WO 02/ 15636 PCT/ USOL/ 25184 M NI ATURE BROADBAND TRANSDUCER DESCRI PTI ON
TECHNI CAL FI ELD The present invention relates to. mniature silicon

t ransducews) 02/1BE¥6KGROUND OF THE | NVENTI ON The use of sili g@i/ixaseshss
capacitive transducers as m crophones is well known in the art. 5
Typical ly, such m crophones consist of four elenents: a fixed backplate; a
hi ghly conpliant, noveabl e diaphragm (which together formthe two pl ates
of a variable air-gap capacitor); a voltage bias source and a buffer. The
bat ch fabrication of acoustic transducers using simlar processes as those
known from the integrated circuit technology offers interesting features
with regard to productiWNEéIUMEBQ%éﬁ%MWS]&H@Eﬁze reducti on.
Furthernore, the technology 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 a tDBSSRHIREON hat, with little or no

nodi fi cation, can be used in such diverse applications as comrunicati ons,
audi o, and ultrasonic ranging, inmging and notion detection systens. 15
The keyTE@ﬁ%ﬁﬁki"ﬁE‘ﬂiﬁje bandwi dt h and high sensitivity lies in creating a
structure having a small and extrenmely sensitive di aphragm Designs have
previously bEedpresaasicsidon RldttsSo nataginé silibdh trinsdd&rk35 to Bernstein, and
in US Patent. No. 5,452,268 to Bernstein. In these structures the

di aphr aACKGROEDEN OFdT AR DIVENEON of very flexi bl e novabl e springs.
However, the_inplenenta- tiron of .the springs |eads.to an inherent. probl em
of cont F ol 11 FRF THcTIATaMACY SSRRSITWE THSHHETL 25 HCFORBBNeS S Wbk Ko Vihink i At

af f.ect s 5 Qf a t hey is
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ext r ememypvenbleslisphragns {which togetheSoem theSwomddtes ofyarishl4 8i0-gap Capacitdreppéinge
Unf ort u[glatel%, i r& t.hi %case the properties of the diaphragm nateri al
beconme ¥AF 3qUEeh anda el |y the intrinsic stress gradient which causes a
free film torgdibdich ﬁﬁﬁéﬁt%ﬁUf)(eousﬁ@ir@sh%usﬁ%ﬁmﬂhf@ﬂ)é‘é’ssé&rdé P REKhSWn Fldks
structure concerning the reproducibility of the |low frequency 25 roll-off
of the theantgatet cirdiit teohoology dferc atershtarge fagires mathbreghysl &t pragludtion cost,

di aphragm are typically forne n asingle . silicog s trat I,
oo Pt A S G Fuiremoidth e, Pl i Rt meSuPfe”op
02/15 63&n€ﬂétfd§0§'/sﬁ1%ﬂ68&ansduger having a wide bandwidth of operation with a uniform high

sensitivity. This provides 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.
15 The key to achieve wide bandwidth and high sensitivity lies in creating a structure having
asmall and extremely 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 Bernstein. In these structures the
diaphragm is suspended on a number of very flexible movable springs. However, the implementa-
tion of the springs leads to an inherent problem of controlling the acoustic leakage in the structure,
20 which in turn affects the low frequency roll-off of the transducer. Another 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 to curl. Eventually,
this leads to a similar problem for this structure concerning the reproducibility of the low frequency
25 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.



One of these two elenents is generally forned to be planar with the surface
of the supporting silicon wafer. The other elenent, while itself generally
pl anar, wOsupPested several nmicrons above the first el er€MUSOY25pRISt S Or
sidewal I s, hence the term"raised mcrostructure.” In general, the
positioning of the two elenments with respect to each other affects the 5
performance of the entire device. Intrifnsic 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 ween.t he. di aphragm and backpl at e f.ect the.m.crophon sensi i vi.ly,
ot s, CRRPTSUE T OB S OB BRI PR e N AL ESPERR R erPaing Filiton
manuf aGiiee THRIS bléhRnt, SABASdIE géﬁ@raﬁ??laﬁﬁﬁ [s8ubpRAIsE¥bral Hichs bltRe the first
m crophone. Such problens are nore fully discussed and addressed in U S

