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20 integrated electronic circuit, are required in order to provide a high-precision
frequency. A discrete quartz resonator requires board space which is scarce in many
cases. For instance, a standard quartz resonator for wristwatch applications requires
~ Space of the order of 2x2x6 mm3. Moreover, additional costs are caused by the
assembly and connection of the two components. Yet, space and assembly costs are
25 major issues, especially in the growing field of portable electronic devices.
lt isthus a prmc:pal object of the present invention to provrde a solution.to the <

labove menhoned problems by provrdlng a trme base oompnsrng an mtegrated
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.
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COPI E DE CONFI RVATI ON WO 01/ 33711 PCT/ CHOO' 00583 -2 Yet another object of
the present invention is to provide such a tinme base which is |lowpriced
and requires only a very small surface area on a sem conductor chip.
Accordi ngl ywobohrsra i s provided a tinme base conprising a pescHa/@ss3and an 5
integrated electronic circuit for driving said resonator into oscillation
and for producing, in response to said%scillation, a signal having a
determ ned frequency, characterised in that said resonator is an
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10 resonat or whjghpisilaw-priped and eequiestoniyla veostmalhstdangiangp drrapsensiconducterbst r at e
al ong sai d ax¢ip.of rotation;, - a free-standing oscillating structure

connected to said : and, .including : -.an outer ri coaxi al

with said axis of Aﬁég@gi@&kﬁggghsan qided agn.m %W%??TV’SB‘P asfﬁ?‘rnﬁé"' 8’1"2 nts

di sposed s?nn'ﬁiegfa&i’lql%ﬁ""'a?'ﬁﬁ'l‘ﬁﬁ“t%FW'WCET&FOM!NO esiiationrand deripragiugiad.d out er

r: ng todsai d iaeespoade tpeaiti psdllaton, adignhitasihg 8detefingd feéqudrh@.rr@fafdcrealsécbd/ Opposeg

el ectrode str . ; il cted to sai
HHH 88 rdbrRoSeSh .@é&%@@h&%&%f r]Lnrg trﬁsgan?tlgﬂ%u%gg&%

I ntegrated electronic.circult. ) antage o rn ase according
to the presenfPo®d&HRsalE gne adanted tPWéC'"aFBaéFC‘{“ﬁ%& toiafisstpseliaipBRdhi cal ring
resonat or exharbindsancaxisi of rotafiga lsutistantiallytperpefficufarad sdigy sutlstate osafi ring hi gh as
2x105 havegbe@BoraBasshatsingmOr conparison, tuning-fork quartz resonators
usual Iy exhibit val etween 5x104 an 5 after laser_trimmng of the
fork tines. Di ffer'eatléggtﬁggg?ﬁﬁ’%?%ogqq?f?o&s?cg@%gﬁtﬁékﬁg A7 Ay PRI f act or Q are
the object of 25 dépeRtAfding Pegillsingsitciure gonnectafkis saitl lsentrahpostanthf ter in
detail. In addeladigr, for a given resonant frequency, the surface area

required on the subsiiphf dauhMiishlSt bigdksRaRator 1s small in
conparison_w th other resdnators. ccording t0 one aspect of the

i nventi on,'t he el e85! SPIng Flaments dizpesed YgElicrly srpndgridicedtrabAosthe
substrat e toget her and ¢dnnedtiag said puteeririyasto said kentrangpst; 30 r esonat or, t her eby
|l eading to a dgw priced tine base. A lower price is also obtained by

waf er -1 evel packagi n? sgf nt her rff?sonﬁt 9 us?i%g_e#g{%‘{ - bondi ng_ technol ogy. It
nust be pointed ouf' That "t P FRESHSE Y PPPREY g reenidires Bispeseds are known
f rom sensi ng aeUHSais outandng and eencpetedito said intagsmedelestroniccisduitr onet ers or :
gyroscope20 For iAngtaneReldf fhe tiMabasy adderding t¢ e preadniliveMitntids Alingdl . and
U.S. Patent Nt ymt & milBmechanical ring resonator exhibits a high quality factor Q. Quality
factors as high as 2x1 0° have been measured. For comparison, tuning-fork quartz
resonators usually exhibit vaiues between 5x1 0% and 1x10° after laser trimming of the
fork tines. Different design features favouring a high quality factor Q are the object of
25 dependent claims and will be described hereinafter in detail.
In addition, for a given resonant frequency, the surface area required on the
substrate to form the ring resonator is small in comparison with other resonators.
According to one aspect of the invention, the electronic circuit is
advantageously integrated on the substrate together with the micromechanical ring
30 resonator, thereby leading to a low-priced time base. A lower price is also obtained by
wafer-level packaging of the resonator using wafer-bonding technology. -
It must be pointed out that ring resonators having similar features are known
from sensing devices, 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. 5,547,093
35 to Sparks both disciose a micromechanical ring resonator for a vibratory gyroscope
comprising a plated metal ring and spring system supported above a silicon substrate.
U.8. Patent No. 5,872,313 to Zarabadi et al. discloses a variant of the above sensor



35 to Sparks both disclose a mcronechanical ring resonator for a vibratory
gyroscope conprising a plated netal ring and spring system supported above
a silicon substrate. U S. Patent No. 5,872,313 to Zarabadi et al. :
di scl oseswa ot@smant of the above sensor WO 01/ 33711 PCE¢CTicsofop3d83 -3
which is configured to exhibit mninumsensitivity to tenperature

variation. U S. Patent No. 5,025,346 3%l so discloses a ri ng resonator for
use as a mcro-sensor in a gyroscope or an angular rate sensor. None of
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Accor di ng t grostdel bor 3RAARRAIl REMBSHsatily brH1Re el MmpdAERoh b resbngcond 30
mcrorrechantcal r:é)%gresonatcg may be formed on the substrate in order to

r
al l ow tenpBfHENPE 86 HBRATEYFBn. According to another aspect of the
i nvention, tenpéceardingto angthpesspastiobive ppsentdtyention; 2ipawemure/DpaRYring si ngl e
m cr omechantifeak may Rghér@ea&jrated on the substrate in order to compensate for the effect
' 25 of temperature on the frequency of the signal 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
substantially 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 simultaneously with two oscillation modes having different resonant
frequencies.
35 Other aspects, features and advantages of the present invention will be
apparent upon reading the following detailed description of non-limiting examples and
emboadiments made with reference to the accompanying drawings, in which :



which is operated sinmultaneously with two osciilation nodes having
different resonant frequencies. 35 O her aspects, features and advant ages
of the present invention will be apparent upon reading the follow ng

det ai |l ed dgpgpisesaon of non-limting exanples and - enbodiamcHW/0esEe Wit h
reference to the acconpanying drawi ngs, in which : W 01/33711

