; €3eX$"6TXH WO 02/ 068906 PCT/ FR02/ 00344 PLANAR MECHANI CAL RESONATOR
SENSI TI VE ALONG AN AXI S PERPENDI Hmmu "ﬁf ﬂ” PLANE The present invention
. relates in a general manner to 5 m b"ll mechani cal resonators useabl e

in gyronetrig gh,8¥R98€0PI C inertial, sors, and it PEF Lri6d Jo 63k ar |l Yy
rel ates to such nechanical resonators i ch possess a plane nonolithic

vi brating str rial e.nm a 10
substrate andlﬁmwlré&f %08&'1]@3\ %&F C n\#é% iw&%%es of
chem cal etching, |aser etPERPENDICULER|T@eITHi BhAMEe conmonly used for the
fabrication of mcrostructures. 15 Enbodi nents of such nechani cal
resonators of planar type are nowadays nunmerous. Thus, resonators sensitive
al ong an axThecamesderdd invehbtiphamelseftasheinesonaenerat e memer (for

exanpl e &R-f,¢ 68p; 964) ¢ f?r%?;"l‘fatrﬂrc%lse“?etsbﬁ‘étékrgng EE@aBiéhOgﬂ‘i‘a' axes
contained in the 20 plane of the resopator are al so known (for exanple

FR-A-2 741 FBIPMeiriscRini BHOTERifat brevridl vEBREPFRg $Cucittur®®&t endi ng
al ong a cl opaetarauhalyComeQatesl tRVOIgHdION M- nSEHIAr er@@csﬁ@wr§en5| tive
al ong an axi oy Egr pendi cul ar to.the pl an%c%lthe I, sonat or is also known
(for exanpl ¥PERPARPSHAST 6P  PLRURY PG oW F@%bﬂgtﬁt]@kﬁlﬁ?s an

ani sot ropy madeer it of afir eqpemopriatehatmateriesle renppastedm ted to a
gyrometyic 0o ati W t t i bel ab a

applicda j{(? onglgggggéyr%osc%g{ic % of %ge%} ation. ﬁ% Iftﬁer ec?tdé&gt pr%sent a
demand froncaseestionad ptesbnianelsi t ivifc edheminadal et or BRPRT ti ve on

a 35 perpendieliay % St Cliis @hkent Oaf’é)ekéhﬁmohfiygyﬁé’é&ol%‘i noge. A
planar nonolithic resonator sensitive along three nmutually orthogonal axes,

with two axégbrkcardom of myprosryBgsvsePCT/ FRO2/ 00344 - 2  contained in
the plane of the resonator and with the third axis (Z) perpendicular to the

I f_th tor, i I Kk GB-A-2 318 1 .. Ho t hi
fevi ce Exhi BPSROBECF| ¢ PF e SETai FIATAR S G5 i SRBPBRECFENePb 1S4 Pr osent
no known pl agae romeo|ndwadayesouménousenShiisye radsomg tdrseesens el vy
or t hogonal Qi’t‘éﬁgar i ha:i:fs 086£€8££¥d' 5ol ahed gighahgse HINA S Eofasi |y

utilizabl e,
are known (for example FR-A-2 685 964) and resonators

sensitive along two orthogonal axes contained in the
20 plane of the resonator are also known (for example
FR-A-2 741 151).

A mechanical resonator with vibrating structure
extending along a closed annular contour of revolution
25 or square contour sensitive along an axis perpendicular
to the plane of the resonator is also known (for
example EP-A-0 461 761). However, this known resonator
exhibits an anisotropy in terms of frequency so that
its use remains limited to a gyrometric mode of
30 operation, without it being able to find an application

in a gyroscopic mode of operation.

Now, there 1is at present a demand from users for a
plane monolithic mechanical resonator sensitive on a
35 perpendicular axis which 1s able to operate in

gyroscopic mode.

A planar monolithic resonator sensitive along three

mutually orthogonal axes, with two axes (X and YY)
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10 gyr.oscopi c sensors. In practice, the enbodying of a device sensitive
. along the three reference axes currently calls upon an assenbl age of
. several resonators each sensitive along one or two axes and arranged in

appropri at eype gybgggggatial positions. 15 This type ﬁ@TﬁﬁﬁH@/0694¥hiCh
recourse is nmade at present out of necessity, proves to be expensive and

bul ky. Now, there is at present a pressing demand fromcertain 20 users for
\tAE_e ﬁvai | abicbht¥iabdmnrol thbi 1eeRs & 033 &aesiﬁéy&?axb%aﬁa ﬁritﬂmg@lmal axgsd
ich are as_i,nexpensive possi , articular n they_axe intende
for single Egér?toaéﬁﬁip‘ﬁ?ss??ﬁ?eﬁglﬁﬂiﬂgd é?tiFﬁ%rypgﬂ%?lsgﬁort Sanpl e) ,
and whi ch aresohathe,25ikowettopoksobhe bEBkAs2 28t b8bHE. abiiewdéwebe housed
in an environaen aere : i i AT ed (for exanple
war head of gﬂggiéggggﬁeﬁ%ggb%ﬁgng?¥ ohg?%gei%&é%§¥5&l?§ptherefore
essentidly to 30 propose an inproved structure able to satisfy various

practical regdi-eeseatls, tMude refai pitng dhesdl@nahot YR RRNO! hidher
structure which_is_particularly beneficial by reason of the smal| ness of
t he devicesmPHQﬂlelﬁak§§SP?aEB§siBPES%BlVSbrP%aPS abgefe Pefuride

si mpli ci L_y ﬁ&t&légbhalf aatdafé§ahh@ehp[]i@cec|s§rwi&@iry DQEBFES_S_&IOHH&‘ wegkict i on, f
or even 1 gn-vo nme pro uction.wt r.el,l apl.e neans eadl n 0 geonetries o
Cery high SELIRRLE. D 09PBRAB0G HETERIR0sAR . FETRE eI En | S
based arotheytastophat sémsenvodyimgpehcinerti athsersdrslele dé adford a
gyroscopi ¢ funetion Je‘??%k,'ff.fjﬁfe thaitpe ‘ij}HJ at Lﬂgeées%%g{eﬁ%% F dpeiropic,

in particular interns equéncy~and gyroscopic cou na general
manner, reg&pdirenslyf ta@lbsderunonf tdte vissemblpgeodecEnpl eereeral, the

frequency apkgehh@BYsaSed@h | s%%stih‘t%.v%”ié%ﬁ%p%r@ BYT OSFOP % eSOURhd NY
originate froma defec¢t of geonetrg 10 of the resonator and/or, a defect of
suspensi on BFTERESHesoRat BPPYPRELIRESoNEELREF EST | SRALHFL a PRFELHPNF ess

conpl extmssenbky efpentef! igkesh ar rso | iwhildhng rek@ulrgeses sof myddr adory
energy to the outside, b g partici. ating in thgirigidié§ of .the structure
r o

and 15 pertBFSFﬁBgtﬁﬁnﬂeg 96 CurveP PV the FofEEREE T FTF the

gyroscopi ¢ bud&ti.on) and/ or a defect of material (the materials comonly
used to make the planar mcrostructures are crystalline materials which, by
their nature, are_anisotropic). 20 The frequency_anisotropy (err)f can

t her ef ore b¥oHec 5hFESed s fito PP SAts Gt RE MG etreany fren eer&mimot r opy

of suspemsi gBeter I )lcxr ancha@n aphs0apoPYtPf OEt emcHolleiH)d Msabsdfs = Mg +
Os + Omin ordgr for the frequency anisotropy O to._he_zero, it is

sufficient FEPSELENof The TR MPGHERPIN&hd BFFFt o B8 Fer X Theé®T r equency

ani sotropy unekpeesigeo,asl possible, in particular when they are
intended for single use (to equip missiles or guided

artillery shells for example), and which are of the

25 lowest possible bulk so as to be able to be housed in

an environment where the room available is very cramped

(for example warhead of a guided shell).

The aim of the invention is therefore essentially to
30 propose an improved structure able to satisfy wvarious
practical requirements, while retaining the planar type
monolithic structure which is particularly beneficial
by reason of the smallness of the devices that it makes
it possible to fabricate and the relative simplicity of
35 the fabrication process which permits volume
production, or even high-volume production with
reliable means leading to geometries of wvery high

accuracy.



30:if the algebraic sumof the terns Mg, ifs and Omis zero, that is to
. say if the algebraic sumof two terns, which individually are non zero, is
zero, the third termitself being zero (for exanple Og + Os = 0 with Og
(err) 0 and and Om= 0), or else if th ﬁ% 4 Sum of
the three tg?ﬁéz(l&ﬁ:’aéﬁgl ndi vi dual |y arey non zero ((ereEr'??/ @f}%ﬁg (err) O,
(err)fm(err) 0), is zero. WO 02/ 068906 PCT/ FR0O2/ 00344 - In the sane
way, the anisotropy of gyroscoplc coupling (err)a can be deconposed into an

ani sot r opy georret anl sotro spensi and an
ani sot r opy 3'}‘ 1%#"5 &%gagngﬁﬁa n%g}ed m%%éyjt%%
ani sotropy of gwmmm[alc (smpstong (eblea to befferd id igysosfopient for

O oo - EHETTche! kA L, hapand B LA B sl Hibodiaet oy of

gyroscopi ¢ couplin e zero, also raic sumof the
terms Ddy, éépﬁ¥9§l§nd Enn]P%Iti@%erdeE &fermsi chfar 6ragueneyo, and zero.

15 The pres%? ob@%ﬁ%' ‘é'&ubil?iese(ino% tgt@'%rafioﬂﬁr{rﬂéf‘tsr laéléé)s psppose a
sensor able not “anl é?a gyronetrlc function, al so a gyroscoplc

function (b&?ﬁca‘P? eEer]‘b & sbRfopiibrgtary) mods F@p98m§5§e(ierr BS
(err)fs = (QE@hﬁ@heyO ahieeerpbg +aker wels +aéerthén1anﬂsoaﬁdpﬁa efO 20

that is to sa rr ( s + (err)m=
05 Ror O RS ERPREY o ol SRR e st s A o afoetehat o)

wi th plahe mﬁnd:lhet hresendtat i agdgbruet Ld@féiﬁ: exf esdspgnaliong <f ctlosed

cont our Whosg SeRTLE! V] {ne aXies har8ubStanthakly Bergendioy! gt tpedhe plane
of said struc ure, resona bel ng eV| sed in accordance w

i nvention, CSTEAgKacESSERSIYI n Otfhatlﬁtthﬁflplrdﬂ%i stammeg urllmist amy elhe egul ar

pol ygonal WhbBsdlk V&St i Cosp3Rtbkybeiche owler tRE thRitdilgAt oryy grode
i npl ement ed when the resonator s SEthEAJd'f rati &ﬁF i s suspended from a
st i a

fi xed mount PBY Sh&YPEEIRIsuBenshton Hr PEFUFEBTEl ¥ ensi on
whi ch ar%® apesfgethingbstaet i defpragaiehr i cakw 35 lvha ftwst poddéerred

enbodi ment, _th onv eu%ly nal vbr |n tructu wi.t h 4k

vertices pogseg gsr}'l g)(;l’ﬁlpll(%a ?Jéggg % IC (I?él g Fh aan‘% Ct °©
material (the materials commonly used to make the
planar microstructures are crystalline materials which,

by their nature, are anisotropic).

20
The frequency anisotropy Af can therefore be decomposed
into an anisotropy of geometry Af;, an anisotropy of
suspension Af. and an anisotropy of material Afg:

25 Af = Afy + Afs + Afj

In order for the frequency anisotropy Af to be zero, it
is sufficient for each of the terms Afy;, Af; and Af, to
be zero. The frequency anisotropy will be zero, also,

30 if the algebraic sum of the terms Afy;, Af; and Af, is
zero, that is to say if the algebraic sum of two terms,
which individually are non zero, is zero, the third
term itself being zero (for example Afy; + Af; = 0 with
Af, # 0 and Af, # 0, and Af, = 0), or else if the

35 algebraic sum of the three terms, which individually
are non zero (Afy # 0, Afg # 0, Afy # 0), is zero.



