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- M CROVECHANI CAL RI NG RESONATCR The present invention rel ates (50A il 2008
base, i.e. a device conprising a resonator and an integrated el ectronic
eircuit for driving the resonator into oscillation and for producing, in
response to this oscillation, a signal having a determ ned frequency. 5

Ti me bases, or frequency standards, argbfequired in a large variety of

el ectroni c devices, ranging fromwistwatches and other tinepieces to

conpl ex tel ecomuni cat i opy devi ces oSHEHA SBcPaReR AERAPEBal Ly formed by
an oscillator including mT circuit for
driving the resonator intbllG8QMEALHSNICAR 3 REFHINANGSi on chain may be
used to divide the frequency of the 10 signal produced by the oscillator in
order to obtain a | ower frequency. O her parts of the circuit may serve to
adj ust the frequehs prasept iaxetonacBiesdajalsng Bgse he- ALGYiss epmpatindaof the

di vi sion_chaidgondiBeo(@ERANENLRAlicdipiceliROk FEKirel IR donalcp RdvaniAggouS| y
integrated onto a single sem conductor substrate in CMOS technol ogy. O her

functions, notd @F PERELCNTr B gBRANSEO e C3GIRYGBNZ ISPRIJEYES hEcteHapehe 15
integrated optfehbg same substrate. Advantages of quartz resonators are
their high qua it]y, factor Q | eadi n)g to%eqaod fre uenc;rs\{ 3tabi I i,t%-?nd | ow
power condunpti onl 5% Rases. AJreMENEY B0 P RmIerai e e aaberiveyet £

di sadvant age:1@dtrdniPddadest rMRiraE®a wiis welcriisaridZothestmatiodes thevewesk resi des
in the fact tlhat t\/\o.cgn;ﬂ)gnents, nﬁrrel thea%fartczl reson &or am(]l:i gtgp 20

i ntegrated ¢FEEPTBRINEALPY ERYIESS: Uy }‘8’5{}?5‘588 YBicgit of'g % S Facl

hi gh- pr eci siiatiuding guprncty .refondis andtaa dedronic ¢iesd hatdivingdbgrasesatvoattal space
which is scar J ny, & o i.nst ofyéacgﬁs I at or
for wi stwa?ocsﬁﬁgfbp'il;%a%/dl@%@S?%ﬁ'g@bé%Q@p@%:&gg%ysﬁcﬁ%adg)\?%éeﬁmo xé%sﬁﬁg.

Mor eover 10 aditina prealced sy sheaossilletandeordsy ta eliaiagslewdr fecuemcy dahee pergnofof t he

t . t R .. - i ..
wo conponens C,ﬁ%{ﬁgrpgang%fggftﬁggaégﬁsgﬁgbygﬁ}?& e%r%p%*rby@dé@tm Qﬁé‘ﬁ@:{sson

especially in't OWM_ . el ectroni'c devicCes. It is thus
a principal refg eicthe gfvisiere cipgiesEif camrassnisoH heigEBITEer@iisBPuti on to the

above- ment i opesn1REONHIPidiYatRl QUi BlgR sehioras®r soFaiatsinevas | nt egrat ed
resonat or. Anot hef object “"of th resent |%\éent| og is to Ejrow,de atine
g itiee

. the .
base that mé§chpElogy. Piharjuncioey et dieedi rele EHECRPERCERTRY MY be
sui t abl e14 onintbgSsedsad Wed Efhe anskttdi@t is conpatible with CMOS technol ogy.
Still another object of t

he present invention is o provjd o bas
conprising a res(’5:’}%{?'atragf"i%\\ciie?‘fba SV & Hl?éﬂ*?'%yq?%l'@\f%F!%%a%ad'{‘ﬁg‘% %%%/C?a
greater freguqoencysdtathiitlyiahy lendolvencqgreumpticoas wepte treir godd téppetat@@04 _2
Yet anot her L.ect, of th resent | [ Li . I.de L1 me base
wni oh s T ont Rl B e aatt Piekier a8 yb g B RE RpGoR i dtel ' T
sem conduct oesiadsi ip theAtzsbthdit vgd gompdrents, nemMeholk dedrtaraseneiobaseticonpri sing a
resonat ofy Al dBLRBFALL EAGLEARIGN 81 brd¥e Kbl d T esonator
into oscillati®n and for producing, '1n response to said oscillation, a :
si gnal havi figaeerdyt Ardiaoreld QUREE (RSPRFIOT EAITGE PEATISEECE R SSHFY T B3Bhat or
i Sdandi nt egﬁfg&d Fo flﬁlé%fﬁea@&bﬁ@%rgrduagz f%?_a@tr@csr W@WET apolRBAMS r@q@ik&sé rate
and adapted to oscillate, .accarding to a first oscillation e, around an
axis of rot é@?cﬁrpféﬁ%gf%ﬁf’f gﬁ’% BEY pPMRECLE ﬁpg'il%nazgf)ﬂs ﬂﬁ)ﬁ‘i’%g%,y i d ring
1? r esonaéI oasmﬁwf bed agnnecﬁc@eﬂﬂwre?tworms-tpoemte.nmtngaa}‘cemmmisdﬂsmmstsam
along sajd axis.of rotation;.- a free-standin illat.i structure
Connct 8.t BeAiSPUgE R3PRF AL g ARG TE A 0% 08 Sl B e B ot - wi th
sai d axi s of rot Hts s agprdhcipal object of the present invention to provide a solution to the

above-mentioned problems by providing a time base comprising an integrated

resonator.
Another object of the present invention is to provide a time base that may be

30 fully integrated on a single substrate, that is suitable for mass production and that is
compatible with CMOS technology.
Still another object of the present invention is to provide a time base
comprising a resonator having an improved quality factor Q and thereby a greater

frequency stability and low power consumption.



15 - a plurality of spring elenments disposed symetrically around said
central post and connecting said outer ring to said central g rildndg - at

| east one pair of diametrically opposed el ectrode structures |s%ose

around said outer ring and connected to said integrated electronic circuit.
20 An advantage of the tinme base according+to the present invention lies in
the fact that the m cronechanical ring resonator exhibits a high quality
factor Q Quality factors as high as 2x105 have been neasured. For
conparison, tuning-fork quartz resonators usually exhibit val ues between

5x104 and 1x105 a{fefndidseibjddt bmﬁbrﬂﬂeﬁntmﬂénﬂ&lﬁg td pRRGe ddchfameabagtesi gn
features favouring a high quality factor wsaggcgb; ect of 25 dependent
t

clai ms and wvhich b%'oﬂe%r&efj@é‘él rﬂ‘é’%‘@isrpé?%%?’eﬁyﬁ Py o £701rCn ‘dﬁ‘or
gi ven resonagdip frequency, the surface area requi red on the substrate to
formthe ring resonat 'S, s n co son w th .ot her onators.
According to one %%Cﬁé@fg%fth?rr?e’slpﬁ‘?)“éqﬁq nﬁme {Rae 8?@85 ?'B%iacfe%‘? Qfig"d;ag
advant age@uslhuegrmé@greatreﬁﬁc@ncmlhﬁr dribisg saitl ecdoogidrireo oskitldtichend for producing,
m cromechani.cal ri

base. A I owdr Pp1icEe 1 2oar SSERRD: hele By e OF e g LBal it taf el
r esonat or usnrttgatwafderesd:rm*cdn ragmtlrdegmiﬂd)@l}pmmecl'rmwllb@gmspnatedsmnoﬂtehat ring

resonators hawlng Shlhdlad Hee%%o%gsnéﬂeomofcn@gné@ﬁﬁs& BELiffbh Gishe, SUCH as

angul ar rat e Sensors, accel I nst anc

Pat ent No. ara@m %axm@fmmtw %tbswntlalarﬂfrmﬁr@cuwtt@ﬁﬁ!dN@bS%atSMal@geg 35 to
Spar ks b%h @g' roomechani cal ring resonator for a vibratory
gyroscope corrprl SI ng ted nmetal ring and spring system supported above
a silicon subst rataeceMBSPO@@ﬁ@ﬁ‘ﬂmﬂdrO“S58’%”2“?&*@? 8'oparsaisha’s etromliongi scl oses
a variant of the above eRRmebscill@irdtilct#98dnneticthodaid sertenpoguned to
exhibit mninmumsensitivity to tenperature variation. U S. Patent No.

