8 February 2005 -1 M NI ATURE BROADBAND TRANSDUCER DESCRI PTI ON TECHNI CAL
FI ELD The present invention relates to. miniature sili drelrvanigf0eers.
BACKGROUND COF THE | NVENTI-ON The use of silicon based capacitive transducers
as mcrophones is well known in the art. Typically, such m crophones
- consi st of four elenents: a fixed backplate; a highly conpliant, noveable
- di aphragm (which together formthe two plates of a variable air-gap
capacitor); a voltage biassource and a buffer. The batch fabrication of
acoustic transducers using simlar processes as those known from the
integrated circuit technology offers interesting features with regard to
production cost, rep¥Htdpl R@WQWPM@EBME@nherme, t he
technol ogy offers the unique possibility of constructing a single
transducer having a wi de bandw dth of operation with a uniform high
sensitivity. This provides for aDESGRIPIDE¥Y that, with little or no
nodi fication, can be used.in such diverse applications as communi cati ons,
audi o, and ultrasonic ranging, inmaging and notion detection systens. The
key t ¢ragiNieMg. Wrgg) bandwi dth and high sensitivity lies in creating a
structure having a small and extrenely sensitive diaphragm Designs have
previ ous| yThepwrssit gyesti@drelaieddo Sinfaire siticolNpansdudedd, 435 to Bernstein, and
in US Patent. No. 5,452,268 to Bernstein. In these structures the '
di aphBA&GKRGROENEHSEJEHE BN VENTIRDer of very flexi bl e novabl e springs.
However, t i npl nta- tion of the springs |eads to an.inherent problem
~ of control ?ﬁenlésetqggﬂ%%%gﬁ PR Sﬁ"? & pes 1s knownn the art
af f ectrepitdlly, kel hi@ Y chRdid-dtf toudblembts! h 3RGE UWaBkplaltNR g1y %Bﬂgﬁﬁﬁ,h I'S
to suspend the diaphragmin a single point, which also provides an
ext r emevsablratianhrjane(whichiwgather foa theltwo plat@@atf a vatilthle &r-g8PcACitdry alvolpper t .
Unf,ortigsnaot eley i n E%i s case the properties of the diaphragm materi al
becon% SRR Cagfl,a &85k al | y the intrinsic stress gradi ent which causes a
free fil mTie teeyh fabiR€E0h Behdonstid trsdbRaASineOsiRila grbbaatesRs HRIsE MM bR S
structure concerning the reproducibility of the low frequency roll-off of
t he ttherisertad cit tegbnotegsh affersaintetgingnfestureshwitb arkpidatoepaddctitinapdst,agm

are typically faorned qQn .a single sili,con substrate using a combipation of
surf a‘ééeag‘%d' lt%/Lﬁn Sﬁec?gﬂfét"ﬁ'i n?‘ﬁ&e\%ﬁe’ QWOWOE‘)E{Yh&%CJiS fhe unique possi llr;lty of

constructing a single transducer having a wide bandwidth of operation with a uniform high

sensttivity. This pfovides for a transducer that, with little or no modification, can be used in such
- diverse applications as communications, audio, and ultrasonic ranging, imaging and motion
_detection systems.
The key to achieve wide bandwidth and high sensitivity lies in creating a structure having |
asmall and ex_tremely sensitive diaphragm. Designs have previously been suggested in U.S. Patent
- No. 5,146,435 to Bernstein, and in U.S. Patent. No. 5,452,268 to Bemsteih. In these structures the
diaphragm is suspended on a number of very flexible movable springs. However, the implementa-
ti_on.of the springs leads to an inherent problem of controlling the acoustic leakage in the structure,
‘which in turn affects fhe low frequency roll-off of the transducer. Anothér approach is to suspend
the diaphragm in a single point, which also provides an extremely sensitive structure. See U.S. Pat.
‘No. 5,490,220 to Loeppert. Unfortunately, in this case the properties of the diaphragm material
become critical, especially the intrinsic stress gradient which causes a free film tb curl. Eventually,
this _leads to a similar problem for this structure concerning the reproducibility of the low frequency
roll-off of the transducer. |
The two mechanical elements, the backplate and diaphragm, are typically formed on a single

silicon substrate using a combination of surface and bulk micromachining well known in the art.




8 February 2005 -2 One of these two elenents is generally fornmed to be
planar with the surface of the supporting silicon waf éFebrheaya0fer
elenent, while itself generally planar, is supported several mcrons above
t he first el ement by posts or sidewalls, hence the term "raised

m crostructure.”™ In general, the positioning of the two elenents with
respect to each other affects the perfornmance of the entire device.
Intrinsic stresses in the thin filnms conprising the raised mcrostructure
cause the structure to deflect out of the design position. In a mcrophone

| PR ikt SYdnRd s Qa1 blifedtBBe PERIRAT: HOSu 2B PHEAM AN ARcke! at o

affect the m crophone sSensitivity, over pressur nse. Many
ot hewafexc T be ethet edemerftf wliile itdal gaparsil yap:itxmrfis siported syveral ﬁ@cms@ﬁbbveme @nd

Such bl fully di d
ona. SlEEeE a8 i FOBCYBTPUnBBIGgei or. U S Patent No.
5,490, 22¢, rg@néfﬂei?ﬂ?ee?ﬁsxtlﬂ'ﬂg% Qf %16 P\% %ﬂ:&ne%ﬂ wﬁh 8[%%\3{;1’18%) i%a%h oltﬁ)cerpaqgecés t&l n the

speci fi c exanpl e of gn of a mcrophone € as
m cr peforovinge ef the ketigoddvides Tarinsie atresses irs thd fhlelfﬁﬂﬁrﬁonqinsalgpﬁﬂcﬂaﬁ,ed
posi tion rel ative tt%athe di aphragm One _nmethod to _achieve this is to form

t he BRCRYPIUGIHES gansrgthy sipupiurop deliget qut ehilie dosign peshienn. t &rl agnisropdiosh aped
si |1 sA0cuIX VR aS@E" ihfthe 'g@b deB¥&EL I}N@'cﬁghlﬁfgrxf{ Gnd e %}@ I8 th%hra)ec?cf %thg\?m

separation. This sacrific I ayer ater rerm rou

et chsepsitivey gesse, hmbmrengretsh&e rapsed. backpl ate. Intrinsic tensile stress in
the silicon nitri backplate will cause it to deflect out of position.
Conpr essi ¥ OHgE CF%’S aliswa get t%ﬁ/’@?@i@f&‘“a@: i;tﬂméla&sf@@monlélogtandi@mmiédt::ogrbuckl e.
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the oxide is’ renove eavi n mcro ruc nsi c

t ens$, 408,73 1 do Breggpriaseit PNethﬁ 3,490, QR@tcﬁLoeﬁb &rt, ahBis S PASHt A, 5878380t from
t he nuf acturing process as well as fromthe difference between the
coef fP®PEHt of expansion of the material of the raised mcrostructure 110

and. the gupp e%xﬂﬂ%)fﬁﬁqﬁie%rftﬁle]n%mgﬁ‘%f ?&%WPhong%a%lwéa E%ﬁn%{aéseé ﬂcwt‘lnllc%grg,sm tin

radi al |l y out- e tension rins

a nothe poalastohensa BYFF alermt Maghedite pdRionasaLive & thé dabBRvRl |Onklflethddios
m)rrenLlfM resulc%])% in a tendency of the plate 112 to deflect towards the
waf eCNEYB LS {horithehackelate usieasHisan pitridnihin idet depositaspvef a glapedsitiqon

oS A OB Sl BB SO by T BRI SLRBFS T,
i nt i‘remeveli ﬁtmlghmfellvkﬂohmrbtc&l prdtdses, leaving the raised backplate. Intrinsic tensile stress
- in the silicon nitride backplate will cause it to deflect out of position. Comﬁressiv_e stress is always
avoided as it causes the structure to buckie.
FIG. 12 dep:cts one such raised microstructure 110 of the prior art. After the oxide is
-removed leavmg the raised microstructure 110, an intrinsic tension will be present within the plate
‘ 112 This tension T results from the manufacturing process as well as from the difference between
the coefficient of expansion of the material of the raised mxcrostructure 110 and the supporting
wafer 116. As shown, the tension T is directed radxally outwards. The tension T intrinsic in the
i plate 112 will result in a moment as shown by arrow M about the base 118 of sidewail 114. This
_ moment M results in a tendency of the plate 112 to deflect towards the wafer 116 in the direction
of arrow D. This deflection of plate 112 results in a negative effect on the sensitivitsr and
performance of the tnicropitonc. _ | |
A number of undestira_ble means to negate the effects of this intrinsic tension within a thiil—
- film raised microstrqcture are known in the prior art. Among them are that the composititm of the

