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M CRO- MECHANI CAL SENSOR OF ANGULAR VELOCI TY Fi el d of
the invention The invention relates to neasuring
wouvemwamesssed i n neasuring angul ar vel oci ty mITERIZ009008557
specifically, to oscillating mcro-nechanical sensors
of angul ar velocity. The invention ains at providing
an i nmproved sensor structure enabling reliable and

. efficient neasuring, particularly in conpact
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sol utions. Background of the invention Measuring based
on an oscillating sensor of angular velocity has

FigqldowEd the havenwis nple principle and to provide a
reliable way of neasuring angul ar velocity. The
operating principle nost generally used in
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rimary notion Is the opposite phase oscillation of
osm\k@avrtbgamltmgom@vérmmcaésmbms veApadseve saatormngul ar
Yghoakty affecting the sensor in a direction
5O erpendlcular to the direction of notion of the
resonators induces Coriolis forces on the nasses in

[ e cdifec he Coriolis force, proportiona
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fromthe nasses, or t he WO 2006/ 070059
Meagg;éFlzgggé Oggq;& &%C1llat1ng 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

regonators.

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
in the direction of the angular velocity axis.
ROZHEHSE to vibration and inpact are cent rlT/FI2005/000557
features required of sensors of angular velocity.
“Particularly in certain demandi ng applications, |ike,
for exanple, electronic stédbility prograns in the
autonotive industry, these requirenents are extrenely
magseghBreECeRNee ted tobitd®, stk agotiadrione shake, antchen the
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according to the tuning fork principle, the detection

nmotion is angular oscillation or differential |inear
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outgpér afi gerefirendy apguldie EEPSEEY ., Sensors of
angul ar velocity according to prior art have al so
been devel oped, in which both the primary notion and
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ideal structure. Unavoidably, however, angular accelerations
also to the axils 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
occurring in the plane of the wafer. The angul ar
Wel28si0f8pSHet ecti on notion i s correspondi ngl YWOTERX0&E557
as an inclination of the wafer in relation to the
plane z. in the presented solution the nonent caused
by the angular velocity i8, in addition to being
oportional to the mass of the oscillating
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to vibration. Thus, an object of the inventionis to
provide a structure for an oscillating sensor of
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the primary motion is, anyvhow, clearly less sen81t1ve to

external forces than the detection motion.

The measuring principles of micro-mechanical sensors of
angular wvelocity generally known at the present time are not
the best possible ones in view of sensitivity to wvibration.
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.
Summazry of the invention

The object of the present invention 1s to provide such an
' improved oscillating sensor of angular wvelocity, which
enables reliable and efficient measuring particularly in

compact osgcillating angular velocity sensor solutions, and
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considerably | ess sensitive to the |inkage of

nmechani cal interference conpared with prior art
WOI20a6/07098%  According to the present invent iPOR/FIE06/000557
oscillating mcro- nmechanical sensor of angul ar
velocity is provided, conprising two seismc nmasses
attached to the body of thé& sensor conponent at

support areas, and a connecting spring |ocated
whigh wee Forfedaeaialas 1eseh sepRative thdheeddakass ahgul ar

me MRACY 1hPS LIRS o gageﬁ wm&%kqus al® QSJF tions.
generated, 1I's an opposite phase a gdlar GsciTlation
of the two seismc masses about the support areas,

Sel s r e Q r b
e g e
meghymcivadneensgr ahengupricnmaeyoabty drs panditibdt ¢deprising
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one axi s, in which sensor two seismc nasses are
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thel§! BekhYrE WMIIBESanfOLALY SPrings for the primary
mot i on, Whi ch springs
- the seismic masses are attached to the support areas by
means of springs or by means of springg and stiff auxiliary
structures, giving the massesg 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 relation to
one axisg, in which sensor two seismic masses are attached to
the body of the sensor component by means of at least two
attachment spots. Furtber, 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/ FI 2005/ 000557 5 torsion _
springs for the detection notion, which springs have
WDagGely7opty in relation to the torsion osci IPCAtHI2INS/000557
caused by the torque nonent introduced by an externa
angul ar velocity. Preferably, the oscillation caused
by the external angular velocity is capacitively
detected by neans of el ectrodes |ocated above or
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her net | cal closing the sensor structure. Preferably,
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Veﬂgyatggnter 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.
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Al.ternatively, the nmasses are attached to the body.b
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h th ,edggy gyrther alternatively, the nasses are
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nmeans™ of attachient spots 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. Alternmatively, 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
masses by means of springs. WD 2006/ 070059
WCPIBH20D5/ 000557 6 Preferably, the sensor PRSfT/Fasgiioess?
vel ocity conprises strain relieving structures.
Preferably, the sensor of angular velocity conprises

