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Another abject 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
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An advantage of the tinme base according to the present invention lies in
the fact that the m cronechanical tuning fork resonator exhibits a high
qual ity Maeoms10@ Quality factors as high as 50 000 have Pe&CHIRAEGE ed
which is of the same order as those obtaifed using conventional quartz
resonators. 20 The quality factor Qis determned by air friction and by
intrinsic losses in the vibrating resonator material. Air friction can be
neglected if the resonator is operated under vacuum conditions. Intrinsic

| osses depend on the material as well as gn the design of the resonator.
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WO 02/51004 PCT/ CHOL/ 00665 -4 from (110)-Silicon". Those skilled in the art
wll easily understand that this type of resonating structures is

particul av¢ y2/ameui ted to forma high-precision tine base. PQICawt/0vss of
around 1000 have been neasured in vacuum-on such structures, which is by
far too low for an application as a frequency standard. 5 Tuning fork
resonators according to the present invention are optimsed to yield
osCillation with a high quality factor Q | ow power consunption and to
require a %e% srT&I)I surface area on the chip. The resonator can be driven
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descri pti Oﬂweotfunﬁ@%tlk' HEVE 9 afef 81BN F‘e@:dﬁ@dﬂ erdep el amxébém@g ®i thi ar@figaence to
t he acconpanyi ng draw ngs, in whic | ustrating

chemaﬂ50ald|r9Cté)”tﬁE¥i%e’15%F§éaré%%rQﬁCWQt‘?er%‘%éa%F’é@éﬂﬁl %r grﬁqpﬁ?‘fj j@ﬁprl sing a
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- Figure 2 i op, vi e
Fgure 1 conpri SigashlerbadbadninaErelik gyt BricPessh ety Tl T
means of sifdrkcenssuid amermmomdmehhneertgnewhmlqmélsn deteEtiggur es 2a and 2b are
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A Cand B o ety GERy Tt %o é{”ﬁ?ﬁé"e’a@% Bt R e tong 1 e

enbodi r@$ht Crféem\h@oct etnaé U§sde9b'& 999 tpuNerling ebapror §1erﬁjﬂ%{e Af BPeePAnd® tuning
fork r eson%EernaY"QF M{&rde“recftﬁh{ebﬁﬁlé‘él HSieRS, Fob @bﬂbr ﬁz:@ow; td@ a0bHr, idedorei de

| ayer, such as a silicon-on-insulator (SO) tra | %%f 1004
PCT/ CHO1/ oG@G@mwme#ﬁ@'ﬁ%éessaa'&rﬁﬂfaa’bg%%wst‘” ecfPESEQ 2 HRvIGRATEG BN of ¢ he
enbodi ment igf. Figure 3 taken along lines A-A" and B-B respectively; -

Fi 4 i t f t d _enb t of. t.h 1
conpr 1 si ng. a i Ol Pt CGURank TPReyardran PR ESR Bnd ity

usi ng a5 suUhpé phtuaing fork rasdmﬂtd)red aoxisdidatoagieruitdndctas @tre@wmyﬁmdbabwm de
of tne substidhSed MalaRl £ Rl 3Rsibnted ek o%k%%gngf@g%&@t&e and 4b

are two cr Vi ews t aken al ong
lines A-A' dignibsBdin theesmecmmerésyendermegme@§ sgHakip iPr TRl PPHASIY"S how a

first and g,ReceRdudiyRdgy 95EioW ;%Wé?rboihs)urﬁpm éﬂ’@%&@eﬁttbﬁ fork tines
OSCI | late in an asy nmg tric or "in- P ase" manner and [']' Bgmescngegr
"anti-phase" rmrﬁ«f@otmg}g&@ch 93(:11 ating tuning fork structures have
30 previously by the present inventors. Anisotropic etching of the structure inevitably
vields, however, a different length of the fork tines, which results, in turn, in a low
quality factor for such a tuning fork resonator. The fabrication method and
disadvantages of such anisotropically etched tuning fork resonators are discussed in
greater details in the article by M. Giousouf et al., published in Proc. of Eurosensors
35 XlI, Vol.1 (1998), pp. 381-384, or the article by M. Giousouf et al., published in
Sensors and Actuators 76 (1999), pp. 416-424, both entitled "Structuring of Convex

Corners using a Reoxidation Process — Application to a Tuning Fork Resonator made



- Figures 6a and 6b are two partial top views illustrating exanpl es of

desi gns of conb-shaped el ectrode structures; - Figure 7 is a diagram

il lustrawmep/iines rel ati onshi p between the vol tage appl i edPCBHCH1/00665

el ectrodes and the resulting el ectrostati-c force on the fork tines; -
Figures 8a to 8c show partial top views of three different designs intended
to prevent the tuning fork tines fromsticking on the el ectrode structures;
- Figure 9 shows a top viewillustrating an inprovenent of the first
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be designed by AB&;’?@ glﬂ) Ehﬁt‘gef Bselforahé pre%ﬁmoamox @fgnhpetr@@ré REsglAged

electronic circuit resonat or are realised V\l? 51004 -6
PCT/ CHO1/ 0BiE maaobe integipleden tba Sab%@ﬁﬁe'“s%ﬁ%&tpfp@i)eﬂ%ﬁi?é%rt B%le ally by
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the art'ot oCHBPRHFHPY |r?é?ﬂaéorfsot?mP‘é@tlfrg|%Be?%eé‘%”?ﬁ¥ ¥ Ff?{%d present
i nvention Q’aye be tusied fork réeaeitativithd oretdrd ipreatiemtias meeauvaohage pthe resonat or

4 is reali g bll fp%glgﬁ:é?rbllam Pnea?témgorg uwl: rQEt(éFl%} chani cal tuning fork

resonat or. is su cd ab e substrate 2 and adapted
to oscillat e i nAacqjﬁlagéo ptill ahdteer aspectnd thapesentipveptiomitesaagnding fork

resonat or ﬁb ér%%Bl’iérgéehY rk REBNA0PARG LEROREI on BtRnd %sﬁ%ﬁﬁaﬂieﬁ?u' arly

fromthe substrate ree st andi ng oscillating struEture ]

i ndi catdd & oM tpwpﬁgﬂtw@r@r@ﬁf@a%mé\@%@r 59 te GRABEE é%PetCIaoftt %W&%thenber 5

and incl Udtéﬁﬁbe@aﬂ@% éorﬁﬁer%élm asrﬁlscaééryewéarbajl Usetlg 4 @mgletmaﬁﬁne%har&cﬂltsm@ ed
paral | el the substrate ile to not

nechani cal ?%Bﬁef?é’é‘?f%w 'ﬁ@@ﬁraiefdes'T‘\Aﬁ?q‘?é’uﬁléfr“ﬂthrtggﬁgﬂﬁ%tfonin%ﬁﬁeqﬂglgsubst rate
2 is the tdiffergnt teydeahefsequeeaieer 5 resulting in free-standing novabl e tines

7, 8 Other aspects, features and advantages of the present invention will be

25 apparent upon reading the following detailed description of non-limiting examples and
embodiments made with reference to the accompanying drawings, in which :

- Figure 1 is a top view illustrating schematically a time base according to the
present invention comprising a micromechanical tuning fork resonator and an
integrated electronic circuit;

30 - Figure 2 is a top view of a first embodiment of the time base of Figure 1
comprising a micromechanical tuning fork resonator realised by means of silicon
surface micromachining techniques;

- Figures 2a and 2b are two cross-sectional views of the embodiment of
Figure 2 taken along lines A-A' and B-B' respectively;

35 - Figure 3 is a top view of a second embodiment of the time base of Figure 1
comprising a micromechanical tuning fork resonator which is fabricated using a
substrate with a buried oxide layer, such as a silicon-on-insulator (SOI) substrate,



15 The tuning fork resonator 4 further conprises an electrode structure 9
for driving the resonator 4 into oscillation and sensing this oscillation,
as wll meOexploai ned in nore detail hereinafter. Accordi ngCT/EHa1/poces er r ed
enbodi nent of the invention, conb-shaped structures 71, 81 are respectively
provided on the fork tines 7, 8. These conb-shaped structures 20 71, 81
formpart of the electrode structure 9 of the tuning fork resonator and
each include first el ectrode nenbers 72, 82 extending substantially

perpendicularly froma side of each fork tine 7, 8. In the illustration of
Figure 1, these- EI%&&%@%M@WWOS%QG%P@‘Med\@l‘dékbe%‘ﬁ PHEEBLeSi de of the

fork tinesFrigurd} thked al @Rk QM AEB B R @SLIB/kly ng between the fork tines.
Alternatively, the conb-shaped struct g Vi 25 the inside
of the fork tinediguregis ?Fﬁ%v’%‘ﬁpfdﬁh‘%ﬂﬂg?(ﬂ% gt %ﬂgeet‘mﬁ S%@?W@HW he fork
tines Ihn Ol’célﬁh]?n%rﬁgaGﬁr@ﬂmtaﬂtcémemﬁ@ fdruvesinatt noteds tetmeceﬂeeguyegm (gne next
‘to each one of fork tines t he

coupl i ng b&toREN® ﬁg ahurgd Oéﬁaqty&éu% yeC%m(? tﬁ?\gﬁ?g& deg(?fqhé%iy%i%ze desired

ant i - phase oakwritd rd¢aserihé€ Fargtines;5b) . The el ectrode structure 9 further
conprises, in the E | t pdaruRPosBaRed

el ectrode structur@@%gﬁggg’ tjeg%scré%st %%/Cg'%a g&“ﬁ%ﬂeﬁ%%@e nurrergl s691 and
92, which drteken élpwélcﬁso‘krﬁt hed Btﬂ)sﬁt%@éveiy next to the fork tines 7, 8 so as

to mesh with the s 508R8 90 %srp‘é%ﬁ\l‘erﬁ%ﬁa il andVRlsBcHR hltﬁéﬂé\éslcwatr@me
first conb-shaped el ectrode structure 91 includes second el ectrode nmenbers

