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the Invention 10001 . The present invention generally relates t

m cro-el ectronechanical (MEM structures, and in particular, to MEM
resonat or s. whagizszpt i on of the Related Art 10 [0002] Compgijuaddigd Systens
generally require partitioning of the electromagnetic frequency spectrum
Communi cati on tr @RRGHRY a4 t abl e _of high
frequency selectivity, ?ﬂé@e‘!ﬂé‘g@?ﬁ%ﬂﬁ@g@%@%“ ' _]Fc?%quency band
while rejecting all ot - | vices, such as filters,
oscillators and m xers@@”ﬁ%@@%ﬁ%ﬁ%&?qgmortant 15
conponents within a transceiver and the quality of the devices generally
dictates the overall architecture of a given transceiver. 100031 In

Wi rel ess conmuni cati on devices (e, g E radio frequency (RF) devices and

cel l ul ar conmuni cati on devi ces), are typically used for 20
signal filtering and generation purposes. Currently, discrete crystals are
often usjed 3 Eke t he resonators. Such off-chip resonators are typically
i npl enented 2&¢0 | evel and therefore inpede the ultimte
mniaturization of portable transceivers. .25 10004] To mniaturize
portabl e trammgei Ver $he pib 5 l,cal . resanat oy s have been
cont enpl at egm or emn%ﬁf%%ﬁ%%%éﬂﬁ%ﬁ%%@%o@-%ez%cgogﬁ rence

osci | | at or s (MBEQetrastures rad éix paticulgr, MEIMENBRSURAt,S My not 1 20/ 03/ 2006

Description of the Related Art

10 [ooo2] Communication systems generally require partitioning of the
electromagnetic frequency spectrum. Communication transceiver devices
therefore must be capable of high frequency selectivity, ie, capable of selecting a
given frequency band while rejecting all others. Frequency-selective devices, such
as filters, oscillators and mixers are therefore some of the mostr important

15 components within a transceiver and the quality of the devices generally dictates
the overall architecture of a given transceiver,

[0003] In wireless communication devices {e.g., radio frequency (RF)
_ devices and cellular communication devices), resonators are typically used for
20 signal filtering and generation purposes. Currently, discrete crystals are often
used to make the resonators. Such off-chip resonators are typically implemented
at the board level and therefore impede the ultimate miniaturization of portable

iransceivers.

25 [oooq] To miniaturize portable transceivers, micro-electromechanical
(MEM) resonators have been contemplated, for example, for use in bandpass

 filters and reference oscillators. However, the existing MEM resonators may not

1 .



WD 03/ 028212 PCT/ US02/ 3 1157 provi de adequate resonance frequencies high _
enough for wireless comunication applications. 5 BRI EF DESCRI Pmm%
DRAW NGS [ 0005] The features, aspects, and advantages of the in\;

beconme nore thoroughly apparent fromthe follow ng detail ed description,
appended 'wobasomzizand acconpanyi ng drawi ngs in which: 1fict06R811sF1 gure 1A
shows a cross-sectional side elevational view of a MEM resonator with a

rectangul ar m cr.obri dge beam Figure, 1 hows vi ew of the MEM
resonat or of PTEYigEpeeIp er?gnﬁfﬁéﬁﬁ E‘@ﬁ g%wﬁdﬁﬁs(?g’%‘ng’é‘&afl%al si de
el evati onal agplivatiohs.a MEM resonat or according to a first enbodi ment of the
i nvention. [0009] Figure 2B shows a top view of the MEM resonator of Figure
2A. 20 [00010] Figure 3A shows a cross-sectional side elevational view of a
MEM r esonat or according to a second enbodi nent of the invention.

[ 00011] Figure 3B shows a top Vi ew of the VEM resonat or of Figure 3A. 25

[ 00012] Fiyur e 4A shows BRIEBEX QR N33 onal view of a MEM
resonator according to a third errbodl rrent of the i nvention. [00013] Figure
4B shows a top view of the MEM resonator of Figure 4A. 30 2 20/03/2006 WO
031025212 P@&ﬁTSOZlMﬁZunésQ&@éﬁ ahll @Ev Ritdpls S BIventionGeisi beasihd onal si de

el evati onal Vi ew
more oroug%]y apparent from the following detailed description, appended

claims, and accompanying drawings in which:

10
[0006) Figure 1A shows a cross-sectional side eievational view of a MEM
resonator with a rectangular microbridge beam.
{0007} Figure 1B shows a top view of the MEM resonator of Figure 1A.
15
[0008] Figure 2A shows a cross-sectional side elevational view of a MEM
resonator according to a first embodiment of the invention.
~ [o009] Figure 2B shows a top view of the MEM resonator of Figure 2A.
20
[00010] Figure 3A shows a cross-sectional side elevational view of a MEM
resonator according to a second embodiment of the invention.,
[oo011) Figure 3B shows a top view of the MEM resonator of Figure 3A.
25
[00012] Figure 4A shows a cross-sectional side elevational view of a MEM
resonator according to a third embodiment of the invention.
{oo013] Figure 4B shows a top view of the MEM resonator of Figure 4A.
30



resonator according to a fourth enbodi nent of the invention. [00015] Figure
5B shows a top view of the MEM resonator of Figure 5A. 5 [00016% F/ég#rﬁ %%
shows a cross-sectional side el evational view of a MEM resonat 6P 6 §i

to a fifth enbodi nent of the invention. 1000171 Figure 6B shows a top view

of the MEMwesmmatipr of Figure 6A. 10 [000181 Fi gures 7Adtuskeisi he effect
of center section width on the resonance frequency. 15 DETAI LED DESCRI MON

1000191 In f ol | ow escription, specific. details ar forth in
order to p:[Jg%]de a tiror oéég Dﬁvﬁ(?ear"ossf'gﬁ%gﬂ% sidp e}eﬁ%"ﬁ?lle"s‘%‘ﬁg g tion.
However, it resiohatobsrcordingas & fdurthentbvdimditlof @ invenidie art that the present

i nvention may be practiced 20 without these specific details. In other
i nstances, well-known circuits, structures and techniques have not been

shown in defméik) i N OFigere SBRhBYOh SorPSH OF HRMIEN] SesoRdtSP G Higd B ¥&Nt | ON. [ 00020
A m cro- Iectrorrechaniigggl (MEM rerggnat or is %e%sgﬁgiﬁ.rﬁ%ﬂr{ one 25 :
enbodi nerdt, the resonator includes a m QObridge beam structure having

support  sefhdgns an rd ) [ t her ghet ween e center
regi on of tﬁle abeam ﬁé%egggégg%%%spg%g}%ag?g?%s‘ﬁa%ﬂ%%V%SF%@E@ ons of the
beam adj acerasonagortageprding ppofifth embodioest of Bye inverition, | ess nmass at the center

regi on of the beam higher resonance frequency can be achi eved w t hout
reducing the size (e.g., length and 30 thickness of the beam structure) of

the resonatpen73 20/18gdrd 6BEhAE: DBHA2RR b2MEVIEM 13t ok Fipurd §8021] Fi gures
1A and }(? depict a MEM resonator 100 with a rectangul ar ~ m crobridge beam
0

section 2. The MEM resonator includes a mcrobridge beam
[00018] Figures 7A-7D show the effect of center section width on the

resonance frequency.

