;e3eGG 4" N6TAf' 17 ~ ~ *166166* 1 ENCAPSUhATED MEMS BAN - bl
FOR | NTEGRATED CI\W\\ THOD OF FABRI CATI ON THEREOF BAC&;@E)E&J@EE
| NVENTI ON 1. Fi el vention The present invention_ relates to

communi cati on. si gnal m6™Mg and filtering systens and nmethods utilizing an

encapsul ated m cro el ectro-nmechani cal gystem (MEMS) device. Furthernore,
the invention is also directed to a nethod of fabricating a sinple,

uni tari |y constructed gehBs6l Al QmIRC AR SBkes ¥t o8k (Mo Eh iRk EEp i Ch
conbi nes the steps of ST Oy s X b lﬂ‘.‘ﬂidd CECFARRY M TON PHEREOF SNTEl | er,

| ess expensive and nore F&rrabtre tconstructT o and oper atrorr t han

exi sting devices currently enployed in the technol ogy. Mcro

el ectr o- nechani c @#ACKgROUND (I |JH VENBI@N)y has been proposed for the
fabrication of ndrr&ie Ifny ien (high-Q filters) for various
comuni cation circuits at frequencies bel ow 200MHz. Ordinarily, these
filters enploy the natural vibrational frequency of mcro-resonators in
order to be abl e B¢ Prapsmt tinsiegkars selatssy tor sermenicagednéieral whil e
concurrently atteawdhyngndi Ny iagdspot&ns eeOnBtRE@d WilakAay an
frequencies. In essence c%gnuni cat ;L,Lon carrier signals at rs,ﬂ'*dg frequenci es
(RF) are normal | FRCBRTEFEES 5 G55t SHREHT AT TREGGENcTEE T FJ™8¢ processi ng
such as channel s&vecei onfustitgnaloresokhbe i bwveartdonhés|aksn dilviestpdrtd cul ar

conver si on s geRgrallyoEMPLETENKSADY BLHNG littaril PdAuccdd n E C
zoos 2 a carrier signal _wWth the sinusoi out glﬁt of "an oscillator in a
non- | i near devi causEot RALCRIP BACHENISRYnBY st JMRYP bt VIS ¢RiFE either the
sum ﬁf or tlhe didfd_‘oaﬂoaﬁgg bleé\rﬁ@pl st be Ew?np@g&i;gaa&sazét&m% pass filter
is then enployed in order t el ect the desired_cqnverted.i.nter iate
frequancy (17 catpel 18 ghE ir pac el e ARRHET pre 1A RS
conversi on may bednsglrerthtmdciric opederieon tlaroesishéng rdesrinedi at e frequency
carrier and extragl dhe i 8ab KRR eaLi ooy yati on; for instance, such
as an audi o nessage. The sane two conversion steps may al so be inpl enented
in transmssion in a reverse orders in effect, proceeding froman audio
signal to the interdredieatetfs-eguénaycal Fysanr | @EMandtedterlogyt hesf i nal
communi cation 1 aqlQ.d LEAUSDEY L rBatLh el JERAUBACYar FAS IR Yo s
super - het er odyne Co nrcation transcervers dlepen upon preci sfion
el ectrical filterfidgeand (baghirfiditgnal &eXivigiPye SPHMEIGHEE8ssi ng at
conveni ent interrediatiesf EeatenNfiRsi cSepeI& |20 oMreSe GHdGiH S ypOsREess three
st ages of operat ;ff@& In a firStt sta%gu tge radito 1;1r ;qgenc&/ n(CRF) fi nput
signals are isol It PR B DaARGUpAL s PP ahd T HEF MWpPEfied. 1n a
second stage, thimsiciogmakonstatrerirbeatieaghe st addei ho et ratittte sigaglency
oscillator signalad ReQRdptel Psd ddCRIhOI Al tilinRL C¥RLYr FdWHIGASE) (TS
frequency for signal processing. In a third stag}e, aftsr ‘{)ro essi ng, the
si gnal may then baettfed’rutaﬁéflgw%’cﬁgiaahseén\% PR BN TEHREEERT 1 Bt AP SEgnal i n
order to obtain afididueacfieequenci es for comuni cation. These sane stages
may al so occur in a reverse sequence in translating fromaudi o frequencies
to (RF) carrier transm ssion. ~ ~ ~~r ~n~~ 3 The present invention
uni quel y utilizesIn s seb6veneriBHER HPPsE2 BiP IS 66ORAL St Age B operati on,
in which the carrfeqddn@dueneyr) arehabefdliy QrfRktka PErfridhnéan hoys
functions on the %legnal. . The conversi on an fllteﬁ;n? sterg? referred to

aF aryPiste

r .
her ei nabove, can bEIHPICEREN €Y tiFoBFREERRI T hS bure electronic
circuits; howeverseldwtipesubiauml iistodrarednadred darer iLlekei s Thorsmal |y
consi dered too broad it EERAUENGY 153088 £ 01 PLEEH ShoR &Y 86L5Sk Dy
Currently, the radio frequency (RF). filter Is nade wth the excitation of
an external crystal, conmmonly in a transm ssion node. The internediate
frequency (IF) is filtration.commonly attained with the use of external
surface acousti c- ilters. The use of these two conponents which
are ordinarily prN@Mﬁwwmmmmmm%ally of the integrated circuit which is
enpl oyed for signal anplitication and processing, increases system
conpl exity and adds tgawﬁbrication costs. 2. Discussion of the Prior Art
Typically, MEMS resonator filter devices are fabricated through the
internmediary of standard integrated circuit maski ng/ depositions/etching
processes. For instance, specific details regarding the manufacture and
structure of MEMS band-pass filters are readily disclosed in the follow ng
publ i cati ons:




1) "M cromachi ned Devices for Wrel ess Comuni cati ons” !\%

L. P. B Kat echi and G M Rebeiz, Proc. |EEE, 86, 1756- 1768 11-7 Lﬁﬁ&&%g
4 2) "Surface M cronachining for M croel ectronmechani cal Systens",

Bustillo, R T. Howe and R'S. Miuller, Proc. |EEE, 86, 1552-1574 (1998). 3)
"Hi gh-Q M cronechanical Gscillators and Filters for Communi cations ".

C. T.-C. Nguyen, |EEE IntI Syrrp Crc. ZSys 2825 2828 (1997). 4)A -C.
wng, HDng, CT.-C "M cr onechani cal F Tech. Dig.
of T EEETI E B WITieh Famd §b0 Sﬁé“é‘soiﬁﬁ °“tpé£h%§7ﬂ Reverting to
the foregoi ng pubkitéalaomns,in ef euoeﬁl:asea(rl ctermsagﬁ039hadir @énpPukRRt |y directed
e gene S ha Sl 4 ALY BRI OV MNBRVE G iihiozhodr enadapt o 0

repl aci ng comuni~¢dtFon™ &l Enent's ese publications are dlregted to the
description of vadiféasenondeaiwses, th?l’%‘é? snpvd ehgNtike WhPERARRIYE been

constructed usi ”le‘t‘éio 141 6 090'ARIY a8 dih NYe@rateds elealithepdosesad ng, and
y o

essentially are on limted sj n| f cance as resentin gi cal
backgr ound mat er iCAPVEF EAd r BeRIdedigt TR gggo%acr“ter % ég?g{?&oﬁ whi ch

is directed to s@r¢cagsiheg. prmtaxemfoérpai rgegrongl gnavemmmglaanuefl | tering
enpl oying mcro el ectro- hani ¢ t 565 C dhe
aspects carrier signar© ﬂ?gﬁgnln T efrl e?%é%%l ggy%se l%(r%@r ggg?‘gﬁ‘ée‘hg)

