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general mepgepal@sggokhe fiel d of nmechanical resonat gbg /4ed2009342
gyronetric or gyroscopic inertial sensors, and |t more particularly relates

to such nechanical resonators which oss | ane nol i th| vi brating
structure mEGENAR MECHANIGRL M% a‘%: eﬁr‘%gGaWO% Bstrate and

thus able to be fabricat ePERFENDDOURARI ®OalITSe®RLANRUeS of chemi cal etching,
| aser etching or the like which are comonly used for the fabrication of
m crostructures. 15 Enbodi nents of such nechani cal resonators of planar
type are nmhadmsamerbnsenﬁhun ree]m ois sengehevel ahamgeantaxi s
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964) and resonators —sensitive a ong Nal~ axes containéd in the 20
pl ane of tgrercpuaebnacoprargarmss:cpm\mnermaéx@masg’rsm VR FRImEZE). A

rechani cal oL es008] QL1 t BeybBal |19, Staal UrfecRihendi N0, 8LaRd B! 0sed

annul ar coRt olr o | Gition 25 or square contour sensitive along an axis
per pendi cuvaiclo RARSgRInd aPlane rlwlﬁg]alt@?m s Valbs@ tmsin SEFBE EuERanpl e

EP-A-0 461,764d) ofHovxglyera pbRbpriiaeen rrﬁé@é‘é‘i&’l XRRIrte@N BRI sgtropy in
terms of freq uencg@so that its use remains limted to a gyrorretrlc node of
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node of opesaténdiohaw, tbehmqsleat w&same:ﬁl@henandc&heﬁguseuastaer a plane
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is able tof f) +%?e n e. 37° pISSNEP Fes5REt or
sensitive Bhbngcahier oﬁumuarbytunt:hug‘esal axes, with two axes (X and Y)

15 Embodiments of such mechanical resonators of planar
type are nowadays numerous. Thus, resonators sensitive
along an axis contained in the plane of the resonator
are known (for example FR-A-2 685 964) and resonators
sensitive along two crthogonal 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 is at present a demand from users for a
plane monolithic mechanical resonator sensitive on a
35 perpendicular axis which 1is able to operate 1in

gyroscopic mode.

A planar monolithic resonator sensitive along three

mutually orthogonal axes, with two axes (X and Y)



+O2 AUG WO 02/068906 PCT/ FR0O2/00344 2 contained in the plane of the
resonator and with the third axis (Z) perpendicular to the pl arﬁﬁ)mm

resonat or,yd 9B/ fésdgewn (GB-A-2 318 184). However, pgdyprOYbO84@XNI bits
very little sensitivity. 5 Therefore, sgthere is at present no known pl anar

nonolithic resonator sensitive along three mutually orthogonal axes which
is correctdontisicled ednanthevhpianesighaktheanesasityr ubndi 2aidte, the

particular_in 10 gyroscQpic sensoré. Igagragticg t he. embodyi.ng Ta a device
sensitive ":ffld?fé S hr e r HETRFRGIGRERT ctiPrehPPy BAFFS uBbn SRSassenbl age
of sever alresc&saonai,or s eadlsensinowe al@ghohel b8 ﬂ.&/é)axeﬁowaderarr_anged in
appropr ! Al i\ AL SRELIAL 0OV ONSe <18, TBhS bYRE O, setup, Lo il ch

recourse i s nm resent out necessity, proves-to be expensive and
bul ky. SNow, there is at present a pressing denand fromcertain 20 users for

the avail afididpnQf, nopgLi-khi ¢ sengers osansid i VEoon idHke %19999”3' axes

whi ch are as 1 nexpensive as possible, |n particul ar when they are intended
for singl el it GequEgSIRIEPF esSBRSHEIRD 2hPRY| | BRYe8heRREURSEYexanpl ),

and whi ch g¢ehforldle 2reLOMRSLCIPOSSI w&zmadqysolaélheeaeaa{aewh@see housed
in an environnment where the, om av ZFE’IG IS very cranpe (for exarrple

war head ofSiFRfiHed2ERel I%aSJT alurthl &S nvehti oR3rE

essentpal |gyhdsccidr eposwran i Tpr opedcsicyct uxfweamnezddyﬁagl Saffy aari ous
practi cal ‘%ﬁﬁ ui renents, while retaini g’] the 1Eﬁ/anar 6:)/ nmonol ithic

structure |3568F§'t&ﬁlearl Pehef | T eaddit G e sHiffness of
t he devi cesutdemttliyt nwledsls i t ypassi blea toafsabmbclage andft heseeéndlve

sinplicity Qfo3xddle Galtl caLhoRcRLACEsfotll GRPELT LS, Y OLWIR  and
arranged 1in appropriate relative spatial positions.
15 This type of setup, to which recourse is made at
present out of necessity, proves to be expensive and

bulky.

Now, there is at present a pressing demand from certain
20 wusers for the availability of monolithic sensors
sensitive on three orthogonal axes which are as
inexpensive as 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.



production, or even high-volune production with reliable mansggmm
geonetries of very high accuracy. 112AUR% WO 02/ 068906 PCT/ F

The i nventy®rod sodesesl on the fact that the enbodyi ngcrpfropgobBak sensors
able to afford a gyroscopic functien3equires that the vibrating resonator
be 5 isotropic, in particular in terns of frequency and gyroscopic
coupling. In a general manner, regardless of the order k of the vibratory
node i npl agl sy op h i opy of

ayr oscop LB EaEBePgiaar e r e re deiSoraEf Bar it 1nBPaPRhEEY D or
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al gebraic sumo terns zero at 1sto say if
the al gebresimplsun cfssemPter nef mﬂ‘-éﬁlﬂ-ﬁ&eﬂﬁl d@amsy a]rlénlrf@err'éhel s zero,

the third J&sdnitsel f ReinaA8F0 thetgpxamy e Mg +ohsiTdd Wikhe
participating in the rigidity of the structure and

15 perturbing the deformation curve of the two modes
useful for the gyroscopic function) and/or a defect of

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 Afy;, an anisotropy of
suspension Af; and an anisotropy of material Afg:

25 Af = Afy + Afs + Afg

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

30 if the algebraic sum of the terms Afy;, Afs 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
Afg # 0 and Afs # 0, and Af, = 0), or else if the

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



Og # 0 and Os # 0, and Om=0), or else if the 35 algebraic(’ms?‘g?,
three terns, which individually are non zero (Mg # 0, ifs # ( # ,

is zero. % AL adéedos WO 02/ 068906 PCT/ FRO2/ 00344 4 phi,/FRE298G8B4waY, the
ani sotropy of gyroscopic coupling (erg)(err) can be deconposed into an

ani sotropy of geonetry Day, an anisotropy of suspension Acts and an

ani sot r opyrn of h&ateamealvays, , the SaAtssbagpPastparprdscoptler cbapliheg

ani sot r opy, of roscopi c coupling.Act to be zero, it is sufficient for each
of the Lo CBAY)PEr IEITHOoGD ARS il BLISOTIPRE £dr oS SME AR sot ropy
of gyroscajc aouphingtAopywidfi wespensionl &0, iafd len akgébparopgum of the
terns Dag, p% 99?. am at | east sone of which are not zero, is zero. 15
The presen? i'nven I%]I’S] fmsc‘“'based on these constraints so as to propose a
sensor 5able to afford not only a gyronetric function, but also a gyroscopic
function (basically zero anhgot__rg L+ QRo= Diadhat is to say Afg = Afs =
Afm=0 or Afg + ifs + Aim= 0, and"Aa = 0, 2 hat is to say 4ag = Das =
Dam= 0 or Acig + o(Xs + Dam = 0). For these purposes, the invention

proposes ar{TeghaBiCalor resONahekoWirbypl eneqeBakbbiibc s Blidgs! r uct ure
25 extendi ng al ong a cl osed contqur, ose sen5|t|V|t¥ axis is substantially
per pendi cUl%rPe c2€Fe- pthnéSofuddiiFiedtty fQurRChP EntRes5REMST Adei ng

dlevi sed i maccondanes w4 tBet fbeelﬂmyemFborhnii@@ftahgs;aEb@rigyﬁlo'sa%%haL Lh_e
pl ane structure is,cony egul ar_ pol.ygonal_ wi.t vert]ces ei ng
t he order TR %i%‘?‘a‘f’big hﬁdéefﬁpl arehred b WHiEh 3 HEERERLRAT W P(sr set

vi br ati ng)tendceésmsudpgndad,s andmAmf,i >eed Teamt bypmeay fofwhi usaeasi on ar s
of substapd aldy, radial extension which are arranged

15 The present invention is based on these constraints so
as to propose a sensor able to afford not only a
gyrometric function, but also a gyroscopic function
(basically zero anisotropy: Af = 0, that is to say
Afg = Afs = Afp, = 0 or Afy; + Afs + Af, = 0, and Ax = 0,

