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devi ces used in neasuring angular velocity and, nore

specifically, to oscillating mcro-nechanical sensors

of angul ar velocity. The invention ains at providing

an i nmproved sensor structure enabling reliable and
OSCI&LAMING) MITRDS-MEHCOHANICAL! SENSOR YF ANGUIARC VELOCITY

oscillating m cro-nechani cal angul ar velocity sensor

sol utions. Background of the invention Measuring based

Fiel@N o t@%L iilvalddigrsensor of angul ar velocity has
proved to have a sinple principle and to provide a

reliable way of neasuring angul ar velocity. The
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religbleaepdrstifoe i entn meae urimion g Peertk owrliandlivpliey qompact
Pri_mary mtjon is.the oppqesite _phase oscillation of
oscilis Tt ARG TISEE L Al SRATAFE. TR SRRt AAT &gl ar
solutglooei.ty affecting the sensor in a direction

per pendi cular to the direction of notion of the
resonators i nduces Coriolis forces on the nasses in

BackdRiRtid &f HHLGHvRtiokhe Coriolis force, proportional
to the angular velocity, is detected either directly
fromthe masses, or the WO 2006/ 070059

Meas%gggéﬁ%%ggégqg?%é.g%cillating sensor of angular velocity

has proved to have a simple principle and to provide a
reliable way of measuring angular velocity. The operating
principle most generally used in oscillating sensors of

angular velocity is the so called tuning fork principle.

In an oscillating sensor of angular velocity, a certain known
primary motion is generated and maintained in the sensor. On
the other hand, the desired motion to be measured by means of
the sensor is detected as a deviation in the primary motion.
In the tuning fork principle, the primary motion is the
opposite phase oscillation of two vibrating linear

resonators.

An external angular velocity affecting the sensor in a
direction perpendicular to the direction of motion of the
resonators induces Coriolis forces on the masses in opposite
directions. The Coriolis force, proportional to the angular

velocity, is detected either directly from the masses, or the



masses are connected to the sane rotation shaft, and
then the detection notion is an angular oscillation
WO pooslamodd recti on  of the angul ar vel ocity axiBCT/FI2005/000557
Resi stance to vibration and inpact are centra
features required of sensors of angular velocity.
Particularly in certain démandi ng applications, like,
for exanple, electronic stability programs in the
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according to the tuning fork principle, the detection
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devel oped, in which both the primary notion and the
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angul ar vel ocity descri bed h
acceleration will not link to the detectlng resonator in an
ideal structure. Unavoidably, however, angular accelerations
also to the axis of detection of the sensor of angular
velocity will always be generated from impacts and
vibrations, due to vibration in the material and the support.
Thus, the motion of the detecting resonator will unavoidably
be disturbed, and this causes deviations in the output signal
of the sensor of angular velocity, particularly when the

frequency of the interference is close to the operating

frequency of the sensor. )

Sensors of angular velocity according to prior art have also
been developed, in which both the primary motion and the
detection motion are angular oscillations. One such prior art
solution for a sensor of angular velocity is described in
e.g. U.S. Patent No. 6,349,597. The primary motion in the

solution for a sensor of angular velocity described in the
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i npl emented as an angul ar oscillation about an axis z
wWo@ewariosy i n the plane of the wafer. The anguPE¥/FI12005/000557
vel ocity detection notion is correspondi ngly measured
as an inclination of the wafer in relation to the
plane z. In the presented3solution the nonent caused
by the angular velocity 1is, in addition to being
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angul ar velocity generally known at the present tine
velogrigynot the best possible ones in view of sensitivity
to vibration. Thus, an object of the inventionis to
provide a structure for an oscillating sensor of
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ringrigdlear Opdlvosihiey prilmacly M@tdiohes bedinidalsive ameylar
os01ﬁff%€b%ntlge§%%rl%%n%%&&%%yk%rgﬁnegr %&atloqf but

rat'i angular velocity sénsor solutions
the primary motion is, anyhow, clearly less sensitive to

external forces than the detection motion.

The measuring principles of micro-mechanical sensors of
angular velocity generally known at the present time are not
the best possible ones in view of sensitivity to vibration.
Thus, an object of the invention is to provide a structure
for an oscillating sensor of angular velocity, which is
appreciably less sensitive to the linkage of mechanical

interference compared with solutions according to prior art.
Summary of the invention

The object of the present invention is to provide such an
improved oscillating sensor of angular velocity, which
enables reliable and efficient measuring particularly in

compact oscillating angular velocity sensor solutions, and
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considerably | ess sensitive to the |inkage of
wore@hanosal interference conpared with prior aP€T/FI2005/000557

solutions. According to the present invention, an

oscillating mcro- nmechanical sensor of angul ar

velocity is provided, conpdising two seisnic nasses

attached to the body of the sensor conponent at
whicduppordoraridasabdyd lescomractiitiyes ol tipd ddatede of

n.the masses such th%{ i.,n.the ,sensor of an%ylar

bet,
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generated, is an opposite phase angular oscillation
of the two seism c masses about the support —areas,

Accopi ngetonithenis ST VST ORed a0 ASEEH 1GItHSIT YL cro-
mechZeals 1 %.fen%torj %%Stan%q_at}:e%l%g:i%@; 1119 grﬁh%@,c%dn%rising

synchroni zing their primry notion, at 'the
two sEismic messes artéaathteched the fdudys gipaite aceaDrby
means of_ sprin or by neans of springs and stiff
ComBRHANY 4t SUELG GFESE g P CRETTEIaRY FPdadkd spted
betwldeeLddB i Jselsalshiem, tthadn axis of rotation
perpendicular to the disk formed by themand in
= r éfatihien SE8 S8 PasnoyRé raxied oSt trottdrs e g vh@otion,

whidll kG o f Jthe. plane qfs the ogip%%-i iy %ﬁqf%{s%b 'a%axffé%
sensor of angul ar veldcity is a sensor of ~ angul ar

oscivdladgdicry ofedduer ithg sedsdc welseeist yhom tr elhat isopdoort
one axis, in which sensor two seismc nasses are

ar€8f-tached to the body of the sensor conponent by means

- oftm Jdegasdict WRssalst AgMR¥INnHRA tollldh®l other by means
preferably, the bending spring is essentially higher

of athdipast icfewigadingde FEKARCy, Merhosdeadlyofsy: ogylzing
theiteLOGLMCAPRLIES arl O SPTings for the primary

noti on, i ch springs
- the seismic masses are attached to the support areas by
means of springs or by means of springs and stiff auxiliary
structures, giving the masses a degree of freedom in relation
to an axis of rotation perpendicular to the disk formed by
them and in relation to at least one axis of rotation in the

direction of the plane of the disk.

Preferably, the sensor of angular velocity is a sensor of
angular velocity measuring angular velocity in relatiomn to
one axis, in which sensor two seismic masses are attached to
the body of the sensor component by means of at least two
attachment spots. Further, preferably, the bending spring is

essentially higher than it is wide.

