1 METHOD FOR | MPLEMENTI NG A RESONATOR UNDER ELECTROSTATI C FORCES The
present invention relates to a nethod of inplenenting an electrostatic

resonator for use as an 5 inertial rotation_sensor. BACKGROUND OF THE

| NVENTI ON El ectrostatic resonators are known:,L in particular from docunents

EP- A-0 810 418 or FR-A-2 792 722, 10 conprising a vibrating nenber in the
formof a netallized bell adapted to be set into vibration at a resonant

frequency under ME&ICQH F& P TEENTIIN &t iFEFOHRERR YRt ot e TP T odes

di sposed faci ng FoRoms i on of the vibrating nenber. 15 The resonator is
adapted to operate in,rate r nmode .or in free gyro mopde.. In rate gyro
node, the vibrati ngq‘r]'?éen‘[?erl'eges}%e><lcfi‘{eé}1tlb%}1 rf:eea]rét%g O it HAt of
control signal s iapplamesthtaing heen redlsoriants fateiquerssord tdthefowidmatda ngmenber
and nodul at e tqrggncqraalter 3 1ddide, 20 control signal, a precession

and a

control signal, quadrat'ure control signal, these control signals
being applied in such a manner that neasuring the vibration of the

vi brati ng nenbepapdrdened iy sersgh™vidi ati on at  the resonant frequency
of the vibrating rrerrbﬁr enabl e the 25 speed of rotation to which the

resonator is being et Ao D& AR TR iy tRELHFEHPhropri at e
equati ons. The doour aky:umdrt MirtR-tthes ISpedd ofr rER-A+DMes 723l cul ated is
natural ly alguncti on..of. the ac ur acy with. 30 Whlr}é% the various terns, Oefd

the equation gi vicng the Shéed & Fots iBHIY b h% Yd" ate 3 HERRE

determ ned. Onéedfl tlepd dcertivs bes gdfe Jafl itidden tofort het va bretaeramt obt ai ned

Ib)e/agfplaglc3?aggp?r{ﬁﬁgl%a(WHn%erS?@uﬁi%rc}oﬁg @qlu%%%guéazt%%ﬁﬁ%%%%g ;BSI i ed

in the same di FESETEIS P hred@ssdiaste T ohtTRss ehrih Gen a Heo gulatr arfurténe
vibrating member.

15 The resonator is adapted to operate in rate gyro
mode or in free gyro mode. In rate gyro mode, the
vibrating member is excited by means of a combination of
control signals applied at the resonant frequency of the
vibrating member and mocdulated to generate an amplitude

20 control signal, a precession control signal, and a
guadrature control signal, these control signals being
applied in such a manner that measuring the vibration of
the vibrating member and demcdulating said vibration at
the resonant frequency of the vibrating member enable the

25 speed of rotation to which the resonator is being
subjected to be determined by making use of appropriate
equations.

The accuracy with which the speed of rotation is
calculated is naturally a function of the accuracy with

30 which the various terms of the equation giving the speed
of rotation to be measured are themselves determined.

One of these terms is the amplitude of the vibration
obtained by applying amplitude control. It is this term
which is known with the least accuracy and stability.

35 Furthermore, quadrature control is applied in the same
directions as precession control, and when the guadrature
control and the precession control are both applied in



control and the precession control are both applied in 2 the formof a
signal nodul ated at the resonant frequency, any phase error in

i npl enenti ng quadrature control becomes prejected onto precession control
and gives rise to resonator drift error. 5 The sane probl ens arise when

the resonator is used in free gyro node, i.e. when the vibrating nenber is
excited by nEanﬁh@ff@rﬁoablQaEhQHanmSQHEéQédséQn@%é r@@@ﬁ&ﬁ@'fﬁbéﬂﬂﬁb n
anplitude control signal and a " quadrature control _signal. 10 I's also

known from docufieit PUREB- e§r8§01@4imP6em€6ﬁ%?%lq%??%%%%%%oFO??FQ#ee gyro

mode by appl yi ngetbeesappbitudedcontboprateticr t¢hecresonadtgiveguensy and
by appl yi ng quadrature ogt&glgkn the_ formof a DC voltage. However,

according to tha t6eUNERt aftr8 control 15 is appl i ed separately

fromanplitéde contrBheosemeapvebyembaagesauwhem ofie sepswrd eoe| BTtusmes,
i.e. sixteen orlgvggeetggggymgﬁg separ alf. & 86Lr of8S, THE ﬁgﬁ%£$f|culs t hus

itself extrenely exgens to make, not only because o0 Ity of
maki ng a | arge Rtfb ?dobYem@@ﬂﬁoﬁésaZQO@béH@@}@myOfb@@n%I%b pegras®e of the

difficulty of rraésmﬁglsm%nsﬁiyoaﬁ bepyeendal &oﬁéréboéf?ﬁéﬁcéﬁ&dﬁs and an
external processor. In dition, _the associated contro circuit is very

conpl ex and thugu%@E%tVE?ycﬁQbéﬁél§é9n?% OBJECT OF THE | NVENTI ON An obj ect
of the invention is ro psoxide anﬂehhﬁdoﬁfdotﬁ@éﬁ@ﬁ@$+@gsa@S@I@@1rm§tat|c

vi brating reson peratin reat accurac ref er e using
a snall nunbergéc))ﬁ£ ?gcg %gggﬁn coﬁngc Ford To" %%?gb%oa%$£%¥?%ggé BRI EF
DESCRI PTI ON OF amﬁiibwﬁhﬁtontrﬂlaatltwncasp@et;e$@@amMVén¢qwan@yowmﬁd&ra
met hod of '”Dlgﬂsﬂﬁiﬂgngﬁ%8§89 EQrcht£3%elﬂyE9enpgfm 5% €5 35183 O

conprising a vibrating er a apt éd sef into vibration at
resonant frequefieyevnter 2FRETEiPEcEO that document, quadrature control

15 is applied separately from amplitude control over a very
large number of separate electrodes, i.e. sixteen or even
thirty-two separate electrodes. The resonator is thus
itself extremely expensive to make, not only because of
the difficulty of making a large number of electrodes

20 accurately, but also because of the difficulty of making
connections between all of those electrodes and an
external processor. In addition, the associated control

circuit is very complex and thus also very expengive.

25 OBJECT OF THE INVENTION
An object of the invention is to provide a method of
implementing an electrostatic vibrating resonator
operating with great accuracy, preferably while using a
small number of electrodes and connections to said

30 electrodes.