5, 025, 346 alRdHi%cl oses a ri ng resonator for use as a mcro-sensor in a
gyroscope or an anguWdér dAraf asneim saaﬂl@m oottt @abdve- ci t ed docurrents

however jndi cates or sts usin u e r| n an
oscillator circuif? Q'Bagg%‘? grg ?'FE%UE%‘@ OSSFQ,%&%R‘ tr?cally Oqmgase ral ocg\/}'ér a
nunber of design faediconescting.sgid ddier slpipeaaneenirahbest; of spring el enents) of
the ring resoaat ors disclosed in these docunents are such that they would

not be suit&Bfe for horological applications where frequency stability and
| ow power consunpti Eashere prseitizmbtricFbronpesedpigetrodengryctgen dispaged

structures djsphasedoder %leHde%rPrf’éE%:afsto%‘Qld ReBRRAAER Bidua qual ity

factor ranging from oyv or being used in a highly
preci se A0 me baséniadvABEEE G§iNedimappta aeer ikl HREFSRS: uahter k8 ¥bat or s

used in horelog{f#e ﬁqm%méa{dnﬂi%n@Fuslahétoﬂuﬂhmtsya higbtcarmty eictér®. Qualey of
1x10 to 1x105. Acc resent invention, vari at ures

ar e pr oposetPiH R M FRRH Xt o° RPEh BaR ey TSl bt Aok R ey o
t he osci | | atds@naloreasieng gxaigayalses Gaivieatisatd' amd 1O aftpt laserdemafing biethe

d | f t

O V119, ol 20510 80 2 LTS 2L SRR O RLPERRS A2l ABidfof 2t
qual i ty 2bacteperQeniclhingharglrall ibkydebariites hegeinaféarlin gefelh a st abl e oscill ation
pth 1ow phase np e dr biDayes Hé}ﬂ?ééﬂ'ﬂéﬁ(ﬁ/”the%rﬁaée SRAeEERd Of ihe

hor ol ogi cal applic Accord ing to ether aspect e present
i nvention, webrsitretestorferh g Bmgsrespeatpr 6 FowRddn F@F‘P%ﬁﬁ@é‘tv‘éﬁ‘tth‘F’l "pSevtipEnsat i ng

for the effect Ohcécﬁgﬁﬁr@EHéQsﬁﬁbtbhﬁxeﬁﬁ’%ﬂ@rﬁ‘tthé ERAWERE Kir@fit ;.f,he ri ng
inventjon

resonator. According td another aspect of th Gf‘ eﬁ g
t enper at ur e2@EARIECHSY Mtpegiad %\}Tefsﬁpﬁtﬁét? tegeth t“é%‘t % BUCTOmeErRL %B%Q rate in
order t @DCOFEE@H&@F ehér@by tehagingfth %Q@w%ﬁc@d nmemspeé A lover pricd iBealdor eaieatyy of
t he signal rP rﬁ(g the tine bas ! fong % %onno’}‘athe resonator's
t enper at ur eV8EHENE ?&%‘aﬂ‘ﬁ‘? LY 1e5° ‘F?%%W@(? W9 t5ENPPRY r esonat or of
t he present inventiwnbbasintdicowdvatminggeswiates habing sintlas tdastranaieatrioynl i near
tenperat ur ef quas%ﬁgz%srd'e%ltces such as angular rate sensors, accelerometers or gyroscopes.

For instance U.S. Patent No. 5,450,751 to Putty et al. and U.S. Patent No. 5,547,083

35 to Sparks both disclose a micromechanical ring resonator for a vibratory gyroscope
comprising a plated metal ring and spring system supported above a silicon substrate.

LI.S. Patent No. 5,872,313 to Zarabadi et al. discloses a variant of the above sensor



According to still another aspect of the present invention) a second 30

m cromechani cal ring resonator may be fornmed on the substrate rﬂﬂﬂgg@g to
al  ow tenperature conpensation. According to another aspect oé

invention, tenperature conpensation is also achieved by using a single
nlcronechanrcal ring resonator which is operated sinultaneously with two
oscillation nodes having different resonant frequencies. 35 O her aspects,
features and advantages of the present invention will be apparent upon
reading the follow ng detail ed description of non-limting exanples and

enbodi ment s meeasvudnhgnreﬁ%emathmmﬂq mamawuengaewtaw VegiR)ich. ru shPatent 5
trati n schemat |caII a first

| 2004 -
éprrtr)lodl ment d¥0a5 'ﬁ%ﬁ‘*%é@@ d&@@’é \élgff\évsérﬁé”é?r %Sgnei T RVERI6R°"Bfpri sing a
r2n cr Oﬁegh?nlgﬁa%scbpégreamgaﬂaorataedn@m integrated electronic circuit; Figure
is a detailed vjew o cen I
resonator and i t§\l?r1?n% tf‘%ﬁ' Wt ?L dac#ro B%%hsﬂr&o%v@r mdf-apg?&gggég&g §S'|n§%£h
det ai | ed i ewtypé oaripprddonatoofn arhesala@rcirciihty auteh ai fraxeonyg sfaodardwir timet he
Spring ele nt 2 Moreobgpra%u%ﬂe§ o‘?‘g%{_@ﬁ?ea%ﬁggk Ea‘t!’re\éhgﬁf\é Qllrw? Enr%’g\e ofsp5_|8g

m cr onechani (?SP resonator o en a
Figure 5 shmrmams)@feara rszede@mramrgmsd@pﬁd wqhesae@‘mrnamarea&@éématdrﬁmf t he

outer ring; v'ouFd QLR %.nt%g@vi’ﬁr ﬁorgﬁﬁsc‘él %ntéddrrgweréﬂg @@ﬁ%airﬁggham second

enmbodi nent o a tine base accor resent i on ures. 7a to
7c show det @pwedwwnw@m@r%ﬁswr'awer *ﬂﬁ@ﬂ@%ﬁ %Ié‘%?ro@ﬁténg ﬂf%@ﬂdﬁs’%% in

prevent {fe J sNBateREQH4 005, B-ﬂ@@krﬁbrt & lguBgy mrdrhen@h@%ﬁpgmcsrrmhrum 8Stoo-
Figure 8 shows a top view illustratin i nprovenment o

rods mant GG DGR ARiORY REglRTs Haseah BP eGPPSR S, MRS ¢ he
embodi ment  gfiaftk BasoRafré akerinaoanggitdl repiaibns @hibit fiaity fastolef tandrddinfar e
two top vi ev1vs ('54Itl u1st1ﬁati ng two variants of a mechanismfor altering the
mass nmoment 617 iRe{Pa of the ri ng resonator as a function of tenperature,
in order to substaabbidid ty te@preeasttesrtion, tanieusfiéggn fasfturee apepraposal which he

t f
Feapect 115el SFA0aR 2 abaly ReBE . GERASRbil ST ARDA rRoBBL el T e o
osci |l ation vammuoesummerzefsmjmataﬂf the dfivngrgoltagei fnd intprares @flfab”@ﬂim argess
Fi gures 12av§rnaqlofw%bln%& 6#@%ﬁ%'n¥%+ryobiéb‘ﬁv€§@r QheP f‘c%%ﬁ 'a@'&ﬁ'oslﬂi@t\é@rs a

illustrating anot her second no [ation ere t he resonat or
perforns a bightdushty fagter @ Atighayssiarer Suesayltsip & Hieble gestationevih 'ake. 30