" thin film can be adjusted by making it silicon rich to reduce its intrinsic stress levels. However, this




filmraised mcrostructure are known in the prior art. Anong them are that
the conposition of the thin filmcan be adjusted by ndkietguary 2006i con rich
to reduce its intrinsic stress levels. However, this 8 February 2005 -3
techni que has its disadvantages. It results in nmaking the thin filmless
etch resistant to HF acid, increasing3the difficulty and expense of

manuf acture. An additional solution known in the prior art would be to

i ncrease the thickness of the sidewall supporting the raised backpl ate

t her eteyhniguy Basitndisadvaatagesd dvkhltssinadbking Yhe thin Eididesstdieh redistann o EIFt soidlency
of the thin filmto deflect. Wiile this sounds. k6 acceptable froma geonetry
poi nt Ngkeaging fhe %ﬁiw%%e% pepegse of manufpchaneARadditigpal sofulian kaowa ¢n the prior art

m cr o : . . .

obi cct o et Sicks TR U or M By TR PRl hORided thABIAC LRy incldfing

. SUMVIAIRY sfdewhHls abNM FésiNt @reingiprctenddncy f thy thive fitm ité defidct.oWhile shik seurfdsom a
realization that a diaphragmhas the highest nechanical sensjitivity if it
i s frassepigblsolyem; 3 gremeEy ol fHeviewy manafachie ofi# thigk siewph rgn the faisedt i ng

on a i t .t t r. -qanber, a tight acoustical
seal @5528 e u%%ﬁ?%%ﬁﬁ%&%ﬁn%ﬂ%ﬁgaﬁgﬁﬁlcf:hg’%f%rug@l ed | ow frequency roll-off
of the tranThuelsect ofiddiprésemcihtantion fs ta sokd sige andathe@irbisldms.s chosen such

that the suspension only allows the diaphragmto nove in its owm plane and
does WW%@YpQFtT% Nd&PNect i on of the diaphragmto an incident sound

pressure V\%S% a%p% Bt i r&%ﬁ?ﬁ%@t% {e}%&[&‘oﬁ&@x{%{i t%h‘%ﬂat”éegfgﬁl‘érﬁgﬁ%ag%e

achi eved whi ¢ educes t'he sensi ernal stress

t r ans dideit mdohasicAl QEtbanG® M islfrean@ e irif®a plahe. TRRhdrMoed) iff thd diaplas@ is S
provi-ded an acoustic _transducer conprising: a cover nenber having a gl anar
sur f adestifeton & swppera|ringy atiched e shexperderstednmenmbat, a tHghtuanouptigad sepepanbby

tt i f orat - a di itiaoned ) i d
cover Ak RRYRe BER R ROIRIRAL e RO AR A RIBBRAHS, 1 o
pl ane spqpemidreiethed Sadhdsdpl saetathaSte fiapensth hly Sllv@MBE di to fhoté ELi dwn

operably coupled to said diaphragmto aP(Bl! an electrical field in the
space Plage eng doesmit thkp gart gr tie sleflention of the M@g}m@e@w@m pressyeer wiiey
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cover AR trdsbsl oHABS tranddQsdret er of attachnent between said cover

In accordance with another aspect of the invention, there is provided an acoustic
transducer comprising; _

a cover member having a planar surface with a plurality of perforations therein;

a substrate operably attached to said perforated member;

a diaphragm positioned between said cover member and said substrate, said diaphragm
laterally movable within a plane parallel to said planar surface of said cover member;

a circuit operably coupled to said diaphragm to apply an electrical field in the space
between said perforated member and diaphragm;

a circuit operably coupled to said diaphragm and responsive to changes in electrical
capacitance between said cover member and said diaphragm; and

wherein the cover member includes a perimeter of attachment between said cover

~ member and said substrate that is patterned to reduce the sensitivity of said cover member to

intrinsic internal bending moments.




menber and said substrate that is patterned to reduce the sensitivity of
sai d cover nmenber to intrinsic internal bendi ng nonentSsFebBudreBo0fary 2005
-3a I n accordance with another aspect of the invention, there is provided
.an acoustic transducer conprising: a cover nenber having a planar surface
with-a plurality of perforations thergin; a substrate operably attached to
sai d perforated nenber; a diaphragmp 47ti oned between said cover nember
‘and sai d substrate, said diaphragm laterally novable within a plane
parallel to said planar surface of said cover menber; a circuit operably
coupl ed to baiaecaidanse raighm anothgp wspeca rofethecinventin, fthesk disi provided spmeeoustic
betmeg? %ﬁ#g ﬁfrfonated menber and di aphragm a circuit operably coupled to
sai d %EB 5@ %ﬁm?uﬁ%sponsive to changes in electrical capacitance between

sai d cover HE&Remeaitdr Bt 8 bRBAT A9fke FH a MIaLRly b el SrafisNSherdBRDET

-includes a support structure having one or nore openings nmade fherein to
provi de a | asubsiralgwperablypttededite said patforatadinemipeat h acr oss sai d di aphragm

I n accordance. with another ;aspect of the inventiop, .there is proyvided a
raiseq mct GaPhber e R FERRRH Sovr B it oeet o0 gl anbent

- M Cr OYAtEMANY WidkaBRWAEHiS b Pline PadfBIGb 3hidpllaRBifack BE Siid LovE nenfiegeval |
~supporting the film wherein the sidewall has at least one rib formed
t her ei n. | na &trcwit opereblywiouhledriotdait dmphragm of apphe anrelentti¢ad field frethe $pmce
- proviged a silicag | ectret i crophone having a backpl ate conprising: a
gener %eg“{f’eblls ‘H&ﬁlﬁrﬁfﬁ?ﬁfmfsﬁl r_aélgﬁ@ * supporting the film wherein the
si dewal | hag cgbuit %Bé?abl?n&ugle@ {00841 il Bnd EspBRGHE 9@%&1@% iR BRAidAeT
aspect of the invention, there is provided a raiSed mcrostrtucture for use
i n a- shpacifencedmswerndeid crer minebersindedidrigphoagmyntdur e conprising: a
general LY PhARSh SIPTSAL otlfb hadbadta S Renal fallnB St B S opelings 2"V

made therein to provide a low frequency pressure equalization path across said diaphragm.

In accordance with another aspect of the invention, there is provided a raised
microstructure for use in a silicon based device, the raised microstructure comprising:

a generally planar thin-film;

a sidewall supporting the film;

wherein the sidewall has at least one rib formed therein.

In accordance with another aspect of the invention, there is provided a silicon electret
microphone having a backplate comprising:
a generally planar thin-film;
a sidewall supporting the film;

wherein the sidewall has at least one rib formed therein.

In accordance with another aspect of the invention, there is provided a raised
microstructure for use in a silicon based device, the raised microstructure comprising:

a generally planar element with a first thickness and a periphery;




a sidewall with a second thickness; said sidewall supporting said planar
el enent at said periphery above a substrate at a di st aBdebrvdne2@dsn sai d
sidewal |l has a plurality of ribs forned therein. In accordance wi th anot her
aspect of the invention, there is provided an acoustic transducer
conprising: a cover nmenber having a planar surface with a plurality of
perforations therein; a substrate opggably attached to said perforated
menber; a di aphragm positioned betweeA”%aid cover nmenber and said
susbtrate, said diaphragm laterally novable within a plane parallel to
said planar surface of said cover nenber, wherein the cover nenber
‘includes a peidemallevitiod seaonddhivkntesspet ween sai d cover nenber and said

o it ri nsi SRR RIS BHAR AT 2L BROBAaReYe { HDGREGeAL

I nvendis@cd.eat ures an acoustic transducer consisting of a perforated
menmber and a novabl e di aphragm spaced fromthe perforated nmenber. The
spaci ng i s wieren siideulciplldnas apbhanality ofiribsabtrmed tetrdio. t he perforated nenber
upon which the diaphragmrests. There are neans for suspending the

di aphragm such that the diaphragmis free to nove in its own plane,

thereby maxiMagéRarch ewﬁ% ChRHeF aAsPéf ¥ e Vink¥nt ttﬂ&edfsaﬁjaglfaﬁcgl/n angQ&ustic

suspension Is achi eved y restral ning the diaphfagm | ater etween t he
supporansdigeg camplrisihg substrate attached to the perforated nenber. There

are neans for applying an electrical field between the perforated menber
and the di ap mg %}eynﬁ'fghﬁwagap%ﬂ%ﬂ%éﬁ%ﬂtln@rplf%rékﬂw'}ipﬁ@fomﬁgn%ﬁawgé of

el ectrical i gree{téﬁﬁ?éa nber and the di aphragm as
t he di aphr agﬁﬁggﬁ%g@tg%b ue to a{cgts%ﬁﬁ iﬁfenfr?l?erdeaﬁé%ﬂ!%%c sound pressure wave.

The t hi cknes diaphrhgsi pesitidnet betwhicaphidagivenmembbo ahsadi stisbar) sdib diaphsgrance
freq is |larger than the maxinmum acoustical operating

ency of th dji aphragm ; .
freq Jarcedly %?Yﬁbfeawfy{l aplaichasalied 1o fd plgnan yetaprp sidh ERveT memper, whesea i en

such : [ i ical
opor et RERNANE BelinEll B lochhchMciert RATCOILE G oBE B

at t acthadist patteled tduRdtceatie sasitiony icinald vovee mbabadio s Mt@tal Bénding
curvature of the perforated nenber due to 8 February 2005 -4 intrinsic

st r ed8OM{NE4j d - perf or at ed nenber. The suspensi on means of the di aphragm are

made such

| In one embodiment, the present invention features an acoustic transducer consisting of a
~perforated member and a movable diaphragm spaced from the perforated member. The spacing is
maintained by a support ring attached to the perforated member upon which the diaphragm rests.
There are means for suspending the diaphragm such that the diaphragm is fiee to move in its own
-plane, thereby maximizing the mechanical sensitivity of the diaphragm. The suspension is achieved
by restraining the diaphragm laterally between the support ring and the substrate attached to the
perforated member. There are means for applying an electrical field between the perforated member
and the diaphragm. There are also means for detecting the change of electrical capacitance between
the perforated member and the diaphragm as the diaphragm deflects due to an incident acoustic
sound pressure wave.