Pat ent dlgmentHy408ts 08 sidewalBe hgapeithe terty.“BiseRamigrostriigures’, 490, 220 to Loeiopert,
and U.S. Patent No. 5,6 870,482 to. Loeppert. In.the s i fig exanple of the
desi g of a1 el Tliei & 8 Hrdruens il BsbRt e opdh SUERBHERS IS <
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One nethod to 15 achieve this is to formthe backplate using a silicon
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whi ch serves to establ.ish the desire eparation, . This sagrifjcial |ayer is
o TN Ve s i Ay R Rtk o EPkEEL SR biale 3t he remghisd
backpl affsitilitf mofse] ndl §REpleSudd Fe8Schse N the silicon nitride backplate will

cause it to 1@Eaf l'ect out o? ep05| ti'on. Conpressive stress is always avoided
as it causesMuineother factons &se affém thel rran@@tiEe Gtrut@irg) epmpogtiom endsorchalt déssgd

m crostructure 110 of ;the prior art. After .the gxide is re; d_| eavj.ng
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wel | ae s R O R R B P B S e o
mat er i dloeppert.he rai sed microstructure 110 and the supporting wafer 116. As

shown, the tension T.is directed radially outwards. .The tension T intrinsic
Tn the 25 pllR(Ee PESTHRITPIECHIE VA OLBHLHOP LIRS S BN RIABEH e
base 1]t§e g{m% fesedid o 16 elehtnPat SREBNY pd¥ioRSEktiSe to&h@dfagﬂlngﬁ.cxo&fm&Hﬁdm ate
112 to deflect towards the wafer 116 i'n the direction f arrow D. This

daf| ectachievethipisat forhile baekplatesising aailiveg attridethef filacdepositddryesesiaped silicon and
performance of,
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PCTl Usoa]\'//o12d5e %gf it causes the structure to buckle.
20 FIG. 12 depicts one such raised microstructure 110 of the prior art. After the oxide is
removed leaving 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 microstructure 110 and the supporting
wafer 116. As shown, the tension T is directed radially outwards. The tension T intrinsic in the
25 plate 112 will result in a moment as shown by arrow M about the base 118 of sidewall 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 sensitivity and
performance of the microphone.
A nﬁnber of undesirable means to negate the effects of this intrinsic tension within a thin-
30 film raised microstructure are known in the prior art. Among them are that the composition of the

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



- 3 technique has its disadvantages. It results in making the thin film

| ess etch resistant to HF acid, increasing the difficulty and expense of
manuf act we 02//w3@ddi ti onal solution known in the prior arpCTHsulxisse to

i ncrease the thickness of the sidewall supporting the raised backpl ate
thereby increasing the sidewall's ability to resist the intrinsic tendency
of the thin filmto deflect. Wile this, sounds 5 acceptable froma geonetry
poi nt of view, manufacture of a thick sidewall when the raised

m crostructure is made using thin filmdeposition is inpractical. The

obj ect of the present inventign is to solve_ these_and other problens.
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menber can be achi eved which reduces the sensitivity to external stresses
on the transHigscbject phthgpecsentiBwniiends toysalyedhess apd othgrrbless- f eat ures an

acoustiquMﬁgéﬁﬁ%@Wﬁﬁirmof a perforated nenber and a novabl e

di aphragm'spac romthe pé rated nenber. The spacing is naintained by
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an electrical field between the perforated nenber and the diaphragm There
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25 th f d he di he di. f d
oo | ncigimeg Aot Bk gh A0 s e Bed RRRLE Mot B RBRL P W Bro S b °
dijgphr a@mAe d6hoapEis fbmthd patorhtb@ 8o @NGR abkieridentvh Rtluédiehe Ghartig@M i s

| arger than the nmaxi mum acoustical operating frequency. Simlarly, the
di mensiatgnalsfressheoptheftomsdusdr. renber are chosen such that the resonance

[requency |5, arder, Lhan e M Tum A0, ocqust Lol SReraLng. Leguency The
;)gt I onglel #hr &1 HBABED IR HbVHHE &fpHrdlin St bRahOperfePaIhREAIRE FBAREYs due
maintained by a support ring attached to the perforated member upon which the diaphragm rests.
20 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 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
25 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
30 acoustical operating frequenéy. 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



WO 02/ 15636 PCT/ US01/ 25184 -4 intrinsic stress in said perforated nenber.
The suspensi on neans of the di aphragm are made such that m ni nal

mechani cavonrpsa@nce exi sts in the plane of the di aphragnPCuud01y2sts4

mai ntains the close spacing of the diaphragmto the perforated nenber. The
support ring is forned in the perforated nenber and sets the size of the
active part of the diaphragm The hergq_ of the support 5 ring defines the
initial spacing between the di aphragmand the perforated nenber. There are
one or nore openings in the diaphragm and perforated nenber provi di ng an

acoustical path fronrth ﬁgfk cha er of the transg L¥ the
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The perforated member, support ring, suspension means, and diaphragm can be made from

20 a silicon wafer using micro machining thin-film technology and photolithography and can be made
of one or more materials from the group consisting of: carbon-based polymers, silicon, polycrystalli-
ne silicon, amorphous silicon, silicon dioxide, silicon nitride, silicon carbide, germanium, gallium
arsenide, carbon, titanium, gold, iron, copper, chromium, tungsten, aluminum, platinum, palladium,
nickel, tantalum and their alloys.

