WD 2006/ 070060 PCT/ FI 2005/ 000558 1 OSCI LLATI NG M CRO- MECHANI CAL  SENSOR OF
ANGULAR VELOCITY Field of the invention The invention relates to neasuring
devices for use in nmeasuring angular velocity and, nore specifically, to
osci | | ati ngordeevigendechani cal sensors of angul ar vel oci pgr/Fiileoscsssent i on
ains at providing an inproved sensor structure enabling reliable and
efficient neasuring, particularly in conpact oscillating m cro-nechani cal
angul ar velocity sensor solutions. Background of the invention Measuring
based on an oscillating sensor of angular velocity has proved to have a

si npl e pri AEFPIIATENG MISRErIRGHANISAL r FSABI &F HAFUERR ERLGEThg angul ar
velocity. A certain known primary notion is being generated and mai ntai ned
in the oscillating sensor of angular velocity. The novenent, which the
sensor is Elé%lidgﬁédg'l%lﬁ‘gﬁ%ﬁ‘é‘, is detected as a deviation of the primry
notion. An external angular velocity affecting the sensor in a direction
perpendicular to the direction of noti,on gf the _resonators induces a
Coriolis fOree SR HHE §8§§Yﬁ%r{r?a§‘§as%@rr‘8eﬁﬁwcﬁsafof 0% §%direction of

not i on. Thaedinmiali snduikeevelmiing prdpavice onadcittbcd ey, angul ar vel ocity is
detected from,.the oscillatiagn of the
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manner . Thgs%%lglagé?g mﬁ%ﬁl%m COncer nt ﬁlg@%%‘lgc(lf%- r?gg%aa#]p%él@jggg%i Iaflhgti ng
sensors of iavgpilian adglsoectyrawidihe & lowkbeet peadeatifmactyfgnal , which is
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compact oscillating micro-mechanical angular velocity sensor

solutions.
Background of the invention

Measuring based on an oscillating sensor of angular velocity
has proved to have a simple principle and to provide a
reliable way of measuring angular velocity. A certain known
primary motion is being generated and maintained in the
oscilllating sensor of angular veloéity. The movement, which
the sensor is designed to measure, is detected as a deviation

of the primary motion.

" An external angular velocity affecting the sensor in a
direction perpendicular to the direction of motion of the
resonators induces a Coriolis force on the seismic mass
perpendicular to its direction of motion. The Coriolis force
being proportional to the angular velocity is detected from
the oscillation ¢f the mass in, for instance, a capacitive

manner.

The biggest. problem concerning micro-mechanical oscillating
sensors of angular velocity is the so called guadrature

signal, which is caused by poor dimensional accuracy of the
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demodulation. Since it is considerably much larger than the
signal to be measured, it limits, however, the dynamics of
the signal. In addition, the biggest disadvantage of the
guadrature signal is the fact that it, due to phase shifts of
the electronic signals, unless compensated, impairs the

stability of the null point of the sensor.

Sensors of angular velocity according to prior art have also
been designed, wherein attempts have been made to compensate
the guadrature signal. One such guadrature signal
compensation solution for a sensor of angular velocity
according to prior art is the, so called, feed-forward
compensation, wherein a force modulated by the detected
primary motion is being fed into the detecting resonator in
opposite phase in relation to the quadrature signal. This way
of compensation is not very useful, since it merely shifts
the stringent phase stability requirements of the electronics

from the demodulation to the compensation block.

The oscillating structure can also be bent by static forces,
and then the phase stability requirement of the electronics

is essentially reduced. Bmong others, U.S5. Patent no.



is essentially reduced. Anong others, U S. Patent no. WO 2006/ 070060

PCT/ FI 2005/ 000558 3 6, 370, 937 descri bes such a solution for a sensor of
angul ar velocity according to prior art. In the solution for a sensor of
angul ar velaciobgnoroigscri bed in the U. S. Patent, the i ngti/radsonsafl an

el ectrostatic torsion resonator can be adjusted by neans of an

el ectrostatic force. Another nethod according to prior art, nore feasible
than the previous one, for conpensaBing the quadrature signal of a sensor
of angul ar velocity, consists of generating, by neans of a static
quantity, @ 37701687 nedicrabes sayhtheotntion, fonhacéensbor e wawpansat es t he
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it puts no a fronal enwnds on the phase control of the el ectronics.
U.S. Pat ertdimetes, 866816 doser ¢y rassdtin if6Hc®or a sensor of angul ar
vel ocity according to prior art. In the solution for a sensor of angul ar
velocity described in the U S. Patent, the quadrature. si of a

pi ezoel ectﬁqoéhﬁérmetrf@goﬁﬁ?%’idléﬁntcbé’rﬁﬁ'p%‘fﬁa 8ge biratelhs pF%%oel ectric
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work in the described manner., grow ded,that electric ield agsymetric in
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of the quask at yegrsd gnahtleyy hefomenabdelattdpbi orhambtion colietti on with
linearly qgﬁ?ée'%é&pé%sates the quadrature signal caused by a residue

in the spring force. A compensation method like this is

superior to statically twisting the structure, since it

allows mechanical structures of considerably higher

stiffness. Bs the compensating force in such a solution

always is in phase with the motion, it puts no additional

demands on the phase control of the electronics.

U.8. Patent no. 5,866,816 describeé a solution for a sensor
of angular velocity according to prior art. In the solution
for a sensor of angular velocity described in the U.S.
Patent, the quadrature signal of a piezoelectric bar
resonator can be compensated by means of piezoelectric forces
by using a static bias voltage. Also an electrostatic force
can work in the described manner, provided that electric
field, asymmetric in the direction of the motion, can be

_ provided.

®lectrostatic compensation of the quadrature signal can be
considered prior art in connection with linearly oscillating
comb resonatérs. U.S. Patent no. 5,992,233 describes a prior
art solution for a sensor of angular velocity. In the

solution for a sensor of angular velocity described in the



conb resonators. U S. Patent no. 5,992,233 describes a prior art solution
for a sensor of angular velocity. In the solution for a sensor of angul ar
vel ocity described in the WD 2006/ 070060 PCT/ FI 2005/ 000558 4 U.S. Patent,
the el ect rudeommmms) parallel to the direction of thepemimsooossse bi ased
in such a way, that a notion of the resonator sideways in relation to the
conb structure (direction Y in the U S. Patent) ‘changes the area of the
capacitor plates of the conmb structuge, which generates a |inear
anpl i tude dependent force in the orthogonal direction (direction X in the