BRIEF DESCRIPTICN OF THE INVENTION
In a first aspect, the invention provides a method
of implementing a rescnator in rate gyro mode, the
35 resonator comprising a vibrating member adapted to be set
into vibration at a resonant frequency under the effect

of electrostatic forces generated by electrodes placed



of electrostatic forces generated by el ectrodes placed 3 facing a portion
of the vibrating nenber, the nethod conprising the steps of exciting the
vi brating nenber by neans of a conbi nation »f control signals conprising
an anplitude control signal, a precession control signal, 5 and an

anpl i t ude- nodul at ed quadrature control signal, of measuring vibration of

]Ehe‘vi brati Pg mﬁaae_h angoatioﬁlgmdwr@t kGt ny Reaibean l&the.t hr%tlf}ﬁ)‘dob nant
requency of the vibrating nenber, the precession control .signal bei

ot ea a1 BGERCS AL e SEREBe e Aeatanim Mo SHURISH) NEFREE oY
cross-nodul ati omeaneuns betwedinklte onpredc essitam1s isgrala landorgo igtiingn ann t he
ai rgaps facing : r ol tr - SUC t cQ rting, - | e

ar gunment trigon%ﬂg%%?ga%o?ﬁﬁﬁggﬁpﬁegﬁ%g’i%‘Eﬁ%mggé%?qléﬁﬁié%%g?gﬁgﬁdm
excitation & dauBl enf pegdencye-modudiatgide dlB daadguimentcantingoncriesneils of

formul ae, and byegki,Rat LAG LMk ¥ tPRONighhle pkigdiat JepWs from
this calculation, and équation is _obtained in whic¢h the terns which

include the anfFMPddéa6ENBhEDE Hi&LRSH O&r & elthe raseRany Bigdusicy of
anplitude thus has #epkatliugneer®Rrcalttidl k@ ssaesd @nt2d I Aiafian belkey
accuracy with mhic?.tge %pee% of rotation af the reiﬁﬁgtor i s determ ned
in thus increas88°-fh“%f‘tadv ﬁF&E@S&g'F%ﬁFeﬁéhﬂ%ﬁ39ﬁ1' rat® Yo node and
i n which allbasi ¢renpkeanent atthos,i rriosee rgyihud amder foarcurehitdt weden phecessi on
control signal | | Lo nat e i ntrol i || [ at
E%eg?ﬁghgﬁ EQgDSE a%% %%Eha qggl%?ltj%aééjggﬂghéﬁgﬁ%g#éﬁg%e

a frequency tw e resonant frequency during a s
vi bration of theowrEbprat eAgcherbles., Fmed, tihatbdvh coasestireyulnitdiess gi vi ng

the speed of rofabi,RANef tIAgLERRRALY FATRISIIRIISILE SO Al ddigs that
el ectronics for controlling™30 and determ ning the speed of rotation of the

resonator can BESHLApErPIe&*GhitEe 1on Bt pakiliend taiensgui e sdéidfacy to
be obtai neds | naagefeandtaspgeabuef rike forvRitaeon arid & o uadinaitnd el n eRirhed

signal is appligg kggﬁggikﬁénb%ﬁu% %%aii%%%hﬂ&pfrom this calculation,
and equation is cbtained in which the terms which include
the amplitude of the wvibration are eliminated. Vibration
amplitude thus has no influence on calculating speed of
20 rotation. The accuracy with which the speed of rotation
of the resconator 1s determined in thus increased.

In an advantageous implementation in rate gyro mode
and in which a basic implementation in free gyro mode for
which the precession control signal is eliminated, the

25 amplitude contrcl signal is applied at a freguency twice
the resonant frequency during a stage of sustaining the
vibration of the vibrating member. Thus, in both cases,
equations giving the speed of rotation of the resonator
are simplified so that the electronics for controlling

30 and determining the speed of rotation of the resonator
can be simplified while still enabling the required
accuracy to be obtained.

In a second aspect of the invention, the quadrature
contreol signal is applied in the form of a DC signal to

a5 electrodes that are common with the electrode control
signal. Thus, any phase error relative to precession

control or any orientation error in the amplitude control



35 electrodes that are conmmon with the el ectrode control signal. Thus, any
phase error relative to precession control or any orientation error in the
anplitude control 4 is elimnated while mnigm zi ng the nunber of el ectrodes
needed for inplenentation. In this inplenentation, the electrostatic
forces resulting fromquadrature control are the consequence of

cross-nodul ati onst Bat miesgkl WhaMeSmyalhdthieag thet HemBEF 9aPSeIa€i hgndde

el ectrodes. In order _to maxim ze this alrgaﬁ vgrlat|0f, t he aqpllt de
control signaInF§%ﬁﬁeF8FaBWP SPpFad PR - sudh A mEnhBP e Rt P2 vi W%t i on
of the vibratingleentestiasior feated sestibatng fyvolratiémtnoce ¢sntirol

register with a gap fetween tie 10 ekeatrades, Ihe portion. ol the. vibrating
menber in registér wth an électrode I's en subjected to non-zero ~airgap
vari ati on whi chvaukesion posshkl eitrgapbt 4rrisor bhg cteossedmsiul aln oprdam

consequently betLenaHEa3YLerRAL §§955?0¥arié§ib?,YFBeagﬁﬁf@%u@§H§§ﬁtfglthe

i nvention associated. wth the resonator being 1 nplenented 1n free gyro
node, the anpl Ftg8elcdft PsELgraklyr agndacsy dBubrelt pempedharmiat ffejuency

is applied to tkebrhbriahi 6g RREDELLIhsehl, mafdert De gHadBsAr&ocoMit Ol s
applied to el ectrodes .which 20 serve sinultaneously for detection. This
achi eves an i nét-Based Sty RRfFc iFanbor SPREF &by T hpr BVETR MEHLTReneH

accuracy wilbh aeﬁbntmumeaunb@heobocomoacbfonhe BRbERt DGR RI@ ONLIOF THE
DRAWNG 25 Clhe%e%?%E% LELLSt LGS <30 tégégn'%ggﬁeﬁfs&gfec&g¥epélggn§%95 r-on
Oowii Ng pt a method of Tnp ibratin

reading the follg escription o ‘ npt enenting a v g
hemi spherical Resoaat vRrgatepnwivhihchefakermcett poshebhe coppabpydy STieed es,

in which: 30 - Eigutenbaus88caxhah 88akLANeYLeY BActiRendsdupineli gure 2;
and - Figure 2 is a plan view of the electrodes of the resonator which is

shown in secti oA“6H*F{ ke I1-11 of
15 In yet another aspect of the invention associated

with the resonator being implemented in free gyro mode,
the amplitude contrecl at a frequency double the resonant
frequency is applied to the vibrating member itself, and
the guadrature control is applied to electrodes which

20 serve simultaneocusly for detection. This achieves an
increased dynamic range, thereby improving measurement

accuracy with a minimum number of connections.

BRIEF DESCRIPTION CF THE DRAWING

25 Other characteristics and advantages of the
invention appear on reading the following description of
a method of implementing a vibrating hemispherical
resonator given with reference to the accompanying
figures, in which:

30 - Figure 1 is an axial section view on line I-I of
Figure 2; and

- Figure 2 is a plan view of the electrodes of the

resonator which is shown in section on line II-II of
Figure 1.