Figure 1 schenmalhgad byd BONSa cbREUMbIRIN, 86 rs&eﬁurfﬁfoﬁﬁb@wg@mép@kaﬂm

present invention. There is shown an_ inte ; i me base, indica ﬂm
general 1% by ref Areaid o ricaRSRecy BhBRIPSTSRG BYF ‘3§6’n§?r63r1‘54” W&qﬁﬁ’s al

i ntegrated Qﬂc@@&é&fbr%u%téﬁﬁéllﬁr cémbensdling Yortge kffectrdd sonpdrature bh theossbhdr@t | on
and for produ L1 response to this oscillation, a signal having a

det er m ned ?% Heyt eF” 8°R%hows a cross-sectional view of the ring 35
resonator 4 takenacadroing tb enethéré%peaSofsthewesent iRveyios, 4 lerMperaiung egesitray

| ect t I
be dest gned® v ibs @ bR P LAY RM e af B el Oy Bre I e o0

el ect r oBBc of temperature on the frequency of the srgnal produced by the time base. Such
compensation of the resonator's temperature dependency may easily be effected
since the ring resonator of the present invention has the advantage of exhibiting
substantiaily linear temperature characteristics.
According to still another aspect of the present invention, a second

30 micromechanical ring resonator may be formed on the substrate in order to allow
temperature compensation. According to another aspect of the invention, temperature
compensation is also achieved by using a single micromechanical ring resonator
which is operated simultaneousiy with two oscillation modes having different rescnant
frequencies.

35 Other aspects, features and advantages cf the present invention will be
apparent upon reading the following detailed description of non-limiting examples and
embodiments made with reference to the accompanying drawings, in which :



5 April 2004 -5 circuit 3 and the resonator4 are realized and integrated on
a sane substrate 2 as illustrated in Figure 1. A preferred Su%%%é@Eﬁ 4
material is silicon, but other simlar materials known by those i Ped in
the art to be equally suitable for realising the tinme base of the present
invention may be used. 5 According to thedpresent invention, the resonator
4 is realised in the formor a nonolithic m cronechani cal resonating ring,
herei nafter referred to as a mcronechanical ring resonator, which is
essentially supported above the substrate 2 and adapted to oscillate around
an axis of rotatign LQeS;u@%tewe@J 'Hé(st%?hg%ﬁﬁérﬁé{lcéﬂyé@irét'éﬁﬁb%‘dﬂﬁéﬁt%@tl%e The
ring resonator 4 ‘essent i all rises central ‘post extending 10 from

t he substrathgsg aawﬁ@gttﬁéh%lszr%eptfmvmﬂaﬂ CBmPLs A4 %CW%&HH%@SO“EW

oscillating a%tjl‘alrl]qmlé(g?ate& @@Cg@ﬁ'g@”g{“pbal |y by reference nuneral 6, connected
to the central post free- st andj n%Fosm 'l ati n structure 6 includes

an outer ring 60 fMP@I‘S\ﬁiC{“‘Fﬁ”{eﬁé”ea&P%th epiERl REP R tae MisTameCheriFaIingy of
spring e'fﬁ”ﬁﬁs&waﬁﬁ a@bSﬂ@Q@rﬂﬁnoﬁym'&rﬁé wldgyeiﬁﬁ@rued tShe_”(;enaral post 5I and
connecting the outer rin t e centr t e ele nts
62 are essentiall '9%?%%%’?@69\)’@&”? @'ﬁ%’bgﬂ?‘éﬁh eﬁémgl“ﬂﬁ)éﬁ"ﬂ &ﬁlﬂs\ﬁ’t

appr eci at ed tidedringhegerpentss al post 5 constitutes the only mechanl cal
connection of theting,r to '

oscillation of thg'gr é‘géﬁ ?’&[ >3 {gg oﬂl%@gf%&ﬁh% p éﬁg&@arﬁcaﬁ trg%%atopgi al | el
to the surfagprofl téites sodslineahe\'2. The ring resonator 4 according to the
present Jjyvention Il E?erh? ed

el ect rod1g struct urec@%E%bg&%%ﬁh%é%?%%cpgﬂﬁéléht?s?”g% % EvBlh%&iétele:}{or?Bptﬁgference
nuneral 9 inu@ergoge 1. According to this first enbodi nent, conb-shaped
menbers 8 are pr OW&@?Q%@H L8 MR il :fdsrt‘rgtu?s&ferﬁé‘ﬂl@alf §§ee§n@®h5&hment of
oscillating struct gf'\hese conb- shape nber s forma part of the

el ectrode serige kaseacsprdinmtorthagressat BERHO el ude a base nember 80

extendi ng radi al L gighrayrd f&)ei'cOéHoWdétth 169 v df itHraé dﬁfér@fﬂ@eg@ﬂ@ﬂdedcﬁﬁer al
menbers, indicated res ectlvelxﬁ h I(erenge nluge%cgest % and 84, that

ext end §§bsf°aFPf?Y%ﬂtI”§/eB FRSRARChIaM SHCKPE AT RIS AESS B RYE base nmenber 80.
The el ectrode str Aguty 8shdwsangys view ifustratingpadingeonsmirt ofithesfirapedbalieett ode
structures 91 and 93 surrounding the outer ring 60 in such a way that they
mesh with t HEELI Y Eded menbers 8 of the free-standing oscillating
structures. Mor e- Buma$ ts & olcaslsgcticaatoew ioh thet eontddirsertrdf diitj ure Bttakanhaond r st
comnb- shaped ellg trode structure 91 includes first electrodes 92 and neshes
wi th conb- shape 'menber 8 so that the first electrodes 92 are adjacent to
the fir&0 |ateral FigertseiOa @B 105 arelhee top, vieweillddeding teo Biaiaptd el ectrode

structure 9 3 SInelst ur e
91 ) incl ud@séﬁe@%ﬁ%[@{?ﬂg%f ﬁagg]ﬁmm%ﬁ%fs'ﬁée}gg& ?ﬂmgg_i f‘r\éaérce)éjoe%S nmenber 8

so that thecfdeTBA@IEEeBIGéRds sylstapitaly GPRPensate (P e 8583”1%%%61 henber s

84. As showﬂelrgsoﬂagp{r@qdencyhetﬂeat@rragoﬁmbers 82, 84 and the electrodes 92,
94 of the first and second eﬁgtrode structures greferably
2

desi gned so as to 'SUESAJAANdZJeAre EGYS yht8p§’ﬂgﬁed58fseﬁﬁ A LEHE a circle
concent p§c Waditatibdia seubed mbde @f 68cilldtion tihiese trbedinatmiperfoires ititiag

conb- shaped elie trodg structures 91 serve to electrostatically drive the
ring r esonatte oscillation, and the second conb shaped el ectrode
structure 93, whiRigurasd2disspgdfedraresphetivetyriop anil depsefsectmnabrieess nmenber s
80, serve t; s?r%?ﬁg?bhété% é’ec%ﬁ@ éfehd? o‘%@ﬁétlon%ﬂe?@tkféfres&%téreéémﬁﬁwg% veftit@) first
el ectrode stTuc surroun resonat or are connected toget her
via a firstoscatricraspendicyler adle é%bsct'ﬁ’&? B@BStrate 2 and, sinilarly, the

second gj ect rOdq:@.rxrél#cédhé%%n@éﬂlyadh%w@@ﬂﬂﬁQ%@betaqgﬁtéiﬁﬁowrhénta)f?empr@éent
conductor 12 forned on the su strate% tha g%ﬁtors 119/1 as well as
a third coreNRO8H- ﬁ@r‘pfso'iﬂ%”rﬁj’ piegiged iimeapednIicat SEreely bni ereﬂae via the
central posfunferare c@@pﬁaagedeg@nmm amnd aratrmegretlememlmmofcwtthw éretivingni ¢
circuit 3. Cross-.section S r 4
Caken sl ond™ (HERASAMSESe o Ra e e PRl ESEe b A e R e Bk

di mensi ons rarvegrodettonisedfrequelitgr Bigue ésﬁmm 4 tressaddicnaltwe? of theeingent r al
post 5 0 15 resonator, the
free-stidandi %%ongagcg?rlﬂag E%EOEQE ﬁ%c '{S‘}ra(egsg1 ithrFFr :u%g the outer ring 60 and the
spring el enent s 2, rntBQEatdBdaeier:mmmlmetr%!S@Qt ‘e‘ﬁOWt'“hé detsiftsinerdbe ¢ragihbay s 8,

the electr %%9@ t?@dégr c;,’t'h6§é sﬁ@é@nn%ﬁ@@ﬁq:’r%fe‘?%lﬁ Qgtﬂ t8¢ Indedrife@Si@dronand t he
first and second con ect rs 11, that respectively connect the el ectrode
structures 91 and 93 surroundi ng the outer ring 60. Figure 4 further shows
a first insulating |layer 20, such