The thickness and size of the diaphragm are chosen such that the resonance frequency of the
diaphragm is larger than the maximum acoustical operating frequency. Similarly, the dimensions
of the perforated member are chosen such that the resonance frequency is larger than the maximum
acoustical operating ﬁequency. The perimeter at which the perforated member is attached to the

substrate can optionally be shaped to minimize the curvature of the perforated member due to




t hat. m ni mal nmechani cal inpedance exists in the plane of the diaphragm and
- yet maintains the close spacing of the diaphragmto tIgeFgeuarg2e0®d nenber.
The support ring is formed in the perforated nenber and sets the size of
the active part of the diaphragm The hei ght of the support ring defines
the initial spacing between the diaphragm and the perforated nenber. There
are one or nore openings in the di aphfagm and perforated nenber, providing
an acoustical path fromthe back chanber of the transducer to the
surroundings thereby elimnating any baronetric pressure from building up
acr oss intnesielstegsh iresgid peTloeatémember -The suspersioremesnsaif thehdiaghrayns ai¢GRideistich

limte . the corner frequency forned by the acoustical resistance of

sai d oﬁ’@ﬁfvfﬂa‘ agm’fc %C%%P%ﬁﬂb%%‘lstﬁ&n&éﬁm\ewg the displragim anftly el upinieias hd n
conbi nag, : | | t cer back .chanber.
The pe??gfg?dgdﬁgnméﬁn%gr as gigo?lésh? rrapftglldééj;glt% {ng%rr'\ gﬁe Sﬁ@ﬁﬁgﬁggg Pt go\ﬂnﬁfli Ny rglélaea | ow

acoust pafirated siegitenaml weis thbsizasf tht hawegrttod ﬂwdiaﬂlfrﬁg?x.tm Hight 8fthe RAHPYREN
t he nmovabl e, di aphrﬁﬁm and the perforated nenmber. The systematic pattern
and si 788 d¢fines thegpitial sRysing betwesp dherfliaphiegm andhthe phefotategimerobdr. Fherefareonsency

of the -er 4 t conner .frequency introducged, t he

acoust?irg?{%%gg]?l g‘ésalr@léé thgbﬁc:go%{%%dﬁ %}g a@ﬂﬂ?‘@‘?& pg%vdﬁlé’éiaﬂ 3?01{“?8??3 PP g t he

di aphrieginchndberifcke ghrahes tPthe shRotddls dhG by elTxﬁin%tiﬁ%ngﬁBirﬁﬁ'etrfc t3hance

I S Ia[)‘ggl responsi bl e for the acoustic noise generated in the device. As
!

will Heiak ap eerops the Hiaphrapey i Thg lewk rdll-offfiretjhencguof thettramsducesisdimitedagte of f

to be jymde between d i and noi se.. The perforated nenber, support ring,
suspe htgf?g R g‘ﬁgl,]en% %’rpg‘?eg - g ceushcg drestatancer ‘?fg’iﬂJ graningsand theparoysang
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of one or nore materials fromthe group consisting Of. car
pol yneransdgiet backchambiry dhy perddrhicd nivtter hhseosysteAIFtE PGS o8 bpdnS3 prévilling On
di oxide, silicgon nitride, silicon carbide, nG&erm&mi um gallium arsenide,

car bor?t 1o acatsticl Tgvistance; ofghe aiotiowing terangnirem the @irggapebetwatm then mevable

| ati n ' ' t ad their alloys. In .anoth
B b oAk At B forle ook MU OB o BB dna iz 3t e cpPhiia hesen
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perforated menber. The spacing is nmintained by a support ring attached to
t he pdwfthe aganstigabresisfanoprronthingtion vethdtha phoustical cesipliance Tif¢heediapleagreand f or
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tradeoff to be made between damping and noise.

The perforated member, support ring, suspension means, and diaphragm can be made from -
asilicon wafer using micro machining thin-film technology and photolithography and can be made

| ;(_)f one or more materials from the group consisting of: carbon-based polymers, silicon, polycrystalli-

ne silicon, amorphous silicon, silicon dioxide, sificon nitride, silicon carbide, germanium, gallium

arsenide, carbon, titanium, gold, iron, COpper, chromium, tungsten, aluminum, platinum, palladium,
nickel, tantalum and their alloys.

In another embodiment the present invention also features an acoustic transducer consisting
of a perforated member and a movable diaphragm spaced from the perforated member. The spacing
is maintained by a support ring attached to the perforated member upon which the diaphragm rests.
There are means for suspending the diaphragm such that the diaphragm is free to move in its own
plane, thereby maximizing the mechanical sensitivity of the diaphragm. The suspensionisachieved

by utilizing high cqmpiiance springs between the diaphragm and perforated member. The spring




assists in the construction and di aphragmrel ease process, but once in

- . operation the electrostatic attraction brings the di agffebgumary 2085 cont act

with the perforated nenber support structure. Contrary to that taught by
U S. Patent No. 5,146,435 to Bernstein, and U S. Patent No. 5,452,268 to
Bernstein, the spring of the present invention plays an insignificant role
in establishing the diaphragm conpliance. There also are neans for
applying an electrical field between the perforated nenber and the

di aphragm There are further means for detecting the change of electrical

capaci tance, bet ween. t he .perforated nenber and the.di aphtagm as the
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enough for the structure to be made by m cro nachi ning technol ogy, and yet

conpfapatitanesbriyeenthe periruptad membeyanddbe digpragmas tesinpheagm deflsptsdheto an
per f4 Eiﬁ%ﬁ%cmgéurﬂaﬁeés%e%%re that the in-plane resonance frequency of
spr

t he di aphragm an I'gs 1's as small as possible conpared to the intended

| ow r ol | -THd thickes BRTzSf thd\@aplrafs MidREer fich HRY 8Rtresofarte #2quetich biHeon of
t he di aphragmin operation. e support ring is forned in the perforated

- mentriaphragyel 1sdlarger thae theimaxipimtdseustical operapag freqiicncie Singflaalyh theglimeShenshei ght
of t support, ring defi.nes the.initial spacing between the_ di aphragm and
 the T HBRR i ferare Soorg et el apatg Pethogh i3 ecs drt WE nERIBBRL 1 ng,
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surroundi ngs thereby elimnating any baronmetric pressure from ng up
acr cubstratecati egtionaldyrbe Thapell dovmioithizo the ¢uregfuendfithe petftratedtmanbaubertoi s

lim.ted by the corner frequenc or,ned by .t he acoustical resistance of the
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di apiwchemica hyoderovplpthefdiaphtapeh frembibe perfisted ywrirbepandto pasire that tadn-plane of t he
ope_nigﬁr}gs re chosen such that the high roll-off fr equenc% of the
t r af&9HRRAe teguencyiof the dpphrage andispengsiip ayealkds Posivble aermpycdp thamtepdsdst i cal
resi £EFFFG | ' ] 0 ' . 1 ane .the di aphragm
YRS RAGORTL L R b D6 RHSAL G B BRSOyl Rl
sus [IdsupporBrifvg by fonmyd 20 perforated member and sets the size of the active part of the
'gliéphragm. The height of the support ring defines the initial spacing between the diaphragm and the
peiforated member. There are one or more openings in the support ring, providing an acoustical
‘path from the back chamber of the transducer to the sutroundings thereby eliminating any
- barometric pressure from building up across the diaphragm. The low roll-off frequency of the
| transducer is limited by the corner frequency formed by the acoustical resistance of the openings
“and the acoustical compliance of the back chamber. The perforated member has a systematic pattern
-of bpenings providinig a low acoustical resistance of the air ﬂowing to and from the air gap between
the movable diaphragm and the perforated member. The systématic pattern and size of the openings
‘are chosen such that the high roli-off frequiency of the transducer is limited by the corner frequency
‘introduced by the acoustical resistance in combination with the acoustical compliance of the

-diaphragm and back chamber of the transducer. The perforated member, support ring, suspension