20 that is to say Aog = Ao = Aoy = D - or
Aog + Ao + 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



substantially symetrically. 35 In a first preferred enbodi rrent ghﬁég
regul ar polygonal vibrating structure with 4k vertices possesse
patterns ywai ¢ /ro%@?%ts with angular 23 . WO 02/ 0689@@H&H o 7d $§844 5
intervals of (err)/2k, by virtue of_which said poI ygonal vibrating
structure exhi bits an isotropy of geonmetry (Afg =0, A%=0) . 5 Thus, by
virtue of ihRerganangeenryakof Bheviideenrt ion, whick bsaidngpaitygeshare is
defined whi.ch i s conp| et el invari.ant under .rotation agout a transverse

i 5 (2 B PER R g0 T BB BEEPOr MR B 25 EPOKEOPe ConHBONS Lat ar

pol ygon wi(ilfi; 4k werdages havi ng an angul ar 10 spacing of rz/2k is invariant
for the vibratory node of order k. Such a resonator exhibits no defect of
geonetry of orders k-1 and k+l, so that this structure is naturally

bal anced Chnsendivt miirtopet @ fextles et rangémen os yopecher bavieotspn ,Thais, for k =
2, e, box880.cARgl O <BLR0LA Ol 2gRR HCNLEIDS! | Ll OB oRBlAE StTUCtUr e,
sensitive o ro ions a out thé transverse ceéntral axis axi 335

geomet ri cahvarbangnceddand rotsat¥opi @bdautt ernstvdngeenser yaxbehaldng i ke a
ring resapabor el Anaew{BAlLY- ol RiANCoECSANAOT & SchbuTSARfdped, their
def ormati on curves being contai ned substantially in the plane of the

r esonat or regHéagenBPLY9IBNaxVitldf 4uchHertie@dndidafineg @Fer én6idel ar t hogonal

to the pl apacohgt b wRic! psednsheughyr @orAS:I'fe'irvﬂQﬁ‘\é@ér*}h&oa@' ot ropy of
material isS _concerned, . the anisotropies of re uency and of gyroscopl o

coupl i ng 8F8S%er &-i f FHE cohstTTIRM tPat eFFRHD b’f"st h’§°30 deésShat At i s
nat ural | ygespbrepi of Nowdeddekeryahal ldHle so that this structure

is naturally balanced (insensitivity to external

cal

vibratory perturbations). Thus, for k = 2, the polygon
15 1is a regular octagon which constitutes a plane
structure, sensitive to rotations about the transverse
central axis (Z axis), geometrically balanced and
isotropic in terms of geometry, behaving like a ring
resonator.
20
A new family of plane resonators is thus defined, their
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 1f 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



materials commonly used in this field by reason of their qualitiﬁs
(possibility of mcro-nmachining by chemical etching, reduced int r&ms 2005

| osses angot Berekeses high Q factors) - nanely quartpemgitkodAdexyy - are 35
ani sotropic, except for orders k of_-cgrtain detected vibratory nodes, which

are specific in correlation with the symmetry of the crystalline materi al
and for whhib tatE6i200pro@DHDEBO06sPEFOPRO2AA6344 th tihte smyteer i al
proves to ?e igotroﬁ ¢ an with the angle of cut of the wafer. Under these
condition§; §¢ oPgi é t 84St her preferred 5 enbodinent, for a vibratory
node of order 2 (k = 2), the plane resonating structure is of octagonal

shape an t d P stalll : i a A iganal ptructure,
in parti cgpgrg%l}g%srzé? c\?\?r?%lglg{ﬁ%’ %& g&ﬁﬁ%ﬁlg%@%ggg, tp[gly Vi rtel?z of whi ch
t he vibraemhgdi®estr uciarn eaexhilbfatory mocker opy ofrdeat edi dik F{ &r)fm = 0,

Dam = 0) tQe Ydale KrasdnaklikeM s€rufllhird Vidraory-ipgenef wdgye 3 (k = 3),

the plane resonating structure is of dodecagonal shape and 15 nust be nade
of a crysfafli fEskat &9 amade h ¢hibik sEFYeEatéinen pacerdailar “&ih con, with

a cuttingtphgBfalcaudidiige | ha lOZpaxt sculhrt heudde 2Xi &itdr dhe @Y axis, by
virtue of wglch th?1 vi brating structure exhi |tﬁ,apl sotropy of materi al
(Afm = 0, PREFr }ReFPAPMOX Y0P 31 orfer VKE 18, OL o611 fRa Feh & BFPERET ed
enbodiogenkLrpeeuirsi oexhsbihede 4or iddweraispetsi pactarialt o(hf, & 9,4k in
nunber an to_b@ gn ul arl1¥ pgc?d by an angul ar interval of tt/2k, by
virtue of ich )th ° i%lf%? ng stfucture exhibits an 25 isotropy of
suspension (Afs = 0, Aas = 0). According to yet another nost particularly
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plane resonating structure is of dodecagonal shape and

15 must be made of a crystalline material with cubic
structure, in particular silicon, with a cutting plane
containing the 0Z axis, or the 0X axis, or the 0Y axis,
by virtue of which the vibrating structure exhibits an
isotropy of material (Afnm = 0, Aoy = 0) for order k = 3.

20
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 =n/2k, by
virtue of which the vibrating structure exhibits an

25 isotropy of suspension (Afs = 0, Acs = 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
(Afs = 0, Aos = 0) and an isotropy of material (Af, = 0,
0)

in accordance with the arrangements set forth

Aty 0) and an isotropy of suspension (Afs = 0, Aoy

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



30 simul taneously exhibiting an isotropy of geonetry (Os = Oesgwg:m and
an isotropy of material (Afm= 0, AamO0) and an isotropy of suspension (4fs
= 0, Aas fo0ha/bBeaggordance with the arrangenments seip/friddyodi£i nabove,
then this resonator is conpletely 35 4sotropic in terns of frequency and
coupling coefficient and it is able to operate not only in gyronetric
node, but raksfakBroWREeHYre NEsepl Seshwd th? SHde 2005 t KA rE2f ERID6
PCT/ FR02/ 0Q344 7 resonator therefore conplies with some of the requests of
the users°THEWBVEFS Pt is al so possible to conpensate for 5 anisotropy due
to the material by introducing a |ocalized nodification of the geonetry of
the resongto anisaqtro of one, . / or__of Si
(anisotro%%wéyegﬂspéﬁéiog iﬁlgﬁéh %5%%§§?%att¥%e ééé?gﬁggg?elﬁﬂthroduced
ani soty opgnigebrepyy ahd ortd0 shepemsiten)iadonpensatssrbducthg na ur al
ani sotrop : l.Li rd u ordj
prefer redxge_ %é%angn@?&?tﬁgcggpégg?aﬁ %/k?ébr%?%t S?I’é(f:t g?% %S{a%a}%rserti ces is
made of a(@RySPEKFPPHe RAt elgegMafmh rR49F gonhl ShepucBWSPENGioR = 2 or non
cubic struyghitee8p{orok =3spaRdibhgr efQr esexihi ki t syRASitaRld ¥ taf
ani sotropy of_ materi al (,Afm#po, Dam # 0). Said polygonal vibrating
struct ur eQp3iPREALELY adBGF@SHEED widh SHeF IR ent FBANCHEY| s88d@Tas
f urt hey noEgspensesh) bidorserd Rasds oferl aaad | zaduradi fagpsdOroey @gonetry 20
and/ or the susgensi Oﬁ exhi bits at ]east one Local i zed (godi fication, so that
sai d pol yGBRal A rAttHYE S RiAe &5%bi t SPHR- anfSoeTObYT ofSYebnet ry (Afg
# 0, Dagp#eb¢raad/ embadiaensot rdpy mélyspehsvdbriAisg 8trubasiré 0),
respectiv I . S aol-the i o] .mqaterial, by
virtue ofﬁ\%\%%‘lc%gsgﬁggl%%%ggnga%% b#%t%ln% ?%jé?ﬁ%é @éﬁ?%llgg g’%t?lsotropy in
non trigonal structure for k = 2 or non cubic structure

15 for k = 3, and therefore exhibits basically an
anisotropy of material (Afm# 0, A0, = 0) . Said
polygonal vibrating structure is then, 1in 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, =Yo) that said polygonal vibrating
structure exhibits an anisotropy of geometry (Afy# O,
Aog # 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 (Aa = 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.



terms of frequency (O = 0) and coupling (A(x = 0) and the reﬁczmm
or

able to operate in gyronetric node or in gyroscopic node. Suc

al so conphjeoMddsaod® sone of the requests of the usefsrrE®foE¥a4PI e it is
possi ble for a resonator according tog the invention nade of silicon and

operating at order k = 2 to be rendered isotropic by adding four identical
35 masses rimedrgd,y destird bpbedibned/ ofobyanugidyt H1g rekenaziorf fineds of the
arms. 02 WD 02/068906 P%/ FR02/09344 -d8 Li k%wi se, it |C?%) si_b%e for a
quartz reSGTAEGH%ade® HETordYRYTEE t RBY SRERAGRaRtf dpestat i g~ at order k =
3 to be nender erbridatedpisotwyorildi by siddinge stixcaldarassesl massesnl y

di stributed .gnd/gr. A i.f Vi i £f.n Lo .0f t Lkew se, it
i S possi blugllglérrlnf%ebé/hlu%elrg&o% Cgu%lgg{é%o%y gﬁrﬂslt?’ol%ge "Jclﬁeogstéﬂf?foﬁ%%gdi fferent
(I ower} frodmtiiee anmavber advocat ed above (n = 4k) in order to obtain 10

i sotropy of suspension: the reason nmay for exanple be due to insufficient
free space to receive n = 4k suspension arnms (n = 8 suspension arns if k =
2 and n Eikewggspenst oasamassible =3y the pawwben| &f ishsprRNSE@Be of

mini at uri zgehs0yr9saaPi crddcesot ge afier feberdtendilpe d0 berdgvelioped at
present. Under these conditions, accordi ngét 0,anot her preferred . enbodi nent,

the suspeFefTar REVEFEtR% 2ROVE ndRbar 4RkdndiBr ePBAGHI aFPy PEREY by an
angul a5 i NisRt¥Ipy0fo20sgspbhBioti:t e CheaeBnsuely t hat R%alpd Oro@2: k+2 with
n # pk (p jnteger),. the ‘gj?lé/%gnal Vi brat i ng structure .therefore, exhibiting
basi cal |y ani%ot cIdlspehEPSn FRAESH G° AZELSei® . SaT ol ygonal

vi br at i ng suspenctivne agmshefn devBsesispensicaor damce \Wift hkt he225anmdivent i on,

Zﬁgﬁf; onfngﬁ *Sie[ 'Eg{/sepaeﬁ%@ié}ltakﬁga'iifzqg - agfects gL g8RUELLY high are
case of miniaturized gyroscopic devices that are

15 tending to be developed at present.