15 DETAILED DESCRIPTION

[00019] In the following description, specific details are set forth in order to
provide a thorough understanding of the present invention. However, it will be
apparent to one skilled in the art that the present invention may be précticed

20 without these specific details. In other instances, well-known circuits, structures
and techniques have not been shown in detail in order to avoid obscuring the

present invention.

[00020} A micro-electromechanical (MEM) resonator is described. In one
25 embodiment, the resonator includes a microbridge beam structure having support
sections and a horizontal beam formed therebetween. The center region of the
beam has a mass that is less than the mass of regions of the beam adjacent to the
support sections. By having less mass at the center region of the beam, higher
resonance frequency can be achieved without reducing the size (e.g., length and
30  thickness of the beam structure) of the resonator.
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structure which conprises the horizontal beam section 102 and support
sections 5 112 and 114 anchored to the substrate on which the rwgzr d(%
formed. The vibration of the resonator 100 is induced by a |at &
capacitive transducer (a frequency stinmulus). The capacitive transducer is
formed by dWwomaeisaiy el ectrode 140 adj acent the horizont atTlos@misecti on 102
with, in this case, a gap between the electrode and the beam In the

il lustrated enbodi nent, the electrode 104 is 10 di sposed underneath the
hori zontal beam section 102 to cause it to vibrate vertically with respect
to the substinmtip 106 Rigm*eh'u:bndmdiq:ﬁtammdxesbﬁ%ﬂlﬁﬁlmﬂ{\ﬂ&faﬁgmhator is
essentially a m nal de termnals corresponding to

el ectrode an‘ﬂmﬁg € Eaé"b%e@{:‘?% Mﬁ’%‘ﬂr %afff}q" dgehee® i s very
high at all dhRHEREIRRAPASS tﬁefh%ﬂzérﬁﬁ PeRRQBARRA03 Exﬁf’éﬂ;?}&% sechibns t he
resonance fre uenw e5| stance between the term nal's becones very | ow

In an exahpldZgpd rgd #4 ﬂhserbsh@monmm@thegqsmatmfome@)aﬂseed at the
resonance fy; lﬁH?d red

per for mance Vg?gﬁa&?‘gﬁs%%ge?%é Q%gééc% %us?ja? ona 8%%834 t “gl I %‘ty tolimt
t he resonat ifreguéncygtismdisp sTHegrpagitive Itratmhcemeﬁmmad by dmpbdmg/elhuhmﬂe and
produce a | ca nal . .Ln the ca 01 osci |l | at ser for
exanpl e, arsnngP‘? Lq}eg‘g Hporial beam pecti ?’f %MefﬁﬁﬁEWEM%sonator
based 0SCi | lhcRbdria Bt Bead, I theAllaftiatiQekboREAMENE YiectkdlchisCase of a 25
filter, it may be desirable for a resonator to resonate at t ar get

f r equenciles dismgsedaunslerngathy thpherizenighbgam septiansl03 de causpit fa Vibigteat ot her

frequenci eSV@HﬂF}ERﬁ'}ﬁm ﬁ! 6 100024] The resonance
frequency of a r es g"tq(%érﬂg\ns Bgtrerlgécé}gﬁié“&ﬁétgg %‘eam is function of,
anong other things, the length of the horizontal beam4 20/ 03/ 2006 WO

03/ 028212 P %;S?géﬁ%%gfe%%m%m%aﬁesonance fES ¥m§;@v of a

resonat or
terminals corresponding to electrode and beam, respectively, between which the

15  impedance is very high at all frequencies other than the resonance frequency. At
 the resonance frequency, the resistance between the terminals becomes very low.
In an example of use in a filter, an input signal may be passed at the resonance

frequency.

20 [oop23] It is appreciated that one desired performance of a resonator (such
as resonator 100) is the ability to limit the resonating frequencies for which the
resonator will vibrate and produce a mechanical signal. In the case of an

-oscillator serving, for example, as part of a clock circuit, it is important that the
resonator-based oscillator vibrate at a target clock frequency. In the case of a

25  filter, it may be desirable for a resonator to resonate at target frequencies and pass

an input signal, while not vibrating at other frequencies and thus rejecting other

input signals,

[00024] The resonance frequency of a MEM resonator with a rectangular
30 beam is function of, among other things, the length of the horizontal beam
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be approxi mated as follows: I. it E F=-Tip (1) S where t represents the

t hi ckness of the m crobridge beam L represents the | ength of ER)S{ 006
m crobridge beam E represents the Young's nodul us of the beam t%?j’f,gl
and p represents the density of the beammaterial. 10 [000251 In certain
appl i cati orsQovesy2hi gh frequency (VHF) or ultra high fpregusnsust UHF)

vi brating MEM resonators, for exanple, for use in wreless conmunication

devi ces, i red. E ation onance__frequency

i s inversel ﬁe%pﬂdﬁeﬁeﬁwc eqt“ﬁ%“s@&%%es&gﬁ? 35%@%%&??‘?%& obridge” 15
beam Accor diaghidxinthed dsgolldigs; t he beam l ength L may be effective in

achi eving highspeed oscillation. However, a resonator must be fabricated
extrenely small to achieve, for exanple, ultra-high frequencies (e.g.,

greater than 200 MHz). IFIPE exanple, the length of horizontal beam section
I

of an ultra high freBfuet resonat or having a resonancglfrequency of | GHz
will be in the order of s than 20 3 mcrons (pm). To produce 5 GHz, the
| engt h ofs horizontal beam section of NMEMresonator may be in the order of
about 0.2 mcrons (m. [00026] One limtation as to how small these
resonators can b&éabrdpméﬁslﬂieﬂuch&bssuﬂﬂiermﬂrdimdgabemi sting Iithographic

t echnol ogy. For exa wi.th t cyrrent technol ogy, about 0.2 mcrons
(i.e., the | engtifeBt ?%ﬂ'ﬁll?ﬂggb&le cﬁg’ﬁlﬂfe{’ Y be the smallest size

achi evabl e. Anotm@présérmﬂ@woaﬂg’a&maﬂubsm&wdﬂm{a@ﬁpanaesonat ors may be
fabricated is determ ned the power handling capacity requirenents. The
power handl i ng @&‘BBR@PW@FW‘E@E%@WW tesisbportional to the |ength of
the mcrgbridge beam In a vertically vibrating configuration, the power