-6 neans, and di aphragm can be nmade froma silicon wafer using mcro
machining thin-film technol ogy and photolithography ar&fetayarge@Ofade of one
~or nore materials fromthe group consisting of carbon-based pol yners,
silicon, polycrystalline silicon, anorphous silicon, silicon dioxide,
silicon nitride, silicon carbide, germanium gallium arsenide, carbon
titanium gold, iron, copper, chromgum tungsten, alum num platinum ,
pall adium nickel, tantalum and their alloys. Another aspect of the present
i nvention provides an inprovenent to raised mcrostructures for use in

si | i GAtnbagRY diPHIERS carl Be 3R Gotd 4 RiIRBE IBOHLAE HhicR ﬁa@b&irﬁﬂﬁ&fm@f the
present invention, a raised mcrostructure for use in a silic ase

devi dechnglogy awil gbdtotitmgrapsy rgd anaygbe exadk lof ook amanorehiatefisls frandhagsivgewal |
supporting the fjl erein the sidewall is rihbed. Oher features and
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cr 0s seppet ! dhosraium; inemyste kdtmBiuar) gldtinem, paladimd, nidkek tiataldmQind (A&ir agAMst i ¢
transducer with clanped suspension in accordance with the present

i nvent i onAnether aspe¢tof thetpagsent|imyentipr provples an mprovémend enatsednmiofostrhetu@s oust i ¢

tran r. . FI FLG IS a,cross-secgti,onal perspective view of the
acoug ﬁgsgtl? §Ir'1‘_s"8‘&?%?°%o‘%e_"t9r’_h ﬁ‘za(ic_gﬁjeﬂ" 1B g™ Oidﬁ’ée‘g-"g ‘B’rs 3Epest Og;thq:i’%se"& is an.
~enl aigeatif 4 iaed iRiRrostr8dturePRF k@l ¥ difcoRNBREP Bbvied i o%masédngprisﬁ ?ducer
simlar to FIG 2 wherein the perforated nenber includes an optiomnally
shap enesalivapl anas dhipfdmend asidewall sippatingthefigewherechathatidewsll @ssbisdct i onal

vi ew t akep, al the plapne 5-.5 in FIG 6 of. an acoustic tran cer with
i oh compith cBtuls? nf] £iEwans: o Beninieuting il 3% APPRTh 6opt S R0 nt | on;
FI G_sfeciffafiod @RePinfddnjin8ion Wik tHeabll¥wing ShaRgem of the acoustic transducer
-~ of FIG '5; FIG 7 is a cross-sectional perspéctive view of the acoustic

t r anBEIEE DESCRIPEON QIAKHE RRAWINGS:ane 7-7; FIG 8 is a greatly enlarged

tial t [ thaldy i. hant f. ti . d Lm |
Lo Fi G sfiher Sih efateadreaif ool vieR e Aokl hnh il Hibipat™ ™
at t aghadqdaktkd®ifucer FitfpclPnped sidpefbi6h id %%altdaﬁder With thefRésehhigvaigact i on of the

change of the m crophone capacitance il e mai ntaining a constant
el ect ri calFl& R4 géopplan MewrpaotialinbrghanfenG.of 1@ dceusie teinediicei cBFICily cui t f or

the det ecﬁ&g i a]; ct%?s?segggngggerggecttieee vi?@%’fﬁggggl?stig %Ql?s%iu;[:g%%%l(}. 2 takeh along
" line 3-3 of FIG. 2; | |
FIG. 4 is an enlarged partial top view, partially in phantom, of an acoustic transducer similar
to FIG. 2 wherein the perforated member includes an optionally shaped attach perimeter;
._ FIG. 5 s an enlarged schematic cross-sectional view taken along the plane 5-5 in FIG. 6 of
an acoustic transducer with high compliance spring suspension in accordance with the present
' invention; )
FIG. 6 1s a top plan _view, partially in phantom, of the acoustic transducer of FIG. 5;
. FIG. 7isacross-sectional perspective view of the acoustic transducer of FIG. 6 taken along
: éia_ne 1-7; ‘ |
| F1G. 8 is a greatly enlarged partial top view, partially in phantom, of an acoustic transducer
similar to FIG. 5 wherein the perforated member _inc.ludés an optionaily shaped attach ber_imeter;
~ FIG. 9is an electrical circuit for the detection of the change of the microphone capacitance
while maintaining a constant cleétric.él charge on the microphone; - _
FIG. 10is an electrical circuit for the detection of the change of the microphone capacitance

while maintaining a constant electrical potential on the microphone;




whil e maintaining a constant electrical potential on the m crophone; 8
February 2005 -7 FIG 11 is a cross-sectional perspect i8vebnigy2005 t he.
acoustic transducer of FIG 4; FIG 12 is a cross sectional schematic of a
rai sed mcrostructure known in the prior art; FIG 13 is a cross sectional
perspective view of a raised mcrostructure enbodyi ng the present
invention; FIG 14 is a cross secti 92“_ of the raised mcrostructure of FIG
13; and FIG. 15 is a plan view of FIG 13, taken along line 11-11.

DETAI LED DESCRI PTI ON OF THE I NVENTI ON: Wiile this invention is susceptible
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il hererioob BalE o Sioeh el 8F bR Srbo dhichet g | nvent i on
with the EMGEIBiarainGedidail shoAIRTaMHist ARkARERrd Endvth ARNEBAS! SIEr o0 as

an exenplification of the principles of the invention and 1s"not I’'ntended
to limt tHe. b} vaaicrmspesstiondl pehpectiveaniew ofi atraistd micrestnodinrenitsdiyldgust r at ed.
Referring.now.to the drawi ngs, and particularly to FIGS. 1-3, an acoustic,
trahﬂ?ﬁ%‘gr‘n\’eﬁtlo'&ccordance with the present invention is disclosed. The

- acousti c FIGNEIN G Rfoss dtibA 6f HERisd mieQNEhle/St FHGAREr #QM 12 and a _
perforated menber 40 supported by a substrate 30 and separated by an air

-gap-20. AFlerd) inaplowiew pf GKp 18y takerdalbn@neeki-6t.s bet ween t he di aphragm 12
and trate .l owi ng_the diaphragmto nove freely in its plane,
tlherbﬁsﬁlégbelﬁgg@ﬂl§8plr@gﬂﬁ@ Mﬂa&@gi n the diaphragm naterial and
decoupl i ngyt:ep:dt rate. A n er.of small . .

‘i ndentati gﬂ{sﬁ?@ggﬁgmﬁgﬂgk %Qﬂbté&gﬁegﬁp%rﬁénéﬁa nomﬁrrlyeé/ﬁg%fenéf?rg?in%ﬁreiIESEEW' narr ow

gap hethedewitdsand dilahéreiadmdesslibsd ibddtdil grefelibé ehbbEfhtsBTHRv&tiohMth
di aphragm 12 is restricted-by a support structure 41 in the perforated
menblie dpdersimding thatdhe §ﬁ5%531§@0%¢ it t9i be eansidsredrsran pxaniplificeper ofighebet ween

di : f.Or. ar 1. .eith b
cont Paagiee ot ARSHIALEh & TR Thrend 0 AMRR e b AR E fTonuBhoa B 7"

. cont embadiments fignstrhtaén di aphragm 12 resti.ng on the support structure 41
forns tight. acousti C?‘hﬁﬁeal" I ea(ﬂi ng to.a well controlled | ow frequency
&

rol | -of f DFICEHE el CEpvings ap WY fo ElG%idrawan agoysycdrappdyicat int y” of
DATERHIRD AR AEUBLICh-SRA o 80008, R ik R
t her @miludihe digphdiget 1anddi pgforagdmibthbes4@hgpbitedsy h ¥ubsitid 30 &l epamddhe
st bsl'g);’ aﬁl} a?r g%?) zlﬁy Aave%; r(laalrr%(-\:a'f E;ili‘ gap of width 22 exists between the diaphragm 12 and substrate
' :30 allowing the diaphragm to move freely in its plane, thereby relieving any intrinsic stress in the
' fdiaphragm material and decoupling the diaphragm from the substrate. A number of small
_indenta’tions .13 are-made in the diaphragm to prevent stiction in the narrow“' gap between the
‘ %,di-aphragm and substrate. The lateral motion of the diaphragm 12 is restn'cfed-by a support structure
41-in the perfbrated member 40, which also serves to maintain the proper initial"spaéing between
;-;diaphragm and perforated member. The supporf structure 41 may ecither be a continuous ring ora
plurality of bumps. If the support structure 41 is a continuous ring, then diaphragm 12 resting on
-‘?the-suppbrt structure 41 forms tight acoustical seal, leading to a well controlled low frequency
~roll-off of the transducer. If'the support structure 41 is a plurality of bumps, fhen the acoustical seal
can be formed either by limiting the spacing between the burnps, by the narrow air gap 22, or a
combination thereof, |
- The conducting diaphragm 12 is eleétrically insulated from the substrate 30 by a dielectric
layer 31. A conducting electrode 42 is attached to the non-conductive perforated member 40.. The

- perforated member contains a number of openings 21 through which a sacrificial layer (not shown)

