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

Sl bR gl e Bt oy e IRRRROl s fhe Wl pomyiaots

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.




-2 One of these two elenents is generally forned to be planar with the
surface of the supporting silicon wafer. The other el éneryanZ0be it sel f
general ly planar, is supported several mcrons above the first element by
posts or sidewal I s, hence the term"raised mcrostructure.” In general, the
positioning of the two elenments with respect to each other affects the
performance of the entire device. lngrinsic stresses in the thin filns
conprising the raised mcrostructure cause the structure to deflect out of
the design position. In a mcrophone in particular, variations in the gap
bet wem of R scinaRINAGR i@ &%Whﬁ‘écﬁo@fz éﬁﬁﬁr it Q‘snﬁt‘é%%?{ﬂ@s p}?ﬂ%' tsltlvI ty,

noi se, and over pressure response. her actors a &8

manu P\a&ru?bf; oti;t::redr@mm,ewhtmmptfgenemiﬂy planhry euppottedissegihmi@bnd dboveine figghone.
Such Prob ns _are re f i scussed éand addressed.in U S. Patent No-

5, 408°7% P‘ﬁésr es"faHS At TRISSC BIGOHUCEYD "t o Loeppert and U.S.

Pat ent NOIn %eﬂgl 4l§62{3$§?t10rhg§9;?%é twd BchiGisSRR ﬁ Léé)%cteieﬁ ﬁcr a ctchthFI gn of

a mcrophone b rai sed m crostruc Feate
.a s pt:rlfdmemeafreﬁ tth@tmaepat@mes elposidit isoessee limtlies ehik dilin Gcoﬁh[ﬁi%hfgagl@ raf9eg
method to achieve this is to formthe backplate using a silicon nitride

t hi nTRTPHTUEELD SAREdt v‘-‘éfrw%tf% Frapeilecs iopt ebie designepesiiéen f e raarrncreglenemr ch
ser Vﬁzﬁ-tl&gate%ﬁgtlldn%hn th@ Heh nsﬁlgq{l@ﬂr%h il b%clgtﬁ%tk afffegﬂ &J dm%é &PBI s later

renoved through wel et ch proce I"'eavi n i S€ Gt e.

| nt r $emsitivity cmvgse) mdsweepﬂassurardsbmsej licon nitride backplate will cause it to
def | ect O%Pof posi tion, Corrpressr ve stress is always avoided as it causes
the st ruchMapeothst giﬁﬂ{? also pffest thomaaigaciuee, Frctwacompesition and evers desigur e 110

of themp rnjngtro ﬁﬁﬁe ./S\fléh rof){%ﬁtsozfﬂ: ﬂﬁ)ré ?ullyr SR ei% %16 pdrdé%rg%({] W%%ﬁ%{lh&bm at e

mcrostructu rrnsrctensronwr

112.5,308 %3]tmrfkrrggmﬁ UeB Phtest No omqmezmr&:nmappm rdnddJ.Br PAGRNAS,8melkogs from
the difference between the coefficient of expansion of the naterial of the

rai PRF'&r ostructure 110 and. the supporting wafer 116. As shown, the

t Ty | t en T int '
ol at e 1127 {HebEE eRAnp AU RCdes BH KR b GoptOlE S A Bt il 126 of
si dethepbal 146, crdé s stiffelenieht Marmedibd ;a)srtimnaetaewertﬁy dRbhiabR. RBethdLid O

def | ect t%l\rvards the wafer 116 in the direction of arrow D. This defl ection
of pi° s 15 19 fospnthesbackplgtensipgrisiisor pitads thingilm drpositadsiver ashapedsiticon

perf r e Sir to negate the
ef f eﬁﬁ%ﬁﬁ?s@ﬁ ﬁ't)‘}rgr1 C(rftlss ?@Q g)nessra@r% VW ﬁ‘lrésrltr%é %}%r ﬁlonf ?ﬁﬁs?%r é"é@ laﬁ’te{:'rsgég thructure
ar e rkanowed throvighevadl kndmwnadith proo@ses, 1ea ey Wicralsbd badkput€ ORRAKIA teRleQlredshe

thin filmcan be adjusted by making it silicon rich to reduce |ts intrinsic
st r d8 gejshinep gitnfehackplate wil cgusertto eflect out of position. Compressive stress is always

avoided as it causes the structure to buckie.
FIG. 12 deptcts 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 mtcrostructure 110 and the supporting
wafer 116. As shown, the tension T is directed radtally 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
_ rnoment 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 rnicropttonc. _ | |
A number of undesira_ble means to negate the effects of this intrinsic tension within a thfn—
- film raised microstrqcture are known in the prior art. Among them are that the compositien of the

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




8 February 2005 -3 technique has its disadvantages. It results in making
the thin filmless etch resistant to HF acid, increasidhiehraaryd@Opbiculty
and expense of manufacture. An additional solution known in the prior art
woul d be to increase the thickness of the sidewall supporting the raised
backpl ate thereby increasing the sidedall's ability to resist the
intrinsic tendency of the thin filmto deflect. While this sounds
acceptable froma geonetry point of view, manufacture of a thick sidewall
when tebleniqed Badits disadvastapes: Turegulissinnmaleng shenthin Hilm 1&dsl eeldspBaint twHE scid,

I npractical. The object of the present invention is to solve these and
ot her MERaHNS S d?ff@utwe@ff maRehen ey Additiond splugen kpewp i theririor art

i nve : : d el g Is

o hariP g 138 ke, IR ThiBleRPbs deli0Rl Aol GPRIGATHIGNS b iftieEhe
At hihedidephitlagilitg to rait thrgintinsi tehdpoy of thawhirafilmch deflécn. Whéle pieis sovmaised
menber, a tight acoustical seal_ can be achieved leading tog a well

cont r #icERigblectipm, & gaemely ment-off Yiews manplactus o v dick alevell onagn the faised

sus peﬁ%rgﬁpg&ﬁ.n%%gn%% ng}%stgi&n fﬁﬂlg%g%%aa% ;C?t]%l sispgnsion only allows the

di aphragm es not take part in the

defl ecti on Dhe dijectdif dtpresgnd ihvention istoisdivs these umdlothéggsblemswave, conpl ete
decoupling fromthe perforated nmenber can be achi eved whi ch reduces the
sensi t W‘/&{IABXOE {8 BAYERII@Nses on the transducer. In accordance with
anot her asp i | e LS V) oust r cer
conpri si ng: Ggé (a:%i/eg rgfarr%l ﬁ&é&h‘%&gﬁrg}% 1%?"zlalksafrrgﬁs"uar #e%@%at%ﬂttﬁﬁaa %%hlﬁrggritr&@aggtﬁé'
per f ohdhestnfedhigicaistasitivity SLD Blffee i@ nope (bl oviplade Faehdrtoba itthp alaplashas
menber; a di aphragm positioned between said cover nenpber and said

subst restiag ampFupPelsinggafached & ahe perferated) memben it tightoaconstiqsh seall ean be

id pl . f s3] mer : b G t bl Led.
cai o GVERRLLRHEENS s Sle Bnitofigy By FEARALY 1Bl Fiihé unREheh XoRRURES it #
per f orsadpeskisrEmBB6d AthosthRREN @Eithe Susbristonl dnlPARNAIhY dissibe & Ovs & & own

di aphragm and responsive to changes in electrical capacitance between said

cover Pimataad degschos take penit apthe slgfectian ¢f tisaliaphragmh e aroineidenisaiyst priessotedias, a

e’ patviploEhRERIED rRPLBRG R R e RO B sRBe B8 SR ITE
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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.