PCTI CHOO/ 00583 -4 - Figure 1 is a top‘&i'ew illustrating schematically a
first enbodiment of a time base according to the present invention
conprising a mcronmechanical ring resonator and an integrated el ectronic
circuit; - Figure 2 is a detailed view of the central st _of the

n cr omechani cal rl—%@ureg ‘?ES‘E?nVéﬁ ;Eus AtNg; e e']‘%ﬁ%@iaﬁﬁit ewbgﬁmﬁté:fg%meng

el ements; - FhagepecoBiingsto thechsesent invgntidnesampfising p oriqreraerhanical Fieg saenatorri ng wi t h
i ts junctionsaididntintedrid@d SiREtHOME cirbents; - Figure 4 is a cross-sectional
view of the m cronechanj.cal, ring.resqonato f ' . ong line
A-A; 10 - Figure” 'ggﬁo@mgagﬁ{ailec?g'éﬁ“f% %etn{;rgfbaﬁtt#g%ﬁtﬁraﬂng%%ﬁgﬁtnﬁ ith a
section of 5t hiesongter and its juptions withdhg epring 8BBRBISa top view il |l ustrating
schematical |y a sefgofk Fighadiangiewddt a gortioh BEthb aser drapwitrdisighctionstwlite pr esent
I nvention; - Fi 0 7c show detailed top views of three different
desi gns intenﬁégw@%mﬁ%ﬁ%’r event the ring resgnator from sticking _on the

el ectrode st ruct ur&gure4 igpGipse-sectiona) yiew 9f hg PIFPREGENANIC] Ling sspraler

i mprovenent offigirké tdken abongfiecdArent. shown in Figure 1; - Figure 9 is a
cross-sectjgonal Vvieyurfs ddGs B eAIZE8 Baigh s&qngueaweatwwgbcaérw%e_ line A-A';
20 - Figures 10a and 10b are two top views.illustrating two variants of a.
mechani sm f or®&t"8% ng the nass nonent of inertia of the ring resonator as
a function of tempiguetshows piorodigneiustrating sshernaticallylq secenstamuedimeat 4for t he
effect of tenpahé@babecactdrding tahd presamdinterdtibgquency of the ring resonator; -

Figures 11 a and 1(%#9@&{)7% éJ gt?ﬁ%&tdie?éﬁ%c%'toﬁ OBw Gﬂhm‘é&‘&ﬁéfeﬁ?&éslgﬂ@ﬁien&é ws 25

illustrating a sec 1 osclillatron ere the resonator perforns a
tilting dJsScilPIPREHIhe ingdesongiopiipna sticking og e elegfiods nyciurssact j vel y top and
cr.oss-secti onal vi€igare 8§ $Hows & tapt vievgilestratingsn impouerdentotitbe Gifst erstaridiniemt | on
where the res%@[;‘g“:@ﬁéﬁpr ms a vertical oscillation perpendicular to the

A P AN Mot s & cfosS SR ot the SRBBGmnd of Bighta Vol by’ " <"
’ line A-A'; :

20 - Figures 10a and 10b are two top views illustrating two variants of a
mechanism for altering the mass moment of inertia of the ring resonator as a function
of temperature, in order to substantially compensate for the effect of temperature on
the resonant frequency of the ring resonator; '

- Figures 11a and 11b are respectively top and cross-sectiona! views

25 illustrating a second mode of oscillation where the resonator performs a tilting

oscillation; and
- Figures 12a and 12b are respectively top and cross-sectional views
illustrating another second mode of oscillation where the resonator performs a vertical

- oscillation perpendicular to the substrate plane.

30 Figure 1 schematically shows a top view of a first embodiment of the present
invention. There is shown an integrated time base, indicated generally by reference
numeral 1, comprising a resonator 4 and an integrated electronic circuit 3 for driving
the resonator into oscillation and for producing, in response to this oscillation, a signal
having a determined frequency. Figure 4 shows a cross-sectional view of the ring

35 resonator 4 taken along line A-A’ as shown in Figure 1. '

The integrated electronic circuit 3 is not shown in detail since this circuit may
easily be designed by those skilled in the art. Preferably both the integrated electronic



I nvention. There is shown an integrated tine base, indicated generally by
reference nuneral 1. conprising a resonator 4 and an integrated electronic
circuit 3 for driving the resonator into oscillation and for producing, in
response woeidsya oscillation, a signal having a det ernaiveabodeserjuency. :
Figure 4 shows a cross-sectional view_of the ring 35 resonator 4 taken
along line A -Al as shown in Figure 15 The I ntegrated electronic circuit 3:
is not shown in detail since this circuit may easily be designed by those
skilled in the art. Preferably both the integrated el ectronic WO 01133711
PCT/ C1100/ 0Q583., _- [ ' . 4_are ' and
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pos nsti.tutes C n . ring.resonator
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resonat or Jofaecingdesogatons wikkethe subsiate 2iand ¢zt oswilatfonrdf therresboatprtakess pairs 20

of di anet ri galeliy 2 BRRY SRARIAF birARFoTd UFhbl SShSstbsRidgli Ng the outer ring
60, indicated nﬁxgr.ef eren tqQq this first.

?Pg nurrEJ.aI ?'EI n_Fi ?ur eﬁl.f A}ﬁ%or di ng

enbodi ment, co Ao Egenatr ARememing 19 the AepssOtReGiSHVIRL COTRTSES PISg 60 of the
f r ee- st 2Adi ofgiametrichllyoppergd slectrade sirecturgs sunieunding-tberbutetringd. indiedted s 8 form a
part of thepyabRfdnt®AgnerailgiinFlglreasacordiddto Higfiist edibddifRAt cdnitFétapey a base
menber 80 extendl B Bilidak oy tﬁero?riéﬂi{m‘,{?&&ttﬁé frd '-é%&adﬁ@ o@HﬁLﬁR# Etﬁ}ctugéz and second
| at eral nenbers, P Rdicat € respect y bty (el er ence AUNET & S and 84,

t hat ext end® 8@ @MPrsApRey MRMUSERICET R RAT ¢F the BlRFlPGe Arustesofthe fnBe base
menber 80. ahdeach incitidenalipass mermrbeuslosdtehding nguialig frorh ithesdutem ridg §@arerfilstc onb- shaped

el ectr oGl siilsdedrdlifSraltheritr, Rlicatdl FRPEHAPbY fRferdidh RimékiR@28Rd B4) such a way
that they ntﬁgthex%glncti Qubstantially perpendicularly from both sides of the base member 80. : -
The electrode structures 9 comprise first and second comb-shaped electrode
structures 91 and 93 surrounding the outer ririg 60 in such a way that they mesh with
the comb-shaped members 8 of the free-standing oscillating structures. More
30 particularly, according to this embodiment, the first comb-shaped electrode structure
91 includes first electrodes 92 and meshes with comb-shaped member 8 so that the
first electrodes 92 are adjacent to the first lateral members 82. Similarly, the second
comb-shaped electrode structure 93 (disposed opposite the first comb-shaped
electrode structure 91) includes second electrodes 94 and meshes with comb-shaped
35 member 8 so that the second electrodes 94 are adjacent to the second lateral
members 84. As shown in Figure 1, the lateral members 82, 84 and the electrodes 92,
94 of the first and second electrode structures 91, 93 are preferably designed so as to




t he conb-shaped nenbers 8 of the free-standing oscillating structures. Mre
30 particularly, according to this enbodinent, the first conb-shaped

el ectrode structure 91 includes first electrodes 92 and nmeshes with

conb- shapedwomis 8 so that the first el ectrodes 92 ar ecaatpesmsss to t he
first lateral nmenbers 82. Simlarly, the second conb-shaped el ectrode
structure 93 (di sposed opposite the first™ conb-shaped el ectrode structure
91) includes second el ectrodes 94 and neshes with conb-shaped 35 nenber 8
so that the second el ectrodes 94 are adjacent to the second | ateral
menbers 84. shown in Figure 1. the |ateral ne .S , 84 and the
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_ - will therefore not be described here. One such technique makes use of a poly-silicon
layer deposited on top of a so-called "sacrificial layer” in order to form the free-
standing structures of the resonator. Another technique uses a buried oxide layer,

such as e.g. in a silicon on insulator (SOI) wafer, as the sacrificial layer and results in
30 afree-standing structure made of mono-crystalline silicon. Other material and

processing techniques, however, may also be used to realise the micromechanical

ring resonator according to the present invention.

