OSCl LLATI NG M CRO- MECHANI CAL  SENSOR OF ANGULAR VELCCI TY Field of the
invention The invention relates to neasuring devices for use in neasuring
angul ar webaoedioyomnd, nore specifically, to oscill atingprorcimesenbsni cal
sensors of angular velocity. The invention ains at providing an inproved

sensor structure enabling reliable and efficient measuring,

particularly in

conpact oscillating m cro-nechani cal angul ar velocity sensor sol utions
Background of the invention Measuring based on an oscillating sensor of
angul ar vesooinar INGSMPCROANREHAN ICALe SENSORHIE: ANGURBRPVELOGELY 0 provi de a
reliable way of neasuring angular velocity. A certain known prinmary notion
is being generated and maintained in the oscillating sensor of angul ar

vel oci ty. Filéid raEvéheninvedntiodn t he sensor is designed to nmeasure, is

detected as a deviation of the primary notion. An external

angul ar velocity

affecting the sensor in a direction perpendicular to the direction of
noti on ofTm@eun&&mnahorsl&nﬂndesn@a@@ti@@i@ewkmewefom the &eism c nass

per pendi cul ar t.0 recti tio r force being
propor t i ofiaf® Lirolr‘tghémgﬁi ot ar® voe & £y (slg%lre? h%t g((}flflr%(%‘lrln'SL he£§)sm |l ation of
t he mass bﬂcllxutun@smance—mephanmnaltBeesnxwwmﬁ aﬁﬁméablggég@l¥y<ﬂﬂhﬁﬂ
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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

oscillating sensor of angular velocity. 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 of the mass in, for instance, a capacitive

manner.

The biggest. problem concerning micro-mechanical oscillating

sensors of angular velocity is the so called quadrature

signal, which is caused by poor dimensional accuracy of the



may have faulty tolerance in the orthogonality of their directions of
notion, which gives rise to a signal, called a quadrature signal, which, at
wor st, | swewvess/d1mwsdr eds of tinmes the strength of the fulPcTgemb&odossdi cati on
of the angular velocity signal. The angular velocity signal to be neasured,
t he signal being proportional to the speed of the mass, is luckily at a 90
degree phase shift in relation to the2quadrature signal, and thus the
guadrature signal will disappear in an ideal denodulation. Since it is
consi der apt yudnigh J.argebnbbans tmusiagnated cilbereastheds ¢f ndigrots,

however, the dynam cs of the sjgnal . In additiqn, t I jssadvant age
of the quﬁﬂ?%ﬁ‘%r‘és ﬁaéngﬁv?s??‘hje'%f %c?tlefﬁ%‘feijtr} Hite otrg%po) glg%f%ﬁ thfZ of the
el ect r oni gnhsi gnailrctibhess fcadpensatedchi gpeds scitsdee tot absignal,of the nul |
poi nt of the sensor. Sensors of angul ar.velocity .accqrdi iQr art
have al soShekif cf’eﬁ%&fwﬁﬁe%‘i’rhaalat twgﬁﬁ{]é Ravy sécéng(r%ragl‘é&tgoﬁ%é&r?pr@éensate t he

quadr at ur grst gied .tHetswabtyuafirateufelsi goale conjdersavnonf sotaution for a

sensor of angular velqcity,according to prior art is the, so called,
feed-forméPﬂg%%ﬁﬁﬁﬂ§§P%8n¥lﬁﬂ%féin a force nodul ated by the detected
primary notion is being fed into the . detecting resonator in opposite phase

usef ul - sPhEesqaTer ity ot SSYHE. di POBR D SHate SUABLEITy Teud rements
of the el gebponi Lendr b the dpewdudmtthenmtsst hies compedyastoa ¥ ock. The
OSCillatig%ggééLgﬁégéi;ﬁT}taE%Or£$%g¥gH t%ytﬁga&&56§§¥d¥%sBignal, and

thus the quadrature signal will disappear in an ideal

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

quadrature 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 quadrature signal. One such quadrature 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.S. Patent no.



and then the phase stability requirenent of the electronics is essentially
reduced. Anong others, U S. Patent no. 6,370,937 describes such a solution
for a serwonro@fo7ersgul ar vel ocity according to prior art PCIFIzob&msdsut i on
for a sensor of angular velocity described in the U S. Patent, the
inclination of an electrostatic torsion resonator can be adjusted by neans
of an electrostatic force. Another nsthod according to prior art, nore
feasi bl e than the previous one, for conpensating the quadrature signal of a
sensor ofs, angubar el aeides, sGeNsd el wfiogeior ati sensduy ofeangubira static

gquantity, a force nodul ated by the tiqQn, ich force e t he
quadr at u’&L18FghAl a‘&%ﬁj‘%‘@d‘gbyyoazfje%ﬁ cﬁr}g‘i ﬁnt ﬁggsf)?}‘ﬁcgl norf%%mAQ%%n%%nsati on
met hod | ige ahBiiSat SvsLpardyOret or Sbet iiealthy twsst Paigertthe ther ucture, since it
al l ows nechanical structures of consid rablé higherga stiffne % As the
conpensatiPfgipaEeen ot AftF1CEoP Tt OREY ST EST A PiEs S vm? the notion,
it puts n@iaddili phahe demmrdanoslédiergasaccénteel of the electronics. U S
Pat ent no. 5, 866,816 describes a solution for a sensor of angular velocity

according to prior art. In the solution for a sensor of angular velocity
descri beddgr hbhembk Sod Pad@tdinyheo qusidrataite sbgaafeafikd epitbaoetketri c bar
resonat or can be conpensated by neans of piezoelectric far by using a
static biRFSVWENFagRe: AFD Ceﬂ”i‘%%é?:ﬂ%%t%ﬁ & éfgléu‘(r:%ns‘l nrciL i%%S?he descri bed

manner, puoded st Bajuedecidlioeity gl onsisytamettr genenativey dibyeoeroa of the
O el a2 Bl 04 Gohe 2ol a5t al ! L FARRISRY! O Aot AUAdER ur e
force compensates the quadrature signal caused by a residue
in the spring force. A compensation method like this is
superior to statically twisting the structure, since 1t
allows mechanical structures of considerably higher
stiffness. As 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.S. 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.