{00025] In certain applications, very high frequency (VHF) or ultra high
frequency (UHF) vibrating MEM resonators, for example, for use in wireless
communication devices, may be desired. Equation (1) shows that the resonance
frequency is inversely proportional to the square of the length of the microbridge

15 beam. Accordingly, shortening the beam length L may be effective in achieving
high-speed oscillation. However, a resonator must be fabricated extremely small
to achieve, for example, ultra-high frequencies {e.g., greater than 200 MHz). For
example, the length of horizontal beam section of an ultra high frequency
resonator having a resonance frequency of 1 GHz will be in the order of less than

20 3 microns (um). To produce 5 GHz, the length of horizontal beam section of
MEM resonator may be in the order of about 0.2 microns (um).

[00026] One limitation as to how small these resonators can be fabricated is
determined by the existing Iithogréphic technology. For example, with the

25  current technology, about 0.2 microns {i.e., the length of the microbridge beam)
may be the smallest size achievable. Another limitation as to how small these
resonators may be fabricated is determined by the power handling capacity
requirements. The power handling capacity of a resonator is proportional to the
length of the microbridge beam. In a vertically vibrating configuration, the power

5.



5 20/ 03/2006 WO 03/028212 PCT/USQ2/ 31157 handling capacity is proportional
to the overl apping area between the horizontal beam section th(éf e)(egtr%%e
| yi ng underneath. [00027] Therefore, continued mniaturization 0 /2006
resonator, for exanple, by 5 reducing the length of its mcrobridge beam
in an efforywolbgoispigr ease frequency even further, nmay notyp g)?ﬁ ?d si nce
reduction in the length of the mcrobridge beamwl]l advers y affect the

power handling capacity of the MEMresonator. In_at |east sone of the
exi sting NVENMPRETEapwits is prepartiendl snthe avesiapping aradetwesn thefuwrizantaby en

further, thg, &ﬁ‘§%§%?{ ﬁ%?g%%q@ﬁ,gr&\dégg «fdequat e power for intended 10

appl i cat I ons. p resonators It may be desirable to
i ncrease the resonance frequency wi t hout reduci ng the | engt h of the

m crobri dge m been nd.t.hat an increa n
stiffness- tg}a@zss 8?3 orn ‘#’F‘HE?*P%@%@ %’“’i rr{?EFEﬂD%PIWIﬂYI i ncrease
the reso&aneﬁuﬁﬁemaﬁg&xefn@nd@wﬂdgéeém & an dfforf B In@é50frefpRBRy f OUNd t hat

the mass at the center section of the mcrobridge beam contributes nost to

the inerti a®%durthe, sotrb@#sqﬁémm%ﬂorsmm&wbgfﬂ@mbm@s nost to

the effecti ygnsRAl Q8 Sk Ao]; f’@& s ratio of
a rectangul ar-shapedp%glg %%M resonaltgio@g{%?%e e??‘ec §?Sfl)h&)tﬁgﬁrﬁncreased by
r educi ng thetlﬁﬁssaﬂmofttﬂtﬁeﬁm@ngbﬁMeesbnaimsofﬂiEMgﬂlmfnbé)haadghredﬁoéds means

t hat hi gher nc, equenc e, achi eved b ci,ng the mass at
the center s‘éeglt%lg@er ﬁ? ?ﬁa féﬁ%?&?‘rér?"ﬁ%‘-“r BERHPYY fﬂ’e’n%“é?‘gbridge beam
Al t er nall® veapplieationg, addi tion to, higher resonance frequency nmay al so be
achieved by increasing the effective spring constant. One way the
effective spring constant 25 of the nicrobridge beam structure may be

nor eased | gy oK i3gok g BRRARS eyt AeEBIS ARSI e LGhlRe SUPDOT

sections wider. 100029] Actording to o e aspect o
reduci ng t hf@eq“gggy without reducing the length of the microbridge beam. It has been

found that an increase in the stiffness-to-mass ratio of the microbrid ge beam
15  structure will increase the resonance frequency of a MEM resonator. It has also
been found that the mass at the center section of the microbridge beam
contributes most to the inertia and the mass near the support structures
coniributes most to the effective sprirrg constant, Accordingly, the stiffness-to-
mass ratio of a rectangular-shaped-beam MEM resonator may be effectively
20  increased by reducing the mass at the center section of the microbridge, This
means that higher resonance frequency may be achieved by reducing the mass at
the center section without reducing the length of the microbridge beam.
Alternatively or in addition to, higher resonance frequency may also be achieved
by increasing the effective spring constant. One way the effective spring constant
25 of the microbridge beam structure may be increased is by making the iegions of
the beam adjacent to the support sections wider.

Joo029] According to one aspect of one embodiment, by reducing the mass

at the center section of the microbridge beam structure or by increasing the mass



at the center section of the mcrobridge beam structure or by increasing
the mass 6 20/03/2006 WO 03/028212 PCTI|1S02131157 near the sugﬁghi /2006
sections, or by doing both, the resonance frequency can be inc 3
Wi t hout conprom sing its power handling capacity. [00030] Figures 2A and 28
depi ct a Mewbwseenator 200 according to a first 5 enbodp@ppdgrsiist he
I nvention. The MEM resonat or 200 includes a mcrobridge bean1structure
fornmed on a portion of substr Supstrate 206 is, OL% exanpl e, a

t

seni conduct B flé"%‘PP‘”'s*F‘TCFE‘B;n?" gReponsnes ipguengyLaRb [ yct ure for

MEMS appl i Cﬁfdeﬁﬁmlﬂiodt@oﬁﬁﬂ@fr&ﬁl v&ebﬁ&nc&in @h; )strates, such as gl ass
(including silicon on insulator) and ceramc su%st rates nmay be suitable.