Thi s devi ce consicsiredeof and\m}p'aﬂrae?ltl éhecﬁﬁm)]edloéw&ﬁﬁ%ﬂt’cﬁarﬁ“rf%ﬁﬁﬁ%%?'s
(cantilevers), wygch;have,beencoupkednt ogetdafeswhtyB. amrHansahat tn@

mechani cal bridge. Both resonants are fa% cat d to, sses&a%sml G~~~ S
nat ur al frequenc;FOInP’er“FPl@nl HptRs Mgnafse CESam ivel'y coupfed to one
resonat or, which i at WeRek Se ebwidn;i dal é!jfe:mnemoedetignfa Siqruesi dufii¢ ocal
oscillator (LO. The _natur f OB 1@$0BAKOr is
RF-LO. Because ofSi8% nril Itﬁegg?e aisrgfee%%“eag?ke hfePr eso%’t gEF;[@Jﬁerr; esgnat or mi xes
the i ncom ng RF sihgmaltowichh ﬂfealLGC’@FlgﬁaFatJa‘?fd raGh9efF &I nt' 8  echani cal
notion. This notiof i -mechahéta) !y coupled using the bridge, to the second
resonator, which in turnis eI ectrically connected to a DC bias. The
nechanlcal motion induced in this resonator is then capacitively detected
as the output sigredicalhg,f abpécdteddrddyheecopuidcasion BaEsGAARES

frequency of 27 W{? e G uﬁe picthemeedctorcan dinskahy nﬁlcmamlrwg beam
bet ween the two uctl resonat ors, .the device |% constituted o

pol ysil i con, and $}EHY %Xbéanﬁoﬂma&spﬁac?%ﬁ%r}%ﬁl aRPAY T8I Thi s
increased the resisiaireliatet heedeans esonscdee el ly cheset himtcugfesnet al | i ¢
conponents, and consequent| crea tign Losses: aftalyhe tn
conponent when uskIT t(?ir?!'%w? 4 urt h%ﬁgr‘lﬂ?&{ ev?[ce i s_about a%; Qum x_20um
in size, renderingadio dirfefluenry t%ﬂeﬂ@@b@uﬁéﬁ’éﬂ%@%r dFetitsh u&d&rlﬁéf‘g
further 1C pr 0095§'1£'e%dJ;ﬁs%d@U_t@ﬂ drid tehenf @megpf:n:.gi putnhl gaddammsl, prior

patented devices which relate to Iectronl xer - filt rth
her ei nbel ow but wWhFa¥EF St 818??)€|3fe télesys & A e % ﬁ‘{eeﬁnfeglltlnfgtgt he

inventive MEMS de¥iegudrory osnilihatat isdignsilganl orded rY@ aﬁduﬁ 1¢¥ring, in a
manner anal ogous e b ttsh@rg @&%’!1 floRventhon. For

i nstance, Fraise %9%&&?%1§%F§4H§%€é%%1 % ; er gth covery of

the Sum FrequencyProeemtiéihs fRea siish S&%ve%’ﬁ‘?ﬁé’%&@?ﬁ“?o % and

filter RF signal ssignal rayDEGeZCRET f1lr tHee fodolaoed ofithhisodest ce is

simlar to that of th resent ¢ ncept owev e f

el ect romagneti c vvﬁ@‘é%f{% Pr 56888t he sﬂldert%a}g%l ﬁgg%in%rg??%%% %%e r%%ﬁaeﬁl cal
resonator used herfer Gaimnuic@tuos F%heeﬂrﬂ SBME8stages mapypdE0 R dRd?@
Conponents Ther ef ?Ever?éssgedﬂéﬁ%t% ande fdd e iR stanalmidsitpgqldi-ies to
|nt erference of el ectro-magnetic waves. Schel nberg U. S. Patent 5,563, 545,
"Low Cost Monol it HRE) C%%“l%c&ﬁ@é?‘f”e?s@ﬂ p", uses a standard "tank-circuit"
consisting of inductors, capacitors and a variable resistor to achieve

m xing and filtering of an RF signal.



Kennan U.S. Patent 5,649,312 "MM C Downconverter for a Direct BrqQadcast
Satellite Low Noi se Bl ock Downconverter", also uses standard ele t?o_ ™ 9nny,
circuit conponents for mixing and filtering. Abe et al., U S. Patent
5,918,168, "Doubl e Super Tuner", uses a dielectric layer for filteration,
and references nine other U S. patents which use simlar techniques.
Finally, Berenz et al., U S Patent 5,528,769, "H gh Electron Mbility
Transi stor Monolithic Integrated Circ@t Receiver”, uses a "rat-ring"
circuit to generate the mxing of the input RF signal to its | ocal '
oscillator, This mhechpéguet iisvahtton wetided yusitnyiséandsr dboveeui t
conpongnts to acc%g%kggg t f%J%FaghxeéééA&(gfigggp f oA‘fééggﬁ 299 &QﬂﬁlOf t he
f oregoi ng pat ent & sugges‘f1 usi‘ng Hechant cal” VidbratT o For thi's process, and
are therefore notthepphichdt ef tegueheyi hw eghtangedcdncepder JYVMRRYOTE THE

I NVENTI ON' Accor diagh¥us! Puid@hst 8noPYt al fdaie | imtations and drawbacks
encountered in the constructions and fabricati ons of various prior art NEMS
syst'em devi ces, the present invention conbines the step of comunication
carrier signal nmpHengoatdrdidd @nidn@ilté oimy Sitk@gkeranersddmiloy fabri cated

m cro el ectro-necghani.c system (MEMD) ., devi.ce. ., The SY. Vi G
enabl es bot h upf rEdiéRErR%e afdd \?n-llf‘%]e%fﬁe & eghggﬁﬁﬁg}eoﬁzl%%g}ﬁ%&ﬁ%ugh
the internedi ary off parsi alenomic, ctonpdts blhewaiveh, t biee inscorpentit i on
thereof into an integraled &idG4iit rChi PnoSRGANPRSAESaIRY tRleELE001
conponents which are currently separately enployed to g,erformthe same

functions, whil e idEndGpARMRIY B3&ORgTabI RETTD BESPHRAFET | y CREBEREW /i n

si ze, conpl exity w@ad rhai 8gf exdueer® YRE} NPl lecdro iganafactittte theo as to render
the MEMS devi ce pursuant to the invention m i ure, while
highly reliable iR %8@%%0 ]ilc?gll r?é(\égﬁ}éégo?r%%%c%gbrg?lnhmg({”g}l,ynﬁltn s an obj ect of
the present invertiaosniespemwiade.-a BbeelntdmregiekectreduristyadfEal 1syst em
(MEMB) device whigh +GaRDERCSor¥15t §P8a Dl AN RAL LON SAlKiteFng] gnal

m xing and filtering. Another object of the present jnvention resides in
the provision of SHJRR§I BSOUHI MRV EOMNE: riUdttEdSni ot et Ol othethani cal
system ( MNEMS) deuviwe coapbhéentyy whhiehstepsowndimaiiynpeatidad exterealsy gnal

m xi ng and . ~+ .8 fil i hch e = guency
and downfr equencyOfC(;Cr?\‘/ae_%fsl%%r.a%df ﬁrl%ﬁgiggﬁ{%ey& r15’f Q?‘ﬁle(?%ercggitec%t g?%{lléeﬁti on is
to provide a si nAWlHifdratiPrAtbPieERaRi Gl WFSERAFT M) ETEE M h i s
adapted to be i ncaiparasedoi fduriantibhegsated circuit chip, and which
enconpasses a nmultiplicity of electronic conponents within the device

her et of ore bei ng separately provided. Yet another, object of the present

i nvention resides2) miskaspiowiai dheobroniod for fabrication of the

her ei ndescri bed -m,cr.o _electrq-nechani cal system. (NVENS, ). devi . ed for
t he conbi ning of rq’c’é%?& il¥at‘|5[%}%§2raersr°f‘8(r€°§ié%%ermd%i"ﬁgg%n%“?iqaﬁg%?%gg BRI EF
DESCRI PTI ON OF THEhACOOVRARY} ING RANE KIS Reftangiaed  payeniaase chaduid t he
foll owi ng detail egh desg/ubbbONk Qfns9%@BRE A Yo HedieRENt Bo,0fi A tAhEE O

el ectronechani cal s s,te,mé ﬁl\/ﬁ%ﬁdew C ,fl)ur suant t% t he mvggtl on,

represent ed gener¥§5 dcaffh irc?glalrél % tHe EEHSABERYT U A REYE e i n

whi ch: Figure 1 iéfusiMsabesdapddy Sii leérbedarenteaofi 1lgnd MeMS sdeliicetpeir suant
to the invention Lri j | _m.xing and filtering; Figures 2 and 3
illustrate, respe%: |lvoe 3?9 ?%kf)ﬂp an ozlalng]d side views of a second enbodi nent of
an MEMS m xing and filtering device pursuant to the present invention; and

~ ~ ~~~ ~o0a- 1) "Micromachined Devices for Wireless Communications",

C.T.-C. Nguyen, L.P.B. Katechi and G.M. Rebeiz, Proc.
IEEE, 86, 1756-1768.