35
DETAILED DESCRIPTION OF THE INVENTION

For a better understanding cf the invention, the



Figure 1. 35 DETAI LED DESCRI PTION OF THE | NVENTI ON For a better
under st andi ng of the invention, the 5 resonator is shown on a greatly

enl arged scale with the thicknesses of the®%l ectrodes and the airgaps
bei ng exaggerated. In the enbodi mrent shown, the resonator conprises in 5
conventional manner a hem spherical vibrating nenber 1, e.g. a bell nade
of silica and frxednbyca isdshotn anbasgredtl¥heniasgdd sumfiaceioh the bel

L and its edge apdoalsgoLhee pflodcare.conetedain Al ayer ol getal 2. The

e
base 3 carries maln e% grvén overa%% numeri ca ef érence 5 and
i ndi vi dual refe¢%ﬁ§9@r5t@d 5 2 ..., 5.8 enabling themto be identified

individually. The eiECEﬁQdéﬁbédﬁﬁéﬁBdsﬁé@hngthéeréggﬁaEBrtB%m k@%é&'ﬂﬁ
menber 1. In the enbodi nent shown, the resonator al'so has a 15 shi el

el ectrode g?venC%QE?%FFOF%¥eW@HE@rGa RRMEAPhEréER L o¥aPratingdMemBEd Fnto
two portions 6.4, @nda6b811ea§ae0@ﬂpgn$mg hadr fauxtl bgra gbactr gdea phy¥en
overal | nuner|$ ieferencg 7 ang Eart%cu% nu rlcad fergnces 7.1 for
the auxiliary efect?ddes™ ot EhEp5PEFOR CaRal201798% 5F St fE95uPHi ary
el ectrodes of takspotheoncl. 2. aFhecoebeetlr ddes Tafeandf7m2teitend The
3l Lernat on belyeen. LN fLec! hoRs <DL [08Rar b 0RO c00 418 OLELd)

ed i'S rom

el ectrode is cons a centra chthe auxiliar
el ectrodes1?.1 é&f@ﬁﬂnﬁadﬁaﬁné oudhai dealwiefereheeg55pdrt PoR 6.2 - @f5tﬁe

shi el d eleCtr0d@§ab§1ﬁ§”§ﬁéﬁ“£8db9y1aenEhE§HHaEnEh09dﬁéﬁ§9d'n@h%round the
el ectrodes 5 and_from ~which the auxiliary el ectrodes 7.2 extend radially

i nwards. |n ordereEbTPABPefefik PR T4FABINBHE, cdRE Ph Fﬁ@ VAHTREEFSr 1 ed
i npl enent ati on, mékee¥i brating menber is initially set into vibration by

applying an anplltUdfn the embodiment shown, the rescnator also has a

15 shield electrode given overall reference 6, which
electrode is subdivided into two portions 6.1 and 6.2
each comprising four auxiliary electrodes given overall
numerical reference 7 and particular numerical references
7.1 for the auxiliary electrodes of the porticon 6.1 and

20 7.2 for the auxiliary electrodes of the porticon 6.2. The
electrodes 7.1 and 7.2 extend in alternation between the
electrodes 5. The portion 6.1 of the shield electrode is
constituted by a central disk from which the auxiliary
electrodes 7.1 extend radially outwards, while the

25 portion 6.2 of the shield electrodes is constituted by a
circular ring extending around the electrodes 5 and from
which the auxiliary electrodes 7.2 extend radially
inwards.

In order to implement rate gyro mode, and in the

30 preferred implementaticon, the vibrating member is
initially set into vibration by applying an amplitude
control signal CA. The vibrating member 1 cannot be set
into vibration by means of a signal at twice its resonant
frequency. While it is being set into vibration, the’

35 amplitude control signal is thus applied at the resonant
frequency. Preferably, the amplitude control signal is

applied so that vibration of the vibrating member is



control signal CA. The vibrating nenber | cannot be set into vibration by
nmeans of a signal at twice its resonant frequency. Wile it is being set
into vibration, the 35 anplitude control sighal is thus applied at the
resonant frequency. Preferably, the anplitude control signal is applied
so that vibration of the vibrating nenber is 6 oriented in such a manner
that a vibratiormceedd im sudyistmemns:t thatgap vietraeennt wodel eet tades.

For this purpo I t ud troI naI lie allly in
guadrature to at g}t frm ua tegr c%des?’twee T he' s eerrﬁoaloaeg%t 3%8%@\%/%?%
operates in rmdepLQSPCtEI% ays! |atm]de—tu§i§?ntqtmtr§|lgt$algn@A 8 appkiediked phase to

at least two elipgtiodesd hala i e 430 0 1086k BLBCLI B Godka tNen che

el ectrodes 5.1 and The resul ti n%lw bration then  presents an_anti_node
in register it PRSP Hatweh WHEM Praréterodes "9de dndthepagelitude

rep_resgnt ed by a:d}mlcblﬂcm@rm E@ad_ead a@fﬁlq\édi At @@a&bggbgagméa@apandi 295 .
ant | nodes appear 1 S etween t % el ectr odes . O,
o £09% 5B ATt e O RS 1, SRR R & 8 Preokhe
el ectrodes 5 2 &led rdileks & .5 mnd.5621L5 &He Fesadd ihg8v&bbaticasthen

represented b ir.cl d Fi n a d
Wn!och vi br at iyoﬁﬂgaéé eAs)CtoéaC%I} ?hr{atg,n%?]i age I’rl% al;%It%r Lgct)_'gll tEé% g?@ pgtgggg Fg%
el ectrodes B 2 @B wdas tthd aysl & 2d@§crﬂ©@éf@8@i@éﬁf§l evapeballdodbedlait h

the same anplituyde &0 cAUSPlisiGRalsi gTHe V'Q%%&b%@oﬁﬁhﬁ@tﬁgthﬂohgbs Way
thus has non-zero anplitude in reg} ster with each main —electrode 5. The

sane vibration FEETONTtINAIBEDESHEE MR FLlertEarR§ Pré & ectrodeds. 2
or the electrodes 5.2 anth 5.6 25 wW.t hﬁwﬁilgraaﬂeoﬁélyandoaag ak-ecteeaeds. 3