Preferably, the sensor of angular velocity comprises
- rotary springs for the primary motion, which springs

have flexibility in relation to the primary motion, and



have flexibility in relation to the primary notion
and WD 2006/ 070059 PCT/ F12005/ 000557 5 torsion

W@ pisaywsd or the detection notion, which spri nRGI/FRE0SH00557
flexibility in relation to the torsion oscillation
caused by the torque nonent introduced by an externa
angul ar velocity. Preferably, the oscillation caused
by the external angular velocity is capacitively
debectied Isprieass for ehectietaes iohogatédnabone ctr springs

under neath the masses. Further, preferably, ..the,
haven PR G i SR R C o P e Er Sa6TT SHE SRR er
causker Mt it&dl ltprefuesbfiehie 1 8RS BEt Bhe exReehanabhyular
the sensor of angular velocity conprises, attached to

velogpé&Yeent er of the spring connecting the masses of the
sensor of angul ar velocity, a second bendi ng spring
extendi ng essentially in the sane direction.
PrefPrefbéiablthe tlseiddssesnareusetablyedhieo extierbedy abgular
means .of _attachnment ts,and, in addition, b ans
velogs Cyy dEcRABRE CABELY PROEAIFad Pt MERECart Lectrodes
locaflebie BtV @lry unteneBsseshal tasalklachegthert hgresdyaby v,
means of attachnment spots and, in addition, by neans

the gflegtradiafedresgoryni RBERI I8G AANEHe Sugdeser §Tor wpfer
hernp8 c%ﬁ.gg' TG AGr tg%l %%5%%&' \é%'r%ﬁcth'}% masses are

attac to the bo means of attachment spots,

whi ch attachnent spots, on one side, are attached to

t he SsS by nmeans .of designed.sti.ff auxiliar
Prefgpllvur 60 FEPLREr OF APCRNAR Nrafiy: T SoNREEE Par o
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whi ch attachnment spots, on one side, are attached to

the grasegs $ds pPuBEnYedPCdfti ngs Serenchdending spring
exte%{gigﬁlgn %oifs‘égl'tt%iggt%%g ri]?”‘};“iﬁ%s s3hie %1&&%‘3(}%&.0 the body by
pots Installed at the center of

t he ends and,
Preferably, the masses are attached to the body by means of
attachment spots and, in addition, by means of attachment
spots installed at the center. Alternatively, the masses are
attached to the body by means of attachment spots and, in
addition, by means of attachment spots installed in the
corners or at the edge. Further, alternatively, the masses
are attached to the body by means of attachment spots, which
attachment spots, on one side, are attached to the masses by
means of designed stiff auxiliary structures. Further,
alternatively, the masses are attached to the body by means
of attachment spots, which attachment spots, on one side, are
attached to the masses by means of springs. Further,
alternatively, the masses are attached to the body by means
of attachment spots installed at the center of the ends and,
additionally, by means of attachment spots, which attachment
spots, on one side, are attached to the masses by means of

springs.



additionally, by nmeans of attachnent spots, which

attachnment spots, on one side, are attached to the
wore®semosy nmeans of springs. WO 2006/ 070059 PCT/FI12005/000557

PCT/ F12005/ 000557 6 Preferably, the sensor of angul ar

vel ocity conprises strain relieving structures.

Preferably, the sensor of &ngular velocity conprises

a conmb structure. Preferably, the sensor of angul ar

vel ocity conprises radial conb structures.

Pre r abl t he sens ul ar, vel oci t sensor,
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masses are attached to the body of the sensor
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erably, or ot angul-ar velocity conprises
rotary springs for the primry notion, mhlch springs
have flexibility in relation to he |nary nDt i on,
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to the detection notion in the first direction, and

two Pgesi: o Ns Pileds SemsorhEhge ot |S@r3rsmq mﬁsﬁsa agéc gvdached
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the I on notion ITection.
PremeabéyabwheibmadmngIsbaumgnlsaese@nmﬁdﬂmy-angammahhan it
. angul ar velocity is capacitively detected by neans of
18 W%g%btrodes | ocat ed above or underneath the nasses.
Further, preferably, the electrodes are grown onto
the inner surface of a wafer hernetically closing the
Prefexiaddy s tthige e orPodf engbilypr Vied ogtittac eEr i$S6t s ar e

- J%b%%@f %ﬁ?lﬂﬁ%“%&% the primary motion, which springs
have flexibility in relation to the primary motion,

- torsion springs for the detection motion in a first
direction, which springs have flexibility in relation to the
detection motion in the first direction, and

~  torsion springs for the detection motion in a second
direction, which springs have flexibility in relation to the

detection motion in the second direction.

Preferably, the oscillation caused by the external angular
velocity is capacitively detected by means of electrodes
located above or underneath the masses. Further, preferably,
the electrodes are grown onto the inner surface of a wafer

hermetically closing the sensor structure.

Preferably, the attachment spots are joined in an anodic
manner to the wafer hermetically closing the sensor

structure. Alternatively, the attachment spots are joined by



manner to the wafer hernetically closing the sensor
structure. Alternatively, the attachnment spots are

W@ oioaethosy WO 2006/ 070059 PCT/ F12005/ 000557  7PGEER805800557
a fusion joint to the wafer hernetically closing the
sensor structure. Brief description of the draw ngs
Bel ow, the present inventi@n and its preferable

enbodi nrents w |l be described in detail with
meanexefipki Eysagnr ébenence the twh€eat hacheditiqureslosing the
which: Fig. 1 shows a perspective depiction of the

Sens@?rﬁEFBFEHB? ‘the novable masses of an oscillating
sensor of angular velocity according to the present
i nvention, Fig. 2 shows the novable nasses of an
Brief§sdepruiPhgoBenfothef drawdnusr vel ocity according to
the present invention, in primry notion, Fig. 3
shows the novabl e masses of an oscillating sensor of
Beloangthar prekeait ¥ ngenatidinngntio itbeppedeenblieneabbdiment s

in detectj not i _on, Flg 4 shows alternative
Wlllsiofeuéﬁa%lbﬁgt AB HvaRfe Wibs BXCTBA 1A% 1560 FPE Latenge to

the g%ﬂgghegffggggg@r vel Qfiiky.according to the present
i nventi on, shows a second alternative structure

of the anabIe masses of an oscillating sensor of

., ang % ordl h e t|
eig. 00 HghS) BLYRGIOR A O T P LRERLADERE! O one
movahleahkesepassesanobsan Idatihbaktengosepsfomnaofulangwedbcity

vel ocity accordin Q the present invention, WO
acco §6§E0?Goﬁbepé?ﬁﬁ%?GOBPG@@§5?n