Substrate 10 206 may have contact points (pads, term nals) disposed on its
surface to h d farnmed. .
Conducti ve m% es rrgtw1 SEA%HEE#HE%ose rrg%oﬁlgﬁgg@ea?%%a%ééggg%&substrate to
connect &o ne:abadmenﬂufshmvetnﬁen FhetlEMatentor A0kindnddshenicmbritige anot her
substrate. Substrate 206 further ve VI ce levels,

i ncl udi ng iﬁﬁaﬁ}%’aﬁﬁl’éﬁ?°%€E¥§P°¢8Pﬁéﬂ‘%€%%§¥%“§%“%@géﬁ? In this

enbodi ment , exafifpld)h 6ERREARRRT ROARIROR) substiRdduitble 85la bae sitidtilfer vertical |y

with respect to the substraté& 206 on which it is formed, The vibration of

t he ni cr obr MBYE applieationy It iragpiseiated durt othensubstratay sechias glags capaci ti ve
t d t
ransoucer ér%ﬂcﬁﬁé‘ﬂﬁ&%y u%%rg%}d ceLan@ s@r"&?&ag%%u atbgzo Eﬁgsgfa% | ve

transducer orne 0S1 hg a |ve e cent to the
m cr ObrIMQGQOBamjﬂhamtdmactpomtbl([md@ﬂﬁmnn&ls ob&l meiessutface tdwhieh el ect rode and

t he beast. 000321 Referrin res A 2B, the mc ri dge beam
structure 4%%%%?150?1?‘3“8’@%53 eé E%P ‘Ecé‘ﬁ?gf“?eﬁn%'r"‘#@ Cwith a
hori zont al &iﬂfﬂﬁéd?@u'&ﬁ?l hﬁﬂe%dﬁbﬁ%ﬁﬁ&%@&%&&ﬂﬁc@o&ﬁ%&d@ In one

e

enbodi ment, mcrobria beam
substrate to one another or to another substrate. Substrate 206 may further have

one or more device levels, including interconnect levels, formed thereon.
15
[00031] In this embodiment, the microbridge beam 202 is configured to
vibrate vertically with respect to the substrate 206 on which it is formed. The
vibration of the microbridge beam 202 may be induced by a lateral gap capacitive
transducer (a frequency stimulus)., In one embodiment, the capacitive transducer
20  is formed by disposing a drive electrode 204 adjacent to the microbridge beam
with, in this case, a gap between the drive electrode and the beam.

[00032] Referring to Figures 2A and 2B, the microbridge beam structure
includes support sections 212, 214 integrally formed with a horizontal beam
25  section 202 disposed above the electrode. In one embodiment, microbridge beam
 structure is formed by a series of deposition, etch patterning and release procé.ss.
The microbridge beam structure may be constructed of polycrystalline silicon.
However, other suitable material may also be used. In terms of forming a beam
structure, for example, the material for the beam structure may be formed over a
30 sacrificial material and the sacrificial material may then be removed.
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structure is fornmed by a series of deposition, etch patterning and rel ease
process. The m crobridge beam structure may be constructed of 0/03/2006
polycrystalline silicon. However, other suitable material may gl s/o %e
used. In ternms of formng a beam structure, for exanple, the material for
t he beam stWQ8¥#BH2may be forned over a 30 sacrificial netBustabiiend t he
sacrificial material may then be renoved. 7 20/03/2006 WD 03/028212

PCTI USQ2/ 31157 [000331 In the illustrated enbodi nent, high resonance -
frequency is achieved by narrow ng the center section of the mcrobridge
beam 202. F@®0glhe f Imibaitbrstrated embodiveht, highredonane flegeericy i--ditiersd, t he
stiffness-tgq- ratjo can be 5 jncreased, by nar | ng the center section
of the bri dé&%‘%ﬁ%&t‘% rf?f%‘ﬂﬂoétﬁﬁwqrgﬁqq@%ﬁ%éi%q%@ center section
contri but es furtiainehfal véificdl RRatiod mdBe(up-H6wh), BRStiFRES 1O hasd 1886 cdd ¥ Support
contributes nost o the effective spring constant. Therefore, by narrow ng

the center neEprsTOYoraTIREng e eerderedionioh heduisignglt hacbesn fumddhatcent to  the
Support Seciicaiiis af e et/ bR o AR5 Sobidh bR iRlruh (it Hlet@PLLAGE Deam
structure 10 nay be increased. Accordingly, thé cCenter nmass-reduced beam
has hi gher neasgramppoftcenjtibuieymbstanthiefeifedize bprimg cvpstantt Therefoas, &gt i N a

rect angul ar figuratjon. .100034] As discussed ahove, ipn vertically
vibrating con @ggﬂggﬁc&%{,afﬁc}%ﬁ? eafsa’%éﬁ’iflnl:’f‘?@s"&% &Gy aqicentioat ed to the
over | appi ngthaseppdrticoreis, thh etifieed-panis rathat MeRttdRAza Behnt fRucalect r ode
lying u Thus, when the width near the center of the beamis

qger neai?g; .
r educed,'Vt HEaBhe ARty dicsordinglya threenter essisedireed henoe hes lighest rode  wil | al so

be reduced. jokiiG u%ﬁhrsrh t3] ' I ' rea nmay be
conpensat edr by i%%eeqay g ﬁg%ﬁﬂégﬂ%#e{aﬁgcag%%#‘naﬁg%%% support section so
that 20 it scopfgmmatioriand| i ng capability is not sacrificed. [00035] Figures 7A
t hrough 7D show the effect of center section width on the resonance
frequency. The calculation is performed for a m crobridge beam

[00034] As discussed above, in vertically vibrating configuration, the power

15 handling capacity is related to the overlapping area between the horizontal beam
section and the electrode lying undemneath. Thus, when the width near the center
of the beam is reduced, the overlapping area between the beam and the electrode
will also be reduced. However, this reduction in the overlapping area may be
compensated by increasing the width of the beam near the support section so that

20 its power handling capability is not sacrificed.