-3a I n accordance with another aspect of the invention, there is provided
an acoustic ‘transducer conprising: a cover nmenber havigitgbaugyy 2635 surface
with a plurality of perforations therein; a substrate operably attached to
said perforated nenber; a di aphragm positioned between said cover nenber
and said substrate, said di aphragm I_st_er ally novable within a plane
parallel to said planar surface of sard cover nenber; a circuit operably
‘coupl ed to said diaphragmto apply an electrical field in the space

bet ween said perforated nmenber and di aphragm a circuit operably coupled to
sai d di aphrysrenidance syigh sinother @spevhrafethei mventin rtheral is prapised t an eeouste ween
sai d g]%\ée% nenber . and sai d di aphragm and wherein said cover nenber

i.nclu S ucgﬁ%(ﬂ%?rfsnggrructure havi ng one or nore openings nade therein to
provi de a | 9ubvel BRMARE A RAES PlAhS REfA8e WA LIRS If padhatisnshbdifli aphr agm
“I'n accordance wi th anot her aspect of the invention, there is provided a

rai sed m caagstaicopetablyattached th said peifbiatedmérabestl devi ce, the rai sed

m crostructure conprising: ener al | | anar,_ t hi n-f.il a si dewal |
supporting ¢ HEPRRAER Pohar Refreen spidkiayer Miiiber ind aid suibsdte, sgd anhegm
- ther eilgterall) nfB@BIeAARiR a YanB pRRALINGsadaaF stfack BEsdidY&RE hitinbeihere is
. provided a silicon electret” m crophone having a backplate conprising: a
gener al | y pt aiveuit ohémblfyi ¢oupled tei sagvdlaphmgmptor aiply an hededtii¢anfielh én dienspabe
- Si dew%l %Yhas t b‘@%?t one. rib formed therein. In accordance w th anot her
aspec BRI RTHeRsImemperand diap ided a raised mnicrostructure for use

inasilicop CH@!%?@P%MB’C&)UpIeﬁetOr Hi$ WhpikhP ahd ‘ﬂ@s&klﬁﬁv& %néhéxﬁgeé‘% eléttrical
generally planar element with a first "'thickness and a peripliery; 8 February
2005 - capisitagcedietieeenl shidwiover raermberaamd saidi didpheagsn; andi d si dewal | supporti ng

sai d pl anar ﬁ' ement . at said tE)f)?r.i(gh ry above a substrate at a di stance;

wher ei n sai WOSFBetR FOYFRMeMbsr inclpdas,a SHPPOF U EFG AV IR Ofgaf more openings

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;




I n accordance with anot her aspect of the invention, there is provided an
~acoustic transducer conprising: a cover nenber havi ng8Fegbhammarosiur f ace
with a plurality of perforations therein; a substrate operably attached to
said perforated nmenber; a di aphragm positioned between said cover nenber
and said susbtrate, said diaphragm laterally novable within a plane
parallel to said planar surface of said cover nenber, wherein the cover
menber includes a perineter of attachABnt between said cover nember and
said substrate that is patterned to reduce the sensitivity of said cover
menber to intrinsic internal bending nonents. In one enbodi nent, the
present i nvemstdevallfveth asemndrihizkoessi i ¢ transducer consisting of a
perforated nenbey and a nopvabl i aphragm spaced f.romthe perforated
erber - The s stiengluBodEA ca e Pt Bh SRS bt bt ot 2

per f og@tspde:menmber upon which the di aphragmrests. There are means for
suspendi ng 't he di aphragm such that the diaphragmis free to nove in its own
pl ane, t her sihgrampzaidiskiengllthas aphadakity efaibssfermed therdiy. of t he di aphragm The
suspension is achieved by restraining the diaphragmlaterally between the
support ring and the substrate attached to the perforated nenber. There
are neans f i i i s e t.ed r
2nd The. di A B R R O e g oL RER & g eese

el ectransdiicer aprapfisisgice bet ween the perforated nenber and the di aphragm as

t he di aphragm defl ects, due to ,an in |dent§ a?ougti c. sound pressure wave.
The t hi ckne&SO%HIMBIbEE haying  plagar; it Plualiyaf petfertiopsicrels r esonance
frequency of tilifat q? i : Xi mum acousti cal operating
frequency. Slsnl?g grel ?Iatbhe %l@%?%‘%i’érfg%@hﬁé&g%%orat ed nenber are chosen

such that thdiaphsgnmepositidned detveey sail dosegmembbaand féd sesbiraesaid dinphidganl
oper ter at which the perforated nmenber is

ting fre ncy.. The peri )
at t aQHSEIbGNPYBLe Wik lee R o aleny Bihene EQVeRTFNcE VRGN the
curv d [ -4 i b
ctr eaa e Bk eRRt: Fh8i el BIRRRiN bibwter BRI AL ridtr g MRS
made thatcis pdtieatedniondedade theciemsitiony of rgakblamee merhbérstd ntiifbic pltanel béndidye
di aphragm and yet maintains the close spacing of the diaphragmto the
per f JRE¥EMSnenber. The support ring is formed in the perforated menmber and
sets the size of the active part of the diaphragm The height of the
support ring defines the initial spacing between the diaphragm and the
per f or at ed Inmendemibodient (e reSone inventidiDfeatSde ABsstiotrididudts 2B A@pE otad

perforated nmenber, providing an acoustical path fromthe
~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




back chanber of the transducer to the surroundings thereby elimnating any
. baronetric pressure frombuilding up across the di aphrgggbrudip@obtdw
roll-off frequency of the transducer is limted by the corner frequency
formed by the acoustical resistance of said openings and the narrow gap
bet ween the di aphragm and substrate in conbination with the acousti cal
conpliance of the transducer back chaffber. The perforated nenber has a
systematic pattern of openings providing a |ow acoustical resistance of
the air flowng to and fromthe air gap between the novabl e di aphragm and
t he pefftopage &tcbsﬁmﬂasiperfﬁmedsmsmbcmﬂ‘he sppetsomment of iraligihridie aepediergen ar e

chosen uch t ol | -of f frequency of the transducer is limted
by t h'e“’c?gPWé‘F‘ P&&f?éﬂl. '%H?%%%ﬂs "bghetpx@eéﬁ"é'e&@@elapgmewbmrmanams the
conbi n t

chamegbgf%d#eﬁgﬁﬁatﬂgdu er. he?égiﬁ}s%t%ﬁﬁ%mﬁtégl ? Jé@%w ﬁﬁg]r' gclm‘eg lﬁle

r esponpérfirated arenttepamtwusthe s:lze ofrhs ectp@partaif e dispHrien JEHe Hefsht Aﬁth\éﬂshlbpobﬁ

appr eci. g\gd by those having skill in the art, there is a tradeoff to be
mede bERGEEHNMiFIniig! spaginabptyecen ﬁ?éh?i&f#m andthe perforared rembr tThcneng; one

f
i ar o GapheBaihes Alf S ARALEAR PRy Ba T athst arrviuBePprg Sl Pedrfiait thade
of onebagk chmfibertAtly ir@is8udef @bk Q%&Eﬂﬁ%s%ﬁbﬁ&lhﬁﬁlaﬁﬁg aﬁﬁﬁﬁ@ﬁe@ Qﬁsure
pol ymers, silicon, polécr ystalli - i con,” anor phous “silicon, I con

" di oxi deombuildiss up; ﬁcrtoss ed:ashnagmoffhm\br@bpffgeqummmhegmnbdum lsammbge
carbon, titani.u ol i,r,on chromu ngsten, al um num
pl ati nUf P Fﬁ‘gl}%% formed iy ¢ the E‘F Filrestsian §al PPyags and the varey gap
enbodi t | r