Fig. 2 shows the movable masses of an oscillating sensor of
angular velocity according to the present invention, in

primary motion,

Fig. 3 shows the movable masses of an oscillating sensor of
angular velocity according to the present invention, in

detection motion,

Fig. 4 shows an altermative structure of the movable masses
of an oscillating sensor of angular velocity according to the

present invention,

Fig. 5 shows a second alternative structure of the movable
masses of an oscillating sensor of angular velocity according

to the present invention,

Fig. 6 shows a third alternative structure of the movable
masses of an oscillating sensor of angular wvelocity according

to the present invention,



Fig. 7 shows a fourth alternative structure of the
nmovabl e nasses of an oscillating sensor of angul ar
W@ 20000700§9 according to the present invention, PEI/gR0&/000557

shows the novable nmasses of a fifth alternative

oscillating sensor of angular velocity according to

the present invention, in8rimary notion, Fig. 9

shows the novabl e nmasses of the fifth alternative
Fig.ogcishbati ag fsansar a0t cangiliae wetoctu¥eao¢om®bngmwable

the present invention, in detectlon not i on,
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to tﬁgyﬁgg%eg@sgg§egﬁl@ﬁ osci |l ati ng sensor of angul ar
velocity wth two axes according to the present

|nvent|on Fig. 11 shows the novabl e masses of an

Fig.0%Cldh %ts' 'ﬂg Sfenﬁ%%!bl%f ma%%%‘é' e ‘ée'f%‘thy ‘g,"tte'}ntta“é‘lv%xes

accord nventlon ec
osclﬂabmdngcae&edrbpfaa@@bahrv@kﬂ@bhyylaccbehahgomctahan
axisY, Fig. 12 shows the npbvabl e nasses of an

presguk LRYeR °§en§8rp5F“@5WgHP§ﬂ°FelOC|ty with two axes
according to the present invention, in detection
notion caused by angular velocity in relation to an

Fig.a®% shrwsDebheai m@@ra@éﬁ: maﬁtae@n off tiige fildvbneiltierng tive
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inven

prea@&m6ﬂ&NEﬂtlb& an d@g@o&ncmSﬁbhhahhon of at least two
novabl e seism c masses in opposite phase about
support areas attaching the nasses to the body of the

Fig.SQms %o%rraog%ms cthere Id%pafctll%@l%fowle\ﬁ@t%%%%ow the
PCT/ F12005/ 0 055? 9 support area for each mass, and

movaﬂqi@y mass ego pfe ene @ sicd- tligd incusepsedi of wacy gy isdios ity
with tw%p &%%Sac% r%&nge%ﬂ§t%2 %&%s%%% invention,

Fig. 11 shows the movable masses of an oscillating sensor of
angular velocity with two axes according to the present
invention, in detection motion caused by angular velocity in

relation to an axis Y,

Fig. 12 shows the movable masses of an oscillating sensor of
angular velocity with two axes according to the present
invention, in detection motion caused by angular velocity in

relation to an axis X.
Detailed description of the invention

In the sensor of angular velocity according to the present
invention, the primary motion, which has to be generated, is
an angular oscillation of at least two movable seismic masses
in opposite phase about support areas attaching the masses to

the body of the sensor component. There is at least one



and stiff auxiliary structures, giving the masses a
degree of freedomin relation to an axis of rotation
w@erperdscul ar to the plane of the wafer, andPCTFI2005/000557
relation to at | east one axis of rotation in the sane
direction as the plane of the wafer. The nmasses are
connected to each other by9reans of at |east one
bendi ng spring, which nechanically synchronizes their
supppmtwampawﬁbko&acﬁtmasBuramd«MMmy iaret kenaet tedn tle the
used ,for ratlngﬁth noti,on. Fi 1 shows a
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according to the present invention. The sensor_ of
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sses 1, 2 can b oined to th b d of the
The P ReRe e FOPNEREal 6O ot OLasE O BRREE GFf g least
one MRAW R sprivgl, ORhiehninecHR@iSRNIY Phcargulidles their
vel ocity according to the present invention further

Prlﬂ@éﬁbﬂK%é@“roﬁéﬁVC Bﬁeﬁg§n@Wﬂ6lﬁoﬁh@hértpﬂﬁﬂabf wstEcorfor
gene&%&i&%ﬁtﬁﬂJh@ﬁﬁ. - 10 for the detection notion, and

ing spring 11 connecting the seismic masses 1, 2
to each other. Fig. 2 shows the novabl e masses of an

cilLlating sensor af ular veI y accor
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invention is activated into primary notion such, that
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seismic masses 1, 2 attached to the body of the sensor
component at two attachment spots 3, 4. The attachment spots
3, 4 at the center of the masses 1, 2 can be joined to the
body of the component, for example, in an anodic manner or by

means of a fusion joint.

The sensor of angular velocity according to the present
invention further comprises rotary springs 5, 6 for the
primary motion, torsion springs 7 - 10 for the detection
motion, and a bending spring 11 connecting the seismic masses

1, 2 to each other.

Fig. 2 shows the movable masses of an oscillating sensor of
angular velocity according to the present invention, in
primary motion. The sensor of angular velocity according to
the present invention is activated into primary motion such,
that the generated primary motion is an opposite phase

angular oscillation of two geismic masses 1, 2 about



attachnment spots 3, 4 attaching the masses 1, 2 to the
body of the sensor conponent. A centrally |ocated
WO 200g/ 0989 ng 11, connecting the resonators, PCT/FI2005/000557
synchroni zes the notion of the masses 1, 2 into
opposi te phase to each other. Further, the connecting
spring 11, being essential®y higher than wide,
prevents a torsion node, in the direction of the axis
atta¥hmehtt kpotrsanes 4 atttaechidignghichamaatsieachnent tepahe Body
4, and thus the frames essentially have a degree of
of tp?eé@&ﬁP&hF?“Wﬁ“@ﬁg direction of the axis Z Both
masses 1, 2 of the oscillating sensor of angul ar
vel ocity according to the present invention are
A ceptradhed logatiadanends spranadildg cleangetdsmsie spot s
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angular velocity. Fig. 3 shows the novabl e nasses of
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oscCi I Ioc t ing to

senso ang u ve accor
the ah&spzesent i nventi on, the external angular vel ocity
inrelation to the axis Y links the opposite phase

primary notions, in the direction of the axis Z, of
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noments about the axis X. The torque nonents generate

velogh toppesiorelipivaded tmeopgueaﬁn@s@me@thl@@ agle efdasqes to
framggfgcﬁ?}?r@n?}ﬁgh ac?n t%'%%hm%&x‘t"%&%ft@: Ihgllnaggg%létantsh%f £wo
torsdioheciordmoaf 7t ke 1@Xiest¥ndingt He sersdireiction of the axis
X. Thus, the seismic masses 1, 2 have two degrees of freedom,
one degree of freedom in relation to the axis Z, and the
other degree of freedom in relation to the axis X, which

enables the component’s operation as a sensor of angular

velocity.