or Lhe, el cctrodeg, 5,3 ot Sl B8Nl 08 (e L hasg gpgost{Lon)
by tinme divisiork ulz, @rekxing sofs dqnta"solre@rxrés(éercedt bensmthé s:pééd of
setting into circles in Figure 2. To increase the speed at which
vibration is established, diametrically opposite
electrodes, i.e. electrodes 5.2 and 5.6 in the above-
described example are alsc fed with the same amplitude
20 control signal. The vibration oriented in this way thus
has non-zero amplitude in register with each main
electrode 5.
The same vibration position can also be obtained by
feeding the electrode 5.2 or the electrodes 5.2 and 5.6
25 with a signal CA&, and the electrcde 5.3 or the electrodes
5.3 and 5.7 with a signal -CA (i.e. in phase opposition).
In applications where control is performed in
alternation with detection by time division multiplexing
of contreol and detection, the speed of setting into
30 vibration can also be increased by powering all eight
main electrodes 5 simultaneously. For a vibration
position as shown in Figure 2, the electrodes 5.1, 5.2,
5.5, and 5.6 are fed in this case with a signal CA while
the electrodes 5.2, 5.4, 5.7, and 5.8 are fed with a
35 signal -CA.
In a preferred implementation, after the stage of

setting into wvibration, amplitude control is switched to



30 vibration can also be increased by powering all eight nain electrodes 5
simul taneously. For a vibration position as shown in Figure 2, the

el ectrodes 5.1, 5.2, 5.5, and 5.6 are fed in this case with a signal CA
while the electrodes 5.3, 5.4, 5.7, and 5.8 are fed with a 35 signal -CA
In a preferred inplementation, after the stage of setting into vibration,
anpl i tude contrel sustaMirticlhed el i NS HHY siAdge dde Wbirtdrdhesignal
anplitude contraql, signal .. isS a ied at a frequency i-ch i.s doubl e the
r esonant frequg"ﬁ‘cﬁs ﬁ?@l&%}t razt1 agpégrr?éque 5 e élSa|c§ipci\,\1£lq°e]d3 dither ¥ 5 he
el ectrodes 5 or frequeacyst allhiez ewritayer A gfalt leub thedd He aAipltidd either
frequency, variayl epdl 1Lhe dQar 14} troeg!hﬁ]%et"é'fltﬂzté}? lﬁ}%‘lra rPAGS the

suffices to generate electrostatic force at sustain v tion, even
when the same &6atrdl- sPgndiniiss fxasusaEyt.o vaiastiarhdn dihstaiow@a 5or
when a single ampliikide AR MheSidanal: el Guamnldad dp Jdifehald . After
the stage of put ;I n% the resonator into vibration, precession control is
appl i ed to mai nEaFAHRE LG itChGSHh ¥Rk RSHrati i AT Epi t79F Wiffenent s
of the equipnerheorawi corithe1r eserailor d spmuriedo Addorali nghelS to the
invention, this RL.& es%i on contr%l CP, af _amli e&/\,hich is calculated in
eleCLro Al

®SapplT 9 S hE s ofant

U
conventional manner, I's Tappli ed &t & fret eency pv%%éh
frequency tl@ t heppdnedoltceltéct kedds with appropriate sign for keeping

vibration in a stabl gfrieptatiQn, ; e QuAQY cpgrol CQis
preferably applied I n(aaeccgf%tar?%%#%hﬂ ?Dﬁg%irln\?leﬁtﬂeon as rgat%%es]i gnal of

anpl i t ude cal cuVab&atil®ooMyE@nsSEHa maieicl g aparddd g resigHaisr e ft .

As for precessigriepiiQlon FUaHLALUNE LA Qln isHidRPld e hRRMON 4 ¥ eldhas
a function 25 of which electrodes are used for applyi nq_git his control. By
way of exanpl e, SHHERTERE SBs "I YRh ¢SSR T drit MU Sfhal 4% N%d at

the frequeney whiochhies itWeG® ion, this precession control CP, of
amplitude which is calculated in conventiconal manner, is
applied at a frequency which is twice the resonant
frequency to the control electrodes with appropriate sign
for keeping vibration in a stable orientation.

20 In parallel, guadrature contrcl CQ is preferably
applied in accordance with the invention as a DC signal
of amplitude calculated in conventional manner for
canceling resconator drift. As for precession control,
guadrature control is applied appropriately as a function

25 of which electreodes are used for applying this control.

By way of example, when the sustaining amplitude
control signal is applied at the frequency which is twice
the resonant frequency, a signal CA - CP - CQ is applied
to electrode 5.1 while a signal CA + CP + CQ is applied

30 to the electrode 5.2 As before, the speed of response
can be increased by applying the same signals
respectively to electrodes 5.5 and 5.6. When using eight
electrodes, the signal CA - CP - CQ is applied to the
electrodes 5.1, 5.3, 5.5, and 5.7, while the signal CA +

35 CP + CQ is applied simultaneously to the electrodes 5.2,
5.4, 5.6, and 5.8. When the amplitude control signal CA



the resonant frequency, a signal CA- CP - CQis applied to electrode S. 1
while a signal CA+ CP + CQis applied 30 to the electrode 5.2 As before,

t he speed of response can he increased by applying the sane signals
respectively to electrodes 5.5 and 5.6. Wen using eight electrodes, the
signal CA- CP - CQis applied to the electrodes 5.1, 5.3, 5.5, and 5.7,

whi l e the signali sCApp132dCRo* t&R be1appkhed abﬁpbh@ﬁeouglélhﬁlhﬁeed from
el ectrodes 5. 2, and _5 the anp de control signal CA 8

is applied to tﬁ@ebéﬂﬁnbﬁﬁl§p@& gn&ﬁtt EPPHFH t@ ®FEBRFCEhe signal s
applied to the contrmMeaI&mpﬂ@@eatewhen mapbeggnbedoﬂa,rahe gyo opapdeent he

two portions 6. 1 ag% 6. 2 of th sgke gd ggeaggeconnegtg dt905 gr ound
so as to perforn1the usual unc Con of u0|ng Cr65s- tal'k°beteen

el ectrodes. whemrening B@uﬁset@cpﬁ@d@smatéeugedaﬂofuapphynngf tofue bhg

signals, the otg§gsgl%%5@0@%§w%%g @ggbkgghgsfor detecting the nodified
vibration in order to calculate grece55|on control. and the_speed of

rotation of the resoW@@@rOﬂAysﬁ@@Fe PEEYPEBE AHG BEcHséATf BPPLYiIERTI

reception. hbve&b&@&@assibahl@ thbebtﬁﬁmaauéctaaa@s ake LeasiabWe for
el ectrodes and ferab our ctrode are used f recegﬁllli:]é 15 In

t he exanpl e des H5EG LoV EWRE ﬁﬁg YORERBICT s EnaF eﬁrEO WES the
el ectrodes 1%. 1, p&ezﬁsﬁlﬁn a@dtrBJGanﬁhehelgpabddeﬁeebedtmnntbé ehectrode

feni ot o anat el My e, BigndL dekecled onathp clech ode 248

desi gnated D5. 4, ., and vi r on a € ca reastr ed- %y any one
of the conbi nat renePDSoB .+ BEV¢rtbslssS+ Dsr7a betdex DBEn8mipsradngepbas,