20 as a silicon oxide layer, fornmed above the surface of substrate 2,
beneath the ring resonator 4 and onto which are forned the flrs neosecond
conductors 11, 12. A second insulating layer 21, such as another OXI8

layer or silicon nitride layer, is fornmed above the first |ayer 20 bel ow
the ring resonator. The resonating ring sPructure is preferably
manuf act ured by nmeans of silicon 25 surface m cro-nmachini ng techni ques
which are famliar to those skilled in the art and will therefore not be
descri bed here. One such techni que makes use of a poly-silicon |ayer

deposi ted ongi0p SQ?fndah@@e&ﬁﬂalcﬁd a8 acdtizbd Gh@lntég‘iytﬁrd ‘o Msomdeubstoatbaran t he

freestandi ng structures of sqnat or.. An buri ed
oxi de | ayer, heferpdia Fdgye % ﬁ‘ péerrseirrﬁﬁ(’sghst(rﬁge F}r?g%rf.'a? %%gob?t th% %”%s t he
sacrificial rhafséaaisamdwhe@uhcbssa $kille80n &ha‘aree}m mllmgugatrl@mrueehsn@dtee@fne
nono-crystalline.silicon., .Qxh and processi ng techni ques,

however , )Paéleé% epr&é%'a* '?‘68”? H?aé/ S m cronechani cal ring resonator
accor di ngst 0 t he Awcestng td m@mse@hmvem@ﬂofhetrﬁéom‘jlb% IsoBpiseriivéw foon can

appl i cation a?%O%tﬁi%ﬁ?rB%%Ehg‘[lc,{ll} wri% @'@F@ﬁéﬂér%f@rrgbg@aggal ity factor Q

of the resona results in | e
oscillation rwpltohmdcmanpﬁb[m rﬁép@%oaml%wm?w&j@@ﬁﬁ@ ﬁ@ﬁv%@el%bﬁwﬁl% ed

for hor ol 0gi gl BRRl L AGE ordi SalE byrolARh@ s@hntie pEifeneBRhRNheal
ring resonator according to the present invention is very

nunber of ad\wéﬁtf%tgéoﬁﬁe ring r%&ﬂ“ﬁiorz‘(ﬁ?@e”tﬁ”y GeTPYsFS %&?WF%@F‘L@FXW‘;PQ

expl ai neg be#o?fv%he'%%bélrat%@éﬂoﬁ@nié HNLEr faetieh tahay e frqaaslmrtoyng‘ esdiliting as h| gh
as 2x105 have been neasure e structur
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el ement 22 wth a segnent 27 of the outer ring 60, as shown in Figure 5.
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node. A second oscillation node may be a tilting oscillation node, wherein
the freestanding structure 6 performs a tilting oscillation agahpsitzobhe
substrate plane. This tilting oscillation node may be excited

el ectrostatically and sensed capacitively by using further el ectrodes on
the substrate under the ring area. The twd nodes are 30 selected to have
different frequencies so that tenperature conpensation may be achi eved by
measuring the frequency difference. A schematic illustration of the above
mentioned tilt node is shown in Figures 1la and 11b. As shown in these
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periphery of the outer ring 60, resulting in an enhanced signal. The

di fferent nodes of operation of the ring resonator are summariszggkili20o4he
following table. It will be appreciated that, in any of the above-nentioned
variants, the signals applied to the drlv%ng el ectrodes and the ring,

nanel y the alternating driving 20 voltagé~and the direct voltage conponent,
are perfectly interchangeabl e. El ectrodes 91Ri nEl ectrodes 93Remar ks3
Conduct or sAC-dri vi nDC- bi asSensi nEl ect rodes 91AC-driving + DC bias~ Fi xed
potential, e. . roundSensingand 93 are

i nt er changeabl eDC- bi asAC-dri vi nSensi nFi xed potential, e. . roundAC-driving
+ DC- bi asSensi ng2 Conduct or sAC-dri viqnDC-bi asgepsi ng i s doneAC-driving + DC
bi asFi xed potential, e. , round#bwdge g;trﬁg—a—chaﬁg

i nDC- bi asAC- dri vi ni npedance at Fi xed*p§t ditri-aP-24eMs) roundAC-dri ving +
DC- bi as~resonance The fact that the Iateral menbers 82) 84 and the

el ectrodes 92, 94 are of 5 April 2004 12 curved shape and concentric
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factor Qdet power constnption’of the ring
r esonat ot |§0rtﬂ§rﬁhﬁ§e¢1mﬂﬂmt&ﬂ8t‘3 §'fl ‘6@\/5? Q?Wﬁt”ﬁﬁaﬁ‘méﬂs%”ﬁq@&ﬁ"’ig Oﬂ/\iﬁﬁéﬂt”ﬁs of

particul ar ipianestrthef widehs %'&c@bﬁﬁlbﬁz%ﬂb@ﬁcy&@ﬁ@é cations. Figures 7a to 7c
show three different advantageous d F eatures int qnded to prevent tt

ring resonator flltd?ﬂ"%ifqr@@ﬁﬁﬁmﬁsd%{g C(S' ”8 YT TREQFIATSHG KeEP g fepytan
variant showBqidhdyif@h 8nd @mpsé @ Stheeitiin emal Soletias pas Gdlsvanddaan sruebst rate 2

are 15 provi ded at out er he base Thes
structures HEFO5pY Beé’é‘ieaﬁ%g”%gj %gﬁ ‘f)arlaitnﬂpst 'nt%%ceg?%g%?ﬁe%gs Eie Sre% he ring
struct urig 6raaided beefeduly q@memm:ng kree fingeandsspmindE Nthinsan byain |bagshs'tvn ucture 6
fromstickin t he el ec t+,UC - ' ar
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projected frequency if the width of the spring elements 22, indicated by reference

numeral 26, is smaller after processing, €.g. due to an over-etch, than a desired width

25. However, if one considers that at the same time the mass of the ring 60 (as well
20 as the mass of the base members 80 and lateral members 82, 84) is lowered due to
the same over-etch, the decrease of the resonant frequency will be compensated for
by the reduction of the masses. Openings in the ring and the bars (not shown in the
Figures), which may be necessary for processing the structure, favour this effect.
The surface area required by the micromechanical ring rescnator according to
25 the present invention is very small with respect to the resonant frequency obtained.
For instance, a ring resonator according to the present invention designed for a rather
low frequency of 32 kHz requires a surface of well betow 1 mmz. Conventional
structures require relatively large structures in order to obtain such a low frequency.
For a given geometrical layout, the dimensions and frequency are inversely related,
30 i.e. the larger the geometrical dimensions, the lower the frequency. For comparison,
EP 0 795 953 describes a silicon resonator requiring a surface of about 1.9 mm? for a
higher frequency of 1 MHz. It is obvious that the substrate surface area required by
the resonator is directly related to the price of the integrated time base.
The resonant frequency of the ring resonator is, within the temperature range
35 of 0to 80°C, in good approximation, a linear function of temperature. At a resonant
frequency of 45 kHz, it has been observed that the thermal coefficient of the rescnant