a comb structure. PreferabPy, the sensor of angul ar
vel ocity conprises radial conb structures.

Preferably, the sensor of angul ar velocity 'S a sensor
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ular velocity i's capacitively detected means of
is @P Btrodes |ocated above or underneath the masses.
Further, preferably, the electrodes are grown onto
the inner surface of a wafer hernetically closing the
Prefenably st e t4AnsSorPpéf anablar iHecityvachmenisspots are

~ ] ok-peg-: el ANOHG 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

joined by WO 2006/ 070059 PCT/ FI 2005/ 000557 7 neans of

WOR0si0a0959 oi nt to the wafer hernetically cl cgiwig2005i@0557

sensor structure. Brief description of the draw ngs

Bel ow, the present invention and its preferable

enbodi ments will be descr¥bed in detail with

exenplifying reference to the attached figures, in
meayd off: aFfgsian shwimd: &opéhspexfew ércdmpidchdhy oflodiang the

Saﬁ&ﬁyggyﬁ$t&§ethe novabl e masses of an oscillating
sensor of “angul ar velocity according to the present

i nvention, F|g 2 shows the novabl e masses of an

[ f ngul ar velocity according to
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rimary notion, Fig. 3
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angul ar vel oci,ty. accordin o, t he prese i nven
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sensor q% fﬂ ul ar veI00|t according to the present
thy AFERERS ey dRoiigtsecond alternative structure
of the novable rmmsses of an oscillating sensor of

angul ar velocity according to the present invention
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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,

Flg. 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 altermative 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 velocity according

to the present invention,



Fig. 7 shows a fourth alternative structure of the
nmovabl e nasses of an oscillating sensor of angul ar
vel ocity according to the present invention, Fig. 8
WwWhaws/0rte8 novabl e masses of a fifth alter natBCTeFIz005/000557
oscillating sensor of angular velocity according to
the present invention, in primary notion, Fig. 9
shows the novabl e nasses of the fifth alternative
. oscillating sensor of angular velocity according to
Fighd sprwseat founwkntalhernativet sonicdkmreobifohhe Fhgvaldice
massgé%l\%faaﬂeégé)%%{tvi%ﬁd%%ﬁ?*o £ oa(n %rSUéEgEHE ::?ct.célr%.ng
novabl'e masses of "am oscillTafiTng sensSor of angul ar
to vdlopirepeni iveanio.caxes according to the present
i nvention, Fig. 11 shows the novabl e masses of an
oscillating sensor of angular velocity with two axes
FigCc@orstbrg tioe tivergiyles aakseknyeny ifdfthi aldetratien
ot.i gn-caused by angul ar velocity in relation to an
oSG PS PEIe o A GNSURE BV ARSESIRP Gn Che
presgit! Lavemgi Gensier gfinadpoubeionel ocity with two axes
according to the present invention, in detection
notion caused by angular velocity in relation to an
FiAXigs sKowbetiad e a#A%C bRELONo OftHN @ 1 iFRMent L&At dde
sensor of angul ar_vel ocity according to_the present
osqidJesErgneeR TR fri maoylast volociilyi égcrEding Be the
pr@Ref ahethtich, ah AYELALASRIdIALI on of at |east two
novabl e seismc masses I n opposite phase about
support areas attaching the nasses to the body of the
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Fig. 11 shows the novable 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 ipvention