B¥BRéen (e AERTE anf d‘ﬁ%ttﬁg‘g i cﬁﬁb{n‘ﬁﬁfn&’ v@ﬁleﬁgl apﬁ&?&ﬂ Gol ﬁQﬁs " ro{lﬁet he

consisting of a perforate ran nova Fagm spaced

per f orteanedhicaebdsk rcharilm Shpeperfigratcd nivhbel hasegystjhatic pateRe bf opdnigysPréagingd to
t he per[orat ed ng upon, whi ch_the di aphragmrests. There are neans for

sus perfdiot gt éﬁffﬁt%"@‘?h of fbpy a!rhﬁ‘?wlﬂﬁemcﬁﬂépﬁﬁ@lagth? iy gapebetwgemithee momalvlt s own

pl ane,4 sensitiwvi t t he di a m The
sus pens";idgl‘r%I %%EX%dIﬁégé\;Pgﬁ-h@g &%ﬁm{é%gétﬁ S‘r‘F R s OEBF olqagmg% eE’he

di aphrsagimhartte p@hmr-affmqmjaefmeTrhﬂsdﬁ@érwmnﬁef@bmuaéﬂseﬁt?&ﬁ ney iffdREE I N
the construction and di aphragmrel ease process, but once in operation the

el ect bydhapaustical resistantoin denfbingsion vatidihe phousteal .cnmphmtomf: dmp}tragm end
perfo nbe uct ure. ntrar to that t t
pat eneongoha el 43 8RR A ica R0 aheals ke RponstfS Joril gty
Ber nstgisB gehdifted B iHaGiefce! NG i1 récih\f&f'ﬂ}lrﬁl'as@hﬁ)fﬁ aqn'in ?Illegzm ft*]&‘@né arole
I n establishing the diaphragm conpliance ere al So°are means
appl! ytlﬁgctzfﬁtoeheemdeltewedlldahthlgean\d/eBmeI he perforated nenber and the
di aphragm TIﬁher further means for detecting the change of electrical
_ € pe orate 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




capaci tance between the perforated nmenber and the di aphragm as the

-~ di aphragm defl ects due to an incident acoustic sound @riEtsuare208ye. The

t hi ckness and size of the diaphragmis chosen such that the resonance
frequency of the diaphragmis larger than the maxi nrum acoustical operating
frequency. Sinmilarly, the dinmensions of the perforated nmenber are chosen
such that the resonance frequency isclarger than the nmaxi num acousti cal
operating frequency. The perineter a% whi ch the perforated nmenber is
attached to the substrate can optionally be shaped to mnimze the
curvatur e qh%t heFBe[rfor ted rrerrberl due to gntri nsi c str.est; ip sai d .
per { BPiHg the ReSBIrCHndrdi GRPHRI S etk @racss, BRETISH 18 BPSFRRn e slestigwatis gi o
enougtfraét®in Hrin@s b Hiaphidb® i : b _ d yet
o B R A% G RN T Pt SO0, by

‘per f or that thugbtbe U.SnBater Woshil 46,8 ato Beenstdin,pdodne.S. rRagan i & 43xA80cY  Of
'the_ i_thra%n and Sﬁéi ngs is as small .as possible conpared to the intended
| ow PHOFEEs fihe sRIfgeRE (heoprepné tRyeptionlays 4o msiemifeasant role jn ablishingthon of
t he gk " | _ L] 1, S,..J ' rforated
ot A COmplaRRE R, Ak gre A SUPARYing i lecucd) BLMRAvichn WRBREREL S Oh
of tinembexpaat ther dinphrdghi nEleré hee friter aheanpdor dgehmigvdechifie 6f apbrram and

the perforated mepber. There are one or nore openings in the support ring,
pr o§aaRGinsHbAwerdbe paiforpiad membshandibe 'élaelv@grnaﬁﬁ@ldw%mgnedqfleaﬁséugm to the

surr. ' . . lLj.nating any barometric pressure from building up
acrolggagwggg?%gﬁéagrﬁrg#we@Wo\{ﬁ roll-off frequency of the transducer is

limted bphdthiekees ﬂﬁsiid@h@&lﬁﬂuﬁ?ﬁﬁ%o@% SulR (A€ e Fésofidce TiRGUGHFOF Ol Lhe
openings and the acoustical conpliance ofthe back chanber. The perforated

- menisHapimagm i langer ibam theangyamarasogfticalmparating freqaancyli Rgnitarlyothe slfoestonsal
resistance.of the air flowng {qQ and fromthe air bet ween the novabl e
i 2t PR e REm B taPtish folihe rheincy fafkury Elapt bR Ta mprus of ¢ he
openichaticalbdRrAing ;‘Il%ﬂl(ljéié?.h ThE BbrithBRr A Which Ble! peplofatdd ﬁi%ﬁ&c% aﬁéc#%@?o the

transducer is limted by the corner frequency introduced by .the acousti cal
r esisvbstrage camoptmwhiln bt ishapedito minimgiza deustrvatate afchp pedioretedaherhba dudi taphr agm

and .back. chanber .of the transducer. . The perforated menber, support ring,
et R S R A A TR R T AR R A i
si | iLORHRE Ble sHak ' Hat iy fel ' &Ji};!bﬂ:! ,
photoaiﬁg hograép?hy %&%%&?m%g%%ﬁg&o{&ﬁn@%éﬁm rltg%pﬁ}g%n?%] taro_up
consachamgallyf decomflo thehitaphchgpofrymahoperfirkted aembepindio easat thabihesnplagen,
anu&ggpus silicon, silicon dioxide, silicon nitride, silicon carbide,

ger e PaRRe tepapericy A the Siapengm andspEngs it a3 swallanpogsbla compaad tot tb@?ﬁimd, d d
the bl N .ant.al um an
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their alloys. Ot her ~aspec e
| nprihieenppdrt Hog ivfonaed i teqeifottédimember and sets the size of the active part of the

diaphragmi. The height of the support ring defines the initial spacing between the diaphragm and the
p’etforéted member. There are one or more openings in the support ring, providing an acoustical
‘path from the back chamber of the transducer to the sumroundings 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 providing a low ac()ustica_l resistance of the air ﬂowing to and from the air gap between
the movable diaphragm and the perforated member. The systétn_atié pattern and size ofthe 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 combinstion' with the acoustical compliance of the

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




for use in silicon based devices. In accord with one enbodi nent of this
aspect of the present invention, a raised mcrostruct ureFdlmnanys605n a
“silicon based device is provided conprising a generally planar thin-film
and a sidewal |l supporting the film wherein the sidewall is ribbed. Oher
features and advantages of the invention will be apparent fromthe
followng specification taken in cogunction with the follow ng draw ngs.
BRI'EF DESCRI PTION OF THE DRAWNGS: FIG 1 is an enlarged schematic
cross-sectional view taken along the line 1-1 in FIG 2 of an acoustic

transAesmer and UiphlagiPeth BLIRRIRSHAR 4 @ilﬁﬁﬁqﬁﬂﬁqﬁﬁﬁ hilrd Hﬁcﬂfnﬁ%et in-film

invention; FIG 2 I's a top plan view, partially 1'n phantom o e acoustic -
t r andehboelogp fang|pBotolithogtaphy 3nil snay be ossle s enk amahopanspdslsifiten \theyonp t he
acoustic trar}.__sduger of FIG 2 taken along |ine 3-3 of FIG 2; FIG 4 is an

enl argBSH4 ¢l GroensRasetl aglymsay silispnypalyerialincoticess amqrnhons silicen.siias ducer
Si M lgdxidd SiELEhi | ot I at Sk %y optional |y
shaped xét t 'giclh(lnﬁélrt'rl%ﬁg%l gé&ﬁ Jélrﬂé{i‘@ §Qﬁ@%ﬁﬁﬁé¢%§g%g¢1?ﬁ%}? ﬁ’?ﬁ%l?lorsns g(s’lgt'tr?no nal

vi ewcbpgeeschadmiug, titgseh saemunt platinfinGpal&diim, nidkeReaitALinCandr BB AUGRr Wi th

hi gh conpliance spring suspension in accordance with the present invention;
FIG 6 isAmothspaspeetof thepgsepanyentiph provides haimpoyeradnt tdwmised onistasguttn@nsducer
of F . F i cross-sectional per ctive view of the acoustic

tr ang(gu%sgrm SPI_ =) éascé ‘?eéﬂ?g?j E‘T 6‘?‘58“* B’I“gr%‘% 'F—"?{g’%ﬂ‘@t of S Pt @ tﬂi“’ypréﬁ‘?“;&r ged
_part idlentié) aViaed mRFdstradthsé fof uBO NN bR BEALST growc@ﬂséj)‘ﬂ&lﬁ[]sinfé m | ar
to FIG 5 wherein the perforated nenber includes an optionally shaped :
at t agengsdbyi prenas thin-filn@nd g sidswall sappwting telfilm, whesicin thesidewell detilbtetli on of t he

change of {;he mni.crophqne, capaci tance. whil e i ntai ni ng_.a constant .
el ectg ri cap.tdbel'iag%tgreﬁpr?"ghaéjv atggeép?fﬁﬂ’& In¥ERion) i @eﬁpﬂcgglﬁi"%éﬁ'e g‘?[[}’é’ﬂi‘g f or
the gelHERhiieNtaREn ﬁlhﬁnﬁll?a@ﬁ'&?wﬁfl tHe*‘[%llH%ﬁngﬂMﬂ@s.CapaCi tance while