20 Alternatively as shown in Figure 7b, extremties 82a, 84a of the |ateral
nmenbers 82, 84 and/or extremties 92a, 94a of the electrodes $2ap@bomRYy be
designed so as to exhibit a pointed shape or at |east a swtably snmal |
surface area so as to prevent sticking. Finally, as shown in the variant of
Figure 7c, one 82", 84" of the lateral 25 Svenbers 82, 84 can be made | onger
than the others, thereby reducing the adhesion forces when the conb-shaped
menbers 8 and the conb-shaped el ectrode structures 91, 93 get into

mechani cal contact with each other. Cbviously, the sane effect may be
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Figure 9 shotvxsuaddb@:smp&esaueduraﬂhe\iﬂegMMy \ErigtierebB at edueteisladngting the A-A . A

conducti ve I r t he surface of the

substrate prﬁ%] g%&égﬁﬁhe%s@a?éﬂogﬁg?d)&hgﬁ%ft}r@%é%d| ng oscillating structure

6, i.e. spring el Entin &ffe@2 th@umrba’sﬁrﬁgcwmge{@ theepresast igweiosmagied nenber s
8, the Shapgaf nttaB%éus‘?)?E’&Hﬁrtéé /8 Pdr el 1Shph8iNE nes3aRt 64; éHuYt (ﬁoﬁs‘iﬁo W),

proj ection fee-sta osci[lating structure he surtate of
t he substr atAs Qxa”@ﬁ@éélﬂqfh@teﬁﬁ%a@%ﬂﬁéwr{f@ %’éﬁﬁ@r(ﬂﬁ@}lb?%mﬂﬁ@ agligip"Smart

potenti al asrdhsrhi Resehath O@A@§¢b&ﬂrﬁﬂdgy§lb§w umrnémac@esumpie sy fior ces
perpendicul ar to the substrate - r| ng
resonator 4 aREIHENS M%@Sofﬂ\%rf‘@%ﬁﬁg@% 8?%8526%@%?0&?@9 ’"@3 ° ée'F‘QE@Hé{ﬁt

fr gquegcwh\/\&b]g{mehﬁatldﬂ]dgaerﬁiéeéﬁ bpécttn?&;rﬂthe eMsnm#dna@étmmsme rhainFicgur es 10a
and 10b show furt her of the mcro n r|n resonator 4
accordi ng td'% %eﬁsg%ﬁ'ﬁ%ﬁmqﬁ‘m%m%” gq%n\,&%ﬁﬁg élgri%edr'%h &lcoef fici ent
5 of the resonantlterresguelpctyvotringresoredorsedtht differentiesenait fsquencieemey bFwo
mai n factors_det f

resonat or. g rta%g“ar@ggs aerﬁogﬁgl Q&C%I:ﬂgroaf?‘la? ﬁ%ﬁfgl[dénﬁnﬁ u@épdlteﬂgj e?éetgrl%ltgg et he
vi brati ng smramw@etdenmeasesnamuhng nerfeeasieney difafsacacihe tvesesanamgsi n a
reduced s114169% %s&nlaxeorgRgbﬁ&eeéa%@@h@e%@%em%ﬁ%%@ tiiey] QWREadeGRApAN
frequency. Secon P ermal expansion, the 10 di aneter of the ring
will increade wm%marﬁ%rraé)am ng tenperature resulting in an increased nmass

moment of inertignehglARagt bHGdiNG mteqﬁ»@ﬂea himéd taded fadcordlingQo tRslpeesntt he
resonant frequency. D ffefent therm

X coefficients of djfferent
material s cHYSBEONS&NOH: iF Hﬁﬁ%mﬁ:t@”@e%H%e%Qg g?]cyrfgéllh%ﬂn%gﬁsggatogg I8g%t ched
i E Fi glulr e 1%|cﬁrfad4ﬁbtes%e éﬁzcﬁ‘bmwlélglnﬁl {Fegmeasneddasando tbperasapd for e ty of
t her ma ensat i

65 (onl ne, | wn in res re
at t achedt o E’c Bnh'f%;égel’:r’ﬂﬁlyéﬁg r”l%%i'@%@ﬁﬁﬁ?%”@é%n@é’t%ﬂéo" are
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have to be realized so that the weight nmenbers 66 nove towards the axis of
rotation O of the ring resonator when tenperature increases. HaxjpRpoo4
described the invention with regard to certain specific enbodinents, it is
to be understood that these enbodi nents are not nmeant as limtations of the
5 invention. |Indeed, various nodificati ont” and/ or adapt ati ons may becone
apparent to those skilled in the art without departing fromthe scope of

t he annexed cl ai ns. 5 April 2004 -15 CLAIhIS 1. Tinme base conprising a
resonator (4) and an integrated electronic circuit (3) for driving said
resonator (4pespettito tecidrivat pan Senespkoivefy aueileiyznd nghlesgonisdigue Jand

At o o2 SLARRLo Al g, ARbE T, LLeg %QMané}hﬁBegt\ﬁﬁér?ﬁqhé pethat

sai d resonat or ra ed mcro ani cal rin resonat or
support ed abectarednag 5trl$<L1ib®tﬁr atréor(M@)a mcai@acpﬁ%@ntp@rm@mumﬂ@ th%@%frai“ng to a

first oscill éﬂmeo %Efreeaétgmq% ? ?”}Eir'e% Qgczlra@ésah'aoﬁlre@%n éh‘!%%lafattﬁ@éhé’of

per pendi cul r {0 "€ai d 'subs said ring resonator (4) conprising - a

central postroEspn &xtesrlienttc ilyiraigraolstn spe it @eﬂtﬂneélﬁ?ﬁ@e%%rﬂ@® i§f
rotation (Ognodf in FRELESERNMN A0S iAtHRE BLFC M Soth BF ceenBRGtRd t O

said central post ( and |ncI udi an ou coaxi al th said
axi s of rot adotpOap disprged on e i Frﬁeyurglierb}g ri'qgg&g?%m he gt et(‘ff},\ﬂsposed
symet ri cal |y @foru8d 36 atiteLRBistabiupst intdin a@cd!lamnrmecﬁanmg:umlt@ltmmstraitb ng
(60) to said central

|
opposed el eFEf %W?l?@?%cé%&(oée%@ﬁ?g%ﬁ E%E)%eé‘%gg %%ﬁ%c'@a?oa !Sﬁogbagt?%ye?go) d
and connfrt eftinginsdd, dhé E\étegrd&tneg aetisehsingelectrodasu1 0, (189 arsdispogddme base
b furth h t th
curved shapaYEieE et Geniareactine b is M 55 Siinips i pSfhye °
central postdidrbgtribgilyfappssed alactrmd:ﬁss (03), each of said spring elenents (62)
extendi ng away ”%rgn%%'d? n%%%ﬁéd trﬁ)&é m§§% széa érB&rdHecgt%aﬁéé 9N sRbwin"tRéli al

| ine crossing said axi's i me base according to claim1,
char act er i sethibodinnénitof Sigiuge éIsémert@ﬁi%fFQStaEW'&GF‘Fe the) ringsTepRpalgT 18t%d on said

substr atg ( %)s,cmaﬂﬁtmrthwofpbosﬁ@c%m %%@&ﬂb@@btrﬂttﬂ&sr%m% & defbhcitidsly Ti me
base accordl ng to cl , Characterised in th t saij fgl’l ng el enent 3%(62)

are connect é@n%lﬁ@c@ﬁﬁh%ﬂ'q@%‘é' aé'é?ﬂdﬁkﬁﬁit%ff‘iay‘qwté‘ﬁ?a‘gﬁa APPSO ER©

SﬁCOI’ld j UnCtsBrQE‘t&e!sGﬁ) resgfind in diefRadaRgores on dhadng Qn@b@d:ulfﬁtlﬂ:n@ﬁeréof which,

characterised in that sai unctions

FITT ot s (634 wgndjduces Shiabehsacs Saoanrt hePeosE Sat o ecifts SldrFesa’ &

t hat the nundpen tied r@bhaﬂ@goﬂéremsnttswl(wymdesstoodrﬂratsa;ttrbéeMtea’iurfeetﬁ)ﬁ aad@3

fifty, d prefgr aéy‘ Séf of the order of twenty. 35 6. Tine. base according
Frsed

to clairm’l, *EhAracT in that said free-standing _
Since there is a parabalic relationship between the voltage applied on the

electrodes and the resulting force on the ring and, it is desirable to add a constant
direct voltage to the alternating voltage so as to obtain a substantially linear force-
voltage relationship. In the schematic representation of Figure 1, there are shown

25 three signal lines or conductors 11 to 13 that are respectively connected to etectrode
structures 91, electrode structures 93 and central post 5. These lines serve to drive
the ring resonator into oscillation and to sense this oscillation via the respective
glectrode structures.