One of the major objectives for an application as a time base or frequency

standard is a high quality factor Q of the resonator. A high quality factor Q results in a
35 stable oscillation with low phase noise and iow power consumption as is required for

horological applications. The quality factor Q of the micromechanical ring resonator

according to the present invention is very high due to a number of advantageous
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M Cro 25 structuring process. The number of spring elements is therefore comprised between
four and fifty, and preferably is of the order of twenty.

Another element favouring a high quality factor Q of the ring resonator is the
perfect rotationally symmetrical structure, where the centre of gravity of the entire
structure remains motionless. Non-linear effects, present in most other resonator

30 designs, are thereby removed to a large extent.

The resonant frequency of the ring resonator can be adjusted over a wide
range by changing the geometrical dimensions of the device. The ring resonator can
be looked at as a plurality of spring elements connected to a segment of the outer
ring. In a zero-order approximation, and in order to obtain a close algebraic

35 expression for the resonant frequency, one can study the case of a straight spring
element 22 with a segment 27 of the outer ring 60, as shown in Figure 5. The
resonant frequency f; of this structure reads :
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The resonant frequency f,. of this structure reads : WD 01133711
PCT/ CHOO/ 0055@&nere § =1d 3B/ 11 Isfie sitAtermonantht inestia oftherseructud, EW3hé 12 is the

surface rmeenénas% ity kLIl 8 vPdnd' B ﬁ%{ éﬁf Cwidh dnd én?ﬁl of it 3 hfg i rmdul €,
d, wand / ar 1;. r} S % fot ra| p?

el enent 22, a '\)'85"59" “’ﬁﬁ'c?" ’Hﬁ;ar& A E"Qﬁegf"ﬁé segrrent 27
and spring espenmﬁemerz 22rrewewlyvletgn be Qasweebé’omalsa dlb,oveﬁmmulértbantmd“le above

foé{"ﬁ' a, d} hatre&&i@ncéﬁé%@&ﬁ:?@& 6éﬁﬁUéﬂ&§ﬂbl yq,atry.ﬁgqhé wfd{h%a;aesinet}sﬁmayl ng ]ghteh
Wi and/ or n i,ng el enent’s e .mss o e
outer rin 4,?@1‘%% mg'];tf’ hﬂ% Ya gé’feg'?ﬂss %e X %ﬁ'ch% 'ﬁéﬂ%’é‘ﬁs ‘gnﬁ again via
its geomet Pl ceembes ﬁeqsism%m@rs %c%ﬂ“#"ﬁga @ﬁgwtr@a&qm@swgﬁ rﬁfé\!ﬂgr@tffemﬂt'ﬂ#er wi dens
t he accessi bl strubtuRcfutiee widess o€ acdeksibié freqqeaty @nge.f or mass production of such

ring resonators tg; ﬁ@Brténtf'ﬁ)( @?Wmor{ SIEng?WrngnQ{&ftg?(e%yhg rés nérﬁ’e ot her

W thin small toleralrt]ro ances 11
slight vari atTeIHE"Y fopyage R \qthe gther vifnin mal ‘H%"aﬁ‘ieéaﬁ‘?fa'l‘@s f'btﬂﬁced by
careful |y di mesrnactfreqgertchdue torstightvatiatignsi im geocestipasmesers eapebiegreastlyshown  usi ng

t he ex?rrghfs Obadced by &aréruuymﬁerrs%aﬁgwmigraaeamx mé c!anQ@anh@%ﬁov%mant t geb
proj ecte re i ndi cat ed by
ref erence nudr%e(r3 é'%mp EQ?F' e"l'he r]e?%r}anf)ife ’g%’."f’n'g’m% thz?ﬁfg to an
over-etch, t rmwetaedjfé%que@ar 'W‘W‘ch op the springeiements 22, matﬁdrbw@femacet hat at the
same tine thenuress 26)is érhller AflRgprotesting, 8)6 | due EardGvet-Bieh, e dYsirédWidipas e

members 80 angk h&k&ieﬁ'.f oﬂ@?aﬁﬁérs%t a?‘fﬁ: sén?l klﬂWeq#asg%F h%?mg %gﬁa,g%ﬂe

over-etch,__the decreas ensated for
by the redBctdsdbe @Ps%%@erpé%@gmb%éﬂﬁﬂ‘b?tq’ﬂ "'ﬁ‘fé’erlq:Fga“drﬁb‘f’?féd Beg'® (not

shown i n the 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 resonator 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 below 1 mm>. 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 60°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 resonant



Figures), which may be necessary for processing the structure, favour this
effect. The surface area required by the m cronmechanical ring resonator
according to 25 the present invention is very small with respect to the
resonant fwoaga®ucy obtai ned. For instance, a ring reserEcmooessgording to

t he present invention designed for a rather |ow frequency of 32 kHz
requires a surface of well below 1 mi®. Conventional structures require
relatively large structures in order to obtain such a | ow frequency. For a
gi ven geonetrical |ayout, the dinensions and frequency are inversely

rel ated, 30_i t ¢l thelower t he
frequency. if%q}’gncg ﬁrﬂl'eg%%& %eﬁggﬁg%%&%‘eeg g‘% Bs"l' rps?ﬁt‘?é °r esonat or
requiring asamersupgeia?. adepRAratyregneaspring Syl hah'l"%)%?“‘l“ﬂéﬁﬂ%m@?hman MHz. |t
i s obvi ous béwedtdmmbaterfat the fraduenc\evatistion by adetuarly ddjustirightie r esonator i s

directly rej f rat ed ti me base. The resonant
{Q:{\Jﬁnjcyto?thteg l‘daﬁcé?i bytul&?mﬁé" g

frequency 0] e'rin esona or erature range 35 of O

te
to 60C, in good QYT ETEChEE s, baé‘*?‘f"ﬁ@&'lgt?ﬁ‘ﬁ(?f‘?ssw 'ggmf"é'rf‘baé(r ature. At a
resonant f a@qmtegwyslxotormﬂskmzLntegtatdﬁaemwemredb%uwcblrcme(nottshemt)her mal

fﬁef fi g I entA@éxaHae dF SSPABN ému%éazzrif@ dﬁ&ﬂ@h&@ﬁ@m&e arttﬁlef"S@rgr‘t'SECy is of
e oraer S ncor rat e In e Ssane
substrate 2{'3"&%{%‘”%??%0&”1 '\héso\ts[ﬁ#'f’ﬂ gychg rf’mﬁ'???hﬁbangﬁpgﬁf’?%f" si gnal which
my be use@ensoreanedctislors, A2JrA23{29 E@rﬁ?ﬁt@/%& Hefeotempgraliiequat el y

adj usti mp t fnpehsationiie achievell by B&ting IogﬂﬁMnW@duﬁtﬁdtlﬁydnﬁélﬁr dhiaifpfobase. 5-To this
et ect L NeinkibRES uBRg En ARBRAGeBhidu gﬁnnrnqa e LIASATH Q9 TBY

advantageous [SG an . n erat ure asuring circuit (not

y €0
shown). An exa %atUFyéﬂﬁﬁ"%"eﬁ&%?ﬂ?m&gl)'ﬁ‘gé%ﬁ?f’?%ge%‘fef“&ﬁ? 3 % described in
the arti cl einte@rtedtontoTensasreathip; eucBarrsugement AMURY thecchipdérorgratureyto be