10°15 20 25 30 35 WD 02/068906 intervals of (err)/2k, vibrating structure
. ((err)fg =0 0(err) =0) . - 5 PCT/FR02/00344 by virtue of which said
pol ygonal exhibits an isotropy of geonmetry Thus, by virtue of the

arr angenment yo0fpol/aggiopeenti on, a vibrating structure pgpgpRbogdoslach is
conpl etely invariant under rotation abaut-a transverse axis (Z axis) for

the vibratory node of order k: the convex regular polygon wth 4k vertices
havi ng an ailgultire sgeroe ngapf €her phdlsoitsopy arfi agyrésropie wobpaliongy node

of order . achag s onBLabeBXDI o £10 leT 261 0l GBI v ghparders k-1

and k+1, I'S structure s anc (|nse SPLT VI

external Vi Bogt o Earisgtamonef . smﬁpgnSﬁ@n Aoz 2nd rm’lpanygohrbnya
regul ar oct agopwhighicopstitutes a plane structure, sensitive to rotations
about the transverse central axis (Z axis), geonetrically balanced and
isotropie in terms of geometry, behaving like a ring resonator. A new

fam |y of plane resonators is Adus Mlgf khad, Hhabf deformation curves being
cont ai ned substantially in the plane of the resonator: the sensitive axis
of such a resonator is therefore orthogonal to the plane of the closed
structure. As fardewwfas theeaﬁfﬁnﬁxquobfngyenbabpﬁs conoelrired, Atche

an SOl op! excind LAMENGY. AW QLAY OSCOPES, COUBh| BY SRS LRLA\ ML ®
consti tuent mater e resona I'S natura ISO ropli c.
Cryst al 19 ne A¢at emdal dogotrrorks meed- |ﬂ‘hteh| @nis@tnony rQ',fas@Yir©$C©1he¢r

qualities (R I Qf1 1M W-F@hi N 1h by £hed cal &b £ hosufedrced
i nt ernal Iosses an therefore high factors) - namely quartz and silicon -

are ani sot r &fiec, FFRe A% ordQy RIS L0of %"ér%ﬁﬁﬁtdép@@t Wbkl oR¥e nodes,
whi ch are spegi fZetd,n i@Oe@icati on with the symetry of the crystalline
material and for which WO 02/ 068906 PCT/FRO2/00344 - 6 this materia
proves to be isotropic and with the angle of cut of the wafer. Under these
conditibﬁs,Taecmmﬁsqpﬁ(ﬁnwmntmmnpiefbased Srefedienardnstfaimtvi boat ory
node of ordefg he, pl S i ng.st elds o t agonal
shape and rrust be d@% éa%cr s%?laolrrfnggilrr%t egoaléfﬁ%#tﬁoatonépqgtr%cture
in particul &YIQUEtLic wﬁpﬁcéléat e ilehe aOXYYpPERePipy furebdowf which

the vibratinbasically zero anisotropy: Af = 0, that is to say

Afg; = Af, = Afp, = 0 or Afy + Afs + Afn = 0, and Aa = O,

20 that is to say Aog = Adg = Ao = D or
Aog + Aos + Ao = 0).

For these purposes, the invention proposes a mechanical
resonator with plane monolithic vibrating structure

25 extending along a closed contour whose sensitivity axis
is substantially perpendicular to the plane of said
structure, which resonator, being devised in accordance
with the invention, is characterized in that the plane
structure is convex regular polygonal with 4k vertices

30 (k being the order of the vibratory mode implemented
when the resonator is set vibrating) and is suspended
from a fixed mount by way of n suspension arms of
substantially radial extension which are arranged
substantially symmetrically.

35
In a first preferred embodiment, the convex regular
polygonal vibrating structure with 4k vertices

possesses identical patterns which repeat with angular



10  structure exhibits an isotropy of material ((err)fm= 0, dam= 0) for
order k = 2. Likewise, for a vibratory node of order 3 (k =3 ) , the plane
resonating structure is of dodecagonal shape and 15 nust be made of a

crystalli neygeb8ybgkokt N cubic structure, in particupdf,/SrodfedB44M th a
cutting plane containing the OZ axis,- ¢ the OX axis, or the OY axis, by

virtue of which the vibrating structure exhibits an isotropy of materlal
((err)fm= ﬁ)ntdavaISO)oﬁ on/Dkderbyk wigtud0 olfn mhesaﬁﬁefmlmﬁmwi ment ,
provision is d ensj nd to be
angul arly sgégaagby an an%f’s PC i rl\l/)étLItI‘I’ls éx?er riqq:ﬁ?pyby Vi rq :‘gﬁ% hi ch the
vi brating stAficture eéMki i 103 .an 25 i sotropy of suspension (0f5 = 0, (err)as
= 0). According to yet another nost particularly preferred enbodi ment, if
the resonator is devised in accordance with the invention with a resonat i ng

struct ure 3BhgprubYamastaey odx ks Gnr@naemendts oy e gevrmtien (e r)fs =

0, (err)as v:.Q):a@ﬂﬂganstﬁQEEQEé Oisﬁaaéfiﬁéd((ﬁlﬁi&ﬁmrso cémménernpd an
i sotropy of  ,sus en5| on i n accordance WI{ t he

oy anganent AYBEIADE HHSE! IFSARON hRORR & r CEGRETGE 4% BBRBI eltl y 35
i sotropic iaxtie)nsfad thequeiisya B, cmupllel rngE coetiercilent taed d¢dnvex able to

operate not _only_in Q ric. wod l. |n L QSCOpi C uch a
WO 02/ 06890§e95¥FﬁR0g¥&1)§§15. resgﬁag&? tﬁerr%e ot e ggr%p ?esgl\'/lvit glnaersof t he
request’0 of spheingend. Mdkevier , invarsamt sfoposbebive bire tosyperste eof or 5

ani sot r opy 9&‘8{3&0 khe ERlerial %éd?fart%quc'éi&l%ﬂt%ca'ﬂc?e%éwéé C@%' on of

the geometry of the resonator (anl sot rog geonetry) and/or of
suspensi on PEAMSSEYORY G daFFefrs +%ucﬁ°a tHES tHerHet Y tRr at el y

introduced agi SQ{é@Eb’a](EEOWBblan@EQ/ or ﬂrosmp@m:i@ﬂ) gonpesnsedasaf or the
nat ural ani sog of th anstal | ine teri used. Thut&], acc&dl ng to a
preferred eifbod ¥ pteﬁ AFGERE) vi B i ng°§t u€t dre W PAYYH tices is

made oflfa chgsta | megwuﬂ‘:iaerl aktwaigbh novhiah gonahssitutésreaf orplarmre 2 or non

bi t h
ani sotropy SLrastaren EraihAg foERY Sngxgb?hks)@’g‘f ‘f‘fgs“ d@f‘%?ygonal
vi brati ng sceottate ﬁ§l§hedz [ @@@dordﬂﬁ%n%ltwqwéﬂ dd sed so

as furthermgetlepeehihittalimbeast 988mbosRl | lﬁe‘i‘xa’@@igﬂfﬂéoﬁ of i ggomet ry
20 and/or the suspension exhibits aft | east one |ocalized nodification, so

that sai d p8PF§BA&PTVvi brating structure exhibits an anisotropy of geonetry
(O (errdo 0, $ 0) and/or an ani sotropy of suspension (COfs (err) O, (err) 0),

\r/ief{)ﬁgt Io}le\ll\%ni’ E%blsgl 8'8100%8 %[n% froersotntlzl OI‘SS ains! st% Opé’eplner@t héIJ
deformation curves being contained substantially in the
plane of the resonator: the sensitive axis of such a
resonator is therefore orthogonal to the plane of the

25 closed structure.

As far now as the anisotropy of material is concerned,
the anisotropies of frequency and of gyroscopic
coupling are zero if the constituent material of the
30 resonator is naturally isotropic. Now, the crystalline
materials commonly used in this field by reason of
their qualities (possibility of micro-machining by
chemical etching, reduced internal losses and therefore
high Q factors) - namely quartz and silicon - are
35 anisotropic, except for orders k of certain detected
vibratory modes, which are specific in correlation with
the symmetry of the crystalline material and for which



pol: ygonal vibrating structure exhibits an isotropy in terns of frequency

. (& = 0) and coupling ((err)a = 0) and the resonator is able to operate in
gyrorretrl c node or in gyroscopic node. Such a resonator also conplies with
30 sone of hgeoagggggbg of the users. For exanple it jp&pPPR6E2PIS34LT 2
resonator according to the invention Jrgde of silicon and operating at order
k = 2 to be rendered isotropic by adding four identical 35 masses unifornmy
di stri but edtamd/ ﬁ\atbhmdip&wv@g tt‘h)e]:&‘et ifdaasspiaf dride witrs. the Qiig 02/ 068906
PCT/ FRO2/ 003 9 H" 2 % is possible for a quartz resonator nade
accor di ng t8 FBS Rfeft o *4Rd operating at order k = 3 to be rendered

i sotropic by adding six identical masses uniformy distributed and/or by
nodi fying t i ff r S idn t he
nunber of sggdg%y yr%%zefrrcgor%l%% ogﬁc{’%gg}gbdl%ﬁ ere dt%%oﬁe%&f%%?nthe
nunber a'ﬁvo@ﬁ‘g@dlﬁbmie (fp= ak)vibragrarer medebtodi noudersat r tpy=od) -

suspensi on: the FRASON rEBYNGRS ngX AP erdUg st 0o f Nk P%h%’it éﬁﬁeespace to
receive n = 4k suspension arns (n = 8 suspension, arns i n =12

suspensi on &PRs FESE -0  Madeyadf ci@ arci¥e el ke I@t?ﬁ%fﬁ]at d’l’}tzléd

gyr oscopi c de‘ib@ﬁalt hett rad Ludsd, tendlpswrﬁpc@mnde@bamd ablweaer&ut Under

t hese condltl t.0 _ano efer odi.nment e suspensi on
arms are n 22 ﬁ ;lﬁl %&ﬁbg)l’&gl?&aé’re‘ }ﬁ'glﬁld:r r% e a jglfff it erval
of 20 Zl@rr)s/tmlcm/ub:le nexhilsebs swoh ulsattm@gr r<)>ﬁ nagrerialk+ZAfkth O, (err) pk
(p integer) I n alifng structure therefore exhibiting
basically aﬁaﬁnl 58 r%(g]g 0 d(\_s%ls)%ens?on ((err)fS 0, (err) 0) . Said

pol ygonal vibrating structure is then devised, in accordance with the 25

i nventi on, i.‘?.k@?v:.%% flfrotrheef W&%P'ﬁoé@cék' é%@eqef_v,eché of3\geopgd ry which
are angul anﬁé of f set an angul ar value of (err)/k and _are abI e to cause a

def ect of &06f r&wtzwwwmdws%n ESGEPHFY iSTRaARS nRNGf
geonet rys (( skl gbel, mé@er )@f (&f r kr@Pstalllanico mafpenadt ewith 3Subihe
ani sot r opy of su%[aeny Qn due to tfe |ns ffllgl ent . unber q_]‘ Sus nr§| on ar s,

by virtue of HRI GRS d‘n Ei/rg%ln%f Vi bP & ' Ng 'struc ufe BXni'tit L& |sotropy
in terns of chngqdarpy (C@E-@)Z a@xd scowpl ithe (Ta=l)isancdn Hhe @O, i s able
to operate i)y GURQRRIrd€ mgéh%hénéﬁrgxaﬂgcwﬁ tys el ghng with
sone expectafions of the users 06 PCT/ FRO2/ 00344 % It wll

be noted thaEOtFORY=0fkmatg&ipdsdAde 67 ©x % ts (dn foF £818e4]
suspensaon, while being naturally bal anced.

In another preferred embodiment, provision is made for
the suspension arms to be n = 4k in number and to be
angularly spaced by an angular interval of mn/2k, by
virtue of which the vibrating structure exhibits an

25 isotropy of suspension (Afs = 0, Ao = 0).

According to yet another most particularly preferred
embodiment, if the resonator is devised in accordance
with the invention with a resonating structure
30 simultaneously exhibiting an isotropy of geometry
(Afg = 0, Aog = 0) and an isotropy of material (Af, = 0,
Ao, 0) and an isotropy of suspension (Afs = 0, Aog = 0)
in accordance with the arrangements set forth
hereinabove, then this resonator is completely
35 isotropic in terms of frequency and coupling
coefficient and it 1is able to operate not only in

gyrometric mode, but also in gyroscopic mode. Such a



51n this case, the conpensation will be nore effective if the |ocalized
defects of geonetry (in particular addition of masses) are situated at
| east in the vicinity of where the suspension arns are linked to or built

into the viﬁ6aﬁipﬂ6§§6gcture. 10 In the case where a g@SQigL odEIE I N
{ j

accordance wt e 1nvention according to certain of the foregoing
arrangenents exhibits at | east one anisotropy of geonetry ((err)fg 0, (err)
0), or at |geasén@berashepbfopy Honpflirmd arittl $dmer pEmehesr rjediedtssr) 0)
or at |east gng?aniso£ropy of suspension ((err)fs~ 0, (err)s (err) 0), then
this resonalbr“ts Wit %bnpletely I sotropic in terns of frequency and/or
coupling coefficient and it is able to operate only in gyronetric node,

w thout beifg,aPee 10520 B Ulhhkged doadayiescops ¢ EBdgentackar A5 the
suspensi on of the vibrating structuré i's concerned and regardl ess of the
sol uti o ad@piedtsuery hedBgsi $oof thre anateshtrl sbyut ilewsoducing pdssible to

25 contrive; gehi ££8aSHEA; ENaht 168 BRURhES debfidhdy e dHANGd @ NY
structure and such that the suspension arns are qQutside the vibrating

structure; 6RIRAEEAPYI s8ft NBOMRETHDUNBRR4STa Cdnt Fhe hFSRBISR i al Iy
concentric yahbsbbeowpybrét i nisdariiiiae dnd shah t Ae @8y suspensitde arns are

I nside the yibratin tructure. However, in _the case where the nber of
arms is equé?Pfﬁeﬁﬁge%Y cFBEEO?BCFﬁfsa€&F8§F°PHe 3 §%Emhéghm%§§%%fthe ar ms
is allltthe sasgensibm) hicgmpensiadesr dEor k theherashyrd eaanngokirppie of
possibility r | 29 gk t Shi ff S e WO 4t Joossi bl e
to obtain, F%gtﬁgH§%§% d?ggngﬁfé?#%%léﬁggé, g%%ﬁgni%gﬁggggggplF%g%ztr1the
poi nt of atPreheEhred AEPBedpEEnteultdel PolygoRe lc FSPret ifie eMGtéiTshub with

the arnms ingige hReverdidBslds?2Rada 3¢ 35 MWPRZ106806atekal with

non trigonal structure for k = 2 or non cubic structure
15 for k = 3, and therefore exhibits basically an
anisotropy of material (Afn # 0, Ao, # 0). Said
polygonal vibrating structure is then, in accordance
with the invention, devised so as furthermore to
exhibit at least one localized modification of geometry
20 and/or the suspension exhibits at least one localized
modification, =To) that said polygonal vibrating
structure exhibits an anisotropy of geometry (Afs# O,
Adg # 0) and/or an anisotropy of suspension (Afs# 0,
Aos # 0), respectively, able to compensate for the
25 anisotropy of material, by virtue of which said
polygonal vibrating structure exhibits an isotropy in
terms of frequency (Af = 0) and coupling (Ao = 0) and
the resonator is able to operate in gyrometric mode or
in gyroscopic mode. Such a resonator also complies with

30 some of the requests of the users.