9 Figures 4 through 10, respectively, illustrate sequenti al
fabrication of a typical MEMS device pursuant to the invention F%QE‘Q?&M

encapsul ating a resultant~m xer-filter in a vacuum environnent. DETAILED
"DESCRI PTI ON OF PREFERRED Et ~ODI MENTS As illustrated in Figure 1 of the
drawings in a generally diagrammatic representation, there is shown a side
view of a mcro el ectro-nechanical systens (MEMS) device 10 adapted for
carrier signal mxing and filtering. The 4/EMS 10 devi ce consists of a
central bar 12 which is clanped at both ends 14,16 thereof, as represented
by di agrammati calyy sberfadd mﬂlcssoxi&clahdtrﬂp.fO‘thicJeqtﬂlr@mtrbaﬁChq?niCsal
essentially constjt ted"of i n r o] n tepddes by
electrically cond¥&tfU2 1 ay erslnglCI %528YQ§S%PVFU§%fg?§h ?ﬁ@?§t

enbodi nent, arr anges, ab@wkﬁ&ﬂné5déntl%@3her is a.stationary plate 25,
constituted of an eIectricaIIy conductive material, and which is connected
to a source 28 of an inconn gnal 1S. The ug@ g eIectrrc gys % uctive
coating |ayer 223dn {'Hédkedt %ﬂroﬂﬁFhﬁﬁFQQQ'éﬁﬁﬁ' PERT &1 gource 3 a

| ocal oscill ator comglahciflonhe .centrat. bayuykd, respbnnsﬂtosvme d@w&tned
forces which is enera% ¥5f£ (qggegectrrcal interaction of the input
signal 1S and an asci'l Fa sign so as to resultingly vibrate.

I nasmuch as the central bar 12 is cl anped at both ends thereof by neans of
the clanpi ng conpgnents Qind) aLkAndS. &0r.id N@@@ﬁndsmmwdcneattm and
resonant forces are generated at frequencres (IE C) %IS

assunming that thdixsrsitgBaltes’ affegbni Bher 4% eﬁc@ % i the Léﬁsrgna

The central bar 1Zdrsicepstcactied.s098s po ¢eedﬁdte at one of these

resul tant frequencies; for ~~ ~ ¢ 200 to exanple, at (IS - LO. At the
bottom of the central bar, 12 the | ower conductive |ayer 24 is biased by
connection t her edfevertangetectrd carepohny RErGa taons Fak Iy KPS cinductor
is a stationary pigksddh @ha£§é5¥%1ma@lm@l&tkétﬂﬁaam@eths géﬁhnmﬂjfbylﬁhef
changi ng capaci tance cCaused by the vrbratronsW he cer %ﬁﬁ% LaL
| nasnuch as the bariHE&S g Har ?Nﬁr%ﬁﬂﬁrg?vt?%%uency 6F Vi Bration, thrs
mechani cal propert@pxﬂﬁxmgasommmmﬂQaﬂlonnel@m@n#St()Tb§é?a@%b%ﬂﬂ%¢lpﬁéser%1xed

signal's which are,ngar dd %o”@ﬁé'acnés%é}hp%wr@f Jarrqq)ueneyndt?chﬁneut put signal,
identified by reference I|F in the ramnnﬂs i n_essence ernedrate

frequency, is thefte®ns a8 Fikihds FELFRcBWhP SR ﬁ8P5%€9 “fhe®
oscillating signahidéh- ﬂﬂﬂhﬂgiaﬁmywanmg1ﬁtegratedruarnechaprcmﬂsqmngpeﬁﬂQ of
the vibrating central_ bar. .12. Rev g I di ment of the
mcro el ectro- necﬁ%%ﬁQ§ﬂal¥¥s?re(”%QEN% 13%%%%%:%6IH§EQ§ Cﬁ?%fated in
Figures 2 and 3 ofeptﬁﬁQntwngngschQEiQﬂmywn PackfrowehmaFaR Yt ¢t Figure 2,
the MEMS ni xer andefhdderccdeynkcenhiinevicdasepor a central el ectrode which
is connected to the incomng or input signal IS, and which el ectrode has on
both sides thereof. two further el ectrodes 49,46 which are connected to the
| ocal oscillator aigoabtiod whhieBei el doecteds td 250 HHdI40ha cPeeRIFF &de t he

i nsul ati ng vrbrathggrtgg 5g§ngﬁ ﬁbﬁaﬂ&ﬂgdaeféQte§§nd|ém¢§b&@h@dmhyxﬂEanS of

t he. dash |ines 50 gure 2. Also disclosed J%

el ectrodes 54, 56 ﬁﬁ?%hr?nﬂFQEén&FPtr%¥RFQWO(Nﬁﬂﬁ)t?ﬁyﬁﬂfﬁscaev?c%gqﬁ) As shown
in the side view gkpEtgsir€irdietrhef gnalr enisiagnandef tlhreed nheve| &i wflasied
device, with the side |em/be|ng S t I V, Ehgure 2
for purposes of cIHrF?§ IS e bo tcnn%%&%cghggﬁgk SR g&b é?ﬂéllél

el ectrodes 42, 94, ¢6aapddf¢mammndlbEEmtmﬁﬂQﬁ}beeﬁté@t%ﬁ%ﬁ?VEGS)mh%W¥%ﬁsWaﬁethe
center is the 'nsw ahi qu%ié?i' 3pRendaN. 38, a\ﬁhhﬁgulaﬁtﬂgamé@ﬂaﬂicmth ends

t hereof by neans of suita npi ng devi ces t he bar 48
havi ng conductrvebeééﬁan§kH¥’F&ﬁ@?%n%ﬁiﬁ%a6?86?8%H“g3xb8?ﬁs§fdes t her eof .
Both electrically conductive |ayers or coatings 64,66 are connected to an
el ectrical power supply so as to be able to be biased. The incom ng or
input signal IS and the oscillator signal LOdrive the vibrating bar 98 in
a simlar manner as described with regard to the enbodi nent of Figure 1 of
the drawi ngs, with the natural nechani cal frequency of the bar 48 selecting
t he desired conbi ned m xed frequency for exanple (IS - LO. The
electrically conductive coating or |ayers 64,66 on the opposite sides of
the central vibrating bar 48 produce this mxed and filtered signal (IF) on
the stationary output electrode 70 which is shown at the top of Figure 3 of
the draw ngs. The foregoing construction of the MEMS device 40 is
essentially simlar to that of the MEMS device 10 of Figure |, except that

i s sonewhat nore sophisticated in nature and adapted for nore conpl ex

m xing-filtering applications which are not attainable with the sinple MEMS
devrce of Frgure 1 Revertrng now, in partrcular to a nethod of

Y e . a



Initially, photoresi,st is applied to the wafer surface 82 and a + Ag
84 is forned, the length of which corresponds to the desired resm]?)mvzgmf

| ength. The width of the opening is not an essential aspect of the
invention, inasmuch as it has no bearing on the mxerfilter characteristics
of the MEMS device. However, typically the width of the opening may be
about the sane size as the Iength of the opening 89. After the openi ng 84

Is formed in the, phol reﬁ’eﬁhené‘}/tfﬁncﬁh@lh uLetsclf@edll mRB )ythe silicone wafer
surface 82 using reac i'on etchin R E

% de t) ?Itl %J%r ench 86
i s designed to beapaebfiated vt §OHB} & atﬁ °§‘ﬁb %ﬁ%‘é Iay rs of 't

devi ce, generall )éle!:’@richﬁ ?agahhé@&cpftoolaesnnm@rdaln lovelabfciHiatedess.