Kr umenacher pagshy etéaameerby maasunmenééueaaﬂd.ﬁ&éd@toefha two Rddrmafés (1990),
pages 63% t rat ur.e achi eved by acting

i_on
pa0ee 598 ! o vy R A crafift ReEE ik ey ARk or 1
i nhi bi tion thes:me gateralk| | knovvn to those skilled i n the art.
Al ternatively, tMheadiangge efasinglrtegated tirhe dasfe&acmrtﬁngtemrméﬁenn‘ requenci es may

be i nt egr at £eh 88H 0 widiia: ¥ ;rp@.me% emdmnmwsnegregma istifigarChi p

tenperature t measur i n equency

di fference ‘6’?'8{ ‘é"t?'gbt?'feééwéﬁﬁ‘gé‘ali%% ‘?ﬂ‘ HX‘?E ??Qytr"é:gﬁ'ﬁ%{'tsﬁ'iegc"ﬂ%ﬁ/e the same

t enper atafr etempertlure: Se¢andly am:mtenreyortan&/ thechanall sigerand menolithigdntegrationi al ) .- The
advant age 0$ftr\é9ri FedoR4tBEHIIBNE 8 sédoR® rdaaseis t@ssprwlwgmmntymr@rtesent

I nvention |.§c %g\s% nchpsd%%nﬁ%t%buthﬁf«e;% @F@‘ ﬂgpendency of the ring

resonator 1S acl | at es roni c signal treatnent
necessary to coffieRatyely oerdipg WW%M&F%D‘P@‘?WSSE'BW ahenor e
i nport ant | yinveintich, & isedoksilsié theusa RGINgTRTInG irdsohator whiehgupatatesisimutthndobsly r i ng
resonat o altIWg ofkilRfsrIHheS S8 ROAd Hest MolSs iR R \dberliedbrbld RiMtidndt S! i ght
mode. A second oscillation mede may be a tilting oscillation mode, wherein the free-
standing structure 6 performs a tilting oscillation against the substrate plane. This
tilting oscillation mode may be excited eiectmstétically and sensed capacitively by
using further electrodes on the substrate under the ring area. The two modes are
30 selected to have different frequencies so that temperature compensation may be
achieved by measuring the frequency difference. A schematic illustration of the above
mentioned tilt mode is shown in Figures 11a and 11b. As shown in these figures, two
sets of electrodes 100 and 120 (in this case four) having substantially the shape of
arcs of circles are disposed on the substrate under the ring 60 so that the first set of
35 electrodes 100 drives the structure 6 into a tiiting oscillation and the second set of
electrodes 120 senses this tilting osciltation. The set of driving electrodes 100 and the
set of sensing electrodes 120 are disposed on opposite sides of the structure 6 with



increase in chip size and without further external connections.
Alternatively, according to a particularly advantageous enbodi nent of the
i-nvention, it is possible to use a single ring resonator which operates
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t he above described rotational node. A second oscillation node nmay be a
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el ectrodes. A¥entherzaonairqpergisadt wil he urdsrtecdiibgl electsode strueitres 81 pad9ur es 91

shown i n 2Re areintepchangeebleof Figure 1 serve to electrostatically drive the

ring resonator inimodheRSs blphiabbitedfishib SoRBRPHE GG MBRARG ol ect T ode

structures 93, ,serye ta.capacitively —sense thi.s nmechanical oscillation. An
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el ectrode structu
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
electrode structures.
According to a first variant, conductor 13 may be used to apply the direct
30 voitage component to the ring resonator via the central post 5, while the aiternating
' 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 voitage and the direct voltage component may be superposed on
electrode structures 91 via conductor 11 while the ring resonator is tied to a fixed
35 potential, such as e.g. ground, via conductor 13. Conductor 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,



20 are interchangeable. Since there is a parabolic relationship between the
vol tage applied on the electrodes and the resulting force on the ring and,
it is desirable to add a constant direct voltage to the alternating .
vol t age swoafisya obtain a substantially linear force- rci/crogeossEl ati onshi p.
In the schematic representation of Fiﬁure 1, there are shown 25 three
signal lines or conductors 11 to 13 t lat are respectively connected to .
el ectrode 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 thle es jve electrode structures. According to a first
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case. It w be apprecl ate t eﬁ ctrode struct % §' n 93 are
i nt erchange%i‘b‘l“@d%lﬁ e?’@é'??%ﬁét ‘?F?Q?c?mpg'ée"@§ appiPdde PeriRaY?vel y be used

for drivi nggonmtdlnﬁQOlnE’@ar@H{&OW@eﬁBﬁle surh of altesnating vl ditectdriving es 91 bei ng
used for1ose\vbﬁh§&caﬁ\béeﬁdnadtb\é@cwode%@ﬂ&uﬂasgm coiugiener, e igbeRginng a change
in i r’rpedancts? c?%tte% via 3n u%tor‘&?mﬁef&regggl%gl%psdc a§E%u§ Qf such a sol ution

requires on con ors rode structure o*

conprising a si frgcM%@ndworeetfms%!ﬁéawd&@es%smeéwG)@dmcw i1 connect ed
t 0 conduct othe tibmetehef thoedlirestvapiack sieatacsesond’coaduetor anitha $ecent setoor di ngl y and

t he

gp'tgrﬁgm 'ga ru{ogél%hc{f%%bﬁ&uﬁﬁmrﬁx g&no |3ﬁ€§§¢é&rgdﬁéa9aﬁ@(..ﬁné baéibm gag: ﬁgfe the
of el ectr otf@ Vg 'ﬂ'ﬂ%’s"“&@er %ﬁg‘%—ﬁéap&fi ?@8@‘\73&?%@85 éb#ﬁ%‘b’ﬁt is applied to
the ring waenpwndfumwtermg6mwtngmgart@hamﬂﬁ@nalvar| ant, the sum of

al ternating and e tfelentHiddés BopbRitis®bf Aty regohaloe aniezddan @kect r ode

structures
conduct or

tgﬂ'q[ gqa?qg qaafsé)%pg;egclatﬁdnﬁatrlh Qﬂy &%Q&ob&mek@nédrﬁﬁﬁﬁts

tthgd Vi a

Wo- conduct or

option prov§ignsis W"é‘éﬂ?&ﬁf“ﬁ@ﬂa@ewﬁﬁ?ﬁé’? the ’)"ga“?"@%ﬁ@f’ Alketnating dFvNg di amet er of
the enti20e witagecindities ditentoeltagesomporint arechededly iterchamgeabond set of

el ectrode structures surrounding the ring is no |onger required, and (ii)
t he possi bty 15 ofTprovi gim Targer nug - shaped elject rode
structures =F QTR t+Ag i n an
enhanced si30ahductdre (AG-fiiMirgnt niiiebiasf opelSensioh of t IEECtrodeg 9fedonat or are
sunmari zed|in the 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.g. ground DC-bias

