7. [0005] The
configuration of the force sensor 1 works under the principles of a |ever
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I'n one a t he present 1 nvention

provi Qe%@Sa@ﬁl:eﬁ@g@decr@g@ﬁuri ng the force froma | oad, the device
conprising a plunger configured to receive the force fromthe . |oad,
wher ei n [0996] | over dwraferecthste is |98 iIppPenTHEs nepsdsiodiaye A gurabl g reliable prezo-

resistive force sensor to provide precise measurements of force. The purpose of this
invention is to devise a sensor satisfying the above-mentioned requirement. Other

advantages of this invention will be apparent with reference to the detailed description.

Summary of the Invention

[0007] The present invention provides a device for sensing a force, and more
particularly to a piezo-resistive force sensor for use in a vehicle brake system to improve
the overall braking performance.

[0008] Accordingly, in one aspect, the present invention provides a device for
measuring the force from a load, the device comprising a plunger configured to receive the
force from the load, wherein the lower surface of the plunger has a ring-shaped first
groove; a disc-shaped membrane having an upper surface and lower surface, wherein the
membrane is flexible according to the force received by the plunger, wherein the upper
surface of the membrane has a ring-shaped first bump, the first bump configured to
complementarily fit into the first groove on the lower surface of the plunger, and wherein
the lower surface of the membrane has a ring-shaped second bump; a sensing means

centrally disposed on the membrane, wherein the sensing means measures the force of the



groove; a disc-shaped nenbrane having an upper surface and | ower surface,
wherein the nenbrane is flexible according to the force received by the

pl unger, wherein the upper surface of the nenbrane has a ring-shaped first
bunmp, the first bunp configured to cqgnplenentarily fit into the first
groove on the |ower surface of the plunger, and wherein the |ower surface
of the nenbrane has a ring-shaped second bunp; a sensing neans_ centrally
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surface of the membrane has a ring-shaped first bump, the first bump configured to

complementarily fit into the first groove on the lower surface of the plunger, and wherein
the lower surface of the membrane has a ring-shaped second bump; a sensing means
centrally disposed on the membrane, wherein the sensing means measures the applied
braking force when being bent or compressed caused by the membrane; a support plate
having a ring-shaped second groove that is configured so that the second bump on the
lower surface of the membrane can complementarily fit into; and whereby the applied
braking force received by the plunger is transmitted to the membrane, causing the
membrane to flex, which in turn causes the bending or compressing of the sensing means,
resulting in the measurement of the applied braking force; and a control unit electrically
coupled to the braking device to control the braking pressure on the at least one wheel,
wherein the control unit is configured to receive the measurement of the applied braking
force from the braking device, and to process the measurement of the applied braking force

to control the braking pressure on the at least one wheel.



havi ng a ring-shaped second groove that is configured so that the second
bump on the |ower surface of the nenbrane can conplenentarily fit into;
and whereby the applied braking force received by the plunger is
transmtted to the nenbrane, causing the nenbrane to flex, which in turn
causes the bending or conpressing of fhe sensing neans, resulting in the
measur enment of the applied braking force; and a control unit electrically
coupl ed to the braking deBrue Descriptivn of thenBrayiags ng pressure on the at

| east one wheel, wherein the control unit is configured to receive the
measurenent of the agppljed braking force fromthe braking deyice, ,and to
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perspective view of the nenbrane in FIG 2. [0015] FIG5 is an illustrative
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t he dep n accordance wt enbodi nent of
the pres@mtbrandim@IGion. [0017] FIG 7 is an illustrative diagramshow ng a

cross-sectional view of the ) ) . .
[0015] FIG 5 is an illustrative diagram showing the bottom plan view of the
membrane in FIG 2.
[0016] FIG 6 is an illustrative diagram showing an enlarged cross-sectional view of
the depression in the support plate in accordance with one embodiment of the present
invention.
[0017] FIG 7 is an illustrative diagram showing a cross-sectional view of the
assembled force sensor in accordance with one embodiment of the present invention.
[0018] FIG 8 is an illustrative diagram showing a cross-sectional view of the
assembled force sensor in accordance with one alternative embodiment of the present
invention.
[0019] FIG 9 is an illustrative diagram showing a cross-sectional view of the
assembled force sensor in accordance with another alternative embodiment of the present
invention..
[0020] FIG 10 is a block diagram illustrating a vehicle braking system in
accordance with one embodiment of the present invention.
[0021] FIG 11 is a simplified diagram illustrating a vehicle braking device in
accordance with one embodiment of the present invention.
[0022] FIG 12 is a graphic simulation of the stress level on the membrane of the

force sensor in accordance with one embodiment of the prior art.