For example it is possible for a resonator according to
the invention made of silicon and operating at order
k = 2 to be rendered isotropic by adding four identical
35 masses uniformly distributed and/or by modifying the

stiffness of the arms.



vibrating structure with closed point of view, and in particular central
hub, it wll be beneficial of |ow order, in particular k = 2, 4k is small.
PCT/ FRO2/ 00344 contour. Fromthis for resonators with to favor the nodes so
that the prggu ition to the aforesaid advant agas m? y virtue
of the inpl grsregtké?raggggf a monol i thi c gechanical resonato ?ﬂ“gr type
sensitive along a transverse axis (Z axis) in accordance with the
invention, ankawdkeional @svmtsme)lreesfdes a Nqtder pogeisbhnkitoy ahade

functi onal I% ngr ni ng gf} res%nat or__in accordance with,the invention
with a resoftaf8F 8Pl 8n S PR CREAST RS ARSHG A S8 s S{i%rre‘?() al ong
two axes (XtoYpeceoehdemed iisothreppicaly @fddimg \dibr altderg:mahctrassaesn such a
way as to o I r A I xes (X,
200N, | 2) "B REPrRLY; BIECRRBAhTRg RS I Mot he AOLASENER s
envi sage5thatE £he ABBRani cal resonat or devr sed as indicated in the above
paragraph be conbined with a nechanical resonator having resonating beans
which are carried by a central huyb_substantially concentric with, the

vi brati ng st—'i‘b&‘f’&?é'wltth 1F oBRFSEBhEodPTan NP ERPPRdCAt SUFRRARE Fai d

central hubagsmBstiedt ba | ghbBehheepl Bae &f ff&eent br@ldwed)st Eusmurghav th

cl osed contour, such_.as t@e re onat i ng- be resonat qr de cribed in the

af or esai d dBEURERt FRVACSCHY S by i U of™WhPE the Yyronettt c or
gyroscdp c demtrepyasafalsusp@umdmat thg elezmomt snay t daredxsmipdtearte al [y in
one and the me _pl a is it fo h| rgg% t),and,is able
to detect t t(Sélgthrg’e ggﬁ%ﬁgﬁtﬁs&h ?E)r% ?%:ﬂ%ftan (err)z WP{ a rateﬁof
rotati on S2sufpepsaant YR n@uﬁ’t 8 t fespenpapentarmer dfx knd 2erand bei ng

detected bynt he1besonaidiad JeamnAngs t he- CONPOnaNakeRla skeing det ect ed by
t he vi bratrng;tructure wi th closed contour., K Thus, by virt e of the

arr angenent SAFR aldor dERIA i EHE he FTHERREPBHC |fievécﬁﬁssr & |Rre
approprist ekgndi® 03/ B68886ePCHLERARZ/ PRd44nt .11 choosing the paraneters
of the resonators, to make a plane nonolithic resonator capable of
provi di ng neasurenents on three nutually orthogonal axes, the axes (X, Y)
situated i nUnHerpltdeseofcarbi tiegtnat arcSr@enag tbi mincddero prefemredetric

mode of Op%ﬁ%baﬁméﬂ@! thﬁaé)”shgag%ého Xi Srhd) aPeViNk apcess Lodibie
gyroscopi c opér ati on requests of the users are thus conplied

with, w thi AnEhe2¥¢ afBvbHiRToNy t RRagees iHY e AU 2T101RReREVGEt Hore
generalzcrranmrn t heig@nal i tchﬂoeehesgﬁahortmt plranar2 t ype hpkagcofdance with
the invention cag be int e%rat dinto ane nog)lthl c struct utne of nmuch
vaster appl PctPbn @ otPrrget byet g?'%‘?ré"f‘ ty* fraf%nﬁl e $eNsST s of
vari ous typeteradbren! yeglyiloneingc abaﬁma]gtw oseapi caseasbrepybutol so
pressure se - e SERSor. etc F r, ntion
Egg%ﬁnsESHp n{)@‘a%% N&Q'#:0) Sa.tQ %%%gﬁ%ﬁél v L e

makes it pos etoe ¥aplane|ntegrate e structure abl e
to afford aSEGHEENER ofS20theBel @PBHBEHI c HBt cREFOFCHNEH respectthd® three

or t hogorsl Qiﬁ@én@mdna fgact a@n @fo gymOasRRinoet %&Hﬁhﬁ/\ﬂ tibéaeﬁi);?éd to
three ort hoaﬁrﬁt axes such a str lrcg{e constituti E’EZ)"Sg

i nt egrated SFEERIRE | AEPRREFY pI n?bf S Hg'peo Th yl rR/Tentl on
will be bet hﬁgumademttmz@d ofn meatmdy ahe dbltar kted caeser |aptdd”ec/m|<§:m foll ows
of certarn referred odi ment.s ., gi ye rely, by nmtin

exanpl e. 9‘ %r soél:esog‘rarn%t %(])(n Whl ere ceelrgavﬁﬁﬁ Be anV% ftroéj)ﬁ A:KO %]E)nﬁ)%nded
figures i n wﬁl cheometfiyguriéddy I%AOt 0 AG redpecebuel yrali agmasmseiteal for

I Tust e thoee possiile, Vot allsSodieals ofoachesonalore widnel osed

pol ygonal contour isotropic in 35 terns of geonetry and w th_inside
suspensi on, PHAREEC 0P HarfEERATH Fhe 3APent PYn; Vit Figurds YALGRd 284

respect i vel podiygehanmatiteald ihdg | bUsheaheet WxHiasHd| &n vakiodropsrbndi ment s
of a terms of frequency (Af=0) and coupling (Ao=0) and the
resonator is able to operate in gyrometric mode or in
35 gyroscopic mode thus complying with some expectations

of the users.



WO 02/ 068906 PCT/ FR0O2/00344 - 12 resonator with cl osed pol ygonal contour
_isotropic in ternms of geonetry and with outside suspension, in accordance
.with the invention; - figures 3Ato 3F diagranmatically illustrate 5

alternati VewBOGE/BEEQHE-“ ant enbodi nents of a resonatgu V%yg.,{&hféﬁ@g

pol ygonal contour Isotropic in terms _ofyg suspension or ose ani sotropy in
ternms of suspension is conpensated for by out si de neans, in accordance with

the i nvelnti 08; wiﬁ!fl bbi guted 4haand F4B i gqgr,anard iﬁ@édrlyatidxgb@iﬂﬂiﬁté}/\l)
variant layouts_of extra masses_in a resonat cl] ose a
contour, in? BccﬁPﬁ§ﬂ€5°Wth fhesﬁlm%‘ﬁﬂ%ﬂ, "%ﬁgﬁrg% %‘a”yagﬁ]

di agram"ratlba[Lh;Lceﬁl ustrate 15 three possible variant enbodl ments of a
resonator with closed polygonal contour isotropic in terns of material or

conpensated so as to be rendered isotropic, in accordance with the
i nventidn; Inf |tguﬁescmanah680mnmr@mmtqmaﬁyl i Prusorst eeDipEativexenpl ary

embodi ment s; ef @ ol AR MgSUAL eéféél?é' towe g Lhr eenorghagana 5.axes, in
accordance w_th the I nvention; figure 7 1s & diagrammatic view from

above of a ﬁﬁﬁhéloﬁfoneflt%?%seﬁherﬂﬁl %éﬁ‘é%?e‘?\hl%‘h ikeast in the

gyro-accel ef;9aBhito off tid¥e Odfhex smYsﬁéhﬁisZozh ngempokati NdnkedaakelsF onetric
resonat or sgnshtlve algﬂg th gansveF XIS Z in accordance with the

i nvention. 381tf WRFP sYHy*B& PECEFTBY Pﬁﬁf, as set forth herei nabove,
regardless of the order k of the vibratory nodes used, it is in general

possible tog geq:?,frg)ogaes% h‘s?éPtht r edd exﬂé'&QCXna%c‘@%lﬂd?gl t he: gni sot r opy
of coupllng coeftficien an|ca resonator into hrée t er ns:
(err)f = (ekhpfmnvertigng a-cc(og*,dl)nfgs sAd qertyin (@fr) the( eﬁfQI)GQIOJ(ItQ‘ rys WO

02/ 068906 PCTLERGEMEABE4 exhdbither g heléQtheén@ Quﬁ%t%dﬁ}d' e as
origin of the defect the materjal, the georretr{san t he suspension of the

resonat or. FRABSLEH diMer® flor A%e %af'sotPopibs 1538F ARE (RR¥ILXPYHe zero,
it is suffiefentmdtariadch OAfL beoterrmmo& Dhese dnwo el atlle@@& t e zero or

for the algebral sumns fm+ err)f r rr)s” err) +
(err)S to b&" %5?%“?@ V\%feSVEPenﬁéo?ar (Z' rrégﬁamn(g 5%%0@:@0“' tions
are concer ngésohatpg essaanShedomlhhetelw ihetmmes oinortd@rmak, athe
defects of @Eggﬁeiﬁcy dnandrkK c*éu%l&h%atc%e%f%%&%'nft' W it stheydransyerse

excitations an fects or order k create a sensitivity to the axial 15
angul ar acc@P@FQFPOﬁ@lYHd\ﬁe\@from%ti‘rlt%emﬂgﬁal woEBPEFi BfdPdeRloriifent s, the

error ixdroducadibyzbheiaxggkoanegharmaaeel erations is negligible in so far
as these angul ar accelerations are snall as conpared with the |inear

accel erations and are weighted by the small 20 di nensions of the
resonat or s. Abnder tdresthe omdspennsont bE dakestidbraeft iogdertdaudreadt not be

taken into EBHéggﬁEQt 598- regardless of the solution adopted on the
basis of the aforesaid solutions, it is possible to

25 contrive matters such that the mount surrounds the
plane vibrating structure and such that the suspension
arms are outside the wvibrating structure; or indeed
also that the mount has a central hub substantially
concentric with the wvibrating structure and that the

30 suspension arms are inside the wvibrating structure.
However, in the case where the number of arms is equal

to 4k, or close to this wvalue, the space occupied by

the arms is all the larger the higher the order Kk,
thereby leaving little possibility for optimizing the

35 stiffness of the arms making it possible to obtain, in
the case of small imbalances, mechanical decoupling
with the point of attachment, most particularly in the
case of the central hub with the arms inside the



These features constitute the basis for the design of 25 the nechani cal
resonator in accordance with the invention, according to the schenes which
foll ow which are set forth in succession in relation to the geonetry, to

t he suspensh@nogggsbgoghe choice of material (and of pé@,fﬂ@ﬂ@g:,mane) of
the mechani cal 30 resonator of the ibovegtion. In accordance with t

i nvention, a nechanical resonator with plane nonolithic vibrating struct ure
ext endi ng ak;@bgaambosedruenh@ur wheke stasedi vd:bytaui:s 3Brom Stltbisé antially
per pendi cul ar .t ane of aid structure such .t hat the ne

et betur e i 8oyl BaBMa sl yhEnaitnkaai he ot Eas R s B o der
of the vibr geotyagodaik,nplenwaiéd bshdrendfi cissbnheofaveor tik) 004958906
PCT/ FRO2/ 00344 150414, r &1, wfﬁ);g%f@%uﬁa kS=syspgrded,f ap& Higgd-gount by

way of n suspension arns o stantially radial extent which are arranged
subst ant? al B dpnFBeiilcal ly. 5 As far firstly as the geonetry of the
resonator is concerned, the obtaining of conplete isotropy of geonetry of
the resonator (th is to say,of ap anisptro of geonetry which is zero:
(o) fo = 0tancAeaytion) b Fhe ratoresatcy My LEFRSRVER (e 10
abovesai d pk;a&eupolo)fgctmﬁi 1Vﬂﬂ1f@{erf@tﬁldmaiﬂjrae m\ziartdsuﬂ%i/cermé@mm@l ally

i nvari ant under gt atio out _a transverse centr axi_s ortho\gonal to the

pl ane of t h& 8PP & Zpa%l%f YRS TR tﬁlvesaﬁe gttertﬁ epea]fs with an
angul arl®f f estisof (Zeraldidk. 1A nechandanfer esioriat mhe151huenngosuchaxa shape

exhi bi ts ”Oa@ﬁﬁ%‘ibngfl OLdGhnkade K¥lsBdsk. 150rtﬁéa@é§s1${‘1i9§ retatively

common case of nmechani cal resonator utilized in the node of order 2 20 (k
= 2), the ré%ﬁ&ﬂ@?aﬁéy SATRH NG nSHERM® oF SHRBREPF y 1TF FECHEEARFR shape

of a plane iegul athectagrmwish i knlltah sansrésoaeatt@rr@tfat boAsazbotypé he
transver se centr% axi Z axi s onat or. behaEI es as a [)*
i topic in

resonator, ECAF&CHYSk % 174t ’ﬁ’esl t 9% AR TR I%PT s
terns of5gedneicontalimethdansaie wiynd roft hﬂné I kg estel rogp s ctasee ofn a

rechani cal LEsdna oyt iy 26 LB LB TP, gheOrARI 1L b = Alaohfeos esonator

is isotropi ¢ In terme”of 30 geCis € “shape of a fegul ar
dodecagon. Genshéiveh@lomshdwa axsondforZoPrsquarZe shrapelad chhyee

encount er ed ghdat h@xstaire Oi>thenar todzNQL1 X i Rict ag aﬁbgeiwey t& terns
of geonmetry which is z 35 cannot, th]Erefore co

requi r ement $PER5PSsed tthl ethé“? HeIMA R e‘?ﬁ‘”r% nt"i‘%n.