U.S. Patenj)s, Sae.f, the drRatesd @ﬂ%apt@gﬁaalei ﬁdwhelmcftercmsbatl c
quadr ature corrpensatl on is that ectronigcs gan be made
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in the qua atue5| nal .. cause I LN gi ng, or various
t enper at ur Lr§&pehide é"lnegh%%ﬁ?I g?ﬁ%s SR g%% tﬁgmaetr?sa"tg% based on the

sensor's defreetiton sliagral of Ehe scbmhmsttune@mcahmkngfenerﬁﬁqsoﬁ art descri bed

above are 1 40k, NN e SHILARLS. 08P 153l LOhdRna NP0k, angul ar
vel ocity, Wherer n° the primary notion 1s one of rotary oscillation. This

ki nd of stfdjmeuteomsx par the W.8F | 5ttt abl e in sol utions requiring good
resistance to vibration and inpact. An object of the inventionis, in
fact, the provision of a structure of an oscillati n% sensor of angul ar
vel ocity, Owhefethe dlreetrosiadrretaanipehstis heciretétdtadrature signal s

i npl enent ed; SugRutdalonbbnésiRar {é GiHadsl | ¥y Welahssolf ta@dctosnics, it
can be made adaptive. U.S. Patent no. 5,672,949 describes a
solution for a sensor of angular velocity according to prior
art. In the U.S. Patent, the changes in the quadrature signal
caused by mechanical twisting, aging, or various temperature
dependencies continuously can be compensated based on the

sensor’s detection signal.

The structures according to prior art described above are
not, however, suitable for applicafion in sensors of angular
velocity, wherein the primary motion is one of rotary
oscillation. This kind of structure is particularly suitable
in solutions requiring good resistance to vibration and

impact.

An object of the invention is, in fact, the provision of a
structure of an oscillating sensor of angular velocity,
wherein electrostatic compensation of the gquadrature signal
is implemented such that it is particularly well suited for
micro-mechanical rotary oscillating sensors of angular

velocity, in comparison with prior art solutions.

Summary of the invention



m cro-mechani cal rotary oscillating sensors of angular velocity, in
conparison with prior art solutions. Summary of the invention WO
2006/ 070060 PCT/ FI 2005/ 000558 5 The object of the invention is to provide

such an i npicoxesh7edsci | | ating sensor of angul ar vel oci bygrBRdlbosizg reliable
and efficient nmeasuring particularly in conpact oscillating solutions for
sensors of angular velocity, and in which an electrostatic quadrature
signal conpensation is inplenmented, sthat is particularly well suited for

m cro-nmechanical rotary oscillating sensors of angular velocity, in

Cormfllri SonphM Q)Bje@lficﬁ'r'] tﬁétirlﬁ;@huidnorl%. tﬁcﬁﬁvd}:lé_gsddh kheingyeenti on, an
oscillating m_cro-nmechani ca sensor of angul ar velocity. is proyided,

conpri si ngPsftifatire S&HE"’é@fsﬁP‘é‘ﬁrﬁsé’ei\?l‘aln%n SRSt Jé?iﬁllrfall)j\%/‘(?1b‘flréa/eI ect r ode,
whi ch is atdiacbet daastibens eazoicciamenentcoppdyt atscilippoitty areas such,

that - in the sensor of anqul ar vel qcit t he prinar { 1,0 whi ch has to
be generatseot},utilgn%nfoéfnaﬁ Féorqrsoggi?rfgdut(llggné(%%océfe‘y’ Iéeﬁz;lsatlxoﬁ%dsheiggm c mass and
an associ atlegtrovedlie ghadtatode sbdyadt cempemeis ipre ripe Aup kanicateto the pl ane
of he wally 3o! DE-SeLINLL, YRR JASA soCond 09U GRn0k1 needom 11

addition to € primary notion, in relation to an axis of detection

per pendi cubsri ettt senpoey winoeywinr Faletitar in gorpasisfy&itht | east, of
the seismg. MRS+ aloiheashsone pair of electrodes is provided, which pair
of electrodes, together with the surface of the nass, formtwo
capacitances in such a way, that one capacitance of the pair of electrodes

wi Il incregsg @sng fReEI v ibhe angkei Ofatiayahid-néclidrd cal
sensor of angular velocity is provided, comprising.at least
one seismic mass and an associated movable electrode, which
is attached to the sensor component body at support areas
such, that
- in the sensor of angular velocity, the primary motion,
which has to be generated, 1s an angular oscillation of at
least one seismic mass and an associated movable electrode
about an axis perpendicular to the plane of the wafer,
- the selsmic mass has a second'degree of freedom, in
addition to the primary motion, in relation te an axis of
detection perpendicular to the primary motion, and that
- ' at one edge, at least, of the seismic mass, at least one
pair of electrodes is provided, which pair of electrodes,
together with the surface of the mass, form two capacitances
in such a way, that one‘capacitance of the pair.of electrodes
will increase as a function of the angle of rotation of the
primary motion.of the mass, and the second capacitance of the

pair of electrodes will decrease.

Preferably, the electrodes of the pair of electrodes are
positioned equidistant on both sides of the axis of

detection. Preferably, both electrodes of the pair of



primary notion of the mass, and the second capacitance of the pair of
el ectrodes will decrease. Preferably, the el ectrodes of the pair of
el ectrodes are positioned equidistant on both sides of the axis of

det ecti on. Wi sbeéeey, both el ectrodes of the pair of YErRRABHEHEH60
PCT/ F12005/ 000558 6 el ectrodes are connected to a voltage of equal

magnitude in relation to the potential of the nmass. Preferably, the sensor
of angular velocity conprises - a seigm c nmass and an associ ated novabl e
el ectrode, which nmass is attached to the body of the sensor conponent by

means of an;ab{aciente $RAhected@adhNgI1%RGENGS dyakl theynitid@arin not i on
connecting the attachnent spot to a surrounding stiff auxiliary structure

and essent raleiiqreseriha iPﬁﬁe’f“Pﬂé‘lprfr’rﬁtﬁlml’?ﬁ?ron of the mass to an angul ar
oscillation about an axis perpendicular to the pI ane of the wafer, and -
torsion sprlggsfor the detectio he . primry rmtlonto

the seism CXREELRANd StniFPaRe clfnf”‘?g‘é*a\l/rl r‘{égc"f]h a Second degree of
freedom f ok t hea detieqid easeDand BN ammtedruswatmeesleptrr@ﬂmy oscillation
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Al ternati v&y® & sehsor angular vel'ocity conprises - two seismc
masses andmaasmmialaadatmméeteﬂm@brodes attached to the body of the
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and essentially restricting the primary motion of the mass to
an angular oscillation about an axis perpendicular to the
plane of the wafer, and

- torsion springs for the detection motion conveying the
primary motion to the seismic mass and simultaneously giving
the mass a second degree of freedom for the detection motion,
which constitutes a rotary oscillation about a detection axis

perpendicular. to the axis of the primary motion.

Alternatively, the sensor of angﬁiar velocity comprises

- two seismic masses and associated movable electrodes
attached to the body of the sensor coﬁponent by means of two
attachment spots,

- bending springs for the primary motion connecting the
attachment spots to surrounding stiff auxiliary structures,
or directly to the seismic masses,

- torsion springs for the detection motion, and

- a bending spring connecting the seismic masses to each
other, the resonators being connected in such a way, that
both the primary motion of the masses and the detection
motion constitute a motion in opposite phases of the two

movable electrodes.