- between the diaphragm and perforated member is etched during fabrication to form the air gap Zﬁ




| ayer 31. A conducting electrode 42 is attached to the non-conductive
perforated nmenber 40. The perforated nenber contains & Febneey 2005 openi ngs
21 through which a sacrificial |ayer (not shown) between the di aphragm and
perforated nenber is etched during fabrication to formthe air gap 20 8
.- February 2005 -8 and which later serve to reduce the acoustic danping of
.the air in the air gap to provide sufgficient bandw dth of the transducer.
A nunber of openings are also nade in the diaphragm 12 and the perforated
‘menber 40 to forma | eakage path 14 which together with the conpliance of

the bagkhidNaRP&vd BAkdRRW coutiit ﬂ?{l!{;ﬁnﬁgdl;:f:@fz Hrglﬁ' PQ}E&?P 38\3% k)lilm}?cﬁ: s@t‘i’c%rgﬂ ot

forns a high-pass filter resulting I 'ow enou
to i bpedieidtthel the oasdducerf Unatinber afopehingt hrndstumade Andle RidphragaN PG e
remove the influence of baronetric E‘Les_sure vari ations. The openings 14 are

def i Redonied merabes 40, to korgr a fakeseatin b whighdogatherwidh & spmphienceiogiihd jack

contr , I iLhedyhow freguency ,behavi of the
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intrinsic internal bendi n? nonents. The perinmeter can be a continuous

cur veepughite garove thedgfluance pf baroniecsisgmessvrg yadationsu The apeningsridget dading&bB. 4)
A di sgantinuous. perineter, 43 proyvides.additional rigidity of e rforated
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enbodi nent” of an acoustic transducer 1 n accordance wth the presén

i nveperimetei 43 ade pé eared.to Tdacd thanedatoerof B perfotasctbserabaeind uciiritgicdheptat agm 12

and - erforated nenber 40 supported by a substrate 30 and separated by an

air bengEmOm RIS, (ThE pEREIstAr CAmba 4CORRUQUN SH Ve SHIRSe SLIGEY | 2 €T diRganighous, number
v b | ) er be
Suberichvofheat IR, 561 U6 dLolidA piftdlr 43 BEQHRsCadalfontll ARG IR L Om £ Ne

Mor eparfirated Ineentbendlhgeby seducingabe Survatures diee®Sintrinsid Berdlilpstbateftsandhdevi ce
package. The lateral notion of the diaphragm 12 is restricted by a support
st r uedrfpraed membes 4 - perforated nember 40, which al so serves to naintain

t he propes,.init.i in et ween. di aphr and peyrfor,ated menber 40. The

Somport " huhlelb BGSPAT ALAREAIRE nipo BB Al A s bRt A p e o

bunp@ith tHe préi@nSiHpgRioh iSddpittdd! Ehedtanbdicer SURELASOHSOnILAS e dienﬁ.Pag]% P pgm 12
sedl ,

resting on the sup‘{)ort structure 41 fornms tight acousti cal |l eading to
a wed perfospied member 40onppereaiyropbstoitd 3tdnd separathéby an @ingahuitfe The diaptiagns uppor t

P el L o R S £ L S
suf fdech@ilé the didpheheRPlOmAROHBGratt WBereby relieving any intrinsic stress in the diaphragm.
Moreover, the diaphragm is released for stress in the substrate and device package.
The lateral motion of the diaphragm 12 is restricted by a support structure 41 in the
~perforated mémber 40, which also serves to maintain the propef initial spacing between diaﬁhragm
and perforated member 40. The support structure 41 may either be a continuous ring or a plurality
of bumps. If the support structure 41 is a continuous ring, then diaphragm 12 resting oﬁ the support
structure 41 forms tight acoustical seal, leading to a well controlled low frequency roll-off of the
transducer. If the support structure 41 is a plurality of bumps, then the acoustical seal can be formed
by limiting the spgcing betweén the bumps, or by proyiding a Sufﬁcicnt}y long path around the
- diaphragm and through the perforations 21. ' '
_ - The conducting-diaphrggm 12 is electrically.insulated from the substrate 30 by a dielectric
layer 31. A conducting electrode 42 is attached to the non-conductive perforated member 40. The

perfo_rated_ fn_ember contains a number of openings 21 through which a sacrificial layer (not shown)




di aphragm and t hrough the perforations 21. The conducting di aphragm 12 is

el ectrically, insulated fromthe substrate 30 by. a di 8Febtuarc200qayer 31. A
conducting electrode 42 is attached to the non-conductive perforated nenber
40. The perforated nenber contains a nunber of openings 21 through which a
sacrificial layer (not shown) 8 February 2005 -9 between the diaphragm 12
and the perforated nenber is etched guring fabrication to formthe air gap
20 and which later serves to reduce the acoustic danping of the air in the
~air gap to provide sufficient bandwi dth of the transducer.. A nunber of
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resulting in a roll-off frequency |ow enough not to I e the acoustic
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t he fequeatyutosy efoughecperifnpeds 8@ acendnie futitidntdd thoWririsdedes ahd hphabugierdi ng
monents. The peri ma%er 43 can be smpoth (FIGS. 5-7) or corrugated (FIGS. 8
and Tempve e inflyenge ot bagoperic pissvire yrrilioae sl hepperinghid are prgferably dofinediy
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perforated menber. The el ectrical potential .and associ ated charging of the
condtaan bs variesigeedica thesnpeature of the perferrted semiten diotodatripeic igemal teaddigaphr agm
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defined air gap 20 and acoustic [eakage through pat en subjected to
acoyrvague deptr igyrinsie bepdiag snoments infthe perbwatagd pearter.acr oss t hé di aphragm 12

causing it to eflec!t, t.of\éyarﬂgs ol avvi.lédgromthe t;l)(f{srf’or ted menber 40. The
def | ect i SR OBF2¥b 2B sHFFa griepdalisappled betpppthe spuductivediaphragre dg apd b4, and
con WY oga ' mdsie ' _ : : ed
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anPluypbs Ble support structure 41, which sets the initial operating point of the transducer with a well
defined air gap 20 and acoustic leakage through path 14. When subjected to acoustical energy, a
~pressure difference appears across the diaphragm 12 causing it to. deflect towards or away from the |
| perforated member 40. The deflection of the diaphragm 12 causes a change of the electrical field,
-and consequently capacitance, between the diaphragm 12 and the perforated member 40. Asaresult
: the electrical capacitance of the transducer is modulated by the acoustical energy.
A method to detect the modulation of capacitancé is"éhoWn in FIG. 9. In the detection
- Circuit' 100; the transducer 102 is connected to a DC voltage source 101 and a-unity-gain amplifier
104 with very high input impedance. A bias resistor 103 fies the DC potential of the amplifier input
to ground whereby the DC potential "Vbias" is applied -across the transducer. Assuming in this
circuit a constant electrical charge on the transducer, a change of transducer capacitance results m

achange of _eleptrit:al potential across the transducer, which is measured ijy the unity-gain amplifier.




104 with very high |nput i npedance- A bias resistor 103 ties the DC
potential of the anplifier input to ground whereby thé& fabrgoy2tdd al
"Vbias" is applied across the transducer. Assuming. inthis circuit a
constant electrical charge on the transducer, a change of transducer

. capacitance results in a change of electrical potential across the
transducer, which is neasured by thejgnity-gain anplifier. 8 February 2005
-10 Another nmethod to detect the nodul ati on of capacitance is shown in FIG
10. In the detection circuit 200, the transducer 202 is connected to a DC
vol tage s dohfd LW a.L.an:
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"The raised mcrostructure 110 con‘%rl ses a generally circular thin-film
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known to those of ordinary skill in the relevant arts. The sacrificial
si | | #Bplifigtingise) ayer has already been renoved fromthe -figure for clarity.

UL R TR RS T N
112.13ha 191 dpvyalskd hldoktfuclfd ?f@éo‘rﬂprﬂ@g aoﬁéﬁgniaﬁy I(:ﬂ&ul&ﬂhi'ﬁ'—.ﬂﬂr?pléﬂ%%r b?&bla&et s
112 supported by a sidewall 114.
The raised microstructure 110 is comprised of a thin film pIaté 112 of silicon nitride
| deposited on top of a sacrificial silicon oxide layer on a silicon wafer 116 using deposition and
-efching techniques readily and commonly known to those of ordinary skill in the relevant arts. The
sacrificial silicon oxide layer has already been removed from the figure for clarity. The sidewall 114
of the raised miérostruc_;turc 110 15 attached at its base 118 to the silicon wafer 116 and attached at
:its opposite end to the plate 112. The sidewall 114 is generally perpendicular to plate 112, but it is
noted other angles may be utilized between the sidewall_ 114 and the plate 112.
FIG. 15 shows a plan view of the assembly of FIG. 13 with a surface of the sidewall 114 of
the present invention shown in phantom. It | can be seen that the sidewall 114 of the present
invention as shown in FIGS. 13-15 is ribbed, forming 2 plurality of periodic ridges 120 and grooves |
122. In the preferred embodiment, the ridges 120 and grooves 122 are parallel and equally spaced,

forming a corrugated structure. Furthermore, the preferred embodiment utilizes ridges 120 and




noted ot her angles may be utilized between the sidewall 114 and the plate
112. FIG 15 shows a plan view of the assenbly of FI G 8lRebmdrh2805ur f ace of
the sidewal 1114 of .the present invention shown in phantom It can be seen
that the sidewall 114 of the present invention as shown in FIGS. 13-15 is
ribbed, formng a plurality of periodic ridges 120 and grooves 122. In the
preferred enbodi nent, the ridges 120 ,and grooves 122 are parallel and
equal 'y spaced, formng a corrugated structure. Furthernore, the preferred
enbodi ment utilizes ridges 120 and 8 February 2005 - 11 grooves 122 of a
squa rass.csection. The effeqt corrugating the side Il in this
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gene¥SPYy 127 icah b PaFE Rt vspd siicaiely komeense thedewaliariidehiity o reskise
| ' Hid 1 qr-the rid 22 and 124.
P RaER3ha B0y Hefioldd Aq bR, 1l .88 sk S Srealed e

si dgedehsintdntionr e parallel to the tension in the backplate 112.