assenbl ed force sensor in accordance with one enbodi nent of the present

I nvention. [0018] FIG8 is an illustrative diagram show ng a
cross-sectional view of the assenbled force sensor in accordance with one
alternative enbodi nent of the present _ invention. [0019] FIG9 is an

il lustrative diagram show ng a cross- Sectional view of the assenbled force
sensor in accordance with another alternative enbodi nent of the present
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graphic sinmulation of the stress | evel on the nmenbrane of the force sensor
in accordance with one erxtailedeRescoiptionef thé brvention 5 [0023] FIG 13 is a
graphic sinulation of the reduced stress |evel on the nenbrane of the
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force sensor nmeasuring a force applied thereon. Referring to

Fi gurespetangd 3, the force sensor 11 conprises a plunger 20, a nenbrane
0.2 Sipagr L Pl S0t s £ 00 e ineg asensor 11
plate 6@ lfedﬁh&fe@ﬂ akbﬁémrlgit‘éGF 1ghﬁre§2@ﬁdi 30the @b12€ KetsyP €F coOhphigs alplurger @t al
al | oys. e silicon die 10 is sensor chip
a membrane 40, a support plate 60 and a silicon die 10, wherein the force sensor 11 has a
central axis A-A. The plunger 20, the membrane 40, and the sﬁpport plate 60 is preferably
made of steel or other types of metal, or metal alloys. The silicon die 10 is a sensor chip
comprising piezo-resistors, wherein the resistance of the piezo-resistors varies according to
' the deformation of the silicon die 10. It is contemplated that other types of sensors that
deform to provide a force measurement could be used. For example a fiber Bragg grating
(FBG) optical fiber sensor or a strain gauge.
[0027] Referring to Figures 2 and 3, the plunger 20 is a cup-shaped body having a
center aligned to the central axis A-A. The bottom surface of the plunger 20 has a ring-
shaped groove 22, wherein the ring-shaped groove 22 has a center aligned to the central
axis A-A. The membrane 40 is a disc-shaped body with a center aligned to the central axis
A-A, wherein the membrane 40 has a ring-shape upper bump 42 at the upper surface and a
ring-shape lower bump 44 at the lower surface. The upper bump 42 is an integral part of
the membrane 40, wherein the upper bump 42 has a center aligned to the central axis A-A.
Similarly, the lower bump 44 is an integral part of the membrane 40, wherein the lower
bump 44 has a center aligned to the central axis A-A. In the present embodiment, the
diameter of the ring-shaped upper bump 42 is less than the diameter of the ring-shaped
lower bump 44. Furthermore, the bottom surface of the membrane 40 has a convex step
46, wherein the step 46 is centrally disposed on the bottom surface of the membrane 40.

The step 46 supports the silicon die 10 between the membrane 40 and the support plate 60,



conprising piezo-resistors, wherein the resistance of the piezo-resistors
varies according to the deformation of the silicon die 10. It is

contenpl ated that other types of sensors that deformto provide a force
measur enent coul d be used. For exanplg a fiber Bragg grating (FBG optical
fi ber sensor or a strain gauge. [0027}f Referring to Figures 2 and 3, the

pl unger 20 is a cup-shaped body having a center aligned to the central
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complementarily fit into the groove 62 at the upper surface of support plate 60. As
discussed above, the silicon die 10 is disposed between the step 46 and the upper surface of
the support plate 60.
[0030] The configuration of the assembled force sensor 11 operates under the
principles of a lever mechanism, as discussed above. Without intention to be bound by any
particular theory or principle, the membrane 40 performs both the lever and fulcrum
functions. Specifically, the lower bump 44 of the membrane 40 acts as the fulcrum
element that supports the membrane 40 on the support plate 60, and wherein the membrane
40 also acts as the lever element. When the plunger 20 receives a force from the load, the
force is transmitted to the membrane 40, causing the membrane 40 to flex. The flexing of
the membrane 40 bends and/or compresses the silicon die 10, resulting in the measurement
of the force from the load by the silicon die 10. Typically, the force received by the
plunger 20 is too large for the silicon die 10 to measure directly. Hence, the membrane 40
is configured to attenuate the actual amount of force from the plunger 20 for measurement
by the silicon die 10. During flexing of the membrane 40, the upper bump 42 transmits a