- torsion springs for the detection notion, and - a bending spring
connecting the seismc nasses to each other, the resonators being
connected in such a way, that both the primary notion of the nasses and
the det ectiv@hond@lids®N constitute a notion in opposite phaasHsMlosishe two
novabl e el ectrodes. WO 2006/ 070060 PCT/ FI 2005/ 000558 7 Preferably, the
oscillation caused by the external angular velocity is detected in a
capaci tive manner by neans of el ectrodes positioned above or bel ow t he
. masses.  Further, preferably, the electrodes are grown onto the inner
surface of-draeawBf,eknbessmiliiaaldy cabosd ny the sensonlsingudeure.

Preferably, the sensor of apqular velocity is a f - angul ar velocity
measuri ng $gGtLY J\FeIdSE??VC{]?inr%ICaﬁplagﬁg %élmta\r/\%e]éx?s],ﬁlg%%ée) Fensor conpri si ng

- a sei s & dmesdanoant Aeswc haved orovablve tbeestssde, Feridiermass bei ng
attached toe}fégagf(;yp,s;%hecé’f@coc@?gésn%%%ﬂwarﬂ%%@ﬁ e i@ReptdaghRENt Spot, -

bendi ng sp‘F’f € prina connecting the attachnent spot to
a surroundehghst wd ferabrihétoplsy relosine thingerssemtirdFEy S estricting the
primary notion of the mass to an angular oscillation about an axis
perpendicular to the plane of the wafer, - torsjion springs _for the

det ect i on Pustfiesabln &hei persordPf cRIUBAT CRFETY ntf thESPFP &y notion to the

sei sm ¢ NMBgg,;,1300, SidRikl aneaush g Higulgr thaolmes on degaemorofof reedom for
the detection notion inthe first direction, which detection nption
const i t ut €570 a¥BE aryPeoSERFPAPER"EHEEt a first detection axis essentially
per pendi cul ar HOosdmiaxkssOfankdhen associated movable electrode, the

mass being attached to the sensor component body by means of
an attachment spot,

- bending springs for the primary motion, connecting the
attachment spot to a surrounding stiff auxiliary structure
and essentially restricting the primary motion of the mass to
an angular oscillation about an axis perpendicular to the
plane of the wafer,

- torsion springs fbr the detection motion in a fixst
direction, conveying the primary motion to the seismic mass
and simultaneously giving the mass a degree of freedom for
the detection motion in the Ffirst direction, which detection
motion constitutes a rotary oscillation about a first
deteétion axis essentially perpendicular to the axis of the
primary motion, and

- torsion springs for the detection motion in a second
direction, conveying the primary motion to the seismic mass
and simultaneously giving the mass a degree of freedom for
the detection motion in the second direction, which detection
motion constitutes a rotary oscillation about a second
detection axis essentially perpendicular to the axis of the

primary motion and to the first detection axis.



primary notion, and - torsion springs for the detection notion in

di recti on,

si mul t aneously giving the mass a degree of freedom for

conveying the primary notion to the seismc nmass and
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motion in {2e&aGaRE di rection, which detection notiosrGRsekbdosHseS a
rotary oscillation about a second detection axis essentially perpendicul ar

to the axis of the primary notion and to the first detection axi
2006/ 070060 PCT/ FI 2005/ 000555 8 Alterfhatively, the sensor of angul ar
velocity is_a sensor of angular velocity neasuring angul ar vel oc
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waf er hernetically closing

] . _the sensor ‘
direction, conveying the primary motion to the seismic mass

and simultaneously giving the mass a degree of freedom for
the detection motilon in the first direction,

- torsion springs for the detection motion in a second
diréction, conveying the primary motion to the seismic mass
and simultaneously giving the mass a degree of freedom for
the detection motion in the second direction, and

- a bending spring connecting the seismic masses to each

other,

Prefgrably, the attachment spots are joined in an anodic
manner to the wafer hermetically closing the sensor
structure. Alternatively, the attachment spots are joined by
means of a fusion joint to the wafer hermetically closing the

sensor structure,

Brief description of the drawings

Below, the invention and its preferable embodiments are
described in detail with exemplifying reference to the

attached pictures, in which:

Fig. 1 shows a perspective depiction of the structure of the

seismic mass and the movable electrode of an oscillating
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structure. Alternatively, the attachnent spots are joined by neans of a
fusion joint to the wafer hernetically closing the sensor structure. Brief
description of the drawi ngs Below, the invention and its preferable

enbodi ment syoagesn7ogecri bed in detail w th exenplifyi ngpéRiSiSHsissst 0 t he
attached pictures, in which: Fig. 1 shows a perspective depiction of the
structure of the seismc nmass and the novabl e el ectrode of an oscillating
WO 2006/ 070060 PCT/ Fl 2005/ 000558 9 gensor of angular velocity according to
the present invention, Fig. 2 shows a perspective depiction of an

al t er nat i veenslrt vt angmlak tdpceysmordasges ahd phsseassoci at ed novabl e

el ect rodes, of an oscillating sensor of angular velocity according to the
pr esent inﬁ%ﬁ?i&ﬁ?’Fig. 3 shows a perspective depiction of the structure of
the seismic mass and the associ ated novable el ectrode of an oscillating

sensor of g[j@.;'za%heé‘gé QLY A oL WRe XS on ASL AN TL P R e Pr esent

i nventi on, ows"a perspective depiction of an alternative
structure sfrudiarsetriite pabyds BatcehendsEwpased aiedaBPEP IS ect r odes of

an oscillating 3605 of BHGUIBLING! QelsbY ¥ thguisp @1esi@pcording to the
present invention, and Fig. 5 shows a sinplified depiction of the

conpensat i ¥FFCHHEPACEDILECaBERTHENG T HERB present i nvention. Detail ed
description of the invention In the oscillating sensor of angular velocity

according Lo, the, present LIVention, (e PriJmaLy 0HQ:. Wi Ghehas to be

seismic mass and the associated movable electrode of an
oscillating sensor of angular velocity with two axes

according to the present invention,

Fig. 4 shows a perspective depiction of an alternative
structure of the seismic masses and the associated movable
electrodes of an oscillating sensor of angular velocity with

two axes according to the present invention, and

Fig. 5 shows a simplified depiction of the compensation

principle according to the present invention.
Detailed description of the invention

In the oscillating sensor of angular velocity according to
the present invention, the primary motion, which has to be
generated, is a rotary oscillation of at least one seismic
mass and an associated movable electrode about an axis
perpendicular to the plane of the wafer. In addition to the
primary motion, the seismic mass possesses a second degree of
freedom in relation to a detection axis perpendicular to the

primary motion.