Furthermpre, the sacrificial material is etched in such a way that the
si dewal | $o1 19Kagle, st ogsagrally t arnudarpseametyy, t graerallystriangelar @eamkiow goay st ep

e earean ok Searhe it ORI e P B SRR Fo B pilerer 225, | one

comgrdevesiip4l Wit hout significantly departing fromthe spirit of the
invention and the scope of protection is only linmted by the scope of the
acconpanyi it mefied emgogiatang thy copaStionvarcAliABndhemteNhisidewalls 114 are

‘parallel to the tension in the backplate 112. Furthermore, the sacrificial material is etched in such

a way that the sidewalls 114 are sloped with respect to the substrate to allow good step coverage as
the thin film backplate 112 is deposited.

While the speciﬁc embodiments have been illustrated and described, numerous modifica-
tions come to mind without significantly departing from the spirit of the invention and the scope of

:p:rotection is only limited by the scope of the accompanying Claims.




1. An acoustic transducer conprising: a cover nenber having a planar
surface with a plurality of perforations therein; a subbthraamg 208perably
attached to said perforated nmenber; a di aphragm positioned between said
cover nmenber and said substrate, said diaphragm l|aterally novable within a
pl ane parallel to sold planar surface of said cover nenber; a circuit
operably coupled to said diaphragmto apply an electrical field in the
space between said perforated menber1ard di aphragm a circuit operably
coupl ed to said diaphragm and responsive to changes in electrical

“capaci tance between said cover nmem@LABvIf§ sai d di aphragm and wherein the
cover nenber includes a perineter of attachnment between said cover nenber
and said substrate that is patterned to reduce the sensitivity of said
coverwmEempanmt 0 intrinsic internal bending nonents. 3. The acoustic
transducer of clain11 wherein said peri-neter is corrugated. 3. The acoustlc

translducerg_ﬁ : ﬁ {P erein said cover nenber and said substrate define a
| at er'al P%ﬁ ANSCHERT COMPYSIE: ¢ r ansducer of claim 1 wherein one or

mor e i nderft SRHRSMbrEhaviRga planatguefaceiwith bpdualityo fipesfomtions thepdinon bet ween
sai d di apkﬁ%&?ﬁﬁ@ﬁ@!’@'&bﬂd#ﬂﬂﬂlﬂabadpsrtoﬂihﬂmmbat| c transducer of claim1
wher ei n sl daphungm positibeed batweendaid eovet'mefiber mﬁisfait?!%db&@at@aééid‘ﬂla@ ufff nore

openiateraily mowabisoeitlsia agldne\atdllePlo sof ﬂmi‘fﬁ\éﬁffam ]lﬁ ﬁ’llbglsl ernal

bendi ng marsihi opc:@blyﬂé@pﬁﬁ%’?atlﬂ ﬂia fﬁg@qg%?% !?n%%ge or nore

e s Tl wgm%@ S5 |
“coin e = gedBverc er to

pr OV'igd chéch@%ﬁe@aﬁ ﬁr‘@%@ asdth across said di aphragm

8. The acddersin Ileﬁ&ﬁ%‘dﬁ%@bﬁdndéd%lwennmﬂmﬁamm betweer ssidreoe@i nci dent
ope nmﬁgs»eaa@i saphaitbsirate dhat ds phtmptedag reduoel ﬂ&&eﬂsxﬂm}eéf siedE®ser nienitRpEyary 2005

intrinsic internal bending moments.

2 The acoustic transducer of claim 1 wherein said perimeter is cotrugated.

‘3.

_, 3 The a(.Ol.lsth transducer of elaim 1 wherein said cover member and said snbstrate define a
lateral restraint. .

4. The acousnb transducer of claim l wherein one or more mdentanom are made in said
diaphragm to prevent stiction between sald dinphragm and saxd substrate

3. The acoustic transducer of claim 1 wherein said cover member includes a support
structure having one or more openings to reduce sensmvxty of said cover member to mtnnuu
internal bendm g moments. T

6.  The acoustic transducer of claim 1 wherein one or mor ”iheéﬁ”anicm"springs'are operably

- connected to said cover member and said diaphragm.

7. The acoustic transducer of claim 1 wherein one or. more commdenl openings are made in
said diaphragm and said cover member to provide a low ﬁcquency prcssure cquahzatlon path
across said diaphragm.

8.  Theacoustic transducer of clalm I wherein one or more non-comcndcnt openings are
made in said dsaphragm and said cover member,




- 13 9. The acoustic transducer of claim21 wherein said cover nenber

i ncl udes a support structure having one or nore openi rigsechmeaty 206%2rein to
provi de a | ow frequency pressure equalization path across said di aphragm
~10. The acoustic transducer of claim1 wherein said cover nenber includes a
support structure and said diaphragmis held in position against said
support structure by electrostati c_qtjgracti on forces generated between
said di aphragm and said perforated nmenber due to said electrical field. 11.
The acoustic transducer of claim| wherein said diaphragm and cover nenber
are gade-gn a silicon, wafer using photo, |ithographic techniques. 12. The
acoustic ﬁeaﬂ?gaﬁf?éfanﬁqucﬂ ilap hﬁ%$Wﬁa@a°Mef@%WM%asmswmr are
madehaviigthe®? endE o TRAGR thétkih 6 PRSVidd | | : el

sili con,gqgiol ycr ystgﬁh?grfe silicon, $am§r pﬁgﬁ"’sﬂg‘ﬁﬁ%}gﬁ&sgﬁ?l& 3?1‘9%}?/0&3213%,

si | iasooss A diapbragei.| i con car bi de, germanium gallium arsenide, carbon,

titapi umgold iron, copper, chrom.um. tungsten, alum num platinum

pal | & u "%rﬁ°81%5éﬂ°,tm%%%§#8fﬂ“§ﬁd”w%lp saidicpysr nember inefidgs & supnost strugiseiuc er
COMnid $4i8 AiapRragAME el ARIRA oA AYAING sBdBh ' bk [l e
‘perforati o‘ng t%glrej n, a slubsgrlatg ope@ggsyﬁ gﬁ%&%&#@%@%&ﬁ%@r’l ff%l)régsf ed

me mgeneragd dbiebyden agichdiaphsigm ambokidhpdrfeand smittbee dveto saRinddetrian diekiai d

subst.r at sai d .diaphragm. Jaterally mp le within a plane parallel to
sai d1pl a agﬂ.}spgggﬂgfém%&feaa% emefsgahregm@uﬂfm@wemey agegopiean t o

sai ¢ silicdaRvaest [ﬂ%b{thé hif¢dchh field in the space between said
perforated rrenbel_fr% and di a%rﬁ?agm a isfcuit operably coupled to said

di agRr agrbberadoustis pansiucer ¢fcclaiahgdsreimsaid dizphiagal andcapet deabecakahien sai d

cover nenber and sai.d di aphrag nd wherein said cover menber includes a
SupBEPt oS PP RS FRREHBE S caBPR DB moNscTRuicon: PRIy Gy Falie sHivonde a

| OWafroBSHRB Si¥icH, R RWh Aisauakili gt | Lfnianh 14...The
acoustoi ct ranlgducer of Icl ar %ﬁhﬁ?ﬁ }dﬁ@?ﬁgi@ﬂ%g%‘%ﬁ% ?%ﬁ&@%%%g?g& 15.
The cabonditarguiy goldduere copfer,chaimiui3 tudgsten) alumaiuth, pviatmipatbdiunitciei d

sub§trt te dgfi r.1el a lateral. restraint. 16. The acoustic transducer of
cl artetgmend st aloNs: or nore indentations are made in said di aphragm to.

preyent nidebidR t%&&&@%&ﬁﬂrg‘)ir@iz aphragm and sai d substrate. 8 February 2005
a cover member having a planar surface with a plurality of perforations therein;
'a substrate operably attached to said perforated member:
a diaphragm positioned between sai& covef member and said substrate, said diaphragm
-laterally movable within a plane parallel to said planar surface of said cover member;
| * acircuit operably coupled to said diaphragm to apply an electrical field in fhe'Space between
said perforated member and diaphragm; “
a circuit operably coupled to said diaphragm and responsive to changes in electrical
capacitancé between said cover member and said diaphragm; and
| wherein said cover member includes a support structire having one or more openings made
- therein to provide a low frequency pressure equalization path across said diaphragm. |
14.  The acoustic transducer of claim 13 wherein said perimeter is corrugated.
‘15, The acoustic transducer of clairﬁ 13 wherein said cover member and said substrate define
a lateral restraint. | |
- 16.  The acoustic transducer of claim 13 wherein one or more indéntatibns are made in said

diaphragm to.prevent stiction between said diaphragm and said substrate.




- 14 17. The acoustic transducer of claim 13 wherein said cover nenber

i ncl udes a support structure having one or nore openi rigsebraary 200& e
sensitivity of said cover nmenber to intrinsic internal bending nonents.