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
perpendi cular to the plane of the wafer, and in
WOI28061060952 0 at | east one axis of rotation iFCIYHEOSENEST
direction as the plane of the wafer. The nmasses are
connected to each other by neans of at |east one
bendi ng spring, which nech&nically synchronizes their
primary notion. Structures known in the art can be
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conprises two seisnc masses 109 att AchBF o the
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3...4. .The.attachnent ots. 3, 4 at the center, of the
of araraof”+8 (AT NN GRR%tie% a8 Sl oBP bhochs mattt-
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torsi,on springs, 7 - 10 for the detection nption, and
genens A don R JRYWP™:1 connecting the seismic nasses 1, 2

to each other. Fig. 2 shows the novabl e masses of an

,oscillating sensor of angular velocity according to
Fig.nd Fhevent PIRARACGIENe AaPighiomraf e shruThere arsdhe

mofb1@NGHL8Es Ve O 195c369QE $hf Gsdihot RE BRESERE velocity
invention is activated into prinmary 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 mammer or by

means of a fusion joint.

The sensor of angular velpcity 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 ig an opposite phase

angular oscillation of two seismic magses 1, 2 about



attachnment spots 3, 4 attaching the nmasses 1, 2 to the
body of the sensor conponent. A centrally |ocated
| ong spring 11, connecting the resonators,
worodeoginszes the notion of the masses 1, 2 irITOFI2005/000557
opposi te phase to each other. Further, the connecting
spring 11, being essentially higher than w de,
prevents a torsion node, it the direction of the axis
Y, of the frames surrounding the attachment spots 3,
atvachaentt wipotehd. f 4 adachésgehhe ahdgsdmie 4 Hegtlee fdy

of ffeedQn QJ%O#B?%gﬁzdlrect|on of the axis Z. Both

nasses e oscillating sensor of angul ar
velocity according to the present invention are
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to the _present invention, in detectlon notion. In the
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thd R&iRr@sent invention, the external angular velocity
inrelation to the axis Y links the opposite phase
primary notions, in the direction of the aX|s Z, of
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torgiloac spoing$ TheJAMestéhdimgthetﬂﬁnﬁﬁreotlon of the axis
X. Thus, the seismic masses 1, 2 have two degrees of freedom,
one degree of freedom in relation to the axis %, 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 %, 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



WD 2006/ 070059 PCT/ FI 2005/ 000557 11 angul ar velocity
according to the present invention, the torsion
springs 7 - 10 for the detection notion have
WDesieli7a05¢ y in relation to the torsion osci |RGVKIINS/006557
the oscillating sensor of angular velocity according
to the present invention, the anplitude of the
oscillation caused by an ldxternal angular velocity is
directly proportional to the angular velocity, and it
angvdarb¥edecety edgcofdimgexanphe, Pierentc dpaentive, rermer

colligleageufhec) S5 gdes BaohHiamedaats g wjpgerneat

ses Or exanp
£1ebg by dim bntnelimnonnterthertemxaonﬁosmﬂmaaslon
hernetically closing the sensor structure. Fig. 4
shows an alternative structure of the novabl e nasses
Iin o:fheabsoﬂ‘.]'l.htﬁﬁc_i; NERTERAS O aﬁmﬂmlmo@tgc htyordiony diang

he resent i nv t ion. rnat i \
the, BEPPRRE | WG SBHATT Ge BRH YAV araciey CRELLIRIAR (o
caush@ Piesenéxtamet QigudBy vémﬁuwg@fdlmatmpnnectl ng

sprin reduced at _its center by
DroR R L PORLl EBOR DA ESL G AR S8 bt istected,

forl @kBiBle st ih fHesHRicihe LAMECHNGERE BY SBkas-Jhe

structure nore rigid in view of conmon node notion of
Posifd onfg sBRRVY e rEceE By tle xERS ABASSaRt drf &r eviRESh wi t h
ele%s:%sagg ahby, A %&Hﬁ@l NG O dWRE Rl TRhY msi?‘[ UurFhce
the detection node. in the alternative oscillating
of wafisor beramgitallwelosing the csrdory stouchergr esent
invention, the masses 1, 2 are attached to the body
by neans of attachnment spots 3, 4 and, additionally,
Fighy4nehoes oin atltaonativespotectitre IE phsi oonlete mEtssElse
n ny t NLeS
of tgﬁeggé lfi.%fe ﬁe&gr%%o%engg&?lagxz ve:EL%cer%% QSC%J%& ar?da:o th
presanhexnvemtignJﬂﬂ&ﬂ&hafahtéxnatqu(msmullatlng sensor of