- mai ntaining a constant electrical potential on the m crophone; 8 February
2005BRIEFDESCRIPTEOM Ot THE-RRAWIDH: per spective view of the. acoustic
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invention, FIG 14 is a cross section of the raised mcrostructure of FIG
13: and FIG. 2 isatop plan view, partially in phantom, of the acoustic transducer of FIG. 1;
FIG. 3 is a cross-sectional perspective view of the acoustic transducer of FIG.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
' lli-rlvention; )
FIG. 6 1s a top plan _view, partially in phantom, of the acoustic transducer of FIG. 5;
' ~ FIG. 7 isacross-sectional perspective view of the acoustic transducer of FIG. 6 taken along
plane 1-7; | ‘ |
.. F1G. 8 is a greatly enlarged partial top view, partially in phantom, of an acoustic trahsducer
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;




FIG. 15 is a plan view of FIG 13, taken along line 11-11. DETAILED
DESCRI PTION OF THE | NVENTI ON: While this invention is SFRebegryB0e5 of

enbodi ment in many different forns,there is shown. in the draw ngs and
will herein be described in detail preferred enbodi nents of the invention
wi th the understanding that the present disclosure is to be considered as
an exenplification of the principleg of the invention and is not intended
tolimt the broad aspect of the invention to the enbodinments illustrated.
Referring now to the drawings, and particularly to FIGS. 1-3, an acoustic,
t ransducergin o jth the prese i.nvention is di oged. The
acoustic tFrIghls]d%%é:?&-g%g&?)ﬁc plfcrisé’ggtgvepvé ‘?’185@% GRISHF gﬁﬁ?dﬁﬁ?ﬁ Q@ﬁ%;'ng; a

per f or at eIGENDRRA Afks SMRBRAIIBRRMicRraURSLd RloRRIARARARE frigfi,an al !

gap 20. A very narrow air gap or wdth 22 exists between t I aphragm 12
and’ subst F&fel3 80a atososactignal perspectplerdgmof @ mised nficrestnyctire dnitodpinante

t her eb rtel leying any intrinsic stress in the diaphragm nmaterial and
decoﬁb‘%é??'ldnﬁ? i aphragm from the substrate. A nunber of small

- indentati eg. [43s alcfosiBlfioh Bf iRFaidt ARRTAAM LR ATRGENS; Al Ction in the narrow
gap between the diaphragm and substrate. The lateral notion of the

-di aphr agmFl@- §5dis e ebnnier efiFI§y: 13, skepaotg Bie liefire 41 in the perforated
menber_ 40, ' serves to nmaintain the proper initial spacing between .
di apﬁgﬁa;gméggﬁb}fﬁ@MﬁJﬁ%MW@QNbport structure 41 may.either be a
cont.i nuousyy:i . ' Lf _the,. t structure 41 is a
‘conti.n uou?ﬂrﬂl?gg? B{vﬁ@hmﬁlk g‘ﬁ%‘%&% %n?&é&s | %né O lfe %‘Zfégeglg EOW’ %‘F’fedﬁ ffff’r‘@' 41

f or nin the dhiwisgsans will héredeldesdribad indbtdibprafeyyedl bmbodiineatsl oFthe igVeritioA AN CY
roll-off of the transducer. |f the support structure 41 is a plurality of

bunp¥e yndgrstandiag 4625 1he prasentsdisglosuse s t9eber enngislgred; ashasy exgmplificiatiom gf thee
e 1 he.. byt ' 22 . i nat i
¢ har piALIEIEL OERR hAGOHIRE io Rt thAdR BP0 B peBRP G0 LR (AP S0t

. subseémbddimafks bijusaatdilel ectric | ayer 31. .A conducting el ectrode 42 is

attached jo.the non- ctgnguct_i vegggrfo,rat ed nenber. 40. The perforated nenber
cont ai ns REKTISIIOGP B drvines- 224 prfistiaty fhF IS d-3aa iappuwstigitransdpeer onot

g A e T U .
t o rexhdodivelitaphegust2 snddapgtorgedinchitber 40 supportédby aisibgRke 30arft Rphdeed
sufficient bandw dth of the transducer. A nunber of openings are al so nade
in t'?iéa“cﬂ‘%%ﬂ?rzggﬁ"fg QAT Hesan s pidihZR eyistrdistercn i diaplicagmmld and sibstyetepat h 14
il T T T T N T
. 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




inaroll-off frequency | ow enough not to inpede the acoustic function of
the transducer and high enough to renove the influencé Rebrizay 2085 ri c
pressure variations. The openings 14 are defined by photo |ithographic
met hods and can therefore be tightly controlled, leading to a well defined
.- low frequency behavior of the transducer. The attachnent of the perforated
- menber 40 along the perinmeter 43 cag.be varied to reduce the curvature of
the perforated nenber due to intrinsic internal bending nonents. The
‘perimeter can be a continuous curved surface (FIGS. 1-3) or discontinuous,
such r E i ] et i .
i S me IR ol e sy RHEUONS 55 RSyt pRERNE S Hicien
cur vhandveidduef the tramddutersi A nbebeti sigopenings b dlsd inhde inphE URiphfageh MERREMA0.
Turning to FIGS. 5-7, an alternative enbodi nent of an acoustic transducer

in alEBP@HcrembGrdq to feropa daakage pasly bhivhish tpgethrrpyith dg complianaeadshiubask 50

i ncl uge i I m an a_perforated mber 40 supported by
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at t aghgebll-6ff fifegueneh 36w dhGughho® Uit pde HEbRbuRic MRKICASDT tHeltranMhh @GP asERiME O
mechani cally decouple the diaphragmfromthe substrate, thereby relleving

any praughrie remoye thesisflience pEbatpmphiicagessure Variatoonsr The beenihgadHraagdafinsd bel eased
f i h bst d i Kk The | at | t] f th
R R e e b A TR

- menbeqdtcy WBhA bradfShe $8hiRRer OTRRhtchinant SR RPBFatdd ichiblr ?@ Afdngqpo et ween

di aphragm ™ and perforated nenber 40. The support structure 41 may-elther be
a copgrimetotd aan hgvarieddo pducathe tyrvatofe ditirqyerfotdied membenipord ingtidsieGhierml 41 i s
a coptinuous ring¥ t hen di aphragm 12 restA&g on the support structure 41

f or nRendingpomenss sThegpenmetes can beteaintiguqus curvrd seriacs fFLCH- Il s of Svscmtiabensncy
rol | 5R4fasWordiPfed VE ucgery; : ' r 1 is.a nlurality of
bunp%, taﬁer? tEeea oggtsﬁ 'ce{f désgglﬁn&éjgﬁs géej‘%%ﬁrg%t&%&#i E?rdldﬁgoﬁafflﬁigﬂg ﬁfélwhg

bet wesforataé niwmtes 40 aherbly pidavindithg carvatufd iled @NintinsiOPhdR ModteAlNE thd he
di aphragm and t hrough the perforations 21. The conducting di aphragm 12 is .
el ecPgfasaipd rembgsdf-at ed fromthe substrate 30 by. a dielectric |ayer 31. A

duct i is_.attached.to. th - conduct i f d nenb
o The "BuERLIRGS, S A B RSR Shob i iaF of L3R Fisd et b lgRean, coh o
sacrivfih teglredentifiverftidn s SHRUEY. TheRBSHREYS280Rdesh REHWARR didtulindPhagapm 12

and the perforated nenber is etched during fabrication to formthe air gap
20 aneprighstehmemberdlsapperedhy asebsitte Imdacpansted by ararpgapi2 0o The iphiagni n t he

air . t i fficient bandw dt f. the t d . A nunb f
opert s ieBiele 08, sybitimse B ¢ Foimbist ohsErioge T Vigh Pac (@ ARABAN DN 14
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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)




shown) on which the transducer can be nounted forns a high-pass filter
resulting in aroll-off frequency | ow enough not to i Bgetterarh20@cousti c
function of the transducer and high enough to renove the influence of
barometric pressure variations. The openings 14 are preferably defined by
photo [ithographic nethods and can therefore be tightly controlled, Teading
to a well defined low frequency behgvior of the transducer. The attachment
of the perforated nenber along the perineter 43 can be varied to reduce
~the curvature of the perforated nmenber due to intrinsic internal bending