generated, is arotary oscillation of at |east one seismc mnass and an
associ at ed novabl e el ectrode about an axis perpendicular to the plane of
the wafer. In addition to the primary notion, the seism c nass possesses a
second degmaezo0dn7odst eedom in relation to a detection apErip@sp®es cul ar to
the - primary notion. WO 2006/ 070060 PCT/ FI 2005/ 000558 10 At | east one pair
of electrodes is provided underneath or above at |east one edge of the
seism c mass, which pair of electrodes, together with the surface of the
mass, formtwo capacitances. These capacitances vary as a function of the

angl e of rQtakhed dde bher UE BB YBAkEONs prosidéd ehnyeimeamecsf the
b5 11 oned Ry aF st BTF GAGR & ool “ITEC Be1Ter Toe: B2 R vol ¢ age of
equal magnittditeciss r ebagbtinsr woth tihe potéavs af Wfe whes meByrchricbe applied to

both el ectrodes, of th air L.i. shi el aRBNt,vah¥i Ng i n phase
with the PHRARFSHOL g?}?semCFng]ﬁ%egggkz{%%gﬁ%nint “Cancel s out. Fig. 1 shows

a per spectansedepi oitashonfirt libe sprigerureotdont esigdvshy @88 Shd t he

associ at edﬁh@‘é%!;?roede%c% &:0L1 9N QREi ddati nihsensetrofesangul ar vel ocity
according to the presént 1nvention. The structure of the zgnsor of angul ar

vel ocity adwomdingear beheogirdsesd Sanehstat eBnpis8ida °5éPEni ¢ mass and
an associ {84 Jmyabl g el £ctd10d8e loAlelzashathgnt udd@nbedyatafont he sensor

conponent at an attachment spot 2. The vahl e el ectrode 1 n, for
exanpl e, béa petephricPEvEre 8aff 238 §F ?ﬁlﬁasg" %Oig Eg%%ur&d%? grown onto
the same. JhencSERSHr a@bomdlddhang elneei fiymentcoadiing to phwsepwésient

' nvention tl']:eu rbtrrjlr?lgrf?no E_Ior?,eswhgfgdéhneg s%gngl.cn %mgnﬁ c%nfcgﬁ.staﬁ:.pr Imary

Fig. 1 shows a perspective depiction of the structure of the
seismic mass and the associated movable electrode of an
oscillatinﬁ sensor of angular velocity according to the
present invention. The structure of the sensor of angular
velocity according to the present invention comprises a
seismic mass and an associated movable electrode 1 attached
to the body of the sensor componen£ at an attachment spot 2.
The movable electrode 1 can, for example, be the conductive
‘surface of the mass or a conductor grown onto the same. The
sensor of angular velocity according to the present invention
further comprises bending springs 3 - 6 for the primazry
motion and torsion springs 7 - 8 for the detection motion. In

the picture, the axis sensitive for the angular velocity is

denoted Q.

When the structure according to the invention, depicted in
Fig. 1, oscillating about the axis Z, is being turned about
the axis Y, part of the primary motion of the mass is linked
into a rotary oscillation about the detection axis (X), due

to conservation of the moment of momentum. The amplitude of



notion and torsion springs 7 - 8 for the detection notion. In the picture,
the axis sensitive for the angular velocity is. denoted 0. Wen the
structure according to the invention, depicted in Fig. 1, oscillating
about the w0 ®och70066 bei ng turned about the axis Y, pa¢fr@fosbdassspri mary
notion of the mass is linked into a rotary oscillation about the detection
axis (X), due to conservation of the nonent of nonentum The anplitude of
WO 2006/ 070060 PCT/ FI 2005/ 000558 1X4ithis oscillation is directly
proportional to the angular velocity ¢ of the turning. The noving parts 1,
3 - 8 of thesSensanaefcmngubaremalyopréportéamabecpahe eanmdanto a silicon
Waf er, the sensor stru&'; ure -being hernetically closed by a wafer attached

on its toPedPcibbft B Y& e is an attachnment spot 2 at the central
area of the sensor structure, which spot is fastened at the wafer on the

top or botfomside. The attachnent t ' M ok or nore
bendi ng i’ﬁ%‘gmg Pa%tst gl’agst inﬁbfaﬁglglsleérs$§s‘§€%c%?8%§gsur rooﬁﬁ%i ng the
spot, whi clinspeiprgseresd ringe &helldcona¥aterpt Hoh seneeT ESVEhEfal 1y an

angul ar oggi; || aﬁér@n@t@?&!ﬁy WM odkh Sy BeHPRNdEtd SHed Ont D65 Rlogner Of the wafer.
Two torsion springs -8 convey the primary motion to the. seismc mass 1
and, at .tdedtemnwide nBheysi vié PheAthasENdnt; seet chPtdélr e %t r eedom for  the

det ecti on ymti 9n,+iahkehsd:s s@riotddey, WBCid lspbtofs aheutndédiat akés X Fig. 2
shows a perspective depiction of an alternative structure of the seismc
masses andrafke ers<dEi BPRPIBPEBPR S8Ffect rodes of an oscillating sensor of
angul ar vel ocity :

The attachment spot 2 is connected by two or more bending
springs 3 - 6 to a stiff auxiliary structure surrounding the
spot, which springs restrict the primary motion into
essentially an angular oscillation about an axis
perpendicular to the plane of the wafer. Two torsion springs
7 -~ 8 convey the primary motion to the seismic mass 1 and, at
the same time, give the mass 1 a second degree of freedom for
the detection motion, which is a rotary oscillation about the

axis X.

Fig. 2 shows a perspective depiction of an alternative
structure of the seismic masses and the associated movable
electrodes of an oscillating sensor of angular velocity
according to the present invention. The alternative structure
of the sensor of angular velocity according to the present
invention comprises two seismic masses and associated movable
electrodes 9, 10 attached to the body of the sensor component
at two attachment spots 11, 12. The attachment spots 11, 12
at the center of the masses 9, 10 may be joined to the wafer,
which hermetically closes the sensor.structure, in, for
example, an anodic manner or by fusion joining. The sensor of
angular velocity according to the present invention further

comprises bending springs 13, 14 for the primary motion,



according to the present invention. The alternative structure of the
sensor of angular velocity according to the present invention conprises
two seism c masses and associ ated novable electrodes 9, 10 attached to the

body of th&o@hgPhesgOmponent at two attachnent spots %T%#(%S/oo =%
attachnment spots 11, 12 at the center of the nmasses 9, may Ee joined to

the wafer, which hernetically closes the sensor structure, in, for
exanpl e, ananodi ¢ manner or by fusiontd oi ning. The sensor of angul ar
velocity according to the present invention further conprises bending
springs 13,t°r3ipprsRHEIpriar y8nbty dhe YEFBA6R OTVO6H- B 2005/ 000558 12
torsion spryddsnd Ssprik§ {orechieceatieeht otd ki onic aRdsas fendi ag spring 19
connecting the two seismc nasses 9, 10 to each other. The operating
principle FPhet B34 er nati ve sensor of angul ar velocity according to the
present invention, depicted in Fig. 2, differs fromthe one descri bed