angular veloclty according to the present invention any

o

twisting of the connecting spring is reduced at its center by
means of additional bending springs. This increase in the
torsion stiffness of the conmecting 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 posgitioned
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

an oscillating sensor of angular velocity according

WO 20ds@7goseesent invention. In the second al t eoTatizoes000557

oscillating sensor of angular velocity according to

the present invention any tw sting of the connecting

spring is reduced by neans? of additional bending

springs extending from the center of the connecting
Figpri nfrows eheecorderlherfhicdvei sicreased wit hbet nosablhe

f connectin | makes th ,
magiot oFoil SeeblfaG EenbPE At Yeak s, rerordime
tot tiee mestgmmﬂm bynexher sedonditanfcenantes Wi t h

t.ia no stiffeni.ng of _the prim nDde or
Shtenlt AU ot IR ST A R H A
pres®id Lavengisensef tofianayl af t}y@ld&jﬂexetaﬁg%grﬂﬂgtis
%he esent |n{§g%%§p the masses 1, 2 are attached
re Ybﬁ‘a?nﬁy tenat t BRMhEME Fé’&d%’gssexﬁenﬁh%ﬂ from
th@dsiriteenak!| Yhe byorfRaNs ngf «ptide NEheSRRL 814, - TS
positiqQned at the corners. The attachnment spots 14 -

m@ﬂ-‘ﬁaﬁﬁy inpphe NG e FHLA FRASS pofyEhe coappgtanot ferimme
maléd L dheOkti-NeVurdByhRe High e, t9; &hQ PWmsh 1b8e motion

conponent, for exanple, in an anodic manner or by
of ridngagren FERSTIESCobNt exFrEnalk HwRE exenhey dWlth

ess@rfthF@% X é&fffélﬂ&l gk Lhe ﬂﬁé%@fmo%scc&gs Y

osci | i ng sensor o angul ar- v ity accor d Ing to
dehgrdiprenede. i nvention. In the third alternative

oscillating sensor of angular velocity according to

the present invention, the masses 1, 2 are attached

In ttdret Becbodyalipyrnwtsdve ofcatlaichneenspot s£18ngdbar
Vel SHPERE SRR prdent 3R, LBE pdies e 2
arcaitaehhedt tspdis b8y b9 mazyné)e:ﬁ @ithadhivent hepots 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 meang 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
PCT/ FI 2005/ 000557 13 The third alternative structure
WO 200687008%v abl e el ectrodes of the oscill ati mgTSE083400557
of angul ar velocity according to the present
invention is slightly nore conplex in view of spring
di mensi on design, and it d3so increases the coupling
between the nodes, since the same springs participate
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alti@nbhevé wtycudtm@e desceibad taakee ﬁtas SERé Sackbhntilyednds
itiopally means of attachnment spots 24, 25

addi
morﬁo?ﬁ%%%%‘bt i&-’atcﬁeu&éﬁ%é?tb‘?n ¥Rk IERBEST THERHH Rrent
spots 20 21 are, at one side, attached to the nasses
1, nmeans of springs 22, 23. The attachnent spots
Figy07 EIIOW?@ f@@rﬂ%ﬁya%em@%@ tSFTRREUBD dyt o‘fhe mpable

mas$eEPeReR .odcan18xang! Eené&r r angdigr QF Bording
nmeans of a fusion joint. In the fourt alternatlve

to ghei pragemy invensspnof Innghe fiourshoel tgrraiisrali ng to
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e e LT
meapsvabl #ttmdwestobpratsi 24 h memdatoﬂed at the center of
the ends. The attachment spots 20, 21 are, at one side,
attached to the magses 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 wvelocity 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 generatioh,

maintaining or detection of the piimary motion.