13 Reverting to ure t he fra. i N s, &% Oqf tBat OWt enperat ure
glass 90 is depoéﬂdgéd OTH‘BL Ré thbe i for exa e, such
as a borosilicat eegbassomhiscRERRY . beBedwl@g Pédn%y']slmﬁatrelaﬁﬁﬁc

phot or esi st whi ch hasapg ntql%pggggggt@ﬁn n;llggsmgﬁgrlrggnﬁa@emaslglmcrl bed in
Figure 4 of the. &P aWt n gs is renoved of f t sited glass from
everywhere, exceptithr blm‘—vﬁsct silgnahe W‘érﬁf’ﬁ“’ef 8 %?IW: e\ﬁg‘f“g?’c is then
heated so as to nplti hhe fHliassotion examdhaniatl BPE@plsd vhaty the gl ass
creates a snooth surface 94 covering the botto f repch 86. As
illustrated in FiRfdfees B e S&FBWQnﬁ%sor{a%(e#éml”@g%rgaji&nqggh 7

phot oresi st, wit kel rsamel openinegtad enpl Gfeliias- exﬁ%ll‘}‘?ég‘aphci‘ﬂ- ecedi ng
Figure 9 of the drawiRosnaJhel ol biks sulcsReshves| ayal cafacthevalxerfil ter
h~MB devi ce are tfen eposited in upward sequenge ? thcea Idagg }L?ger 90..
For instance, a |dstectedyes U5 PFBELCcHERIL ut d8°of 2R UNGSte

rel ease |ayer 98 Jpa*attebeaélamnlahkefﬁeqmw PECHT M- n@etcapémf
resonat or conductaqr | ay 100 ma e t bigti ogo pl at e)
102 nmay be Si3Ng,t réfhn&ﬁgef'orr Honat® ggagéﬁgacc%‘%agpgyggm @étde\élnbe Si ZCo, an
upper rel ease | ayesndidbingyrdeorRitorer dheardmdae ke €appbhy Gbper

resonat or CO”d“C;;gélr#s%l%X b, £ Uik Whddh A copebiaaeimpnairayer - of

pal | adi um Subse all of the Ia ers bee 0
di agrammati cal | y {mplptesien- i miEigdre Bafﬁy% g?ﬁ\hsﬁarqgg Sﬂé%%o?%%%% st

is removed so as téendervabihesedt ayers of emataling Gnmyowﬂﬂﬁﬁ/n dRe trench; in
effect, bel ow the SUI‘J GGt é Plfle the GhisRy Of n ¥&ft8lon lo’é‘sZsDﬁCtZQO 14
Referrlngtothe Aex ar| ating step, as. shown _jn Fg q%m%@ is
drawi ngs, phot or espmporientt Wéﬁna‘ﬁ)‘iﬂq ed laoc%ﬁ%“’tfppermgfﬁ f

openi ngs 110, 112 ggge: thgmekn2operid e zey enetdS6ingThe dafélctlﬂst teen
subjected to RIE etchin s to 1 &xkendi ng
down into the Iay@?ga%ﬁg‘\ﬁrs‘f %ofh%rcp 0% 5%%%%€%Q§§S%a?%%yers rrg not
be suitable for RIE sddhiing, teuthe afsﬂtqg@lflﬂlIhu@lﬂ?&m&;?ergrl‘flhé:’aﬁleé &an be

nterrupted so that i eseuiny berded - ehedirbore @(wéml—e;lmkf:h anef fsered
hydrof luoric acid '

inal structure as s in Fil [ two
wel I's ext endi ng dé@nﬁtlf‘oh%%‘é“?ﬁ@?‘dc‘éu@ﬁwht E@X\{Pa P oF éif%a %ég on%tnhe
bottom of the trepehn8é. utAS_Jlelthth@.t:ed/elnmlF‘égMEI‘éS 8lepficeh&oldr awi ngs, the

wafer 80 is now subj ect ed tl% a@lghgfrf ﬁ%saﬁhaﬂmamngcomea nla?rﬁlerThl s
metal is preferably e05| al T'adi-um seed | ayer

posi ti oned on thea@ppegow%ﬁHUé@PVeCP%Q%H”TGSd ?ﬁl%h%éﬁﬁ?Fploﬁl 4%‘%oth

wi den and thicken the topnost |ayer of the device, as shown in Figure 8.
Thereafter, as shown in Figure 9, ;the d VIC u d t ive ion
plasma; for exanplEeraansidia pradig, v ﬁ%ﬁpﬁlﬁfg%fﬁiﬁithﬂgﬁgéﬁ

(di anond- 1 i ke car hgnder Q@g}{eggddwryhefcané)mmt 6 regRendy 'th qmmbbrlsﬁlbﬂh%

This creates a gap 126, 128 on both sides,_ of_ the S [s
structure 102. Fi 9 pI ésw?YQTﬁH}Eﬁtgav}?VIgogﬁ%é 6§8§Hfﬁ?r g?aﬁ??%ﬁ? an
insulating material 130 is deposited thereover so as to encapsul ate the
device. This deposition is required to be directional; for exanple by
evaporation froma distant 1 7D Gis source, so that the upper
conductive |l ayer 108 which was wi dened in the previous fabricating step
illustrated in Figure 8, wll shield the resonator 102 fromthe deposited
material. This is enployed so that none of the deposited encapsul ant 130
wi Il touch the resonator 102 and prevent the nechanical or vibrating notion
t hereof . The foregoi ng encapsul ation of the mxer-filter or MEMS device in
a vacuum environnment facilitates the conpletion of the fabrication of the
devi ce. The connection of the various conducting |ayers to external wring
has not been shown for purposes of clarity. In essence, the MEMS device
operates by applying the original incomng signal IS to the upper conductor
108, with the local oscillator signal LO being applied to the upper
resonator conductor 104. The resonator dlnen5|ons (Iength and thlckness)

N T o o v o A NS 2 .



mechani cal systens (MEMS ) device, whlcri tacilir.alLes ~m conbifie
communi cation signal nmixing and filtering in a single MEMS uni t@'ErDﬁ\q rZQUlr
foregoing, it beconmes readily apparent that the invention is directed to a
sinmple unitarily-constructed, MEMS device which is highly conpact in size,
and of |ower fabricating costs in conparison with those presently known and
enpl oyed in the technology. Wiile it isgapparent that the invention herein
disclosed is well calculated to . fulfjll tLhe.object atpgt abougre it will
be appreci ated thaf rl8ﬁso%mté1}|§1f%i ggtklilg%sgan ng%b‘%di%r%ents may. be devi sed
by those skill edpresdie cancepanchdvevies i At eheiet tHaECthanaphe YO ai ns
cover all such mpdifical iAssand eadientssadinlin wonbrast e (it Spi i

of the scope of present 1 nvention. 13 -17 What is clainmed is: 1. A
unitarily construeckanimicrear Foh Wegnar fit xi ng and filtering device,
conprising; a) an el ongated vibratable nechanical resonance el enent having
opposite cl anped ends, said respnan l.e t bgi GQRELI LHLed of an

el ectrically i nsGPERFYER rlrhtserga}??r?tsgf'&%r?’ésqggéncg&e ement "havi ng a first

el ectrically condugpbient ayeerefioohe s adees hendofilaed BFsetdnals
electrically conductive |ayer arranged C Qsikgegurface
thereof:; b) nmeandstBf Eippl ieﬁgeﬁﬁno%colﬁolgét%g?ggﬁg%%i (LO o said first

el ectrically conductive layer; c) neans for supplying electrical power to
said second electrically ¢ uct,l L ayejg3 @hsa Fisstecaanduabes el enent
havi ng an i nput gicéﬁéPb%{lfgsgmgdp%H’lgﬁ ta?:'er eto bei ng posi tioned in. c|osely
spaced rel ati onsldapswiphosasntefri £8EP8) &qas @aPENdRHHuENFE 5%t and e) a
second conduct or gleqentnheiNd RSt oNeshrariebosekya spacadabebat i onshi p

with said second electrically conductive |ayer., er eby i d.re pance
el enent vi br at i ngl8pirEspori<d g ¥ EnBt e fadiécg%lg%ﬁle?%toe% ré‘% gsl’_)l

electrical interaction of the input signal (IS) and is oscillator signal

(LO so as to generate an_output . sig | F) i Bbihven e rid imestuge of the
i nput signal (I S)Keé)ﬁ‘&nogc?l I%a (?Ptsk’gﬁg%’i(lé) and the nat ur al frequency of
vi bration of sai dhiesenanceded ensatel2itA iy iNodsgsBéP@fned in Caim1,

conprising a mcro el ectro-neghani_ca VEMB), S)sit B EEM L ciZcuedevi ce as
claimed in O ai mA"RGREVEr he5ai (fﬁéév}léé COprnI‘dI%SGS ancencapsul ated band- pass

filter. 4. A deviceusseckai ied nixiggapnd 311 ferid9n said device is formed in
an integrated circuit chip or wafer. 5. A device as clained in daiml,

wherein said resonance el enment conpri se r -shgped, cor L.
non-linearly to s2he <oibined: orfédsnt B, §104 6 "G 18" Sul & RARLLRY

uses a dielectric layer for filteration, and references

nine other U.S. patents which use similar techniques.