93 and tesHeadawhere damioris irgseesclilelp@iiasYTISH ey PRasE” fManger @1%eBd ode
menbers 72 saﬁﬁqe’iﬁc@,djaag.gngsénqném@rs@gp@mﬂ/e@ ectrode nenbers 93 and the

second conb- shap tro str u in second nbers
94 and neshes vvr %ﬁﬁgga as‘t Pﬂf@'qgﬁv‘gdlstﬂﬁﬁaqr}gee’?“r eflt({é%tgpagg
menbers 82 car- ﬁdapadenictrb@e sinecterespnd WO 02/51004 7_ el ectrode nenbers
94. PCT/ CHO1/ 006 I . J: 3 HRARR ures
provi ded on bot hqlﬁgndr&rc7 E %ﬁarﬂ‘ﬁ@fsﬁghrﬁﬁt‘é E E')tro gpnstruct %?%Eb%% 92
are notiabsolthe @le)@trn@@e@'shﬁhy resﬂﬂwgﬁectht&r@s’WCﬁ@nébﬁr@ﬂs Haged structures is
however, Part ] CULary ¥ agy AL ACRAHBARNGE i ditee BlIRRE SasEhs fEHR t

obtai ned at | ow power consu her nor e, dependency of the
resonant f rRsgRIide tORIng rﬁ@ka'rﬂﬁﬁ fregn si@kmag)eéhr §'e§tr‘r"1ﬁ1§‘f‘i}3“r“§§l'uced i f such
conb- shaped structiyifesd MHofsUSBH vicdeNOstEting ahOmBrovemeht dfané 8t embBeintant St
conb-shaped el ectrode structure 91 serves to electrostatically drive the
tuni ng for kEP¥EJREISYFE 4 into oscillation, and the second 10 conb- shaped

el ectroge str uctun@n@%a ilb Spassetctiondl Iv@vsoqn‘pbs eteodindat of Fiphe ¢ @iemg f or k
resonat or 4lori(§lrrye'§ .0 capacitively sense the oscillation of the resonator.
Accordi ngly, drs 11, 12, 13 respectively serve to connect the first
conb- shaped el ectFigdre 1§tshowswpag o the forie tisesciee tasapatonwpi @peniags gt
structure 92 and t‘?ret1"|rEh'Bgrsft®5 lfurftmg Wr@résbﬁat@?ssﬁwa'ﬁ'ﬁgiﬂ% sdme bAsd RRmber

integrated electronic circuit whiTh conpr.ises an 15 oscillator circuit
(not shom)aﬂwwmﬂltvéshlb'hé’vqﬂiﬁﬁrr?@tf%PRamrﬁe&“F@z@%ﬁtance The resulting

highly ssable f rﬁﬂ?@r@é‘&t 2% Qrt@d vré@mldstréﬁdrgeé sb@nﬂrm@f&dcmytrdmhemna@r at ed
circuit 3, for _insfance

result si gnal
in a frequédRESt 'rtﬁsﬂedéfm|ad>é5tr‘°d‘l?sct"l}?85tra?woaﬂ?g tlof’f’ B‘aWSHéf?U'S['thaﬁe
shoul d be paibstrat: pmte tahat despite the fact that only one el ectrode
structure, 20 na ct |8, ode,
ot h ork tines  Bepd A GaRo e e el Rapiond HaR paRe ALK A &R Cey
in one for k12 takenwidng Ilbes Ar/’ammEt-Be@SPQﬁtch@ other fork tine via the base
menber It wil P”%"%%”Q%T Pr%tcﬁgwﬁtrgrggréﬂﬁtfa%%é@at or essentially exhibits two

fundanent al in plane osci tion first of this osfcil | ag on nodes

.consists in an aEigHieet sshematicalcsnaws:a R AW PTG 2FR AREATPRELC ifer e bot h

tines oscilpakent lﬂvénh@n ShERe M dHRGN Qﬂnte@?&e@ﬁﬁ@%s@&ﬁdrbét@dIg@ﬁem}ﬁey consi sts
ina symetric oscillation of the fork tin es.oscill.ate in

-opposi te di r%%&ena%umqt%éecq%'sm?)r%tﬁaa%g@r‘F&ﬁ'%ﬁg'ﬁ%%de Iecgt WigEFMS i cal | y
illustrat edfdrrotnlﬁn L s DRatanititdds dilaase ahd éoraingd uctngd i reépaseitb kids i on has
been ex er at. or th se .of .ex d
that th %googca ion, a)grgp v‘ng de%algmn I‘rgﬁﬁédc?/nghé hte@ét&%@%cﬁ&%%ﬁ&ﬂ@?

"ant i - phasels regtchbwadri dn’tarhsdea thisscitapit reaypeasile be desigeed pPithose skilleshis e nce,

according tg Ett Bleferabis $ath tﬂéqntle{]jr%téoo e citdift BCéHBJtth@ réon@tda i drY r&dliséde
resonating Structure’remains s bstant y notionless. In contrast to the
second oscillation node, the asymretrl c oscillation will |lead to higher

energy dissipation and therefore a higher danping of the oscillation. 35
According to another variant, the first and second conb-shaped el ectrode
_ structures 91 and 92 are c_onnect ed toget her and are both used as drivi ng
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WO 02/51004 PCT/ CHO1/00665 g preferably excited. In this case, sensing of
the resonator's oscillation is advantageously done by neasuring the

i npedancw@imisidet ecti ng the i npedance shift at resonance. PORVEHO®8@®AAL OF
structure may be obtained by a |large varigety of different 5 technol ogi cal
processes. Silicon surface m cromachining as well as conbi nati ons of
surface with bul k m cromachi ning can be used. Figures 2, 3 and 4 show three
nonhlimting exanpl es of resonating structures obtained according to three

di fferent m cronmachini ng techni ques. _(gdhagr techq' cgjes known D tﬂ se
skilled in BRéiITdedrated dhes sajnRFYESIGLR tRHiFHed 8?”%& Ysrieﬁﬁe%eemﬂ%ﬁﬁa %%Sork
rzgsoggt OLbOTHu&ﬂaﬁemreﬁ@me 1.'AV§r:é¥érfé'd sfmy{}rﬁ%hrﬂéleﬂ@@silidﬁrgbnfbtstgérasimsar, 4a3andd
-2b, : are cross-Sect]onal, yiews o resqnat qr | es 2 an
2 whi oh ar e MR oy hags sle Manged Be AR RLARMe Sy eoiite e iy
schenati cal byssbpie prederbinigntfoprkay bsasedt.or 4 fabricated by nmeans of -a
-sur face-m cromachi ni t echni que .0 I l IS
subst ratfr§E| bei ng 8‘?r5&‘§5f)§heaprg??ri]té®r?tnﬁ/§ ’cen;)? ?ei?g%iog?ﬁgrq[%gpﬁl{nztﬁﬁ%&&'%
techni que, angulitricsiniciaroechiaigertunisg fokdepusiaretharespoplobf insupodal Peave
sacrificial ﬁﬁﬁag%;ra%t”%gn@ﬁd&t tqaofﬁuiaté?iﬁ% Xh&Baraf k6 thesdUbeghtrd MBeof this

poly-silico e sacrificia ayer 1s partiall rem)éjed to rel ease
the fork ti mesnafuik fenonatond esseniietyiFemBlisasfbaseJBPAPET O EREPEPPi ng nor e

speci 1 cal | el g BB theldubutpdie Al d nefioarting odcilingstclcllhe, a f i rst
i nsul ating oxi de l|ayer 20

I's for-instapce depagsite n the sem.conductor
subst r at'® 20ngicatad ﬂh@‘dy yahpgrense @Hﬂﬂﬁggi KpEn ?%h &F%é,e n%%tﬁera?:anod
pol y-si | i conpclii@ig B®atepastsiadiapyparepeldbrkitines 7, dxisgesédyamlido thaf t er
structuring,

his |layer 30 fa t he,c u : first
el ectrode stsﬂJbEF?}P@' éi? WP&'%W@%?E%ﬁ’&peeﬁhgg{%goodépég ?%%’%Ct# éorg%%g%rgb%tﬁlggﬁg? e
nmenber 5, reaapiegtorkebsonaas 4simivthe snbstrede Riiginedsning\farke base Mestber Sqesiing: or s
11, 12 and 13frcaptbne.dor§egab% iﬁ’g\stﬁlc?l ized zones in or on the substrate.
Anot her oxi dé fgslaafér}g PARTES %hen' eposited on top of the first oxide |ayer
20 and st5uct ur edTheayeing3ak rasnnetedclyRBesaraRsisea B elesirope skuptdig § (P8 y
etched so asdNﬂwﬁh@‘fés‘!ﬁa%ﬁ’%ﬂht’&%cﬂ|§ti6m§nos&q@mg s iodeiAtRy e hs 32 188 &xpldimgl an
el ectrical contact to the underlying |ayer of conductive material 30. Then,
a second | aylermee deggldeeeinafeernat eri al 32, such as polysilicon, is deposited
on top of the Secﬁl&%r&iﬁ%ﬁféEi&ér@écﬁerﬂ&b@&lehagfethe 2R eaonvebimbashaped shect@es

d

connection openi.ngs etched, i n the, oxide. | aye . +Fl ) ayer
of conductiv 1'rﬁ;@taéiair%?peﬁﬁvqiysprﬁé'g?%f)ﬁélae g’ﬁ‘g}{%‘{scﬁgngF %&?{;)é%}btshgﬁescfgﬁ%tﬂﬁ?ie of
t he resonat or1,41 forre pattoe tHeasectrertstuchiraf of thedufiog korkiresanaior 28d eaghwel | as
the el ectrode _structure 1 . St ' B&Hib@X®ffrotda t he
sacrificial ﬁ”&@’&?lﬁfé e[eﬁ%‘i? ngﬁeggz_%ﬁb%/%{&erﬁ)ﬁ#gbggggg'thﬁéeerg)orkl tiﬁ{ag }a 8.
It will be 3Sdappraci mtietha ha It We ilugjraiionof Fipue tateserRlectiode SRPPHS (¢ al | y

removed U”deéz%geepx%@ﬁsd HhesuSidand iR riehretr adee siwayatan es b existings
illustrated rn Figures 2a and )