Electrostatic compensation of the quadrature signal can be
considered prior art in connection with linearly oscillating
comb 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 angular velocity described in the



considered prior art in connection with linearly oscillating conb
resonators. U S. Patent no. 5,992,233 describes a prior art solution for a
sensor ofwengesmoosvel ocity. In the solution for a sensoPCoOfFIANEMI05FS
velocity described in theU S. Patent, the el ectrode conbs, parallel to the
direction of the notion, are biased 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 conb

structur g, mh@%@eggneﬂﬁg%ﬁe@tkb@@a@omﬁgnﬂﬁa&HQQegeﬂﬁQQQHUAEQE€EOmn t he
or t hogonal dlrectlon (direction X in the U.S. Patent) the gr eat est

. of
advant ages d¢het hetapectaussappedghaditiure Védnpehdhatd 6‘}?t|l§ntﬁ£t By “reans

of el ect rx%fyo%%toktsga&a% madecagdanti e tdeScoRBt eptudtaires, 672, 949
descri bes a solution for a sensor of angul ar velocity acc Ili_[gl ng to prior

art. In tlergcsiopat ekt thend - Ehakgeantn M IGFaliPat T Sighaf caused by

mechani cal a‘@:.%to'rngla@@é NG Q6 &b O4iSr @RS, AlHE €n d@e&fﬁl‘i&@@l es
conti nuouﬁy can be conpensated based on the_ sensor r}é{ectl\%g%m gnal . The

st r uct ur esireecor @npgitedprdependrt dBREFS Hed o Etae ¥ difg

sui tabl e {qq_rreqﬁglohc;\\t F QN sensesseof) angul ar velocity, wherein t he
primary notion iIs one of rotary osci IIatlon This kind of structure is

particularly suitable in solutions requiring good resistance to vibration

and i nmpact . AN QR Sgéaﬁgsé'E%vhﬂ%@@ééo@f|€he'éle&@@bstéﬂhi:pr0V|S|0n of a
structure of an oscillating sensor of angul ar vel omtgct wher ei n

el ect r ostatddradomee RSBPERTR GO RE Hhalr ANreagiSgRY) electronics, 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 angulaxr
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 quadrature 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



is inplenmented such that it is particularly well suited for

m cr o- nechani cal rotary oscillating sensors of angular velocity, in
conpar i somowadn7prebor art sol uti ons. Summary of the i nveotrirFowesieosssj ect of
the invention is to provide such an inproved oscillating sensor of angul ar
velocity, enabling reliable and efficient neasuring particularly in conpact
oscillating solutions for sensors of sangul ar velocity, and in which an

el ectrostatic quadrature signal conpensation is inplenmented, that is

partiCU'%%bYoE?é&t%ﬂé&@ﬂ f At it L60- e chapireal dé ahaoty adsdibkatédg sensors of
i

angul ar vel oc gémln conpari_son mﬁth‘Prion art sqlutions Ageording to the

i nvent i oPSCAALBERRY |3ANSRG AL cFRIMEThANIOL! t¥enSdt Qaﬁﬁﬁﬁar Vel'otity is

provi ded .. /GQRRLLS] Mk 2t nhepstt DAEL HEi S MinC cBmpscansk AN lassogi at ed novabl e
el ectrode, which is attached to the sensor copponen .bo%%igk sypport areas
such, th@CItiANE hEPT SRGPTST O AT HR N et Y tHE Y} #Ery 'ndti on, which
has to be1geRenatgdic iguadRadlgyl &1 gosCiddupenoat bén ats liepdeneneedei snic nass
and an associ ated novabl e electrode,%ggg; an.axis perpendicular to the

pl ane of WhaE waf BRTEIGHE addivs HREL nadkt °F L&EoRd" e€ of "Treedom in
addi tion &sq;itlh@t@f{%r@éxysdmt b@Nankildelailicentyp an e dfsodewéthi on
perpendi cular to the primary notion, and that - at one edge, at |east, of
the sei s oFadst aPL4E4dS-one pair of electrodes is provided, which pair

of electrodes, together with the surface of the mass, formtwo capacitances

'n such ?Aggggdi%ga%oogﬁz(Eﬂ%%%%gggfeagfoéggil%%kago$ig%égﬁéé%%%ical
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, is 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 seismic mass has a second‘degree of freedom, in
addition to the primary motion, in relation to 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.