Fig. 8 shows the movable masses of a fifth altermnative
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
fifth alternative oscillating sensor of angul ar
welewioropssaccording to the present inventi OrBCTHEZ®05/000557
masses 1, 2 are attached to the body by neans of
attachnment spots 30, 31, which attachnent WO
2006/ 070059 PCT/ FI 2005/ 000857 14 spots 30, 31 are
attached, on one side, to the masses 1, 2 by neans of
SPQEF 30 adi PFargt Bhest upesore, si¥e, Tee thet mesnentl, 2 by
meSBOlGF 34 rBladBY N6 %%Qﬁgtﬁfeérgb Joagy %Letg€tacﬁyent
conponent, for exanple, in an anodi'¢ ‘manner
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there are many other ways of creating the two degrees
of freedomfor the_ masses, which degrees_of freedom
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per specti ve depiction of the structure of the novable
PrEFeise dNBR b dy PRERREL SR AR angul ar vel ocity
with two axes according to the present invention. The
sensor of. angul ar vel ocity neasuring angul ar velocity
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- PFig. 10 éhows & perspective depiction of the structure 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 gensor
component by means of two attachment spots 38, 39. The
ogcillating 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
springs 42 - 45 for the detection notion in a first
worewnrwosm torsion springs 46 - 49 for the raat@mbimoss7
notion in at second direction, and a bending spring
50 connecting the two seismc nasses 36, 37 to each
ot her. WD 2006/ 070059 PCTAFI 2005/ 000557 15 The | ong
centrally located spring 50 connecting the resonators
Thegd ong7csyphtal bnileestedesmoiiod biconhechingethd nto  a
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.present invention includes additional stiff auxiliary
axigt fuctures, which are suspended by springs to the
masses 36, 37 by nmeans of pairs of torsion springs 46
- 49 extending in the direction of the axis Y. The
Comparagt Wt eh othq mere¥eRdsly slessighedr stEreits Wiithh onfwo
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seismc nmass 36, 37 a second de%ree of freedom

velgei pendi el @ro taéfeﬁh@ccwciim >t0m§ EORT eefRtb | InVEntAen
mcisaégraa&@ﬂﬁ{aat %tééfaam traegwféé \4«911%@1' b¥e

two axes by utirl1rzin esama pri r not | on.
Suspegdeilb*s e ncise tnnvla@Ireasm e, oB7ab&st¢ﬁ1151 afi pgirs

of tﬁﬁgégéré géé%:{ﬁ{b%“ 8" _VES OG L Wl s b WP 8X 85 AGSRALBI 18
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 axié ¥,
which is to be measured, couples the opposite phase primary
motions in relation to the axis %, of the masses 36, 37, into
opposite phase torque moments in relation to the axis X. The
torgue 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
sensor of angular velocity with two axes according to
wbeo@nement i nvention, the external angul arpcralimoséyss?
inrelation to the axis Y, which is to be neasured,
coupl es the opposite phase primary notions in
relation to the axis Z, ofl&he masses 36, 37, into
opposi te phase torque nonments in relation to the axis
pandllEietot bhgquaxnorientls gbhaesensoramppesilee phkss ty
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relihdOfr ERehtCi WM b oFhe 26t %ton  springs 42 - 45 for
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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 of electrodes situated above or
beneath the masses 36, 37, which electrodes can be grown, for
example, onto the immer 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
present invention, the oscillation caused by the
wotassnalosangul ar velocity is directly proporrGIorIz0s/400557
the angular velocity, and it can be detected, for
exanple, in a capacitive manner by neans of
el ectrodes situated above ®f beneath the nasses 36,
37, which el ectrodes can be grown, for exanple, onto
In pddipiper teurthec exerplifiwing Kernetical |y muditdgiudg ohe
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wibhin vire stdomes off the sbrismtioh, angulbm et seitteyl. Wi t h
two axes, wthin the scope of the invention, can be
presented. The nost inportant advantage of the
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oscillating sensor of angular velocity wi two axes
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accel eration and by any mass asynmetry masses
cixenigedon ﬁbﬁeﬁ@sﬁ%Sthe masses in equal phase. The
signal caused by a notion in equal phase wll be

——cancetted—-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 gituation.