2 Conductors | AC-driving DC-bias - Sensing is done

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 electrodes 92, 94 are of



followng table. It will be appreciated that, in any of the above-nentioned
variants, the signals applied to the driving el ectrodes and the ring,
nanely the alternating driving 20 voltage and the direct voltage conponent,
are perfect WpulBI7tr changeabl e. El ectrodes 91 Ring El ect PEAEI0GWSRear ks 3
Conductors AC-driving DC bias Sensing Ehgctrodes 91, AC-driving + Fixed
potential, Sensing and 93 are DC bias e.g. ground interchangeable DC-bias
AC-drivin Sensing Fixed potential, AC-driving + Sensing e. round DC bias 2
Conductors AC-driving DC-bias - Sensing is done AC-driving + Fixed
Rgt gn_t fal, - Byvélrdnaps arﬁhgcog_cenlag vb:h?mee_ﬁnqgso @BEGEE Ao iRAffesiiMthe Biechd-as
-drivin - i . pot enti al. -driving + - resonance e.g.
ground DC- bi anng %ﬂ%ﬁgg‘:@? BI{"H’a'JF é“[%ﬁ'g ! %ﬁgfygvaln%@%%r?(go%@fe%gihg% M el ect rodes
92, 94 are of repgnam frepipnay gbiive ringrso0BgRRhich is ssseptalie indepangentgftieconcent ri ¢
with outer ri agpifGHe ofaiterestingand diiedEdtivingiveitages oit the ofleERANIOFurtiRFhaa) cal

coupl i ng, r@ﬂ”etni\i%m%&aﬂicgirﬂ r&Uﬁétért ?érgiﬁévﬁd’ th%p:%ger{t pﬁerﬂ{&ﬁ c%'rfgeddrﬂcnlq a

resonant frequency of the ri g resonat or which i's essentirally [naependent
of the anpli Mifywlagesasiew ast P Ngwhishis @ maieadyrntageder Reapkla glestrasie t he ot her
hand. Furt her appliegtioBs.t he m cr omechani cal ring resonator according to the

present invention |5aguifh, Qid t¥ 8Rctrobdil aNild ISR patiive S¥Hs ,anfﬁ:la:ig’to wpichis a

maj or advant age, for. portable el ectroni¢c . applications. [n tiron, due to
el ectrostat i c%a? ﬂ%"ﬂﬁa‘ﬁﬂfg‘?ﬁﬁ%ﬁ“iWghes‘geﬁwn‘ﬁ? PO Bt MPEeR %éhe Megh quality
“factor Q dH efaspraierl ipien thiundreditipas lowrethpo that of@otvstznwhichis offpatthean i ng 10
resonator is inefest for pordblecsledirom@sSagpaliénd, han that of a quartz, which is of
particul ar interes I ' ' J Ei. 7a to 7c
Chow t hr oe i { 1 er o 7B vE Stinfes SileraR i 3pBRRS SRS BBE 00 ' P
ring resonat ol® APVERY 182 ripgieseyiatan fremSHckyTa in cagest R shogkcacarding te 8 figst £ j r st

var i ant . shownvariantshgwun in Figure ¥4, Gfop Strudtares| P& disfiised bis the sebstate 2 fre substrate 2

-are 15 proy dedviddd QYLRF ekREBa SPfe Bhsel Pombas goqﬁggée{tip Scturdd®seret OP

structures 28 . are  desi eol so as to l'1Tm L%ft e,angu r movenent of the ring
structure 6 afF9RS F%?%&@m' SeRngiiar pRvermenLef tas Ang FHEUEEANY BIeRT st ruct ure
6 from sticki prgvenithetiteestanding oehiflating stusctuter GEor® siidiiog oe theestaritrode angul ar
movenment s t akgnilupds Wikh, extdbbivé BJuiti rRdwerhéhts take place due, for instance, to -
: mechanical shocks.
20 Alternatively, as shown in Figure 7b, extremities 82a, 84a of the lateral
members 82, 84 and/or extremities 92a, 94a of the electrodes 92, 94 may be
designed so as to exhibit a pointed shape or at least a suitably small surface area so
as to prevent sticking.
Finally, as shown in the variant of Figure 7c, 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 illustrated in Figure 1. Figure 9 shows a
cross-sectional view of Figure 8 taken along line A-A’. A conductive pattern 31 is
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 perpendicuiar to the substrate 2 between the



mechani cal shocks. 20 Alternatively, as shown in Figure 7b, extremties

82a, 84a of the lateral nenbers 82, 84 and/or extremties 92a, 94a of the
el ectrodes 92, 94 may be designed so as to exhibit a pointed shape or at -
| east a sWQMEB smal | surface area so as to prevent sPCHCHWPOSSE| nal |y, as
shown in the variant of Figure 7c, ﬁ382* 84* of the lateral 25 nenbers
82, 84 can be nade | onger than the ot her t hereby reduci ng the adhesi on
forces when the comb- shaped nmenbers 8 and t he conb-shaped el ectrode
structures 91, 93 get into mechanical contact with each other. Cbviously,

the sanme ef f..eg:rtsscsmtbrbena PBEaYRE A D SibsBRE 208adPlgQS h FadRant RéquRRE, 94 i's | onger
than the oth rovement of the m’cromechani cal

ring resonawgfhﬁmdlﬁg "gg'it(??tgerﬁ}&ec?lﬁa\aﬂ%c%?pé’% 1 invention which is
i | lustrated in Figyasel0a ang-1Q shew furibpcimproxementsefdhemisrdmachanical ing of Fi gure 8

t aken al ongresoritorA-abeordify BAEEdenYivenbsr whith Bdw it tePparaiuftesbeBedtor bel ow)
the surfgce,Gie Fe g@egahér%&% e HAAEL toaaf vahl%ac‘fése gcg{etro %otrnaln fa&%%o standi ng

OSC|IIat|ng struc pring as well as
conb- shaped ?*%Wﬂﬂ@r‘@e 'Empﬁrﬁ%"esﬂ‘&ﬁéfe(i?t'cf Hﬁtge EWG&?!FF‘K/J“E'&/[ tY éﬁ"lSJSBl bei ng
essenti al | ymaduits Hofdhecmbtedat used t healiderteevishtngditoguesieclebsdsiwig st ructure 6 on

the surf acemafeag.r#qqeﬁy&aﬁ.re%m@.g in aqaaﬂh%ﬁtstmss Jwtﬁe §hRGdehledE sPahd €rn 31 to

t he sane pote f scillating structure 6 suppresses

forces per peRgICUf !S’P"’ef '(?scf"ﬁgt fgegﬁeg}cy;% o 'ybg QR ERIED 88711
PCT/ CHOQR0 0¢j@geter of herring ilkinasensa with ingregsitl teinperaturd eeseitingf inahinc@aestt r at e 2

| eadi ng t 0 mMagsaficHebf ihdrtofenetstructibld], which, $n it eiperRdasys ted rebdiandi r ect - vol t age
component . ures 10a and 10b show further inprovenents of the

m cr omechani can ing resonator 4 according to the present invention which

al | ow t he t enpePiffefAné thegeal expansion coefiicights ofdifferent Mptarielsicap faurrdyo t o be
reduced t o iatradukele cohpeheatipn mechanismiad) asrsietchédintFiguse thatariob.e t he

tﬁggﬁlelrjghgr gsrﬁhﬁirﬁfiélﬁéd fda'aﬁéwcf atpilﬁaw d?%ehﬁ‘aﬁ @aﬁa&énsatﬁi rn‘iérhaéasuei%ﬂpg Zecr cases
e s au e B b g ek GeiahRtef i he T LT L e s
el enent s 6xampansatingmemesre 63 arerpignadda aitrithe mass qremeotof ieéaoritiey, due to '
t her mal  exrpdesdtidinglobelialify stivanirt &ds Dfunétidn of femBendiurd sd 4306 e@ssaanwAIY