Under these conditions, according to another preferred
embodiment, the suspension arms are n < 4k in number
and are angularly spaced by an -angular interval of
20 2mn/n, with n chosen such that n<k-2 or n2k+2 with
n # pk (p integer), the polygonal vibrating structure
therefore exhibiting basically an anisotropy of
suspension (Afs# 0, Ads # 0). Said polygonal vibrating
structure 1is then devised, 1in accordance with the
25 invention, so as to furthermore exhibit localized
defects of geometry which are angularly offset by an
angular value of m/k and are able to cause a defect of
mass of order 2k which engenders an anisotropy in terms
of geometry (Afg# 0, Aoy # 0) able to compensate for
30 the anisotropy of suspension due to the insufficient
number of suspension arms, by virtue of which said
polygonal vibrating structure exhibits an isotropy in
terms of frequency (Af=0) and coupling (Aa=0) and the
resonator is able to operate in gyrometric mode or in
35 gyroscopic mode thus complying with some expectations

of the users.



angul ar value of Tt/k and are able to cause a defect of nass ODQQQM @g?
whi ch engenders an anisotropy in terns of geonetry (Ofg # O, e

to compensgl 4 Ygedbd he ani sotropy of suspension duﬁc'f:%'ﬁbﬁ bBskhficient
nunber of suspension arns, by virtue @of which said po ygona( vi brating
structure exhibits an isotropy in ternms of frequency (O =0) and coupling
(A(X=0 ang thier1 Nesonstod tBaabhié ho=-O0per,attthd NrQysaBSF | 6xADBEL8r in 35
gyroscopi ¢ node thus conplying with sone expl_?ﬁati ons of the uiir S.

2AUG21) 85 SANDFSREERRY PEH FROSRISHAD iR ¢ BRIASt BRENEELTY n = pk,
the resonaddgrarydi bits an ani sotropy of suspension, while being naturally
balanced. 5 In this case, the conpensation will be nore effective if the

| ocal i zed defects of geometry (in particular addition of nasses) are
situat®d am | €lass icaskhe the ctompgnebhtiber evilie baspens oaf feosiwee | i nked
to or built inpto | ti cture I he.cas resonat or
made in aclcft)rggl%ce}'(\?\ng?#%ﬁe c?énlf;/geén %’Ior? ac 8?) |ert1:grh{ o?%grtﬁ?%@g{:g%%g f or egoi ng
ar r angenemdsligxiirbi tof amdsswest) ordranisiotuapsdofat gebarsty {Af gthe, Dag #
0), or at J: . i o] 1 el f "5%3 ) m-Or at

| east one Jlgﬁ'?fslo?}r]g%?n% Qgésgéﬁs?’ﬁ%A sﬁiﬁd S%mggs%goglt en#tt i%r resonat or
i s not corplidtteliynticsdiroplidnat krg st BECt R ¥Fequency and/ or coupling
coeffjgient and it is able to operate only in gyronetric node, wthout
being able to_ 20 be utilized in gyroscopic node. As far_as the, suspension
of the viFrattHy SEFGcidisEFs 2 ES%EE?EQ&T TR e§Br FACESL BRI e"Sot ut i on
adopt ed onHeheinbaaksoal &bBeoafivhgsatdl seinddionsofitthe ppssédbengo 25

contrive matters 4 thatythe pount syrrounds the . nisotropy of
geometry (Afgs# 0, Aog # 0), or at least one anisotropy

15 of material (Afmn# 0, Aogn # 0), or at least one
anisotropy of suspension (Afs# 0, Ads # 0), then this

resonator 1is not completely isotropic in terms of
frequency and/or coupling coefficient and it is able to
operate only in gyrometric mode, without being able to

20 Dbe utilized in gyroscopic mode.

As far as the suspension of the vibrating structure is
concerned and 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 vibrating 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 vibrating 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 1is all the 1larger the higher the order k,
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



pl ane vi brating structure and such that the suspension arns areg)mjgugezme
vibrating structure; or indeed also that the nount has a central

substanti %\H Yo W&I’I c with the vibrating structug %?ﬁﬂoé?ﬁbﬁﬂe 30

suspensi on arms ar€ 1nside the vibrat{mpg_structure. wever, 1 n the case
where the nunmber of arns is equal to 4k, or close to this value, the space

occupi ed Ry p e A rrssﬁr%@»&\hréh%i@ageaw@dhla@@eoabe ofgdgh Kenikhereby

|l eaving little p055| bility for optimzing _ the 35 stiffness of the arns
nmaki ng it §509% bPE W69t apRA | Pﬁété§§éa6f %%l K eSRBR tTcesWikBchani cal

decoupl i NGed¥Ad1 tRELPOIiRL i1 At bécm&ﬁﬁlcﬁ%ﬂl @@r FhGoardne i fiollhg case of
the central_hub wnth the arnms inside the 0O 2 VWO 02/ 068906

PCT/ FRO2/ (f344°%  qdeqy bilat iRAF shFHkatr w%h éPo S IDUPTORFSM t hi s

poi nt gf wvkews agmklimn, particular for resonators with central hub, it wll
be beneficial to favor the nodes of low order, in particular k = 2, so that
the product 5 4k is small. In addition to the aforesaid advant ages achi eved
by virtuernf atife tiiepl egent giié om ffresamhokidiang ageshaachakbvedesippat or  of

I t t t 10 d th
e nventi it v FBRAErEhE AR 0o ofed debai e phedfaifeel for o
functi onaldesxc@atumi off sucner r egpaatsendirt iaec o tang e a V\trdmsmerseaventi on

wth gore%%l%t or of Q!L?zl it YRE- ?s]recggr}éév%,%acl ong;an %{/3&% &‘uz% or al ong

two aXes con i ane o he Vi brating s ure in
such a ma;adaisttt@rtﬂdt aiadamptagre dehi cln esgrat @ossEpslitye @afong two

axes (X ZQfctlorfdl BF éb%@n&ﬂbeesuc%(eé (Kesohatédr gﬂ PAE L Lo Ak e

possible to envisage that the nechanical resonator devised as 20 i ndi cat ed
in the ab&iEhatBgr apRvBBLEBRDI Wb wid h ZesoRsdeai €41 PE3BAAt oFYPRWVI ng

resonati ngheans Wi £1o@g€an axis (X or Y) or along two axes (X,
15 Y) contained in the plane of the vibrating structure in
such a way as to obtain a plane monolithic resonator
sensitive along two axes (X, Z or Y, Z2) or along three
axes (X, Y, Z). In particular, it 1is possible to
envisage that the mechanical resonator devised as

20 indicated in the above paragraph be combined 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 wvibrating structure with closed contour,
such as the resonating-beams resonator described in the
aforesaid document FR-A-2 741 150, by virtue of which

the gyrometric or gyroscopic device has all 1its
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
compornients 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



carried by a central hub substantially concentric with the vi bmaai Eﬂ
structure with closed contour and which radiate around said ce Bumﬁf)

contour, R Bae5RE 7 cBonat i ng- beans, resonator deskt FAERCPAOPRET R or esai ¢
docunent FR-A-2 741 150, by virtue of