2b. However, the ba nber_ 5 .an ode
structures obetweeniig forkstings. ABRnaliyshe lie80H -sﬁaﬁ%%{@%@%éﬁ%p@é%ﬁé%%
_g_ the uyset glaedsipObE ingnsk3Ras of 8 oRiidepliayequds aniter gad betwasa thafeki al 32a

connecting the resonator 4 and,the el ectr f ,

under | yi ng c YReRIKBRY tg pecorpmogafe cﬁegﬁﬁg Og%ggﬁéeér?aﬁ {atég?%e%iwh(gaé ngﬁttﬁgigcr;\hg

fork resonat ene4f faabtiheat ecd by Hoeansr, af wiBergad fieghedsythdicPeRiNgriet e HAP que

whi ch makes uys_of buri ed oxi je1) | 1880 &lided 5b).
f3ef i B ARG ol TR oo i 59

silicon-on-i ter struct ng of tge taEEfSitl icon

| ayer, the oxide [Thgeledrsdpatrudtaiel§furbroe@pisesondes exFnpPigI%EAYs hd'Flor k

tines. Refier 0Q.oI0r L. DAL Lh&ilalidolrduB FLeuras idical @epledivelyltheoteapasi | | con
e y e e

| ayer, indica retference nuneral 35) is structured S : he
.resonator 4 awenerde 91@“@I%cWF‘@B@r%9'?9%%#%3‘9@5%63%3.”eﬁ'ﬁ%l ‘ﬁﬁé‘}@m{ z']eé
conduct ors 1kg Zk2o3knlAtmy cahmdxshaged etrugtdreisty 1, ay.avior@martikfulaly, Berfigt uri ng

of the top silicon layer 35, the underlyi L NS ' So¥hj,gh has
‘been exposed FEN-HAPsH e@cgﬁg%atr%qturteﬂ% l§‘¥'l“‘?‘gso‘?1 qoﬁé%ﬁéc& dlé ErYeZ{}%eﬁeg so as to
rel ease the fragdhdsimiBscofab-Shaphd ssablermii salttia thd firstkelecttase mampeE 12 3j8r es,
the base penber 5 electro [ 1lon@thel@soMebbmeshnk
conductorggllafd}aff,”?%ghi?,?cwgveg%@td gﬁ%ﬁé?%n%dars\o%gs t0 exhi bit g&jl,%r er,
surface area dléetrodetstrubiord9? inchsey segrsielesteadepemberis PN Reshes g
layer 25 will_.rengi Bl S\ AL e SRerAbéts BRidré a8jaRetth tiidwecond
overlying si Islhcag)gglsgﬁéwegﬁ égg‘as o%&%n&g he cross-sectional views of
Figures 3a and 3b. Figure 4 schematicaltly shows a tuning fork resonator 4
fabricated by nmeans of 20 a third techni que which al so makes use of a
buried oxide layer in far exanple, a SO substrate. Here, after structuring
of the top silicon layer, the backside of the substrate is etched so as to

o o v o S " o r 1 P



structured so as to formthe resonator 4 and the el ectrode structures 91,
92. This step 25 is simlar to that realised according to the second

t echni quave bi/smbs ated in Figure 3. Thereafter, however, aPGIHOWOBASI S
etched on the backside of the substratey2 using a chem cal etchant such as
KOH or TMAH for instance. An opening 26 is then etched in the insulating

| ayer 25 thereby releasing the fork tines 7 and 8. This has the advant age
that the fork tlnes can not stick to the substrate (which allows the 30
fabricatio QA er tines for | ower frequenci es) but has the

di sadvant a‘%@cﬁr & BETPEE Yhal i ng of the resonator’'s cavity on both sides
(top and bottorr)t woif b¢ bpreibietintiadiené nombekdapedsiopruras eravivedrassmnatier under
.vacuum con ons Va | i r chip
| evel can Behse7b%/ rﬂfgﬁﬁse?eéﬁoggtgs trﬁ&ﬁieg?ésg?%gg béetc ﬁ;él%éeggﬁ%%egﬁggsf@ﬁodl c
bondi ng oruss bi meshusg tombishasedsingiugs Whiotevar pariedlerikabipntadecvhdsee kil | ed
-in the art r q it will
be appr ci HE0 Era e TS o Tt Ba e pe AR EIeT e

rovi ded f orm ot her
conduct i vedemermencscewdaaewmeml fERABIESCY bR 1he giplios Valiasss s SEPTtsTRelR) Boess

addi tion, %émcérﬁ@Eﬁgée&Qr&h&eiﬁr%%@H' ng structur es of Figure 3 and 4, it

w Il be appreciated that conductor Y 5 may
be repl aced by AGEREINGrar EIalRtl &/‘51f %ﬁfé)%b %kbar?ﬁgc?ﬁ%g 5% rﬁgﬂrreegglpgé(’: %ve
parts of t bﬁel@btﬁé&étﬂfa@y Qﬂ”vebtﬁemrrr@fdblombedakdr A dratb logcittationhasdtheaerend 5 As

| r ead t t i |
conbendihd CeTpTEhPeS e i slie o2 HOESE &) B ZHBOME ol Afipg ok

el ect r odes redaingtord, 6erved mnsapacitietaséresd tparosmmtnowoé\maﬂesw@orr Aceordidlyra of
(e 1175 il 0. LSRRG na e ) shing g o apbpeaietintar, e

first fo t|ne7and
the el ect r sttectste it ttoe ee@nd combpRered elaptpae stippttres? Weth?céu%n%&”f de

menber s 82)\/'a9f’s %Ee‘%ﬂer%@r 29 1id xh!é%?e{té& %QcterElcgélmes @Bibh cbmpas@s @dnape of an

arc of circ eir radius is hosen t?‘ﬁ ¥V novenent lt
poi nt off t WéCIB@tﬁaplr@nn(ﬂﬁtesfewniWBICFSF'KG%F é“"dD? 9{8 fﬁ%feeﬁr?f‘FP%e J@F diies 6}9
oscillati Om\@rn';dst'asletflﬁwueﬁ@rﬁ @l Eumedrinen boforddesbed pothietintegrated ¢itmitSofdc ti ne

7 (respectivel electr ¥%~92). 15
Fi gure 6b é'PFéfi\éC Byd%t"é“’”lgé §59Lﬁ“3v Me%?lyﬁgxtgﬁ%lﬁr}\a/g{eﬁggf oc%l\ygéersfp n of the
comb- shapechréé td@btaies Imrf&qnerecycb@’nance bet ween adj acent el ectrode
menbers i s vari al Fodd@UbisGUbtard Yy, the
di stance bet Weeﬁg% Ugcpg%f)m ug{%&&%%é%&%igﬁlyedr}%e‘fe @ Iee free end of
the forRkot ineesely Alesiradd etruomhrsQén@elsb@ta\ﬁe’e'ﬁméfﬂ‘%@ﬁ@ *@%EOWBG%S W Pers | eads
to a local dr%b%é%s& IatForﬂeas%pe S%I?éilbh'lﬂcﬁlcé@u'pbhé‘@)rla% Wil eeefosmitedgoeat er
el ectrostatic force on the correspo g part of the tine. By designing the
conb- shapedhgloﬁﬁﬁfthfké'nPrY'astﬂéﬁaéeWf%m %e can favour the preferred

fundament al symeiwii s Be RbIBBEASIG tdsahatonesattallyl dxbibits ave findamentpline 5b

Variant (noRsunaaEtop Redearm i ot Py e din Mt s A me e nTat het
al ong the 28sdilebgh bf Bk tbeork tinks where bath tnefeesdiliateeindhne sampsliraelion; ége '
oscillation_nod e, arhaat of
oper ati on, ?erﬁ?ngé)ﬁ@ﬁ%twgdgﬁge@@c ﬁ% tn;@gglgr gblg&og‘%gmé i:oﬁlm}?léé H;rbodl ment
of Figure lbstbrtines osallat ecdzppositeadlr%@pr‘? Theisg éwe HeP’FQmP‘FFQ”aF'BF‘quﬁé’ﬁ%tor

| nto oscllladd %ng%@ .ﬁﬁra%ﬂﬁ%‘néﬁeé?%ﬂamﬁ BB AR Tascllstcn 2 serves

to capacitive i'S mechani cal cilla {' ﬂ An alt rcp@,ta
vol tage si gh%ﬁn pxaggpatedter the @r@gﬁergfoegpzqn@ﬂ%qd Wit ge aPB%eLﬂah ng | n
el ectrogpat 5é‘cd‘n@rc%eiﬁat%h tBee, it mbpbl debtrtbed amnah 'matiphbss’i asnilatien moge,

which oscillagtion is tran ttedtothe ot [ [ of
.the second ﬁgplpetﬁrﬁ@”gd t?ﬁ'teJFﬁt T Es ag%org?\éeté lﬁa s@cona_%éﬂl@% Hj&?é e
opposi te setefife @ﬂ@QVltyQﬁfeth@tesunatmgest&@turaﬁn@namheub%@f@iwﬂy mot'e@)é$5at'és | t
wll be understo hat el ectr Cldr £ inesad ertibiy
i nt erchange&%ntéa RCS@SP Pﬁ‘ aﬂgn ﬁrgadgr {eh%tr E‘?’iﬁtﬁ%gsﬁ%\t)%g" EI’I nci pljlgeerused
to drive thenegyaisipztion Iahdlthmefprﬁ ahigber demping abihesessiligtiofhr abol i ¢
relationghip bet Weebdidifo a%{h%g@aw'the%%na@ece{de@owwmearwbdtme

resulting force on ti nes % % i ggs
WO 02/ 51004 strmg.turesmmr&mwa@e!ae%ﬁ&%@Akﬂefcﬁ”ﬂ@é? 9 HS&g V't”He? SCertiat i ng

vol tage_so %effébyoi?'{aﬂtﬂ pifase WREilaRIUN GAlthey fdrk n@@eﬂf&as:vﬂustrdteda@e‘:lgtﬁb@tbn@nshl p.
Figure 7 schematica shows this parabolic relationship and the

| i neari sation of the force vol tage relationship by the addition of a
constant direct voltage Udc to the alternating voltage Uac where the
anplitude of Uac is much