D5.4 + D5.7, Orle@%%eQwoD%l%ctrgéeé 3n@5PzefeP§b§ %@ﬁ? @%bBSrHHé§|Q£§X|n9

to alternate control and detection, | tude neasurenent can
performed on al MSEPgHCTeFE6EERPSAEE -5 by the 25 conbination D5.1 + D5 2 +

D5.5 + D6. G5 D5.3 - 1B5the Romple B2s8ribenvabeost yakrer tRE 63AtbE1

measured by any81gnals are applied to the electrodes 5.1, 5.2, 5.5, and

5.6, the signal detected on the electrode 5.3 is

designated D5.3, the signal detected on the electrode 5.4

is designated D5.4, ..., and vibration amplitude can be

20 measured by any one of the combinations D5.3 + D5.4, D5.3
+ D5.7, D5.4 + D5.8, D5.3 + D5.8, D5.4 + D5.7, or indeed
D5.3 + D5.4 + D5.7 + D5.8. When using multiplexing to
alternate control and detection, amplitude measurement
can be performed on all eight electrodes 5 by the

25 combination D5.1 + D5.2 + D5.5 + D5.6 - D5.3 - D5.4 -
D5.7 - D5.8. BServo-control error can be measured by any
one of the following combinations: D5.3 - D5.4, D5.3 -
Ds.8, D5.7 - D5.4, or D5.3 - D5.4 + D5.7 - D5.8.

In an application in free gyro mode, precession

30 control is eliminated but the rescnator may otherwise be
implemented in the same manner as in rate gyro mode.
Nevertheless, when implementing free gyro mode, the
orientation of wvibration is no longer fixed and is a
function of the movements to which the resonator is

35 subjected. In particular, the positions of the nodes
vary as a function of the movement of the rescnator such

that at certain instants, the position of a node will



one of the follow ng conbinations: D5.3 - D5.4, D5.3 - D5.8, D5.7 - Db.4,
or D5.3 - D5.4 + D5.7 - D5.8. In an application in free gyro node,
precession 30 control is elimnated but the pesonator may ot herw se be

i npl enented in the same manner as in rate gyro node. Neverthel ess, when
i npl ementing free gyro node, the orientation of vibration is no |onger

fixed and is a doimeliden Waftd et o vl K dhedd esgiatiend u83hng
subj ected. In partlcular theegosmlo s of the naodes vary as a function of

the movenent of % R i%atS HH %er ST i stHht st t'He $9EI%H on
of a node w || Q;thglemﬂ:ledi% i tdrdde reehtlert ofn afe@m rdee;e ang rvdhen usi ng

2 DC quadrat ur e BN Qo nalo dl s SLONAlo %o 0. Lnderor SHB eGhehi

cross- nodul ati on ecause re I no varl atl on Of | i ano aspect
of the inverttiofhe Bhitd & hilelat widctindsdd mexp@bfamﬂwm&céracfumﬁ ature

control to elecly ‘Pﬁ%l‘“@&%l@é&x’?ﬁeé NHEH ST&L it hi ré/g!t;Pé@éf o fipde. To

describe this inplementation, the starting situation is that in which the
mai n el ect r odes ViSE@ AR na¥S he electrodes 5.1, 5.2, 5.5, and 5.6. Wiile

sustai ni ng vi br atl on TeN@dde i &bﬁl@’lcﬁnﬂferﬁ’ékyté@i/&ﬂerﬁh@fsﬂm:LriIg?SOI’lat or,

t he signal - i s .appl.ied.tao the ctrodes 5.1 an whi |l e. t he
signal CA + CQ |Ss1L CFrEc}St & hate & é‘éﬁ%detsh% “?Jafhoejge% %g SN tHR t he
15 resonatadn is thmbjedcaceﬁ:ddrmm/emerﬁ.z:,aum fig die vidr atwmﬂetmsmmlng

cl ockw se, thenvtltﬁeratqﬁ%%vg}{ H\AQSrl .}:%Aea}u%oofﬁeﬁf]% I_?é @r?egs 5.2

and 5.3 noves unti i'S no cones close ( ctrode
5.2. In this sivasamadmr t Hdieusidimatlur@ corft@ ol s amlmt@ttﬁee 20 el ectrode

5.2 ceases to effiectiNgied b Of dgfg tp @%ﬂ{ﬂet{ﬁéé Pfcﬁfi@' yeness, the
signal CA- CQis swtched to the portion 6.1 of e shield ectrode and

the signal CA +3ERIEA K& o1 DEB LS the? sq*ﬁ%ﬁj el 3T YT THea
which is ingegirsl@naMdh ith&ubjected to movement causing the vibration

to turn clockwise, then the node which was initially
between the electrodes 5.2 and 5.3 moves until this node
comes close to the middle of the electrode 5.2. In this
situation, the quadrature control applied to the

20 electrode 5.2 ceases to effective. 1In order to avoid
this loss of effectiveness, the signal CA - CQ is
switched to the portion 6.1 of the shield electrode and
the signal CA + CQ to the portion 6.2 of the shield
electrode. The node which is in register with the

25 electrode 5.2 is then halfway between the electrodes 7.1
and 7.2 which are subjected respectively to the signals
CA - CA and CA + CQ. The airgap in register with the
electrodes 7.1 and 7.2 is thus varying so that quadrature
control is subjected to cross-modulation. Quadrature

30 control is thus again fully effective. The contreol
gignalg are thus applied in alternation to the main
electrodes 5 and to the secondary electrodes 7 as
vibration turns so as toc keep the vibration nodes between
the electrodes to which the quadrature control signal is

35 applied. 1In this context, it should be observed that in
order to switch over the control signals from one group

of electrodes to the cother, it suffices to bring the



25 electrode 5.2 is then hal fway between the electrodes 7.1 and 7.2 which
are subjected respectively to the signals CA - CA and CA + CQ The airgap
inregister with the electrodes 7.1 and 7.20is thus varying so that
guadrature control is subjected to cross-nodul ati on. Quadrature 30 control
is thus again fully effective. The control signals are thus applied in

alternation to thelimude elfeeteodentraAndimalhersesendaizy:-tghect rodes 7 as
vi bration turns as 1,0 kﬁep t he vi.bration nodes between the electr%des

Q
to which the qu§§?8 GPECENET GBS JAAPaHE 3% % & EF PHYs ECoritext,
shoul d be obserted thatrion sdcaerd tforcswicneh goverp tﬁeed@mtnmkkﬁagnahﬁefrom

one group. of eleaLtodesLonfhe 0 haly i, Syl iges o Brlng Lhe d0s.