Finally, Berenz et al., U.S. Patent 5,528,769, "High
Electron Mobility Transistor Monolithic Integrated
Circuit Receiver", uses a "rat-ring" circuit to generate
the mixing of the input RF signal to its local
oscillator, This technique is also a method using

standard circuit components to accomplish the RF mixer-

filter step.



are generated at selective frequencies of (1S + LO and (1S - L

is at either a higher or |ower frequency than the (LO signal, said
bar - shaped core resonating at one of said selective frequencies (IS + LO
and (IS - LO. 7. Adevice as clained in Caim1, wherein said second

el ectrically conductive layer facilitates tuning of said device for
operation at predeterm ned frequencies. ~ 7 d~~ 204 19 %ecﬁaggg'fe as
claimed in O ai m¥PRewREr Bih LoLicgodBY; REFG e 3888 T4 &h ISt égrat ed
circuit chip or wahentidn A rlevieepascessi ned aneCtla¢me B revetei n said
enbedded device is an encapsul.ated _mcro. el [ chani cal (MEMS) system
band- pass filter W&&ﬁagge et e seeélnggfl%weanc%&%s ??surface of said chip or
wafer. 10. A device as clainmed in Caim8, wherein said device has a

t hi ckness of about 1 m cron, 1ér @ gg&]ce as claimed in Caim1, wherein
sai d resonance el X QF f f SIi3N9, and said first and second
el ectrical |y congugidréenayeriramnrdegeto ovbtipdeopposiiritfrionsesndf said
resonance el enenty e 296N CONHILULE Ofn ol B rrudlions G ce as cl al ned

in daimi, wherein Said first con Juctor elenment is constituted of chrom um
with a surface nofrsizdygetions pff [Vadighs BBLOM aFdy MEMS 23V RYS HSY LR A ai m 12,
wherein sai d seconl ¢oadugt of nRIRARAL cbibDRNStHeUkedpobf tamystdratidn A
unitarily constructed comunicatian signal.Ju xi.n fil ' Vi ce,
conprising: a) arF@dfgated 3t BPaTas ggarel?ni;cn?réé’l% ?gggn%n%é{dé%ﬁggt havi ng
opposite cl anped engdsy Fabdicesshariceocekkaemto-reichgnionbt $Yiheay (YEMAH
electrically insulative He7ME~M5’>G ~Qzn20e PR ETdrRba eSabgt agonance el ement
having a first el ect T c'aI_ITy conductive |l ayer on one surface th I of ﬁmd a
second el ectri cal fxeqmigaesti yod Idafy@r"féﬁqae%%’c%srufo(%’ﬁ6§?‘?lésSLﬁrfdchIrf)H%r eof ,
sai d conductive |ayerifeirpgaconpect ed st agpewaritsupphpesilkbe asittho the bi ased
thereby; b) a first electrode jn clasely spac 1,0 I.; Wi sai d
resonance el errentl’hca‘iﬁﬁﬁ’graﬁﬁopn%%?resof};ﬁ§¥o(?’g)ﬁgcuerggjla%g ?ﬁgérnglt%mcrﬂcl "second
and third el ect r oeesoriyeissg sposny | ottt ropiel edwrapefssc BBk 2%$ onship with

said second el ect i, cablot CRANELLMEy IchyTbyeSaidl magond end shiad el ectrodes
bei ng | ocated, respectively, on opposi i i

| ( e %gd s of sg}il% LI rst el ectrode and
havi ng an osci | | afercisicnfal WPEES COMHEITED iﬁ(éferlert? %6~Sard 8econd and third
el ectrodes; d) angigqii Bidapitl yel edtcatienbeiing, | ovatletigyornAeeeimai d
resonance elenEnté rgnggyf?%h?er§§QQﬁﬂﬁﬁc pbers yidy abi pghye F esRonsst 0

conbi ned forces ge}r{lera an electrical interaction_of the i neput

signal (1S) and odevi¢atwrrsypghate (M9 Eyersien Ferderatan® it pthc si gnal
(1F) definitive ofma&inemiendelidbrr ath ftheqiencyiaemigvéeteteom a ni xture
(IFF - LG IF + LO of 'the input signal (IS and oscillator signal (0OS) and
with the natural frequency of vibration of said resonance el enent sel ecting
said m xed frequeAcyosdimplyt,oit is an object of the present invention to

provide a novel micro electro-mechanical system (MEMS)

6. A device as clained in Caimb5, wherein said resonant conbi naﬂ fwﬁﬁﬁsﬂm
(204

device which combines the steps of communication carrier

signal mixing and filtering.

Another object of the present invention resides in the
provision of a single, unitarily constructed micro
electro-mechanical system (MEMS) device combining the

steps of communication carrier signal mixing and



-21 induce said mxed and filtered signal (IF) onto said output ctrode.
t ~~ ~~ 2004 15. A device as clained in claim 14, conprising a % r ')nq
el ectro-nechani cal (MEMS) systens device. 16. A device as clainmed in c ai'm'
14, wherein said device conprises an encapsul ated band-pass filter. 17. A
device as clainmed in claim 16, wherein said device is forned in an
integrated circuit chip or wafer. 18. @& device as clained in claim 14,
wherein said device is enbedded n_i.ntegrat hj 19. A device
as clainmed in cl &AteaingErs %? oS tl‘;-r:l h?r ggeﬁér&? tgrn?aﬁggrcli pr oxi mat e
sai d second and tryeqdestecidadesiosai d further el ectrodes being connected
to a source of DC-current so as to provide DC biased contacts for
selectively tuning the device. 20. A device as clainmed i.n \;me vgnerel n
said device i s embeddeter rokiredtnpégkhe &vF eSentut BVERT P b vvgf) P < ~~C

2004 -22 21. A des\éLl geaﬁlgféllél%@thrﬂ ft@dniddl whetenn(MEisd deivédeed devi ce
is an encapsulate

cro el ectro-nechani ca t filter
whi ch is recessedHehodsardiRiser © Qup?a%’écooﬁpogrw%w) hﬁy& a%mll%@grgééé

devi ce as cl ai medtiigrghacAig0, ansheheth smdahpdeseesea m@@nlﬁFéPéﬁe% of about

1 mcron. 23. A device as cl ained.i 14, Whet gk m&Said fbesopante
el ement is constl‘?]LFt &d OBf-© SF O,nentg ‘gdé.lalld{ql rset and second electrically

conductive | ayer ssparangég protisedsur f aces of said resonance el enent are
each constituted of Si2Co. 24. A device as clained in claim 14, wherein

said first conductor elenent is consti tut ed of chron i t rface
nDnolayer of pa||%@ﬁlﬁﬂother, object of the presed% lnveHglg% Jééid%g Rﬁ

the provision of a method for fabrication of the herein-
described micro electro-mechanical system (MEMS) device
adapted for the combining of communication carrier signal

mixing and filtering.

.BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Reference may now be had to the following detailed

description of exemplary embodiments of a micro electro-
mechanical system (MEMS) device pursuant to the
invention, represented generally diagrammatically in the

accompanying drawings; in which:

Figure 1 illustrates a first embodiment of an MEMS device
pursuant to the invention for carrier signal mixing and

filtering;

Figures 2 and 3 illustrate, respectively, top plan and
side views of a second embodiment of an MEMS mixing and

filtering device pursuant to the present invention; and

4



25. A device as claimed in claim24, wherein said secon
is constituted of tungsten. 26. A device as clained in g|§?2?32t0 Ienent
sai d resonance el enent conprises a bar-shaped core respondi ng non- Ilnearlg004
to said conbined forces. 27. A device as clained in claim26, wherein said
resonant conbined forces are generated at selective frequencies of (1S+LO
?Eg»(gﬁéhg? mhend(LS) Iﬁ eiéher at a higher or |lower frequency than the

sai ar-s core. res [ 0
frequenci es (| S+ESFUART % oEy. @ ég%ﬁgfﬁgv@%orﬁggﬁgffggglf?&fﬁ?ﬂﬂ@i
i ntegrated C|rcum&ep@capgukaﬁbaraomhun1@dtﬁthB4@MhPﬁW$x RY*Ghd filtering

device recessed in a silico Len SN
Al pYr tdre atehy a I
maski ng | ayer tof¥ﬁeu§ﬂrf§%gj%$aga?% waf gp andrcreéﬁ%ﬁgﬁﬁn gpe%|ﬁgp|¥lgg|g

~ ~ Q-~' 2004 - 23suikeRt ryiAeayEilEahmEhSuraEEY T R Fended
] si ze of
said device; b) etching a trench into the silicon wafer surface at said

opening to forma trench of a depth 1 Baforheske
of said device; é¥ﬂ&§#E9dﬂ@ﬂggLéﬁgg—égﬁégéﬁ D, ﬂaaré—gfgggne?ehgbfﬁgess
mel gaz |k: ng | ayeﬁ@@.la&st@aud tirofFhgtihe Iglcefs $heageawinasmisardINREER L SUr f ace

owi ng the gl ass [ tr%s%ggﬁw%{brﬁt dhhecbot t aiB.af asaidetveagh; and

heating the glaséht PEPHA- soot h ace
extendi ng over the.b
said trench; of a micro electro- -mechanical systemsg(MEMS dev1cgt£8n10f

adapted for carrier signal mixing and filtering. The
MEMS 10 device consists of a central bar 12 which is
clamped at both ends 14,16 thereof, as represented by
diagrammatically shown blocks 18 and 20. The central bar
12 is essentially constituted of an insulating core,
coated on opposite sides by electrically conductive
layers 22 and 24. As illustrated in this embodiment,
arranged above the central bar is a stationary plate 26,
constituted of an electrically conductive material, and
which is connected to a source 28 of an incoming signal
IS. The upper electrically conductive coating layer 22
on the central bar 12 is connected to a source 30 of a
local oscillator signal LO. The central bar 12 responds
to the combined forces which is generally from the
electrical interaction of the input signal IS and an
oscillator LO, signal so as to resultingly vibrate.
Inasmuch as the central bar 12 is clamped at both ends
thereof by means of the clamping components or blocks
18,20, it responds non-linearly, and resonant forces are
generated at frequencies (IS + 1L0) and (IS - LO),
assuming that the IS signal is at a higher frequency than
the LO signal. The central bar 12 is constructed so as

to resonate at one of these resultant frequencies; for



d) reapplying a masking layer to said wafer s i
( _ _ ( urface and renovi
portion of masking | ayer extendi ng over the glass surface wt ﬁm D£Q 2001*

trench; depositing a plurality of superinposed |ayers consisting
successively of: i) a first electrically conductive layer; ii) a first
rel ease layer; iii) a second electrically conductive Iaye}' iv) an
insulative layer; v) a third electricaldy conductive Iayer; vi) a second

rel ease | ayer; vili f th i . ,
| ayer S0 ab 1o l%e%(%m@éj a4 Qusth condueti vee llayeram @) kbaovemt thdaFaski ng

_ _ i the depagsited layers,fromdt. u j
v\,h:c le al | owi ng sapdtepsyian ﬁ_@gﬁ‘é?@r‘ée t18¥’? 5rr125u£ nlslmrg lrségieg %&gﬁlﬁﬁtﬁj’ggpr@{ ﬁ[:;
a further maskingpbayet €@ =saiedewaf aralspoiacesoiteridig t\%c?—)l}?)‘é,rﬁm%% over

1 ?" SEC 2~0~ -24 trench; renoving.th [ O
openi ngs down t o°8RFHCHPASS Iaaﬁég %%?q?ra}ggﬁgg'—ﬁagd%iéﬁ@rﬁ,V\fohhmml@alaj

: f
conforming to thenhwgeopenimysed2by #erstiaoding @f@%&c\ge%ﬁ%%ﬁﬁ

wh i . AR
paﬂ :'dinuﬁ]l ggtego: 33% CORPEL; Al Atjsngnk Scdmant edrt 02 1 hernsaherhsas feee onto a

_ SO0 as to widen and thicken the
el ectrical |y conduct hee #ayarqyPpFubt! sfﬁe(ﬁ{u(?BWc%.Ie ?3 ea'r&r{lr%gl'% hg%i)g;t EI ai ned
in claim29, whergidp.sakg:l 3 tgr ecsubjeat gdlter ain exsteny &0 st ma so

as to renove said first and second re a S [ i
bet ween, respect i38iYy R8P ¥ 1S tSlgﬁaigg@g’ré é%C?}@?ga%i%sglgtg?agwaiormgaps

| ayers, and sai d ddvurd1lafide foendyh eFbete¢tewd pig8Aduct Hfﬁggég’l \?Ijl yA

et hod 25, 81 A Ted L GLAET 305 WhRY 8k By st ofnanrimsubdlihg
- . , sul ate sai. ice in

envi ronment whi | efzequsssiat b% S1§ JECHE ‘?gt‘%nﬁy%}%gg?éé 1ﬁg}’%‘i}j\i}lglv:)[si s
shi el ded from with the oscillating signal LO, then filtering it with

the mechanical property of the vibrating central bar 12.

Reverting now to a further embodiment of the micro
electro-mechanical systems (MEMS) device 40, as
illustrated in Figures 2 and 3 of the drawings, as shown
in the top plan view of Figure 2, the MEMS mixer and
filter device 40 provides for a central electrode which
is connected to the incoming or input signal IS, and
which electrode has on both sides thereof two further
electrodes 44,46 which are connected to the local
oscillator signal LO. These electrodes 42, and 44,46
each face the insulating vibrating bar 48 of the device
40, as illustrated by means of the dash lines 50,52 in
Figure 2. Also disclosed are two outer DC-bias
electrodes 54,56 which may be utilized to tune the MEMS
device 40. As shown in the side view of Figure 3, there

are shown the three levels of the device, with the side
view being shown as rotated 90" relative to Figure 2 for

purposes of clarity. At the bottom are the input



bei ng contacted by the deposited encapsulant. 32. A neth i i
_ _ _ . . od as clfi
claim 28, wherein each of said masking |ayers conprises a photorgérg?Et23004

A method as clainmed in claim28, wherein said [

hoc _ : gl ass conprises a
borosilicate gl ass deposited by sputtering, said glass being nelted at a
tenperature of 1 ~ DEG ~~04 -25 300C, and then cooled to anbient
tenperature prior to the depositing of klhe successive | ayers thereon. 34. A

nmet hod as cl ai meq, iR+ cLalm £8.49Wa6r ghdd §Alidnkilr 5¢ oanichgc coneathyer

cgnprises tungst en, sal d second and third caond iV i
Si2Co; and said fduPfh EB%HﬁE%P@etpﬁy%?n%%hﬁfigéé ¢ ?%%%%ﬁ?hg§§%%&gﬁ£L:?Scé

m)lnol ayer of pal lagi ug, Bbic itetchedped «f diobdends ciinacd4bywhese? Piai d
rel ease layers each couprise di mand: Like¢arbana(PLG) .cibnad gt hod as

clainmed in clai mS34t 'nsalation | ayer conpri

D . ¢ - [ ses . N4
joint with said appﬁmgdcsa@mﬁdﬂ&n@oahinmsdﬁhd@d¥F§e6?g§%ﬁ§°V& hg Qo and
mechani cal resongt qf, SHEUEt & eoF - AolRtddttascel ay neshdurtdivai ira8rs

wherein said naskKing lFayers are renoved through reactjve. | i
BB A Mot hod fo. CHaaRsEARES chhiGh e GRBIEY T e u B brer Lt REHgPd (RS-

Cotnﬂugti ve | ayer ss @i Web- 8t chedbaniabhebtb fisr éd alwpdr of Twrinsoadingd. ©39. A
method as clal madirllpnutclszg'.lgma_IS_SIS wher ein sald 18l 8ase5hAY &S Hi%e the
vibrating bar 48 in a similar manner as described with
regard to the embodiment of Figure 1 of the drawings,
with the natural mechanical frequency of the bar 48
selecting the desired combined nixed frequency; for
example (IS - LO). The electrically conductive coating
or layers 64,66 on the opposite sides of the central
vibrating bar 48 produce this mixed and filtered signal
(IF) on the stationary output electrode 70 which is shown

at the top of Figure 3 of the drawings.