20 indicated in the above paragraph be comblned. with a
mechanical resonator having resonating beams which are
carried by a central hub substantially concentric with
the vibrating structure with closed contour and which
radiate around said central hub substantially in the

25 plane of the vibrating structure with closed contour,
such as the rescnating-beams resonator described in the
aforesaid document FR-A-2 741 150, by virtue of which
the gyrometric or gyroscopic device has all its
vibrating elements situated substantially in one and

30 the same plane (possibility of monolithic embodiment)
and is able to detect the three components Qx, Qy and
Qz of a rate of rotation Q imparted to the mount, the
components Qx and Qy being detected by the resonating
beams and the component &z being detected by the

35 wvibrating structure with closed contour.

Thus, by virtue of the arrangements in accordance with
the invention, it 1is possible, by appropriately



WO 02/ 068906 PCT/ FRO2/ 00344 - 15 Thus, the invention |leads to a new famly
. of plane mechani cal resonators whose deformation curves are contained in
_the plane of the resonator: these are nechanical resonators in the shape of
convex regukay O?Z g¥@ens having 4k vertices for k >_pas,fRb2WG0SR4t hE
sensitive axls axis) is orthogonal g the pl ane of tﬁe resonator. As far
now as the suspension of the nmechanical 10 resonator is concerned, the
sought - afterch%%fie;@si@mem&ah@tielr@;xi@f etteougdsdrtatotd) | ta fidkerang role
with regard é%the Vi br |gns transmtied to th% poi nt of attawgrrent of the
resonat or The MOPPLR BRI bi TSSERAFIhal SAREPYSr &fanpPECY

machi ni ng | reEccwrarenss 1bnConheeselmytudil ky demutmgmstl natxelse tohef | exi bl e
so that the feson e t 0 1 ow | r of fd e d can be
excited by tahgessopgr étlonalglgﬁf\%’lt%gnrr%ﬁt 5% hgaégng%fr f(?r ggg%é{:ggatur al
devi ce whi chhaimepl 1 sitved htohdde ragquemeeit smedrl o fupersaiienl agdspensi on
arms, n = 4kyan d}"d%ona-ﬁhea%ﬁ§r% a%r,fvﬁ;!gl é@@é‘ééc% tHai 59981;%09&&”' but ed

wi th angul ar i ntervals of (err)/ hey are |inked, on one side, to the
resonat or afPdeoPf IRPFIAtOms QEhRr FeTuLTES(Rf p%ﬁlﬂtu%?r%t?ﬁ%hﬁé\%? secur ed
to a nmount Qonpitiddlewhek, |withif |ehéerfastvortihe dioi fheof pabkagbnent may
be situated centrally to the resonator (central pivot or central hub), the
suspensi on arfEh ‘ext endi ng i nside the closed contour of the 30
resonat po, or eI se the point of attachnent is situated outside the
resonator (f | & pRU LhO t t sion
arns then ex end| gpoﬁ dgtephg %I g{ség{é{é%dn{%}ﬁ eﬁéﬁ?%%%%acsogg gﬂgggg

Regar dl ess off tthlamas utm ddopreerdeneecamiishhaihe alnjesrel0n r a@ih abe

extension, ijn f&éﬁscgﬁksdéhﬁiaﬁaelnrorfaaes.ctthfchagerdeuuateesoﬁ regea sinple
straight ray may exhi bit a conpl ex conf g‘?ratlon so _t hat .t he aforesald

WO 02/ oesgoefqﬁc‘fﬂrFRe?Pée%&lonlegr RBFBGt rFIRERIT i B pgrlPFé&llgk’ oP*t
filtering andenfe skehkbess RN i BegesThaser skinlyedgi/polnberaet are
awar e of varj oOJ,CJ/s confi uratlon sui tabl e for siti s&}/i n% trheese 1gllgmfmds. 51n
the case in 3t oqrda%lé WTR T hESPTOERr i IRt wh8F8°t HEF TE8Hvat BPPFS  Fegul ar
convex pol ygmn@emttdreﬁlksmdzr&:eseaqd 4k qeepErsilar artee theefitxeng points
are situate |s the residual brati e nough,
that is to gnéag{egstc t ggt%fsg]eos}lgor tif\én t he m%dl %s gé‘l%rﬂ% sﬁggbr%geﬁ

pol ygonal stmqmltirféllosu@ﬁralc&é%ece 8Rhebi €8 ffRAdc of ugcddrnk of1, k + 1

and k. 3p Taddel dWinetirtic i @eRckAdd | ustital es relyeery oftoexafmkee a
mechani cal res nat or vvlth vi brating structure.1 of octa ﬂong ﬂgl ar convex
Si GRTEFHECD

pol ygonal EFRK X85 arg, Aj SHh L P RTSHR

w1th respect to three orthogonal axes, such a structure

constituting a core of an integrated monolithic
inertial platform of planar type.

25
The invention will be better understood on reading the
detailed description which follows of certain preferred
embodiments given merely by way of nonlimiting example.
In this description, reference will be made to the

30 appended figures in which:

- figures 1A to 1C respectively diagrammatically
illustrate three possible variant embodiments of a
resonator with closed polygonal contour isotropic in

35 terms of geometry and with inside suspension, in
accordance with the invention;

- figures 2A and 2B respectively diagrammatically

illustrate two possible wvariant embodiments of a



20 situated inside and extending between the vertices 3 of the octagonal
. structure 1 and a central hub (or pivot) 4. In order for the suspension to
. exhibit the reqU|red flexibility, the arns 3, although of approximtely

radi al genepgl 08%bgBsp8N: POssess an approxi mately 25pclp SRRPLPodHE4N | N

figure 1B, the octagonal resonator witfppvibrating structure 1 Is suspended
with the aid of eight inside arns 2 which exhibit an al nost straight radial

30 extensi oresvRbterbearigh hewswed, pd:ig@b:ha{li mmruﬂqr clisvegdopcasimot to
confer too hi a s |ffnessh%effec% chan terin
e

|9h of the
vi brations t&THAI cRt nESABEHY ma§™ ec?% 35 %?ﬁpﬁﬁgh%%Ed s of

t he resonat accofrdéngar with, thblmhvennﬂen hlgher erX|b|I|ty, may have a

| ar ger cross sectlo r f i SO; stiffen
the outer frane @l nge QﬁA Jﬂ§ %¥h|§9% ?ﬁ%ﬁa@€&§85YO6 gggggéaég

PCT/ FROK ooalnernavlvw pPprsBébper viexilat] wrhesdments fafr a HeetoREeRd ng of
the conduct {ngnt racksed | Po1RGInRa exehtalk-on sher-siefectironrglpet rogdes

situated on the resonatofr t0 the signal processing electronics. However,
t he number SPSB?ﬁﬁlgnbéthﬂ@EH%IaPés@FrQHM hehcBSFBF aOtv eFYSPRLHLOR he space

occupi ed byikhesgpanhgtted fegedyaldut)siClNuddaiablin auvbrdarmdd with nore so
t he hi gher %He order of the npdes, thereby leaving little possibility for
optim zi ng FRE SPVPPH&S8 of these arms. Fromthis point of view, modes 10
of lowXrder, for efagpkesofdrorded 2B wdibglbemhatacedlyo ihlalsttﬂw:qar oduct

ak, ~and hen%%ott}srgagge 9butbe iefcillnasdds GUSeead (Bl Garag above,

the arns 2 nay be't the pgﬁygona structure at es of the
si des as il Fdosedt e@oaygmalof eoatiie i ninj géFéOIéaFl§?herW{tﬁan et he
vertices of jhbenstipHcture, as illustrated in flgures 1A and 1B. 20

Li kew se, the suspension arns_nmay be outside the p %gonaj structure, as
il lustrated by way &6f9BXSFpl2Ri Fqi &GreglﬁﬁFﬁﬁﬂaEEFa Yngt+ i id

bet ween g hethebyg@dals illey atamgars_-t rétﬁlbcbkﬂﬁnénﬂ@doﬁ aolﬁﬁscﬁxaiitrﬁonmng t he
vi brating structure sai nt 5 25 paossi.bly. artlcm

i roul ar o PybpE RotyapRad Foitons, AR 5 qilhe R ML
vertices of orhecomnbensangdstsactag e tbh be poepdenetl (isgurep®, wirnh for

exanpl e theaéEB§dEhBE'Qgthhghée?H€8 kyenhiddles of the two concentric
pol ygonal contours) |na.ﬂ% as the constituent, material of the

mechani cal resonat of 1P8YESNCH neBd 14 dAPSEEFBRrasadfyt rebhtieheAtdhd of

gyroscopi ¢ equpl i ggempldrpe zebodiinehites maberi d Upednks Neddsmddor
|sotrop|c

I 35 st al st al, to th
Crystall | ne RAPHEEY oo bl COTRGR cor ThPEORAL o TR ARRaEh S FBHIERn i nce

t hese two cwyshathenennanenbalsahénd t hensel ves naturally to
m cro-machining _ V‘%Bﬁé@@%@ BCHJ.%%}%(H%?&%.% 'vijegv from above of a
plane, monolithic, inertial sensor which is
25 gyro-accelerometric in terms of X, Y and z
incorporating an accelerometric resonator sensitive
along the transverse axis Z in accordance with the

invention.

30 It will firstly be recalled that, as set forth
hereinabove, regardless of the order k of the vibratory
modes used, it i1s in general possible to decompose the
anisotropy of frequency as well as the anisotropy of
coupling coefficient of the mechanical resonator into

35 three terms:

Af = Af, + Af; + Afg
and Ao = Ao, + A0y + Ads



by. chem cal etching as is effected with the collective nethods of

m croél ectronics. Mreover, these crystalline materials possess nunerous
ot her advant ages, such as for exanple their reduced internal 5 | osses and
hence t hei r i ors, and, for quartz, owing t tric
character t ergg(e %gggl bi | ties of exggtation and O?P%%f%ﬂ??éﬁ@%f&
resonant nodes. 10 Consequently, it is not possible to exclude the use of
these crystalline rrateri aI s under the pr et ext of searching for zero

ani sot r opy IP‘ ter terial. er, .far t he above- descrcérgedlgl
geonetri es BPeI§ % "E'hegs?l% e of"n 1ERhG &5 SR rRgutdF pol ygon
W th 4k ver tie€est mhleemaﬂelnitaﬂon&hm;géméﬂnmchrfcbrtheec&mmﬁm nafjni t ude
of the anisqtrop ri en t z OA
sol ution rra?/kge %(%%fr)l ggzr)gm 2@? ﬂ/\hg%e tohrglegtlr)dglrolil #18 %n%%%s&%%%gd ca
combi ne i t Aft Bads Wendra ;b%fzem, nat el Balsugddovents tee @aedi t9bntheat the

crystal cuttipgsPl@e th2seor £F61 In61GHARIE TAUDe | hek® abseryed {hat these
geonetries are isotropic for order 2 in_25 quartz and for order 3 in

silicon: thP3gEPEREFt PUss Al f Afin thefpafBficAlar * séfact A% dfo thR
rigidity magerees of these materials. Froma general point of view, as far
as the material is concerned, a resonator in the shape of a convex regul ar
pol ygon with 4k 30 vertices is naturally isotropic in ternms of frequency
and coupd i ngogeekkir¢i et far msdeshefmecHenilalr émdraicer obnditbgoenal

shape) if the materl as Lr f I rtz) with a
material cuftr né:oB g%éeg tugt eg %%Qt%r?ﬁégli%% o et( aggcff%mfes %S(E%f or der
3 (resonat oprderdédeddporigfetipedfi prdas iiat-elll &ndh&s +a lcutsieats raict ure

(for exanpl %eﬁbh't&%):yw iy a Hid el y@in SHAd g Bl AN CiUHL A thge OX axi s,
or the OY axis, or the OZ_axis. The order 2 being | ess n10 02/ 068906

PCT/ FRO2/ 009%&ectsg 0%0%13@3? o FFRAEPredt %Eﬁf’eﬁi%}"fﬁt@heFo t&& 2%ibart z

convex I®gubagudatragoracadllerprraiopizabl y Haver@ist r uctead V\/rumél vvixhéuéhen be
intrinsicall éF gtro

o ke & vPBPERCATRLr (ETRS T R NG Balssid] v RoRBREEs K (Se

arr angenent axpaslt as@ﬂialr tdiCCS]LEﬁ'atH.CSTS uts unegl henbdzhiihi ts® dian saéropy of

geonetry ( r f u%%%bsc] 0, has
0), and gﬁ |sotro aul)l(?& gé 89&419 8)% |n1(ybha5| cﬁ?ly

corrpl etely it86t ldpieay @ccel)arqﬁl.qns))ancﬁhﬁgesmeggh@pé oy af-g'lee $eRbberate in

gyrols;:qmc m&H\EFsaanbeldff a?héntx%gdﬂ&tdﬁté? n@ﬂ@er?—@h'é@ée;/'%ndi?ﬂons,

si mul t aneous_o 0 e ee isotropi.es of geone , of suspension

and of mat eFP&l %&leﬁ%&/e‘? ﬁ f”%fis B2%e, % ts‘gﬁ‘ceifhcejr%‘él le to

conpensat e kohsadeanitsohr.opy of a speC| f| c type by 20 deliberately

i ntroduci ng an ani sotropy of another type able, through its effects, to

conpensate for the effects of the first ani sotrop¥ mentioned. In this case,
if the strufhese ifedumepprensbitehe ther dasjise, fohi shet dastiwme of |1 t hen

exhi bi tyoverall 'MH&Wcafor r%@oﬁé%&?' e,id f h&cb§d§ﬂbé0t EABIQ.'I-P |@héerms Of
suspension (Os ~ 0, Das ~ 0),, an ani sotroi;)l geanetr

0) can be déPVBBLiCHy 354 dtcuthet f5 eée§ ¥’ -El%llé?’rﬂ ‘E%’sch Dag =0
; 1 f noreowele t hetst rimitie 15 1 sateepsiohn tar ITE:leatl‘mirBrlta'l (then = O,

geometry, to the suspension and to the choice of
material (and of its cutting plane) of the mechanical

30 resonator of the invention.