5 smaller than Udc. In the schematic representation of Figure 1, there are
shown three signal lines or conductors 11 to 13 that are respectively
connect eva @/3thet first el ectrode structure 91, the secondPET/ERWNL/OEES
structure 92 and the base nenber 5 of _tgwe tuning fork. According to a first
variant, conductor 13 may be used to apply the direct 10 vol tage conponent
to the tuning fork resonator via the base nenber 5, while the alternating
vol tage conponent is applied to the first electrode structure 91 via

conductor 11, conductor 12 being used @sen se. the re stuO t%ng signal induced
on the seomfarableerdieddn diis 9@:%%?@”59@9 oRe SRR EPEEEIRd vari ant, the

al ternati %avgﬁtbgé&%w%ﬁquﬂnmrmgeheiinn;eamnu@iam@gaectmgﬁbaenpemels@ft
-superposed on the first el'ectrode 15 structures 91 via conductor 11 while
the tuni n@tf%ﬁqaaf“é%onat or istied to a fixed potential, such as e.g.
ground, via conmécrte@bng;& stienugkel atayroeldhtaisedibed large yarigty of Hé&egingnal in this

‘case. ain be a i at e 92 are
i nt erch%ng}@%mlozoq%‘?ﬁﬁ pf‘?‘?ﬁﬁ%)hgtﬁ econd’:; Cte%ﬁ@gfd rﬁ%eh st ?JS(S:\EVE‘F% 54 bndioyd

al t er nat i veifacbevitasedk fizrordadhirimgcarhiee Heebradwbes gnl %”%@EPPWEEEB%SNO”I he first
S St 0de s LLEoE8 P BLA%iE S uE@FetbisRES Btab Lo tnes tivetant | he

el ectrode ur e drivin sensi hg . my be done

by det ect i mgremattamge t&mnﬂm@h%reteﬁ?”‘ﬁ‘é%so‘ﬁ%‘eby t%?e ?Elﬂdlgetdaﬂi’é §|3[t ktloege

el ectrode éc%Ja‘Hg"strtﬁe al r%.pqm% ofonRBesdtedoftihg ptesent ioventienemgy enly one
S e

| ectrod th
Accor ARG sda FESIES fatiayda FaRED. 4 ftth RS iR TR o R o PaaE S o i ed

to the setFgﬁre@;@@érﬂ?ﬂ@wﬁ%ﬁuﬁé@keﬁaloagdmema /khandcﬁ-B\'cﬂSDagfe/eb’onponent is
applied to fhe tuning fork C n tLh 8y ShEBQof
al ternating and @Urees C‘Ff’f‘%ﬂcpﬁ'{}b S%m%%cq%%l%%né{aq %ghca he set c?f
el ectrode sksuHatarresomabeningeahgiquerda topiohg suﬁahlw%b%fa%? tth'écfu%“%{ef i xed
potential such as e, tRi8 fifRRshRRue! # pbladicos kvt 8d i n
the art thg?mgré)ﬁ?/fe t%e? é‘?lﬁ arfgggel‘cgérrdmg tlgmsntls rra% ral egsgdbt %{)I ve the
r esonatiar demazsltesl@nltbapf@ﬁo'aallfdeﬁﬂ@ﬁf'@élllﬁxlefs%é‘st & F ¥ \Fenent. The
a”ange”emstr?&pﬁﬁ‘g thhF ,F%Wt _&lichnIaadr| thk Reeceidd eayeots deetiatlip nahdertetd relbate a

n

limtation 0 I nvention. For instance, the gap between the fork
tines may meforich@%@w ioan 4 HYCHEES £6e3A" el ectrode structure 35

t her ebet ween whirghe RY rkfe Ys@sticaily fethe axamptirillustragedsh Eiguredia, 2 aukture or

dvant ageodtet Rssiayhoruse e 2D i o BIsEE Vg iy B

preventyd he, adirkt lhydres cofducties metiahB@rsuch @mpstyrelicongnan be KePeiteidodes in

case of a shoc CC in W gm—lel:d;cgw et08@11a1t2 | east
LR A A S R L A .

one 72* of ers sanme appl | i} %tt é)de
mermber s 82)andar® toaherfick cleotnester strusiiie e thr Ie6pad e'@ﬁfé?%o%’r“rc

adhesi on fQeesdEL 4 RoskeilRn? BIRAGuR i el ures A?lfbrmdelyhmr@corbr$h‘aped
el ectrode structure 91 %c?

into nec I th each
ot her. Obvitu@nd/13 @mbgéﬁ@e@bt?rf@%t@"'ﬁ%@z eSdBtoéPHékbe @@gﬁg%néﬁgﬁxgaﬁ%d%: ect rode
member s,93 ol %S\Mémép%&mn to@ dfhlee Biat oxide fayekZQ ambjtryciunedigyer 3Phan t he

others. Alternatively, pfthe he

el ect rode nEMHERONHPXEE 'a‘éerfg%d?‘ S%‘QWV t?lé%cp od%&%Bé 6?%@5%0 ? member s
93, nay be ¢RshanrRIdeIy a2 bioverhabieecdrigsdcontact t@ﬁ?ﬁd@d@i"yﬁﬂ IEESt a suitably
smal | surface area so as V, [ hatekiat 32)@8ch Bbyolgus! y,
the same ap?ﬂridé‘g emefegals éeOOJRéﬁ aeg%( @Pr‘éﬁr%gﬁ%{dtu%g& eco EI el act o qde
structure 94licdd, r:aildppsnt@dsorsmmtthQW@d\ﬂéﬁqr'ﬁﬁ'ﬁl)(?f"d? 2 g Ve g‘t'op

struct ur, 2§0rq1|e§;ﬁgl§gger%bns]éc¢emn$ﬁ5)§i16@13§/3222ray be prOVI ded at the free end
7a of th fork t1ne ree en i ion 78
_cooperating withFirtaby,dbopecong | WFGP&CC?'@C% gﬁ"ﬁgﬂs{f’jﬁgg%\dﬂ e?&g{e?relgl gned
SO as to |'fBan Be ARG SHihdRIseRBRT 40f e tthe base ketribaeS 2nd e torkemﬁf% &
prevent it fromsticking on the ele S y\{pperq fleve
-angul ar novéﬁ@’ﬁ*ﬂ'@st“é‘ké'eﬁ redecstpghires §|[] aﬁﬁ?gé{hﬁ%ﬂttﬂfaﬁ;nﬁ%o 2 ﬁicfs

Again, the 20cHERIERIHEY D ptistppenesed © releese dweoiatk HnesK . §| V\é"' e Al of the
above-nenti oned fea i @aa[]n@é thébaseler to
obtain a¥ efaPPrc,eiC@E?é Mﬁ‘ 3?51652? WAPARG ’E)%Cgt lébs{"%ér%liya\'@hﬁv r

nechani sm

ures an
i mpr ovement nmbdves and therabsirade etiuctum$| $ig %@SH“L’rsé@'@ﬁé‘? Bpuﬁeﬁ/\fﬁ %’Pf%\é do
illustrated,in Fi HE StrS@uRlR @IS 92 Wl be2hpperted yial
view of Fi guHr é’veg’e?q{lgn gﬁmg%b?{]ﬁg%?ﬁd&A conductive pattern 31 is provided
on (or below) the surface of the substrate 2 (in this case on top of the
first oxide layer 20) under at |least part of the free-standing oscillating
structure 6) i.e. fork tines 7 and 8, the shape of this conductive pattern
31 be| ng essentl ally a pr 01 ectl on of the freestandl ng osm | at| 'ng structure

o o Y " o, ~ — o o ”~ . .