. : ) which the gyrometric or gyroscopic
device hascallsids cWebrallilgeebegenis shiuals Ijand gne and 30

j nt ial
t he sane p?ane J(p SSi billﬁét_y of “nonol it hi ¢ enb(;%g)l ment < a‘rclg i's able to detect
t he three ebponemenqlathic (&asopadfr 52Z2pgPle raPé of Prevadisg 2

imparted tp.ihe s e GRERONGRES 83X, aBd cBydeiingadetkect edeby the

resonating beans and the conponent z being detecCted by the 35 vibrating
structure a%eh dRosed) conttvirtedhidr Bheviptareofok héhgr r BATRABALE in

accor dgnce,aiid 11RecbAVay | ORe ighroheRSE bhsde DY FARSORIE Akl ¥nQ2AUB0 VIO
02/ 068906 PCT/FR02/00344 - 11 choosing the paraneters of the resonators, to
make a plEHRe PORRPIIME RB38nALOr IEXFAF &SFeSH oW dFgy IVEBSEPRAENt s on

three nmut yaddey Of thveesned oaxesthkhe reanesteXofY)td twded dPet hRuB! ane of
t he resonator 5 b§| r‘l& lLimted. to th rometric rmdeé of . operation and the
5%%)

gy
or t hogonal S48 i g YAddEds &S hEXGYPYSLSpi €F nbBE oPrBPeREti on.
O her requestentifort he users are thus conplied with, within the franmework of
t he piﬁsent invention. 10 In a yet nore general manner, the nonolithic
resonator of planar type in accordance with the invention can be
i nt egr at edlri nd oyatphare mErerdhinasheuct the oformichthikastesomppdicati on

gr oupi ng. tooﬁ%gfﬁaé 9%&3'&5 Yo o ki Pl ANGs SENSALS 10, NI QUS4 PSS, not only
gyronetric or gyt 0oScopi C Sensors, but ~al S0 pressure sensors,

t enper at urimtRgrdred énco |a plemiecunrarnelipbifnvegtuerure of much
vaster application grouping together a plurality of
15 plane sensors of various types, not only gyrometric
and/or gyroscopic sensors, but also pressure sensors,
temperature sensors, etc. In particular, the invention
makes it possible to embody a plane integrated
monolithic structure, able to afford a function of
20 accelerometric detection with respect to three
orthogonal axes and a function of gyroscopic detection
with 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, 1in
accordance with the invention;

- figures 2A and 2B respectively diagrammatically

illustrate two ©possible wvariant embodiments of a



mekes it possi ble to enbody a plane integrated nonolithic stru%%&l %
to afford a function of 20 accel eronetric detection with respec ' ﬁr -

or t hogonaly@xes, o @ f unction of gyroscopic detectigpp,/phbbB,/p65R8Ct tO
t hree orthogonal axes, such a structu{g _constituting a core of an

integrated nonolithic inertial platformof planar type. 25 The invention

will be betdgynabuier stieed ehokeadi pglidena Uetadd wshresebicpioar Wahch fol | ows
of certain preferred enbodi ments.qgive merelg/.(gg vva% of nonlimting
exanpl e. G5 %hi soﬁes%*?c?"ﬂﬁ‘?@ﬁ, FF er'’hc® WiFobec netidSPe Ehe™ 30 Bppended

figures i madumtince fwith eshd Aihved€Ciorspecti vel y di agramati cal ly
illustrate three possible riant odlj . esonat o Lth cl osed
R s %@B ?gb gl%??&ﬁmgg éalixd hﬂ%ﬁét%@& e

pol ygonal cont our Fopi cin erng geoneiry-a Insi
suspenSi ogltarnaricor derseibl € hvabeanty embiodiiments quf e 2&somataB

respectivel.y..di agr t] bl t | bl e vari enbodi nent s
of a WD Og}lotgggggo%%g%gé;&éégig _?é%é%ges%%%ﬁéé%\npt ﬁ'ncl glgggltspp{rggonal
contour i sotsicidm oremip s goROALErPPHANA W EArvat SifdeswspREPBN, in
accordance i NELPNHy- olicQUEeS mAdL 3f d A amtd G

il lustrat gléMSé%i\E%%%l%&t%@ef%gsg?bPe t:vari ant err‘oogilnmencfacg:g of a res%%%t or wth
cl osed polSRfordivVeitit@ur i sotropic in terns of suspension or whose

ani sogpopy in terns QAfrsSdSpANsLRE 45 _@QEEQB&@EEQCEQFLEinPlﬁ§t’£§§tg‘33n5, in
accordance with ¢the invention; f10 - figures 4A and 4B di a%{am‘ratl cally
i |1 ustrat &9 WRAVAT GntaY Yoot SLofXEXRr JAFESSes T 1F & SRR Y HFEh ¢l osed
pol ygonal claygelr , pbhyacnal dareatsidrd) t hin | avedkdanre- fwigih estbd to 5C
di agramat.i_cal Ity. illustrate
invention;
- figures 5A to 5C diagrammatically illustrate
15 three possible variant embodiments of a resonator with
closed polygonal contour isotropic in terms of material
or compensated so as to be rendered isotropic, in
accordance with the invention;
- figures 6A and 6B diagrammatically illustrate
20 two exemplary embodiments of a plane resonator
sensitive along three orthogonal axes, in accordance
with the invention; and
- figure 7 is a diagrammatic view 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 Dbe recalled that, as set forth
hereinabove, regardless of the order k of the vibratory
modes used, it is 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, + Afy + Af;
and Ad = Aoy + A0y + A0



15 three possible variant enbodi nents of a resonator with closed pﬁ%%
contour isotropic in terms of material or conpensated so as to bg

i sotropiC,ud o AFggYs@nce with the invention; - fi g%@ﬁ/%gp%@&
di agrammat | caﬁ y i1llustrate 20 two-exenplary enbodi nents of a pl ane

resonator sensitive along three orthogonal axes, in accordance wth the

invention; and - figure 7 is a di agramratic Vi ewfrom above of a plane,

nmonolithic, inertial. gnsor whi ch | S4 g&ro ccel eronet.ri R Ea perms of X,
¢ | 61

Y and z i MESTSor BT nRahcSecll eb it & c resonator “erfsitive ig t he
transver seieaSecst Zhe m@terdahcethﬁt Igetohetnyn\ﬁewﬁlujm Sospensidh OErstly be

recal led that. AscelJorthnfier ehosbauae,s ogatdl ens olntbe. prgersk of the

vi br at ory node use 1S 1IN genera pOSSI econpose
ani sot bopyAfofarfd eétﬂgeh@ybas 2agaid, akstthe aufdoriepy dbr G’tﬁqi‘l ¢y eloeffici ent

of the rfECé@?Ascabfr e@x@@ééortwt 9e1§§lbwsee beds: zAho= N Mes Afghd Afs  and
Aa = Aam + 02/ 068906 PCT/ FR0O2/ 00344 - 13 where t he

+
i ndi ces ma@%ﬁﬁlsclﬁ‘dméalﬁémaﬂ; élfggT nA65f e Afef BchOq He Hflt 19 dPS t he
geonetry angd-4 he suspension of the resonator. Thus, in order for the
ani sotropies 5 Af and 4a to be zero, it is sufficient for each of the terns
of these two relations to be zero or for the algebraic sunse Afm+ Afg + Afs
and Dam + MagovAas as Har zeso.thk) Mbclkanecal abaﬂahc@s ctdswdﬂecdsmi cal

bal ance conditions concegned lbt1l $..85 l%I i sg r thege nodes of
order k, tH& dtEe e[%n% ot det 5k = A K %é:r'e °§a ﬁ?‘?? v?]tgy to the
transver sereai tlat | ohe dedeche of order k -1 and k + l create a
sensitivity to the transverse excitations and the
defects or order k create a sensitivity to the axial
15 angular accelerations. However, for the usual
operational environments, the error introduced by the
axial angular accelerations is negligible in so far as
these angular accelerations are small as compared with
the linear accelerations and are weighted by the small
20 dimensions of the resonators. Under these conditions,
the defects of order k need not be taken into

consideration.

These features constitute the basis for the design of
25 the mechanical resonator in accordance with the
invention, according to the schemes which follow which
are set forth in succession 1in relation to the
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 1s substantially perpendicular to the plane of said
structure, 1s 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



defects or order k create a sensitivity to the axial 15 angul ar ﬁgmszg&r)
accel erations. However, for the usual operational environnments, the err

i ntroducedydYod 568 50¢ al angul ar accelerations is neﬁi‘gﬁ-ﬁbg/o@ﬁ@ far as
t hese angul ar accel erations are snmalljg@s_conpared with the |inear

accel erations and are weighted by the small 20 di nensions of the resonators.
Under theS@&Oﬁﬂbfhﬂﬂﬁg) talmel dﬁéeehSthdeddardm n@edm@ﬁ heourekebyi nt o
consideration. These features constit I% %Ifor he des&gn of 25 the
mechani cal*3Yestha? of “FREAEEBFd8RNE i ﬁ“‘tbr‘uS ani 32tofArngtto the
schenes whlditH driteovemtamcded asebseantpat hyi aymmetessadmﬁuyl n reI ation to the
geonetry, to the suspension and to the choice of material (and of its
cutting plane) of the mechanical 30 resonator of the invention. In

accor dancéswi fhrt heiravént iam, taeneghangcal oks ot oreﬁpnhtplran'es nmonol i thic

vi brating c%r{éécrtﬁy peétlgndloggaqlnq_% a g osggmﬁggkgur ns&:l vity axis

35 is substanti erpendi cul ar t he plane o sal structure, is such
that the memeetstt&f uc@fur £hs cﬁﬁﬁ@@WJ‘égu[Hﬁa‘boIWonﬁm wah 4<kfve<?111| ces (k

bei ng the Qr t her Vi DESHOF Y rrog;lglélqpl egeniedowheprt he gesgpator is 2
AUG 2M WO 02/ 068 6 PCT/ 2/ 0 344 - set vibrati ng) and i s suspended

froma fi ¥ modit by RS &PSW sﬁénst’rkb% AFRE egrend@ssiotht PAI | 529 adi al

extento whivdved£id@rpaaged golbsgdidl akvliprayingt rdeakd urd As_tharmti rstly as
t he geonetr Qf the reso a]%?r i s concerned, the obtaining .0 l ete

i sotropy of°F NG B C (ST s TR %1?1 théml otropy of
geonetry vdnarfsversmr@en(ml)agls @nra:ﬂmbgo@mg. +d) the phencesifl ttlod t he

P! eent abi k814 ez 10.a09vesal d, plane wal vagna! Adhati nstqugture vith

4k verti ces i nvari‘ant~un ation a
with an angular offset of m/2k. A mechanical resonator

15 having such a shape exhibits no defect of order k-1,
k+1 and k.