18. The acoustic transducer of claim 13 wherein one or nore nechani cal
springs are operably connected to said cover nenber and said di aphragm

- 19. The acoustic transducer of claif43 wherein one or nore coi ncident
openings are made in said diaphragm and said cover nenber to provide a | ow
frequency pressure equalization path across said diaphragm 20. The

acoud?ij c tIheasslisGefradtiuck af daiddl IR EhRai0 06v heﬂﬁfe?in@ﬁﬂ%%uggé)rq Shlce@ReN Ngs
r e

are made in said diaphragmand said cover nenber. 21. oustic . -
t r an$AViBS PRI Ie9ra ppANITEs ihisrudasensidvitionfenid vevderenibeciounteinsia imenhltehing of
attam s bet ween said cover nenber and said substrate that is shaped to
reduce the 'sensitivity of said cover nmenmber to intrinsic internal bending.

nmonenss. IRe addiCtiOGMi8hdes of £13S tHGBEreR] Siedir Motd ﬂ\é}ﬁﬁlﬁgz{] 3&?1'1# &8 X[?errabq? moer

includes a support structure and said diaphragmis posItion
agai Rernested do saig pever membgr ang smidbgiaphiregmr ost ati c attraction forces

gener gt ed- en sai d di aphragm and said perforated nenber due to said
ol ect i caﬂﬂ?%}fﬂa 1 ’;%“.Sg‘ﬁ?éogfgﬁ‘&gﬁ BETe Rl G1OTE POIRFIF T OPSNINBBHE IS 28 o
di apkyid@iapaagmeay siid SREDAEmMBE R PRAR hdol |
Iithogrg%ﬁichéchniques. 24. The acgﬁggygﬁﬁ%gﬁggﬁ%%@@%#mgﬁggﬁpggg%ﬁg?ein.
sai dsaid dispheagm and cover nenber are made fromone or nore materials
cons'@ti ng.of‘c C rQon- ase(ﬁ g"i?l ﬁgers, .Si licon, polycrystalline silicon,
am)r% ous TBY FORHIE rapquckIg cliugy] P gebeteln pneqs mase Rot-gpideIdent ppesHingsaremade

ger niHald Aiagthdh HAA Hid 8Nl fembefl PON, titanium gold, iron, copper,
chrom um tungsten, alum num platinum palladium nickel, tantalum and

t hei #1.al | Bhsacopstic wansdiree df wlaimds$t whatinr the icoverusanber iaclsddsi a:Fétixﬁatsﬁﬁlf

devi t he raised m crostrugt ur rising:. a generally planar

, Co .
¢ hi et ey el coxgpEmbs g .o SbTIFHe Wi shaperive rediieRothalsrdis at
I easéfsﬁmd%bméﬁbéfﬁg ir&tﬂﬁd‘i@irﬂemﬁﬁ:egﬂ}%%ﬁcﬁhﬁﬂg m crostructure of claim?25

wherein the sidewa i's corrugated. The raised mcrostructure of claim
25 vder ei hheaseusticitrahalucer ofelan &3 Whereincsatoe varmeasbes @rtidefa support structure
and said diaphragm is held in position against said support structure by electrostatic éﬁraction forces
generated between said diaphragm and said perforated member due to said electrical field.
'23. The acoustic transducer of claim 13 wherein said diaphragm and cover member are made
on a sificon wafer using photo lithographic techniques.
24.  The acoustic transducer of claim 13 wherein. said diaphragm and cover member afe made
from one or more materials consisting of carbon-based polymers, silicon. polycrystalline silicon,
amoxphous s_iiicon, silicon dioxide, silicon nitride, silicon éarbide, germanium, gallium arsenide,
“carbon, titanium, gold, iron, copper, chromium, tungsten, aluminum, platinum, palladium, nickel,
tantalum and their alloys. _ -
25. A raised microstructure for use in a silicon based device, the raised microstructure
- comprising: | '
a generally planar thin-film;
a sidewall supporting the film; |
- wherein the sidewall has at least one rib formed therein.
26. The raised r'nicrostructuke of claim 25 wherein the sidewall is corrﬁgated.

27.  The raised microstructure of claim 25 wherein the rib has a generally arcuate cross section.




8 February 2005 -15 28. The raised mcrostructure of claim25 wherein the.
rib has a generally triangular cross section. 29. The &etsaaty 2005

m crostructure of claim25 wherein the rib has a generally rectangul ar
cross section. 30. The raised mcrostructure of claim25 wherein the
thin-filmconprises one plate of a silicon based capacitive transducer.
31.. The raised mcrostructure of claisn 25 wherein the thin-filmconprises a
- rigid backplate of a silicon based m crophone. 32. A silicon based

el ectret m crophone having a backpl ate conprising- a generally planar

thi nad.i | Mrhé@ cfbsde [ t has at
least one rib forl\r‘;@él)sttﬁigﬁg?ﬁf C%.n jse‘gil#leg}r %%ﬂg{]gésg? g@ﬁ r%infgﬁan\ﬁﬁgf@f?‘?st he
si desegtipni s corrugated. 34. The microphone of claim 32 wherein the rib has

a ge raIJgg ar.c ate Cross se t|on ?ﬁﬁ The m crophone of claim 32 wherein
t he e HBP&‘?SF&‘CW% A, 25 wyheein dheckib Bas a geperaliy seqiingubiplhome of
cl aig&ﬁ@n_Merel n the rib has a general |y rectangul ar cross section. 37.
The m crophone of claim 32 wherein the sidewall includes a plurality of

ri bs30.38. Thtweisei miapstoneirodf dhiai 26 BHereinhies thinfikiheomprides aheple@odh bvicspaced
about tcpe sn?ewall 39. Araised mcrostructure for use in a silicon based
devi 186 PAPACHIXE DaRsdueet: ost ruct ure  conpri si ng: a general |y planar el enent

‘W thy la f 118 ralsBd ﬁﬁ&@sﬁﬁxcﬁﬂg ofcIRES 2 PURELin Jh@f.lﬁh WMFJTI Wrs] sa rggléi)fna(pgaé? beh ery

~thickness; said sidewal | supporting sai anar e
abowlhcmtmsendeomona. di stance; wherein said sidewall has a plurality of

rib forngd Ihe 40. The raised mcrostructure of claim39 wherein said
fir hi I§'rl|’é?g'§ *‘FﬁFF“B’GFﬂPQPEﬂ 3vang fbackpltesomprisiagsnt of the said pl anar
el ement. Adenedl} [ﬁblsgﬂl & ostructure of claim39 wherein said second
t hi ckness ‘is app ox1 mat eFﬂ ‘equal to the said first thickness. 42. The

rai sed m%tmdlmaﬂmupmrangpﬂlerﬁlm m 39 wherein said distance is | arge conpared

to said secon
wherem the sidewall has at least one rib formed therein.

|33, The microphone of claim 32 wherein the sidewall is corrugated.

| 34. A The microphone of clairﬁ 32 wherein the rib has a generally arcuate cross section.
35. The microphone of claim 32 wherein the rib has a generally triangular czioss‘Section.
36.  The microphone of claim 32 wherein the rib has a generally rectangular cross section.

37.  The microphone of claim 32 wherein the sidewall includes a plurality of ribs.

- 38.  The microphone of claim 37, wherein the ribs are equally spaced about the sidewall.
39. A raised microstructure for use in a silicon based device, the raised mlcrostructure
compnsmg

a generally planar element with a first thickness and a periphery;
a sidev?al.l with a secbnd thickness;
said sidewall supporting said planar element at said peripher;r above a substrate at adistance;
* wherein said sidewall has a plurality of ribs formed therein. _ | ‘
. _. 40. | ~ The raised microstructure of claim 39 wherein said first thlckness is small compared to the

lateral extent of the said planar element.