The oscillating sensor of angular velocity according to the
present invention also enables an extremely high signal |
level, due to careful consideration of directiong of motion.
The large moment of inertia, brought about by the length of
the seismic masses, can efficiently be utilized, Ffor 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

a conpletely overloaded situation. The oscillating

wensaro7@so angul ar vel ocity accordi ng to the pqarmasestooss?

i nvention al so enabl es an extrenely high signa

| evel, due to careful consideration of directions of

notion. The |large nonent 18 inertia, brought about by

the length of the seismc masses, can efficiently be
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structures of _the type with franmes, which springs
andp SLEREFAPTEY OBt EriToeeen8- PRy tBhci es  and directions
of the nodes of notion. WO 2006/ 070059
PCT/ FI 2005/ 000557 19 Clains 1. An oscillating
m cr o- nechani 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
(11), (50), which nechanically synchronizes their
W0i20@r090080t | on, and that - the seism c masIEI/HLP5/000557
(2), (36), (37) are connected to the support areas by
nmeans of springs, or by neans of springs and stiff
auxiliary structures, whicl® give the masses (1), (2),
(36), (37) a degree of freedomin relation to an axis

Clgifms rot ati on perpendicular to the plane of the wafer
formed by the masses, and in relation to at |east one
axis of rotation in the direction of the plane of

1. sairh watillainderisao-okchngidLl seelsori by angel ng to
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two seismc nmasses (1), (2) attached to the
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smaitrfga@aeﬁaénm wdstes (4), 8),Sem%0r, QB7RNOMEEH that
vel ocity according to ciaim2, characterized jn, that
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Sensor of angular velocity accord g to claim?2 ,
osHdpsEpRrPE deg rrwor FeLshhe BRERSSY (é rafgut af3&kl o0&y

abo%‘%”ﬂhésﬁﬁé%@r SRrings (5), (6) for the primary

tion springs have flexibility in relation to
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eac.rﬁorg)iga & &tn?e%ﬁiso% | QQ? st C'ilae%&&thépPﬂ@ (11),
y in reI ion or si

(50, which mechanically Synchronlzes thelr 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 axis of rotation

in the direction of the plane of said wafer.

2. Sensor of angular wvelocity 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
velocity according to claim2, 3, or 4, characterized
Wwo,2006h0a005¢ he oscill ati on caused by the ext argrairoos/000557
angul ar velocity is detected in a capacitive manner
by neans of el ectrodes |ocated above or underneath the
masses (1), (2). 6. SensofQof angular velocity
according to claim5, characterized in, that the
el ectrodes are grown onto the inner surface of a
4. Waf L, Her gpt hﬁ?\lligr O NGt B8SE £ B§hU5 e, 71%
Sensor of angular velocity according to any one of the
chayaeatirgdcliai nehat -tiey sehapacoeramed am vellbat tyhe
of angular velocity conprises a second bendi ng
spring extending essentially in the sane direction
- as,r@drdvaspathes 63) t hi®) cent ehe padiniaref mothens pwhich

nnegting t masses .of .t he nsor ,of angul ar
soiids, TR B BB A0 SRRk 40 iy S Dl ol St Lon-
andny one of the preceding clains 2 - 7, characterized

_in,_that the pmasse (1),..(2). are attached to the body
by TREAHE oPPRITHE hﬁ@nt‘ \Aéoéo%@f 0Fps¢tection motion,

whiRET/dphr200b/ RORS S exdbigpelsif e1dtdlon @Bdzadditional ly
%ﬁégggns of attachnment spots (12), (13) installed at
©s REteFauged & & togrugnyarent \Bsreeptedab¥o?®i ng to

exttdhaanenghidPe,eygagding clainms 2 - 7, characterized
in, that the masses (1), (2) are attached to the body

by means of attachnent spots (3), (4), and
5. addicklsaRabl Voo 1BART10k 1 8 ACHIRNLSRE! 81 264% . -3 (1D
installed in the corners or at_the edge. 0. "'sehsor of
4, ghqrrgterirediiny 4dwér ghagosolbimtione consefieby the

external angular velocity is detected in a capacitive manner

O

by means of electrodes located above or underneath the masses

(L), (2).

6. Sensor of angular wvelocity 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 0of, the spring (11) connecting the masses of the

sensor of angular wvelocity.