For example, 1in the relatively common case of a
mechanical resonator utilized in the mode of order 2
20 (k = 2), the resonator is isotropic in terms of
geometry if it has the shape of a plane regular octagon
and it 1is sensitive to rotations about the transverse
central axis (Z axis): such a resonator behaves as a
ring resonator, it being known that the latter is

25 intrinsically isotropic in terms of geometry.

In the same way, in the 1likewise common case of a
mechanical resonator utilized in the mode of order k
(k = 3), the resonator 1is isotropic 1in 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.



transverse central axis orthogonal to the plane of the structur”mm
in which the sane pattern repeats wth an angular offset of it/

mechani calyd gYqel® having such a shape exhibitsp@p, sieheeboohgeorder k-1,
k+l and k. For exarrpq e, inthe relatimgly common case of a nechani cal

resonator utilized in the node of order 2 20 (k = 2), the resonator is
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geonetfy idolivigdmss haeispapkk offeatiegsl afododeeagon.£@n whe cht helhehand, a
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cannot exHi DIt anc ani sotropy I'nterns 0O ry whi c i's zero and 35
cannot the:rh@f aese@isy- with the requirenents expressed within the
framewor k of the present invention. *2 AU6 WO 02/068906 PCT/FR02/00344 - 15 -

Thus, the invention leads to a new fam |y of plane nechanical resonators
whose def dematiah ciPWesadr e thont HIFRIAFHOR heOfl afdcof M3 REGMAL or © t hese

are ﬂ@chék@s%aﬂatro@:soriag Ordbridértrhﬂi shm ofs&@n@sfrwl agu@&oésy&@ns havi ng
4k vertices for for whic

tiv Z a i s_orthogonal
Lo the pl GHE SiPe (TEH T SO e af ol OM a8 T Loty S he of SHhe
mechani calregh@d esonather VSbﬁaﬁﬁ:enEed;ratrfmmeg:ht taf ttege spsplamsn@m nmust be

flexible en%u%klll{r'}t]o fulg él 335’:5'9 wg € \é'h lat%%ard ih:es vailrtljrati ons

transnitt&d T
1mbalance, for example owing to machining inaccuracies.

15 Conversely, this device must not be too flexible so
that the resonant modes are not too low in terms of
frequency and can be excited by the operational

environment of the sensor.

20 The most natural device which complies with these
requirements calls upon several suspension arms, n = 4k
in number. These arms are all identical, uniformly
distributed with angular intervals of mn/2k; they are
linked, on one side, to the resonator and, on the other

25 side, to a fixed point of attachment secured to a mount
or outside box. In this latter case, the point of
attachment may be situated centrally to the resonator
(central pivot or central hub), the suspension arms
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



attachnment of the resonator when the latter exhibits an i nbal awmﬁr
exanpl e ow ng to nmachining inaccuracies. 15 Conversely, this de MOt

be too fl%?f/%)%gé@at the resonant nodes are not $ep,FR¥LVbBosgaMs Of
frequency and can be excited by the_opgrational environnent of the sensor.

20 The nost natural device which conplies with these requirenents calls
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(central pi VOt~ orc Gentt al hub), the suspension arnms then extending inside
the cl 6sed contour of the 30 resonator, or else the point of attachnment is

i tuat ed t ] -
situated gutsidectbe resopalaialfar gxaApLamUILAUOYdNg chbe

resonat OI’), t he suspg—:-n5|on arns then exten 1 ng Out‘SI e (
of the resmrAELoB51iRegaodlass asmvdie Bolvgpoal avdphedik tTRr 2k @8sS have a

general ragdial 41@%_@&%&9910% BelN9 accepi gdnghabihRel ar£xactushape deviates
froma sinple straight ray and may exhibit a_conplex configuration so that

t he af or eASFIBRIAUG WiEPD2/ 068806 PETAERA2/ OOPFALIONS R act®R1Ltics in
parti gyl areffudt | t @Hatg ard eb siyffoesskH@an ke Gy ned. Fhosenskilled in
the art are _aware of various co figuratkggﬂég#table for satisfying these

demands. Y9t asET P HISHr AantRS WP nYEhtF6HRhere the resonat or

is regular convex polygonal with 4k vertices and 4k suspension arms, the
[ 19, BoLgh, A Rl B, B Bes el UOREE, bbechsaLtyaL u gt ops are
and k. .
15
To fix matters, figure 1A illustrates, by way of
example, a mechanical resonator with vibrating
structure 1 of octagonal regular convex polygonal shape
(for k = 2), furnished with eight suspension arms 2
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 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 wvibrating
structure 1 1is suspended with the aid of eight inside
arms 2 which exhibit an almost straight radial
30 extension, while Dbeing 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



m ddl es of the sides of the polygonal structure. Such a device exléi biAtli rﬁm
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furni shed with eight suspension arns 2 20 situated inside and extendi ng

bet \A/e)en Zﬁqllwﬁé Lm%ﬁc@i%rlpelmgbagaml > haf lrfﬂiélréittﬂoc%ﬂﬂ'x' 3 Gﬁgthfé: hulg I(or
pi vot : order for e .suspensign to _exhibi.t the require exibility,
the arns C?in%‘lcrtﬁdtﬁgh B?CEEprl @’ r SEFAC2G&REr aﬁnéx‘?%%?'éﬁ Dpossess an
appr oxi megledot res/- Sispedtddr mn | mhfa gm‘eeoihBtotrhetoct agenaislgnamnat or with
vi brati n% ster uct ure iltecstt ounslpendeq{ ed gtmg g_ht %n5| de arns 2

whi ch exMITEHE nd Sl g%st ra 0] e>& ension, i P& berh ng however,

sl i ghtl y heiway ddqualkutvedks aras hrmce ored;af:elvetlgo thgjh a:}sa i $paegs (eff ect

of nmecha Qq! f i vi:ar fount o be
subj ect e:% éIcLet%% Qﬁ%%édgg{rarsrs %f %:eh%%%gégny %htfer ure 1A, %hl ch
confer hiigheal¥| sRebimone, serayhfhalhe dhgrartdee @I@GE ofedtieomedan. t he arnms of

figure 1B §8a@§n80tlﬂt0clét BEE%@bE'i@t‘OJUt%rf 'E:'%‘JEfimJbzﬂi%Sttlli’é sl ender.
This point P2 AM M 2/ 068906 PCT/ FR02/ 00344 be particularly

i mpor t antSHGENSRS Hbot)PRHY BFMEheFTEBNSHLE RPINTa & Ti91Kki MBPER® excitati on
and det edfl ofow ebeabkodem S| éid@rh}_sﬂeoaft hﬁ:deqsomat @i 110 dehef s ghad
processing el ectro i CS. Oﬁl % t he nynber of. arns bei equal to 4k and
hence relShti ¥y h Shprt patk 8881ulp¢\e§’c?%ytlﬁ?le§8 Fis 9 ®ssarily
considerald emarid is all the nore so the higher the order of the nodes,
thereby leaving little possibility for optim zing the

Of course, as indicated above, the arms 2 may be tied

15 to the polygonal structure at the middles of the sides
as illustrated by way of example  in figure 1C rather
than on the vertices of the structure, as illustrated

in figures 1A and 1B.

20 Likewise, the suspension arms may be outside the
polygonal structure, as illustrated by way of example
in figures 2A and 2B, being interposed between the
polygonal vibrating structure 1 and a mount 5
surrounding the vibrating structure 1, said mount 5

25 possibly being 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 1linking 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
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reduced internal 5 |osses and hence their high Q factors, and, for quartz,
However, for the above-described geometries of
15 resonator in the shape of a ring or convex regular
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
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gyrometric mode.
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However, the simultaneous obtaining of the three
isotropies of geometry, of suspension and of material
may prove impossible. In this case, it is conceivable
to compensate for an anisotropy of a specific type by
20 deliberately introducing an anisotropy of another type
able, through its effects, to compensate for the
effects of the first anisotropy mentioned. In this
case, if the structure is isotropic for the third type,
this structure will then exhibit overall isotropy. For
25 example, if it is anisotropic in terms of suspension
(Afs # 0, Ao # 0), an anisotropy of geometry (Afgy # 0,
Acg # 0) can be deliberately introduced such that
Afs + Aog = 0 and Ao + Aog = 0; if moreover the
structure is isotropic in terms of material (Af, = 0,
30 Ao, = 0), one actually obtains Af = 0, Aa = 0; the
structure 1is 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 o0f 1inside arms (lack of
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02/ 068906 &KEVﬁ@@@t@@ed4by ap@Qular intervals of 2n/n, a defect of
stiffness of order n 1is introduced. Whereupon, the
acceptable cases correspond to n <k - 2 and n = k + 2
15 with n # pk, where p 1s 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 J%7;;, dimensionally equivalent te a
20 frequency, is then kept constant over the closed
contour by adding identical masses m every n/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° 1is 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 <vibrating structure 1 and three
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Still by way of example, a device with six identical
arms distributed every 60° is isotropic 1in 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 1introduced 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.
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15 advantage to resonators in the shape of a convex

regular polygon with 4k vertices. In particular,

modes of order 2 are suitable for a four-

the

arm

suspension, and the modes of order 3 are suitable for a

three-arm suspension according to the form illustrated

20 in figure 3A.