Fig. 3 shows the movable masses of an oscillating sensor of
angular velocity according to the present invention, in
detection motion. In the oscillating sensor of angular
velocity according to the present invention, the external
angular velocity in relation to the axis Y links the opposite
phase primary motions, in the direction of the axis Z, of the
masses 1, 2 into oppositely directed torque moments about the
axis X. The torque moments generate an opposite phased
torsion oscillation, of the same frequency as that of the
primary motion, about the detection axis of the mass 1, 2 of

the masses in the direction of the axis X. In the sensor of
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according to the present invention, the torsion
W playgwsy - 10 for the detection notion have PCT/FI2005/000557

flexibility inrelation to the torsion oscillation. In

the oscillating sensor of angular velocity according

to the present invention,1Xhe anplitude of the

oscillation caused by an external angular velocity is
angullakeotllpcipyopeicordialy to the pngskat vekeaittiyn,ambeit

¢an be detected, = for exanple, in,a capacgitiye manner
LorsponngRRINEF dl ectilodes tBSS@??8ﬁE&°Qb@9§18P d&r neat h

flexiBE1TRSSER Le1dtiW B rBkeebrades BRYi1f@ki8%aND! €,
be grown onto the inner surface of wafers

hernetically closing the sensor structure. Fig. 4

In tﬁ?o‘é’%cé‘h%'ttierU%tein"s%rs%%“%%x&{ﬁaﬁlf vEAS X;?‘B'c%o%iﬁg.s £o
of an oscriTari ng sensor of “angul ar "veloci {'y ‘accordi ng

the boekbat phesention)Vvehk ampllihutikeod! tarnaticidlation
oscillating sensqr of _angular velocgity according to

causehe by, 88eFELEAGH POFUARY V?%Pgﬁsﬁglﬁfdﬂﬁgcééﬁhecting

propSPtiBAalS theueedrti1alS veeBEEE DY antBaRs @h pe detected,
addi ti onal bending springs. This increase in the

for ewagbdr stinf tneswastitiNe vonnett Pigreprisng fnelestrhdes
posiFHEHERIES TR &1 LIl yiewaf ,cammn,iode gpLign of

€ nmasSes gener y “extern interferénce, With
elecessdaki akly fa ssidogri, Npeobrblva phiteathenidecar sofrface

the detection nmpde. _In the alternative oscillating
of wadRysr hermeltdaedrw SGLOSHRY tRECSFIFRY P& ITEYSfesent
invention, the masses 1, 2 are attached to the body
by nmeans of attachnent spots 3, 4 and, additionally,
Fig.by msbews eofr atlttsumeditves pétryciare] 9fpddiet inovedleamasses

of o B Eed) O The EoBoRin e A T yaRe e SRS o cne
pres@pfnehveort il .mEanshef a4 thdadivieoiogtcillating sensor of
angular velocity according to the present invention any
twisting of the connecting spring is reduced at its center by
means of additional bending springs. This increase in the
torsion stiffness of the connecting spring makes the
structure more rigid in view of common mode motion of the

masses generated by external interference, with essentially

no stiffening of the primary mode or of the detection mode.

In the alternative oscillating sensor of angular velocity
according to the present invention, the masses 1, 2 are
attached to the body by means of attachment spots 3, 4 and,
additionally, by means of attachment spots 12, 13 positioned
at the center. The attachment spots 12, 13 may be joined to
the body of the component, for example, in an anodic manner

or by means of a fusion joint.
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second alternative structure of the novable nasses of
W@e0oosToky at i ng sensor of angul ar vel ocity accRPCHFREV5/000557

to the present invention. In the second alternative
oscillating sensor of angular velocity according to
the present invention anyl®w sting of the connecting
spring is reduced by nmeans of additional bending

Fig.spr ishgsvsext erediargl far]dmrrtaitetv@em*oecmmfurteheaﬂ:maﬁdmle

spri to the rners. This crea in the torsion
mass3 (i ass B CHE OO S FRBL kS K & actording
to tHd WY HTARR dritGich | NV i@ %fec%(?mﬂ@ﬁfaﬂm% on of

t he masses generated by external interference, with

osciddedrifioaldepsay af fariilay drehq@tm |ar¢a:rqrc’irm Ty tgfe
|
presté?ﬁ: J.lg%te?ﬁ:t:ﬂo% et lé’]l:ltl’{%e O%e%?lrél OCl y aCCOqYCFpnrglr%go lS

osci I'Tating sens ang
redudaaei e sesatn s m@mddmtldmﬁ rmrﬁasw_gl,spaclrﬁg’se attachedy from
to the b y gy neans of attachnment spots 3, 4 an

the &R SPRSHSS SRR Mo R AEPRFS - fiis

incARsd iien e;dueattctﬂﬁ&prgﬁrﬁne&e At taEh "B%H{ne%lﬁtr% bring
17 may be integrated in the body directly at the edge

makegr ¢4 GERURSHET aTEP IR Jisivednt o7iEme dfodypreton eode motion

of GRIREREs dlsan i S R T it

essattierliat ince stirfiftdniney off tthe miablrey mabses: adf athe
0 |IIat| g sensor of angul ar velocity according to

det 4%% invention. In the third alternative
OSC|IIat|ng sensor of angular velocity according to
the present invention, the masses 1, 2 are attached

In the tee et Usratange O?Scdt]{mtswl% oifg, arpgilar
velovgllt %I&I %%quﬁ;mtosg:q{es f]egé’fng)tg’lnq}en%% dc%e q{asseﬁq 1, 2
attached to e nasses neans Springs e

are @ttttmﬂhmhttospﬁtes By 19y mfaspri:ge doianadhdlandrite spots 3, 4
and, additionally, by means of attachment spots 14 - 17
positioned at the corners. The attachment spots 14 - 17 may
be integrated in the body directly at the edge area, or they
may be joined to the body of the component, for example, in

an anodic manner or by means of a fusion joint.

Fig. 6 shows a third alternative structure of the movable
masses of an oscillating sensor of angular velocity according
to the present invention. In the third alternative
oscillating sensor of angular velocity according to the
present invention, the masses 1, 2 are attached to the body
by means of attachment spots 18, 19, which attachment spots
18, 19, at one side, are attached to the masses 1, 2 by means
of springs. The attachment spots 18, 19 may be joined to the
body of the component, for example, in an anodic manner or by

means of a fusion joint.



body of the conponent, for exanple, in an anodic
manner or by neans of a fusion joint. WO 2006/ 070059
wWeE@D6M1BeD5/ 000557 13 The third alternative SPCTERNS00557
of the novable electrodes of the oscillating sensor
of angul ar velocity according to the present
invention is slightly norelxonplex in view of spring
di mensi on design, and it also increases the coupling
The Retweenltbhfabbdesstsueterehefsahe sprabge pa@bkeb@a@eof
in hoth the primary and the detecti on node.
the 8§ﬁé#1ﬁ5ﬁ89 ERBSPRI P& a&ﬁ?&@ﬁa?ﬁéécéFVuéFGPéd&@gbFPbé@e

pres@%%vgnb@ataeﬁ QQV@%@%&yo&or@Deemgﬁfekcaﬁnblma%% spring
utilization and greater Sinplicity. Fig. 7 shows a

dimehgsdprnhdgktiennatinde 1§t pdsturiacokacks ﬁb@abp@plwﬁgségtween
the fBaRRCl Lhating sensar of.3ndu AL YeLOSLLY aecrding.