above; in that both .the ri.mary ion,and the detecti tion, due to

the coupling® 8PStH nﬁe@%ﬁﬁ?%&?,Ogg%eoﬁﬁg§??'1E%é§%mﬁﬁt?%ﬁ§18 “*the two -

novabl e el eclivotieg @Hcotdindritgutiee Irebons mvpetipectdepéctepiiot Foa. of the

strusture of 44 Be. selsph ClRS5. And Lhg.asaackat ed smvable, ehectrode of an
angula ocify wt

oscillating’'sensor o g rve two axes according to the
present i nwedtpon. nothiensardichar detofctipe nadivser def tanELe aFoUPEEBEi ty Wit h

two axes aGGOkdLngdRathes, REESEM o iRYEPM QN mEPIPId $8StRe SIS ¢ mass and
an associ ated novable el ectrode 20 attached to the body of the sensor

conponent &@cvahlattl@chnedts dpol021. The sensor of angular velocity
according to the invention further conprises bending

Figure 3 shows a perspective depiction of the structure of
the seismic mass and the assoclated movable electrode of an
oscillating sensor of angular velocity with two axes

‘ according to the present invention. The structure of the
sensor of angular velocity with two axes according to the
present invention comprises a seismic mass and an assoclated
movable electrode 20 attached to the bedy of the sensor
component at an attachment spot 21. The sensor of angular
velocity according to the invention further comprises bending
springs 22 ~ 25 for the primary motion, torsion springs 26 -
27 for the detection motion in a first direction and torsion
springs 28 - 29 for the detection motion in a second

direction.

Figure 4 shows a perspective depiction of an alternative
structure of the seismic masses of an oscillating sensor of
angular velocity with two axes according to the present
invention and of the associated movable electrodes. The
structure of the sensor of angular velocity measuring angular
velocity in relation to two axes according to the present
invention comprises two seismic masses and associated movable

electrodes 30, 31 attached to the body of the sensor



springs 22 - 25 for the primary notion, torsion springs 26 - 27 for the
detection notion in a first direction and torsion springs 28 - 29 for the
detection notion in a second direction. Figure 4 shows a perspective

depi ction @fo Abshiser Native structure of the seismic s/Abos &N
oscillating sensor of angular velocity wwth two axes according to the
present invention and of the associated novabl e el ectrodes. The structure
of the sensor of angular velocity nmeas@ring angul ar velocity in relation

to two axes accordlg%:to the present inventiqgn conprises t%n seismc
masses and GYRSEEHE etf (IPabt P chBrREt 1RA¥Es330,3331 TRt t358R8H o the body of

the sensor MOnAGR6LOIHIGY &EBHﬂal3@05£Q@@55ﬁheﬁh3oﬁaﬂnﬁmeatcdﬂprumesattachnent
spots 32, 33. The sensor 5 ng | ar veloclt%& ﬁordl to the invention
further conpriteg S%%H@ing Spri ggriﬁm*Pﬁém? r BPHEC T iETY ot i on, torsi on

springs 26 sp:&]mgstEGt—h@?débEOﬂieOﬂeﬁ@dﬂmn indt gonf nnsa figistection, and torsion

springs 28..,29.for the dstecti gn. . otign. iz, g sepondiditection Fig. 4

shows a per%beéilve eplc I'on ofprln%ﬁtern sfructure of the seismc
masses and hédielcassnca ateedndoliateicéicor] ect r odes of an oscillating sensor of
angul ar velocity with two axes according to the present invention. The
sensor of angular velocity with two axes according to the present

i nventi on cBhpridseBoiing pererrctifasewsicanen #fsari aternibvadl e el ectrodes

30, 31 attaghgglQ.the tlﬂgdyeﬁmﬂchﬁa§§l39ﬁd QYTRAESHa Rl h¥arlst achment
spots 32, 33. The oscillating _sensor of angular velocity with two axes

accor di ng t®l¥HE DT et PHVILLORY FHEPRT @6‘%4‘?%&‘%188?{85( r‘P’d‘t prings 34,

35 two axes accordlng to the present invention. The sensor of
angular velocity with two axes according to the present
invention comprises two seismic masses and associated movable
electrodes 30, 31 attached to the body of the sensor
component at two attachment spots 32, 33. The oscillating
sensor of angular velocity with two axes according to the
present invention' further comprises bending springs 34, 35
for the primary motion, torsion springs 36 — 39 for the
detection motion in a first direction, torsion springs 40 -
43 for the detection moticn in a second direction, and a
bending spring 44 connecting the seismic masses 30, 31 to

each other.

In the structure of the oscillating sensor of angular
velocity with two axes according to the present 1nventlon,
there are, compared with the structure with one axis
described above, additional stiff auxiliary structures with
suspension in relation to the masses 30, 31 by means of pairs
of torsion springs 40 - 43 extending in the directicn of the
axis Y. The structure of the sensor of angular velocity with
two axes according to the present invention provides the
seismic masses 30, 31 with a second degree of freedom

perpendiéular to the primary motion, which enables the sensor



for the primary notion, torsion springs 36 - 39 for the detection notion
ina first direction, torsion springs 40 - 43 for the detection notion in a
second direction, and a bending spring 44 connecting the seisnic nmasses

30, 31 to wepehsbdeer- | n the structure of the oscill agdfgnRShRpsds Of
angular velocity with two axes according to the present 1nvention, there

are, conpared with the structure with_one axis described above, addltlonal
stiff auxiliary structures with suspéﬁ5|on inrelation to the masses 30,

31 by neans, _of pairs of torsion rin gs 40 - e d|n in the
direction of°tHETLRIF ¢ S?’Pl%c’%torfuég f’ejf?\%ltéfeﬂég? 8F &hgul ar velocity
with two axebliadagrthagane }f)i"r&naﬁﬁ/eﬁcﬂiﬂom.nventl on provides the seismc
masses 30, 31 with a second degree of freedom perpendicular to the primry
noti on, which enabl es the. sensor WO 2006/ 070060 PCT/ F72005/000558 14 to
operate as @hservdotiol fmrgalertnoeltetidallw tbmgamsabies thetilizing the sanme

primary mot g&garamg? S%#%ﬁ.ogffﬁ{e ?LE&&J Qg Q}l%xflaa' ] %f@éﬂ%r‘%@édﬁ&n he

guadr at ure si gnal e sensor angul ar ocity acc I ng t he
pr esent inv‘e%t’qf@npéawrtre1u§@rdt10fno|caem]9used fnr esempensa®ing t he

quadrature shgnals atﬂnaléheoauamthxgeélg% 1. $f riat yeespdegsed had above. The
i nvention can al so be used onpensating quadrature signals in other

such struct gfeetuges s@%ﬁge%fab&ﬁ@ul'ﬁr‘e vareRt SR CiReteion e HESSYi mary noti on

constitutess@r rc@h@éﬁ(saﬁﬁ.%;' hadd: R uabodilgnal s Al ek Pandh cdbadturde@ the plane
5 shows a sinplified depiction of, the conpensation

of the wafer. Fi
principle att Ggﬁﬁs tF Pﬁgub‘?%é@ﬁf’c’rmeﬁf‘FB‘?ﬁn Hhe BYMpEy petion

constitutes a rotary oscillation about an axis perpendicular

to the plane of the wafer.