“increasing é%@ﬁa@ééﬁhﬂe Ef?e?:%fttérﬂ%rétﬂreadﬂ éﬁ@@g&gﬁﬁf’equg%g%f{m% het Bhaty I nertia of

t he structur so reduce uency
DifferefP t‘hé"Pr?H‘fem%@we&%ﬂ??'Heéri’(“ég'ﬁf"eﬂ??rf@‘@me%t%ﬁe&ﬂ?' can be used
to i ntroduing 68 by cmepes st connectnrhembes 87 6omprising ikt dsdondilayergéf,e 10a or -

10b. As 15 @fiaxda redpebvaly ofifrstHAd saddfld Malriaid hBliny diftdrént tmaiher mal Iy .
compensat | "Qeffti g‘%g ﬁ:ﬁ@f?aten%l% gL&’chﬁPe‘?w éo%ha':trﬁ%vmer}ngl é)ﬂgnsuon%%eﬁ' é Znt%{hga attached to

the outer ring
of the first layer 68 is smaller than the thermal expansion coefficient oo of the

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

The design of the mechanism 65 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 ffequency which substantialty
counteracts the effect of the Young's modulus and the thermal expansion of the ring
on the resonant frequency. Such thermal compensation mechanisms can alternatively

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 osciltating structure 6 so as to aiter its mass moment of
inertia as a function of temperature. The layout and fabrication of the members 65



conpensati ng nenbers 65 are designed to alter the mass nonent of inertia of
the free-standing oscillating structure 6 as a function of tenperature so
as to substantially conpensate for the effect of tenperature on the
resonant fre@uessi of the resonator 20 4. To this effect pcriomosmatier s 65

i nclude a wei ght nenber 66 connected to the outer ring 60 by neans of a
connecting nenber 67 conprising first aid- second | ayers 68, 69 nmade
respectively of first and second materials having different thernal
coefficients. The materials are chosen so that the thermal expansion

coefficient athl of the first |layer 68 is |l er than the thernal

expansi on coePdvedp b fealzed 50 figt \hﬁ@%*gét ’E"éﬁ?ﬁ‘iﬁggagﬁ%er {°B'§'fdslra?? aé'spﬂ% éq?%‘f’? ed

enbodi nent, t Peffherieg rf_ma_tlaiorivwenitasﬂmtlilremreaﬁ@-t he se_cond mat eri al _ is a

netal, preferably H’AVMETdEédﬁBéd thE Avélfish Gith Rigafde cereiheiecRo@Bodifieiy, di Ng to
I

Figure 1 OGa is.such n._ LN i e the nnecti ng
menber 67 str git%ﬁ? %’hatse udg tet{gébfeﬁ%eraﬁﬁ%etyn%etn? %gﬁ%ﬁ%@ﬁ%ﬁ% og(ril'%of the first
and second 9 aipeendion dndegd, vagigus anadifipations art/er adpplatiqRs My PegnmIRBEPL°66 nove
towar ds the cehoéd silled id the art witighut departing fromalie $copé bith@anrexed clgims.at i on 0 of
the oscillating structure 6, thereby reducing the nmass nonent of inertia of
the ring resonator, resulting in an increase of the resonant frequency
whi ch substantially counteracts the effect of the Young's nodulus and the
t hermal expansion of the ring on the resonant frequency. Such therma
conpensati on nmechani sns can alternatively 35 be attached to the outer side
of the ring 60, as shown in Figure 10b, or to sone other part of the
free-standing oscillating structure 6 so as to alter its mass nonment of
inertia as a function of tenperature. The layout and fabrication of the
menbers 65 WO 01/33711 PCT/ CHOO 00583 -14 have to be realized so that the
wei ght nmenbers 66 nove towards the axis of rotation O of the ring
‘resonat or when tenperature increases. Having described the invention with
regard to certain specific enbodinments, it is to be understood that these
enbodi nents are not neant as limtations of the 5 invention. |ndeed,
various nodifications and/ or adaptations nay becone apparent to those
skilled in the art without departing fromthe scope of the annexed clains.
WD 01133711 PCT/ CHO0/ 00583 -15 ~ ~ MIII~Il CLAIMS S 1. Tinme base
conprising a resonator (4) and-an integrated electronic circuit (3) for
driving said resonator (4) into oscillation and for producing, in response
to said 5 oscillation, a signal having a determ ned frequency,
characterised in that.said resonator is an integrated m cronechanical ring
resonator (4) supported above a: '



substrate (2) and adapted to oscillate, according to a first oscillation
node, around an axis of rotation (0) substantially perpendicular to said
substrate (2), said ring resonator (4) conprising : 10 - a central post
(5) extenW?’#bm said substrate (2) along said axis WTVCHBIn (0); - a
free-standing oscillating structure (). connected entr al post (5)

and including : - an outer ring (60). coaxial w't I s of I on
(0); and 15 - a plurality of spring elenents (62) ﬂﬁﬂﬂr nmnmmly
around said central post (5) and connecting said o sai d
central posCLAMS and - at |east one pair of dianetrically opposed

el ectrode structures (9; 9*) disposed around said outer ring (60) and

connected to sai d integrated electronic ircuit éd‘?%l 2. Tine base
according to cl al'm UMeOASH CORPESRGREPSPRALQT ta1rl 5f‘5“9é¥3é RAPRIC Cipuft ¢ ¢ (3) is
I nt egr at ed (Bnfosdrivihg said sesoadter (#Pito begjatibreand/ptt groduging, inTespanse tohsaid cal ri ng

resonat og (cﬂs):matr%n aTé.gfm mﬁ. a%feﬂﬁ.ﬂé&lﬁeqhen |éHaFEc’3ensé‘d’|ﬁ1fh%€3§aW' sed in that
said sprin 25 el % re.connect ed

Sabst ot | aTPTBEE AR ATRETH S i hsenaica bR PARP ) SRR ST ot [ unct i ons
(63). 4. Tiswbstimis@) andcasiapted ip asgllate. geearding @rﬁﬁﬁ@?@'ﬁ“%@mﬂma@mﬁ asai d spring
el ement s ( GaXs oRFotation (MsubsishtanRipenditaarty sdie sgbstiate (2)) sald ingt 0 sai d out er

ring (60) Lons (64). 30.5. Time base according to claim3
or. 4, chargé oenrgflag g?dr‘#{gﬁét sai d junctjons are provided with