[00035] Figures 7A through 7D show the effect of center section width on
the resonance frequency. The calculation is performed for a microbtidge beam
structure of 0.25 microns (jum) thickness and one micron in length, As illustrated
25  in Figures 7A-7D, as the center width (W) decreases, for example, from one
- micron (Figure 7D) to 0.25 micron (Figure 7A), the resonance frequency increases
from 1.22 GHz t0 1.95 GHz. The amount of reduction in the center mass of the
microbridge beam structure is proportional to the amount of resonance frequency

increase in a resonator. Thus, given a resonator with a certain length, higher



structure of 0.25 mcrons (m thickness and one mcron in length. As
illustrated 25 in Figures 7A-7D, as the center wwdth (W decrea J 39&006
exanple, fromone mcron (Figure 7D) to 0.25 micron (Figure 7A??)St?|
resonance frequency increases from1l.22 GHz to 1.95 GHz. The anount of
reduction i wodmaenter nmass of the mcrobridge beam st pggludiSsiisy
proportional to the anmount of resonance frequency 1increase In a resonator.
Thus, given a resonator with a certain | ength, higher 8 20/.03/ 2006 WO
031028212 PERORSS tegrensy chrpkeehiceed W anpraHiEE E BeF Eng S wgbof@e

appropri at elpgar 3@ dat Eceliledlt h Of the beam structure near its center.
[ 00036] As di scussed above, the resonance frequency can al so be increased 5

by reducing the length of the resonator. However, the reduction in the

l ength will gat i vel v, ' gﬁg i Wiy, reduci ng the
center nassﬁggﬁxhe %&?%% F?%gghgﬁggﬁls r%%%%bgﬂgﬂgﬁgggké¥g§§%ﬁg the width

of the bdambgtredicingrthe leagihadt &rtredonatbh dicupenithe edattdonrin the lerggowdt or can be
configured to achie hi gher _ resonance, frequeng i t hout ne i vely

e Tecti g | CesTBR AR RPG: RARGE e T dI0SHE B GRS S500hh 38 depi ot

a MEM  r esora&gbridfibeamGoiudiufdwhile icre SRHAAE widH Qd tH¥Rhm shrfictildi S 111 ustrat ed
enbodi nent, the center-nmass of the mcrobridge beam structure is reduced

by form ng 8Wacest tofbe appogssctipne regopgtos can beonfigured to achisve bighef t he beam
302. Al 't hough it BEqil AN %@qufg%& " alﬁféiﬂ _shown;
however any na gr o? eé#o??@r&aﬁgﬁe use e%d?fp\e%e}g, %g%p%%%’
Additiondl |y, the shape of slots is not limted to rectangular. The slots
may formed. jn_the harizontal Sectl 302 b ny suitable |ithographic
t echni ques ¥ ng e ISHIEBg%‘ta@g%’??gplﬁtrag%{g@r.es%“[réagg%f“%‘%tﬁraes 4A and 4B
show anot hegecsiy erbodi@Ehic T thid l@stibEentAiméitthe center-mass of the

microbridge beam structure is reduced by forming one or more slots 316, 318 at

the center section of the beam 302. Although in the illustrated embodiment, two

15  slots are shown; however any number of slots may be used {e.g., 1, 2, 3, etc).
Additionally, the shape of slots is not limited to rectangular. The slots may
formed in the horizontal beam section 302 by any suitable lithographic techniques
during etch patterning process.

20  [ooo3s] Figures 4A and 4B show another way of reducing the mass near the
center of the microbridge beam 402. In this embodiment, the center mass is
reduced by forming one or more holes 416 at or near the center section of the
beam. In ome embodiment, the hole density is higher at the center.

25  [00039] Figures 5A and 5B depict a MEM resonator 500 according to a
fourth embodiment. In this iflustrated embodiment, the horizontal beam section
502 vibrates horizonfa]ly_. ie., parallel to the substrate on which it is formed, The
horizontal vibrations of the beam section 502 are induced by a lateral gap
capacitive transducer. The capacitive transducer is formed by disposing a pair of
30 electrodes 504A and 504B adjacent to the beam section 502 with gaps between the

9



center of the microbridge beam 402. In this enbodinent, the center mass is
reduced by form ng one or nore holes 416 at or near the center :1{@3?23{506
the beamIn one enbodi nent, the hole density is higher at the k

[ 00039] Figures 5A and 5B depict a MEMresonator 500 according to a fourth
enbodi ment .wbw3iszia il | ustrated enbodi nent, the hori zont ptr/beamsect i on

502 vibrates horizontally, i.e., parallel to the substrate on which it is

formed. The .hori,zont vi br.at s of . the.b tiqn 502 are i nduced by a

|l ateral gap l%cgtﬁg d% W%?E@SEFMTWQI‘EEB%F'F 'g is formed by

di sposing a amd@fat@&tq{eq@amﬂaﬁnwﬂm Eﬁegﬁ ethe beam

section 502 wth gaps between the 20/ 03/ WO 03/ 028212 PCT/ US02/ 31157

el ectrodes aifiyaptage ?ﬁt@‘*@%ﬁ%@%‘oﬁéﬁhﬁﬁt&ﬁbwsl%ﬁeéhﬁﬁ‘b"aﬂeﬁw e he pair of

el ectrodes ghhkRCds ohd o RERFVIIR ﬁgwﬂégﬁé@tgﬂhd%% 81-Ahaasn di fference. One
e beamis ex0|

advantage of this configuratioff ist ted by two

el ectrode®s instead of one so |l ower voltage is needed to i nduce nechani cal
vi brati on. 0401 I Il odi .stiffness-to-nass
ratio of th crobr| ?‘é %ﬁ@f‘ﬁ&tﬁﬁ %’é{g@sﬁ %3P HEBF owi ng t he
center sect Irﬂiﬂro@hdgé‘lﬁean{@mfcﬁbéisdﬂ@easaﬁmarfdmh theloastar deblidicbftat reduci ng
the mass at the cgnter of the mcrohridge beam structure is _also effective

in increasi rAgciobEdgebrag. fthagheenipund thay redycing therpass af the centegoftheng
resonator. [Q00 af M rdrdis ‘%‘fﬂ d 5048 are
shaped to prov?%l% éﬁ?ﬁ form ga%’gakg;é&gcgggﬁh% e ec@%@g@&gﬁ%géﬁ the | ateral
si des of 1& he honizentallyr vitipting bsamatd0?2. I n the case of horizontally vibrating
MEM resonator, the 15 power handling capacity is proportional to the length
of the gaps between the beam and the el ectrodes. As seen by referring to
Fi gure 5B, tdoe]l engt As ghovine: g 5Bk hlaétfd,des SmAeageslib iredhdgedib Ng t he

center section t he beana)eand n":li_ltchl n
provi e orm gaps e electro e3504 and the lateral sides of the

microbridge beam 502. In the case of horizontally vibrating MEM resonator, the

15 power handling capacity is proportional to the length of the gaps between the
beam and the electrodes. As seen by referring to Figure 5B, the length of the gaps
actually increased by narrowing the center section of the beam and matching the
contour of the electrodes. In doing so, higher resonance frequency can be
advantageously achieved without sacrificing any power handling capacity of the

20  resonator. In fact, the power handling capacity of the resonator may increase
slightly due to the fact that the relevant area between the electrodes and the beam
actually increased.