WO 02/51004 PCT/ CHO1/ 00665 -13 between the tuning fork resonator 4 and the
surface of the substrate 2 leading to a resonant frequency which is

i ndependav omfioohe applied voltages. Such a conductive paPCEAHOB0665
furthernore prevents the tines 7, 8 frogw.sticking on the substrate. It wll
easily be understood that a simlar conductive pattern may al so be added to
the 5 resonators fabricated using other techniques, such as the resonator
illhustrated in Figures 3, 3a and 3b or Figures 4 4a and 4b. The resonant

frequency of the tunin rk resonator can, be ust e vvrde range by
changi ng tﬁ@ Llj\?g?ﬂ?grﬂo ”S%rzﬁé’ﬁgi“g‘ﬁ Y&t 2’t AR 8%“ ve'ng ‘Fﬁ%’%’ﬂ”&ﬁ&@h and

wi dt h of tihe rkeskatdi ae6d thaelddiode canctbessHeA?2 to tmetnIderI)frog; Eowdustprs dical | ed

" Kar ol us" i%ﬁ;pressr on of the resonant frequency of a tuning fork with
tines of |eng , Wwdth w and nmade of material with Young's nodulus E and
density p fr=c. F@ukeBsEh&ﬁatwth,rSEhO&VSl%tualwo‘nmramnarﬂ@rfefﬁbﬂwe@hyﬂ‘r@@n%foéct
'shape apd g t@f%f?quﬁte\%&ﬂ?%&kwﬁ E’r?rnta'ﬂgé 09 of QBErred 5xrc‘ﬂ]e$la>/§'ﬂqﬂrﬁo@@§ hQE, 418SS

producti’on 6 résonat or s esonant requency
from one céd-palias $lllit@n01rhlesumﬁot (RQ)) swratiate. d’lf@f éﬁ@‘é%””gT(Pféh? KPR laveequency

of the tunth@%ﬁ&g Iléyéﬁ§99ﬁ1taw ﬁerrr!%e rrﬂ%eﬁ'%@és@ﬂwéﬁﬂ( trrmsckness of the 20

tuning fork, as is easily seen from abo]),/e exg e I refore) the
r esonant frequeﬁ@{ﬁrﬁ‘ﬁg BYORE PRTiEHIFY P H@(‘ére? dbrd 83t &% %gsr&gpgayseﬁ i con
surface-m mﬁmﬁv@dﬁbyﬂrem@eh@pmﬁé@g%\mhtkuonm*edderaendfcmm thbeeddnattk dese thé t he

robust ribss BRekpds shidirep e “Pobaleiy PedadhigOdud: P TEMBEEEE | ons
i n processfdamepdn &yet eﬁ.sAftmrstrbcﬂurgrgeaftthg toresilimadayey 36athefumideyyirld mensi oni ng

the ¢ un g, Bl fing P36 NGB AL vpB] cRECRATbIGAN Yk WP el RniigeFhany e 10,

openi ngs 68’ IR 1 to reduce t
dependency etshetilse asete(wiaaﬂe the éarlsdines 7oh As sbesatipally divstraled in fheddaeres: he

resonant f rrge%%%%%ﬁr @gna H@W&dé ardweé b1 bs ra@\r@em arshﬁ@ chiicRI 9k ected

frequency is snaller after ocessr n
e.g. du1@ t63hha\&/@rbee¢%sr9neewa@850éé@P‘F BRrEPLR AR e B Of‘} thes 7h%wever

t he openi ngs 6 Mﬂﬁbﬁsdﬁ‘ﬂwd lﬁsﬂjlé'tﬁrgfléyé? 251 ik Serifain @ftef the dihidcaprgessst drer sy
reduci ng the nm

d f
Lhe T esonantPR T LRGRHEYNE STERLBIY Be ShoRAUBN DR Rar i HBEs ¢ ERERaC Ton

of the resGaant 3b. equency does not apply to a tuning fork provided with

openi ngs such agl L ystrat S FLAULS ) rorBRBhast & PR AR ed o182 of

t he conb-shaped sarme ect as the’openi ngs 65
on t he 2Ceserthind témemwemycrmrsa mekesnseangf 4 buriedpride I@wnetf@mwple BF02/ 51004

occurs. C-E{Jég_lga"téqqgrgaaﬁé esftr%[:@r?rlr of ﬁw@Qo@QﬁE‘érﬂlg§er6§1eEHa‘%k§r@e Bethersapiteasl cl ose

to the free , SO0 as have a hi gher inpact on
t he resonant e?hé@]ﬁ@ﬁéﬁo @mmemndam%@h ﬁ‘é?"‘lfsht@ rﬁ‘ﬁaﬁwf‘?’%&r‘ﬁﬁ of the tuning

fork resonator. F&faﬂ?rﬁg%ﬁré%ﬂrc@bﬂ@tdergurerseﬂ 4yantihe, mest@eiHodwarayera% isuni ng
fork resona or

t {
respect to t”? 6913?1? gff’Fr@(ﬂhLFerr’?égn e%lt_e‘g HQQB{ e‘lgil‘tai(:;t?q%ﬁls ?rgﬁ S gapt%lg nTwatSP% Srk
r esonat zg as:smrldr ttgthtaorebl’@dpa“oesmntg tortve nécand td@mrcqwewsrretedan Fégunes. | ow
f requency O[fhe?’%a}f e?,tzur G ' N es &ﬁ% @ﬁgt%lt'tl 19 H‘Fé]rt‘);&&gﬁé &t ?Lre%u%st%fg 2. using

Conventi onal e 8 re € surface area in order to
10 obtai n siemical emNaﬁrwnasd«ng eorwu\rgiormtaj@e pPering Riadhen eichad in

di mensi ons , ﬁé‘ﬂwsftrfa?ﬂg?%)%y?ﬁﬁ?eﬁé%r%fe%‘éinb thet Gk fles 7 ofi sit@s haserr the

geonetri cal di nmensi quency er ant frequency of
the tuni ng ddPRtagedbAdbDork EnesFanHigs Sf'% Bﬁﬁé‘i’%‘ﬁﬁ @“W‘g*h%]@?wéft ® to 60C, in
good apgs oxbb®ddtien of BinkbN@Rs hupebi PequincleelTbat Riithe dishidvantage to require
sealing of the resonator's cavity on both sides (top and bottom) of the substrate in
order to operate the resonator under vacuum conditions.
Vacuum sealing of the resonating structure on the chip level can be done by
means of batch processing technigues such as anodic bonding or silicon-silicon
35 bonding which are well known to those skilled in the art.
In all of the above-described fabrication techniques, it will be appreciated that
additional steps may be provided to form other conductive or non-conductive layers. In



15 resonant frequency of 65 kHz, it has been observed that the thernal
coefficient of the resonant frequency is of the order of -30 ppmiC. It is
t hus desiw@bi/®100p i ncorporate, in the sane substrate, a teqpEHIIN0GS
measuring circuit having an output signg)._which may be used to conpensate
for the frequency variation by adequately adjusting the frequency of the
signal produced by the tine base. 20 To this effect, the tine base
according to the present invention may advantageously conprise an

i nt egrated terrperature measuring circujit (not i: % % Ie of such a
t enper at ur 4% WriTgsesd &ulhe rpSONgHRG P YHres of FIskirey taf‘gl

Tenper at ur gpSieaResd that &Ma@chﬁsCﬂnGQogym thy smcodﬁrayﬁﬁmmeroeaemad:éd guey, in

" Sensors and Act yat or es..636

t enper at ur @gﬁ' ‘F\%%%/? b'WefS COQB%‘\%@@EC} fhﬁ)fe%& C“}‘ng%%% ?ﬁﬁgéfrw[sﬂi%o% Patio of
the divisi wrresltnandred fliegctly oattleazegadsi ng an i nhibition techni que well known
‘to those skilled_in the ar r I f s wth
di £ fer e%t reson%r?ta"reragﬁﬁgﬁ rone'%‘l b3 r@%ﬁﬂa‘f@xjyhr}etgvger’%bre@%r@gv gé\gdaerﬁcg\ﬁr rghgsuch
arr angenentshan)EthWLr@Jrehe/hcihu rpesthewtr\e@cambxsl@ame@ Pachrespistae 3?‘9(%59@&%‘:!%@9 by
measuring BHGbLEAURRGIIHILUBRGR 1R rdd1end Fa LinelrBRARRIT05 deBBiidtof Ui Ng

fork resonators have enperature coefficient since they are made

from the s&eeoraimgdpiadiryt vanantnidagaouserp, thadrss padaesandmiepige I"iemt?% "€uni ng

fork r eS0n@tsqgrf%élfn%ﬂfd)rréf‘néra\éh@gueOBrééthderﬁtrur:eﬁ@earﬁes;ﬁmqwm @8l gameshar e
t he sanme base

er. tore et uir ur on the
chip. THe ééﬁ%(ng‘é@eer’&t?erﬁ@?n%“ WWF%@F%‘E@@FLF ﬁgdﬂﬁg@r%ggoﬁa‘f% %Det??%rbresent
35 i nventi efic bcita® okl rad?ug stchgrsertﬂoéo\tcerrﬁerrabwmrtﬂebarﬁd@pgmmn thke tuni ng
fork resonatar,. i I|n whi ch, f. i eat ment
necessary t%(? '8%;'8%?5 fPB?“’}e d@”ﬁéﬁ%&ﬁ@% reerotej f%lsgﬁ tfo?rang lélhgpéaf!)rrrperé)rtantly,
the small diurdioand traimmisitiohioo the fack O Bil@@nef:twslymf@-lmf@@@wer situelrat i on
of the tunlgﬁ s%eiétwr ator all ows a second resonator to be provided with
only a sli ize and wi thout further external

crease 1’h c s
connect 1@ns Al tl‘egwatﬁb\ﬁéroy/s %%é%‘ﬁdrmglaﬂ giew ganeinenlaany obgrsn ddbdus

enbodi ment Qfnd. ér?adee\é%l'srupéb wr'retre tr$e cmet%ﬁr:@bemre@nlaaecantselétgroeetnmwsf@r k
resonat or whi ch operates two, osci. | | at,i on nodes. A

first of tHh&sed ﬁ&ﬂ‘@s‘h? ?”Q%Ofé%(%k a%%ﬁr%&@rﬁ'%‘%‘ra‘ﬁs BRAE Y ode
{Figure 5b)adgafheﬁ€§l@6£ﬂod§ﬁehib@tslr@@hcﬁr’eei%drmyhémeaemeottlheddyrkcbrses A sinatter node)

wh th K t Il at

per pendi cul a0 bHESEnAURPale Gstae MRS Pkt afosEibieRt o0RE LS 2D pe
exci t ed2el eccapeomt/eatomﬂrhgynammbrsfews@graa@)‘a‘iimtl%tahy feyge @sithRycariaspheding

electt odes o 4R He SUPSLY Gty HBLEMALAIEpLH NG fDRlsubh BERay, ditcdo modes

are selecte requencr es so that tenperature coppensation

may be achifaveur thy prafersed fungampriat syernelieyn-alane esahrionipedalyslraiid Bet | y