pPreferably, 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



will increase as a function of the angle of rotation of the primary notion
of the mass, and the second capacitance of the pair of electrodes wll
decr ease.wBbnedwnraiwby, the el ectrodes of the pair of el eeCraumss/ennsss
positioned equi di stant on both sides of the axis of detection. Preferably,
both el ectrodes of the pair ofelectrodes are connected to a vol tage of
equal magnitude in relation to the pogential of the nass. Preferably, the
sensor of angular velocity conprises - a seisnmc nass and an associ at ed

novabl e electiodes Whi CholRSS dds tat haehiethdeo ofheghatlymadn itthelesénsor
conponent by neans of an attachnent spot, bending springs for the prinmary
noti on cormbxitiong tehehatRAGHERL Spotl e d** P %urrounding stiff auxiliary

structure and essentially restricting the primary notion of the mass to an
angul ar oscill ation about an axi s perpendicul ar to the.%)l ane of the wafer,

and torsi BrefpEbiys b %W%P&FPBHE%W CEHVEFTRE TTie primary notion

to the selLsm ¢ MRISNARILSE MY {ARGOUSEYcgh v Ghdvia® lrasseat s@ond degree of
freedom for the detection notion, whi chdcontsti tutes a rgégéé/ne%scc%gl ation
about a debibeh inpFsaiPsapeRPRHICUILEE PBY Het dXiS S5 Phe“Pri ary moti on.
Al ternatiyelys dhensgpRegsnin@n@dtgr vel ocity conprises two seisnm c masses
and associ ated novabl e el ectrodes attached to the bgdxeggirtl he ,sensor
conponent ~by nRSIFENGT SPRENSE t EChIERt PEPBEEY BEAE n§OEBFT RS for the primary
notion cogpegtighit Reoat tachmpitrsRelifigt Ot SEf raamidiingyssttdctawe | i ary
structures, . , .

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 angular velocity comprises

- two seismic masses and associated movable electrodes
attached to the body of the sensor component 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.



or directly to the seism c nasses, torsion springs for the detection
notion, and a bendi ng spring connecting the seismc masses to each ot her,

t he resomsiDan&/dJ@ieng connected in such a way, that bot hpCh@&139ns/00@638 not i on
of the masses and the detection notion constitute a notion in opposite
phases of the two novabl e el ectrodes. Preferably, the oscillation caused by
the external angular velocity is detected in a capacitive manner by neans
of el ectrodes positioned above or bel ow the masses. Further, preferably,
the el ectpedesaBl§, HHMbs@Aloathenismeredsbyf bte eftetralnwaberlagrmetically
closing the sensor structure. Preferahl ngwl ar velocity is
a sensor GFRoghgYI B %%e&lﬂegsﬁ??ancgltér"{geu gr %Pel m“’%{/an%ng?el ation to %/vvo
axes, the15R$0He§0PREitSidigdaaberen e beley &hd Bas sssodivattbdrnovabl e

el ectrode the mass heing attached_to the s r nponen by neans of
an attacHsfETeplY: q'ﬁj:tﬁ??aeﬁ S cﬁroﬁﬁegﬂr%?rr%l%g ot | otr?uggg%%ectl ng the
attachnmends spet wheef 1Sdeiindiing slodfnqaukiel sanyost stmwtaiveeand essential |y
restricting the primary notion of the mass to an angul ar oscillation about
an axis perpendicular to the plane of the wafer, torsion springs for the

det ecti onpyardr@B1LN ehd i satsddi roéctah@Mamoml@yciirug i hea prénm@Ty Ofoti on to the
sei smc mass and si nul| t aneousl| iving the deor ee of ,f Leedom for the
det ect i onPHBtaGn VPO thEY fri“?asstu%flgeé?? o whi (?h agt ection notion constitutes
a rotary gssiddeat i eRe aboOdon dompstising

- a seismic mass and an 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 for the detection motion in a first

direction, conveying the primary mbtion to the seismic mass

and simultaneously giving the mass a degree of freedom for

the detection motion in the first 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.



detection axis essentially perpendicular to the axis of the primary notion,
and torsion springs for the detection notion in a second direction,

conveyi ngwoheogu7oesary notion to the seismc nmass and si rulrtFavesu®b38 gi vi ng
the mass a degree of freedomfor the detection notion in the second
direction, which detection notion constitutes a rotary oscillation about a
second detection axis essentially perpéndicular to the axis of the primary
notion and_to the first detection axis.Alternatively, the sensor of angul ar
vel ocity i3 EEIRLE " f FRAGUT RN BFo 8PV M GG Yahgul af SR80t y about
two axes, £R@QuISENSRILoCORPr hSh NG 10 561188 Crvdssesy aBdudssheialeed movabl e
el ectrodes attached to the body of sensor conponent by neans of two

at t achment "ot S BeAAPRGIEHI ngs for the primary notion, connecting the

attachment - spotisid @eSHnt 8URE: Nk Snidf hsadXidied Ynohabuet I 8§t rdd¥sSi On spri ngs
for the detection notion in a first direction, conveying the primary notion
to the sei3hFhres$CanbesPRTY tANSEESPY GPIRMEThENESENE dedi'®e o f freedom
for the deteeddr@rn¥otpeBsin the first direction, torsion springs for the

detection nmotion in a second direction, conveying the primary notion to the

sei sm ¢ mass amFrSiRdl FRALBUS I Py r ther ndlE 9 deGPEREGF 1Y ddGom for the
detecti on gptddhdnt thetrseeoOnshthdeet hgnstand A-handirpgs sphdiig<egnnect i ng

the seism c nasses to each other. Preferably, the attachment spots are
joined in an aﬁ%&ﬁq}on springs for the detection motion in a first
directicon, conveying the primary motion to the seismic mass
and simultaneously giving the mass a degree of freedom for
the detection motion in the first direction,
- 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, and

- a bending spring connecting the seismic masses to each

other.