large proportion of the force to the lower bump 42, wherein a smaller proportion of the




secured between the depression 64 and the step 46 at the bottom of the
menbrane 40. [0029] Figure 7 is a cross-sectional view of the configuration
of the assenbled force sensor 11. The upper surface of the plunger 20 is
coupled to a |load, wherein the plunger 20 receives a force fromthe | oad.
The upper bunp 42 of the menbrane 40 Vs configured to conplenmentarily fit
into the groove 22 on the | ower surface of the plunger 20. Furthernore,
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present bgl%{)v]c t g lélrroac;[vle%r}s subJectleJcP Ba hgﬁqgvel of at?edssl 91gure 3P partla rvefev(\j/ o %%Sed on
force sensor 11 of the present invention, showing the simulation results of stress induced
on the membrane 40. In particular, Figure 13 shows that the stress level at the portion 92
below the upper bump 42 is significantly lower relative to Figure 12.
[0032] Figure 8 shows an alternative embodiment of the force sensor 11, wherein
the silicon die 10 is directly mounted at the center of the lower surface of membrane 40°.
When the plunger 20 receives a force and flexes the membrane 40°, the flexing of the
membrane 40’ causes the silicon die 10 to bend accordingly. The bending of the silicon
die 10 results in the measurement of the force from the load. Alternatively, the silicon die
10 could be mounted at the center of the upper surface membrane 40°, wherein the flexing
of the membrane 40’ causes the silicon die 10 to bend.
[0033] Figure 9 shows another alternative embodiment of the force sensor 11,
wherein the membrane 80 has an upper bump 82 at the upper surface and a lower bump 84
at the lower surface. In particular, the upper bump 82 is configured with a larger diameter
relative to the lower bump 84. Furthermore, the upper bump 82 is configured to
complementarily fit into the groove 72 at the lower surface of the plunger 70. The lower

bump 84 is configured to complementarily fit into the groove 76 at the upper surface of the



the nenbrane 40 to reduce the stress induced on the nenbrane 40 by the
force transmtted fromthe plunger 20 and supporting plate 60. Hence, the
reliability and durability of the force sensor 11 is significantly

i mproved. [0031] Mechani cal sinulatiogs have been carried out to evaluate
and conpare the |level of stress induCed on the nenbrane. Figure 12
illustrates a partial view of the known force sensor 1, show ng the
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device 200. The braklng device 200 comprises a disc 210 coupled to the wheel 110 of the

vehicle, wherein the disc 210 rotates with the rotation of the wheel 110. Typically, the disc
210 is disposed between two pads 220, wherein the two pads 220 provide a clamping force
on the disc 210 to apply a braking pressure on the wheel 110. A screw 230 is coupled to
the pads 220, wherein the screw 230 can be driven to move the pads 220 relative to the
disc 210. Furthermore, the screw 230 is coupled to the electric motors 240 via a reduction
gear 250, wherein the reduction gear 250 is provided to transform the rotational motion of
the electric motors 240 to the translation movement of the screw 230. The control unit 120
controls the electric motors 240 to generate or adjust the braking pressure on the wheel
110. In the present embodiment, the force sensor 11 is coupled to the reduction gear 250.
In particular, the reduction gear 250 acts as a load on the plunger 20 of the force sensor 11,
wherein the movement of the reduction gear 250 varies the load on the plunger 20 and
changes the state of the silicon die 10. As a result, the silicon die 10 generates an
electronic signal corresponding to the force applied from the reduction gear 250, wherein

the electronic signal is transmitted to the control unit 120.