The foregoing construction of the MEMS device 40 is
essentially similar to that of the MEMS device 10 of
Figure 1, except that is somewhat more sophisticated in
nature and adapted for more complex mixing-filtering
applications which are not attainable with the simple

MEMS device of Figure 1.

Reverting now, in particular, to a method of fabricating
an inventive mixer-filter device, in effect, a micro
electro-mechanical systems (MEMS) device combining both
mixing and filtering aspects and which is adapted to be

encapsulated in a vacuum environment, reference may now



removed by being subjected to an oxygen plasma which reacts withit
di anond-1i ke carbon so as to convert the latter to COz which SUEFI@EC KOOI"

YA;.A?.A;Yy.A 3AUY.A.Y,.A.AnA ;3. AEA2A .RAA A
[JjAIAYj A ]A{ . ]A. A]@ . as .]ASH! . Af HE. ASn+<@X_bnvgj } Z{ upkf azUP] ca] ca

c”a] ca] ca] ca] cal] ca] ca] ca] ca] ca] c8al] c8a] cRa] ca] ca] ca U] c”a] c”a A A
U c”ra]lcha U cnalc™a U cra]c”a] ca] c(aU gbaZi k~ ] c] I ]r Y ] Herajena

VAN CAVARE N B R

c&all ca cav] ca] EAVTEA) AV aT LR B o AT Cal Sl ca Ay eateal c(a e eal

| #| f\###$B$CBe$$\ VYR Mred < Figures / H0AeEEgNT Aoy T 85%&’6%? 7'(56a] ca

Ul c”a] ca] c6al] c6a] ca] ca] ca
As illustrated in Figures 4 through 10, the construction
of the MEMS device facilitates utilizing standard
integrated circuit processing, with the final fabricated
MEMS device being sunk below a semi-conductor chip
surface and encapsulated within a vacuum ambient or
environment condition. The representations as
illustrated show the final resonator or MEMS device
structure in cross-section with the resonator being

directed perpendicularly of the plane of the drawing.

Reverting in particular to .Figure 4 it is assumed that
the MEMS device is being constructed on a standard

silicone wafer 80.

Initially, photoresist is applied to the wafer surface 82
and an opening 84 is formed, the length of which
corresponds to the desired resonator length. The width
of the opening is not an essential aspect of the
invention, inasmuch as it has no bearing on the mixer-
filter characteristics of the MEMS device. However,
typically the width of the opening may be about the same
size as the length of the opening 84. After the opening
84 is formed in the photoresist, a trench 86 is etched
into the silicone wafer surface 82 using reactive ion
etching (RIE). The depth 88 of the trench 86 is designed
to be adequate to hold all subsequent layers of the MEMS
device, generally, in the magnitude of one micron in

overall thickness.



U] c"a] ca] cal] ca] c&a] ca] ca]ca U] c”a]ca] c*al] c*a] caV]ca] caV]ca]ca] cjaZ] Qﬁ@aﬂ@ﬁ%
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within the trench. The silicone wafer 80 is then heated

so as to melt the glass, for example, at 300°c, so that. -

the glass creates a smooth surface 94 covering the bottom

92 of the trench 86.

As illustrated in Figure 6 of the drawings, there is
again applied photoresist, with the same opening as
employed as explained in preceding Figure 4 of the
drawings. Thereafter, successive layers of the mixer-
filter MEMS device are then deposited in upward sequence
on the glass layer 90. For instance, a lower layer 96
maybe constituted of tungsten, a lower release layer 98
might be diamond-like carbon (DLC), the next lower
resonator conductor layer 100 may be Si,Co, the resonator
(vibrating plaﬁe) 102 may be Sis;N,, an upper resonator
conductor layer 104 may be Si,Co, an upper release layer
106 may be DLC or diamond-like carbon, an upper resonator
conductor 108 may be chromium with a surface monolayer of
palladium. Subsequént to all of the layers having been
deposited, as diagrammatically illustrated in Figure 6 of
the drawings, the photoresist is removed so as to leave
these layers remaining only within the trench; in effect,

below the surface 82 of the chip or wafer.
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Referring to the next fabricating step, as shown in
Figure 7 of the drawings, photoresist is then applied to
the upper surface 82, and two openings 110,112 made
therein over the trench 86. The wafer is then subjected
to RIE etching so as to produce two trenches 114,116
extending down into the layers shown in the drawing.
Although certain layers may not be suitable for RIE
etching, such as the thin Si,Co layers, the RIE can be
interrupted so that these may be wet-etched; for example,
with buffered hydrofluoric acid. The final structure as
shown in Figure 7 creates two wells extending down to the
surface 94 of the layer of glass 90 on the bottom of the
trench 86.

As illustrated in Figure 8 of the drawings, the wafer 80
is now subjected to an electroless plating of copper 120.
This metal is préferably deposited on a palladium seed
layer 122 which is positioned on the upper conductive
layer 108. This deposition will both widen and thicken

the topmost layer of the device, as shown in Figure 8.

Thereafter, as shown in Figure 9, the device is subjected
to a reactive ion plasma; for example an oxygen plasma,
which will react with the DLC (diamond-like carbon),
converting the carbon to CO; which will sublime. This
creates a gap 126,128 on both sides of the mechanical

resonator structure 102.

Finally, as illustrated in Figure 10 of the drawings, an
insulating material 130 is deposited thereover so as to
encapsulate the device. This deposition is required to

be directional; for example by evaporation from a distant
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source, so that the upper conductive layer 108 which was
.widened in the previous fabricating step illustrated in
Figure 8, will shield the resonator 102 from the
deposited material. This is employed so that none of the
deposited encapsulant 130 will touch the resonator 102

and prevent the mechanical or vibrating motion thereof.

The foregoing encapsulation of the mixer-filter or MEMS
device in a vacuum environment facilitates the completion
of the fabrication of the device. The connection of the
various conducting layers to external_wiring has not been
shown for purposes of clarity. In essence, the MEMS
device operates by applying the original incoming signal
IS to the upper conductor 108, with the local oscillator
signal LO being applied to the upper resonator conductor
104. The resonator dimensions (length and thickness) are
determined so as to allow the beam 102 to have natural
vibration at the frequency RF-LO. The lower resonator
conductor 100 has a DC bias applied thereto, causing the
mixed RF-LO signal, filtered by the natural mechanical
resonance of the beam 102, to be induced on the lower

conductor 96.

Although the foregoing elucidation illustrates preferred
embodiments of the invention, the MEMS device is not
limited thereto. Thus, for instance, the sequence of
electrical signals may be inverted without changing the
resultant conversion of the signal. This means that the
incoming IS signal may be applied to layer 96, IO signal
to layer 100, the DC bias to layer 104, and the output is
sensed at layer 108. Similarly, the signals conveyed to

layers 100 and 104 may be inverted without changing the
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essential nature of the operation of the micro electro-
mechanical systems (MEMS) device, which facilitates the
combined communication signal mixing and filtering in a
single MEMS unit.

From the foregoing, it becomes readily apparent that the

invention is directed to a simple unitarily-constructed,

MEMS device which is highly compact in size, and of lower
fabricating costs in comparison with those presently

known and employed in the technology.

While it is apparent that the invention herein disclosed
is well calculated to fulfill the objects stated above,
it will be appreciated that numerous modifications and
embodiments may be devised by those skilled in the art,
and it is intended that the appended claims cover all
such modifications and embodiments as fall within the
true spirit of the scope of the present invention.