T i net 43, ot h (Fl . -7 } ted (FIGS. 8
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monments in the perforated nenber. In operation, an electric ential is
appl sufticieethaedwidtinef tho transdti¢er e Adivaier afppettigand nidde in theeGipopdernéired t he
per f or at ed nber . electrical tential and assocjated chargi ng of the
co ndﬁﬁ’c@ Bp §'lfr)$(6ﬁ"u?ﬂl§ IQEF @ég tgg‘? ey ith &Eﬁ)ﬁ‘rﬁ‘h%ﬁe@é ﬂl‘fe@%éhamg@f paphr agm
and 4Rsnpehfwitat ot cdREHREr I WA ' ragm 12 noyes.toward
t he perfgrat eof rrenbter 40 uﬁ%ﬁe ﬁ&ﬁggtfémigg}ght@gs gﬁg‘g%?‘?ﬁé‘%r“&&‘ﬁ 60?511.,

whi clie@ensy lomeenatigh inat todppedd ihegicpastiotfumdtion Ve the RaBEUGEe andvhigh edoll to

defined ai.r _%@p 20 and acoustic | eakage through path 14. Wen subjected to
ac oUSTO¥G fhediidiegge obbargmelais pressulr Vations el hespenings btare prefarnlly defimsskbygm 12

caus] S g f t I . m. t.h rf.orat ed er, 40. The
ot 11488 o b ol B o R R eI Db Tc "B GRE R BRR S laby, ana
consfeuendy behadpestitiamedudes (iR aftadhitntb AR iMtd PmambedalthoRRE feindde&d
menber 40. As a result the electrical capacitance of the transducer is
nodifi3a8 e ygriede redusa seicuratuse of thy perforatst masinhep duletodutrinsin éntemdlbeatlingn  of

capagi ehs shown ip FIG 9: 1n. ection circuit 100;  the
traﬁfsi%gt@% i%% I?eélrré%enrn‘iekcf aéHGb‘f Smgo%dff;@gt. g‘gi o ﬁ%@ti‘i&) 119[ d 82nd, Ht)t yBgai n
anpldotrugited: pOdmudet ProvRicY alldi@bnal pigitlityl JMBE pAEGated nfl L3t ies the
DC pot e%t ieaF) of tthaWSI _iaf iler I ﬁ%ﬁ%ﬁy to groungltemherng%wﬁéeb%D%&%ot tnhh al

" Vbicygvatyrg dup st inrinsiedrending mimanantsingbepaforatéd suemibeg. in this™ circuit a
constant el ectrical charge on.the transducer, a change, of transducer

copac t adBePTRio fh AR BoRARYAS wiPIER Beerk e SopenTs drphitipdd angbe
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-10 Anot her net holgl to detect the rmdlﬁ}gﬂ%%%%ﬂcapacéoggﬁgghﬁgﬁémgi n FIG
10. cpnduckms puwluecs droelediostitic tattR@bon fdree betawesnl teodiagi2grh and ehpat@steio a DC

vol tage soyrce 201 and a. charge _anplifier, configuration 205 with a

fe e@beg‘&el??r‘r g‘§ g 'f‘%’?t’ %%esﬁtfpg@gam pevesdawardihe peatomiad pepber 4Q witt! iegsler es DC
st aibhi e & i it andat.g he: DC . av i t of. the
anpl |bf I er, B (;er?gttg‘% tﬁrt?lﬁ%’ ‘E@egﬁwﬁﬁf%laéﬁdﬁi 0?%%{5?[%3@3&50 sasw?%e

t r adsGumlerir gahs2lumdngougtictlbdkage ihroughtpath BHNWham bubjected 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.




potential across the transducer, due to the virtual ground principle of the
amplifier, a change of capacitance causes a change of 8dfedurggey @603 he
transducer and consequently on the input side of the .feedback capacitor

| eading to an offset between the negative and positive input on the

. anplifier. The anplifier supplies a mrror charge on output side of the

f eedback capacitor to remove the offget, resulting in a change of output
voltage "Vout." The charge gain in this circuit is set by the ratio
between the initial transducer capacitance and the capacitance of the

feedback Gape: ifidthod\y dAE4ARE %&Riupiti_OHBfScagféiEﬁEé ROSHBLWRCH EId. Sid DAL gkhe

virtual ground principle of the anplitier Imnates any parasitic

capadeteaner cirauit 200 cher irosHug@r @0Rds ¢conntdted to absHusleige soliice 200tRE AVWhaRe

attenua_? the effect _of .the %¥nanic change of the m crophone capacitance.
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noi se. An enbo e ralised mcrostructure
i nveiid DA posensbldWbiasav il i@ﬁpfué&cme tHeAransih@eef. A SRFhiRg B @&LdindGh W/cBnsta?
conprises a generally circular thin-filmplate or backplate 112 supported

by aPsteRBaleAcross the. trapisdugeni diedo thecyigyalr grovnd princigie iof tiwoarppliGeda ohamgetdfii n
film - ilic nitride. deposited on top of sacri.ficjal
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relevant arts. The -sacrificial silicon oxide layer has" already been

r emovE dmplifier lsapilieg @rreirfon charga ontoptput selesifdbevidetibakk apaditok ke ranvdveatle
nicrOﬁIrucHHne 110.is attached at i ase 118 to the silicon wafer 116 and

b
at t af¥eeh Tapulting 0 afhanes ¢foulp vellagend opt-albe tharge gaib 18 this gisgutt is sof byghe
gene I 1 ' (PRI Y r.angl es, may be
el T AR b s triopi forck nd ittcabitafee AR BAE LaBRAE AT o
vi evadiantageofthelriattjorodirchlt @ thdt3hevitthalgramdipaiaeiphfof theamgiidryalihikbtsahy - the

‘present _.invention shown in phantom It can be seen that the sidewall 114 of
t he PAaYRGEaPaciapes o dertrigal groyns in the rpesducargwhishjotherwisp atenugtsythe pifieca of

pl ural.i Lodi 6 ridges n royes . _122. 1In e eferred

P rpoie it AERLOA! fie'h OPhade oAl 73K Fever Shic dBule BRE L fdiox pacea,
f or npapgsitic Capatit@etLd minimieUheof FihldfQhRbRe ohlike BERIIEVEE Gin TROHihaRAL
utilizes ridges 120 and 8 February 2005 - 11 grooves 122 of a squared cross

sect@'@ﬂ!ﬁcﬂﬁélsé-ffec.t of corrugating the side wall in this manner is to -
‘create se nenbs.124 of, the sidewal | 114 tqﬁé are radial, as is the '

i ntrinsi /P EREPYMeRt ¢jithg %Qeép’é‘ff@‘@‘fﬁm 1H ot ihgpissenpmwventnmds ghovinia FHdewal |
114 y3aaidal, TRSratsad i 010 ' Fdiftar tRinSh1 as
been found tharté1 thgﬂgr?%gjv%gjl:i&m&ol%n& %'?ide&gl\ré%?)l céﬁ#t%ﬁ%@élgﬁﬁ glr%clé{h{allégl to
pl atH2suppgrtaddbyeasiddwal bt