8. Sensor of angular wvelocity 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
attachnment spots (18), (19), which attachnent spots
Woae0tod®) at one side are attached to the FAFINSS/000557
(1), (2) by neans of designed stiff auxiliary
structures. 11. Sensor of angular velocity according
to any one of the precedi2dig clains 2 - 7,
characterized in, that the nmasses (1), (2) are

spoatst d8hed(4)o, tamel bddy tbynakhn oo fmeantaochnent aclsggits spots

18) 19 t chne t spots (18), (19) at one
(12§ élgi %ﬁﬁ%g%%éd ? Eﬁ q§§%s (1), (2) by neans of
springs. 12. Sensor of angul ar velocity according to
any,_one of _the rece i ng cl ai ns character
R SeRRGE T BEs VoL e Po e et LRHh (94 R Bty
preb)édﬁrﬁgn@lﬁfmsﬁm achneshar&Pedri dedd)in, (2hat WY Glhskee
|nstalled at the center of the ends, and additionally

y (Abafee AttachiglnhenEle pir®y (lozfofneanez<1§ atfpipnent
SPOQEt aghmepd) SRekS aﬁagi\uloﬁa?ﬂ-])y aly aR@nsi e, atﬁfaﬁ:hr@ntta%jbggs
to the masses 1) (2) by neans of sgrlngs
(14) 23) (113 insgrddpdoin allel SATRASI0OTt 7t ablor qw?g to any
one of the preceding clainms 2 - 12, characterized in,
that the sensor of WD 2006/ 070059 PCT/ FI 2005/ 000557
10.225amsel aaf wolbud pryvebapiin s oomdang t@latre,viqrga of the
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according to any one o prece ing ¢ alns
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. Sensor. uIa veIOC|ty conprises radial conb
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11. Sehsor 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 one

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

12. Bensor 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 centér of the
ends, and additionally by means of attachment spots (20),
{21), which attachment gpots (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
is a sensor of angular velocity neasuring angul ar
weolzomsiotapsd N rel ation to two axes, the sSensQrCT/FI2005/000557
containing two seismc nasses (36), (37) attached to
the body of the sensor conponent by neans of two
attachnent spots (38), (3%R. 17. Sensor of angul ar
, velocity according to claim 16, characterized in,
anguiiatr vheodEndicogpspeeags (50N ireldsvényi stityctieghd26) ,
(27than it is wde. 18. Sensor of angular velocity
édcording to claim16 or 17, characterized in, that

the sensor of angular velocity conprises rotary
whi ch

sprln s_(40), 1) for the pri
PR [l netid ot FL ot i A adoRe oA Eb e Bis (i e
preas@auﬁg,claimzsizon SPI | ESrddidrize@d by, f tiat hthdleferbironf
tion jn a first direction, which springs have
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the first direction, and torsion springs (46) - (49)

for the detection notion in a second direction, which
15.5pSERFET HAR @OHRF VR 9§ 13h aGCorsLngnte P onfetodc h8n

oretRiifg Elkiie osecond GhiLcdd N zeMOR0064 D7 0000 sensor of
PCT/ FI 2005/ 000557 23 19. Sensor of angular vel ocity

angydasr UpiRrity aayrohsenfradial mosbedtrecktesds(3o - (28) -
characterized in, that the oscillation caused by the
external angular velocity. is detected in a

16.capausey v magnéprbyeheaitsy cfcceirdéng odescldioedt.ed

cha@?Q edH nger agat hf e, é%?os_te Sl §ﬁ%’nl£§ 7%e1c?c%t}5%5 Qr
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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 te 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
gprings 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 gprings 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
in, that the attachnent spots (3), (4), (14) - (19),
wRps/of@iy , (24), (25), (30), (31) are joi NE/RIVOTOVOS5T
anodi ¢ manner to the wafer hernetically closing the
sensor structure. 22. Sensor of angular velocity
according to any one of thH3 preceding claims 2 - 20,

- characterized in, that the attachnent spots (3), (4),
(14) - (19), (20), (21), (24), (25, (30), (31) are

19 ) Oidaed ohy fea?ﬁtfuﬂr BB 0D Ok EBCanYRERE of the
hernetlca? y cl oslng thelsgnsor strgrcture.iﬁya :
preceding claims 16 - 18, characterized in, that the
ogcillation 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)7are'joined by means of a fusion joint to the

wafer hermetically closing the sensor structure.