63, 6
round filPlets (B35eNtEhROst (Shextending f’BE'ssé“ dAuRgR ﬁba'?'l;iafdaﬁxﬁqm‘aé'ﬁ%tr acteri sed

I n that thgOkunber of spring elenents (62) is conprised between four and

fifty, and pref eéﬁgé-iétah&rcljg)éscﬁlQﬁQ SPERRS ( sT;fcoﬁaeaeQBYosa%Bcezuaﬂ;ba@s)faa&e accordi ng
to claim1l,, Ci racterised in that said free-standing oscillating structure

(6) further” I"I ses at |east one pair of dianetrically opposed
conmb- shaped nenber sa@ier dng (S ecaxialvith said sxis of wiatien (Qiag (60) and i ncl udi ng
[111 18] 111111 hd pllrality bf spring élérhéntd62) di¥posdd @l&?ﬂeirlca[iﬂrﬁda@160583 -16- a.

e T et PR SR A e EROR i g (20) [ o et 2
- at least one pair of diametrically opposed electrode structures (9; 9%
disposed around said outer ring (60) and connected to said integrated electronic
20  circuit (3). '

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

3. Time base according to claim 1, characterised in that said spring

25 elements (62) have a curved shape and are connected substantially perpendicularly to
said central post (5) by first junctions (63).

4. Time base according to claim 3, characterised in that said spring
elements (62) are connected substantially perpendicularly to said outer ring (60) by
second junctions (64).

30 5. Time base according to claim 3 or 4, characterised in that said junctions
(63, 64) are provided with round fillets (63a, 64a).

6. 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 7. Time base according to claim 1, characterised in that said free-standing
oscillating structure (6) further comprises at least one pair of diametrically opposed
comb-shaped members (8) disposed around said outer ring (60) and including :



froma first side of ' (80) and - at |l east a second |lateral
menber (84) extendi ngI !‘ FE"E rpend| cularly 5 froma second side
of said base nenber opposI fi rst side; and in that each of said
el ectrode swWPauIdles (9) conprises : - a first conb-shapBal/EHO0383de
structure (91) meshing with said conb-sfgaped nenber (8) and conprising
fi.rst electrodes (92) adjacent to said first lateral nenbers (82); and 10
- a second conb-shaped el ectrode structure (93) neshing with said conb-
shaped nmenber (8) and conprising second el ectrodes (94) adjacent to said

second |ateral rrea‘a@seﬁnér&&et(so&extémd‘tﬁ rE@§l@f|%ﬁF£§‘djédi‘é}nh goh:ai m 7,

are used 1o dri ve- Svars fisdleiampiober GANRE Sihon aél&.rp?r%gﬁw#‘“ “arg D
f r ee- st andi ndragsefirst ide ¢l §2i8 Pasedremter (8):and tied via said central post (5)
to a fixed potent ataésst asetond Rierdl neAbeN@B4yrauidndig 3pEstartibif PefpRAG@cBdryUCt Ur es
(93) are ugedio, f&egcgs.aeof%smte hEPbar b6 pbsRALLER=PGEL! 1 ali on of said

ri ng resonator constant direc conmponént bei ng added to
one or both of saFfeF'f‘MaéFac ©OHRA elRcliodn skytyes (FECrRRrsEtt ures (91) or
free-standi ng osct &fist comp-shiapeddientredg Sjuctude (97) mestirgswithaaidebmbiapaded cl aim 1,

char act er i sedndriber (5 and édrﬁl:r&h?ﬁrsﬁélé?&%u@g(ngaﬁﬁdcbhﬁ& ] h‘u%ﬁ:bé ) further

conpri ses at ast. one pair di anetrically oppose shaped nenbers
(8*) di sposecf t¥¥nd said outer ri ng (60) and i ncl udi ng . 25 - a base
menber (809 ext endd AgFondErNal-$haped eecteode dtrunture (93) meshifcb@ilh saidmb- at | east a

first |ateralshapatesmted &) asxéampising ssiohd eRANddRs (94) BgsRandissiilkasdny from a
first side OfQS?éiﬂerh@e??g rrber (80); and in that each of said el ectrode
S

structures ( conprls ~ a conb- sha_trped el ectrode structure (91)

meshing with said %on'ﬂmgﬁ%ﬁ?é‘lffc%ﬂn ¢ geraRIsedtiatsi ng first el ectrodes
(92) adjacent to ssaldjflrfstlqosb-shaaearewctrmymmres((%)are usk0 to drivesaibdsg accor di ng
to claim s Q%h%;@;hqugﬁoﬁ hat - sai d conb- shaped el ectrode structures
(91) are used to dri into. oscillation; and 35 -

resonat o
sai d free-standi ng® aéas/ﬁﬁ'?%ﬂdfngr?sg'ﬁ” r?éey)gsl dvRsgid PRl Best (V&R r al  post
(5) to a fifued mr@ﬂtam a- constant direct voltage conponent being added

to one or both of.sm ﬁceﬁﬁbnibﬂshiﬁewdledtrbbé $thictures! (b3)ldre dsbald dchsé aM S
signal resulting from the oscillation of said ring resonator (4),
20 a constant direct voltage co_mponen_t being added to one or both of said first
comb-shaped electrode structures (91) or free-standing oscillating structure (6).

9. Time base according to claim 1, characterised in that said free-standing
oscillating structure (6) further comprises at least one pair of diametrically opposed
comb-shaped members (8") disposed around said outer ring (60) and including :

25 - a base member (80) extending radially from said outer ring (60); and
- at least a first lateral member (82) extending substantially perpendicularly
from a first side of said base member (80);
and in that each of said electrode structures (9*) comprises :
- a comb-shaped electrode structure (91) meshing with said comb-shaped
30 member (8) and comprising first electrodes (92) adjacent to said first lateral members
(82)..
10. Time base according to claim 9, characterised in that :
- said comb-shaped electrode structures (91) are used to drive said ring
resonator (4) into oscillation; and
35 - said free-standing oscillation structure (6) is tied via said central post (5) to a
fixed potential,
a constant direct voltage component being added to one or both of said comb-



WO 01/ 33711 PCT/ -17-_shaped el ectrode structures (91) or
free-standi ng oscill ﬁﬁg mg’,tﬂ (6), and sensing bei ng done by
detecting a change i sresonance. 11. Tine base according to
claim7 owodmsasharacterised in that said lateral nenbrercE®apss84) and sai d
el ectrodes (92, 94) have a shape of an, arc of acircle 5 concentric with
said outer ring (60). 12. Tine base adlor di ng to claim?7 or 9,

characterised in that at |east one stop structure (28) is provided on sai d
substrate (2) adjacent to an outer end (80a) of at |east one base nenber

(80) in ord ﬂ'mg revent said
free-standi %p%é)%lgéf‘{&%s 5%1 fb Bﬂég%tgg\dzﬁos@mﬁﬁg‘gﬁ%ge@ %r@se of a shock.
10 13. Time bas&eaxngdhed ”"l ‘!ﬁtﬁ"ﬁﬁ Fchngein ippedanes ¥reseasncen t hat
extremties (82a, &ﬁm)baeé acsendihg tatigimed orrBeM@en(s&Qm tt&ﬂ}anamﬂrﬂr extremties