Fig. 5 shows a simplified depiction of the compensation
principle according to the present invention. The structure
according to the present invention, shown in the Figure,
comprises a seismic mass and an associated movable electrode
45, 46 and staticnary electrodes 47 — 50 installed above or

underneath the movable electrode 45, 46.

In the solution according to the present invention,
electrodes for detecting angular velocity, such as the
stationary electrodes 47 - 50, are positioned at the area of
the mass 45, 46, which possesses two rotary degrees of
freedom, i.e. a first one (z) in the direction of the primary
motion and a second one {(x) in the direction of the detection

motion.

In the solution acceording to the present invention the
movable electrodes can, for example, be implemented by means
of the edge of the mass 45, 46, the stationary electrodes

extending beyond the edge. Thus, the same edge of the mass



according to the present invention, shown in the Figure, conprises a
sei sm c mass and an associ ated novabl e el ectrode 45, 46 and stationary
el ectrodes 47 - 50 installed above or underneath the novabl e el ectrode 45,

46. | n t hewsplohdii76dso according to the present inventionperphfShogsses for
detecting angular velocity, such as the stationary electrodes 47 - 50, are

positioned at the area of the nass 45 46, which possesses two rotary
.degrees of freedom i.e. a first ong? (z) in the dlrectlon of the primry

notion and a second one (x) in the directi f d tion. In
the sol uti é’ﬁs%*b‘-brt@ien@té%wflﬁ’éy pﬁj\?%ﬁ?d?%?gng?%n paﬁes %e\%g%%gfbecliiggt rodes

can, for exanphe,adesbpoenented by nmeans of the edge of the mass 45, 46,
the stationary el ectrodes extending beyond the edge. Thus, the sane edge
of the mass WD 2006/ 070060 PCT/ FI 2005/ 000558 15 bi sects the stationary
el ect r odes zgf tb@t;&aspam&umfs b ectg,otbs anfle 48 wa¥atdon SOL AR®the mass

rotates 45, 46, the_angle ti.an. 8. ofi  khen lefﬂ'géﬁ/rdaé@ on in relation
to the stafFoRaFy & Oltlogr%)ndgfslgg Oglnécgstt he area af?,f | ates of the planar

capaci t or s chengéndircateed iaf Fheg.plRteat of PesPipRAF 5@?%“&9%% dtation, the

area of the el 8&'{5%@(1% #1425 the EI.%IOtS:L@g'Q@ én@@é&aﬁ&&tav\zttbﬂ ethei mul t aneous! y
the area of % ectrode 48, at the same 8% decreases |?ﬁproport| onto
I

the angl e @ﬁ:eﬁo@étﬂf@neéecqﬁ?déo%é}%ﬂ"?nbeftt I’?& TEFBRY (0 the left in

Fig. 5 47 and;.4 x@eou%'i? biasedator anst atddreakt aaye alcting samer el ati on to the
el ectrodes to the ri 49 and 50, and Lo the mass 45,.48 gConnected to
that sane piﬂgént@%ﬁrea?ﬁﬁlsm PREPCHAIRGe tP ntRe and

In cempensating, the electrodes to the left in Fig. 5, 47 and
48, are biased to a static voltege-UcomP in relation to the
electrodes to the right, 49 and 50, and to the mass 45, 46
connected to that same potential. Thus, the change in
capacitor plate area due to the angle of rotation causes a
proportional change in the electrostatic force between the
piased electrodes 47 and 48 and the mass 45, 46 connected to

the ground potential.

For both electrodes, the change in the electrostatic force is
proportional to the angle of rotation 6, for the electrode
47, however, it is positive, and for the electrode 48, it is
negative. These changes of the force in opposite directions
generate changes in equal directions to the momentum in
relation to the detection axis X. The static momentum induced
by the voltage Usomps hOWevVer, is cancelled out, contrary to
the electrostatic principle of quadrature compensation at

linear motion.

The momentum, being linearly dependent of the angle of
rotation 8 of the primary motion, causes a change

. proportional to the sguare of the compensation voltage Ucompr



capacitor plate area due to the angle of rotation causes a proportional
change in the electrostatic force between the biased el ectrodes 47 and 48
and the mass 45, 46 connected to the ground potential. For both

el ect r odeswgtaggdange in the electrostatic force is pegR%iI@REeRl to the
angle of rotation 8, for the electrode 47, however, it is positive, and
for the electrode 48, it is negative. These changes of the force in
opposite directions generate changeéGi n equal directions to the nonmentum
in relation to the detection axis X. The static m)rrentumlnd ced by the
vol tage Ucamjeh, hosweirar the scanect| p&drdby , atbRepal PP “THE EF6CTrost ati c
principle gof ensation at |inear notion. The nonmentum bei ng
linearly d@jpe%g n%ﬁ%tﬁg&gg}gle of rotation 8 of the primary notion,
causes a change proportional to the square of. the conpensation voltage

Uconp, %PQ;%QZQQQ% R&d/ £120Q34090658n4 168 whi Ghe geavenhiplt leé correct

pol arity ard magnit conpensates the ra Lgna connecti ng
the el ect rote®ass 4hd YH8apd t%érﬁﬁ?%ngf‘g e ge‘%ﬁ%d %549 A‘?g}ﬁan ,

correspondiMglyy tnkheoBlaget tQgestidd drdct bh bd tlin@ oppbergpti06onp, the
direction of the conpensatin nmonment can be reversed. The.sol ution

accor di ng #¥¥ e “pReserdtYFhVENt i on can be used for conpensating the
quadrature signal in all such sensors of angular velocity, where the

primary notion i.s_an_ an [ o QSC ,gnlr{‘,%g]@gb:prb hopt heseaXi s Z, and
el ect r odes® }é%rﬁol}gtl%rra% e l%oéeué% aéll gg?neat he rrélss at a distance of a

sui tabl e gap: c‘Hﬁ@eabemngoubs q;mlratme etanpl ein B‘élg?‘kﬁ}i}n SgRTPTS °F

angular velocity, where the primary motion is an angular

" oseillation in relation to the axis 2, and glectrodes can be
arranged above or underneath the mass at a distance of a
suitablé gap. The electrcdes can, for example, be grown and
patterned onto the inner surface of the wafer hermetically

closing the sensor structure.