[00042} . The MEM resonator 500 shown in Figures 5A and 5B has various
25 ap'plicaﬁons. For example, the resonator may be used in a bandpass
micromechanical filter which may operate in the following manner. An elecirode
input signal is applied at input electrode and converted to an input force by an
electromechanical transducer (e.g., an electrical field generating the input force).
The electromechanical transducer induces mechanical vibration of the horizontal

30  beam section 502 in a horizontal divection. The mechanical vibration comprises a

10



contour of the electrodes. In doing so, higher resonance frequency can be

advant ageousl y achi eved wi thout sacrificing any power handling It
the 20 resonator. In fact, -the power handling capacity of the %m%{ér&k
may increase slightly due to the fact that the rel evant area between the

el ect r odes vemobszkpe2 beam ‘actual ly increased. [00042] Thepdviidet/egenat or 500
shown in Fi gures 5A and 5B has various 25 applications. For exarrpl e t he

resonat or se and Dass m Cr One ni c filter

operate in ‘P Fil lﬁﬂf’iﬁgﬂﬁﬁ Zﬂ@II%??P?B lﬁ‘ﬁ?ﬂfﬁtﬁ‘?a“?{’é‘? Sppl i ed at

i nput el ect ;ed@nRAGIMATIY Badsed K&e@%ramsfﬂ{&ﬁﬁﬁr&bn&ar m@u&fdermérec hani cal
transducer (e.g an electrical field generating the input force). The

el ect ronechmﬁhﬁaﬂofﬂ’arﬁgmﬂwrﬂﬁmﬁlﬁlgﬁgmﬁéél prsedmeshanial t he hori zont al
30 beam sec 1 1.oR. I bration
conpri ses aJ%T 5%? %’gf@ﬁ%ﬁ%‘égﬁ%%ﬂ%@gﬁeﬁﬁgﬁﬁgﬁe@ﬁg%g{él signal. If
t he vi brit i enipafeldciredd fos proatssing by for examipld)subsédueniplasbevad stagése nmechani cal

signal is passed. If the vibration of the input resonator is outside the
passband of the filter, the nmechanical signal is rejected. A passed

mechani cal pogisgnal %oﬁ@&?@@oﬂﬂménlfoﬁuﬁ&[t,\/tﬁﬁfbﬁﬂghlﬁbﬁbﬁﬁhfed%dweeﬂergy at an
out put transducer at put el ectrode for processjng by, 8'6 exanpl e,

subsequent the berse8i2ad the depiiodes 3944 404 504B briwaighing e ntqus o e odi nent |
uni form gape???%ﬁesfv?ﬁﬁ'&g cHRbINES Phe M&?ob@ﬂ%%e@%@.”@h&ﬂﬁf %EE%?S 504A and

504B by matc the contour of the ctrodes wth the ntour of the
m cr obrIngdJetimdﬁﬁﬁlgaﬁyeumﬁdwdwugapﬁxmpiawmmhﬁsmfmmrany sui t abl e

tech t hads. of . f f d
= b e
09/ 894, 334,5ef. N 098988342 fMled 28R L7] MOQoWinlyBl6k aly lentithdtl T9abaifitidl Eger i fi ci al

| ayer technique to make gaps in MENS applications.
technique to make gaps in MEMS applications.”

15 [00044] Figures 6A and 6B depict a MEM resonator 600 according to a fifth
embodiment. This illustrated embodiment shows another way of reducing
center-mass of the beam section 602 in a horizontally vibrating configuration. In
this illustrated embodiment, one or more slots 616 are formed at or near the center
section of the microbridge beam 602 to increase the stiffness-to-mass ratio of the

20  microbridge beam structure so that higher resonance frequency can be achieved.
As seen by referring to Figure 6B, the power handling capacity of this resonator
600 is not significantly affected by the slots since the relevant area between the
electrodes 604A and 604B and the beam 602 remain the same. As noted above, the
amount of power the resonator 600 can handle is related to the length of the gaps

25  between the electrodes 604A and 604B and the microbridge beam 602 and the

thickness of the beam.

[00045] The embodiments illustrated and described in the specification
depict various ways center-mass of a microbridge beam structure may be

30 decreased to increase the resonance frequency without significantly affecting its
_ B _



15 [00044] Figures 6A and 6B depict a MEM resonator 600 according to a
fifth enbodinment. This illustrated enbodi rent shows anot her mazvﬂf 6
reducing center-nmass of the beam section 602 in a horizontally |6%%{FR§
configuration. In this illustrated enbodi ment, one or nore slots 616 are
fornmed at owWOM¥eas2i2he center section of the m crobridgepdBasnAI’7t o
increase the stiffness-to-mass; ratio of the 20. m crobridge beam structure
so that hig f52R f hi . en by referring
to Figure 63,%“{&% pomg%%aé:{rgﬁ%ﬁg&é{%%r%%m%%'%'%ggsrnéasyﬁ%‘fs%r 600 i s not

si gni fi cant |empiéieddtd emiube/the rmssheat thesbntesof ticbeaml stvaatike witheutbet ween t he

el ectrodes 604A.a 60 and, t he beam 602 mai n_the sane. As noted above,
the anount rS?“%&@FW#E“F?%WBPﬂQ%O%#@ﬁWg‘ers‘é‘mftaé‘d to the length
of the gaps cohbteh@latonof thbpreabReiveades 604A and 604B and the microbridge
beam 602 and the thickness of the beam [000451 The enbodi nents
illustratied and described in the specification depict various ways

cent er - mass @b nic@ﬂg(mggﬁ' SN SHHE . to increase
t he resonanég g?equencyemnt g%?Bg:gm |(éﬁﬁﬁ%ﬁgﬁ#ﬁg§$%%&%%ga%%gﬁ0/03/2006
WD 03/ 028213t ipandensod] atGTiatipowead thatifidations, sahas thoge suggesectcand ot her

sui t abl e nmet hods | so..be. enpl oyed to.reduce th ss .near, the center
of the beanféegﬂgg@¥g%WPFﬁgﬂ S“ﬁ@8E§FH@mPH%La%@fﬁ“ﬁZ%ﬁﬁF% ort

sections. Stlwdart & whithhihs irivesticiGepriaN The £6pd T pleb@irvenfidie present

i nventiqn. 5(%Q$0461 Wi |.e_the foregoi ng enbodi nents have been descri bed
and showfl, apeerdinsly isde be defined psat fork indhe anpendadelaigi fi cations, such as