anplitude of the control signa I nactive es to zero mthout
it being neCessapy P@S§wpﬂ§htctWéec@ﬁﬁﬁ@KQ§%9uﬂWthm%Sone group of

el ectrodes to the ohBeexpihe et I&%v‘éan i4S RE s edd MugRRGe gyhere it is
5 not possible tﬁ@use el ectronic switches. As _explained above, |ncreaS|ng

the nunber of EFrBdes t6 WhICR the Comtral Signals are appilisd makes
it possible to uncpeasebubet@yﬁ@mr@ars@wgelea@q/ntahus: trhgigeaGeid a;@ylsof:he
operation. In addlt%gn i% Bes%n%tors edﬁé%_ n_space, it is,not glble
to perform switchrigost Phie “PELECEPotes BefRSerr *8 contT &i° SPIREETSn Eﬁ a
det ecti on 10f unéti epacEor icnplsemert goisedible spaperifioris stihicrdfioe ofushal |y
S SarY o o) bREBEEORAL! Bl i IRIRERAL Kodes LA COR LolARd g of her

half to detection. is In a erred 1 nplementation o e invention in
free gyro node, fPPCFéOﬁeveFPHEP@§§GE@§§@§P@ntGnaﬁpﬁ@étét tilve Theme fore

el ectrodes bot hybQatopt h@be@,@@lryo tdet8qclire HA1hLY itHR) GEERL all@RrodUki Ng
the stage of sustainin V|brat on, the amplitude control signal is 20

applied to the b8l FORETRLf pEGUS QFﬂe€ehPH§ t8s 8F&RCEP8quency. The DC
quadr at ureleontrol stgnal pr€Qeirsedappiplethein® atthennaifn teleedtveadesca in 5. 3,

5.5, and 5.7 free gyro mode, it is nevertheless possible to allocate

the same electrodes both to control and to detecticn.
In this implementation, during the stage of

sustaining vibration, the amplitude control signal is

20 applied to the bell at a frequency twice the resonant
frequency. The DC quadrature control signal -CQ is
applied to the main electrodes 5.1, 5.3, 5.5, and 5.7
while the DC quadrature control signal CQ is applied to
the main electredes 5.2, 5.4, 5.6, and 5.8.

25 Simultaneously, each of the main and auxiliary
electrodes is connected to a detector member which, in
conventional manner, is a charge amplifier, i.e. an
operational amplifier including a capacitor connected
between the inverting input which is connected to an

30 electrode of the resonator and the output of the
amplifier. Furthermore, the quadrature control signal is
applied to the non-inverting input and is added to the
detection signal. Since the quadrature control signal is
a known DC voltage, it is easy to subtract this signal in

35 order to obtain the detection signal alone. In this

respect, it should be observed that two diametrically



while the DC quadrature control signal CQis applied to the main
electrodes 5.2, 5.4, 5.6, and 5.8. 25 Simultaneously, each of the main and
auxiliary electrodes is connected to a deteaator nenber which, in
conventional manner, is a charge anplifier, i.e. an operational anplifier
including a capacitor connected between the inverting input which is
connected to andﬂbdﬁkﬂﬂrémktﬂﬁoddﬁhmﬁsQﬁﬁkﬂﬁf@ﬁdeﬁh?nOthuﬂl?ﬂ gbetheh
anplifier. Further t he drature control signal is applied to the
ngﬁ i nverting |E%ﬂ¥pan51 %] d o the detection signal. Since the
quadrat ure control sﬂ&huﬂe|EheayﬂhﬂaM1d33hﬂﬂdu£y3pgitqhsdeasyrEOCSHeract

this signal in 3% quger;de gctd&'r% g,%t @4 Al % %’1% ﬁb&@% aha tBi $ne

respect, it should bé observ wo dianetricall

el ectrodes may Feddrimect &d chweaﬁ ES] dte@qm@eds@#?QV@har @étanphpﬁu er.

Wil e the vi bratiing defertttdtlidi0 o OUH At tGORt h@l suirsiapgl Lednalternately
to the main electrodes and to the 5 _auxil.iary. electrodes as descri bed

above. Wth thi &35 emsitsS oSt 99§?|Q?&ént|5ﬁ L 98Gf FRdBs et 6Chagees.
el even connecti @nsl (e thel Ipordthersi gift timi mhﬁb&@léméesxodamdlhherﬂm@ to

portions of the,shi de) |n aorder .ta le to ap he .caontro
signal to eight e e%%g%gé %%59' OCEFE%C&pSﬁﬁga& gchﬁg sggég%r8ﬁe8|ght
el ectrodes.10 On amidl $osubjactup mhweitetamtlm sagp@dt oof etthbt eheehtpPdAs.it

is possible to calibrgpfehe oLl t ege%%%E S- ﬁgggpﬁtoftthé the sane

on two paths in _ quadrature. V'bratlon | requency which is
is twice the re§6ﬁ§ﬁ¥”¥ﬁbq&énéf‘ﬁ@ﬁséﬁé@tﬁ§d§§ ﬂﬁ&ﬁtéréhenﬁéaplyflﬁhe

quadrature when detddicatd &b ROGE ii% 1iR chedisshRl ohhereWohRhsThhs
calibration can be ferforned , ther durin itialization stag

applying a pre &St r ol AR 6 B quﬁ @Er&tFSﬁqH888Y26h10¥
successi vellf i n irsegivsitcer wmatresmﬂanﬁ furkenenegt fodes ] eer roligspenter arag

calibration neaﬁHkﬁﬁﬁR} %9%ﬂuuhﬁﬁure ﬁ%en a vibration node is in

register therewith. This calibration can be performed
either during an initialization stage by applying a
precession control signal to place a vibration node

20 successively in register with each of the electrodes, or
by performing calibration measurement each time it is
detected that vibration is in a position for which a
vibration node is in register with an electrode. By way
of example, during an initialization stage, vibraticn is

25 initially oriented so that a vibration node is in
register with the electrodes 5.2, 5.6, 5.4, and 5.8, the
electrodes 5.2 and 5.6 being connected in parallel to a
first charge amplifier having gain G1 while the
electrodes 5.4 and 5.8 are connected to a second charge

30 amplifier having gain G2. By demodulating the vibration
at a frequency twice the resonant frequency, it is
possible to determine the gains Gl and G2. The vibration
is then turned so that a vibration node comes into
register with the electrodes 5.1, 5.3, 5.5, and 5.7. In