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




as conpared to the radial segnents 124 of the present invention. O her
geonetries than that shown in FIGS. 13-15 of the corrugdabmesy 2005 i dges 120
and grooves 122 can be inmagined and used effectively to increase the
sidewal |'s 114 ability to resist. mnonment Mand the geonetry depicted in
the FIGS. 13-15 is not intended to |limt the scope of the present
invention. For exanple, a generally gnnular geometry, generally triangular
geonetry or any conbination or variation of these geonetries or others
coul d be utilized'for the ridges 122 and grooves 124. In the"preferred

nmb t t d h d | ls 114
par aPioBFR 2ok G ARt ROBerE el Cere S bmeting e e ol bt VRmenwstiie | of a
mat ediﬂeﬁlf: sedn@SIAGTitHE TSIl A MEY abdYalial BSisIhABURslcSersich 'ﬁhlethg k@lpeeﬂlw th

respect to the substrate to all ow good Step coverage as. iTm
backBY makingiRriiensgé phwudwddl MHirkdial, heisseension Tethb aitiewall 134 hoyigfchet Mt

il trbate ﬂ u ous nodifica- tions cone to mnd w thout
i oriPH PR R e Sl a1 of e Pef R vl Primnseniale PR Madisimiilsdope. of
Pr Ot RClohifArddSo A dial w%q@\fll\téb%f mesﬁf@&it ﬂiveﬁtb&[ acconpanying Cainms. 8

February 2005 -12 CLA n acoustic transducer conprising: a

cover nen@ther peomeatgesathph dmashewn iREEGN 1311 Ropiheraatiuyticits deidges #20 AR
t herei n; gasub trate, operably attached to said perforated nmember; a

di apfiPaYsh13e<Pe Pe Heaeined %%’e?ﬁeééf%“é‘@%éto inerenwr the adewall's 1ddsbilitateresisti d

d|a | | I i e r.al | el n sur face
Qgél;'gglggon\’/[ea?' 4 eo}ﬁeﬁg\ﬁ Ic tt[jiokplzlcair ﬁ%qg oiﬁ‘ﬁ gtef“ged tg(?lamg*hgﬁﬁ dﬁ%\rﬁfeo appl y

an quexehrmeaitnohl eldin the space bet ween sai d perforated nenber and

diaphragq} a circuit operably coupled to said diaphragm and responsive to

changes | r?re?’@é’cﬂl‘?’célgeﬂé@ﬂ&c@ﬁ%egw%@erﬁ@ataHYCWBgulﬁerﬂgemew\d)rsan}d

d - f h
pet waanaiof 8 AloR & GRS ERNRICTT et Pl SEhuPeRE s TR Bnbd Bricouce.

the psesveb 24ty of said cover nenber to intrinsic internal bending
moments. 3. ) _ _ ,
In the preferred embodiment, the corrugations are radial and hence the sidewalls 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.




The acoustic transducer of claiml1l wherein said perineter is corrugated. 3.
The acoustic transducer of claim 1l wherein said cover rfehdlenarg280sai d
substrate define a |l|ateral restraint. 4. The acoustic transducer of claim
1 wherein one or nore indentations are made in said diaphragmto prevent
stiction between said diaphragm and said substrate. 5. The acoustic
transducer of cl-aim 1 wherein said cover nenber includes a support
structure having one or nore openingslfe reduce sensitivity of said cover
menber to intrinsic internal bending noments. 6. The acoustic transducer
"of claim1l wherein one or nore neclGAIME springs are operably connected to
sai d cover nenber abd said diaphgram 7. The acoustic transducer of claim
1 wherein one or nore coincident openings are nade in said diaphragm and
sai d wpveLAmeber to provide a | ow frequency-pressure equalization path
across said diaphragm 8. The acoustic-transducer of claim1 wherein one or
nor e jnon- ¢4 L.nci dﬁnh_ %ni ngs are nmade in said diaphragm and said cover
menber . -8 ‘FABFURPY TBBIECE CPRIDHSINEhe acoustic transducer of claim 1 wherein
sai d cover® ¥RYNDEEMbEE YR a plasusysiace withapluwmlity dfaeitogtionsthereindr e openi ngs
made t her &t bstatp ppembly abtached t6 said perfomtedrmanbere equal | zati on path across
sai d_di aphrdgphrago poditienertimmwedrsald envesinefibePinddan SbdtriBEIE) BiaPRi-gnfoVer
nenbéaterally mmebleavishinpglinegiaralie! 10/ id @ishr SskebrARNY QYD hnim gf'g I'n=posi tion
agai nst  sai dircaisperablyslotiplell ¥ Saidd Yia! gﬁ{tgsaéglya% e?%ctt' 'ﬁ@ ;iptgr’ces )
. genebé‘h@dﬂl@ﬁu\fﬁﬁﬂrﬁéﬂ ﬂéu 1@1‘%1'&% h' Sal for L € ﬁgpz{ca sai d

el ect r.i,CaIacglj ﬁiltg cr?ﬂ} %ﬂ@ ‘%‘gqu'?“ C r"anSd cer- of, claiml| wherein said

~di appy ggf%&g% SV ar Fe (’r%{f% A A0 IESPOBR VG A danges ingelgetsical

i t h6gr aphi his verjmem sadsianhragmyanducer of claim 1 wherein
sai d di an Bl goreRBemberindndesiacpeniaer of atiacimment between ezidaveer al s
consembag g saidsubstrats skt ds pastepnedits redsice theaensithoity 6f 34id &dvel BRmfHer ke 0N,
anor alronsc gitdriadendoiglmaentdi oxi de, silicon nitride, silicon carbide,
germanium gallium arsenide, carbon, titanium gold, iron, copper,
e I o Thelagh G iraduéte ot Soid Ak ol Peh il B odfhfisfly 1 ant @l um and

>

- 3. The acoustic transducer of claim 1 wherein said cover member and said substrate define a
lateral restraint, _

i

4. The acoustic transducer of claim 1 wherein one or méﬁfa"il_ldentations are made in said
diaphragm to prevent stiction between: said diaphraygm and said substrate. |

3. The a_coustic transducer of claim 1 wherein said cover ;;iémber includes a support
structure having one or more openings to reduce sensitivity of said cover member to intrinsic
internal bending moments. - T o

6. The acoustic transducer of claim 1 wherein one or more. Méchanical springs are operably
- connected to said cover member and said diaphragm. i

7. - The acoustic trfinsducer of claim 1 wherein one 'o-r.mofrql‘c_oinCidenl openings are made in
said diaphragm and said cover member to provide a low frequency pressure cqualization path
across said diaphragm. AR :

8. - Theacoustic transducer of claim 1 wherein one or more non-coincident openings are
made in said diaphragm and said cover member. ' '




13. An acoustic transducer conprising: a cover nenber having a planar
surface with a plurality of perforations therein; a subSshrearg2892rably
attached to said perforated nenber; a diaphragm positioned between said
~cover menber and said substrate, said diaphragm laterally novable within a
pl ane parallel to said planar surface of said cover nenber; a circuit
operably coupled to said diaphragnLHg“apply an electrical field in the
space between said perforated nmenber and di aphragm a circuit operably
coupl ed to sai d di aphragm and responsive to changes in electrical

capagi tar bet ween said coyer nenber d said di aphragm and wherein said
covgg negg[geracf)ﬁ%icﬁffé@ "é;e%?f%adﬁl %@%ﬁ%ﬁéoﬁgﬁﬁﬁbﬁh@l. S FrSHRPOSpERICHES made
t herigivihgt sheld: Mrél 8péhih@WnidAHUERAGY p%\ﬁéé?[d?r Wﬂ}%\}%ﬁﬁﬁe Q&}ahz%foglgl% sai d

di aphragm 14. The acoustic transducer o ereln’sai ter
i s csresagaiddapphiagm.The acoustic transducer of claim 13 wherein said cover
i ral. restraint. 16. The acoustic

me and said suybstrate fine  a |at.