According to a first variant, conductor 13 may be used to apply the direct

30 voltage companent to the ring resonator via the central post 5, while the alternating
voltage component is applied to electrode structures 91 via conductor 11, conductor
12 being used to sense the resulting signal. According to a second variant, the
alternating driving voltage and the direct voltage component may be superposed on
electrode structures 91 via conductar 11 while the ring resonator is tied to a fixed

35 potential, such as e.g. ground, via conductor 13. Conductar 12 is used to sense the
signal in this case. It will be appreciated that electrode structures 91 and 93 are
interchangeable and that electrode structures 93 may alternatively be used for driving,




S April 2004 -16 oscillating structure (6) further conprises at |east one
pair of diametrically opposed comb-shaped nenbers (e) disposed ﬁ;ﬂ% 4sai d
outer ring (00) and including - a base rrenber (80) extending radially from
said outer ring (60); - at (east a first zteral menber (82) extending
substantially perpendicularly 5 froma fifsf side of said base menber (80);
and - at |east a second |lateral nenber (84) extending substantially
perpendi cularly froma second side of said base nmenber (80) opposite said
first side; and in that each of said electrode structures (9) conprises - a
first conb-sbiapestiedteaturede 1 deingatseddo(@bsngmeshi ng with said conb- shaped
10 nenber (8) and L5 irst
| at eral menbers (@%rngﬂvedy '},%né,;'-l rﬁJ cdé&r?bq%%té%%él ect r%ggﬁ IsnbF%u(%jtgﬁhérjéeiﬂc 93)
meshi ng w t hresanahaeoAb rs;hrap@deft‘rﬁnfﬁéwe(%)sué%a S@Mﬁlﬁfﬁ FRIUNGS SEBOME C@Péléqt@rédes
(94) adj acent, %r(?d ?gﬁfﬁgglegwéc@ﬁF%kurQ@”@@ﬁw%néiﬁﬁb Sln"g'i’e et FiBPaRBed

according to c racteri se - said first conb-shaped
el ect r odeS5 st¢ladiradectrycore 9hrenias&s Proariver Shitge FPMG- Srhé%‘iina?%‘?be(ﬁ§ 6t o

oscillation; mﬁédj ?c &8%@%@% c&ﬁ&islelfaétué@raﬁwsﬁﬁwg 82( Gccbriilg 8% MER

sai d central 0S e tenti al a e

Sonh- Shaped e e g0 ls Srieda ol . BERAM gl i ng
fromt het 0; Céléétﬁide%ru@furé@gd efridftge ﬁeéarvatt@ge aéeqw)xporaanmra:tpaacﬁ tadineeiel vieol Ej age
conponent bein to one or {1 ode
st ?ﬁct ur es (@I‘%)’CtSF TP 103 1 ?‘fé’%&%r Yap F”étt h?gsug? Pu '{’T}j)[’”?é}a}% [gre%lrﬁnv Mpase
accor di ngot o,otbgédrtdn b@hgml&@tt&@l@&dde atradicies $divib twwwaﬁdihﬁgmz?emg in
.oscillating, struct.ur 0 ir o

di ametri cal %9'3(?66%2'8 V@fﬁ‘f%'dgﬁ lie]gfon%ﬁg@{%&%@ftsaéf%%ég goruglgnd sai d outer
ring (60) and i nCThﬂijgcondactbaSthEprb‘edES( B8O advantageb ntpmeldiiaklrgdydtienins ai d
outer ring (té‘gé@r e ft'ﬁ1 ehﬁr@ss?ruetuf'é 5:?&85%%@6@ ch%GJEt%F aﬁ@g)se%ﬁc?a?éi'of‘g

substanti al | roma fTiIrst sal d base nenbe (t80
30 and in trmctr@aerstruﬁtus@a wr@uedmdmn@@ s lanesy r(egﬂwedcéﬁﬁn('i é'é%ﬂ@ssab"'y

comb- shaped gl e¢r g?l rs%;é#ﬁ&d%ﬂsé‘r c(f%érr)o éﬁ%@éﬂ B@cHbEd sBdiGhes O Aped menber

(8) and conprising el ectrodes aéacent t.o %ald first lateral
nenber s CBZ)PeFIQherqufrﬂ“%@@ér AL B} dﬁﬁﬂt"lgo’”(ﬁ” hegcet @it erised in that 35 -

sai d conmb-shaped ﬁe%ﬁé@ﬂ?mé&éy§ﬁW§§1&% the Afigrassrsatot aretdunvaadaiddn tieng
resonator (4) into oscil tb g
following table. it W!” e apprema ed that, in any of the above-mentioned variants, the
signals applied to the driving electrodes and the ring, namely the alternating driving

20 voltage and the direct voltage component, are perfectly interchangeable.

Electrodes 91 |Ring Electrodes 93 | Remarks

3 Conductors | AC-driving DC-bias Sensing Electrodes 91
AC-driving + Fixed potential, | Sensing and 93 are
DC bias e.g. ground interchangeable
DC-bias AC-driving Sensing
Fixed potential, |AC-driving + Sensing
e.q. ground DC-bias

2 Conductors |AC-driving DC-bias - Sensing is dene
AC-driving + Fixed potential, |- by detecting a
DC bias e.g. ground change in
DC-bias AC-driving - impedance at
Fixed potential, | AC-driving + - resonance

e.g. ground DC-bias _

The fact that the lateral members 82, 84 and the electrcdes 92, 54 are of



- said free-standing oscillation structure (6) is tied via said central

post (5) to a 5 April 2004 -17 fixed potential, a constant cyp$ﬁﬁmxnltage
conmponent bei ng added to one or both of said conbshaped el ectrode
structures (91) or free-standing OSCI||atI%g structure (6), and sensing
bei ng done by detecting a change in inpeaé ce at resonance. 5 10. Tinme base
according to claim6 or 8, characterised in that said |ateral nenbers (82,
84) and said el ectrodes (92, 94) have a shape of an arc of a circle
concentric with said outer ring (60). 11. Tine base according to claim®6é or
8, char act erdsest shegehatd anckeias witbrmatartrog 6t redeeas ron-r@prities pribe edetic-on
sai d substr I ( ne base
menber (80)%%§C%$?;ﬁ9§®ﬁﬁp %Bmﬂgrfghﬁh %gwf§9?90$%U§%§ﬁggb§§§ d%event
said free- stl@admémj fregoendyaafitrryring rasenaice W) i§ peANSE ‘i'kb'ﬁijﬁ@erldr@néﬁ déeof a

shock. 12 .tQ@eSSr i@?@ﬂg%dt&eed @famg@/@téggs oﬁ'ﬂ?eré‘t%ﬁlﬁér%ﬁqfuhﬂertrrhﬁé
extremtles at eral mbers (82, 84) and/or extremties
(92a, 94a) dhe %Fr@”@lc aniegdiss re@@at@’saccaﬂdwgpfsﬁfﬁ% QE?SSPT Ry&HIog csnitehiven snal |

surface areg,§pvdegb® aRIKY 80Y .50, Wwatisld @ajos banshtag: s ebhbekiengyshipuct ure
(6) fromsticki nqiol n case of a shock. 13. Tine base accordi ng to claimé®6 or