35 the same way as described above, the gains G3 and G4 are
determined for the charge amplifiers associated with each

electrode pair. Thereafter Gl + G2 is compared with G3 +



detected that vibration is in a position for which a vibration node is in
register wiwth an el ectrode. By way of exanple, during an initialization
stage, vibrationis 25 initially oriented sb2that a vibration node is in
register with the electrodes 5.2, 5.6, 5.4, and 5.8, the electrodes 5.2
and 5.6 being connected in parallel to a first charge anplifier having
gain G while tH&, efrerrddesh 52 Aconllf bc8enr ekcoanéededed osa skexonel chaiye
30 anplifier havi i n By ! e.Vvibration - cy
tw ce the resonan?gf ?%jquz%) i tﬂ?gogfuo%gg?g???ohdietget?&néﬁea?ﬁielg%i&hs gé]and
G2. The vibrati G ke tdf et kon t Akt thevipPalabh Fodauermes | Ht 0

register with thah@lretsodgssdeded StBat %éinaﬁgléﬂgin%; ni $53d Her SR e, as
descri bed above, t r}gdlg% ns G3 and 4 are det e&m ed Tor the charcggEl
anplifiers associkt P TP O et et FHaRPPaft . S Ther Edfeer ity aua@atyre
compared with O03acHZdHorfsiom wiveh aleoefdiesentik 1is deswoesssibldato Gl
+ X =k (&3 + T ficient kiis then a i ed_ durin denmodul at ed
detection at thee%ue%loln%eﬁté:#)%q%rgn%vfﬁ ‘?]fe%'ﬁ%ﬂ a° bcggiﬁr)Se? ved k?)?1arfleagsalilrnlng

bal ancing i s desdl ided oirodsd 2 honkfyerracestontabegroups of 1l ebreky raodks

in quadrature 6agd, GRS Dohd %e%@&%f?ﬁf@nt'& LS @S0 @pssiple;to
equal i ze gain on two el ectrodes only, e.g. by nmeasuring G on electrode
5.2 only and® G3 on el™titGriel 5. 1thl yrapat 1phehs detler himi rrd te Eoeffi ci ent

k so that Gl = kidgllerddhdded i5ad | st PELEAVEALIT O hey Mot diidecedocd he
i npl enent ati ons descr.i bed atgl—(? it nﬁ/ be subj ect eﬁl to variations_that wll
appear to the pefSorfSIGTT éd*dh The!t PRt hButPGR P Heydtt t4R Hrbiie of

the invention asrdefittechibygdiey cbayond tdhe | amipat t o utlae , 1i@béholgh ddhe
net hod of the iraleﬂwitﬁeocp L?);s%kgees A:B_ﬁg above in association with an
at a f

anplitude control signa requency that is twice the resonant
frequency diffi ng the Bustatni qigl &t agel thdeglebyhe shaphod yohot ke ubnvemnsi¢m

rate gyro node SiNcRdheiped above in association with an amplitude
control signal at a frequency that is twice the resonant
frequency during the sustaining stage, thereby
simplifying eqguations in rate gyro mode since the
20 precession signal is itself at a frequency that isg twice
the resonant frequency, it is possible to apply the
amplitude control signal at the resonant frequency.
Similarly, in rate gyro mode, if it is desired to
simplify calculation by accepting a small amount of
25 drift, it is possible to apply quadrature control at the
resonant frequency or at twice the resonant frequency.
Furthermore, applying a DC guadrature signal
together with amplitude control at a frequency twice the
resonant frequency tends to cause dynamic range to be
30 lost. If it is desired to recover a large dynamic range
while accepting a partial detericration in stability, it
is possible to apply guadrature control as a DC signal
while applying amplitude control at the resonant
frequency.
35 In the preferred implementation, amplitude control
is applied so that the resulting vibration presents nodes

between the electrodes, thus making it possible to obtain



20 precession signal is itself at a frequency that is twice the resonant
frequency, it is possible to apply the anplitude control signal at the
resonant frequency. Similarly, in rate gyroldode, if it is desired to
sinplify calculation by accepting a small anount of 25 drift, it is
possible to apply quadrature control at the resonant frequency or at twce
the resonant frég¥efcyaripfione: wdr @irgppl yingeaipceyuadtht the si gnal

together with applelcitdRe@ORNOtndls hafdiglHeBeYsEWne8ut BeioheBePABEN the
frequency tends to cause dynami c range to be 30 lost. If it Is desired to

recover a |arge2dyRER ¢ardfgeCnmhdre d8Cepti AGTAT Bar Bianadet eFi BRGtion in
stability, it icenpasdi blignkdsappl y quadiuahdyeteoder ohe agedoRinsi gnal

whi | e appl ying | i tude control t-he .r esonant ére uency.-.35 In the

oref or ron | bl eodaaelcy oAb FERbogoRE S LBvabl PRdCD FhaD Phe

resul ting vi bratinpd epreadedt gitnbddes smedflweedytihaiel egbgedey, gehasamikgng it
possible to obtahn 13 iLar g8 Yarkatkans.of nahnganeln negl shervybthethe

el ectrodes and thus naxi nmum cr oSS-np qFatlonl et ween e airgap variations
and the DC cont PEFS§ngSanedss ehd assAnpeessignatgiaten Wieueheytrodes. t he

resonant 5 frequeneyiotkeoretadnat thegknyaahi RBe8anc8l 58 bemplABLesEnt ed
wth a smaller g nam c ran %fgﬁ genera in vi bration i.n_conventi onal
r

manner so tifat He™PF6r BEY SBhte1n6dES 5RD SRt FROJESEFPREE8Ti ster with
el ectrodes. Thiedekassnatsdynam ¢ range then needs to be conpensated 10 by
nore powerful contro ctronics.and detection _electronics. Although the
invention is describé&%gggéé %h?hlnyg e%gﬁcéstgeﬁcﬁ% %pﬁ%?Y%aYlF sonat or ,

the invention appkiresceoteny bkedtpbstrathtakeyovantrol ted iesenaion. 14

CLAIMS 1. A mepfgd;ab LBPLAPRELRGBEEE9RTL O LOnfALE1OY  Pesonator.



node, the resonator conprising a vibrating nenber (1) adapted to be set
into vibration at a resonant frequency 5 under the effect of electrostatic
forces generated by electrodes placed facidd a portion of the vibrating
menber, the nethod conprising the steps of exciting the vibrating nenber
by neans of a conbination of control signals conprising an anplitude
control signal FEARIMS3 10 precession control signal (CP) , and an

anpl i tude- noduhat ad m@¢adiatlds & it isignalr{dda to0fi HBATY LRG0

vi bration of the vibr ﬁ%{lq_’ msrrbeé%);r and of, denodul ating . the vibration at

t he resonant fr@888n03 O A At HH* Aedse? % a%é‘t”l’ifo&‘eﬁgeﬁg(l

characterized i adebatd he e preecdssiconiconitrian sitgralre=Eants fappueadyat a

frequency that g twige thedsgsenany Jugauency. 2o, Adrthod acearding to
d Ur i1g 5t ng SIS Vo f

claim1l1, characterized in that IJ a st'age of setti ation,
the anplitude 28lesfrediessipgraled CRACing @ppidnsd cat ctthe hee sumamt: iigequency

of the vibratingepBaRer ¢ ANhAWING Frortidde Pl Uil NG ewcqrtqﬁ'gorahet he

anplitude control  signal (CA) is_appli edl at” a frequency twce t resonant
frequency. 25 3ViRTAR{RGd MEEEETitYg MeETE &ifma caspammttion Add coRtERaAt
during the sust alighagsstagerildie@mp idule e QIntsianali gna@A)(cas ,appl i ed
to at Ieastlohalf of the electrodes .distributed s tric H%E about the

vi brating menbePT6F55¢6™ FENT G atit noer /i £ 3P4 1ER%%st hod
accordi ng to cl mbiulatedanacteritzed icorithatl sikgadnpldd)yde fc artrcal-isiggnal

(CA) is applied,i a er_.that .t he vibratiaqn of e vibrati.n
menber is ori eﬁ%gggggg{lhgtfng@l\% grltgtr?lgﬁ%ﬁoglgn}%seﬁ'napggioé giremvcﬁdtu%a %ngach
gap between twotBpevibgaddon1BtStha mesieodndc Cordivegayo ofl dihm Fikmdtdhgi m 4

taken in conbi pakien, €har aRkeaZ et iy tchll%tﬁa%tte!ﬁazé%}d o ng thee stage of

setting into vibration, the anplitude control sign ) 1's applied to at

| east two ePectPEEEESERe control signal (CP) is applied at a frequency
that is twice the resonant freguency.