é pr esent 1 nven our ernative
prlma$91hhattng genserioh andel.aonvehecbticachamndi, Nghico third

present invention, the masses 1, 2 are attached
alteF8aFH¥ebééﬁucﬁvrﬁe§ﬁ§C6F bgf 5 ﬁﬁ@npa§péﬁ§ sglvaptagrg of

mored@dict bonak! ¥ FaEﬁ u%&@&%a%ﬁo%ﬁ%ﬁ@hg@%ht%Q0%§ AicdRy
positioned at the center of the ends. The a tachnent

spots 20, 21 are at one side, attached to t he masses

1 ans sp S .22, 2 T atta nt_ _spot
F1g.28,%5%¥sg%,@ grth aggg%gﬁﬁé e %tgﬁg%gg o %? hovaB 12
mass@@ﬁbﬁnahtDSEQElaKamQ|%eanra@faaﬂduQaﬁanﬁ&bcdmybﬁccordlng

means of a fusion joint. |In the fourth alternative

to thec PrPEERhg 1YERSSPT0f 18 fital VEIFBe Py S388 g to

osc1ﬁﬁ%t9&%5%@hsokn$%nbh%%laEh%%Qo@&%yfHEEB%Gl%br%bnthe
relieving structures 26 for reducing non-Iinear

preSE@atune@ntmonhetbsrmﬁ@§esaﬁd 3 a@@nbt§ap@@@u¢@ 2Be @@dy“
b oo I SLERLEABHE! LB el LD 00T
meanﬁDw&bbetﬁ&ﬁ&e&tohp@tklQMh aBt©b@atu%ﬁed at the center of
the ends. The attachment spots 20, 21 are, at one side,
attached to the masses 1, 2 by means of springs 22, 23. The
attachment spots 20, 21, 24, 25 may be joined to the body of
the component, for example, in an anodic manner or by means
of a fusion joint. In the fourth alternative oscillating
sensor of angular velocity according to the present
invention, there are further strain relieving structures 26,
27 for reducing non-linear features in the springs, and a

comb structure 28, 29 for the electrostatic generation,

maintaining or detection of the primary motion.

Fig. 8 shows the movable masses of a fifth alternative
oscillating sensor of angular velocity according to the
present invention, in primary motion. In the fifth
alternative oscillating sensor of angular velocity according
to the present invention, the masses 1, 2 are attached to the

body by means of attachment spots 30, 31, which attachment



oscillating sensor of angular velocity according to
the present invention, in primary notion. In the
WO 2dobl70089 t er nati ve oscillating sensor of anguP@r/F12005/000557

vel ocity according to the present invention, the
masses 1, 2 are attached to the body by neans of
attachment spots 30, 31, whfch attachment WO
2006/ 070059 PCT/ F12005/ 000557 14 spots 30, 31 are

spotat t3dcheéd, aor eneashee, tom tome rEskes th, tAebymaswseand 0f2 by

stif uxidiary._structuyres 32, 33, The attachnent
g
SPoteOIONeNt mahObe §¥aARRLEd RHRN dicF maRnNomor¥ht, for

means of a fusion joint. In the fifth alternative
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velocdimeadargding $ei sinec presses Invantd cegc hetdeemre

Fi.q. shows, .t he noyabl e sses qf t fifth .
QaaL PRI 60 dc PR A SanEer i anguPie FeRsadipe
sprigeCandidthnce thing tPkesRAlsrlity aldsar, 1i,n 20@le e other .
notion. In addition to the structures descri bed above,
there are many other ways of creating the two degrees

Fig Ol IRSAOMHOMAR1 MRaERe WE GhG0I2ES 9l o 123d0N
are required for the neasuring of angular Vel ocity
osciddedridingensotrhefi angntliagn vellicg.tylGcshading to the
o perspecti¥§ depi,ction of .the s&;ucture of the novable
Presphls dEVGF A os ¢ CREETF IO G167 -angul ar vel ocity
with two axes according to the present invention. The
sensor of angular velocity neasuring angul ar velocity

In adqlifdion iton the sty caxessadescdiibgd abowe pitéeas are many
' ' i ei s 137

other Ve T, SOEREH RS Pl i R e PRI Tl for, che

massefs,t whiatt delgmreets sfotfsc@Slon3relhequdised [fatd nipe

sensor angul ar velogiity with two axe i .
measuring o ang%&ar ve ocgtyyaccordlng %o %he invention.

Fig. 10 shows a perspective depiction of the étructure of the
movable masses of an oscillating sensor of angular velocity
with two axes according to the present invention. The sensor
of angular velocity measuring angular velocity in relation to
two axes according to the present invention comprises two
seismic masses 36, 37 attached to the body of the sensor
component by means of two attachment spots 38, 39. The
oscillating sensor of angular velocity with two axes
according to the present invention further comprises rotary
springs 40, 41 for the primary motion, torsion springs 42 -
45 for the detection motion in a first direction, torsion
springs 46 - 49 for the detection motion in a second
direction, and a bending spring 50 connecting the two seismic

masses 36, 37 to each other.



according to the present invention further conprises
rotary springs 40, 41 for the primary notion, torsion
WG pbagwsa2 - 45 for the detection notion in aP€T/FRD05/000557
direction, torsion springs 46 - 49 for the detection
notion in a second direction, and a bending spring 50
connecting the two seismcb5 nmasses 36, 37 to each
ot her. WD 2006/ 070059 PCT/ F12005/ 000557 15 The | ong
The tentr akhyrhddsat édcspedngpsdngohflecbnngctheg thsonat ors
36, 37 %ncg oni zes the nDtLgn of the nﬁsEﬁs intg a3 e
resoﬂﬂFBﬁFl? oppds FYBBhBe2/Et FBR. MREAPT Bhaffy PRESSS *nto
a muaeamﬁgtbﬁgosiﬁéiEaaée,mbehaﬁ.egaamtﬁahbylyieh@rcbhﬂacting
wde, prevents the torsion node in the direction of
spripge58xi Peyngr eefentiakey highpsukBrRgWiRe aPra¥RAEAt the
torsgeﬂt oﬁé’i%ch&hﬁF§Q¥tiBﬁ Eg?%ﬁé a§§§e¥aoﬁegﬁéef95mes
reedomessentially rn the direction of the axis Z
surr@onpanegd thiet htthehpesti epsky d8scBPbedhstebyt the fkthes