Preferably, the attachment spots are joined in an anodic
mannér 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



manner to the wafer hernetically closing the sensor structure.
Alternatively, the attachnent spots are joined b y neans o f a fusion joint
to the waverodwn7ombi cal |y cl osing the sensor structure. PBriFefoosle®sssi pti on
of the drawi ngs Below, the invention and its preferable enbodi nents are
described in detail with exenplifying reference to the attached pictures,
in which: Fig. 1 shows a perspective @gepiction o f the structure of the
seismic mass and tihe novable electrode o f an oscillatingsensor of angul ar
vel oci ty saaaeerdicigahguliie wieseny soverdirgntoFithe Bresdmws a perspective
depiction of an alternative structure of the seismc nmasses and the
associ at ed*1\FdPe el ect rodes of an oscillating sensor of angular velocity
according to the present invention, Fig. 3 shows a perspective depiction of
the structure of the seismc ss and. t he associ at nov, e el ectrode of
an osci | 189 nd SBRYSr 20PN érvengBJC?ifﬁlor\lNiot%ﬁa \/\Bfg?(re%atgig}ceor ding to the
present igwemduar, ofi ghedsshris aapeespacd ithe depbciaoed afovatrlgl t ernati ve

structure of the seismc nasses,and the associate ..e] ectrodes of an
osci | | at i i Tewsss 8% aﬂg%?%{.‘rsﬁx?ér%}&i PYEWE \ﬁ&gé‘gégo‘\é%%%‘%el i'ng to the
present igveidion; tandhEi gredershawseatsompl i fied depiction of the
conpensation principle according to the present invention. Detail ed
description of the invention In the oscillating sensor of angular velocity
accordi ngri®. 3 shows a perspective depiction of the structure of the

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.



the present invention, the primary notion, which has to be generated, is a
rotary oscillation of at |east one seismc mass and an associ ated novabl e
el ect r odewahoasto7es0axi s perpendi cul ar to the plane of tRreTwafoes/000553
addition to the primary notion, the seism c nmass possesses a second degree
of freedomin relation to a detection axis perpendicular to the primry
notion. At | east one pair of electrodes is provided underneath or above at

| east one edge of the seismc mass, which pair of electrodes, together with

t he surfagelggswgngrm,r fer m s rRAGkt ppeesded hesieraapaki ®@ances vary as
a function of the angle of rotation in t,he_Eri mary rlrlot'onaipog}_tively in
one of tkbogkestrbeRst owegai¥Tety IF SFESBEHeP2Theei"ectiodes of the pair

can be pQsitiopads equiglicatantion @achusirdecobr ttes detsect formakis. A vol tage

of equal nagnitude in Telation to the potential gite t%‘e% mass CAN be applied
to both slpecibargedf TreepsrPacH AR I6fFng° & net"rowent “varyi ng in phase

with the prigery PoLionn WAl LBetheidhat motiepnosanoslly duton®igt 1 shows
a perspecti've depiction of the structure t he_sei sm mass ig\gd t he
associ at ddremev-abt 8089 B 1eFAE1BEL ¥t ddla IPAPRg SRRSO ST Oangul ar vel ocity

accor di ng. 0 fhe pLgsENtydsN¥eBhéQNequliftl sthhticbnr eadf dikie sénsbe of angul ar

vel ocity according to the present invention cogpri ses a sa%iiggi g,mss and an
associ at et tesrabheasiecth 9@ t2981 e AcHEP §FRE DAYy b FRE*Sensdr conponent

at an attachneRk,$pel @ -tnEhRaBBVabh eelxgliiedetd sarh dlectexdapl e, be the
conducti ve surface of the mass or a conduct or gr own onto thhe SEN The

sensor ofofarde ®pivel deFAPldcbdPei gt o TWEPr E_ERY Ve RTSR

the primary motion, while the static moment cancels out.

Fig. 1 shows a perspective depiction of the structure of the
seismic mass and the associated movable electrode of an
oscillating 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 componenf 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 primary
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



further conprises bending springs 3 - 6 for the primary notion and torsion
springs 7 - 8 for the detection notion. In the picture, the axis sensitive
for the amgubavo7vmbocity is denoted W When the structureTatmos/aiosss to t he
invention, depicted in Fig. 1, oscillating about the axis Z, is being
turned about the axis Y , part of the primary notion of the mass is |inked
into a rotary oscillation about the tetection axis (X) , due to
conservation of the nmoment of nonentum The anplitude ofthis oscillation is

d'feCt'YtH£9p9£éllyy%hoh01§fwaﬁﬁ&ﬁﬂymprw@bﬁtiégaLNuﬂ thheahgwhing. The noving
parts 1 , 3 - 8 of the sensor, of angular velocity can be patterned into a
silicon ﬁﬁi@?ltfHbcgéﬁgﬁrt%f?ﬂ%iure being hernetically closed by a wafer

attached on its top or bottomside. There is an attachnent spot 2 at the
central area of the sensor structu whi ch SPY IS t eped. the mafer
on the t8peorohitd GArsSdé: The éffégﬁﬁ%ﬁano%t G c%%nggtedf%

nore bendi;Rop8 PGS ndd- iBtbOaassliddn anafet; atlye &tanwmusersetmmjnd| ng the
spot, which springs restrict t rlnar on into essentiglly an angular
osci | | at PEANEbBEF S oty Bé?b%‘ﬁ Xd & FS %‘%{Cad} a&necmo?%"[gh{é %a(lf’

torsion s$pkikBASsYde. GHeeRVeEY &ﬁeamﬂadnmemtnapotnﬁtattﬂh@ SenSHRE nmess 1 and,

at the sane tine, give the mass 1 a s d _degree of freedgmfor the
detectlo@rﬁétPénthQWﬁ%ﬂ?oFssﬁrPSY%f? d§81 5F|on aﬁgJF:F%g gg}s X . Fig. 2

shows a Q@ﬁ%&eehlwﬁéd@ﬂi%&IQBt@&maﬂuﬁiternatlve structure of the seisnic
masses and the associ ated novabl e