support plate 78. The silicon die 10 is preferably centrally nmounted on the
upper surface of the nenbrane 80. When the plunger 70 receives a force and
fl exes the menbrane 80, the flexed nenbrane 80 causes the silicon die 10
to bend accordingly. The bending of the silicon die 10 results in the
measurenent of the force fromthe |load. Alternatively, the silicon die 10
could be centrally nmounted on the | ower surface of the nmenbrane 80,
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reduction gear 250 varies the | oad on the plunger 20 and
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




changes the state of the silicon die 10. As a result, the silicon die 10
generates an electronic signal corresponding to the force applied fromthe
reducti on gear 250, wherein the electronic signal is transmtted to the
control unit 120. 9 [0036] During a bi@king action, each of the wheels 110
may be subjected to different anounts-of braking force, which may cause
the vehicle to swerve or even overturn. The control unit 120 is provided
to adjust the braking force on each wheel 110 based on the electronic
signals received fromeach force sqﬂigf 1. In particular, the control

unit 120 receives and processes the el'ectronic signals fromthe silicon die
10 of each force sensor 11. Based on the electronic signals fromthe force
sensor 11 and the .input fromthe brake pedal 130, the control unit 120
cont r ol Vhatés dpimedrisic notors 240 accordingly to apply the correct anpunt

of braking pressure on each wheel 110, thereby achieving a better braking
performance for the vehicle. Al though the foregoing description discloses
a forcelsenseydévicd for meaeiring theforad fothradkad) ghesdesviceremprisings apparent to one

skill in the art that_the force sensor 11 c e applied in any
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invention is deséhd fistibinyp configpebiodeammemenarilift inte thefpbetcsye vy thhe
meastri ng the 1 of A&V SBHSE TORUPRG: B0 ce compri oing: a plunger
configured to receaingeih e HVeE Surfdce BY tHiRendRadne Hier @idisHaped keewad bempf ace
a sensing means centrally disposed on the membrane, wherein the sensing means
measures the force of the load when being bent or compressed caused by the membrane;
a support plate having a ring-shaped second groove that is configured so that the
second bump on the lower surface of the membrane can complementarily fit into; and
whereby the force received by the plunger from the load is transmitted to the
membrane, causing the membrane to flex, which in turn causes the bending or compressing

of the sensing means, resulting in the measurement of the force from the load.

2. The device according to claim 1 further comprising a convex step centrally
disposed on the lower surface of the membrane, wherein the convex step secures the

sensing means between the lower surface of the membrane and the support plate.

3. The device according to claim 2, wherein the support plate further comprises a

depression configured for supporting the silicon die.



of the plunger has a ring-shaped first groove; a disc-shaped nenbrane
havi ng an upper surface and | ower surface, wherein the nenbrane is
flexible according to the force received by the plunger, wherein the upper
surface of the nenbrane has a ring-s ed first bunmp, the first bunp
configured to conplenentarily fit into the first groove on the | ower
surface of the plunger, and wherein the |ower surface of the nenbrane has a
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ring- sh&ﬁgﬁk@ﬁ@ﬁﬂﬁc@&ﬁ@kﬁﬂbﬂ@mom@omﬁmi|gured Yo that the second bunp on
the | ower surface of the nmenbrane can conplenentarily fit into; and
whereby the force received by the plunger fromthe load is transmtted to
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bendi ng or conpressi ng sensi ng neans ting int nmeasur enent
of the boatleapbeosurfabeof thadnenzbrarddie devi ce according to clalntl further
conprising a convex step centrally disposed on the |ower surface of the
menbr ane, wherein the convex step secures the sensing neans between the

l'ower syrfac ?h?BC\tflbg aEE‘%&ng@@ cBid 1t %e%%%nﬂh?%an@ is dEalie Howgted

according to clarm2 in the Support plate further conprises a

depr essbothedowbi gufaee of the nsamphyend.i ng the silicon die. 11 4. The device
according to claim2, wherein the ring-shaped second bunp has at |east one
gap, wherein the at |east one gap provi des passage for an electrical

connect gr t OTROUBNiBe aédb?dlﬁ%lté 6lafn di ¥htRiPhBensahapdd ARt BuspMROAeMbBer 5. The
device according to claim wherein the sensing neans is centrally nounted

on the dppnmnﬁumﬁhceneﬁhmnésmemﬁﬂame> 6. The device according to claim1,
wherein the sensing neans is centrally nounted on the |ower surface of the
menbrane. 7. The device according to claim1, wherein the ring-shaped first

bunp hag a smakldevice according to claim 1, wherein the ring-shaped first bump has a larger

diameter than the ring-shaped second bump.