16
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What is claimed is:

1. A unitarily constructed communication signal mixing and filtering
device, comprising:

a) an elongated vibratable mechanical resonance element having opposite
clamped ends, said resonance element being constituted of an electrically insulative
material, said resonance element having a first electrically conductive layer on one
surface thereof and a second electrically conductive layer arranged on a second opposite
surface thereof;

b) means for supplying an oscillator signal (LO) to said first electrically
conductive layer;

c) means for supplying electrical power to said second electrically
conductive layer;

d) a first conductor element having an input signal (IS) supplied thereto
being positioned in closely spaced relationship with said first electrically conductive
layer; and

€) a second conductor element being positioned in closely spaced
relationship with said second electrically conductive layer, whereby said resonance
element vibratingly responds to combined forces generated from an electrical

interaction of the input signal (IS) and
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oscillator signal (LO) so as to generafe
an output signal (IF) definitive of a
mixture of the input signal (IS) and
oscillator signal (0S) and the natural
frequency of vibration of said resonance

element.

2. A device as claimed in Claim 1, comprising

a micro electro-mechanical (MEMS) systems device.

3. A device as claimed in Claim 1, wherein

said device comprises an encapsulated band-pass filter.

4, A device as claimed in Claim 3, wherein
said device is formed in an integrated circuit chip or

wafer.

5. A device as claimed in Claim 1, wherein
said resonance element comprises a bar-shaped core

responding non-linearly to said combined forces.

6. A device as claimed in Claim 5, wherein
said resonant combined forces are generated at selective
frequencies of (IS + LO) and (IS - LO) when (IS) is at
either a higher or lower frequency than the (LO) signal,
said bar-shaped core resonating at one of said selective

frequencies (IS + LO) and (Is - LO).

1. A device as claimed in Claim 1, wherein
said second electrically conductive layer facilitates
tuning of said device for operation at predetermined

frequencies.
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8. A device as claimed in Claim 1, wherein
said device is embedded in an integrated circuit chip or

wafer. -

9. A device as claimed in Claim 8, wherein
said embedded device is an encapsulated micro electro-
mechanical (MEMS) system band-pass filter which is

recessed below an upper surface of said chip or wafer.

10. A device as claimed in Claim 8, wherein

said device has a thickness of about 1 micron.

11. A device as claimed in Claim 1, wherein
said resonance element is constituted of Si, Ny, and said
first and second electrically conductive layer arranged
on the opposite surfaces of said resonance element are

each constituted of 8i, Co. -

12. A device as claimed in Claim 1, wherein
said first conductor element is constituted of chromium

with a surface monolayer of palladium.

13. A device as claimed in Claim 12, wherein

said second conductor element is constituted of tungsten.

14. A unitarily constructed communication
signal mixing and filtering device, comprising:

a) an elongated vibratable mechanical

resonance element having opposite clamped

ends, said resonance element being

constituted of an electrically insulative
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material, said resonance element having a
first electrically conductive layer on one
surface thereof, and a second electrically
conductive layer on a second opposite
surface thereof, said conductive layer
being connected to power supplies so as to
be biased thereby;

b) a first electrode in closely spaced
relationship with said resonance element
having an input signal (IS) supplied
thereto;

c) second and third electrodes being
positioned in closely spaced relationship
with said second electrically conductive
layer, said second and third electrodes
being located, respectively, on opposite
sides of said first electrode and having
an oscillator signal (LO) commonly applied
to said second and third electrodes;

d) and an output electrode being located
proximate said resonance element, whereby
said resonance member vibratingly responds
to combined forces generated from an
electrical interaction of the input signal
(IS) and oscillator signal (LO) so as to
generate an output signal (IF) definitive
of a mixed end filtered frequency derived
from a mixture (IF - LO; IF + LO) of the
input signal (IS) and oscillator signal
(0s8) and with the natural frequency of
vibration of said resonance element

selecting said mixed frequency so as to
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induce said mixed and filtered signal (IF) onto said output electrode.

15. A device as claimed in claim 14, comprising a micro electro-mechanical
(MEMS) systems device.
16. A device as claimed in claim 14, wherein said device comprises an

encapsulated band-pass filter.

17. A device as claimed in claim 16, wherein said device is formed in an

integrated circuit chip or wafer.

18. A device as claimed in claim 14, wherein said device is embedded in an

integrated circuit chip.

19. A device as claimed in claim 14, wherein further electrodes are arranged
proximate said second and third electrodes, said further electrodes being connected to a
source of DC-current so as to provide DC-biased contacts for selectively tuning the

device.

20. A device as claimed in claim 14, wherein said device is embedded in an

integrated circuit chip or wafer.
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A device as claimed in claim 20, wherein said device has a thickness of

about 1 micron.

23, A device as claimed in claim 14, wherein said resonance element is
constituted of SizNy, and said first and second electrically conductive layers arranged on

the surfaces of said resonance element are each constituted of Si,Co.

24. A device as claimed in claim 14, wherein said first conductor element is

constituted of chromium with a surface monolayer of palladium.

25, A device as claimed in claim 24, wherein said second conductor element

is constituted of tungsten.

26. A device as claimed in claim 14, wherein said resonance element

comprises a bar-shaped core responding non-linearly to said combined forces.

27. A device as claimed in claim 26, wherein said resonant combined forces
are generated at selective frequencies of (IS+LO) and (IS-LO) when (IS) is either at a
higher or lower frequency than the (LO) signal, said bar-shaped core resonating at one

of said selective frequencies (IS+LO) and (IS-LO).

28. A method for constructing an integrated circuit encapsulated
communication signal mixing and filtering device recessed in a silicon wafer;
comprising the steps of:

a) applying a masking layer to the surface of said wafer and creating an

opening in said
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so as to lift-off the glass layer from said wafer surface while allowing the glass layer to
remain at the bottom of said trench; and heating the glass to form a smooth surface
extending over the bottom of said trench;

d) reapplying a masking layer to said wafer surface and removing the
portion of masking layer extending over the glass surface within said trench; depositing
a plurality of superimposed layers consisting successively of: i) a first electrically
conductive layer; ii) a first release layer; iii) a second electrically conductive layer; iv)
an insulative layer; v) a third electrically conductive layer; vi) a second release layer;
vii) and a fourth conductive layer;

e) removing the masking layer so as to lift-off the deposited layers from the
surface of said wafer while allowing said depositing layers to remain in said trench;

f) applying a further masking layer to said wafer surface, forming two

openings over
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imparted to the wafer surface onto a palladium seed layer so as to widen and thicken the

uppermost, fourth electrically conductive layer (vii) of said device.

30. A method as claimed in claim 29, wherein said layers are subjected to a
reactive ion plasma so as to remove said first and second release layers and resultingly
form gaps between, respectively, said first and second electrically conductively layers,

and said third and fourth electrically conductive layers.

31. A method as claimed in claim 30, wherein an encapsulant of an
insulating material is deposited so as to encapsulate said device in a vacuum
environment while a resonator structure formed by layers (iii, iv, v) is shielded from

being contacted by the deposited encapsulant.

32. A method as claimed in claim 28, wherein each of said masking layers

comprises a photoresist.

33. A method as claimed in claim 28, wherein said glass comprises a

borosilicate glass deposited by sputtering, said glass being melted at a temperature of



| GZ! #97}r z3* " abedegi ¢ | #&+ 6H=" C<K>TYZ\ ~ 17 DEC 2004
cdgj | p}ret Ovwy?z| ] ~[ & ghi j kIl mopqr st uvwxyz{|} ~6Ti mnes New RomanAri al Courier "'
New'h Root EntryWrdDocunent " #SUR ()*SL,_- .10123456789: ;

<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ] " _~ abcgief ghi j kI mopqr st uvwxyz{| } ~

300°C, and then cooled to ambient temperature prior to the depositing of the successive

layers thereon.

34, A method as claimed in claim 28, wherein said first conductive layer
comprises tungsten, said second and third conductive layers each comprise Si;Co; and
said fourth conductive layer comprises chromium having a surface monolayer of

palladium.

35. A method as claimed in claim 34, wherein said release layers each

comprise diamond-like carbon (DLC).

36. A method as claimed in claim 35, wherein said insulation layer
comprises Si3N4, and joint with said applied second and third conductive layers forms a

mechanical resonator structure.

37. A method as claimed in claim 28, wherein said masking layers are

removed through reactive ion etching (RIE).

38. A method as claimed in claim 34, wherein said second and third

conductive layers are wet-etched with buffered hydrofluoric acid.

39. A method as claimed in claim 35, wherein said release layers are
removed by being subjected to an oxygen plasma which reacts with the diamond-like

carbon so as to convert the latter to CO; which sublimes.