related to gignRespisy §vord)o§c‘frl%'ir§r%f trweseﬂa@rorkraeméemglresmbmb ihh@owert i cal and
choosi I’l a re

i n-pl ane osci ]l ation nodes can bt an

cross- sect i A28t (Nohahgwipk the; length Oflt% Iﬁfeéﬁhgs%x b%fﬁéaR‘/ A @ lgg@ﬁ]e] ati on
node shogl diefgiisdf S | fdﬁk arre RS BT emte\/teetdlesadad omﬂialtrbratnorda A$ alrdeyf or k tines
where the tines oscil osrt |re 0 t Lces
exerced by 'B‘SFﬁO'?e(S’r Ecchr Bg t%ﬂ?{)ﬁearbaa{]s %peofurén %%g%:r}q? dn‘QgCtFO%ensate each
other in thstruchse ijsrmsmnmﬁTeremborha'nemtdalel@seﬂlSea\telsdﬁ W@@é@c&‘”héw%&@ up in
the case Vm&'r"na tfgﬁ%rfe%#a&&' ilf6%s @89.&4 éﬂoeth\é p?'ogr?elch H)Qhéﬂé‘é cidii@qdi rection 20

resulting in ower Ui Ssi pation eref oreargﬂuce qualrty
factor. Thestustrieds seowtprcapa@twelvcﬁfesmsﬁ@ﬁﬁ@@@@a'éﬁ%a%né\ﬂ AR

Symet rizg Vesitagealqre f%'a{plpﬁéd %Iégtrohﬁ%trﬁ@truke bi mltrnﬁlrﬂweeﬁoslﬁtrc fﬂ)ﬂﬁsamd 12b
are schenmatic | | | ustrations | ect roﬁe arrﬁrrlg)errep oivt]n@ﬁvoeﬁtl cal
.osci | | ati onthffirgifark Eiex’ F"“'ﬁ@%c”laﬁo% 031t Whigh CseaiHRdS rigs'? "It hese
figures, twn@etshr@tas@haﬂ@hr&mebeﬂd amd trﬂr@BraltLenmcmpeserdatbeTnaﬁT@ sgndl @ce or
in the surf ce lonu fork t ) f

el ectrodes U%§ettﬂ§? cnge ?tl”hcélére el nttr(’)e gsgﬁe?%t | éaﬁsrgtgégqi Wﬁlabtel on and
t he second sredierefooelltlemtme:uﬂr@ﬂemﬁbter@rs%s@rth%al\ﬁmﬂecw intsgdiangaghlen. The set
of drivifg electl gggrﬁln]gotg tﬂ\éelg&t'ﬁo%?é:tﬁ%rf\}[?rg;eﬁrrr;cg: us;re%eto%'ﬂde lFr%rr(ascSﬁatérhl?rto‘c or k

tines 7,778 wherea di sposed under
the fork ti mesilationgthees axsts atpeeaMgeelﬁW@érp @t‘dﬁ%ﬂ {h@élogége BWP"SF’PVNH%

el ectrodes LQrohbs Whd thellQ¥EY r?g{)oﬁ:% dH"ﬁr‘ért%lﬁQ%rkfﬁﬁés tihi tiflsatdsiraslie so 248Paand
120 are perfectly 1 nterchangea More particularly) in order to drive the
fork tines into oscillation so that the-fork tines oscillate in opposite
directions as illustrated in the Figures) it is preferable to 35 divide the
set of driving electrodes 100 into two el ectrodes di sposed under each of
the fork trnes 7 8 as shovvn) the two eI ectrodes ber ng supplred vvrth

o M. o - . - o o . N



WO 02/51004 -16 divided into two el ectrodes providing signals with opposite
phases. PCT/ CHOL/ 00665 Havi ng described the invention with regard to
certai n syp@ot/fioet enbodi nents, it is to be understood that PCieEgmiemdssdi ment s
are not neant as limtations of the invesption. Indeed, various
nodi fications and/ or adaptations nmay become apparent to 5 those skilled in
the art without departing fromthe scope of the annexed cl ai ns. WO
02/51004 17 _ CLAI M5 PCT/C}01/00665 1. Tinme base conprising a resonator (4)
and an |ntegrated el ectroni c circui g%) for drivi sai d resrgﬁtor
Pé Y

into oscil ICRD$'GA! difrft velkags:t Béﬁf‘cfl"??@”ati” PO 8S {odanG Bbetand |“(‘9F"’|E“r

si gnal haVlf@@eWgﬂQ@@Fé@tMthBFHgm&@mslcheﬁmwlgtﬁomelds parabbid re@lbdsmﬁz onzgt or
.is an integrat m cro rk .resopat supported above
5o Subst r 918 (o JnearaaliLp) B e saRe arlor g By R b FitpaRoN

osci | | ati ondireothegitaign Laicpb évealenizging voltadd Yapahatd ek arplisdedf Sabst matie (2))

«said tunin ator (4) conprising - a base nmenmber (5) extending
substan[b: algéﬁa%sgtrr}?gﬁ?o‘g]Cul arly fromsaid substrate (2); 10 - a free-standing

oscillating struotthe ecr(efﬁ)atlcmemeﬁﬁréailqrmffﬁtdeHaﬁ@rmwwoﬁmreéﬁwnﬁhme@dl ng
at |east adi c'bﬁ&uﬁ@rlsh 106 1%L{p§tta§‘é1}és%le|:ﬁ{ve%&lnle€iedft9 ie ﬁrbtrlﬁéctﬁoae sBhctsposed

in said plan ectrode struct'ure (9) disposed adjacent to said
fork ti nes 17 thegseaend ei@”@@ﬁﬁ@éﬁ“ér@ Y2rngaine bege Qtﬂnéﬁeéé’ & e ipBEifekei r cui t

{ I3) t 2. Tine baS&?c%Q%QQ 2 Qgrs‘t% Oarralnaldahauct@mg a@y%lélt @@fl td Spginade cﬁr?btd .
el ectronic cirecui i nte ons ra er w
said mi&¢ oﬁ’@gﬁ%‘?]%@% %‘Uﬁlt‘h eftB‘%l %cg (5?‘%\"8 tHe%asq—pr\(bggg gﬁe tEFdl ng to
claim 1, cftairem:imgl\@&dge Ebrhﬂmtene)adppméd tmahdf\fsblelecﬂﬁdé sinesure®1 V8 i s

ded th d
o o 499 0B PTY: SORRR, FLEMEL Vg (Bl A ROSEt Rusali hane an
per pendi cul secbyd leatrode Birugtresi2décadrdingita afsecknd VaT@@t e alggrnatmgdjr vingt hat
sai d el ect r\%%%gé%ﬂ%é’@?ecﬁ %Itagg% p?ﬁéntﬁr}aay E@%E%&Bgse%odmhé fﬁ?s‘?%%c%@&t rode

structure ( tructure (7 4 8l ) of a

fork tifne (strucBreafd vmﬂu@tpmj WB&Q)WG tanieg fers despstanesinsyte fogd 94)

adj acent t qyiahith fduchlas® & Grb@eviarhglicol ¥2,.Clictod12 Elﬁ@db@§@1s%0tﬁ@rdl ng
to claim 3, characterlse in that said %Leecé gq %{;beg tf 2f 94)
have a shap%g‘?ﬁ iy i Faseoft wilj agaiebe Bppreciied ek SRSt iNGIU S ¢ 5”%3 are
char act er i siatbretargeabletdne tﬁbtsh@mm@umneaﬁpmmz ekg alisrodivelpnbheses {72,
82, 93, 94)

the dist ancfgréa%aégrﬁed%?gfﬁ%gnlf‘p Cfsg odéﬁgn%ngglre gtq?éfzgth@yrggé(%@g@s?gfcssrﬂgﬁ ter
at a free eswhs(nga, 8a) of said fork tines (7, 8}.

Alternatively, the electrode structure 9 may be used only for driving, and
sensing may be done by detecting a change in impedance at resonance. For instance,
the electrode structures 91 and 92 may be connected together or, even, only one
electrode structure may be used to drive the resonator into oscillation. According to a

25 first variant, the alternating driving voltage is applied to the set of electrode structures,
and the direct voltage component is applied to the tuning fork. According to another
variant, the sum of alternating and direct driving voltages can.be applied to the set of
electrode structures, the tuning fork being in this case tied to a fixed potential such as
e.g. ground.

30 It will be apparent to those skilled in the art that many other electrode
arrangements may be used to drive the resonator into oscillation and eventually sense
the resulting movement. The arrangement shown in Figure 1 shall therefore not be
considered to be a limitation of the present invention. For instance, the gap between
the fork tines may be increased so as to accommodate an electrode structure

35 therebetween which may be used either as a driving electrode structure or as a
sensing electrode structure.