In accordance with the invention, a mechanical
resonator with plane monolithic wvibrating structure
extending along a closed contour whose sensitivity axis
35 is substantially perpendicular to the plane of said
structure, 1is such that the plane structure is convex
regular polygonal with 4k vertices (k being the order
of the vibratory mode implemented when the resonator is



30 Dam = 0), one actually obtains Of = 0, Da = 0; the structure is
i sotropi c and can be used in gyroscopic node. Specific exanples wll now be
given. 35 To renedy the difficulties of installing the nunber of arns

requi red toygbipai/aeBdBe6l SOt ropy of suspension, in parpesprRé2)oosdg case of
inside arns (lack of WO 02/ 068906 PCTAFRO2/ 00344 - 20 avail able room,

one may be induced to search for other possibilities for which the nunber
of arnms is kess titaratdlag)Hoawd el duspemsieehstoom aane ikleen madmrtodige a

defect whose _order, if it is poorly chose 5_Jjnappropriatel y. coincide
with a def e@’f’lyofoefaa ss&srpc?ﬁlySlo f ueonfgys:’uq?%tr?%%l%jrg%rP%é)f?%eé’é%%/ré t is an
i nteger nul whpkd efrek argengeth sabdtcbact adflymsymawitedlcaildyl.ati on, if the
order of the defect is equal to k 1. 10 Wen the arns are n | ess than 4k

(n < 4k) in nunber and are separated by angul ar intervals of 2~/n, a defect
of stiffhes@sof fa¥ diinptily | Afr othR eFEOMRERYUPBA, thR XEEOPPEBKe ERses

correspond t@nketnel,- ZmNd dbtaikirtg2 35 WcbhpleredK,isdtfdhp i6fan
integer (p E , .or el ie n.= pk. In % e | tﬁer case, .the aniso ro%) of
frequency wiFORCkpEeaP: niPCealfF9na OEoan 85t edSf oFCbyST¥I i Ber Ry

i ntroduci ng anigdtzotef eotf obeomeery?kwhtiklr quant zeyok/ MAfdi #edsi andal | y

equi val ent tq a_20, frequ y, 1S the e constant_ aver. the ¢l osed contour
by addi ng ié@‘ﬂtfcg? rrlasssgg%m re?/sélﬁ%/t ~?>kfk g\nﬁ?h le{npn%r?enr%n? o]fonnaggesé}b‘f aced in
the viclit pbovesbede plmnear polygenbli Milinatdnchestesohater wibnpéasat i on
through a Messedellc! @be@ndsr knbhesmug! QhalR!CLLALLispul dpgecalgo have
been conceivable, but in this case the sensitivity of the resonator to
angul ar accérepgriessse AvHgal f¥ehserrhecendls Geuthe mleaesef Bhe

sol ution isgtheceleee i ssrided. 130 YBiRYLRE eXaeplmittedeviEsedtsh three
i dentical ar di stributed evgg%/ 120.i s i%%otropi c.in terns_of freqyency and
does not unBAFEnE® (FRTFRLNRTEFET f Of &/ fbde AudMFHAN A L ERFORAPT 5. On

t he ot hk$ hardingorswyier at ishrapef éhleildivs caol Mefemdeodf cardar B-1k = 3) 35
| eading to @,fqog%gﬂa%onal structure) it is necessary, in order to preserve
the isotropy, to naké provision for the addition of three masses m where
the arns 2 are built into the vibrating structure 1 and three PTO

02/ 068906 PELLFRAARIA - i3l @fdi tional i viss e dinbrl- Waysdetyeen, t wo
successive built-in points, the nasses being segarat ed angul arly b}' ~/ 3
(figure 3A)mechan1cal resonator utilized in the mode of order
20 ({k = 2), the resonator is isotropic in terms of
geometry if it has the shape of a plane regular octagon
and it is sensitive to rotations about the transverse
central axis (Z axis): such a resonator behaves as a
ring resonator, it being known that the latter 1is

25 intrinsically isotropic in terms of geometry.

In the same way, in the likewise common case of a
mechanical resonator utilized in the mode of order k
(k = 3), the resonator is isotropic in terms of

30 geometry if it has the shape of a regular dodecagon.

On the other hand, a resonator of square shape which is
encountered in the state of the art cannot exhibit an
anisotropy in terms of geometry which is zero and
35 cannot therefore comply with the requirements expressed

within the framework of the present invention.



5 Likew se, a device with four identical arns distributed every 90 is
isotropic in terns of frequency and does not unbal ance the resonator if the
node used is of order 6. However for an order 2 (octagonal structure), it
i's necessaryot g27BEkBoBEOVI Si on for four masses m 10 }o@sppints
where the arns a?g g Ft in (figure 3Bjg For k = 4 (po ygona structure
wth 16 sides), it is furthernore necessary to nmake provision for four
gdd: tional mnasesftméhiiht;edtttibn451utaabbrtﬂ5pectné@ tﬂwmrm»sseg pEdnd heh
uilt-in point figure_3F). 15 St e, a device with six
Cdent cal "aPRERARSEAL buF Ba0BRER So0 Mo SEs o RAATIA L] ey 1EHIT r Affncy and
does not unbahaan:nedhem esdat plant tde rtd'dfe uesdniat oaf: othese4.aJHz)wever,
to operate (o] o] truct es m
fn%cﬁaﬂ?gg 15 ( Iguré%%fc) ik Cér?@ pg é‘drg UEE e

must be added every f or or decagonal structure),
si x masses RPAMgOnBe hagtaw t okt W@r;tcrqq% ﬁ\mérét ché,arfmrawélbhl Itheé n every

60 (figure 3BhsiBvbfl -5QW the RNIBEr iB frdidBods | €5SchBapidkearhis e these

arms nake an_angle different from2~/n between thensel ves, 'the defect
i ntroduced FlélearaéP%éFOBf stiffness having all the harnonics 1, 2, 3 etc.
In this case, the sol utions have to be studied on a case by 30 case basi s
accordi ng tg order_of the n:gde used. Thus, 2§'§ (i'far]'gls
structure), °§ s Poti SIP¥Corfs st ¥ n EPERETRYCR de’ ect %
har nonild 2 aedodatbheskst weconleéened, catice! Ismgglm}eafﬂrmt hewusp&nshrcum t he
st andpoi nt he .agi egue 5 r d at

P fhstNBe @hé%{aﬁ_eyeﬁfougg % rf%ifﬁ %i taérﬁﬁ?atrfoa],[a% dfﬁng

45-135 for t |s purpose he sane
confi gur at i 889areh Foukhar nrslbm;twr@o bea%mltte@@tOZIG%QQQlPCT/CFﬁQOZI 00344

- 22 From grphaghbaal oROkRk Qtes\bh%t‘ﬁ’ort héeaddintd qra@exnve%enbi@t@d ned by
maki ng provrsmt?m‘eﬂon t e cl osed onal structure, for a protuberance or

proj ection C€ant8rt ﬁé‘P“‘B&eré’ éllg A Ji{ﬂ)ng dmaggugagyes -
stair- srrapedoﬁvéfsgmye 4tB)1s Thevibel arusts mrde Be addn€legibde tdwe room

avai |l abl e rg?l or axi g g r% const ructl Ot_l:l of lsuch gt uber an inces may
easily be i ggra a0 Thrd 'the Sonaguta he P¥sorat 6r 8Rd 9% in no
way adver sefrequeecyondact ofart hebé abexcatedn procede (cimenataloril et chi ng,
| aser etchi Bﬂvﬁ%ﬁméntTstE ELZEort he suspensions with three or four arms

are isotropic and satisfy t mechani cal bal ance of the structure. These
suspensi ons may be applied vvrth 15 advantage to resonators in the shape of

a convexQ r egubar mpstygnatuka 4bevecéi crelslctlan Pafpl L arwidie vmgias of
order 2 are suitable for allﬁrgur armsus |on and the npdes of qarder 3

are suitabl 8°FBFr§ FHr8e<4 sb‘?ﬁé‘nfe?f BRET fEYor R iT 1USt rat ed
20 in figurén3dmutb&ew sEhese iagmmossiriel eatd) se@enma’:@l conpiefisation for

the ani sotr apLes: Sl LRC SBPT LAbuOL-ILARERALEL Y ot AT Blegn AU SOL T 0Py

of geonetry an or 0 suspension, for exanple ocal | yi ng the
shape of théipbPfgoRBl OnesGAsEor tandher TETSaIRE FusiishsiBh Eeothere | att er

arrangerent shgengtpr @mftl@c@dbbotﬁﬁ ro@@ﬂ%%c@trde@@)‘sé@ﬁ%d"%&'aﬂm
regardi ng the suspen |og Z In sucﬁ \é\ﬁ%that t he anl trog 5%&0
geonetry anffor®%tS5eSp on 18ct EREA Hef mafR& as %‘b e for
the ani sotrapyachmeatemagt . bst stiedateleradrsarallhe pol yhenatesorutaid ng
structure wibl,gkayertises iy MBEg0012 KENP! Al s IBLEAL 2bn' dths
then extending inside the closed contour of the
30 resonator, or else the point of attachment is situated
outside the resonator (for example mount surrounding
the resonator), the suspension arms then extending

outside the closed contour of the resonator.

35 Regardless of the solution adopted, the arms have a
general radial extension, it being accepted that their
exact shape deviates from a simple straight ray and may

exhibit a complex configuration so that the aforesaid



35-non trigonal structure for k = 2 or non cubic structure for k = 3, and
therefore basically exhibits an anisotropy of material (Om~ 0, Dal" ~ 0).
Sai d pol ygonal vibrating structure is devised to furthernore WO 02/ 068906

PCT/FR02/00§¢4°2{3§8933hibit at least one |ocalized q?g%}+§@§}gﬁbgﬁ

geometry and/or the suspension exhibitggatl | east one al1 zed
nodi fi cation, so that said polygonal vibrating structure exhibits an

ani sot r opy @h};g@@ﬁgﬁ:ﬁ}ttﬁ.@csgo)in(), pirta,qulale) o’ofgfj/ﬁli.rltﬁéria{ﬁ s@ﬂi@p]yo@f )
suspension (ifs_.~ 0, Das = , _Lespective tp conpensate for the
o Sotropy SF LRAPEREaPaPS, KT TR WHARS A G Gohaig B e FHG
structure exnlwblet ofanvasiduopyonfiigrerasioh buegabiey fdf saisfyingoupling
(0a = 0) anghégetagmggagnator is able to operate in gyronmetric node or in

gyroscopi c no or exanple, it is thus possible for a silicon resonator
havi ng the geonetry required according to the 15 invention and operating at

order 2 to bg repdered i sotLopbsabicadding koW iirdenidical Jmssescigad/ or by
nodi fying the stiffness of the arns, as indicated hereinabove in this

regard. Li kERSEBALPE & PRI sFHNEST oPCAYERRRLZ Widdorfdt oreEhbgRY
geonet ri cal byda2Axacashinigi dr0 dhes ) NyRet feriand peRenat idi adi©isesd 3 to be

de t t e by . addi i x Ldentical . /lor b di f th
St fnoss oP RSN, “BETindi S od FAMTaboUEr D5 19 Ut et M RL {1 gur es
SA to 51D ar enaubbw exkapl ary il eagnt ati otise ofvelrhe crsr apgenment stlod t he
| nvent i on whiygh,0ave sl uak BeRRLSEE LRE! Bo1lBohbauLe A, Le resonator 1
e 30" no r Foc S

havi ng to opeéera inthe e of “ord agona ructure) is nade
of quartz and the suspension is nade of four approximtely Z-shaped arnms 2

extendi ng bgLuaen A&KAHd dbxibi s aRd BBeeBtddlres lerd QUr_ respectiyve

pai rw se opp05|&g and adj acent sides, thereby conferring an ani sotropy of
35 stiffnes@Rff korders 2 and 4 conpensating for the insufficient nunber of
arnms. 18\D 02/ 068906 PCT/ FRO2/00344 - 24 In figure 5B, the sane resonator

1, with the_sane.arns arranged according. the sape layout, is de of
511 1con wni P2 | EigpeparsBern ThEshERe ob oribrt o5 t8hgomt ey uitre) . To
conpensat e eaxampie,ani sot r vpyghénotaimt ereabnabor ani woth opyvdbratassg of or der
4 is introdyced by adgi fur $?§§e§. dduald w,of f s th two
masses arra%%egcat “the % ntsé.l ere tv.\%Bopppgélte ar réﬁa}?%a%aggl?ﬂ%él (in the
m ddl e of tH&o%orkeSpdhdi igEiiddechf WikE ovt@ybn)SERENSL AoaNBSsed 10
arrangegp i nstk@atespeslsivie FHnddlsas it derwadlasmparaiidigsll arof o the
previous On%ié octagonal structure 1 and a central hub (or pivot)

4. In order for the suspension to exhibit the required

flexibility, the arms 3, although of approximately

radial general extension, possess an approximately

25 Z-shaped form.

In figure 1B, the octagonal resonator with vibrating
structure 1 is suspended with the aid of eight inside
arms 2 which exhibit an almost straight radial
30 extension, while being however, slightly inwardly
curved so as not to confer too high a stiffness (effect
of mechanical filtering of the vibrations to which the

mount may be subjected).