Likewise, it is possible to search for compensation

for

the anisotropies of the material by deliberately

introducing an anisotropy of geometry and/or

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 struc

ture

with 4k vertices is made of a crystalline material with

35 non trigonal structure for k = 2 or non cubic struc
for k = 3, and therefore basically exhibits
anisotropy of material (Af,# 0, Ao, # 0).

ture

an

Said

polygonal vibrating structure is devised to furthermore
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resonator having t o ry require cording to the
invention and operating at order 2 to be rendered
isotropic by adding four identical masses and/or by
modifying the stiffness of the arms, as indicated
hereinabove in this regard. Likewise, it 1is also
possible for a quartz resonator shaped geometrically
according to the invention and operating at order 3 to
be made to operate by adding six identical masses
and/or by modifying the stiffness of the arms, as

indicated hereinabove.

Illustrated in figures 5A to 5C are a few exemplary
implementations of the arrangements of the invention

which have just been set forth.

In figure 5A, the resonator 1 having to operate in the
mode of order 2 (octagonal structure) is made of quartz
and the suspension is made of four approximately
Z-shaped arms 2 extending between a central hub 4 and
the middles of four respective pairwise opposite and
adjacent sides, thereby conferring an anisotropy of
stiffness of orders 2 and 4 compensating for the

insufficient number of arms.

ry and/ or

{£s ggﬁggglﬁgdgf the suspension arnms (the latter arrangenent
y e remarks al ready made herei nabove regarding the
in such a way that the anisotropy of 30 geonetry and/or of

gpep3at e foy tdhe api sebropy of
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5A to 5C are a few exenplary inplenentations of the arrangenents of the

i nvention which have just been set forth. In figure SA the resonator 1
havi ng tompﬁrmiratia’dtliﬁ BOgupde B¢ drden 2dddetagonal stesmiatey is made

of quartz gand jihe Suspansion; if TRAE oL LUy ARRLYY TG Y% 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) if the resonator is 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 1is
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.



Z-shaped arns 2 extending between a central hub 4 and the m'dggs Q?}mr
respective pairw se opposite and adjacent sides, thereby conf iﬁg an

ani sot r opyw@foBPossddéness of orders 2 and 4 conpenspetrpprbayobbes
i nsufficient nunber of arns. 02 AUG V¢x02/ 068906 PCT/FR02/00344 - 24 In

figure 53, the sane resonator 1, with the sane arnms 2 arranged according to
the sanme |IEhwuplane neegomdtosi lircoacwbhirdance opetiat ehda nihlrennbda of order

2 (oct agonalo SILUCKUr hay  10,G9TRANSAIGIOM (L AN S 0Ll OPYs Soplamat erial,
an ani sotropy of  nass o or der I's introducéd by ado!ll ng four nmasses m
mutual |y cffmmtbye gpangivehsewsonessessansahgedtut axis povht bedhdgre two

0pPoSI te AR, AL 1 | Lokfi hLB LGN BHLE Al hee SRHGESPORMLAGiAbdes of the

oct agon) f two masses 10 arranged in the respective mddles of the two
si des SperyfeiiEiNes VBOFRe SEREVIEYS tohexX1 9 | PUsBREPe RS $LEHURESEC is a

dodecagonaly I espbatahe Chaned) furpbshgdobstinlusicd s Zesbapedear s 2
which 15 are huilt in at the m_ddle of one side out of four, Six _regularly
di stri but SFSRIRRES FaPBeaddsd Shf t$RNF gdPetraFeond St HtSdfOfwo, three

of them bei ngmahbangddc WiEl£nhd hedakigear esdii tivd. ThengLsopatee can
equally well b]g]rmade kg)f Si IJ;:con or quartz, the masses in 20 introducing an
ani sot r opy™ T e oM tothBhsat i ng for the ani sotropy of suspension

(i nsufdbicient nunber of arns) if the resonator is made of silicon and
materi ol 7RSS c8aratel 1nE e BenstiETaY Cdfof®! | prBRsbEs FRhECITOPY ©f
ar r angenemlarjaisresenafttorn hofi tthe gvasitblan t o sgesiigive pRaragpoiygonal
resonat or whith,or&d theugh gxhibbikinig AlsdLasin®NBean5Sat rapy: of 80
geonetry, or one_ani sotropy of suspension, or one ,
carried by a céntral hub 8 substantially concentric
15 with the polygonal vibrating structure 1 of the
invention (which is illustrated in figure 6A in 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 benefit of not

introducing any anisotropy of frequency.

The fixing of the assembly onto a fixed mount is
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



ani sotropy of material, can be conpensated so as to be renderedﬂigtﬂlﬁ)m
(O =0, ACC =0). Such a resonator is able to operate equally well in

gyr oscopi Gydogle, Gesod& gyrometric node, in the sane pay,pRo8MPobBlki nsically
35 isotropic resonator as conceived- hggeinabove. The requirenent of users

needi ng a pl ane gyroscopic device sensitive along a transverse axis (QZ) is
thus nmet. S&Mdn2thl WO 20068806 £6H4FRO2E£00344ng 26wo Ther phagenagsonator in
accordance with th )inventi on a%%gr dfat he %dg'hti cs)rll_al %d\]/:ant age, inherent in
its plane %3% ufture tTANETRPES i P338EnSit ivTt ¥ -aXICS ST being able to

be conbined with one or nore other vibrating 5 structures whose sensitivity

axis or a ; jtuated in i n i ei iLhle to
fabri cat e%ﬁe%rlgrst?eénb?)yfei ﬁhgnegglﬁ%n?%g%??nsg ?&bs%Pgt_eEg\ﬁggﬁgbgﬂi sé of a
monol i Bhi ongriclniechfievi c®leaesi negbanioad tresenater ualsl ycorshogohatl axes. 10

A most parf il ard Yabenel 4 chatoexapLecRraXi denphlienchl ane r@poparor of the

invention, sensitive along a transverse axis, also wth resonating beans 7
that are QarrdfedabyrateendfalrdedtBPruldt ditanisd cévcefbfi cM2BE th t he

pol ygonal Midydtd 119y StHECT e oha®lbort, he theNVeshbOReh¥Bi Chixi Sahb! ustrated in
figure 6A inthe _form of a _dodecagonal polygon with three Z-shaped
suspensi oPeHE 23ehrfRes x Bbrpehsat LS | nPePRS all6t dahB® with the
arrangenenddsngsdted©r tBzi nbeegar ddéove2edli guye Eke. dhegsskapedgonatki ng beans
7 radiate _requl arllhy about the cegtra situgted

e

_ e |__hub Eévvg?{jl e boei n(g _
subst ant | #9YIWthe PrERBEHEIt hEpEFYYSRal "t FuctTh TS, FPR PYRing of the
dodecagonathym| ygbralresonmtar eis dlyle hitee @pemsatZe ainangedometf20 wit h

[Eatect, LR0F S onal e el onall s 5L gt apiger (o

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 1is 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



7 while being secured to the central hub 8 The resonating structure 1,
operating in the node of order 3, can either be constructed frow, img:qmr

quart z, B%Osidjf%ged@i biting, however, the benefit Qé%.{)lp%o?i/%ég cing any

ani sotropy of ‘frequency. The fixing_ the assenbly on I xed nount is
performed at 9 on each suspension arm2. 35 The vibrating structure with six

radi ating l__gbﬁi/&méﬁ%‘f?@c&&rén iQuUtBi G popygenRalinkl Xatk n@%&eﬁi&ﬁom from
docurment FR-A-2 741 151 and constitutes a_plane 0 2 AUG ) 02/ 068906
PCT/ FRO2/ G4 & DeharlfafiPRafer edbndtorlrPsEn 3534018 oy t4® bRreRogonal

axes (X, Yo conéaigiekdter pbanecwd bbamstr ugtietr €by Byiot rdiet etbihg
arrangenents aqf the invention, 5 nopolithic, ane chanj cal resonat or
i's constrt]:é}eeg:’atﬁﬁ%?‘l Pg é'rblee ]tagttoee"f eﬁ{?nﬂﬁ uFﬁreg CoMsordme’ 52%°9sty and
Q of 8 ratid lof prefairbblySZbé nuardred: t o owieagnouat itsuppevtirogyt henr esonat or,

t he con‘poq_ﬁnts 52% nd_St being d tec}(ed Ey the resonating beans and the
HRTIRR § b '

10 conpone w527 éILbe et e ?/r e riﬁg-shaped or polygonal vibrating

structure with closed contour. Thus, the resonator is able to operate in

o ose ' o |
e . v il | DALSEARL ELTREE OB KRS i R TR AL Oo

pl ane resdrateptithah whicthe sunsi PRIty @ferit@ment oferdttedct ennmode of
order18 (ki DusddhARR | £Ahs 08, othikheoani targemMisOfi d hsoddmention, the

resonating 20 structure wth closed contour 1 is an_octagon. The suspension
i s af ford&® it tHe S of CPBRFORAE DetUPLRNgOR BFEBMSSTE thanbut@r

oct agonal deesanrant fskingt Worr dhénadutke hetbBa®©ing heciriBenrst arith ke
resonatln%olygonal 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.