8, charact eraPPeFliORSt hat at | east one of said lateral nenmbers (82, 84)
and/ or one of saild agbirehSQdes d@RosMi} drising andernpiditue ddneingt bed Susth tas t o

revent said.free-standi oscillati ructur 6) from n n case
of " Shock. iah SupI o CLLgarinet av NP et e SabSNonns altbled EEhEMR0 Chnat
conduct i @ paidraltdi‘r i &h o Hmdiaaigersadotetuantﬁaaltﬂwe;t of beushtapehiol Ias@fpdamcufar
free-standi né;' Olrlpgitlaﬁlg dd6 cgrﬁpﬂcf@lohé provi ded on a surface of said

substrate (2 a par Sard free standing oscillating
structure (6), sﬁl@hrfas éeitsﬁ’aﬁmm@f@@@Ifﬂer%t’ttladgarﬁ@@%ﬁﬂeé'%d?awfﬁf iglgnded

conducti ve Qélbfe%eﬂt t?%'rm% rBsnar fbrd §f@<lr{2ﬂh%@§é 8f a s@écklﬁucca_ﬂdn% tB@SRst

according t aracterised said free-standing oscillating

structure (Gprianishen inbigyrs Sasian srlues 28aisreped an thesubsiraifet Aiecal | y
opposed {fernmlidaq &t%ﬂ?@r@%@%lsﬂa JreTEedse hébbedisopUnesk aopubdctaaiscRaoatter ring

(60), said thermal ensating nenbers (6 bei n ed t ter a
nmass nonent d@ﬁlgﬂﬁ%ﬁ@ﬁﬁtnpmﬁzg?%a@ﬁ@ @?mrﬁg?%@mgﬁgﬁcﬁggb éﬁ%ﬁe 'T6) as a
function of P@u@ﬁﬁfh@tfkgeestéﬁd: oaauattmgcsmaef ﬂf]alfrerrfstrckmgemetﬁéetactroﬁe

t enperature on the onant uency of t n Ti me
bagg accor diSHYC! FE?SCC{ ‘ﬁﬁ?ﬁ féCBSEIHﬁ%ggFIg?fﬂgéﬁﬂ?%s t%]l&%gpiage ﬁug%ﬂggi&g%%%eo?nal ly
conpensat i nghgreahiealshpbky. conprises a wei ght nmenber (66) connected to sal d

Quuer ring (60) %{%g%ﬂggﬂﬁa G ré‘gbr@&mﬁ'ﬁt&%@a §ONBY indigrd i TSt and

35 seco I ayers € respective and second materials
havi ng di f f ereemtiers Ber fhbnd/oedfticmiter 822, @éa@f berfteitadeg SreRbERY(P§7) bei ng

A R T i e el
as to prevent sticking.
Finally, as shown in the variant of Figure 7¢, one 82%, 84~ of the lateral
25 members 82, 84 can be made longer than the others, thereby reducing the adhesion
forces when the comb-shaped members 8 and the comb-shaped electrode structures
91, 93 get into mechanical contact with each other. Obviously, the same effect may be
obtained when one of electrodes 92 and 94 is longer than the others.
Figures 8 and 9 show an improvement of the micromechanical ring resonator 4
30 according to the present invention which is ilfustrated in Figure 1. Figure 9 shows a
cross-sectional view of Figure 8 taken along line A-A’. A conductive pattern 31 s
provided on (or below) the surface of the substrate 2 under at least part of the free-
standing oscillating structure 6, i.e. spring elements 62, outer ring 60, as well as
comb-shaped members 8, the shape of this conductive pattern 31 being essentially a
35 projection of the free-standing oscillating structure 6 on the surface of the substrate 2.
Connecting this conductive pattern 31 to the same potential as the free-standing
oscillating structure 6 suppresses forces perpendicular to the substrate 2 between the




tenperature increases, thereby reducing the mass nonent of inertia of said
free standing oscillating structure (6). 17. Tine base accord|5ng filogpkal m
1, characterised in that it further conprises an integrated terrperature
measuring circuit intended to conpensate for the effect of 5 tenperature on
the frequency of the signal produced by shtd time base. 18. Time base
according to claiml1, characterised in that it further conprises a second
m cromechani cal ring resonator supported above said substrate (2) and
adapted to oscillate at a resonant frequency which is different fromthe
resonant fr eqm@msym@tbr # hadahdeurfacesd mat substratef 2 Eqdegdy adiek bmare fregubelyween
both resonant .1 i i nsating for the effect of
t enperature ‘grr]llc hse'n %%n@%ﬂggftpgdpgd%ﬁgJﬁ%m&o uged by said tinme base. 19.
Ti me base accor di Figutes ‘Slazdne 10p @nmfaﬁh@rim@wemﬁnﬁmﬁt elndgtcmsgesnicalong 120;
13C, 150 afr%saﬁ?stbéagesadﬂg%fhes&bgeﬁtrr%nﬁcs@macn%uewé [ehdengh R £ttt (©)

in such a d sense a second oscillation node having a
resonant §r e@fdémqsomanmmnmstqﬂa‘ fedHesft (ofF Gitve RlESP EBBRTANT WP el E35¢0yS of

said first Oéegéﬂ ll‘%nteﬁb@?atur% Jh%%@rswséiﬂthée.hgm@@)rﬁé@drmeraﬂzyt heukgsonant

frequenci es osci I'l'at1 on nodes bei ng used for conpensating for the

effect of tefﬁﬁ@ﬂ'éﬁ Groé t%mﬁF?é'af‘H%’tiU@rﬁ%@)'zﬁfthq W%raé‘F@ﬁHPCtHF%@%%%FeﬁyN@al dtine

base. 20. Tlﬁ@‘rebﬁﬁ@te’:ﬁﬁﬁé}émr@gesmmgI:ra:amedh&ed@hﬁiﬂi@@t(ﬂnmgﬁhngwelédﬂamsmleﬁhd
second 20 OSCI||atI0n OSCQ latio

accor di ng t oNeEHmA19weL rﬁé?%l@freﬂ%%fbcyl ﬁe?m Y. Up &P @5&‘8?\%”@58?'?” atgeon node
I s a vertg caliarsier bf ikirg Wit hergae atithehcreasisgteain@ecasrofesubingtn aminc@ase@2.
Ti me base accordin

and sai d i ngreeananbe vdy ol werRERls AT g P BB o e

m cr o- mecharregakney.ng resonator (4) for a tine base, said ring resonat or

bei ng suppor t ed ﬁ@%{r%n?@%pggstéxg%ﬁsiéééo&%ﬁ BPLfE R R Bl ol S

axis of rotation Nt perpen to sal trate (2)
sai d ring restomacer qof)peneainT rgemymsrraﬁéeaﬂskﬁltchsésm Flagye é% @rnbﬁhw@sf f om sai d

substratg; (2ho@ %girgﬁ?ésd‘gfﬁ:'?(ér% b, E%L%IWB]‘ t%@rr(@y comperkEify Skl s

oscillating stru connected to saj central i nc

- an outer KPW@OO%@)SWPéme ﬁﬁgﬁﬁséaiecﬁtﬁ%@hgdg}rth!a&“ﬁﬁrﬁﬁQOO)}‘e%{% erm ’y
plurality ofg rehgmm@lrﬁérﬁﬂér% 50t ddsagﬁ@da@pblﬁeymmmésgaiohaermbnusdiasmr@ 35
central post and connpect i sai ri np@np&? to sai d cerlljt hlp
(5 and " eRganenmgse G50 SRR Bdbes Brauan PPsmirais 51 esid y BofRiela
el ectrode stcbnl@éuiaﬂé fcﬁr&he ffpctdif sqporseediues onitie readmind frequemdyny t{es@gofiaior

bei ng. i adt Ereealen. FRATBATS Sty SEEh riiiss PRiphbdt [SAQRALP!

ring 80 by means of a connectlng member 67 comprising first and second layers 68,

udi ng

69 made respectively of first and second materials having different thermal
coefficients. The materials are chosen so that the thermal expansion coefficient ayp 1
of the first layer 68 is smaller than the thermal expansion coefficient aypp of the

25 second layer 69. In a preferred embadiment, the first material is silicon and the
second material is a metal, preferably aluminium.