Figures 8a to 8c show three different advantageous design features intended



6. Tinme base according to claim3, characterised in that a stop structure
(28) is provided on said substrate (2) adjacent to a free end (7a, 8a) of
each of 30 d/$wnk tines (7, 8) in order to limt novenment 8CHICHYA0GEG6H or k
tines (7, 8) and prevent them 35 from stiigking on said el ectrode structure
(9) in case of a shock. WO 02/51004 PCT/ CHOL/ 00665 _18 7. Tine base
according to claim3, characterised in that extremties (72a, 93a) of said
el ectrode nenbers (72, 82, 93, 94) are pointed or have a suitably snall
surface area_so as, Lo .prevent [ ' (7 f i cki sai d
el ectrode s?? BEetVSPEh“(aégrkﬁWeégg@gégsgg%g cﬁ:in%gckgjg o[rlﬁﬂr?ée léa%ipga%%:@lc?ra ?Spgto

cl ai m 3, chahaci.gxdceating to 4 firat vasiani srastn iofégure 88) atdeass anel 781 eldhe sestragerber s

(72, 82, 93m$r%%¢ﬁr:sﬁ79é @rﬂegggmé Qg;?iets RSt té?@crtt%dé%@rﬁbérg 85 EXERd medk torfgef K tines

(7, 8) fromstic sal d ectrode structure (9) In case of a shock. 9.
Ti me base adban tengjhers, teyebyfredusingghe @dbesign Eregnehencgcatey288¢ i n t hat

'said el ecd r%@r%}pﬁﬁ’é ??%ﬁ}\)aQh&Qémﬁ-Eﬁ%d@eqtro@efétﬁuéﬁjr@bﬁ@drrm%d_sg?i) getibioe (91 )

adj acent to a firs of sald fork tines ;7, 82 foEf (griwtgqg%@ald

t uni ng- f or k "PeERiEEbEOYtagt Witkasch oter| QRYIHE!Y. dhfysame SHEE Sy #P6de
structure (9derreHc6BAL clirbiemebiders $8jor @k vatd idspant ko thersesor(drfori8iind) ds
sensing a sidgnal resulting fromthe oscillation of said tuning fork

resonat or (49799r40a e H¢'Rat said free-standing oscillation structure (6)
is tied via said haseativenybes siidyn ihdriguré iBheextponibes 72d of the elsabodmmedibestt

ol t age en 2] hdsikd t rode
vo 50 S5RGBT A BERY bl s
accor di ng t cexfyt Dpoioiesi snapa ot at Igast arraitakly sMad syrpee 1SS 1 PRYER! ect r ode

tructure (9 o dee : i dirsroped ad aeent
structu f)ogttﬁﬁfggpﬂ;f ﬁé;%{@ﬁnés.%blogﬂg,tﬁ% §§ﬁw@?ﬁ$§hé§ﬂbqﬁé HE@ndifSRAPE® a1 t

i
to one or é.l ork tines ( ) fo riving said tuning-fork
resonat or (49e%R€ lasyere HYst®,%%nd in that said free-standing oscillation

structured_(G) i's Fi}n@@b,\é’g%hé\@mthawrimrmgrguw%c,éa)stgptirm&drem&cﬁmdsaa on25 ad
constant direct voltage copponent c), being.a t ne qr sai
at | east 18neth8ISeBsiF 38 BaY tp[ﬁ\’@efi%’fﬂ‘%fﬁe 8’?@??8@-&&%%5;%%3’%50?% g?(?za
structure (6heing@pebviEiisiingabeitagicortchypedatractitnte staphsingtire 81 Thiesiance at
resonance. 11. Ti ase _.accor di Y. i L 05,
characteri sed’ ”rlg?aﬂthQSF'gn?é)?%%g%s!@ﬁf ﬁ%ﬁng]%‘atrrmb@élefngﬁg&gﬂ%%%%? and

oscill ati on tnedsomsheererdidtfrorh stidking arelbe3teqtrpde gjruglyes 91 \a%/%n PYFe8PNDsI t e

directions. ' ] t rédsddBelio GBaIAdaeshzRE Adhid, e a
conductive p%tgquel%}ln 51 gé\‘}l& éiyglr}%sef ar:ti al | v tohe shape of sai d(j‘aa

fr ee- st aRfi nepmos EbvicEsly agpliasrta dtasasoprd forkdngBovi ded on a surface of said
substrate (2) undgf ofind fRSE-rRerbaRdd Rbtsad dad beeshaindd irga egitibld mbnmay in
structure (6), said free-standin SGi [

fogiant-<f

I i |lating structure (6) and said 35
conduct i ve patdesinopeing $ifi ﬁlﬂféggbetcbﬁfchf‘g‘l'. 13. Tine base according

to claim1, charagiRrésednd Batshav anprapiovgsieabsf)thanecrpmeshatich! fumingsfarkd f or k
tines (7, 8) 90,38 UQmuPR RRELAY Y F@B%eﬂ%taq’\dfﬂ{ Fidife 64 ERGks SErRE-
25 sectional view of Figure 9 taken along line A-A’. A conductive pattern 31 is provided
on (or below) the surface of the substrate 2 (in this case on top of the first oxide layer
20) under at least part of the free-standing oscillating structure 6, i.e. fork tines 7 and
8, the shape of this conductive pattern 31 being essentially a projection of the free-
standing oscillating structure 6 on the surface of the substrate 2. This conductive
30 pattern 31 may be formed simultaneously with the conductors 11, 12, 13 out of the
first layer of conductive material 30. Furthermore, the conductive pattern 31 may be in
direct electrical contact with conductor 13 which is connected to the base member 5
thereby putting conductive pattern 31 and the free-standing oscillating structure 6 to
the same potential. Alternatively, conductive pattern 31 may be formed in an additional
35 step out of e.g. a metal.
Connecting the conductive pattern 31 to the same potential as the free-
standing oscillating structure 6 suppresses forces perpendicular to the substrate 2
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frequency of said tuning fork resonator (4). 14. Tinme base according to any
of the pmegexsmed cl ai ns, characterised in that it further PCBiGHI8EES an
integrated tenperature neasuring circuifzintended to conpensate for the
effect of tenperature on the frequency of the signal produced by 5 said
time base. 15. Tine base according to any of clains 1 to 14, characterised
in-that it further conprises a second m cronmechanical tuning fork resonator
(4*) supported above said substrate ( and adapted to qgscillate at a
resonant fPEYGEERLYE thRinaHorkst eé?'?%“%rrde?ﬂdza“re(f’h‘ff?ﬁ% OF@?&H&#@% (r;zé ©f the
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17 e pseane B AARRLRNS ey |EhhiaB R ik e R AR ERE 1

el ect r odesFigLo®) 3, Bzogndadleonifigyres dddaAtiéAbsai d free-standing oscillating

structure (6) i'?hé?l&é;bn%nbﬂﬁyq&%g}&tﬁéitdfrﬁn?&ﬁk PRIIBBICRACHEEO G uSBEIEA) | on node
havi ng a resonant frequency which is difterent fromthe resonant frequency

of said fiWle rg8ee by shargingrgeeomedicabdipangions & fisavirentamele firdaegth
gi ffer encga{?@mﬁ%f tﬂéefoltf}@t%@a?ﬁ thIsL@%uﬁEdf 'e(tﬁsfrd?ﬁ ttr?@foh@.l'ilt‘lg @§%blhdd?1r}]<ia€t:cM§TDdes
ei ng used for co nsatin r the effect of te rature on requenc
of tge Y gﬁé‘?refﬁ'ﬂ'ﬂrjnégg@ TBYOrERT HeqyeneY 8@%2‘4”'198{0”??”%%5%%5{‘%%93%#aﬁ"?e%a g oqcl ai ?1/1
17, char acted hseld of mdtbad! vghibuag's omeiuvbschk bBhdtieositynmde is a vertical
oscillation node where both fork tines (7, 8) oscillate in opposite
directions substantially perpendicularly tossaid substrate (2). 25 19. Tine
base according to any of the pr eced@.ﬁgcc—‘l‘laiajg, characterised in that said
substrate (2) and said tuning fork f esonAt rP(4) are made of silicon
mat eri al .
. AHY. As&. Ay9. A&?. Ah9. A5&. AA&. A& AA9. ALY. A. 9. AHE, . AA&e. A{ &, . AA9, . AU9R2. A&. A&
2. A; &$A5Q where ¢ is a constant depending on the exact shape and mode of operation of the
=_FI QRV] yHRW; rk V] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca
] cRa] ca] ca] caﬂ)dcg)fda] ca] ca] ca] c™a] ca] ca] ca] cal] ca! 7T#o#pSE(((.$.)./0<001c1ll
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a] gil ca] Ca}é‘elﬁbl}\@?i;l] ﬁ@dﬂ%ﬁ@hﬁ@]ﬁ@ﬁm}tgaalmyma]mﬁh@ab@aérﬁaém&; rascbnaax | cal
== 211 oJJa < abc Q| e cal.cal.calc alc alU]ca]ca]c
a] caU] ca] cg']ESHT'?:Cé(] T%H’]F‘E{ﬂv%’a‘] r@ﬁ?"@g‘f@ﬁo@jﬁﬂ?g%{%%e]r@aﬁ”]ctﬁf %@%%E% 8§%§aU] cajcal ¢
bc\ df f fAth] dyrdmg faristdd is Spbily-seeh frop2Vik ldbpve papr2thion] Gefdatd] t&]reedrem] cal cal cal
ca] ca] caV qal6al Sl Gaing ksl rakbsad calh Rl ahRlrbeahfabhathsng cal cal ca
\ @ v{| | zupkécnPlogy it adictEpent oalieathishupesadidhe dapesipd apbalican Expeay] ca] cal ca
caj cal ca : <4AMNE) v- v@-( ({ vql ga\ cajc
LU] La] La] Lgfslcxgtﬂgg Lﬁ?i@%gﬁggﬁﬁ%g%%??gﬁg%%ﬂca] ca% Xa}/ca]( cgvga%] c\z;\]] La] La
] ca] ca] ca] ca] ca]T peas in the resonant frequency due to slight variations in process :
L% V- }/@ffe]C{ \p@kaﬁét\é\i's] &t sadleany paliead sﬁwama]dcrﬁémgrﬁa% mg]t/témgr}&mhc ahca] ca] cajc
a] calca] ] cal ca] ca] calcal cal cal.cal cal.calcal cagnoeCl| 1.109 ' ()- ,
1098 () -f 16’]%"@%’ -"!'S&%%t%}’@% ‘7"%%@5 e %-'9#‘!@?@0/8%”(39? 63)5@)%?—? %&S%i"?)- $
109X&' () - ! tHel Ok tigeq 7 -8 8489 fepute the!dEpemiididy)of Mhen@sonant frequency on
process parameters. Indeed, the resonant frequency of the tuning fork will be lower

than the projected frequency if the width of the tines 7, 8 is smaller after processing,
30 e.g.due to an over-etch, than a desired width. At the same time, however, the
openings 65 provided in the fork tines 7, 8 will be larger thereby reducing the mass of
the fork tines 7, 8 and compensating the decrease of the resonant frequency (it
should be pointed out that the above expression of the resonant frequency does not
apply to a tuning fork provided with openings such as illustrated in Figure 10).
35 Electrode members 72, 82 of the comb-shaped structures 71, 81 have the same effect
as the openings 65 on the resonant frequency of the tuning fork when overetching
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obtained. For instance, a tuning fork resonator according to the present invention
designed for a rather low frequency of 32 kHz requires a surface of approximately
0.2 mmz. Conventional structures require a relatively large surface area in order to
obtain such a low frequency. For a given geometrical layout, the dimensions and
frequency are inversely related, i.e. the larger the geometrical dimensions, the lower
the frequency.