35 The Z-shaped arms of the resonator of figure 1A, which
confer higher flexibility, may have a larger cross
section than the arms of figure 1B which, so as not to
stiffen the outer frame 1, must be slender. This point



Lllustrated in figure 5C is a dodecagonal resonator (k = 3) furnished with
. just three Z-shaped arns 2 which 15 are built in at the mddl e of one side
out of four. Six regularly distributed masses mare added in the m ddl e of
one side ouloOhah¥Baobhr€e of them being arranged wheg@p jgfoRfod3 g € built
in. The resonator can equally well be {qde of silicon or quartz, the nmasses
m 20 i ntroducing an anisotropy in terns of mass conpensating for the
angsotgopylQil$UB93p8kﬁﬁcﬁﬂa$u&fh?b@&tanmﬁﬁﬁr(ﬁhéﬂdﬁ?odjiﬂjmbfe@m@atOrl:s
made of silicon apd_conpensatin Qr _the anisotr of suspension as we

e the ani sEPPOREC P mEarrY Tirhite | ien st trERiRaeSh e taTE” By
virtue of théeatradgenesisuguad smt ftdret hreisoniasoposspbl gheo stemiagh a pl ane
pol ygonal 1 £3808L0EnUN! llecBLLAOUON YRIRIL N0 (e | BRbeANCOANI SGHL OPY Of
30 geonetry, or one ani SOt ropy o suspensi on, or one ani sotfopy

materi al5 chfaipe @@m@én%e@eks@ﬁ@ishﬁﬁcﬁerﬁ‘éﬁ@ér’@ém $dghopitdh g 0fPac®, Oa =

0). Such a beéeﬁ%arbys tﬁ'é's% h%ﬁpqr@t&%ﬂmw@dnglm%wémﬁ node as
in gyronetrlc nﬁg he sane as.an intrinsicall ¥ Z sotropic
resonator asSc m?ﬂﬁimﬁﬁ%lﬁabﬁ @ PRHINST (et S eREAET 0P LU TR’ ng a

pl ane gyr osahprébgle\memrmslitueeam@glmnrlmysvﬁasﬁeo@xum(z%b ithd hus net.
WO 02/ 0689086, &%/FgOZ/QO%ﬁ 25 5 19 % 25 39n§§)The Ianq) esonat or
in accordanc&*®FPRFhS |nveﬁF|85 affor&% t Tion Jan%g *5 i nher ent
in its 1d anefstliowctanden r afswersempdei tof mmﬂﬂnlﬁltyléiibe(ﬁatmﬁQQ able to
be_ conbi nedsyi LRaANG1L FROS.OLNGL VIIANILS! EHET HLRBLUNGTE Safle! LTVity
axis or axes are S|tuate in this same plane ei ng possible 1o
fabricate the a®3ékbly in one and the sanme substrate in the guise of a
nmonol it hic plane device sensitive along three nutually ort hogonal axes. A
nost particularly beneficial exa rOV|de | ane resgnator of the

i nvention, 9@n§°¥’1r\?§ ralBhgtad %?%ﬁg‘%ePgB"ﬁm &hey %‘Pﬁm ¢ hm??ésg’ﬁat'ijrﬁjj beans 7
t hat arls catoi eﬁebpoay(gemarlalsﬁmtrt&mlbst aﬁheainb.sadmeacenft nihee vdided he

pol ygonal v[r at-iin e i ( il ted in
figure 6A |hgtﬁéH#%€%a¢§§u%§d 5%2Iekg ég%nqaﬁt%@%ﬁree E I#Iapecf'a
suspensi on &has 2n wihe S’E%tégﬁpe@s‘-at@@ Ahsyesune, | Asacicoruticated th t he
arrangenent gnsel ghieekh1hnahggagd to figure 5C). The six resonating beans 7
radi ate regularly about the central hub 8 while being situated
substantially in the plane of the polygonal structure 1. The fixing of the
dodecagmnal LprEygssaal théUCTﬁul’sgei;slikénthlansal’ rmyZ e glrtgﬁﬁslaie éaﬂmi\ﬁth ]
respect to one another .is the one ta e i.n order. for these
hrre Lo be PHCSPPRR DA G raboldtrRo=Rests B¥ WIFY o SBei Tt Bkt ed 1o
t he central ithubfBgufée r2@sonatli nZJBst rhecitng elntearpesatil ngetweéehe tiomle of
order 3, cagoeLhBgn1be FANNIYG CUtEARALL CON ORRAUATS Z) m3lhkCOs

exhi bi ti ng, however, the not intro u0|39 y ani sotropy o
f requency. ?Hérppsefihagoftlme‘fd@mag oBEBUGLRI Re 'rmﬁﬁ‘tldl sMPBRFored at 9
on eaclpsuspeBnsibBlyab@idg in particular circular (figure 2A, with

for example the arms 2 departing from the vertices of
the wvibrating structure 1) or polygonal (figure 2B,
with for example the arms linking the respective
middles of the two concentric polygonal contours).

30
As far finally as the constituent material of the
mechanical resonator is concerned, the anisotropies of
frequency and of gyroscopic coupling will be zero if
the material used is naturally isotropic. Now, silicon
35 crystals and quartz crystals, owing to their

crystalline nature, are anisotropic. This is a
considerable ©problem since these two crystalline

materials lend themselves naturally to micro-machining



The vjbrating secured to an from docunent structure wi th outside pol ygonal

. FR-A-2 741 151 and six radiating beans fixed nmount is known constitutes a

. pl ane 410 02/068906 PCT/ FR02/00344 - 26 nmechanical resonator sensitive
al ong two Ok PYDFgoREES (X, Y) contained the plane Q&szﬁoﬂbygwre By

virtue of the arrangenents of the invengian, a 5 nonolit I ane

mechani cal resonator is constructed which is able to detect the t hree

conponent s $R3x,cHhyicald S2¢hiiigaasatie @ff feattatd onit32 thpacbedetoitrBe nount

supporting onat Qr,, th and ing det by the

resonating [%%g:r}rlé)%}nd t%e 10 g‘oggggg%f%@gg é)él ng dg %8?9 Qby thgﬁrgg%g shaped

or pol ygonalcryisthedtliimg strmlt@trea\MSth cp9§§§s§ont onumeThus, thethexonat or

is able to %ﬁ aidel OVHQIP! £k C cBRIRAEIR. CHONCOPLAuSDAC: ABeLhE 1L T ee

mutual Iy ort axes X, lustrated In frLgure GBls anot her
enbodi meht g5 A7¢ henaatdreid thighrRefaekeTsi vaRY, akes aBfEtEo operate
in a node ofovarr@er Ak =rd . Ipiappdisatipn of chhpadtéangenrat-sodf the

invention, the r, nat,i ng structure with cl oied contour 1 is ag oct agon.
The suspens®55S lg'f’ft&ﬁfedo tFEHA G P 0P uPEardRE L E nGdd BRBween t he

out er oct agardonaesomadesstructure 1 and the hub 8 of the inner star-Ilike
resonating structure 7. The relatively small nunber of suspension 25 arns 2
is favorabl e having regard to the scarce room avail abl e and nakes it

possi bl €0t 0 (ewessmttlye rithbes notebeseibdes tablaxalmdsusthe mesmdofo det ect

the vibrati %é@e”@rﬁé@ﬂﬂ}% Sx‘hé{:'&i—i'éfs QinkRe othRr handseithe skar

structure 7 is suspended by way four 30 arns, thereby no I onger
permitting tIRSHEIRG FoFy ARy @néﬁqtﬁépé’nﬂ@dltr?éﬁts ot MEgeréagA. To ensure
the i sotropy demands required by the invention, the best solution consists
[ [ [ ector of

in placing two 35 opposite beans 7 _of the star.structure on,the bi
the’ pai 18 oFCHSTBIa ot O e CBP t n8PBUESReREEIRERal SEPREERIES ThHAL. ¢ he
smal | estl5angdesdmettmrenihheclsd ashaplee bfans andgt her supeesd onegﬁlnarof t he
polygon with 4k vertices, other solutions may be found
for reducing the magnitude of the anisotropy of

material, or even to obtain zero anisotropy.

20 A solution may be found precisely where the order k of
the modes used can combine with the symmetry of the
material and with the condition that the crystal
cutting plane is correctly chosen. Thus, it is observed
that these geometries are isotropic for order 2 in

25 quartz and for order 3 in silicon: this property
results from the particular structure of the rigidity
matrices of these materials. From a general point of
view, as far as the material is concerned, a resonator
in the shape of a convex regular polygon with 4k

30 vertices is naturally isotropic in terms of frequency
and coupling coefficient for modes of order 2
(resonator of octagonal shape) if the material has a
trigonal structure (for example quartz) with a material
cutting plane situated in the OXY plane and for modes

35 of order 3 (resonator of dodecagonal shape) if the
material has a cubic structure (for example silicon)
with a material cutting plane containing the 0X axis,

or the 0Y axis, or the 0Z axis. The order 2 being less



QL0 02/ 068906 PCT/FR02/00344 - 27 polygonal structure is 22.5. By giving
~ the suspension arms a Z-shaped course, it is then possible to tie themto

. the bisector of two beams, thereby not disturbing the balance of the latter
structure. The ¢®icdde used 5 will preferably be quapkd,rRoRP8G0BR4I TS
isotropy in terns of frequency for orderg k = 2. The fixing of the entire
structure to the support nount is optimal with four points of attachnent 9
pl aced on 1Qdriflestispensimplamnsit2,tlidn s spohishen nedkdem, i ta passairhkze to
find the best conpronise_bet ont n ng.r for the
outer vi bratcﬁ’fbV rﬁggﬂigrwqua&ﬂ g"(‘SJh f Po%tfg’%ra%& ]S%ntct %S’&hﬁl‘:gghand a
fixing to théismidswaifllt hehémarke f onttrliesstcaﬂlm kesobnepiet ridiure 015 with
vibrating b -79yOne thus obtains a structure sensitive along three
measur enent axes X, Y and Z, the axes situated in the plane of the cell
being likited to the gyrometric node 20 of operation and the orthogonal

axis giving mesestare, t hei gyr QECopbés Sistee of tepemaideon. a O v@@b&é&@_ngt he
field of application o resonator. i n accordance with the invepntion is not

restricted tOFEHEBE errﬁgal Ererd 1O LRGN seRSBP1BERsi tTHe aFbR§St hree
ort hogonal a(mnﬁﬁbﬂﬁm @Ium:e sesonﬁbﬁthaccmchngatcsttthuuz\eenthen opens
up the possibi.l.i.t. roupi It| |C|ty se of ri

physi cal qua?ff}fjtl?%tss it o- e Cgor?ﬁ (?%1' sane Jt?fyg@égl i rqusé %ﬁst ré? glél licon or
30 quarfl® i rampadisiotubay: ¢hHesaispeastiion esAfers & nl YWoisnel Qde amgijl an

vari at | ons_ai /flcs';agfso% mat &L Y. (Rt —a'OSOA%%CE' gy at !B@'?.ngt gaREEAnLLe,

pressure, hese sensors l};’é be manufiact ur éd on_one and the same
pl ane nonol i IHRL YA alBPRECREBSt 1A & AhePBby 83 peiii s t ShguEhure

embodi ment ofs haphéy t@orw&tai@ nkat Wit el orsdapl ast avdia fabriigated at
| esser cost by known, techpni ques of chem cal etching, |aser etching or the

like. WO CBUERITE PEGR02/ 00344 - 28 In particular, it becones
possi bl esto fabricate a gyro-acceleronetric inertial sensor of plane

o e ey OUPLRE QIRLEENARLENC MANGHY T AL OLngle (ARleS | 1o

same slice t gyroscopic sensors and the X-w se,
Y-wi se and Zséteopice| ef ogsoners rvensef s SUSRERsaona@nd ¢5 matexipdted very

di agranmmat i C:ﬁé%y kafa' Qi s&ibikRe snb%mgecla%e mege 9& %n@amz%meate
crystalline eri al suc as 10 silicon or uartz wid used for_such

appl i cati onst®i feBPpBPates é’rplaéhealilﬁﬁ"é@’@éngift |"‘\/e'59 oFYBFsp¥sed in

accor danoge Méﬁﬁ@@ﬁéwninaﬁodaslmgl bnaaaras@ta:n@yx-w senatHeY- tiype
sensitive reazl%) ator,, that. i s, Whl gh is sen3|t ve |n th%h%l ane of

Lo Say.Q y
the 15 resorator’, vﬂ“&%u%y £5%mI § &n(f t he PeaCRPRGESEF SdodGFent PER- A- 2
741 151 noref tetvest ageoudley, finese ambsobroprt onentegndsd. cdbi tddsas set

forth herei nghove ytbhregardctf-paiti ¢ubatob9cf QY 880813k _65pen the

formof a plane unitary sensor _11 wth X-w se, Y-wse 20 and Z-w se
gyr oscopi ¢ g oFtBB%E‘d%’?oWllW ttﬁlecfhl%xl'gv?lo%c%ﬁb‘?ﬁajd}u E§P§r9€MSOIF°fl i's
associ aped aephriee X- WESEL ANdsY-aMisotaeisid | V8 avgeler ofeistispepgisar or two
respectivel y(Kf!\'i:&S%,an&jasY-;tWO%e Sa%nséltliélgtropy of geometry (Afy # 0,
A0g # 0) can be deliberately introduced such that
Af; + Aog = 0 and Aos + Aog = 0; if moreover the
structure is isotropic in terms of material (Af, = 0,
30 Ao, = 0), one actually obtains Af = 0, Ad = 0; the
structure is isotropic and can be used in gyroscopic

mode.