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 movab;e
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,



el ectrodes of an oscillating sensor of angular velocity according to the
present invention. The alternative structure of the sensor of angul ar

vel oci ty wocosadi7ogpot 0 t he present invention conprises tROTFEI08FVD5IBASSES
and associ ated novabl e el ectrodes 9 , 10 attached to the body of the sensor
conponent at two attachnent spots 11, %2. The attachnent spots 11, 12 at
the center of the masses 9 , 10 nmay b joined to the wafer, which
hernmetically ¢l oses the nsor _structure, .in, .for_ exanpl an anodi ¢ nmanner
or by fusF&ﬁSPBPnF%ﬁ?m@hz séni%rE%?1ﬁﬁb§F5F05é?%éF%f£%§c%P i%g to the
present i meadihgnsptidihan eoapecsesg berditng spismgs nkFseb4 9 otOthe primary
notion,torsion springs 15 - 1 8 for the detection notion, and a bendi ng
spring 19 @6An8ELFhy the two seismic nmasses 9 , 10 to each other. The
operating principle of the alternative sensor of angular velocity according
to the present invention, depicted in Fig. 2 ,.differs fr h ne

descri bed T50PBE TR R h &t 6 i?h% p?k?er@r]\%eﬁf}?%ﬁe and 1 He etatggﬁ%%ﬁ not i on,
due to theoupkiyngcedrditg resenatprsserar enopposon g qeEsEemptinofisgof t he
two novabl e el ectrod

‘ s 9 10. Figure, 3 shows a per cti iction of
t he strucﬁhr@léﬁefﬁég§%?§ﬁ?c°ﬁﬁs§gﬁﬁﬁﬂﬁﬁga§§¥86ig étéﬁb&ﬁxﬁbqggectrode of
an osci | | gldirg ryensorowfanangukadevetonirt yonibh, t doe axeshaccongiLhggt o t he

present invention. The structure of the sensor of angular _velocity with two
axes accordi gt §°ENR? PHeze AL Si RVBATT Uh p@’(?r’?ﬁrf“ géo%ls %eél 2Cn}%ec%rvrqgss and an

associ at edhgmwabl eletesidede,2@oat t ached to the body of the sensor

conponent at an attachnment spot 21. The sensor of angul ar
Figure 3 shows a perspective depiction of the structure of
the seismic mass and the associated 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 associated
movable electrode 20 attached to the body 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



vel ocity according to the invention further conprises bending springs 22 -
25 for the primary notion, torsion springs 26 - 27 for the detection notion
in a firswodoesaobicon and torsion springs 28 - 29 for thecdsumoet/omsssnoti on
in a second direction. Figure 4 shows a perspective depiction of an
alternative structure of the seismc sses of an oscillating sensor of
angul ar velocity with two axes according to the present invention and of

t he associ at ed novab] e_el egtrodes. The structure the se of angul ar
vel ocity nceoé.[?ﬁpleﬁb %.ngoaraq_\}: Cg‘&efl§ fl%OtrseI%[’i %%tg{i? D& SENHY

WO axes according to
t he presemdndulwentedocLONHdReslihgotsetisdriihveasdes andtlassooimgtrédenspvabl e

el ectrodes 30, 31 attached to.the bo of _.the_sensorconpo at two

att achment®5Erg 5871555 “Fhe §§n§8‘f © digulfar V8 68“3@%]2%0%%& ng to the

i nventi on dguitnder 260AP2T SR herdidegespromagstddn- i25af firsthe primary notion,
torsion sprjngs .26 - 27 for the detecti tian_in a first .direction, and
torsion spti l?@'-a’?% $UrS 1 Pe SREC-BET | %Eﬂ _g%t% %ﬁri ﬁhg Csl%%%ént&% i rection.
Fig. 4 shawscianpenspestétaed depieettion. of an alternative structure of the
seism c masses and the associ ated novabl e el ectrodes of an oscillating
sensor of angular velocity with two axes according to the present

i nvention.rilhe sSenses ofpangidar veebepityioi tdf Ewoaaxesnacitor ding to the
pr esent 1 nvention CO?E%I ses twg seismc m(%sitzls and a§sggclialéoev brI%vabI e

el ect r odes®BHCHET *aPt athed® o iTe "B685° o1 He' s 8RS8 ~Eonponent ~at t wo
at t achnment e 5% d32, 083an The-iasicitlihat sagssensorangfilanguébocitgt edithy with
two axes a%ﬁé”égeggaggoggfhg 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 motion in a second directicn, and a

bending spring 44 connecting the seismic masses 30, 31 to

each other.

ITn the structure of the oscillating sensor of angular
velocity with two axes according to the present invention,
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 direction 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



present invention further conprises bending springs 34, 35 for the primary
notion, torsion springs 36 - 39 for the detection notion in a first
di recti onwotosei7asospri ngs 40 - 43 for the detecti on noPCcwomFiions/eosscond
direction, and a bending spring 44 connecting the seismc nasses 30, 31 to
each other. In the structure of the oslc4i | lati ng sensor of angular velocity
wth two axes according to the present 1nvention, there are, conpared with
the structure with one axis descri bed above,. additional iff auxiliar
struct ur es" W TP ETEpERsF ORI T éﬂfjataflgﬁ?‘?% THe e sgsl@gOF‘%%la 5y means 012/
pai rs of tetsiioiingsphengsndprimk3Iyexbenodnng in the direction of the axis Y
The structure of the sensor of angular velocity with two axes accordi ng
to the present invention provides the seismc masses 30, 31 with a second
degree of ThHeedomtpenpéndi elkarrdsaatheaply nesnparstaitang whe ch enabl es t he

sensorto operate as a,.sensor_of angular velocity with t axes ut.ilizing
the same pg‘il?fgrr%% PR ThRT s%}}eutsi%(?ﬁOFo?ge?ré%%lradrstvéetlf)gg?Yyacccgr%ér?gati ng
t he quadr atwarhsigraknef ithenisens aanobe anged arf orelesenpbyeactor ding to t he

present invention can used, for exanple,.for, .ca sating t guadr ature
signal in SPTPYFIHE% ggssq%?d%%tr“&& ﬁ?gga;gejs rﬁjble(?r%ggg\?e%y e o&ﬁventi on can
al so be usetricrueenpessatbag fuad.atrbeeisvgnal e icanobheo lseictsest ruct ur es

of sensors_of angul ar velocit wherei.n the primary notjon constitutes a
rotary oscf?PT at9Bi 5BGardaf axt & ér 5%%8?@@‘%} ?ntgle{rh 2Y5 Stru?nwtrﬁaes waf er .