patterned onto the inner surface of the wafer hernetically closing the
sensor structure. WO 2006/ 070060 PCT/FI 2005/000558 17 dCains 1. An
oscillating, mcro-nmechanical sensor of angular velocity, characterized

in, that i|weaemhees at | east one seismic mass (1), p&yrzdodMdosss( 20),
(30), (31), (45), (46) and associated novable el ectrode attached to the

body of the sensor conponent at support areas such, that - in the sensor
of angul ar velocity, the primry moti 0h, which has to be generated, is an
angul ar osmilation of the at |east one seismc mass (1), (9), (10), (20),
(30), (31),“"F4¥), (46) and the associated novabl e el ectrode about an axis
perpendi cular to the plane of the wafer, - in addition to the primry

ot o, the, sei st ¢S (4 ot ddlhs (P 30 iller (49). (40

possesses a second ominréelation to a detection axis
per pendi cul mlqcatvhecfpﬁqaﬁa¢§ﬂzr¢dt llion tharkd it hearpripes afsdeprat % with at

east one edgenAl higs S@h My, TRep, (bhy ($o) (3591>,(<%%) (e8) ani31) . (49),

(46), at least one pair trodes i § provi pair of
el ect rodes a3snfieked rwwahl@ r@%@r@@%@t@ﬁcbﬁ% wpashe (10cy e§)thq 10), (20),

(30), (31),sdrf) cgﬁﬁéne%era@ stu%og@-péf_@atsaQG% sugh, that, as a function of
the angle of rotation of th etprlmar notion of the nass zékl%]f , (10),

(20), (30),” (31)}n E@s)sengap)ot pREvizaFRdPEihte tBE RS Ol | ect rodes
Wi Il increapedhdabheo veapasddadnas Of adnhengtiher opairizfiosl eftinedes wil |

doorease. B SNt RO et ChEE Y6 2CLRLC o0 b ek,
(45), (46) and the assoc1ated movable electrode about an axis
perpendicular to the plane of the wafer,
- in addition to the primary motion, the seismic mass (1),
(9), (10), {20}, {(30), {31}, (45}, {46) possesses a second
degree of freedom in relation to a detection axis
perpendiculér to the primary moticn, and that
- in association with at least one edge of the seismic
mass (1), (9), (10}, (20}, (30), (31), (45), (46), at least
one palr of electrodes is provided, which pair of electrodes
togethér with the surface of the mass (1), (9}, (10), (20),
(30), (31), (45), (46) forms two capacitances such, that, as

© a function of the angle of rotation of the primary motion of

the mass (1)}, (%), (10), (20), (3Q), (31), (45), (46}, the
capacitance of one pair of electrodes will increase and the

capacitance of the other pair of electrodes will decrease.

2. Sensor of angular velocity according to claim 1,
characterized in, that the electrodes cof the pairs of
electrodes are positioned equidistant on both sides of the

dgtection axis.

3. Sensor of angular velocity according to claim 1 or 2,

characterized in, that a voltage of the same magnitude in _



el ectrodes are positioned equidistant on both sides of the detection axis.
3. Sensor of angular velocity according to claiml1l or 2, <characterized in,
that a voltage of the same magnitude in WO 2006/ 070060 PCT/ 1F12005/ 000555

18 rel ati owd Modifreospot ential of the mass (1), (9), (10peTrkiZddbo0osis30). (31),
(45), (46) is connected to both electrodes of the pair of electrodes. 4.

Sensor of angular velocity according to any one of the preceding clains 1
- 3, characterized in, that it comprii¥es - a seisnmic rrass and an

~associ ated novabl e el ectrode (1., whichis ttacHg oO gody of the
sensor conpéhahtoratah’e &etsrhiheispt 655, (1) e rnE;l Qprln s (3) - (6)
for the prigmasy wlt)l 0045) ,CQABECid n@nhéetaat tadtumnelspotode?) of o:le
surroundin stifg ﬁ CJﬁry structure and restricting the primry notion
of the m$d+{19 é’% °'y to an angul ar oscillation about an axis
perpendi cular to the plane of the wafer, and - torsion springs (7), (8) for

e det ecti,on TBLLD. oe CORVTYL LIRS TJIREN: MO0} uldgsohem © mass (1)

and sinul taneousqy givin € Mmass a Seco degree of freedom for the
det ecti on moecedinowhieimddt ec8i mha#epf-wmé nr dhatyit oEPELa%s on about a

detect | on axis Panendh QAT a9 JN18-8L Sl ndhR I LI LON, 5, Sensor

of angul ar vel ocity accor to any one of preceding clains 1 - 3,
char act eri »&dchnis ghbhachad é@n‘b@? Regly of tihg §%ﬁ1~°59ﬁ CORBRREY £§)32 (10) and
associ at ed jppyablLit g‘%@@t(rz@des (9), (10), attached to the body of the

sensor conponent at two attachnent spots (11
qp bending springs (3) - pfor tg grlég y)motlon,

connecting the attachment spot (2) to a surrounding stiff
aﬁxiliary structure and restricting the primaxy motion of the
mass (1) essentiallﬁ to an angular oscillation about an axis
perpendicular to the plane of the wafer, and

- torsion springs (7), (8) for the detection motion,
conveying the primary motion to the seismic mass (1) and
simultaneously giving the mass (1) a second degree of freedom
for the detection motion, which detection motion is a rotary
oscillation sbout a detection axis perpendicular to the axis

of the primary motion.

5. Sensor of angular velocity according to any one of the
preceding «claims 1 - 3, characterized in, that it comprises

- two seismic masses (9), (10) and associated movable
electrodes {9), (10), attached to the body of the sensor
component at two attachmeﬁt spots (11), (1.2),

- bending springs (13), (14) for the'primary motion
connecting the attachment spots (11), (12) to surrounding
stiff auxiliary structures or directly to the seismic masses
(9), (10},

- torsion springs (15) - (18) for the detection motion, .

and



- bending springs (13), (14) for the primary notion connecting the
attachnment spots (11), (12) to surrounding stiff auxiliary structures or
directly to the seismc masses (9), (10), - torsion springs (15) - (18)
for the detyechbemroggwti on, and WO 2006/ 070060 PCT/ Pl 2085 10450855819 - a
bendi ng spring (19) connecting the seismc masses (9), '(10) to each

ot her, such that the resonators are connected in such a way, that both the
“primary notion of the masses (9), (10)° and the detection notion are
opposi te phase notions of the two novable el ectraqdes (9%?, eglgg). 6. Sensor
of angul ar Vel oRiR4PIABEGIRAMRG (6 lafynBRe-BF the SPrBEedig®el ai'fs 4 - 5,

characteri zad)i fo d=at ofite-, oscillation caused by an external angul ar

velocity is detected capacitively by means of el ectraod ted above or
under neat h 458 ’Frté%tsgge(i%on(a%)’?s(%r@) fx‘owe%gﬁsi‘)? Ebqu%aﬁg"ﬂaﬁér ltgg ocity

accordi ng tetal ahenpeimacharcadber o edhei nasddzsat( 91 hel{ldl esnd ddes are grown onto
the inner rface of .a wafer hernetic i t sor structure.