structure 7. The relatively small nunber of suspension 25 arns %h ‘
favorabl e having regard to the scarce room avail able and nmakes Auﬁéﬁﬁﬁe

to decreasgothe,p5eb6E Of electrodes able to sustai pcangroR /et the
vi bration of the octagonal structure.2@n-the other hand, the star structure

7 is suspended by way of four 30 arnms, thereby no |longer permtting the
ternary symetry of the enbodi ment of figure 6A. To ensure the i sotropy

dermands required g% %€a$ B?v ntbgnbmgge §8§E1%9|Utt%e GQRs:: in pIaC|ng

two 35 op sifd" he~star Str ure—on blsector of %t he pairs
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02/068906 ona ructure 1s g|V|ng t he
suspens$i onthar agmg zlsﬁapé@ecéw@eseu tYiwighexn@odsvbre OBIPSEOPREM to the

bi sect or ogelxélgtgrgearr% d her ghy notX_q;lsstéJr bi ng_w%gg bal gige of_thedl atter

structure. e materi used 5 will preflerably be quartz, owmng to its
i sotropy i@CC¢b¢ﬁ%m@$r¥¢eQﬁ%H%?r$orSEF&Erak LayoutThd & i xLAYSEFAERE entire

structure tf@r @y 1 SRRGa IR 1y | SnOPti ddke Wizt h Fgur mgﬁzsatcé apt achnent 9
pl aced on t he. suspension arns 2, this ﬁgSlthﬂ makj it possible to

find the U@%@e SHpr 8/ sRPBEPREEACConC TR Fhel Rand 2 T t&ht ST | *ng for the

out er 10 bradingost pict guervkt mlcwtwgueeki cooit owucAndappbitheiohBer hand, a
fixing to .the ends, of the frame for the star-like _i.nner struct 15 with

vibrating BEeAEPT 2R thts ShrHihs a.sﬁﬁﬁbtuﬁsnféﬁéyFlvergFSHSQPhree

measur enendispesed, iy andoZdanke axéd dihaudtreceritnidmhe apleakloést be cel |
being 11 m bedhd oxthesgysarelil Jde Al of pnaratien,and:4he rtpggonal axis

gi ving access to e gyroscopic operat
say one Wthh is senSLtlve 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



O course, the field of application of a resonator in accordanceg %Bt%
invention is not restricted to the 25 enbodinent of a single seneg LV
sensitive phong, 68666 0rt hogonal axes, and the pl anepre3eRab9H03eq0rding to
t he invention opens up the possibilitygof grouping a nmultiplicity of
sensors of various physical quantities onto one and the sane crystalline
substrat e,y,si bhdony,or 3ppgoartiaten paEriscnd amayt hése @fantihie esypert ai nly

i ncl ude an@g@hggaiﬁgig?gug%zfgt F?x% Xog¥sand Z, but also accel eration,
tenperature, pressure, efc. hese " sensSérs nmay be manufactured on one
and the sanme plane nonolithic crystalline substrate, thereby 35 permtting
t he enbodi nppt hi y g Ni I;% Vi I be fabricated
at | esser cosv"trp%)?/' k%%%\na%g%ﬁ%%&el?ngf@% edm ca dygzt é‘ﬁ“‘ﬁ’fm ?é)l]g%%‘?n gychi ng or
the |iRe. U Digwentigd 0PrpPEENEBLRETPRROY (oM Fensxgs | Ko patbi whigh, it
becones pqgag% bl epto fabricaigsa gype- aceekerqpelyic irgertagguﬁg?;gor of

pl ane nmonolithic type, grouping together on the plane surface of one and 5
the sane sTRca% h@sg@?/\ﬁ%e, Y-wi se and Z-wi se gyroscopic sensors and the
X-wi se, Y-wise and Z-wi se acceleronetric sensors. Such a |ayout is
illustrated very diagrammatically in figure 7. The substrate 10, nade of
an appropriate crystalline material such as 10 silicon or quartz w dely used
for such applications, incorporates a plane Z-w se sensitive resonator

di sposed in accordance with the invention, as well as a plane X-w se and
Y-w se sensitive resonator, that is to say one which is sensitive in the

pl ane of the 15 resonator, which may conply with the teachings of docunent
FR-A-2 741 151; nore advantageously, these two resonators nay be conbi ned
as set forth hereinabove wth regard in particular to figures 6A and 6B in
t he



formof a plane unitary sensor 11 with X-wise, Y-wise 20 and Z-w se
gyroscopi ¢ node of operation. Wth thi 8ogyroscopic unitary sensarz AUS m
associated a plane X-wi se and Y-w se sensitive accel eronetric sensor or
two respectively X-wise and Y-w se sensime 25 accel eronetric sensors, at
the sane tine as there is provided accel eronetric sensor sensitive

along theZ tr %ﬁﬁé’&%&%aﬁééoﬁftgg Wane p@é}x‘é%&%ﬁiﬁg}o VibGatifif SeRinsre eRehdingS these

are known to the person ski in the art. By way of exanple, it wll
be possi bl elonga clepddetopinur whhseesgnsitivigtixissis sulsteatialbepespanididuiay teha piang of
angul arly S%E&%ﬁgy 120 with respect to one another, one 12 being
sensitive &l ong tnh€ X-axis and the other two 13, 35 14 being sensitive X-
and Y-wi se: a diwhteiretht pRhe stpuchnessd cugved reglier silggoakbwith akvérfiesewhie ee
sensors kes it possible to obtain the accel erati on conponents WO

02/ 068906 ETNERSSY pige yibratorygnodg imglemepted whep fregiqnatos ISEhYBrRENEA be of

the type Qe§%ddb§gxsﬁégad@@%ﬁpﬁﬁxéﬁ%é&glit fﬂy Réy of t-blsBMsREr ar3@f ABEGhGLIRL 1 ON

conponent (err)z may be known by erential inplenentation of "two
sensors 15radiab exthnsedn whialy atsearrahigedrabstyiallyegometvically.n docunent FR-A-2 685
964. 30 0 2 AUG 20 CLAIMS 1. A nechanical resonator with a plane nonolithic
vi brating structure extending along a closed contour whose sensitivity axis
i s subst anti al | Thpaepenitacitb@tatdras thangd iankiofl, whereth thé carsexiregulanher ei n t he

pl ane structure js,a _.convex regular polygonal with 4k vertices, where Kk is
Phe or der BRVERRal UPEHAR SyF b Jat HhreBifehpa Smarenival e M PR o

vibrating @i anful@in@REIs F 1S RABRBHsHid chlg%nfai B AP YAl tlY eX@Yitofndn

suspensi on arns of substantially radial extension which are arranged
subst ant i alsPyoriafreeemeten(afy=0, Aa~Me nechanical resonator as clained in claim
1, wherein the convex regul ar

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

the vibrating structure exhibits an isotropy of material (Afy=0, Aa,=0) for order 2.

4. The mechanical resonator as claimed in claim 3, wherein the octagonal vibrating

structure is made of quartz.

5. The mechanical resonator as claimed in claim 1, wherein, for a vibratory mode of
order 3 (k=3), the plane vibrating structure is of dodecagonal shape and is made of a
crystalline material with cubic structure, with a cut made in a plane containing the X axis,
or the Y axis, or the Z axis, whereby the vibrating structure exhibits and isotropy of

material (Af,,=0, Aa,=0) for order 3.

6. The mechanical resonator as claimed in claim 5, wherein the dodecagonal

vibrating structure is made of silicon.

7. The mechanical resonator as claimed in claim 1, wherein the suspension arms are
n=4k in number and are angularly spaced by an angular interval of n/2k, whereby the

vibrating structure exhibits an isotropy of suspension (Afs=0, Aa=0).



pol ygonal vibrating structure with 4k vertices possesses identi 3%?&@13
which repeat w th angular intervals ofzi(err)/ 2k, whereby said ﬁ 4

vibrating structure exhibits and isotropy of geonetry ((err)fg O Aam0).
3. The nechani caI resonator as clainmed in cla erein, for _a vibratory

nmode of ofder 2h¢meghaniqaheeseilatyias Giegmeskin ﬁ@@#f YYE?TG}“éhF golygonsd v ikEASRGI  shape

and is md@mf&ftur@surﬁﬂitﬁé V\ke&ﬁlb@fsgﬁépﬁésd’f” gbfndy QAN ASHWGhYbLmalkidin a cut
made in the X I ane, ereb he vibrating sttuctufe exhibits an

i sotropy ofAfwad, mmao) f(nﬁfoﬁsu}pemim:@)f HohagdHén tepms 4f freffyeneseaidanobplée, r esonat or
as clainmed wher |nthe ¢t agon Vi br n tructure i s nmade of
quart z. W%lﬁleg ﬁllsﬁ‘lb i capeFaeeslcljq Bretas™ g”n Osgoéjllc '%Odi wherein, for a