8 pl'ane’ o
Fig. 5 shows sersddnd ioffi edgdept ctdlariaf, t hiee conpensatiranary motion

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 stationary 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 according 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



principle according to the present invention. The structure according to
the present invention, shown in the Figure, conprises a seismc nmass and an
associ at esormoasaisbmsoel ect rode 45, 46 and stationary el ecPcode®osiinossss50
install ed above or underneath the novabl e el ectrode 45, 46. In the solution
according to the present invention, g#gctrodes for detecting angul ar

vel ocity, such as the stationary el ectrodes 47 - 50, are positioned at the

area of the mass 45, 46, ,which possesses ¢ egeegep. OfrJdoedom
i.e. a fibPsteohe (P SFﬁtfﬁ%a%Nréiﬁﬁ 5888F ?ﬁgb{ﬁﬁ %ﬁfgngfign and a second

one (x) im7thgs didgeatd,og00f the detection notion. In the solution according
to the present invention the novabl e el ectrodes can, for exanple, be

i npl enented by nmeans of the edge of the nass 45, 46, the stationary

el ect r odegextengi g heyesd the sjgeheThuglet he sHmEiodgé of i

massbi sects the statjonary el ectrodes of both. pai of.-¢l-egtgsodes 47, 48
and 49, SBFl%SrYHE”HégklPoFﬁk%El%%,Cﬁ&%e ﬁgagh§$%5zf rotation q of the

pri mary nmehiage NcK&latd0n st ohe helstat icdnahy plewty cescéhangedSthe area of

the plates of the planar capagjtors as .indi d. i .G .+AL a positive
angl e of A8FacRrbAd %%éhé%eg'o§£t$éxﬁpgffﬁoaéaig %%n?ﬁggﬁg?f Edge i ncr eases,

whil e si myltangeushy dhetavea of dthectsd detftodégd8inaneasive  stfeledge,

decreases in proportion to the angle of rotation,gd .. ncoapgpsating, the
eIectrode§l@§€Fﬁ@e?%ﬁ¥yiq?eFFQ?aSO? s §?d§régbfased to a static

vol tage UcQpe,i Rekgtatdond propereiecttondes bogtheof igghatigg 8nd 50, and to
the mass 45, 46 .

In compensating, the electrodes to the left in Fig. 5, 47 and

48, are biased to a static voltage Ucomp 1D 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

biased 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 ©, 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 Ueomp, however, is cancelled out, contrary to
the electrostatic principle of quadrature compensation at

linear motion.

The momentum, being linearly dependent of the angle of
rotation 6 of the primary motion, causes a change

proportional to the square of the compensation voltage Ucomps



connected to that same potential. Thus, the change in capacitor plate area
due to the angle of rotation causes a proportional change in the

el ect r ostwDi2006/00@@ bet ween the bi ased el ectrodes 47 an@#CEF1Imnslotbs nass
45, 46 connected to the ground potential. For both el ectrodes, the change
in the electrostatic force is proportional to the angle of rotation q , for
the el ectrode 47, however, it is posﬂ@ive, and for the electrode 48, it is
negati ve. These changes of the force in opposite di qucti onseﬁgggg%ﬂe
changes iwhiequahadiinecticoms et heo ket dndi A2PRE BiTon T8PFRa"det ecti on
axis X . ‘lr'lheeq ta%%guggngirbtntém.i nduced by the voltage UCOmwp however, is
cancel l ed”out’, contrary to the electrostatic principle of quadrature
conpensation at |inear notion. The nonentum being linearly dependent of
the angl e, of rotation o,ofeithe BREIBLY MY 4 toCaHEeSotEertiange fpr opor ti onal
to the sqUar® or the conpensation vol tage UCorrp0538 16 V\hi4c9h,angavi ng the
correct polamidss #d ABgmduderreshpensat By (e §Ladratiie i §hal . By
connecti ng, t.he .el e 7 _an {0 dhenpotrenhé adongfertshe ingss 45, 46
and, cor r%%ptoond:?lﬁg&%?gtgﬁi %f‘?ét?%ﬁgc}s 49 and 50 to the voltage Uconpf the

di recti omeferthecacolpensaei /Ry -nonent can be reversed. The sol ution
according to the present invention can be used for conpensating the
quadrature signal in all such sensors of angu] ar \éel ocitl)(,bV\heSreedthe
primary NMohe oxp 1 iam aqggxﬁgng to the present 1lnvention ca e u

for compensating the quadrature signal in all such sensors of
angular velocity, where the primary motion is an angular
oscillation in relation to the axis 2, and electrodes can be
arranged above or underneath the mass at a distance of a
suitablé gap. The electrodes can, for example, be grown and
patterned onto the inner surface of the wafer hermetically

closing the sensor structure.