one . axis, the structure of .t oscil lati,ng sensor of
haveoRe fegF =, S0 Lr BTONI BoERE Ciidy aeBoFiEnf LaCERgn of the
axispgesent invention includes additional stiff auxiliary

structures, which are suspended by springs to the

masses 36, 37 by nmeans of pairs of torsion springs 46

Compéré% %é%ﬁn@%%gﬁE@v&BﬁsgbrggghggFgﬁ EQ?ucEﬁE@ %itﬁhgne
structure of the sensor”of angular velocity wmth two
axisaxeseastauditnget oft hbepreséntaicnngnsieasogi vésanpelar

seism ¢ ss 36, 37 a second deqgree of freedom . .
velofEFReHARUIAP FEoPhECCBRRiRPy SHotPon P eREBT A ERE O™
incl186B8806JHe taPAkAt Bt Faa8RASORr9T stanguhaesyelBethyare

with two axes by utilizing the sane primary notion.
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axis Y. The structure of the sensor of angular velocity with
two axes according to the present invention gives the seismic
mass 36, 37 a second degree of freedom perpendicular to the |
primary motion, enabling the sensor to operate as a sensor of
angular velocity with two axes by utilizing the same primary

motion.

Fig. 11 shows the movable masses of an oscillating sensor of
angular velocity with two axes according to the present
invention, in detection motion caused by angular velocity in
relation to an axis Y. In the oscillating sensor of angular
velocity with two axes according to the present invention,
the external angular velocity in relation to the axis Y,
which is to be measured, couples the opposite phase primary
motions in relation to the axis Z, of the masses 36, 37, into
opposite phase torque moments in relation to the axis X. The
torque moments generate an opposite phase torsion oscillation

of the mass 36, 37 of the masses about the detection axis



i nvention, in detection notion caused by angul ar
velocity in relation to an axis Y. In the oscillating
w@2mwso7008§ angul ar velocity with two axes accRPCHFREOSI000557

the present invention, the external angular velocity

inrelation to the axis Y, which is to be neasured,

coupl es the opposite phaselrinary notions in

relation to the axis Z, of the masses 36, 37, into
paralppbsikbethkas&itoxquenmhentensnrr elfabngnlbe tvhéoaxiy

., . X, The torque nmpnents nerate an qQpposite phase ,
withy byg| 5HeGseFCPRORDR tOf ChRePRESS 36 M¥FRGH oPhe AREeES Ton

Spriﬁ%_grut@Zt he gdetrpet i-0R axkscWO-20R6£Q40088ve flexibility in
PCT/ F12005/ 000557 16 parallel to the axis X. In the

relasapsokoothangorsdonebseilyatiPrh two axes according to
the present invention the torsion springs 42 - 45 for
the detection notion have flexibility in relation to

FPig.t he bkabsisorhesaiovkadlicomaskeg. oI2ashowsillietimygabeasor of

nmasses_of .an oscill ating sensor aqf angul ar vel oc
enGugBEn VERO TS B0 AP GAEs. PRECERABERED aSeRERGRnE
inveHeligeli 9 pRLRicAUSSHiBY aBdukar Kyeboet¥r Relocity in

relation to an axis X. In the oscillating sensor of
relaghgul &0 avepadist ) -wilth thaoogxésd latioadisegspy Pheangular
velogﬁ%seaathn %%F% 'S %%co?@gﬂba%ﬁv%hgp?&%s%%ttEﬁv‘h%gb 9 an

& Medsiied, i A TEl ation to° the axi , coupl'es the
angubpposeliecphgs eoprdhraiyendtbobel meblaredi,r dat iredaafiohhéo

axi.s Z of the masses 36, 37 into opposite hase .
the pgigué nG S e PRPPSH tRoPRRE S F%m??yTﬁ@%PBPq&Q the

dirctRABAL § rORRRS aka 2B ORPeSk faRBa%e 350 3700 N@SC bbbkl er
of the masses, of the _sane frequency as the primary
phasgpticgauecaborentshdndaedetiion awi $hef apte Yas§heetogrue

mome%%st %n%%%%%?ﬁnp%? %Egkﬁ %%a%%etgyéiég 4§%iﬁa%t§%ﬁ5%% the
of Targular vel oci Wt WO "axes according to the
masspkesertt tihay eririco T rchfiencer sisonhepprigarydthotidd,f about
the det.ection notion have flexihility in relation
the detection agls of gﬂe mass 36, g7 ofyt%e masses, parallel
to the axis Y. In the sensor of angular velocity with two
axes according to the present invention, the torsion springs
46 - 49 for the detection motion have flexibility in relation

to the torsion oscillation.

In the oscillating sensor of angular velocity with two axes
according to the present invention, the oscillation caused by
the external angular velocity is directly proportional to the
angular velocity, and it can be detected, for example, in a
capacitive manner by means o0f electrodes situated above or
beneath the masses 36, 37, which electrodes can be grown, for
example, onto the inner surface of wafers hermetically

closing the sensor structure.



to the torsion oscillation. In the oscillating sensor
of angular velocity with two axes according to the
W@e@semnose nvention, the oscillation caused by PCTEI2005/000557

external angular velocity is directly proportional to
the angular velocity, and it can be detected, for
exanple, in a capacitive #dnner by neans of
el ectrodes situated above or beneath the nmasses 36,

In #Witvimch el e redosptafy bey gowgtdos, @xenit udntat

t he inner. surface of fers hernetically ., closing the
varigliaie Gh RPN 200G D AI05G B P J605} Gobs e
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of variations of a sensor of angular velocity wth
two axes, wthin the scope of the invention, can be

The RSNt r 8 rg)&\\;alé antc?ﬁ‘ttl?éjv@é&%@{né Neonsor of

oscl | I ati ng sensor o gul ar velocity according to
anguler preslsentty revernydimg conpaie pragarnt semsartion, compared
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sensor of angular velocity according to the present

sighaly dift iveRra ol amRad todingm gerfe rsitiecow bpposi e the

' i : I 4 lat i t onmon
sen etzggft i%Hr?dl%(% s\,nej |c$1gpi 5 3&%@{9&@%}/%%&%%%
invegitfifaay erithical ardptleet ionl oci e gandmat aheamugsessi e ghwese
tiosci.ll i ng sensor, of % ul ar velt%gité/ W th CI{V\@ axes
MOLLFL FHIHY EETHE prasemtd i et dme & pgadetection
axidceglifati Onietaused BY ndhBXtEr nalqafitéitial detection
_acceleration and by any mass asymetry of the nasses
Clrepifs dPTa TR S¥S t he masses in  equal phase. The
signal caused by a notion in equal phase wll be

cancelled in the differential detection, and thus, in
In the oscillating sensor of angular velocity with two axes

according to the present invention, a linear acceleration
caused by an external angular acceleration and by any mass
asymmetry of the masses causes a moment to the masses in
equal phase. The signal caused by a motion in equal phase
will be cancelled in the differential detection, and thus, in
case of an ideally symmetrical structure, an external
mechanical interference can affect the output only in a

completely overloaded situation.