2. A method according to claim 1, characterized in that
during a stage of setting into vibration, the amplitude
20 control signal (CA) is applied at the resonant frequency
of the vibrating member, and during a stage of sustaining
vibration, the amplitude control signal (CA) is applied

at a frequency twice the resonant frequency.

25 3. A method according to claim 2, characterized in that
during the sustaining stage, the amplitude control signal
(CA) 1is applied to at least half of the electrodes
distributed symmetrically about the vibrating member, or
to the vibrating member itself.

30
4. A method according to claim 1, characterized in that
the amplitude control signal (CA) is applied in such a
manner that the vibration of the vibrating member is
oriented so that a vibration node is in register with

35 each gap between two electrodes.



5 are nodally in quadrature relative to each other. 6. A nethod according
to claiml, characterized in that the quadrature control signal (CQ is a
DC signal applied to electrodes conmon to e anplitude control signal
(CA) 10 and to the precession control signal (CP). 7. A nethod of

i npl enenting a resqnator, in free gyro node, the resonator conprising a
vi brating nenber® (9 mefd&ﬁ]é’d:ctog‘%@gsé’co iTHO WidraS Ghedit 4 FeksRaAt

frequency is undemiivetefdrgctclafraiteatiest ati e Har ees 1garer auednby the

el ectrodes di spq facin port.ion of..the .vibratin nber, th t hod
conprising the s%g‘%%e ?%Cf e%ct%tjinr?g :"[rflteo V\?ibbfragtﬁoﬁ’g %%@Eﬁt@gngo&grnﬁ
conbi nation of corgnl (@gra spedipd sin@t desistg tacs edeaicmodgsstage, an
20 anpl i t udes confDlaRi AN (CANAL A, HLIUINRY Jhge LR oLesgnant

frequency of the vibrating ne , Al guadr ature control 'signal
(CQ, both control signals being anplitude-nodul ated, of neasuring

vi bration of the vibnaidd@ e ne Plcidamdul ahirgthe vikhr ahi epaat 25
t he resonant fr (Hjen(a/d(r?‘ t he vibrati n%[,mamier, he net hod being ,
characteri zed i i ¥h@ aH& RS I8k doias@ s(icéi‘aal@ &n8Ct Féo9gaadPRPY L8
control signal s tar elapplrdcetd rongwaditat whe taepadrmEde ebactbodesqgndd §caf
nmet hod accordi ng .t | ai characterized i.n that . t anpl i tude control
si gnal (CA?LC?S %ﬁ&oitg)d%thorg é{r Céeés'sstlonhaclofn%gfo% ﬁelgéﬁaéct(gg’&es that are
distributed in symmetrical manner. 35 9. A nethod according to claim7,

characterized i that, ot t W | _si LS .applied
el ectrodes on (r;]i t hmetrmesti}-jg)g1 g);fag%@ji%rr%tnl%g%tglr’]%dg% S%g@%é)lr/%\{J‘irrgtE ﬁ%dgg? °
i mpl ementing a M&SEhattdie in§SONed By COTDREEE NSt IRe ViBEaRAREr meahpEi g a

vibrating menbermdabreddanted @ betset i@ iwnbhat hoRedbnante$eRglktncy
frequency y nmeans c%f a cf%nbl natfl %ﬂ of contrql signals conprisi ng,

during a sustai Pﬁr‘?ﬁj&rsté’fe,e Pt CuGE TERSERSA CsitGRERS BeRFrated PYequency
tw ce the resonaiteciregisency splosielde facing a portion of the vibrating

member, the method comprising the steps of exciting the
vibrating member by means of a combination of control
signals comprising, during a sustaining stage, an

20 amplitude control signal (CA) at a frequency twice the
resonant frequency of the vibrating member, and a DC
quadrature control signal (CQ), both control signals
being amplitude-modulated, of measuring vibration of the
vibrating member, and of demodulating the vibration at

25 the resonant frequency of the vibrating member, the
method being characterized in that the amplitude control
signals and the gquadrature control signals are applied in

quadrature to common electrcdes.

30 8. A method according to claim 7, characterized in that
the amplitude control signal (CA) is applied to at least
half of the electrodes that are distributed in

symmetrical manner.

35 9. A method according to claim 7, characterized in that
the quadrature control signal is applied to electrodes on

either side of a vibration node.



vi brating nmenber, and a DC quadrature control signal (CQ, both control
signal s being anplitude-nodul ated, the 10 net hod being characterized in
that it includes the steps of applying the Ja?‘rpl itude control signal to the
vibrating nmenber itself, of applying the quadrature control signal to the
el ectrodes di sposed facing the vibrating nenber, and of sinultaneously
detecting vibration of the 15 vibrating nenber using the sane el ectrodes.
11. A ret hod accor di agnéiched abfn 1yl ehenacher & zedsomat bat int heeguagk@t ure
control signal i pl | ectrodes on_.either.side of a vibratjon node
of the vibrati ngﬁorr(g%beérﬁgz%gi%a%ﬂe RO HZEEY of nG-r o o &7 nfamber th
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coefficient. vibrating member, and a DC quadrature control signal
{CQ}, both control signals being amplitude-modulated, the

10 method being characterized in that it includes the steps

of applying the amplitude control signal to the vibrating
member itself, of applying the quadrature control signal
to the electrodes disposed facing the vibrating member,
and of simultaneously detecting vibration of the

15 vibrating member using the same electrodes.

11. A methed according to claim 10, characterized in that
the quadrature control signal is applied to electrodes on

either side of a vibration node of the vibrating member.

20
12. A method according to claim 11, characterized in that
the quadrature control signal is applied in alternation
to two groups of electrodes that are interleaved between
each other,

25

13. A method according to claim 10, characterized in that
detection gain of electrodes in gquadrature is balanced by
analyzing the vibration at a frequency twice the resonant
frequency in order to determine the real detection gains,

30 and by calculating a balancing cocefficient.