The design of the mechanism 85 according to Figure 10a is such that, with
increasing temperature, the connecting member 67 straightens due to the different
thermal expansion of the first and second layers 68, 69. As a consequence, the weight

30 members 66 move towards the centre of the ring, i.e. closer to the axis of rotation O of
the oscillating structure 6, thereby reducing the mass moment of inertia of the ring
resonator, resulting in an increase of the resonant frequency which substantially
counteracts the effect of the Young's modulus and the thermal expansion of the ring
on the resonant frequency. Such thermal compensation mechanisms can aiternatively

35 be attached to the outer side of the ring 60, as shown in Figure 10b, or to some other
part of the free-standing oscillating structure 6 so as to alter its mass moment of
inertia as a function of temperature. The layout and fabrication of the members 65
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resonator is an integrated rmicromechanical ring resonator (4) supported above a

5 substrate (2) and adapted to oscillate, according to a first oscillation mode, around an
axis of rotation (O) substantially perpendicular to said substrate (2), said ring
resonator (4) comprising :

- a central post (5) extending from said substrate (2) along said axis of rotation
{O); |
10 - a free-standing oscillating structure () connected to said central post {5) and

including : =z
- an outer ring (60) coaxial with said axis of rotation (O); and
- aplurality of spring elements (62) disposed symmetrically around said
central post (5) and connecting said outer ring (60) to said central post (3);

15 and
- at least one pair of diametrically opposed electrode structures (8; 9"y

disposed around said outer ring (60) and cannected to said integrated electronic
circuit (3), :
said time base being further characterised in that said spring elements (62)

20 have a curved shape and are connected substantially perpendicularty to said central

post {5) by first junctions (§3), each of said spring elements (62) extending away from

said central post (5) in the prolongation of a radial line crossing said axis of rotation

{0} ' '

5. Time base according to claim 1, characterised in that said electronic

25 circuit (3) is integrated on said substrate (2) together with said micromechanical ring

resonator (4).
3. Time base according to claim 1, characterised in that said spring

elements (82) are connected substantially perpendicularly to said outer ring (60) by

second junctions (64).
30 4 Time base according to claim 1 or 3, characterised in that said junctions

(63, 64) are provided with round fillets (63a, 64a).
5  Time base according to claim 1, characterised in that the number of

spring elements (62) is comprised between four and fifty, and preferably is of the

order of twenty.
35 6. Time base according to claim 1, characterised in that said free-standing
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- a first comb-shaped electrode structure (91) meshing with said comb-shaped
10 member (8) and comprising first electrodes (82) adjacent to said first lateral members
(82); and
- a second comb-shaped electrode structure (93) meshing with said como-
shaped member (8) and comprising second electrcdes (54} adjacent to said second
[ateral members (84). |
15 7. Time base accerding to claim 6, characterised in that :
- said first comb-shaped electrode structures (91) are used to drive said rzng

resonator (4) into oscillation;
- said free-standing oscillating structure (6) is tied via said central post (5) to a

fixed potential; and
20 - said second comb-shaped electrode structures (93) are used to sense a
signal resulting from the oscillation of said ring resonator (4),
a constant direct voltage component being added to one or both of said first
comb-shaged eiectrode structures (81) or free-standing oscillating structure (8).
8. Time base according {o claim 1, characterised in that said free-standing
25 ,oscmatmg structure (8) further comprises at least one pair of diametrically opposed
comb-shaped members (8*} disposed around said outer ring (60) and including :
- a base member (80) extending radially from said outer ring (G‘O); and
- at least a first laterat member (82) extending substantially perpendicularly
from a first side of said base member (80);
30 and in that each of said electrode structures (9*) comprises :
- a comb-shaped electrode structure (81) meshing with said comb-shaped
member (8) and comprising first electrodes (92) adjacent to said first lateral members
(82).
9. Time base according to claim 8, characterised in that :
35 - said comb-shaped electrode structures {91) are used to drive said ring

resonator (4) into oscillation; and
- said free-standing oscillation structure (6) is tied via said central post (5)to a
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104c4c! Ho#10%g4c &, ()1 86%10%BRBI& cllm bHI%1 Bfaracterised in that said latera!
‘members (82, 84) and said electrcdes (92, 94) have a shape ¢f an arc of a circle

concentric with said outer ring (60).
11.  Time base according to claim 6 cr 8, characterised in that at least one

stop structure (28) is provided on said substrate (2) adjacent t¢ an outer end (80a) of
10 at least cne base member (80) in order to limit angular and/or tiit movements and
orevent said free-standing oscillating structure (6) from sticking in case of a shock.
12.  Time base according to claim 6 cor 8, characterised in that extremities
(82a, 84a) of said lateral members (82, 84) and/or extremities (92a, 94a) of said
electrodes (92, 93) are pointed or have a suitably small surface area so as to prevent

15  said free-standing oscillating structure (€) from sticking in case of a shock.

13.  Time base according to claim 8 or 8, characterised in that at least one of
said lateral members (82, 84) and/or one of said electrodes (92, 94) is longer than the
others so as to prevent said free-standing oscillating structure (6) from sticking in case
of a shock. '

20 14. Time base according to claim 1, characterised in that a canductive
pattern (31) having substantially the shape of said free-standing oscillating structure
(6) is provided on a surface of said substrate (2) under at least a part of said free-
standing oscillating structure (6), said free-standing oscillating structure {6) and said
conductive pattern being put at a same pctential.

25 . 15, Time base according to claim 1, characterised in that said free-standing
ascillating structure (6) further comprises at least a first pair of diametrically opposed
thermally compensating members (65) disposed around said outer ring (60), said
thermally compensating members (65) being adapted to alter a mass moment of
inertia of said free-standing oscillating structure (6) as a function of temperature so as

30 to compensate for the effect of temperature on the resonant frequendy of the ring
resonater (4).

16. Time base according to claim 15, characterised in that each of said
thermally compensating members (65) comprises a weight member (66} connected to
said outer ring (60} by means of a connecting member (67) comprising first and

35 second layers (68, 69) made respectively of first and second materials having different
thermal coefficients, said connecting member (67) being adapted to gradually bring
said weight member (68) closer to said axis of rotaticn of rotation (O) when
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H(6#10% O/fgésg)nator @Q#&gﬁpﬁ%r@d above a substrate (2) and adapted to oscillate around an
axis of rotation (O) substantially perpendicular to said substrate (2), said ring
resonater (4) comprising :
- a centrai post (5) extending from said substrate (2) along said axis of rotation
30 (O}
- a free-standing oscillating structure (6) connected to said central post (5} and
including :
" an outer ring (80} coaxial with said axis of rotation {O); and
a plurality of spring elements (52) disposed symmetrically around said
35 central post (5) and connecting said outer ring (60) to said central post (5%

and
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24. Ring resonator according to claim 23, characterised in that said spring
elements (62) are connected substantially perpendicularly to said outer ring (60) by

10 second junctions (64).
25. Ring resonator according to claim 23 or 24, characterised in that said

junctions (63, 64} are provided with round fillets (83a, B4a).
26. Ring rescnator according to any one of claims 23 t0 25, characterised in

that the number of spring elements (62) is comprised between four and fifty, and

15 preferably is of the order ¢f twenty.