The oscillating sensor of angular velocity according to the
present invention also enables an extremely high signal
level, due to careful consideration of directions of motion.
The large moment of inertia, brought about by the length of
the seismic masses, can efficiently be utilized, for example,
by means of large electrodes positioned above or underneath

the mass.



case of an ideally symretrical structure, an externa
mechani cal interference can affect the output only in
W@200600mp5et el y over| oaded situation. The osci | PEE/FREV5/000557
sensor of angular velocity according to the present
i nvention al so enabl es an extrenely high signa
| evel, due to careful consi®eration of directions of
notion. The large nonment of inertia, brought about by
An aﬁhenteggtbfothetbersetsnbcoﬁaghespscahletﬁhgieanbprbef
tilized, ,for _exa s _of e el ectrodes
angu S| VESREA CHbBCE COR LT EPHEAERE L PR e S egion 18- alao
the 40964040098nREY Fh2@0a/ 0Q0564s H8d48 advankagereimbigons
structure of the oscillating sensor of ul ar .
in th@léﬁrﬁygﬁec@ﬁ&tﬁguﬂérﬂﬁelﬁré§§HFtPﬁ€§nP¢o%hﬁstﬁP@oWlth
framgge \%%h”%?H:‘i%%%s%ss%nkﬁsﬂgf HaYa HRAES tﬂfe %l.:}%quencz.es
ef ormat’i on he springs; particularl
and dtractupves of the tpdeswotfhmotianes, mhlch sprlngs
essentially determne the frequencies and directions
of the nodes of notion. WO 2006/ 070059
PCT/ F12005/ 000557 19 Clains 1. An oscillating
m cro- mechani cal sensor of angular velocity
characterized in, that it conprises two seismc
masses (1), (2), (36), (37), which are attached to the
body of the sensor conponent at support areas, and a
connecting spring between the masses (1), (2), (36),
(37), such that the primary notion of the sensor of
angul ar velocity, which notion nust be generated, is
an opposite phase angular oscillation of the two
seism c masses (1), (2), (36), (37) about the support
ar eas,



the seismc masses (1), (2), (36), (37) are connected
to each other by neans of at |east one bendi ng spring
W@ 20p/07050) , whi ch mechani cal |y synchroni zes tP@&I/FI2005/000557
primary notion, and that the seismc masses (1), (2),
(36), (37) are connected to the support areas by
nmeans of springs, or by nedhs of springs and stiff
auxiliary structures, which give the masses (1), (2),
Claifm36), (37) a degree of freedomin relation to an axis
of rotation perpendicular to the plane of the wafer
formed by the masses, and in relation to at |east one
1. a%hS oot ifohat heNmiholhgcthheehl OBcakokhe R 18k
said wafer. 2. Sensor of angular velocity according to
VelO@ﬂéNthara§ﬁ§F&@F€r#ﬁedthﬁt ﬂﬁa?oﬁﬁél§@ﬁséwooﬁeéﬁgﬂpar
I ty b nsqr, ~Qf a e
mass%%ggﬁ&r Jelécl 3§InQ3 Ia?ﬂgght%rénéegxgée he sensbOdy
of thavisegsbwo cempshiiet: tNass esppptk, a@éﬁsatbmmhaddbmﬂdmalng
,bod of the nsor conp nent _at
Sorigg, RERHERT. Sh6r SOCEEE (4] 527 Sends? rof Hdguekeh that
-~ Vehecht¥maeGOor@itn Gt %@It@ﬂems%nsoczh draehefilzed vdlodiat,
the bending spring (11) is essentially higher than it
whichs mgitden m9520®6¥9¥@659tpéﬁ/F§2©05P@@9§5¢e Phage angular
r of a to I ai or
OSCl?ﬁ%%%C erﬁzg%% %&7 %k%%%ﬁé g%%%or gg)én %Iérw?%)d0|§g
aboutOfthkl sepportobamassprings (5), (6) for the primary
noti on, whi.ch sprlngs have flexi bili in relation. t
-t KBS FRASPY CnBESSES  @nd (% oré?éﬁ ﬂbxﬁg§lf7fonﬂfféf to
eachf %ﬁ:h%h}eb%%%wso%f‘@ﬂ ARa s tWRheN LEREIRGS Havieg (11),
flexibility in relation to a torsion
(50), which mechanlcally synchronizes their primary motion,
and that
- the seismic masses (1), (2), (36), (37) are connected to
the support areas by means of springs, or by means of springs
and stiff auxiliary structures, which give the masses (1),
(2), (36), (37) a degree of freedom in relation to an axis of
rotation perpendicular to the plane of the wafer formed by

the masses, and in relation to at least one axlis of rotation

in the direction of the plane of said wafer.

2. Sensor of angular velocity according to claim 1,
characterized in, that the sensor of angular velocity is a
sensor of angular velocity measuring angular velocity in
relation to one axis, the sensor having two seismic masses
(1), (2) attached to the body of the sensor component at at
least two attachment spots (3), (4).

3. Sensor of angular velocity according to claim 2,
characterized in, that the bending spring (11) is essentially

higher than it is wide.



oscillation caused by a torque nonment generated by an
external angular velocity. 5. Sensor of angul ar
W@ 20000700§9 according to claim2, 3, or 4, charPCI/ERDGEN055T
in, that the oscillation caused by the externa
angul ar velocity is detected in a capacitive manner
by neans of el ectrodes |ocdfPed above or underneath the
masses (1), (2). 6. Sensor of angular velocity
according to claim5, characterized in, that the
electrodes. are grown onto .the inner suyrface.of
4o e Her e CrEATY (OMTG Y RECIRERT & riadr & oF 3.
charGensarizdd drguldiaty elircidenaac afiftgnilamrnelane f the
preceding clains 2 - 6, characterized in, that the
COMeiEGT of angular velocity conprises a second bending
- S SSerd)i ect i :
e R acing Gt ot st o, ey e
sprifily heoren ddtaxidpitiie vmaigs e laft itdme tos driso omoifmeanguierion,
velocity. 8. Sensor of angular velocity according to
any one of the preceding clains 2 - 7, characteri zed
- i npordiain tSprimmsses) ()(10)2)far et trahed iteh the: fady
. by neans of attachment, WO 2006/ 070059 .
WhigReHRrIRgss AG0Es $7 e3P idhidis iB)yrelediomt® sdianra |y

osci JERRS Qfuld RN SR Snorfeld) e(rﬂgf)aEA@t%} '(?%i at
the center. 9. Sénsor of ™ angul ar v§100|ty according to
exteymplompemflarneejprgdadi ng clains 2 - 7, characterized

in, that the masses (1), (2) are attached to the body
by neans of attachnent spots (3), (4), and

5. admdrddoanalf wnd lErans: Ifc il apuiEi P M 1n -2 (B7) or
iinstalled in the corners or at _the edge. 10._ Sensor of

4 CHRFRECREASSCITY &80T ditf A6 idriyptdinet susRd by the

external angular velocity is detected in a capacitive manner

and

by means of electrodes located above or underneath the masses

(L), (2).