41.  The ralsed microstructure of claim 39 wherein said second thickness is approxnmately equal
to the said first thickness.
42.  Theraised microstructure of claim 39 whercm said dlstance is large compared to said second

‘ tlnckness




wherein the ribs follow a periodic path of the  peri phérfebriamaed and
et ds i th Cespott to [ | ement. 44. The raised
Qutwards with respect to the centroid of the planar ele Lo The ral
mcrostructure of claim43 wherein the path is arcuate. : _
transducer conprising: a cover neyber hagl?g ?epgagﬁgbfyr;?fgcﬁgghtg cai d
P o tydOf ﬁgrfor:t h?gps)h'; gghelpg’si t?oﬁgdsbre?meenpsai d cover nenber and
P eaberratarel [ ble within a plane parallel-
sai d.substrate, said diaphragm laterall]y nova aen DLane paral
‘to said planar surface of said cover nenhber, wherein enber er [menbe
includes a perineter of attachment between said cover ne 2 A er

St 1 t is,patterned to reduce the sensitivity of said co e
tsgbslt e i_'nﬁ}['@‘%rﬁ{sgql ﬁgyrowq@fqhmaeswhemﬁ thelthiss fonaﬁ%ob&ﬁgif%gg%@ g
i ncl udifFgPIEY ciardsand sabwiily withupspect tb ehesantlofdi G f}ﬁﬂﬁn,ﬁégr gtc>PON>
changeé"*i gk i:d_:mllcrommre@ﬂﬁ@ﬂﬂg%ﬁ%&ﬁﬁe%aggi}é%&l%%u rcuit operably
di aphr #§m Ay acolisiie tradsebd e6ipfking! al ml ![ni ot figel din the space
betheen sa ﬁaﬁmaﬁbém%%ﬁ lgv?a?lg}{r il el.lﬂgp Urgty pf perfprgtions thereimns ducer  of
ol a5 o @sﬁ_@ftfa%@;} b ?:Fﬁi?qngaicéh%qu@tg 8¢mbsr, The acoustic transducer
LY M odifion g\%&%" 'er?ﬁigrc%{‘?fdn’élabfér%ﬂtsaidrsibﬂredefshjdajiaﬂ“h@heraI
O+l WO, L0 ot bk it o o e e SRR e
i ncl ude ARCTHEEHCkIdPS A Pemesr gﬁmm}bhmweemq/@ﬁ@r'&%ﬂe%ﬁpﬁﬁg%&%%ﬁer
sai d sHiflispattened o redues t?c m?tthxg?bafgmﬁgsfﬁgn%bﬁ gglr,],m.,l nﬂgé‘t’gﬂ%@t@%‘d&g'
menberMPR¢NiEdes a suppor str _ ng an ¢ ‘ _ e
sensi t46vi tymumdﬁhwafaax'my‘?ﬁd]jdjﬁ&a iEMiHéh?' l}lqngglg@w%e&gb ﬂ'rg ggivmﬁ;t
52. Thespom6ivs td ShanpedmdbieSkieq cagic?ﬂ%'g‘% P’I"g‘ﬂb‘* FQVormephenand sBAdiaphmam.
ey Som el of W I "er}di.'é%%Fimlﬁwembémmmﬁgaiwepmgmonenber
facolusragﬁlé’t ﬁ{“aéc?;u eﬁati"ﬁ'1 Iy : 3Pare, Oeiwsen spid penforatedmemberand digphigne
:anﬁaﬁl at ?Qﬁeﬁﬁ?'ﬁsﬁﬁi @CE%‘PQPMH? 4pwhergim said perimeter is corrupated.
g 49. e acoustic transducer of ¢laim 45 wherein said cover member and sajd substrate define

a lateral restraint. : _
50. The acoustic wransducer of claim 45 wherein the diaphragm includes an indentation to
prevent stiction between said diaphragm and said substrate.

5. The acoustic transducer of clajm 45 wherein said cover member includes a support
~ structure having an opening to reduce sensitivity of said cover member to intrinsic internal
- bending moments. = |
52.  The acoustic transducer of claim 45 including a mechanical spring operably connected to
said cover member and said diaphragm. : o
53. The acoustic transducer of claim 45 wherein the diaphragm and the cover member
include coincident openings to provide a low frequency pressure equalization path across said
diaphragm. ' ‘ ,
54.  The acoustic transducer of claim 45 including a plurality of the coincident openings.
- 35. The acoustic transducer of cfaim 45 wherein said cover member includes a support -
- structure having an opening(s] to provide a low frequency pressure equalization path across said
diaphragm. : .
56.  The acoustic transducer of claim 45 wherein said cover member includes a support
structure for supporting said diaphragm when the transducer is biased. -




54. The acoustic transducer of claim45 including a plurality of the
coi nci dent openings. 55. The acoustic transducer of cl&fFebrddy2hesei n said
cover nenber includes a support structure having an opening[s] to provide
a |l ow frequency pressure equalization path across said diaphragm 56. The
acoustic transducer of claim 45 wherein said cover nmenber includes a

‘support structure for supporting sa-d di aphragm when the transducer is

bi ased. 8 February 2005 - 17 57. The acoustic transducer of claim45
wher ei n sai d di aphragm and cover nenber are nade on a silicon wafer using
phot g7l it i i . , s Jstic transducer of clai m@45
Mher &7 sarg aranpubRat BFRim 3% it AR URbh A PSS RerBher s erace

~ mat eon alsdiconmaiatusing pﬁétoﬂﬁﬁ&g?ﬁplﬂ@ﬁﬁﬂnigﬂésynﬁr& silicon, polycrystalline
silicon, _anorphous silicon, silicon dioxide, silicon nitride, silicon

car bPdte, §B% asowsimiransdnger oftlaing dfiwherein smd dimphragin andi cower manbler dre oade

copp rQm ungsten. ..al um num, platinum palladi um nickel, tantal um

and g&ﬁq{%@g}n%{&&? nﬁfé%‘ﬁ?s?&c&f%‘ﬁ@ﬁﬁe%ly me IF%‘?’rPQ.FY crysilie siligos; a

covesmoiphibey silieon, Bilicéh HloRFAR! sifidbn | : r UG WaIR l,gRhr agm

posi ti oned between said cover é%gg?egﬁgc@a%mgﬁb%ﬁglgﬁ’ g{gﬁgm%f%lgﬁjgagm

| at epaabony titamuan) aoldiiton eopperptlmomipay mhgsén, nnnsaud, phdman, wiladiaseniekelsai d

cove nber . .wherein the support structure engages the periphery of the

di ap I L RUOYS ansducer i s biased, to maintain the spacing of the

diapﬁ;agqhﬁ@gﬂkgggm&gugﬁcgg@ﬁﬁ5 . 60. The transducer of claim59 wherein the
cover nenber includes a plufa |§y of perforations. 61. The transducer of

cl ai m 59 awubsedts; t he support structure is continuous. 62. The transducer of
cl aim59 wherein the support structure conprises a plurality of bunps. 63.
An acoust"l@Vﬁfﬁ‘ﬁ@%ﬁk@“mﬁ?@i%ﬁ@%@tﬁé‘w% grucgireover nenber having a

pl anar suy §a; st t , I.aphra ans.for suspendi ng
t he -di aphr ag%&%@%ﬂ@“@ﬁgﬁ"r&% éﬂgé’g{éer“&?@’%ﬁé@ S%(\’iéﬂr%ﬁgtebﬁa“{ ﬁ‘@p dE®phr agm
vviht Hgl_erdlhganDJahlmeyich aipking phiatielsy BRdrplanst Sutfdct bEsRNEREE Tnchiber, Rtlctdin &y Of
t he di aphragm

suppcPﬂ'stru%ture engages the periphery of the diaphragm when the transducer is biased, to maintain

the spacing of the diaphragm from the cover member. -

60.  The transducer of claim 59 wherein the cover member includes a plurality of perforations.

61.  The transducer of claim 59 wherein the support structure is continuous.
62.  The transducer of claim 59 wherein the support structure comprises a plurality of bumps.
63. - Anacoustic transducer comprising: »

a substrate;

- a cover member having a planar surface and a support structure;

a diaphragm,; |

means for suspending the diaphragm from the substrate to permit free movement of the
‘diaphragm within its plane, wherein the support structure engages the periphery of the diaphragm
when the transducer is biased, to maintain the spacing of the diaphragm from the cover member.
64.  The transducer of claim 63, wherein the suspending means comprises high compliance
springs.
65.  The transducer of claim 63 wherein the support étructure 1s c’onthuous.

66.  The transducer of claimi 63 wherein the support structure comprises a plurality of bumps.




when the transducer is biased, to maintain the spacing of the diaphragm
fromthe cover nenber. 64. The transducer of clai m 63;8 hteuay200he
suspendi ng means conprises high conpliance springs. 65. The transducer of
cl aim 63 wherein the support structure is continuous..66. The transducer of
cl aim 63 wherein the support structure conprises a plurality of bunps.
ABSTRACT Muiltiple enbodi nents of solgd state m cro-structures, such as a
condenser m crophone, are disclosed. According to one enbodi nent, the
transducer includes a fixed perforated nmenber, a freely novabl e di aphragm
spaced fromthe perforated nmenbeyg@rsyeport ring in the perforated nenber
mai nt ai ni ng the proper spaci ng between the di aphragm and the perforated
menber nedYlultiple enfhedimantof sohdstaicanipto-ginictizes pehsi anosfenidagsicaphod, ag t he

di aphg o,rest-freely on the support . ring. apd yet nechani cal
dec_o@Eﬂ%g)s%‘%'héC(g‘frg%rtgaﬁ%/F?’@ﬁ‘?WEt’£$?WQP%‘ ?%é@.ﬁWﬁF@F%@ membgn @t her
- enbodicavhovabld dibSiadailispAQdSdrt tip& drRtedRGlRs: i@ pelbiaian
based devi ce. 'I_'h.eﬁlﬁ?%i sgd m cro- stéuctrufe con%?’?gse'jggéng@%elpgp {;er&)rgﬁ:gr film
havi mgmber _i‘l‘bbézdms'g thepadrier spapingibeiwegn theatiaphidgin and the perforated member near the
perimeter; and compliant suspension springs allowing the diaphragm to rest freely on the support
ring and yet mechanically decouples the diaphragm from the perforated member. According to

another embodiment, a raised micro-structure is disclosed for use in a silicon based device. The

raised micro-structure comprises a generally planar film having a ribbed sidewall supporting the
film.