9. The device according to claim 1, wherein the sensing means is a silicon die with a
plurality of integrated piezo-resistors, wherein the plurality of integrated piezo-resistors

varies their resistance when bent or compressed.

10. A braking system coupled to at least one wheel of a vehicle to control the braking
force thereupon, the braking system comprising:

a pedal for inputting an initial braking pressure to the at least one wheel;

a braking device coupled to the at least one wheel, wherein the braking device is
configured to apply the initial braking pressure on the at least one wheel, and further
wherein the braking device comprises a sensor to measure the braking pressure applied to
the at least one wheel, the sensor comprising,

a plunger configured to receive the applied braking force, wherein the lower
surface of the plunger has a ring-shaped first groove;

a disc-shaped membrane having an upper surface and lower surface,
wherein the membrane is flexible according to the applied braking force

received by the plunger,




di aneter than the ring-shaped second bunp. 8. The device according to claim
1, wherein the ring-shaped first bunp has a larger dianmeter than the
ring-shaped second bunp. 9. The device according to claim1, wherein the
sensing neans is a silicon die with a_plurality of integrated

pi ezo-resistors, wherein the plurality of integrated piezo-resistors

varies their resistance when bent or conpressed. 10. A braking system

coupl ed to at |east onwheseetheafppar swiicelod thomeorans| has aerig-sheipag firgtor ce

t her eupon, the braking, system.c rising. a.pedal for jnputfi an. i.nitial

br aki ng pressure to thgm}éf_?’ tﬁ%&%%ﬁ’é’ ‘img&“;ed OB?IE%eWﬁn{& |§Eemgogﬁlﬁllésé to the
at | east one wheel, whgigioh AR 1BHeKsuhcE BFihe Phinger, adf i gured to apply the
initial braking pressure on the at | east one wheel, and further wherein

the braking device conpherés the deweosurfecenebshy mentsany hrs gripe-sbangde
applied to the at leagt r?d; wheel , the sensor conprising, a plunger
configured to receive THhe g‘ﬁfl?’ed braki ng force, wherein the | ower surface

of the plunger hag sansindsesiioqaeally dspogidasvie ndertlhrase, Stteped the sdasimge
havi ng an upper surface and | ower surface, ~wherein the nenbrane is

fl exi bl e accor di ngeers meesusgsghe applindarikigefeice avhepdemna ent 9y comaresicdnger

12 wherein the up e nenbrane has a ring-shaped first bunp,
the first bunp cog F&%?ggﬂﬁgmg%ﬁ%%enentariIy fit into the first groove on

the |ower surfaceaatppdrephiaihgeng aaip-sitapee isecont groawethat isr doafigust sohe

menbrane has a ring-shaped second bunp; a sensi means centrally di sposed
on the membrane, Wérdensecrad sRHEP ngn q‘ﬁ%alﬁ?e%%g%sofﬂée é‘b‘fipli’réae%craﬁ‘ki er])g

force when being Qwﬁﬁ%fiﬁﬁ?@ﬁ% dpqcaused by the nmenbrane; a support
pl ate having a ring-Shaped second’groove that is configured so

whereby the applied braking force received by the plunger is transmitted to
the membrane, causing the membrane to flex, which in turn causes the
bending or compressing of the sensing means, resulting in the measurement

of the applied braking force; and
a control unit electrically coupled to the braking device to control the braking
pressure on the at least one wheel, wherein the control unit is configured to receive the
measurement of the applied braking force from the braking device, and to process the
measurement of the applied braking force to control the braking pressure on the at least

one wheel.

11.  The braking system according to claim 10, wherein the braking device applies the

braking pressure on a disc mounted on the at least one wheel.

12.  The braking system according to claim 11, wherein the braking device further
comprises a plurality of brake pads for applying the braking pressure on the at least one

wheel.