6. Sensor of angular velocity according to claim 5,
characterized in, that the electrodes are grown onto the

inner surface of a wafer hermetically closing the sensor

structure.
7. Sensor of angular velocity according to any one of the
preceding claims 2 - 6, characterized in, that the sensor of

angular velocity comprises a second bending spring extending
essentially in the same direction as, and attached at the
center point of, the spring (11) connecting the masses of the

sensor of angular velocity.

8. Sensor of angular velocity according to any one of the
preceding claims 2 - 7, characterized in, that the masses

(1), (2) are attached to the body by means of attachment



preceding clains 2 - 7, characterized in, that the
masses (1), (2) are attached to the body by neans of
w@eaaomeent spots (18), (19), which attachnmeneCEBRIE/000557
(18), (19) at one side are attached to the nasses
(1), (2) by nmeans of designed stiff auxiliary
structures. 11. Sensor of Zdngul ar vel ocity accordi ng
to any one of the preceding clains 2 - 7,
SpotehaBaCtQﬂbZednﬁnaddhaiohhﬁlpabyeﬁeaﬁé)of(attaéhment spots
attached to the_body by neans of attachnment spots
(12) ¢ 18}3) (1§5=ta%?€ha*étiﬂa%hﬁ%ﬂiie’s’pots (18), (19) at one
side are attached to the nasses (1), (2) by means of
springs. 12. Sensor of angular velocity according to
9. afignene of eheulprevedoagtyl arasrding7tochnyaener Pefihe
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(14)tQ Rmeinaﬁéﬁaliéa 1£2Lhéyca§ﬁe§sosrsaEIeﬁé Edgr.
(23). 13. Sensor of angul ar vel 00|ty according to any

one of the preceding clainms 2 - characterized in,

0. t4ahsthe sensor;of. YO, 2000 O70059,£5T) E12005/ 000557 (e
angular ve OCI es straln-relilevrng
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according to any _one of the ecedin claims 2 -
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11. Sensor of angular velocity according to any one of the
preceding claims 2 - 7, characterized in, that the masses
(1), (2) are attached to the body by means of attachment
spots (18), (19), which attachment spots (18), (19) at omne

side are attached to the masses (1), (2) by means of springs.

12. Sensor of angular velocity according to any one of the
preceding claims 2 - 7, characterized in, that the masses
(1), (2) are attached to the body by means of attachment
spots (24), (25), which are installed at the center of the
ends, and additionally by means of attachment spots (20),
(21), which attachment spots (20), (21) at one side, are
attached to the masses (1), (2) by means of springs (22),
(23).

13. Sensor of angular velocity according to any one of the

preceding claims 2 - 12, characterized in, that the sensor of



16. Sensor of angular velocity according to claim1,
characterized in, that the sensor of angular velocity
WO g00s/07®&Nsor of angul ar vel ocity measuri ng anpQil/BER005/000557

velocity in relation to two axes, the sensor

containing two seismc nasses (36), (37) attached to

t he body of the sensor cd&®onent by neans of two

attachment spots (38), (39). 17. Sensor of angul ar
anguVekocklycatgocdipgitoscharaidbreltbatagt estrdeduras (26),

that the bending spring (50) is essentially higher
(27)than it is wide. 18. Sensor of angul ar vel ocity

according to claim16 or 17, characterized in, that

t he sensor of angular velocity conprises rotary
14. spenmgs 0403no¢day vetocheyparaarginsgt tonanwhpeh of the

- 1.Ng | exibil] ' L gLjzon_to

preciBihHNSI0HE o B AL EhkrplobeiBblain; Ochaf PhETRENsor of
angullbki o8lbbiayf tompriseechi aombwetehcsprengsshaveé29) .

flexibility inrelation to the detection notion in

the first direction, and torsion springs (46) - (49)

15. feenkBe det sﬁgwaﬂr{_;&neeiw aBc5269nd dbrgali 8Re WRI ehe
springs have flexibility in relation to the detection
precpdingncipinfesecdhd ghrractenized 2006rb7boshe sensor of
CT/ E12005/ 000557 .23.19. sor _of el Qgity
anguldEoVELRGTED. SRULBHECET ZPRLe tpeerBar by e r et aE ¢35
characterized in, that the oscillation caused by the
ext er nal azgular veloiity IS detected in cap%citive
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charHdiéei-neatihihhecARESeRe( 3Bhaok38k. adQuidensenoefity is a
angul ar velocity according to claim19, characterized
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masses (36), (37) attached to the body of the sensor
component by means of two attachment spots (38), (39).

17. Sensor of angular velocity according to claim 16,
characterized in, that the bending spring (50) is essentially

higher than it is wide.

18. Sensor of angular velocity according to claim 16 or 17,
characterized in, that the sensor of angular velocity
comprises

- rotary springs (40), (41) for the primary motion, which
springs have flexibility in relation to the primary motion,

- torsion springs (42) - (45) for the detection motion in
a first direction, which springs have flexibility in relation
to the detection motion in the first direction, and

- torsion springs (46) - (49) for the detection motion in
a second direction, which springs have flexibility in

relation to the detection motion in the second direction.



structure. 21. Sensor of angular velocity according to
any one of the preceding clains 2 - 20, characterized
WO posomso t he attachnment spots (3), (4), (14)PCT/FI28)5/000557

(20), (21), (24), (25), (30), (31) are joined in an
anodi ¢ manner to the wafer hernetically closing the
sensor structure. 22. Sens®d¥ of angular velocity
according to any one of the preceding clains 2 - 20,
characterized in, that the attachnent spots (3), (4),

(14) - (19, (20), (21), .(24), 5 30), (31) are
19. jé‘ﬁﬁ&a_rby%nﬁaéﬁ%f Yerhisiby PSCRFORbo: fia Bt are oF the
preckenmgt ccalilg ¢kosi ng,t bhasaBteirisbAUEhYr €hat the
oscillation caused by the external angular velocity is
detected in a capacitive manner by means of electrodes

located above or underneath the masses (36), (37).

20. Sensor of angular velocity according to claim 19,
characterized in, that the electrodes are grown onto the
inner surface of a wafer hermetically closing the sensor

structure.

21. Sensor of angular velocity according to any one of the
preceding claims 2 - 20, characterized in, that the
attachment spots (3), (4), (14) - (19), (20), (21)., (24),
(25), (30), (31) are joined in an anodic manner to the wafer

hermetically closing the sensor structure.

22. Sensor of angular velocity according to any one of the
preceding claims 2 - 20, characterized in, that the
attachment spots (3), (4), (14) - (19), (20), (21), (24),
(25), (30), (31) are joined by means of a fusion joint to the

wafer hermetically closing the sensor structure.