oscillation in relation to the axis Z , and el ectrodes can be arranged
above or underneath the mass at a distance of a suitable gap. The

el ect r odewocars/076@n exanpl e, be grown and patterned ont ®Ccrhraobsiomessssur f ace
of the wafer hernetically closing the sensor structure.Clains 1 . An
oscillating, mcro -mechani cal sensor C}f angul ar velocity, characterized
in, that it conprises at |east one seismc mass (1), (9), (10), (20), (30),
(31), (45)c 46) and associ ated novabl e el ectrode attached to the body of

t he sensor onent at support areas such, that - in the sensor of angular
velocity, the primary motion, which has to be generated, is an angul ar

oscillati on of the at.|east one seismgc 1 9 ={20), (30),
(31), (45)%" (46y 8ﬁ81}Jr15étlnsgSO(r:“|l§fr8dm?r%k\l/% Ce‘—’lslel(se%:1 ?%dgéf a‘—T() tlaeél axi s

per pendi cutdrodia vt hehptamemifzethénwateat ith cdgirtisen 2o tdestprongary noti on,
the seismc ma 1), . (9 (10 20 30 3 4 4
secondI deg;{sre(al“t-i?“%fSc g“?éadé) ’|) Zﬁfwﬁ) % ( Qoégf J(%l ( ?425 ( @6r)lpg§laesses :

oad t|on axrs derpe dicular to
the pri rrarayssrmhja(md aadamhateheratassleca*atamdmttohtae bedastoordeedge of the

;S)g: ?mm(‘: g?%%qsro dgg&Péhﬁé%VQ ppv\,lhrl f:%%%?ﬁ o%h e&gg%r oc(jgg) t ogtet lhgfsrm ?Ret he
surface of-the imasse( iénsc(zg)o,f @ho)lat20310430Q),, th81prifaAsy nqt4®n,f orns two
o mary mOCRGT GF e HasE T oe) LS 10) > 50r, Ceabr = (S S A (6
t he capaciiancesaf canesphini oiaalseqtly pdes) wi (10)i,n¢eease(3d tFd) ,
(45), (46) and the associated 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
perpendicular to the primary motion, and that
- in association with at least one edge of the seismic
mass (1), (9), (10), (20), (30), (31), (45), (46), at least
one pair of electrodes is provided, which pair of electrodes
together 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), (9), (10), (20), (30), (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 of the pairs of
electrodes are positioned equidistant on both sides of the

detection axis.

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

characterized in, that a voltage of the same magnitude in



capaci tance of the other pair of electrodes will decrease. 2 . Sensor of
angul ar velocity according to claim1 , characterized in, that the

el ect r odewoahoddtaospai rs of el ectrodes .are positioned egardi®vEMDIBN bot h
sides of the detection axis. 3 . Sensor of angular velocity according to
claim1 or 2, characterized in, that vol tage of the sane magnitude
inrelation to the potential of the majsszl (L, (9, (10), (20), (30), (31),
(45), (46) is connected to both el ectrodes of, the (gglir )rodes. 4 .

el
Sensor of “aR¥EHAr SPelFBEi PO iy T6 BAYS ohd ‘of the(gpéte ind clains 1 -
3 , charagterj zed)i,n,(abhat (1¢) cyydrsestedatsea elrrssodnd ah @ssoci at ed
novabl e electrode (1) , which is attached to the body of the sensor
conponent P&t T o RUSECRAERE- spot (2), bending springs (3) - (6) for the
primary notion, connecting the attachment spot (2) to a surrounding stiff
auxiliary structure and restricting .the primar tion of th ss (1)
essenti al By t oS SnGdl éPgB%?IY%]tcichjfyaBEﬁ?Q%né’%%%s er Srelﬁd?gu{%r to the
pl ane of bhecvaf@s ciands- 1t or Sj othadtegszéd) in ( &)haftoritt hemdetewt i on
notion, conveying the pri rrarg not i on to,tgedsei ) 'lc mis%tgclaearp)
si mul t aneous| y2 gF$A4SHgct AeSRadRd (A) 3 S0&¢GhT° dbyfee of Treédom tor’ t he
det ecti on, AOLHLONs AMHClhedeteCth®dmf icd@Nths sefiodaraomgscichktatt oan about a
detection axis perpendicular to the axis of the primary notion. 5 . Sensor
of angul aRt#aF¥estly siolor'ding to any one of the preceding clains 1 - 3,
characterized phongihptsgriing@MPB) S€S(6) for the primary motion,

connecting the attachment spot (2) to a surrounding stiff
aﬁxiliary structure and restricting the primary motion of the
mass (1) essentiallf 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 about a detection axis perpendicular to the axis

of the primary motion.

5. Sensor of angular velocity according tc 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), (12),

- 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



two seismc masses (9) , (10) and associ ated novabl e el ectrodes (9), (10),
attached to the body of the sensor conponent at two attachnent spots (11)
(12) , bewdizng/epiebngs (13) , (14) for the prinmary noti eaTmmINBE0FISY t he
attachment spots (11), (12) to surrounding stiff auxiliary structures or
directly to the seismc nmasses (9), (i?), torsion springs (15) - (18) for
the detection notion, anda bending spring (19) connecting the seismc
masses (9) , (1 0 ) to each other, such that the resonator e, connect ed
in such a‘may,atWEHd%ﬁﬁI?pFHEgpﬁféhﬁVKWﬁ %6Hgo%h?rﬁ§l %ife?a?5?§ F%d) and the
detection \Apti pH & RPRsi,te phase notions of the two novabl e el ectrodes
(9), (10). 6 . Sensor of angular velocity ac ordin L9 an oggagf t he

pr ecedi ng SEChi kg2l thes TeSORFFEF efTZ &P EHat " t e 0sti™at roh caused by
an ext er naoranguk agr Mel0Cidoy ibs deteed ediseapachtj vely) kyndmeans of

el ectrodes | ocated above or underneath the masses (;%wjlg% o(10). 7

Sensor of d&F§GEAPT VoG P rEcCBPAFhY B 2CFal it 6°7° charact errzed in, that

t he el ect nRdes1ar 81 8FOMuENt@), hetonner surface of a wafer hernetically
closing the sensor structure . 8 . Sensor of angular velocity according to
any one of the preceding clains 1 - 3, characterized in, that the sensor
of angul arg vel gehtyriSr aripnser veloangulacoraiagi ty amasurd ng ahgul ar

velocity in relation to two axes,.the sensor, ,
Y preceding claims 4 - é, characteglzed in, that 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 onto the
inner surface of a wafer hermetically closing the sensor

structure.