The resonant frequency of the tuning fork resonator is, within the temperature
range of 0 to 60°C, in good approximation, a linear function of temperature. At a
resonant frequency of 65 kHz, it has been observed that the thermal coefficient of the
resonant frequency is of the order of =30 ppm/°C. It is thus desirable to incorporate, in
the same substrate, a temperature measuring circuit having an output signal which
may be used to compensate for the frequency variation by adequately adjusting the
frequency of the signal produced by the time base.

:Fo this effect, the time base according to the present invention may
advantageously comprise an integrated temperature measuring circuit (not shown).
An example of such a temperature measuring circuit is described in the article "Smart
Temperature Sensor in CMOS Technology" by P. Krumenacher and H. Oguey, in
“Sensors and Actuators®, A21-A23 (1990), pages 636 to 638. Here, temperature
compensation is achieved by acting on the division ratio of the division chain, for
instance using an inhibition technigue well known to those skilled in the art.

Alternatively, two tuning fork resonators with different resonant frequencies
may be integrated onto the same chip, such arrangement allowing the chip
temperature to be precisely determined by measuring the frequency difference of the
two resonators (both tuning fork resonators have the same temperature coefficient

since they are made from the same material). Advantageously, as shown in Figure 11,

two tuning fork resonators 4 and 4* having different resonant frequencies can share
the same base member 5 in order to reduce the required surface area on the chip.

The advantage of using integrated time bases according to the present
invention is twofold: Firstly, the temperature dependency of the tuning fork resonator
is linear which facilitates the electronic signal treatment necessary to compensate for
the temperature. Secondly and more importantly, the small size and monolithic
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invention, it is possible to use a single tuning fork resonator which operates
5 simultaneously with two oscillation modes. A first of these modes is the above
described in-plane oscillation mode (Figure 5b). A second oscillation mode may be a
vertical oscillation mode, wherein the fork tines 7, 8 perform a substantially vertical
oscilla.tion perpendicular to the substrate plane. This vertical oscillation mode may be
excited electrostatically and sensed capacitively by using further electrodes on the

10  substrate under the tuning fork tines. The two modes are selected to have different
frequencies so that temperature compensation may be achieved by measuring the
frequency difference which is directly related to temperature. Different resonant
frequencies for the vertical and in-plane oscillation modes can be obtained by
choosing a rectangular cross-section of the fork tines.

15 Preferably, the vertical oscillation mode should consist in an asymmetric
vertical oscillation of the fork tines where the tines oscillate in opposite directions.
Indeed, the forces exerced by both fork tines on the base & during oscillation
compensate each other in the case of asymmetric vertical oscillation whereas they
add up in the case where the fork tines oscillate vertically in the same direction

20 resulting in an enhanced power dissipation and therefore a reduced quality factor. The
vertical oscillation mode may however also consist in a symmetric vertical oscillation of
the fork tines.

Figures 12, 12a and 12b are schematic illustrations of an electrode
arrangement allowing vertical oscillation of the fork tines in opposite directions. As

25 shown in these figures, two sets of electrodes 100 and 120 are disposed on the
surface or in the surface region under the fork tines 7, 8. The first set of electrodes
100 drives the fork tines 7, 8 into a vertical oscillation and the second set of electrodes
120 senses this vertical oscillation. The set of driving electrodes 100 is disposed
under the free end part of the fork tines 7, 8 whereas the set of sensing electrodes

30 120 is disposed under the fork tines 7, 8 between the base member 5 and the set of
driving electrodes 100. It will however be understood that the electrodes 100 and 120
are perfectly interchangeable.

More particularly, in order to drive the fork tines into oscillation so that the fork
tines oscillate in opposite directions as illustrated in the Figures, it is preferable to

35 divide the set of driving electrodes 100 into two electrodes disposed under each of the
fork tines 7, 8 as shown, the two electrodes being supplied with signals having
opposite phases. Obviously, the set of sensing electrodes 120 is similarly to be
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| . @10% T&esprator is@Hliptagr{td micromechanical tuning fork resonator (4) supporied above
5 a substrate (2) and adapted to oscillate, according to a first osciltation mode, ina
plane substantially parallel to said substrate (2), said tuning fork resonator (4)
comprising :
- a base member (5) ektending substantially perpendicularly from said

substrate (2);

10 - a free-standing oscillating structure (6) connected to said base member (5)
and including at least a first pair of substantially parallet fork tines (7, 8) disposed in
said plane;
and

- an electrode structure (9) disposed adjacent to said fork tines (7, 8) and

15 connected to said integrated electronic circuit (3).

2. Time base according to claim 1, characterised in that said electronic
circuit (3) is integrated on said substrate (2) together with said micromechanical tuning
fork resonator (4).

3. Time base according to claim 1, characterised in that each of said fork

20 tines (7, 8) is provided with a comb-shaped structure (71, 81) disposed in said plane
and including first electrode members (72, 82) extending substantially perpendicularly
from a first side of said fork tines (7, 8), and in that said electrode structure (9)
comprises at least one comb-shaped electrode structure (91, 92) meshing with said
comb-sha'peé .s't'ructure (71, 81) of a fork tine (7, 8) and comprising second electrode

25 members (93, 94) adjacent to said first electrode members (72, 82).

4. Time base according to claim 3, characterised in that said electrode
members (72, 82, 93, 94) have a shape of an arc of circle.

5. Time base according to claim 3, characterised in that the distance
between adjacent electrode members (72, 82, 93, 94) is varied along the length of the

30 fork tine (7, 8)so that the distance between adjacent electrode members (72, 82, 93,
94) is shorter at a free end (7a, 8a) of said fork tines (7, 8).

6. Time base according to claim 3, characterised in that a stop structure
(28) is provided on said substrate (2) adjacent to a free end (7a, 8a) of each of said
fork tines (7, 8) in order to limit movements of said fork tines (7, 8) and prevent them

35 from sticking on said electrode structure (9) in case of a shock.
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’ 5 8. Time base according to claim 3, characterised in that at least one (72*)
of said electrode members (72, 82, 93, 94) is longer than the others so as to prevent
said fork tines (7, 8) from sticking on said electrode structure (9) in case of a shock.

9. Time base according to any of the preceding claims, characterised in
that said electrode structure comprises :
10 - a first electrode structure (91) adjacent to a first (7) of said fork tines (7, 8) for
driving said tuning-fork resonator (4) into oscillation; and
- a second electrode structure (92) adjacent to the other (8) of said fork tines
(7, 8) for sensing a signal resulting from the oscillation of said tuning fork resonator
4),
15 and in that said free-standing oscillation structure () is tied via said base
member (5) to a fixed potential,
a constant direct voltage component (Udc) being added to one or both of said
first electrode structure (91) or free-standing oscillating structure (6).
10. Time base according to any of claims 1 to 8, characterised in that said
20 electrode structure (9) comprises at least one electrode structure disposed adjacent to
one or both of said fork tines (7, 8) for driving said tuning-fork resonator (4) into
oscillation,
and in that said free-standing oscillation structure (6) is tied via said base
member (5) to a fixed potential,
25 a constant direct voltage component (Udc) being added to one or both of said
at least one electrode structure (91, 92) or free-standing oscillating structure (8), and
sensing being done by detecting a change in impedance at resonance.
11.  Time base according to any of the preceding claims, characterised in
that said first oscillation mode is a symmetric oscillation mode where both fork tines
30 (7, 8) oscillate in opposite directions.
12.  Time base according to claim 1, characterised in that a conductive
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
35 conductive pattern being put at a same potential.
13.  Time base according to claim 1, characterised in that openings (65) are
provided in said fork tines (7, 8) so as to substantially compensate for the effect of an
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further comprises a second micromechanical tuning fork resonator (4*) supported
above said substrate (2) and adapted to oscillate at a resonant frequency which is
different from the resonant frequency of the first resonator, the temperature-

10 dependent frequency difference between both resonant frequencies being used for
compensating for the effect of temperature on the frequency of the signal produced by
said time base.

16. Time base according to claim 15, characterised in that said first and
second tuning fork resonators (4, 4*) share the same base member (5).

15 17. Time base according to any of claims 1 to 14, characterised in that
electrodes (100, 120) are disposed under said free-standing oscillating structure (6) in
such a way as to drive and sense a second oscillation mode having a resonant
frequency which is different from the resonant frequency of said first oscillation mode,
the temperature-dependent frequency difference between the resonant frequencies of

20 both oscillation modes being used for compensating for the effect of temperature on
the frequency of the signal produced by said time base.

18. Time base according to claim 17, characterised in that said second
oscillation mode is a vertiéal oscillation mode where both fork tines (7, 8) oscillate in
opposite directions substantially perpendicularly to said substrate (2).

25 19. Time base according to any of the preceding claims, characterised in
that said substrate (2) and said tuning fork resonator (4) are made of silicon material.