Specific examples will now be given.

35
To remedy the difficulties of installing the number of
arms required to obtain the isotropy of suspension, in

particular in the case of inside arms (lack of



25. accel eronetric sensors, at the same tinme as there is provided a plane
accel eronetric sensor sensitive along the Z transverse axis. Plane
accel eronetric sensors such as these are known to the person skilled in the

art. 30 By f le, it will be possible to inp
nDnodirectigﬁgpgggﬁ??pﬁvity sensors anggl arly of fset %§E?§§°a??ﬁ§?%spect to

one another, one 12 being sensitive along the X-axis and the other two 13,
35 14 bei ng as@NYiai1ee réondnNd ofrelings; e diddedadttdl s@apeRSS6AJoOhethe

signals fromthese.three nsor,s, S it possible to obtain the
ccoelerati oRSEhITIdEs TR Gicthsat TulRTIeb Bos s b8ss, EhaRy vy,
Appr opri at e 4&kenstlowewvey ,be the t saspgpeidescairined thedocimendbd&®e00a10675.
Li kew se, t el tion nent: yZ Jtmay. be by L ffereptial

e Acce! Ghaldd o&é’dﬂ%& %615 Z fmay; b %@8%@ c ?géﬁ, e

i npl enent ati on of two sensors 15, whi ch may the type deSeYibed in
docunent5 FRAA@%@@IQ@{I:.ely mmmmm@/mm@ﬂ@ms@trml o6 1. A
mechani cal regenaieh, W Ih RigNespaap! Idehi enyi ddig Eé“é&lt ug T_éééx?nd' ng
along a closed contour 5 whose sensitivity axis Is substantially

per pendi cul FUiGPlife Ranekof && d Wituct 8r e JedRStactt i ZBEChANEEAE t he

pl ane structigod atthon,s eenvexer egtdedr pel ygnaalqafédt 4k sveebges €8) (k
bei ng t he ordgy of the vibratory node inplenented when the 10 resonator is
set vibratiﬁgr and is suspended froma fixed nount (4, 5) by way of n
suspension arns (2) of substantially radial extension which are arranged

subst anti al lv@he rgmjra&g@l ejé ss‘}rh&é’gc&gnhﬁai L{]gfomtlgrmgg c;il?arred in
claim1, characterized 1n that=the convex regular po ygona? VT bra I ng
structure wae sdepagatiace Pypoyunsls inkenvaks Phti®ims ahdefeeepefit with

angul ar i nt iualsidfs ~b2K, 028ePY i ridie jofe rilER S fnReLYGBRA! vhbrating
structure e pranls ' SnesPloredsong b (9 2 B8 2 Yk 4 2
15 with n # pk, where p is an integer (p € N), or else
n = pk. In the latter case, the anisotropy of frequency
which appears may easily be compensated for by
deliberately introducing a mass defect of order 2k: the
quantity wﬁ;:;, dimensiocnally equivalent to a
20 frequency, is then kept constant over the closed
contour by adding identical masses m every 7/k, with a
maximum of masses placed in the vicinity of where the
arms are built into the resonator. Compensation through
a mass defect of order k (removal of material) would
25 also have been conceivable, but in this case the
sensitivity of the resonator to angular accelerations
along its sensitive axis would increase: this solution

is therefore discarded.

30 By way of example, a device with three identical arms
distributed every 120° is isotropic in terms of
frequency and does not unbalance the resonator if the
mode used is of order 1 or 5. On the other hand, for
operation of the device in a mode of order 3 (k = 3)

35 leading to a dodecagonal structure, it is necessary, in
order to preserve the isotropy, to make provision for
the addition of three masses m where the arms 2 are
built into the wvibrating structure 1 and three



3.. The nechani cal resonator as clainmed in claim1l or 2, characterized in
that, for a vibratory node of order 25 2 (k = 2), the plane vibrating
structure (1) is of octagonal shape and is nade of a crystalline material

With tri gong,b %?I‘/B%telél‘o%, with a cut nade in the X, Y Pé??ﬁn?g)’olf%i%“e of
e, 0 ~fm= 0,

whi ch the v ating Structure exhibiLSZ?n_SO | sotropy materia
Dog, = 0) for order 2. 4. The nechani cal resonator as clainmed in claim3,

charact eri zgdigiR ibhall t hgseekagpnahi L6t | BELtFEEHC! BR8 | SusBEEsPFequart z.
35 5. The ng&?anlqal resonator_as clainmed. in claim1l or 2, characterized in
that, for aPWiBtatd PHIHeS of CHEddIASE]% Lesng tsl’?é’a;ﬁa&r‘?éi’ viEBeY ?ﬁﬁ;y
structure (by mg3of(figdte 02H068906 PCT/ FR02/00344 - 31 5 10 15 20 25 30
35 dodecagonal shape and is made of a crystalline material with cubic
structure, with a cut nmade in a plane containing the X axis, or the Y axis,
or the 725 axidkewyise,r rusleofiaghiveitht hkowr bidenhical rapmsirdiekhibutedan

i sotropy ofemgé?i o (rfmiz =ocl "s = r o@r . T. ni cal
resonator as c iég% i%gc gP%Fqughéfhcgéﬁégeggi%%%ﬁgfn?ﬁéeggaggggﬁna

vi brating stofct wikalangaddhs Fesrassor7. ifhdhfechadpcatse@sdfat ®f as

clainmed in on@e & aidhedet OFr GHACIHRY iZethdthddall t BersgeReasi on arns

(2 ) are n = 4k, in nunber and are angul arly spaced by_an angul ar 1 nterval
of ~/ 2k it 1is necessary to make provision for "four masses m

10 added at the points where the arms are built in (figure
3B). For k = 4 (polygonal structure with 16 sides), it
is furthermore necessary to make provision for four
additional masses m shifted by 45° with respect to the
masses m at the built-in points (figure 3F).

15
Still by way of example, a device with six identical
arms distributed every 60° 1is isotropic in terms of
frequency and does not unbalance the resonator if the
mode used is of order 4. However, to operate in a mode

20 of order 2 (octagonal structure), four masses m must be
added every 90° (figure 3C); for order 3 (dodecagonal
structure), six masses m must be added to the points
where the arms are built in every 60° (figure 3D).

25 If now the number n of arms is less than 4k while these
arms make an angle different from 2n/n between
themselves, the defect introduced 1is a defect of
stiffness having all the harmonics 1, 2, 3 etc. In this
case, the solutions have to be studied on a case by

30 case basis according to the order of the mode used.
Thus, for k = 2 (octagonal structure), a solution
consists in creating a defect of stiffness of harmonic
2 and 4, these two defects cancelling one another out
from the standpoint of the anisotropy of frequency.

35 Four arms are arranged at 45°-135° for this purpose
(figure 3E). For k = 4 (not illustrated), the same
configuration with four arms may also be apt.



by. virtue of which the vibrating structure exhibits an isotropy of
suspension (ifs =0, rocs = 0) . 8. The nmechanical resonator as clained in
claim?2 and as clained in any one of clains 3 to 6 and as clainmed in claim
7, characte t the polygonal vibrating str

sinultaneouhpiﬁg%Hl P?g |sotrop|es of ggometry (Ofg Eﬁéﬁpﬁ%é%)g°6§4and
material (Om= 0, Doc~" = 0) and of suspension (ifs = 0, 0), in terns of
frequency amgogOUPlHragt il 1vigdida: Qﬂ‘f \A&héi,h ithé sa@@ielé& @P%@é@ i8

gyrometric de .or in gyros¢opic no . The cha iC resonat or_as
clained in g’?’&raﬁhnfd %rﬁékéﬂgzﬁqvﬁst% t‘P\% gfg‘r%eq“B‘P Y9Rest ruct ure

w th 4k ver iteestlhle,i Sorade prfotubensaicd |cbmq>ffﬁj@dftt:6d>n%txhhi\@]m tahgonal

structure for = c.stru re for = an the Qr

exhi bi t's bas‘ﬁl&gefy%éan aarﬁ%saof gjf)i‘/g%’fené%\grl ar (aﬁl Q éﬁ%ﬁ &q and in
that sai®dl pdifigomal 4B )br a‘lI‘hag mmet urae hayei @ han fdemtseu sif aghe
furthernore Lo,exilinbak | {fy‘; iZed, E‘Jﬂ% 'C%?:Séé’f‘u&il Ogptry

and/ or that 'the suspension ex east © zed |cat| on, so
that said p@up@ormowlmmm%@s mavo ew%w@e PGTV-@%@F@@BM‘:D 3bhe

structure exlbliig a8 186 3 HaRY sHRABY 3hd G95:0.nE0REy -a@heasdl o an

ani sotropy of suspension (O Olgﬂ espectively, able to co nsat e
for the ani $8trbP§ Ao i &If iS‘)hﬁy k?—*ﬂﬁ‘iﬁ“\‘/mpéﬁ’c?éﬁd RSP
vibrating stetdtlitge @alkiel etchingsoktepy .in terns of frequency (OF = 0) and
coupling (Da = 0) and the resonator is able to operate in gyrorretric node
or in gyroscopic node. 10 10. The nmechanical resonator as clained in claim
1, charact efMiozeghrimetive, t hbhesssspesisdonsr sl {12) threenox floum awmber and

are angul ar | r t o} such
t hat n5k-2 o%eﬁ;&%%%%o\%\ica%r@%aSf}f]n"tq{eég;g%&{alﬁleéép% ?/%\%z;n ¢ & rtgl??ng 15

structure t REFECERESexhiBiashg Haspersignan BAY's oo p\ARI Jsfij%pe‘ﬁ%i’—]én (~f S

~ 0, Dpss adﬁbaht&@dz i kot habssabdopel yganaknei bspbpag &trugt ueendx i s then
devi sed so as urt hernore e&n’aba Iocal i zed defects of qeorretr% whi ch
&?195 ¥a toe

are angul ar Fy¥9FPLet PByY A afdh VeE Sdees« R T a5 e cause a
defect of nemslesf ovfler ozlde\mhl c’h eagendemmtaab]aem sboropy i nfoer asrof

geonetry (O shsp Detrsidd,~ f;ﬁé;f&%f & & T 9fe Ly é‘a%f&tgg{)y of

suspensi on o the i Rey f|C|ent nu suspensi on ar ns virtue
of whi ch saitdnee-PFon[USRBEITgAeEP @Y e tex e tEoxm 1%29@&365%? ter ms
of freqgpency o Ghigkreand coupling (Da=0) and the resonator is able to
operate in gyrometric node or in gyroscopic node. 30 11. The nechanica
resonator as clainmed in claim 10, characterized in that the |ocalized
defects of gaM®iirge,aria sid Lt&is&ﬁ.lﬂte | e sgearch hEovi compéiysof iwhefert he

suspensi on qrITe (2r}lsaort_er CI+lne5<sed Lo ﬁev'l?r[ eftngallstr et u{igléﬁe ggllz The
0

mechani cal resonaaf or al redoT n any one A&t a¥,ter| zed
in that the mtmoeitumglgstrmtuael(s@):repm biak agebeasryoneamifos@trepy of

25 suspension, for example by locally modifying the shape
of the polygonal resonator and/or of the suspension
arms (the latter arrangement being prompted by the
remarks already made hereinabove regarding the
suspensions), in such a way that the anisotropy of

30 geometry and/or of suspension acts in such a manner as

to compensate for the anisotropy of material.