8. Sensor of angular velocity according to any one 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 seismic 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 angular 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



conprising a seismc mass and an associ ated novabl e el ectrode (20) attached
to the body of the sensor conponent at an attachnent spot (21) , - bending
springs (@Oyoec/q7@®p for the primary notion, connecting troe/FatobE@losssnt spot
(21) to a surrounding stiff auxiliary structure and restricting the primary
notion of the mass (20) essentially to an angular oscillation about an axis
per pendi cular to the plane of the wafer, torsion springs (26), (27) for the
detection notion in a first direction conveying the primary notion to the
sei sni cnassss 200 ) anddss b laneously glwimg thkenamss (£@0)a aledegreers of
freedom f e detection noti.on in the fir i i,on, which detection
notion i s&aeerog’l%% rog%?lﬁi%ﬁc&ﬁo&gem?rhﬁirﬁ/ tzﬁo%tlrﬁ f PHEYCYE ect i on axi s

per pendi ckHiash tdetktheiaximotofort He prroredyy rmatdlan,ataad éﬁ@"ﬁﬁﬁlsprl ngs (28),

29) f t he det ect t d t [
ot 1 on | P Sol e RS (35) “Hna ST RTIHTIGS! §ogrot P IhE mhGE (20) &

degree Ofp]f]l’n%&@oﬂibftﬁ!bnt hendlet ection notion in the second di recti on, which
detection notion is a rot ar on es; entl . about,_.a second

det ect i on” axi $PEFHENGPELTE @%3 hé%& g% “hée Fl Py Tti°8n 8nd to the
first det®esddren dAxestidn.cdenrgdhgothangtimddrw aloadbhytaccos dieigmtio any one

f th di | ai .1 - 3, t d th
gngul :r p\r}g%:%c: ([}&)?gglgngerﬂ%]oﬁarﬁpuﬁﬂg&?gﬁe%l If“;%sﬁegg{)ﬁr ﬁgd%%%?éf vel ocity

in rel ati preddord WO raxes, déhectSensnot Compir snmg second direction,
which detection motion is a rotary oscillation essentially
about a second detection axis perpendicular to the axis of

the primary motion and to the first detection axis.

9. Sensor of angular velocity according to any one 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

- two selsmic masses and associated movable electrodes

(30), (31) attached to the body of the sensor component at
two attachment spots (32), (33},
- bending springs (34), (35) for the primary motion

connecting the attachment spots (32), (33) to surrounding
stiff auxiliary structures,

- torsion springs (36) - (39) for the detection motion in
a first direction, conveying the primary motion to the
seismic mass (30), (31) and simultaneously 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



two seismc masses and associ ated novabl e el ectrodes (30) , (31) attached
to the body of the sensor conponent at two attachnment spots (32) , (33)
bendi ng swoing70@®4) , (35) for the primary notion conn@cCTiFmyos/b®sss
attachnment spots (32), (33) to surrounding stiff auxiliary structures,
torsion springs (36) - (39) for the dgiflection notion in a first direction,
conveying the primary notion to the sefsmc mass (30) , (31) and

si mul t ane y gLvin he mas 30 (31 d ee of fr or the
detecti onq@{)'(ogglﬂn %h%egfrieresﬁdlﬁ?eec d|mor{30 tg):r%%i §%{%‘%ﬁ°ﬁlg§“°?§g§m(43) for

t he det ectthensaothdondirecaisecomad di recti on, conveying the primary notion to
the seism c mass, (30, 31) and, sinult aneous giving the s(30) , (31)
a degree of fr%e}a‘%rﬁﬁ?%rb? ﬁel)nget(g%:)ti%oﬁlr’r?octtilgﬁ %etﬁ%lssnggoﬁl Sn??ecti on, and -
a bendi ng (spni ng3{ #4)o cemeothagy. t he seism ¢ masses (30), (31) to each

ot her. 10. Sensor of angular velocity according to any one of the preceding
clainms 4 - 9, characterized in, that the attachnent spots (2), (11), (12),
(21), (3210.(38rnave ¢Diamettlen awnleuodi aorerdengt to tdrey wakepfheheetical ly
closing the sensor siructyre 11. Sensar. of. angu vel oci ding to
any one ofprteﬁsgﬁ?%c%illﬁtbs (L:AI ai s %fh%r ,er(%hzgfia(l:flérjldggetd tl%l’?, %{c%égﬁﬁf{%ﬁ{
attachmentspspet $2(2) (11)1,1)(12(12)21X21)32)(,32B3) ( 838¢ arimegdoiinednby neans of a

fusion Joggkdgg %Q§n¥@j€3'tﬁ%rﬂg%égaﬁéé&égf%%ﬁﬁg ETS%E%%“%E& %gﬁgggure.

structure.
11. Sensor of angular velocity according to any one of the
preceding claims 4 - 9, characterized in, that the attachment

spots (2), (11), (12), (21), (32), (33) are joined by means
of a fusion joint to the wafer hermetically closing the

sensor structure.