Vi bratory node of order 3 (k=3), the pl ane VI bratlng structure is of
dodecagonal shape and_is nade of a c¢rystalline material with cubic

structure, Jwi t h 12€IRAChaRIEAL TFANROTASLIAMES H QaIR I g hepran sbem@onalcwbretm@ Y axis,
or the Z a%‘t'r&turm%@k%ehl%@s M'nbi’d@to'fQQ%&TIHE%&E&a?Wh%B%&J&QI i8Rhropy of
material (Afm O, Aam O for order 3. °6. The nechani cal resonator as clained
in claimb5k= mzerroelcnbltcrs@udgttefoa@@hand thvrelﬁnapxmgltsshamelﬂmreanlsotmpd@f of silicon.
7. The nech resopa | nsi on
arns are 19?@%75%&‘6%@ nzlr\)\céheééﬁnu af @yg%n%g%éa lgéh%%&é% 1%1 n%g‘ﬁ?gr val of
rt/ 2k, V\hesceimyﬁxttlmemow toreahibitgt Bhstwat Lucelizx mddificatiam of oiedyiandfor thdspensi on

AfOAaO 31 02 18 20 8. Th | resonator.as. clained in claim
oy ol iSRS A b 315364 018 o A e Beatiom Ao BTGB et by s

i sotr opi es vidtatide iRt ekhibls amls@)m@n@k LRbmesy F‘Aﬂgaﬁb Ad,$00 hadrbban (err) an=0)
and of suspension £4f5 =0, R ternms of frequency and coupli ng,

wher eby i t apisoteppy @ MpwémaméﬁonA rretneFievelbride rcompeasatoBES ¢ node. 9.
The mechanigali @?%P&Qte%h%&‘ogm golggon%l é\bgé ?I%Fe{*&b‘%&rg'eﬁhﬁopfamhm” Al with

vibrating structure wt IS m a crystalline
non tri gon&msbf fuseney (@f—O)Iachouplmg(lAﬁjbmcd geresohatoeisfabte tkoBeraterial t her ef or e
exhi bits basica i sotropy material ((err)fmlerr) O, Aa,} 0), and

wher ei n saﬁgoﬁ’g){r&? C{a%lorvnﬁﬁ‘rgfcoﬁ n%?deUCture is then devised so as

furthernore to exhibit at | east one localized nodification of geonetry
and/ or the susgﬁnm on ar exhi bits at |east on Ioc lized nodification, so

that said pdlygdhamechanigabiesongtarap plaimpddn i ¥ ef&‘ﬁ‘& QBRI BRSO egeonet ry
(Af 0, Aa8RQK @ARUMBEr A ar@Mgh®irlyQp¥ce@by SH SREMGTIRBrva S 5%0h, wAaDH fhosen

respectively able to conpensate for the anisotropy of material, whereby
sai d pol yg#ifhithaypbkari aig e orathuerkeleriniears thepalenalophrating Strusig of

frequency (@f. 5&% efe‘iﬂgnﬁi wRdiédl aﬁ%ﬁxs@t}cﬁ%‘? 6&!3@1#1&5 %PA 0PRdSvifePeiPPEr at e in
gyronetric no yr osc hanical Tresonator as
cl ai mred i nsad aolmgoll,al Whmtxag ntrmdmee subgredised saant® falrtlaermore exhibit localized

defects of geometry which are angularly offset by an angular value of n/k and are able to

cause a defect of mass of order 2k which engenders and anisotropy in terms of geometry

(Af#0, Aay# 0) able to compensate of the anisotropy of suspension due to the insufficient

number of suspension arms, whereby said polygonal vibrating structure exhibits and

isotropy in terms of frequency (Af=0) and coupling (Aa=0) and the resonator is able to

operate in gyrometric mode or in gyroscopic mode.

11. The mechanical resonator aé claimed in claim 10, herein the localized defects of

geometry are situated at least in the vicinity of where the suspension arms are linked to

the vibrating structure.

12. The mechanical resonator as claimed in claim 2, wherein the vibrating structure

exhibits at least one anisotropy of geometry (Afg# 0, Aa,#0), or of material (Af,#0,



n<4k in nunmber and are angularly spaced by an angular interval of 271/n,
with n chosen such that n< k-2 or n?k82 with n#pk (p integer), Q@MBM
pol ygonal vibrating structure therefore exhibiting basically an ani sotropy

of suspension, (Af 5A0, Aa5 # nd, wherein  said polygonal vibrating
structure P%mfﬁkﬁrﬂ F@%ﬂmggg%got%%fﬁgWH@FH%?@géﬁﬁﬁ%gf“?%ﬁﬁﬂfi 8'° defects of
geonetry m@ﬁ&mﬁgﬁgiggggh@ﬁhymgigset by an angul ar value of n/k and are able
to cause a defect of mass of order 2k which engenders and ani sotropy in
terms of geonmetry (Aff#0, 4as$ 0) able to conpensate of the anisotropy of
suspensi on gue_ bt Agnh oA RlGIs iMIRE 18l PURRSHSHOR iR methGLEDY sal d
pol ygonal vibrating structure exhibits andL_Tsﬁtropy Internms of frequency

( Af =0) andswouwpts thg plabe »iBratagdtrtiétererand dmhothe bspersia dros aopanstdethen
gyronetric _node or in gyroscopic node. 11. The nechanical resonator as

cl ai med i nVOrAPEHS e erein the | ocal i zed defects of geometry are situated
at least in the vicinity of where the suspension arns are |inked to the
vibrating structure. 12. The nechani cal resonator as clainmed in claim 2,
wher ei n t hé4vi brieimgghanieal cesgpator asxcliippd 5 @aim b ydrereyn thednouib isrofepiral
geonetry ( , I 0] - or of
suspensi onﬁ\%b(géﬁ}) %?@%ﬁ%@gm%‘gﬁé}l%}w\% g“rges E)x@&gééi 33 d\%ﬁ?ﬁ@ﬁ% %g[%dﬁglé? 8%%5 is able
to oper at erecomdide the vipyatmgstméterenrode. 13. The mechani cal resonator as cl ai med
in claiml, characterized in that the nount surrounds the plane vibrating
structure and in that the suspension arns are outside the vibrating
structure. 134. The m&thdcd ¢aondteSRRRinaed ascl4iinal I BdthHencathprisiglresovagngei n t he
nount is a central hub substantiallg concentric with the vibrating

structure BFRPSHEFRRE cpmsd Sy sen&! GHD sbsntialyeoppaitiewith dhe N BRERS ng

structure. sthprd REhTREBAR Rl 2hE SRR Xia@ Arouh@ 5418 dedtfhl GhRbUBshdsalfyunt her
conprising resonating beans which are carried by a central hub

subst ant i atheylangeé Setvilirating stivctukrewirh Blpsadicaptous whatebi e mpahanishlgswdaigbnt our
and whi ch ﬁ?sqh@]:egoﬁ'iiayp%nzﬁaﬂnq tgg{/“)lra‘alw E}HRHS{&‘ E%ﬁ%;i/‘é?i{ s{ﬁx%tgl%ia;l]lg in Hd&aREane of the

vi brating structure osed contour, ere e nmechani cal resonator
has t he r eplenagndig ableandetenidhd theeewoippartentsg s CyuntdRzo s tateaifedtasabQt anti al |y
in the sane | ane.,and is able to detect.the three ¢ nents (err)x, Sty
and 59 o TP PRR IR Hogpl stcie g Rer RS b Y BelneioB e TP M P R Bkane o O
and Sty betdpdhehtQi Bénpyettdied Bemawibadithg ishectue anEd1esR cofoly Zndoehei¢hydet ect ed
by the vibrating structure with closed, contour. and whereby the nechani cal
resonat or 1€ MsNaNIE3) reSpRAR I8 2PlS L ORBAHE I ECTHEHE MAdeioh yPEBCERS % ®Ee on

the three a%8See s The nechanical resonator as clained in claim 14, further
conprising resonating beans which are carried by a central hub
substantially concentric with the vibrating

16. The mechanical resonator as claimed in claim 14, further comprising 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 plane of the vibrating structure with closed contour, whereby the mechanical resonator
has the resonating beams and the vibrating structure situated substantially in the same
plane 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 0z being detected by the vibrating structure with closed
contour and whereby the mechanical resonator is able to operate in gyrometric mode or in

gyroscopic mode on the three axes.



structure with closed contour and whi ch radi ate around said central hub

substantially in the plane of the vibraing structure with cl ose;iim
wher eby the mechani cal resonator has the resonating beans and th i 5hﬁb

structure situated subgt tial %sﬁ/?ﬁﬂi nlthe sane .tgl age %nd i s able.to detect
the three conponeht'§®P ??’%&? MEGAMSH TEEHGIOL 8P © 81018 AT ESEFSE YUY on 2

i npart ed t @pérbor@URfoscdiemeRanes il 8 X1, aAthirSi ylabemdgokkdicagied by the
resonating beans and the conponent (err)z being detected by the vibrating
structure RFEHUNGEE MR AESeT 2An RiPEfely RipEahor (in oaf228ddndrdr i s able
to operate in gyronetric node or in gyroscopic node on the three axes. 33
12AUB 17. The use of a plane nechani cal resonator sensitive along the
transverse axis to a operation in gyroscopic node as claimed in claim11,
within a plane nonolithic gyro acceleronetric inertial sensor able to
provide the information S2x, Sty, S2z and Yx, Yy, Ti.