8. Sensor cﬁse%gﬁ tiafobs %cairteyog}g%%r% iﬁg‘;%% m%%gg%%gebfo gttaﬁﬁﬂ) precedi ng cl ai ms
1 - 3, chammotbié zd@citnodeshdtd)t h€l®ensor of angular velocity is a sensor
of angul ar velocity measuring angular velocity in relation to two axes,
the sensor conprising a seismc mass and an associ ated novabl e el ectrode
(20) attached PenddrecBodlyrigprt RelasdngorceHBrictt 28 9P &t &8hnment

preceding claims 4 - 5, characterized in, thatl the
oscillation caused by an external angular velocity is
detected capacitively by means of electrodes located above or

underneath the masses (1), {9), {(10).

7. Sensor of angular velocity according to claim 6,
characterized in, that the electrodes are grown onte the
inner surface of a wafer hermetically closing the sensor

structure.

8. Sensor of angular velocity according to any cone of the
preceding claims 1 -~ 3, characterized in, that the sensor of
angular velocity is a sensor of angular velocity measuring
angular velocity in relation to two axes, the sensor
comprising

- a selsmic mass and an associated movable electrode (20)
attached to the body of the sensor component at an attachment
spot (21},

- bending springs (22) - (25) for the primary motion,
connecting the attachmeﬂt spot (21) to a surrounding Stiff
auxiliary structure and restricting the primary motion of the
mass (20) essentially to an angulaxr oscillation about an axis
perpendicular to the plane of the wafer,

- torsion springs (26), {(27) fér the detection motion in a

first direction conveying the primary motion to the seismic



spot (21), - bending springs (22) - (25) for the primary notion,
connecting the attachnent spot (21) to a surrounding stiff auxiliary
structure and restricting the primary notion of the mass (20) essentially

to an angubas200§€hidchbat i on about an axi s perpendi cul arpépridvsossgne of the
wafer, - torsion springs (26), (27) for the detection notion in a first
direction conveying the primary notion to the seisnmc WO 2006/ 070060

PCT/ F12005/ 000555 20 nass (20) and gonul taneously giving the mass (20) a
degree of freedomfor the detection notion in the first direction, which
det ecti on meés OyR0) Sand rﬂmalyamabljraj,ﬂvﬂﬂgeﬁ&emaism t30) abdedred bFr st

detection axi s, per, ar toth axi s_of. t r notion, and -
t orsi on spr%f?eneg%&k f@ q’(e‘zgf Ctlofl eotne% |the %F?g Aﬁrﬁc mns’econd di rection
conveyi ng Wheclprdeﬁrac‘qumtnpbmrt ast aergeirgmecilint sof 2@seantkigivirul t aneousl y

giving t he fRss A 20)s2 edbefhyd IREAARION LNEo dBLeaki PN ATRRLON 1N the

second di rectl on, etection on1s arotary oscillation
essenti al | 9rllﬁ?éﬁ’um0§l%cén@ detection axis perpendicular to the axis of

the primary notdQQ;anddonghe i rsﬁzﬂethEtﬁkQan d@%éétlo% m§€ﬂ§P&nO.§ angul ar
velocity according to any one o recedi ng cl ai ns - .3, characterized
é

in, that tﬁ%c%%ffe‘b‘?mnaﬁ%‘feé[%n%?%iPF)’,‘m?rsY Fo&épR dro GPea?fgk?F“éF vel ocity

nmeasuri ng mamqlzau M&i Gehtytdieohel Atdi@ing OcHaMaaaX e20)t BedSaRSObE conpri si ng
- two seis ¢ Jmasse nd .assqgi at ed novabl e el ect rodes %Jgo% (31) attached
to the body*oi*Fh °§e o EBHPGREM T AR 1R Wi S rfeER ®Ebhbt's (32), (33),

which detection motion ls a rotary oscillation essentially
about a second detection axis perpendicular to the axis of

the primary motion and to the filrst detection axis,

9. Sensor of angular velocity according to any one of the
preceding claims 1 - 3, characterized in, that the sensor of
angulaxr velocity is a sensor of angular velocity measuring
angular velocity in relation to two axes, the sensor
comprising

- two seismic masses and associﬁted movable electrodes
{30), (31} attached tc the body of the sensor component at
two attachment spots (32), (33),

- bending springs {34), (35) for the primary motion
connecting thé attachment spots (32}, (33) to surrounding
stiff auxiliary structures,

- torsion springs (386) - (39} for the detectiop motion in
a first direction, conveying the primary motion toc the
seismic mass (30), (31) and simultanecusly giving the mass
{(30), (31} a degree of freedom for the detection motion in
the first direction,

- torsion springs (40) — {43) for the detection motion in
a second direction, conveying the primary motion to the

seismic mass (30), {31) and simultaneously giving the mass



- bending springs (34), (35) for the primary notion connecting the
attachnent spots (32), (33) to surrounding stiff auxiliary structures, -
torsion springs (36) - (39) for the detection nmotion in a first direction,
conveyi ng wuoeopso7omoy notion to the seisnic mass (30)pct/Bigosamnsss

si mul taneously giving the mass (30), (31) a degree of freedomfor the
detection notion in the first directjon, - torsion springs (40) - (43) for
the detection notion in a second dir %tion, conveying the primary notion

to the seism,cC s _( ) -and, si nul tane gl V] the,mass WO
006, 070060 et bbb Aekeut 2t ek Eri gggée%trlgé Ao e or t he
det ecti on i epcénd dileckewondrdirection, and - a bending spring (44)
connecting fhe §%§1{Hi?xgi“§§ﬁn t%% (ﬁ?)o)conﬁléﬁitr&gtﬁécglei g&@rmagsgﬁ Sensor of

angul ar velocity acco any one o preceding clains 4 - 9,
characteri Z&@in{3thae ene &thachment spots (2), (11), (12), (21), (32),
(33) are joined in an anodic manner to the wafer hernetically closing the

sensor structure. 11. Sensqor of anqular velocity according to any one of
the precedihg EPEFHs °F 2nBlaghipipaiéri 2eePidinot Farwheraittathfent spots

(2), (11), ek2paifPNaihd2) - 633 haetboifiarl iby tRANShe ofttachiisiion joint to
the wafer Neretisally ¢l ofiNg 108, S8950" (3 Sl Yefhea in an
anodic manner to the wafer hermetically closing the sensor

structure.

11. Sensor of angular velocity according to any one of the
preceding claims 4 - 9, characterized in, that the attachment
spots (2), (11}, {i2), {21), (32), (33) are joined by means
of a fusion joint to the wafer hermetically closing the

sensor structure.