t hose suggested and others within the spirit and scope of the invention,
may occur to those skilled in the art to which the invention pertains. The
scope of the present invention 10 accordingly is to be defined as set forth
in the appended cl ai ns.
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12 20/ 03/2006 13 WHAT IS CLAIMED: 1. A mcro-electromechani cal resonator
conprising: a substrate; a mcrobridge beam structure coupled to said
substrate, said microbridge beam structure including support se20i/@3/ 2006
a beam forned between the support secffgons, wherein said beamis a portion
of the mcrobridge beam structure capable of vibrating with respect to the
substrate, wherein a center region of the beamhas a nass that is |ess than

mass of wagams ol AllEdeam adj acent to the support sections, wherein
di rensions of the beam are such that a resonance frequency generated by

the m crobridge beam structure is greater than 200. MHz; and at |east one

el ectrodg dis Lacent to said mcrobridge beam structure to induce
vi brat i oﬁ' of 'giﬁ@q%'}jhﬂ?ﬁﬁmeﬁﬁ@%é IRXE12LBF cempriaing: wherei n said center
mass-reduced deabstragg;, hi gher stiffness-to-mass ratio than if said beam

were fabricated in a rectangular configuration. 3. The resonator of claim

1, wherein sd&@ dMieipbsidgmsbeardusistichiramcqupiedddée ajhersubssenal i said

frequengy; ' | re fahricated in a, . rectangul ar

confi guﬁﬁﬁfgﬁﬁd% ﬁ%e’qr%g@%r'%&iu N SHAPORecliaRssand ’ Afadp feegedn of

sai d bedrmtweennahe oseppoiasestiorst o@heRsinadaf ain i§3RpBHARAT bt SRE! T Ons:
sal

5. The reson@_t__‘gr _OL claim1l, wherein said center region o
m cr obr THGEOREGHS | RERTHBrUEIUreaapside sobt vitsating twidh eirespéct Toe the
e beam

REPdlgunsih et SE RS, AInE B AN Rl i ' QRE S
mass of regions of the beam adjacent to the support sections, wherein
dimensions of the beam are such that a resonance frequency generated by
the microbridge beam structure is gréater than 200 MHz; and

at least one electrode disposed adjacent to said microbridge beam

structure to induce vibration of said beam.

2. The resonator of claim 1, wherein said center mass-reduced beam
has higher stiffness-to-mass ratio than if said beam were fabricated in a
rectangular configuration.

3. The resonator of claim 1, wherein said center mass-reduced beam
provides higher resonating frequency than if said beam were fabricated in a

rectangular configuration.

4. The resonator of claim 1, wherein said center region of said beam is
narrower than said regions adjacent to said support sections.

5. The resonator of claim 1, wherein said center region of said
microbridge beam inciudes at least one slot formed therein.

6. The resonator of claim 1, wherein said center region of said
microbridge beam includes at least one hole etched therein.



14 20/03/2006 7. The resonator of claim1l1l, wherein said at |east one

el ectrode is disposed underneath the beamto induce vertical vibration of
the beam 8. The resonator of claim1l, wherein said at |east one28l/dt3/8066
conprises a pair of electrodes di sposed4adjacent to the beamto induce

hori zontal vibration of the beam the beam and the el ectrodes are arranged
such that a uniformgap is forned between each el ectrode and the beam 9. A

met hod cd@upri Shegregomatiodi 0 claith C1 OlWhaiemn S§4iHCRY RABRVENE® Slectrode is
rect angul,ar - shaped  beam c?lupl ed to at |east one support section on a
subst r at 3'5RGs5eY vadeineathghs berm: tooindyce: yrtisad vitratiogeokthaubeame capabl e
of vibrating with respect to the substrate, wherein dinensions of the
rect angul ar-shaped beam are such that a resonance frequency generated by

the nicr8bri djeestesanaioe 0§ chrimatier wwei209aiHzit a88si NeiEasicgrie
r esonat itg(gmbrrﬁggenc of fth? rect angul ar - shaped beam b%/ i ncreasing a
sti f f nes¥2TR g8 (RRIF PLToPIRGEO isposeddjaseAbdoothe: Ibgam do ithras n

| ncr easi werizdytas Vidrafiers 10, 1,.C ' ri ses
reduci ng tr'1e rrgss arth theotg?l{gr%%ﬁégtheotrjlegﬁfaﬁﬁetw% %I%?Eﬂroﬁ%ge&gegg}ﬁ%%%%d The
net hod GUGH Biahaunifhenegap iis forasd mptivieenstath mdsstrode rarbthiabeam.of the

m cr obri dge beam conprises increasing an effective spring constant of the
m crobridge beam 12. The nethod of claim9, wherein increasing the

stiffnegs-t oAmssho@idompairigie m crobridge beam conprises narrowing the
center section of the mcrobridge beam 13. The nmethod. of claim 9,
wher éi n i ncr BERYIHNG Remignotrricgss Straiohwrss haxirigpa tdctehgutarcsidpéddredmam
conpri sgsubRIdd' %t IabfaRk SA5psHtLedtibd B& §%Usdtrate, said beam being a
portion of the microbridge structure capable of vibrating with respect to the
substrate, wherein dimensions of the rectangular-shaped beam are such
that a resonance frequency generated by the microbridge structure is
greater than 200 MHz; and
increasing a resonating frequency of the rectangular-shaped beam by

increasing a stiffness-to-mass ratio of the beam.

1.0.,. The method of claim 9, wherein increasing the stiffness-to-mass ratio
of the microbridge beam comprises reducing the mass at the center section
of the microbridge beam.

11. The method of claim 9, wherein increasing the stiffness-to-mass ratio
of the microbridge beam comprises increasing an effective spring constant
of the microbridge beam.

12 _The method of claim 9, wherein increasing the stiffness-to-mass ratio
of the microbridge beam comprises narrowing the center section of the
microbridge beam.