13.  The braking system according to claim 12, wherein the braking device further
comprises a plurality of electric motors coupled to the plurality of brake pads, wherein the
a plurality of electric motors drive the plurality of brake pads to apply the braking pressure

on the at least one wheel.




that the second bunp on the | ower surface of the nmenbrane can
conplenentarily fit into; and whereby the applied braking force received by
the plunger is transmtted to the nenbrane, causing the nenbrane to fl ex,
which in turn causes the bending or gonpressing of the sensing neans,
resulting in the neasurenent of the plied braking force; and a control
unit electrically coupled to the braking device to control the braking

pr essur &.on Thebrmkingeystemoarsoxdiegto, claitre t Biwheréin thopluraity ah¢lectiis magersi gur ed
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system according to claim 10, wherein the braking device applies the
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braklpgﬂ%xﬁégﬂ%]%ggéghg e%gk%&%hglﬁ%?lmhereln_the braking device further
conprisés a p arrty of "brake pads Tor applying the braking pressure on
the at | east one wheel. 13. The braking systemaccording to claim 12,
wherein the braking device further conprises a plurality of electric
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cl ai m 1fhe anteasteone vitieel.pl ural ity of electric notors are coupled to the
plurality of brake pads via reduction gear, the reduction gear configured
to transformthe rotational notion of the plurality of electric notors to
the trapg!atifg bAiGh Asicth dNGahh Y0AWHaNiR O Lt PAEns [sEHpRM fAHSI NG t he
plurality of raﬁe p to appr the braking pressure on the at |east one
wheel 1&ontibhanidr aki ng system according to claim 14, wherein the reduction
gear is coupled to the plunger of the sensor to enable the sensor to
measure the braking pressure applied to

17.  The braking system according to claim 10, wherein the membrane of the sensor

further comprises a convex step centrally disposed on the lower surface, wherein the
convex step secures the sensing means between the lower surface of the membrane and the

support plate.

18.  The braking system according to claim 17, wherein the support plate of the senor

further comprises a depression configured for supporting the silicon die.

19.  The braking system according to claim 17, wherein the ring-shaped second bump
has at least one gap, wherein the at least one gap provides passage for an electrical

connector to couple the silicon die to other electronic components.

20. The braking system according to claim 10, wherein the sensing means is centrally

mounted on the upper surface of the membrane.




the at | east one wheel. 16. The braking system of claim 10, wherein the
sensing neans is coupled to the control unit. 17. The braking system
according to claim 10, wherein the nenbrane of the sensor further
conprises a convex step centrally disposed on the | ower surface, wherein
the convex step secures the sensing 'eans between the | ower surface of the
menbrane and the support plate. 18. The braking system according to claim
17, whefki n Thebmikposystepl @icordifg toheaise h@rwhdreintthe sersignnessss eentimfly essi on
configured for supporti n? the silicon die. 19. The braking system according
to cl ai mownied gpdredower siatace afthepugialiadecond bunp has at [east one gap,
wherein the at | east one gap provi des passage for an electrical connector
to couple the silicon die to other electronic conponents. 20. The braking
syst em 22.cor @hegrakimgcdyaiem dc@ordidetosilaint h velensii ige riessisaped fics ihumgpl Hag
mount ed on { he upper. surface of the nmeppbrane. 14 21. The braking system
accor di AgM¢ ‘“(fjllaé{3 rhan s dmsr shaperkses WP means is centrally nounted on
the | ower surface of the menbrane. 22. The braking system according to

cl aim 10, wherein the ring-shaped first bunp has a snaller dianeter than
t he ri n@d3.shajfhe bsbtrgrysteungecorBag Mradaibr Hkiwipreiy sheringrsbapedifisg bumpchasi m 10,
wherein the rjing-shaped first bu ha a |l arger dianeter than the

ri ng-shﬁﬁféﬁeré’éactgﬁar%%e rﬁf&?ﬂﬁfﬁ%ﬁn%yst em according to claim 10,
wherein the sensing neans is a silicon die with a plurality of integrated
pi ezo-resistors, wherein the plurality of integrated piezo- resistors

vari es 2hei r The brakingnystenhaerobding toelate iy wheretn the sensing means is a silicon

die with a plurality of integrated piezo-resistors, wherein the plurality of integrated piezo-

resistors varies their resistance when bent or compressed.