tran ducgﬂjcﬁfoﬁtlﬁﬁm‘g‘ € “quﬂée“c')‘P SWEP@V?MW%MCHH@S&F*@H%@UPW%& d

di apidagitdiaphraBrBYBEH irSidsfifo : ' i.aRhr 1 d. sybstrate. 8
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cov generated detvaso saidebaphrapnp mel taidparficttad ementtey dngtocar] edctii@il GeRpeni ngs to

reduce sensitivity of. said cover nenber. to jntrinsic internal -bending
romdit s, .acﬁlﬁé'Cﬁ‘éﬁi?élF?ré’?Ha% N B ERBRTEAnAAe1eE Membe amasras

e C hayilicoml waFa isiHESpHES 0B LY npected to said cover nenber and said
di aphragm 19. The acodstlgl%ﬂtﬁr aer%]ﬁ@cer of claim 13 wherein one or nore

coi déi derfihc@pewitin ganatueeneitdaiim! whaieih sHiddinphgipmantl Gaictmember ardgRRRr to
provide a low fre ueﬂcy ressure qu%l i zation path across sajd di aphragm
20. TR ORTYULPTCMEIPARHS Horstiingof earRpmnbased obiasts, sthronopolyey aallisn stisonci dent

OpeRindgshoRk SilibB Rilid gl SRRk hifhife0 a%f'ﬂ’? i arsdiige
acoustiqf:h t rang%ﬁ%lehrdogfd%l%’ %h%%% e(g@é?ﬂgto ﬁg@bé\%ég&{n% er’e%ralr%lc u%resgmae’

per epbprytitafiumageld cinore woppizetchesmuse thgsieneuminhe blatindms palthdaih siislate t hat
IS zﬂt‘\ﬁzged ta redL“rc?g the sensitivity of said cover nmenber to intrinsic

int fmgod et AieSient s. 22. The acoustic transducer ofclai m 13 wher ein

sai g3cove d&ﬂ@ﬁrtrén&ﬁlc@p&ﬁnﬁisﬁléppor t structure
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 circ'uit operably coupled to said diaphragm and responsive to changes in electrical
capacitance betwéen 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.




and said diaphragmis held in position against said support structure by
el ectrostatic attraction forces generated between sai @& iEbbapdry 2065 and sai d
perforated nmenber due to said electrical field. 23.- The acoustic transducer
of claim 13 wherein said diaphragm and cover nenber are nade on a silicon
waf er using photo |ithographic techniques. 24. The acoustic transducer of
~claim 13 wherein. said diaphragm andi4over nenber are nmade from one or
nore materials consisting of carbon-based polyners, silicon,polycrystalline
silicon, anorphous silicon, silicon dioxide, silicon nitride, silicon

carbiide, geavdustiiramgahder BRAIARSS WEIRein s£i8 cH mehibePRMEEs Egs%hﬁort 5 e
copper,. chrom um tungsten, alum num platinum palladi um ckel, tantal um-
and DRAENE OB PraYAC opmingA te ruesdendiGipsufisaid toves nfeatbetmentiinsia irérnbkdendiags ed
devi Sfd éntgse raised mcrostructure conprising: a generally planar

t hi n- |nfm ‘a sidewal | supporting the film wherein the sidewall has at

| eastigone Tht keduaii Félai i i ' ot m, 25
east one Thi Bedusfie®shstiik 6F flain? §3 whiRid e thdtd glg%ﬁ%]ﬂ E’@%@%&%ﬁ § e‘?’%l;frﬂr

wherein the sidewall is corrugated. 27. The rai claim

25 whensrted i gaid poven membeyanvksaid digplamgmat e cross section. 8 February 2005

-15 %g. T e&&hﬁﬁd nigrostgqcluif f claim?25 wherein the rib has a.

genefal |y T Fangur SUsEpeaL 8t claim 1 wheregyone gt angre peipetdent opgripgsae madedt ¢l ai m

25 whid @iaphiafi ahd LaidesvePmORBES i i1 e

rai sed njgrogfnucture of clg?ﬁ? %“&ﬁﬁ?g??gﬁﬁﬂkfﬁ%ﬁ?ﬁ?$ﬁ§§%ﬁ%@$§§§mg%£ pl ate

of asad fiapbiagmbased capacitive transducer. 31. The raised mcrostructure of
t.he ri.,ses a rigid backplate of a silicon

cl ai m 25 )fgercei e Jhi n-ffil.m g(ég{e) <

basefl ni cf OpHEHE!C BFsAukergf clairg, | EAP S [IOEE DOR-EQ1BTHADBY ePTHRB SR made

backl saidedigghiRem shd &hiid 8o ARhMel Y Pl anar thin-film a sidewal | supporting
the film wherein the sidewall has at |east one rib fornmed therein. 33. The
ni crdbhonéhofcoptyd rasduseh ef elaimt 3ewbérdinvihé lcover manbaidadladbs Bferiméer of

m ¢ ré}gag%gntq;en%e%i sg}dsc%vgﬁ%&%ggr e;[n %airﬂi stljlbsht%%e %atg ies" gl?af aldlty ecllr Cut6111t Sensitivit
sect : ped 10 reduce the sensitivity
of said cover member to intrinsic internal bending moments.
~22. The acoustic transducer of claim 13 wherein said cover member includes a 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.




35. The microphone of claim32 wherein the rib has a generally triangular
cross section. 36_ The nicrophone of claim32 wherein &Fabruarp 2065 a
general ly rectangul ar cross section. 37. The m crophone of claim 32
wherein the sidewall includes a plurality of ribs. 38. The m crophone of
claim37, wherein the ribs are equally spaced about the sidewall. 39. A
raised mcrostructure for use in a sjg.i con based device, the raised

- mcrostructure conprising: a generally planar element with a first
thickness and a periphery; a sidewall with a second t hi ckness; said
si-deygl | sy@pgggd I ove a substrate
2t 276 oy JnpRasad RELEMCLR: S SR BT PR uR TN nBPE SRGRMy TRMUGLT oS
therm0h0n40 The ral sed m crostructure of cl ai m 39 wherein said first

t hi ﬁéspess rrgl ar ed %o th | ateral extent of the said planar

ele iSOl &5 aFEreeh G Bb e Banesplly reoszrienlas eusnd

t hi cdeogies |s approxi mately equal to the said first thickness. 42. The

rai sed mcrostructure of claim 39 wherein said distance is |arge conpared
to sHl.d sthonited midronesse oBclmeh? irahgreid@iEthinl Gl mpiies b §18@ of a silicon

m crostﬁ{uctu.re of claim39 wherein the ribs follow a periodic path of the
per i e SAPAFHYE FARSISEET Qut war ds with respect to the centroid of the pl anar
el engnt . [ e| n.the

“arcuate ‘q‘i"%“a@%ﬁ"%%%ﬁ‘ét*r‘%t P 3t 7 b Bintlhe BRI SdmBISES AuiBBotiidrlg
pl artasilimlf@edamrophoaepl urality of perfor ations ther e| n a substrate
oper.gbly attach said perforated nepber; a dia hragm posi ti oned between
sai” cove"g h’éﬂ’b ?‘Seé lpctel miceqpbeps having %hﬁ*‘?éfpmea‘fﬂﬂ?lﬁgmg lateral |y movabl e

w thin a said planar surface of said cover nenber,
wherein tdﬁ%&@%gg?[&h} e?lﬁ?ncl udes a perineter of attachment between said
cover rrerﬁ:mdevaihichuap:brﬂngﬂbs{tlnﬁte that is patterned to reduce the
sensitivity af Saléj ver nmber t% intrinsic internal bending nonents.
46. The t"?'i./?ﬁ e(?\‘alcffaéla east ong & LfEﬁ"Pﬁj“ @CWi rcuit operably coupled to

sai dadi amyquig} Hgn 5634 BokA i cal capacitance between
sai d cover menbogr aend sal d‘lylaerhr atﬁ%qﬁﬁ&?@l 1S$ﬁﬁb§r %‘?tsducer of claim45
i ncBddi nghe neicrophore mfpﬁmaimywhﬁamj thdrlb basagehetiliRRORGNEHS section.