13. The method of claim 9, wherein inbrea-sing the stiffness-to-mass ratio
of the microbridge beam comprises forming at ieast one slot in the center
region of the microbridge beam. '



region of the mcrobridge beam 20/03/2006 15 14. The nmethod of claim?9,
wherein increasing the stiffness-to-mass ratio of the mcrobridge beam
conprises etching at |east one hole in the center region of theg/03/2006

m crobridge beam 15. An apparatus cogprising: at |east one support

structure; and a m crobridge beam coupled to said at | east one support

structure and novable with respect to a substrate on which the support
an axis, said beamincluding a center region

structure is_.. forned al Qn ] ]
Chat had#r eThE ETG0 I CTRE 9. iHabrein incrasping; thecsiMMesssta-mags [atiet one
SUpPOr t of $hé UAlEBritg el BE : ihG WICRASPEAE RBY fHY th sy

stiffness-to- mass”r gtei 0 mﬁﬁﬁ:?)trr:sgisd ez'i'?rg\%etr%%fsgbrl cgta}éédﬂ?rtﬁ% rect'?zringul ar
conf i guregioorgf thehmieiabritigeeheaons of the microbridge beam are such that a
resonance frequency generated by the m crobridge beamis greater than 200
MHz. 16. The apparatus of claim15, wherein said center mass-reduced beam

provi degshi ghgragmraanas ic@%ﬁﬁggggncy than if said beamwere fabricated in a
rectangul ar configuration. 17. The apparatus of claim 15, wherein said beam

i s integral |3t le@sineme sippodattuciure;eand one support structure. 18. The
appar at us of i i i d, center region, of said 1 ctobri dge beam
P Rartover & nftrEbPidus e SapBldn i bl pf %a% ding HheoR ShTa1E

struct wred nidvableewitbprssiiets tof a Juisirate, oMNeRRIN s st ppoRt Sfrucadieors of

said mcrobridge beamincludes at |east one slot formed therein. 20. The
appar atf@EMe @lehen 88, agisr Said sheame dnelidinggdorcadttes aiegioni thalbhasge beam

| ncl udeg)AlvelFagks ORaditarf o PEdidn 9cfalent to said at least one support
structure to form a center mass-reduced beam having higher stiffness-to-
mass ratio than if said beam were fabricated in a rectangular configuration,
wherein dimensions of the microbridge beam are such that a resonance
frequency generated by the microbridge beam is greater than 200 MHz.

16. The apparatus of ciaim 15, wherein said center mass-reduced beam
provides higher resonating frequency than if said beam were fabricated in a

rectangular configuration.

17. The apparatus of claim 15, wherein said beam is integrally formed

with said at least one support structure.

18. The apparatus of claim 15, wherein said center region of said
microbridge beam is narrower than said region adjacent to said at least one

support structure.

19. The apparatus of claim 15, wherein said center region of said
microbridge beam includes at least one slat formed therein.

20. The apparatus of claim 15, wherein said center region of said
‘microbridge beam includes at least one hole etched therein.



20/ 03/ 2006 16 21. The apparatus of claim15, wherein said m crobridge beam
Is configured to nove up and down with respect to the substrate. 22. The
apparatus of claim 15, wherein said mcrobridge beamis config@@Ed0Bg 2006
horizontally with respect to the substgygpte. 23. The resonator of claim1,
wherein the support sections of the mcrobridge beam structure providing

vertical support for the beamare integrally formed with the beam 24. The
of the mcrobyridge

resonat of claiml erei_n the resonance frequency t
%Ctur ?saﬁpﬁﬁﬁ\mﬁ torﬁaﬁ}ai"t}%" MNEHHP rsg’é%n igrokyidge abgAM igherein

beam st

the supRQIHfiRiredbUYn®edils! apgddwh withfed] ' tructure are
const ruct edggf‘r pol ycryst zl}?l I ne si f]i\%'on. e%éé@ﬁ%i%ﬁ@%ﬁ%éel aim9, wherein
the at | east one support section and the beam are constructed of

pol ycry |1 silicaon. 27. The apparatus of claim 15  wherein the
resonan?g?f rﬁ%en#%r%t't'ﬁem nF%”@br' gV Salt eryeobr 1oegp 83 The
appar at ganfigusb@itorhbve WrRTRInMaly svied réﬂ?é?t_@'ﬁ?esggﬂﬂg\ﬁtét ructure and the

beam are constructed of polycrystalline silicon. very high frequency
(VHF) vibrating mcro-el ectronechanical (MEM resonator conprising: a
substr ; aTfkLCr ' a t oupled to sai,d substrate, .said
m cr ob??.gdgeTH‘Beé%Qé*‘gﬁ)?t %?eg]aﬁ'&\r 3& Wa &Bpgpg SURPPHn SeLNENS arlrﬁ?or med
bet weenmidr@bridge didamestructre Yheviding Seedicagagupord R tHOhedmt Age

m crobrid ewﬁea structure capable of vibrating with respect to the
subst r PR Ormed wilkhiha beall.on of the beam has a nmass that is |ess

than nmass of regions of 17

24. The resonator of claim 1, wherein the resonance frequency of the
microbridge beam structure is greater than 1 GHz.

25. The resonator of claim 1, wherein the support structures and beam of
the microbridge beam structure are constructed of poiycrystalline silicon.

26. The method of ciaim 9, wherein the at least one support section and
the beam are constructed of polycrystalline silicon.

27. The apparatus of claim 15, wherein the resonance frequency of the
microbridge beam is greater than 1 GHz.

28. The apparatus of claim 15, wherein the at least one support structure
and the beam are constructed of polycrystalline silicon.

29. A very high frequency (VHF) vibrating micro-eiectromechanical
(MEM) resonator comprising:
a substrate; |

a microbridge beam structure coupled to said substrate, said microbridge
beam structure including support sections and a beam formed between the
‘support sections, wherein said beam is a portion of the microbridge beam
structure capable of vibrating with respect' to the substrate, wherein a
center region of the beam has a mass that is less than mass of regions of



20/ 03/ 2006 the beam adj acent to the support sections, wherein dinmensions of
the beam are such that a resonance frequency generated by the m crobridge
beam structure is the range between 30 and 200 MHz; and at | eas20808/2006

el ectrode di sposed adj acent to said m tF¥obridge beam structure to induce
vi bration of said beam 30. The resonator of claim1, wherein a | ength of
the beamis less than 3 mcrons. 31. The resonator of claim9, wherein a

| ength ofhd BeaRPagldcent & the Kubrdrt SeeliBns; yherolGirfoRibAL Y Ble GbaMM 15
wherein a length of the beamis’| ess than m crons.
are such that a resonance frequency generated by the microbridge beam

structure is the range between 30 and 200 MHz; and
at least one electrode disposed adjacent to said microbridge beam

structure to induce vibration of said beam.

30. The resonator of claim 1, wherein a length of the beam is less than 3

microns.

31. The resonator of claim 9, wherein a length of the beam is less than 3

-microns.

32. The apparatus of claim 15, wherein a length of the beam is less than

3 microns.