Stated otherwise, the polygonal vibrating structure
with 4k vertices is made of a crystalline material with
35 non trigonal structure for k = 2 or non cubic structure
for Lk = 3, and therefore  |basically exhibits an
anisotropy of material (Af, # O, Ao, # 0) . Said

polygonal vibrating structure is devised to furthermore



WO 02/ 068906 PCT/FRO2/00344 - 33 geonetry (Og ~ 0, Docg ~ 0) , or of
material (~fm$ O, hoc", ~ 0) , or of suspension (Os ~ 0, has ~ 0) , by
virtue of which it is able to operate only in gyronetric node. 5 13. The
mechani cal claimed in any one of the preggdipfos)abska
characterize ?%%P%?P%Fhe mount (5) suprounds the plane C?Era(?ng Structure
(1) and in that the suspension arns (2) are outside the vibrating structure
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silicon while it operates in the mode of order 2
(octagonal structure). To compensate for the anisotropy
5 of material, an anisotropy of mass of order 4 is
introduced by adding four masses m mutually offset by
90°, with two masses arranged at the points where two
opposite arms are built in (in the middle of the
corresponding sides of the octagon) and of two masses
10 arranged in the respective middles of the two sides

perpendicular to the previous ones.

Illustrated in figure 5C 1is a dodecagonal resonator
(k = 3) furnished with just three Z-shaped arms 2 which
15 are built in at the middle of one side out of four. Six
regularly distributed masses m are added in the middle
of one side out of two, three of them being arranged
where the arms are built in. The resonator can equally
well be made of silicon or quartz, the masses m
20 introducing an anisotropy in terms of mass compensating
for the anisotropy of suspension (insufficient number
of arms) 1if the resonator 1is made of silicon and
compensating for the anisotropy of suspension as well
as the anisotropy of material if the resonator is made
25 of quartz.

By virtue of the arrangements just set forth, it is
possible to design a plane polygonal resonator which,
although exhibiting at least one anisotropy of
30 geometry, or one anisotropy of suspension, or one
anisotropy of material, can be compensated so as to be
rendered isotropic (Af = 0, Ao = 0). Such a resonator
is able to operate equally well in gyroscopic mode as
in gyrometric mode, in the same way as an intrinsically
35 isotropic resonator as conceived hereinabove. The
requirement of users needing a plane gyroscopic device
sensitive along a transverse axis (0Z) is thus met.
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structure transverse to 1ts sen51t1V1ty axis,
able to be combined with one or more other vibrating

5 structures whose sensitivity axis or axes are situated
in this same plane, it being possible to fabricate the
assembly in one and the same substrate in the guise of
a monolithic plane device sensitive along three
mutually orthogonal axes.

10
A most particularly beneficial example provides the
plane resonator of the invention, sensitive along a
transverse axis, also with resonating beams 7 that are
carried by a central hub 8 substantially concentric

15 with the polygonal vibrating structure 1 of the
invention (which is illustrated in figure 6A 1in the
form of a dodecagonal polygon with three Z-shaped
suspension arms 2, with six compensatory masses m, in
accordance with the arrangements set forth in regard to

20 figure 5C). The six resonating beams 7 radiate
regularly about the central hub 8 while being situated
substantially in the plane of the polygonal structure
1. The fixing of the dodecagonal polygonal structure 1
by three érms 2 arranged at 120° with respect to one

25 another is the one which is most suitable in order for
these arms to be inserted between the resonating beams
7 while being secured to the central hub 8. The
resonating structure 1, operating in the mode of order
3, can either be constructed from silicon or quartz,

30 silicon exhibiting, however, the Dbenefit of not

introducing any anisotropy of frequency.

The fixing of the assembly onto a fixed mount 1is
performed at 9 on each suspension arm 2.

35
The vibrating structure with six radiating beams
secured to an outside polygonal fixed mount is known
from document FR-A-2 741 151 and constitutes a plane
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which is able to detect the three components Qx, Qy and

Qz of a rate of rotation Q imparted to the mount
supporting the resonator, the components Qx and Qy
being detected by the resonating beams and the
10 component &z being detected by the ring-shaped ox
polygonal vibrating structure with closed contour.
Thus, the resonator is able to operate in gyrometric
mode or in gyroscopic mode on the three mutually
orthogonal axes X, Y and Z.
15
Illustrated in figure 6B is another embodiment of a
plane resonator with three sensitivity axes able to
operate in a mode of order 2 (k = 2). In application of
the arrangements of the invention, the resonating
20 structure with closed contour 1 is an octagon. The
suspension is afforded with the aid of four arms 2
arranged between the outer octagonal resonant structure
1 and the hub 8 of the inner star-like resonating
structure 7. The relatively small number of suspension
25 arms 2 is favorable having regard to the scarce room
available and makes it possible to decrease the number
of electrodes able to sustain and to detect the
vibration of the octagonal structure. On the other
hand, the star structure 7 is suspended by way of four
30 arms, thereby no longer permitting the ternary symmetry
of the embodiment of figure 6A.

To ensure the isotropy demands required by the
invention, the best solution consists in placing two
35 opposite beams 7 of the star structure on the bisector
of the pairs of suspension arms of the outer polygonal
structure. Thus, the smallest angle Dbetween the

star-like beams and the suspension arms of the
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5 will preferably be quartz, owing to its isotropy in

terms of frequency for order k = 2.

The fixing of the entire structure to the support mount
is optimal with four points of attachment 9 placed on
10 the suspension arms 2, this position making it possible
to find the best compromise between, on the one hand, a
central fixing for the outer vibrating structure with
polygonal contour and, on the other hand, a fixing to
the ends of the frame for the star-like inner structure

15 with vibrating beams 7.

One thus obtains a structure sensitive along three
measurement axes X, Y and Z, the axes situated in the
plane of the cell being limited to the gyrometric mode
20 of operation and the orthogonal axis giving access to

the gyroscopic mode of operation.

Of course, the field of application of a resonator in
accordance with the invention is not restricted to the

25 embodiment of a single sensor sensitive along three
orthogonal axes, and the plane resonator according to
the invention opens up the possibility of grouping a
multiplicity of sensors of various physical quantities
onto one and the same crystalline substrate, silicon or

30 quartz in particular: these quantities <certainly
include angular variations about axes X, Y and Z, but
also acceleration, temperature, pressure, etc. All
these sensors may be manufactured on one and the same
plane monolithic crystalline substrate, thereby

35 permitting the embodiment of highly compact
miniaturized devices able to be fabricated at lesser
cost by known techniques of chemical etching, laser
etching or the like.
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5 the same slice the X-wise, Y-wise and Z-wise gyroscopic

sensors and the X-wise, Y-wise and Z-wise
accelerometric sensors. Such a layout is illustrated

very diagrammatically in figure 7. The substrate 10,

made of an appropriate crystalline material such as

10 silicon or quartz widely used for such applications,
incorporates a plane Z-wise sensitive resonator

disposed in accordance with the invention, as well as a

plane X-wise and Y-wise sensitive resonator, that is to

say one which 1is sensitive in the plane of the

15 resonator, which may comply with the teachings of
document FR-A-2 741 151; more advantageously, these two

resonators may be combined as set forth hereinabove

with regard in particular to figures 6A and 6B in the

form of a plane unitary sensor 11 with X-wise, Y-wise

20 and Z-wise gyroscopic mode of operation.

With this gyroscopic unitary sensor 11 is associated a
plane X-wise and Y-wise sensitive accelerometric sensor
or two respectively X-wise and Y-wise sensitive

25 accelerometric sensors, at the same time as there is
provided a plane accelerometric sensor sensitive along
the Z transverse axis. Plane accelerometric sensors
such as these are known to the person skilled in the
art.

30
By way of example, it will be possible to implement
three monodirectional-sensitivity sensors angularly
offset by 120° with respect to one another, one 12
being sensitive along the X-axis and the other two 13,

35 14 being sensitive X- and Y-wise: a differential
processing of the signals from these three sensors

makes it possible to obtain the acceleration components
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may be of the type described in document
FR-A-2 685 964.
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1. A mechanical resonator with plane monolithic
vibrating structure extending along a closed contour
whose sensitivity axis is substantially perpendicular
to the plane of said structure,

characterized in that the plane structure (1) is convex
regular polygonal with 4k vertices (3) (k being the
order of the wvibratory mode implemented when the
resonator is set vibrating) and is suspended from a
fixed mount (4, 5) by way of n suspension arms (2) of
substantially radial extension which are arranged
substantially symmetrically.

2. The mechanical resonator as claimed in claim 1,
characterized in that the convex regular polygonal
vibrating structure with 4k vertices possesses
identical patterns which repeat with angular intervals
of m/2k,

by virtue of which said polygonal vibrating structure
exhibits an isotropy of geometry (Afqy = 0, Adg = 0).

3. The mechanical resonator as claimed in claim 1 or
2, characterized in that, for a vibratory mode of order
2 (k = 2), the plane vibrating structure (1) is of
octagonal shape and is made of a crystalline material
with trigonal structure, with a cut made in the X, Y
plane,

by virtue of which the vibrating structure exhibits an
isotropy of material (Afm = 0, Ady = 0) for order 2.

4. The mechanical resonator as claimed in claim 3,
characterized in that the octagonal vibrating structure

is made of quartz.

5. The mechanical resonator as claimed in claim 1 or
2, characterized in that, for a vibratory mode of order
3 (k = 3), the plane vibrating structure (1) 1is of
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containing the X axis, or the Y axis, or the Z axis,
by wvirtue of which the vibrating structure exhibits an

5 isotropy of material (Afn, = 0, A0, = 0) for order 3.

6. The mechanical resonator as claimed in claim 5,
characterized in that the dodecagonal vibrating
structure is made of silicon.

10
7. The mechanical resonator as claimed in one of
claims 1 to 6, characterized in that the suspension
arms (2) are n = 4k in number and are angularly spaced
by an angular interval of m/2k,

15 Dby virtue of which the vibrating structure exhibits an

isotropy of suspension (Afs = 0, Aos = 0).

8. The mechanical resonator as claimed in claim 2 and
as claimed in any one of claims 3 to 6 and as claimed

20 in c¢laim 7, characterized in that the polygonal
vibrating structure (1) simultaneously exhibits
isotropies of geometry (Afg = 0, Aoy = 0) and of
material (Afm = 0, Ao, = 0) and of suspension (Afs = 0,
Adg = 0), in terms of frequency and coupling, by virtue

25 of which it is able to operate in gyrometric mode or in
gyroscopic mode.

9. The mechanical resonator as claimed in claim 1,
characterized in that the polygonal vibrating structure
30 with 4k vertices (1) is made of a crystalline material
with non trigonal structure for k = 2 or non cubic
structure for k = 3, and therefore exhibits basically
an anisotropy of material (Afn# 0, Aoy # 0), and in
that said polygonal vibrating structure (1) is then
35 devised so as furthermore to exhibit at least one
localized modification of geometry and/or that the
suspension exhibits at least one localized

modification, SO that said polygonal vibrating
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structure exhibits an anisotropy of geometry (Afy# O,

Aog # 0) and/or an anisotropy of suspension (Afg# 0,
Aos # 0), respectively, able to compensate for the
anisotropy of material,

5 by virtue of which said polygonal vibrating structure
exhibits an isotropy in terms of frequency (Af = 0) and
coupling (Ao = 0) and the resonator is able to operate

in gyrometric mode or in gyroscopic mode.

10 10. The mechanical resonator as claimed in claim 1,
characterized in that the suspension arms (2) are
n < 4k in number and are angularly spaced by an angular
interval of 27/n, with n chosen such that n<k-2 or
n2k+2 with n # pk (p integer), the polygonal vibrating

15 structure therefore exhibiting basically an anisotropy
of suspension (Afs# 0, Ads # 0) and in that said
polygonal vibrating structure (1) is then devised so as
to furthermore exhibit localized defects of geometry
which are angularly offset by an angular value of m/k

20 and are able to cause a defect of mass of order 2k
which engenders an anisotropy in terms of geometry
(Afg# 0, Aog # 0) able to compensate for the anisotropy
of suspension due to the insufficient number of
suspension arms,

25 Dby wvirtue of which said polygonal wvibrating structure
exhibits an isotropy in terms of frequency (Af=0) and
coupling (Ao=0) and the resonator is able to operate in

gyrometric mode or in gyroscopic mode.

30 11. The mechanical resonator as claimed in claim 10,
characterized in that the localized defects of geometry
are situated at least in the vicinity of where the
suspension arms (2) are linked to the vibrating
structure (1).

35
12. The mechanical resonator as claimed in any one of
claims 2 to 8, characterized in that the wvibrating

structure (1) exhibits at least one anisotropy of
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10
14. The mechanical resonator as claimed in any one of
claims 1 to 11, characterized in that the mount is a
central hub (4) substantially concentric with the
vibrating structure (1) and in that the suspension arms
15 (2) are inside the vibrating structure (1).
15. The mechanical resonator as claimed in claim 13 or
14, characterized in that it furthermore comprises
resonating beams (7) which are carried by a central hub
20 (8) substantially concentric with the vibrating

structure (1) with closed contour and which radiate
around said central hub (8) substantially in the plane
of the wvibrating structure with closed contour (1),
by virtue of which the mechanical resonator has all its
25 vibrating elements (1, 7) situated substantially in one
and the same plane and is able to detect the three
components Qx, Qy and Sz of a rate of rotation Q
imparted to the mount, the components Qx and Qy being
detected by the resonating beams and the component Qz
30 Dbeing detected by the vibrating structure with closed
contour and by virtue of which the mechanical resonator
is able to operate in gyrometric mode or in gyroscopic

mode on the three axes.

35 16. The use of a plane mechanical resonator sensitive
along the transverse axis to operation in gyroscopic
mode as claimed in any one of claims 11 to 14, within a

plane monolithic gyro-accelerometric inertial sensor
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able to provide the information Qx, Qy, Qz and Yx, Yy,
Yz