35. The microphone of claim 32 wherein the rib has a generally triangular cross 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 sidevtrall with a secend thickness;
said sidewall supporting said planar element at said peripher;r above a substrate at a distance;
 wherein said sidewall has a plurality of ribs formed therein.
K _. 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




apply an electrical field in the space between said perforated nenber and
di aphragm 48. The acoustic transducer of claim45 wher &frebserd206f i neter is
corrugated. 49. The acoustic transducer of claim45 wherein said cover
menber and said substrate define a lateral restraint. 50. The acoustic
transducer of claim45 wherein the diaphragmincludes an indentation to
prevent stiction between said di aphragm and said substrate. 51. The
acoustic transducer of claim45 wherein said cover nmenber includes a
support structure having an opening to,seduce sensitivity of said cover
‘menber- to intrinsic internal bending honents. 52. The acoustic transducer
of claim45 including a nechanical spring operably connected to said cover
menber gnd sai d di aphragm 53. The acoustic transducer of claim45 wherein
the di aﬁm b Faifcd RUCropRstuoRblatm 3Prveersie it foonta pﬁl@,aic h bR OVi de
‘a | ow f E‘Hﬁg}'ﬁc‘?“ﬁﬂb@@dml\wdahﬁmaedpeﬂ 10 e eeRABHREST 1RQL '1%8 agm 54. The
acoust i4é‘-traHEd‘atsednldxfromimhfreéﬁcfaﬁﬁhs'@ﬁﬁ&iﬁ}ﬂa%:%[4 I fgfl € Coi nci dent

openi nd8. Eﬁwac'ﬂnmimmsﬁhé@cbﬁxﬁﬂﬁﬁgﬁer of ¢ ein said cover
ening[s] to provide a | ow

merber i ncl udRverrmeMBENavin ﬁ:},;;%gglg;c@av.i ng an og _ C

f | . W‘&SPE‘&?’& &f Bperations thewin: Th

coustic iy osaburd %{%ﬁdhgﬁg%ﬂ_ %f‘ﬁa@ menghspe menbgr i ncl llj::lesea
ap

acoustic trg % si

I(rﬁe 4
. trerg saidicaver mernberand shidsubsten
o1 Doo faterly okl okt o b et et substente, SOSGlagiRhnns

249 parplicttn said plamet swface afi ssid eoverafierb@ Whiki
wher ei $PVSEMEMRCRBIshgsR Rprimetep of attrehinent betwedmaaR] coVer Aefibel ﬁ'wg%r;‘h%‘;"ng
phot o thpg ¥ayHeped o reducnthe itiﬁ@;nﬂmcacmﬁéﬂlsertt&?ﬂ}ﬁﬂgg te Ogl ﬁﬁgﬂ 3.55 .
wher ei IROBIENE. di aphragm and cover nenber are nade rom one &
mat eri4fl s chwsiratstngr of clamh B9 MdddRES s LBL S pysi L GO ol ycrystalline
zialr Ibfggspoggarve E@El%ﬁes;ﬂgi élieaﬁcmfdg é}&:@ﬁ@é%@ﬁﬁﬁﬂgﬁ;& gﬂd ﬁfa?h"fa?m
coppery | ?Hﬂ(ﬁnclﬁ%ai ceﬂp{%ﬁéﬁﬁgf - CIERYE oneIhly peuniediiosaid diaplragm thant al um
and t Qg? eoﬁlés. ] E‘g S ERIGS Priween 8aid perfemtedanqmberiand digphmgast rat e; a
cover ,penbel, ” acgizn% t;é‘“ﬁg“&ﬁ‘é?f“é%lm 4rwhernin saidsparimeter 8 lcomEEHEE;
- c - x 3 o .
2 nteral rotat ansducer of ¢laim _45 wherein said cover ;nember and said substrate define
50.  The acoustic ransducer of claim 45 wherein the d; i i
- . taphragm | :
g;‘event stiction between said diaphragm and said substrate PRSI incides an indenlation to
- The acoustic transducer of claim 45 wherein said cc;v i
: . s er member includes a support
~ Structure having an opening to reduce sensitivity of saj oF e s g
 bending momente. ! ) 1ty of said cover member to intrinsic integnal
2. The acoustic transducer of claim 45 including a mechani ]
said cover member and said diaphragm. s mes amca; pring operably connected to
.:Sn 2::.1 . Ihe. ac%ustic transducer of claim 45 wherein the diaphragm and the cover member
] (+] [ i 1 . .
diaphr_a g:::_')_mcl ent openings (o provide a low frequency pressure equalization path across said
| 54, The acoust'ic transducer of claim 45 inchuding a plurality of the coincident openings.
sStS. o Tll_11c acoustic uan§ducer of claim 45 wherein said cover member includes a support -
.dig;); r;;mfmn g an opening{s] to provulg a low frequency pressure equalization path across said
56.  The acoustic transducer of claim 45 wherein said cover member j |
) jucel mber includes a support
structure for supporting said diaphragm when the transducer is bigsed. o :

=g




a di aphragm positioned between said cover nmenber and said substrate, said
di aphragm |l aterally novable within a plane parallel to &Reésuayanes surface
of said cover menber, wherein the support structure engages the periphery
of the diaphragm when the transducer is biased, to maintain the spacing of
t he di aphragm fromthe cover nenber. 60. The transducer of claim59 wherein
‘the cover menber. includes a plurality_of perforations. 61. The transducer
of claimb59 wherein the support structure is continuous. 62. The transducer
of claim59 wherein the support structure conprises a plurality of bunps.
63. AR ac LG oL r LShng: a.subsirate: .a cover nenber having a
plang?'su?ygggﬁgﬁéégﬁgﬁ%%gﬁﬁggyggg%@g%ggmgggpgﬁﬁ DHCORE ANnE A MeBendi ng
t he dnaphicagwafdrasing phouhbidrapiec teehfigies t free novenent of the di aphragm
within its plane, wherein the support structure engages the periphery of
the @af-aphlBgAsouskeiranshuce pﬁﬁgmégmhesenbsaaé diiphtagmumidrroremmeiberspaniadg of

the di.ap t he cover ng r. .64, The transducer of cl.aim 63;

wher grlbﬁl eg)q%%%en 'Rg Trea) én%%t:%el?oé'é‘%asﬁq gy %Wp?‘%ﬁ%é"’[@ﬁfsﬁ'ﬂ? silgeon, The

t 1 ansEoQRbUDIliEInR kil S3dIORRIE Slifledn Bt RIPAGES N SIBHE dehRahifimC géliihxﬂ%’ééﬁ'de%- _The
transducer of claim63 wherein the support structure conprises a pfu?allty

of bearpen, titanRs R Tron\Mappemp bl ormto diungstérs abiniswh] platiman @atthdiam; sickelct ur es,
such a% a cod;&lensgr m cr ophone, are disclosed. According to one enbodi nent,
t he Rk et alipYies a fixed perforated menber, a freely novable

di ap$y.agngREsRE: frhRuERoR ﬁﬁi‘agat ed menber; a support ring in the
perforated menber maintaining The proper spacing between the di aphragm and

t he  per f or sitbeatepnber near the perineter; and conpliant suspension springs

all owi ng the diaphragmto rest freely on the support ring and yet
mechani caﬁ?‘SVCH%’EE‘L'?BWB@T{WIHP%%#Wrad‘HPP?féStﬁ@lﬂifé? ated nenber. According

to -anot hgy; [My=Te j - ture i isclosed for use in a
silicon: baslggﬁg%\gi 1:233 fo?ﬁ(gbétrwgﬁlg gacfwnc?’ %ér}oliﬁ%@r%%&nﬁl & C%u%zsﬁ?tg,e%al d‘@B{'{é‘E% ly
pl anlaterdllylmovabiel wighia aipldnb peratieite waid|plfpaafict BPsdid €ovel ideMber, 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. -

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.