(92a, 94a) Rbmbék fh2, 8430l LAPESCH0IZs (93300 Ao NP Sk iAo SUTt ably

smal | surface area saird free- stan I ng osc ating

structuré (@"c?rfl'?ﬁ”ﬁ"é‘tsia@?f“ﬁ@"'?%%gase of a shock. 14. Tine base according to
claim?7 or 9, cHaraTimerbassatconding heaclaiont7 drdacharastasised in tibbatdeastioneat er al

menbers ( 82stodbuctindf28yis aaadaforﬁs@mobusémg (rzpéaaoeﬁ&aan%)er i (BH)QLT than the
others so ag aguPneeofaSé‘ﬁueﬁEérgaJ)rfg&d PH.EQ@%?&AJ/A@ Striﬁu"t ure (6) from

sticking in accor
characteri s@'&"ﬁ"ﬁsat'%féﬁte'féa"@&‘ﬁ&ﬁ@'ﬁﬁ"'%s"‘{ﬁﬁ‘ﬁ &) from 3‘1°}"“Eéﬂ/¢aﬁg °§%¥J§>F'&nt ially the
shape ' oo sai d fiBeeTiskedask emgordmg itd tlaitni gy 95 tharartersed in Bt éXigemiities pr ovi ded on a

surface of @gh GagitShi pichel eknodles, o8] ardfd SordhitiR 2:0ba 8t did T €€ Standi ng

oscillating str ree-s i n ating, structure (6) and
2504 cond eeiptssslecat B%'P‘ﬁﬁ A% SV A SR Sk 0 295 rothg o
accor di ng t ssidfree-stanting obcilating siructured(6) finonn bticking in casé ofasshotiandi ng  osci |l | ating
structure (6) fuyatheime®asiccsEng ®S cldifardr 9actardcieriséthih thabht 16listomt i cal |y

opposed 4525, g{e@kgmbﬁg@eyﬁgwgﬂﬁn@%@a% Siitale o SRORSGAL RGeS 4 Ot o

rlng(60 dto alter
a mass rmne‘?i?e'%F° ag ‘ﬁé’ﬁ"?’é{ sgif frserﬁtanw%escg'emfﬂgws& f‘l°Fh§“F'ﬁ@P '§t°?§fct ure (6) -
as a functiomasbbck enperature so as to conpensate for the effect of

tenperature on hhe fﬁé%&@éﬁm&aﬁgw&&aﬁ 103h-.,trmerrswﬂméts%&mu (4). 30 17.

Ti e base ac ar ac th f said

Cher ol Ty dopaSLeYiEs HeRBRlLy P §hated s Laestandbs sriltha stutire co)

connect @8 t(6)is peovidedon eﬁurfap«ﬂgf saBLbtatn@aurdepst |%@St:@mré@ftsﬁﬂgfeﬁ‘enber (67)
conpri si ng darding o8tfhting StALIEL (bﬁxﬂasreéﬁﬁnduﬁ@ascmd@ strécre ¢8)iang@kaid of first and

d ff d
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closer to said a% s ’B'F bi’%?ca&f"i” it Eﬁc'?"ﬁ‘ﬂaf"? %7" iRihay said frée-standing

oscillating structure (6) further comprises at least a first pair of diametrically opposed

25 thermally compensating members (65) disposed around said outer ring (60), said
thermally compensating members (65) being adapted to aiter a mass moment of
inertia of said free-standing oscillating structure (6) as a function of temperature so as
to compensate for the effect of temperature on the resonant frequency of the ring

resonator (4).

30 17. Time base according to claim 18, 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
second layers (68, 69) made respectively of first and second materials having different
thermal coefficients, said connecting member (67) being adapted to gradually bring

35 said weight member (66) closer to said axis of rotation of rotation (O) when
temperature increases, thereby reducing the mass moment of inertia of said free-
standing oscillating structure (6).



tenperature increases, thereby reducing the mass nonment of inertia of said
free- standing oscillati n*l“l“‘ﬂﬂﬂm “I][ lIIC L MS WO 01/33711
PCT/ CHOO/ 00583 -18- 18. ng to claim1, characterised in

that it furwegguseanprises an fntegrht €d t'enper at ure neasuicrRgzsUsE t

I ntended to conpensate for the effect of tenperature on the frequency of

t he signal produced by said tinme base. 1§~ Ti me base accor di ng to claimal,
characterised in that it further conprises 5 a second m cronechanical ring
resonat or supported above said substrate (2) and adapted to oscillate at a

resonant frequency l.ch is different from.the resongnt. frequency of the
ot her resonator, Q%é’cﬂ'ﬂ%h%sﬁa&?‘?’ﬁ%‘}@ﬁ@&“g&]ﬁ‘@é’}?”ﬁ%‘f‘ﬂ%ﬁﬁﬁéﬁ& "PF%‘?iuencies
bei ng used f o@nétaghiedigMmpagiUreMmeasydng:¢ifcut intestied orpompensatedonthe effest off r equency
o:‘ _thelsi gRaI taMipReHNGre @n e fRsqushcy oMBe Bigh@ protilcedy sdidtimelase iggor ding to
claim 1, characterjgse . r . ; are
posi ti oned under sia%?dq?'{?%%%slsa% %%%H%ké’%gﬁ‘g}%?a%be"é%drz'ﬁé'}%gg‘“(‘%’°° ich

way as to dfti #&eand MigRBechanicd Fipg rrSeratn|suRRYSH 2hRygsal subsigted2y ansonant
frequency whiaddptddsto dhsdilfate @tatredananmfielgency whina stdiffersnt fremene ragongat d i r st

oscillation Maggend éfrtl?éqblﬁé}%/sogétmSrfr@@.gé?::cfgﬁ%ﬁ& ﬁemﬁeem:%@r}g%ﬁna&f equenci es

of both oscillation des ? el ng u r conpensatin fthe ef fect of
tenperature off e‘[“f‘?ac'ﬁngﬂ"@e‘fffé %F°T‘P%’sat§ﬁ93?féq‘e ﬂ%‘?‘}g%é%fﬂp%?“’?eﬂndhq i e base. 21.
Ti me base accéediengy efdhecsigriahprodyced hypsaidtiroe based i n t hat sai d second
olsci N gg i omhrmde |29, & Tirhd bdsBAcding t'g%tairﬁ’ R, dmﬁiﬁtoerige% in ﬂa@e&@ﬁé‘s (36&,?” ding to
vort Tl ocer Sy Bk bobihs o it i il et *r v
base accor di n§Wapagiofrive and ense asewend sedllation meda hayiap @ resshentfrgguencp)  and
sai d ring reswohiah isrdiffedent trore theerdsonait feqlereg Bf $aid frst aatillation mode, a
frequency difference between the resonant frequencies of both oscillation modes
15 being used for compensating for the effect of temperature on the frequency of the
signal produced by said time base.
21. Time base according to claim 20, characterised in that said second
oscillation mode is a tilting oscillation mode. ' _
22. Time base acCording to claim 20, characterised in that said second
20 oscillation mode is a verticél_oscillétion mode parallel to said axis of rdmtion (O).
23. Time base according to claim 1, characterised in that said substrate (2)
and said ring resonator (4) are made of silicon material.
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