25 In another embodiment the present invention also features an acoustic transducer consisting
of aperforated 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 suspensionis achieved

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



WO 02/ 15636 PCT/ US01/ 25184 -5 assists in the construction and di aphragm
rel ease process, but once in operation the electrostatic attraction brings
t he di apiwagmsiend 0 contact with the perforated nenber sSuppOTAUSS2SUSH ur e.
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

i nvention plays an insignificant role in establishing the 5 di aphragm
conpliance. There also are neans for applying an electrical field between
the perforated nenber and the diaphragm There are further means for

detecting the change of el ecfrical apaci tance between the perforated,
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r esonarfBEIFHIGOHE FOWR RIRSUER Wi agm and springs is as small as possible
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The systematic pattern and size of the openings are chosen such that the
hi gh r ak$onehde frequeueydyhodiaplegn padstinge rs as smill a3 pesdiblscopraraside therintended

frequenc in duced t.he acoustical .resistance in. copbination with the
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20 diaphragm. The height of the support ring defines the initial spacing between the diaphragm and the

perforated member. There are one or more openings in the support ring, providing an acoustical
path from the back chamber of the transducer to the surroundings 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
25 and the acoustical compliance of the back chamber. The perforated member has a systematic pattern
of openings providing a low acoustical resistance of the air flowing to and from the air gap between
the movable diaphragm and the perforated member. The systematic pattern and size of the openings
are chosen such that the high roll-off frequency of the transducer is limited by the corner frequency
introduced by the acoustical resistance in combination with the acoustical compliance of the

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



WO 02/ 15636 PCT/ US01/ 25184 - 6 neans, and di aphragm can be nmade from a
silicon wafer using mcro machining thin-film technol ogy and

phot ol i t vogozapieye and may be made of one or nore materi al SPET/ORVIYITER4gr oup
consi sting of: carbon-based polyners, silicon, polycrystalline silicon,
anor phous silicon, silicon dioxide, silicon nitride, silicon carbide,
germani um gallium arsenide, carbon, tiganium gold, iron, 5 copper
chrom um tungsten, alum num platinum palladium nickel, tantalum and
their alloys. Another aspect of the present invention provides an

i nprovenent to.raised mcrqstructures for use.in silicon based devices. In
accor d WrtH: oRe Db By s oL pelitopy NERL Ushssie TROGes sl
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conprising a generally planar thin-filmand a sidewall supporting the
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1- N |9 &. % (0} an a

oustic transducer wth clanped suspension in

accordance Whidthéhaepdut 6808 prekdt B1vehiddt pradbided 4o imdprdvemznt 10Raipddamiotb/iMctures
partially in phantom of the acoustic transducer of FIG 1; FIG 3 is a
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: 1
parti al'Tyi" p an acoustic transducer sim

t he perdeaealledlamenied-fild ahd deRleaall epspoetivg] thy fishapkeeiatthasiewar isritbed, 20
FIG 5 1s an_enlarged schematic cross-sectional _view taken along the pl ane
5-18 in FI G @ther feadires epd adventages efaie dnvegtion Wilphe cpngentafie@ disr follgwing
suspensi onein: a (o} . W r S gAY ion; FIG 6 is a top plan
Vi ew, pS F‘%}iﬁg foﬁﬁglggnplﬁgﬁgjgﬁ%ﬁ%f&’ﬁte&a@%% éﬂr %l)}rﬁggs'ducer of FIG 5, FIG 7 is

a Cr oSSBRHEIH DERERIPEICNOH TME DRAWINIGS: he acoustic transducer of FIG 6
taken al ong _25 pl ane FIG 8 is a greatly enlarged parti al tgP Vi ew,

7-7; . ,
partially i FlShdrs %fnlawgeéﬁcf&e@@}g@r%swgwgww taken glong the nedt-&in ElG ek n
th f i acl . i . FIG
e P b BTGy AR TR OB AP aRAgh B LACI AR IERE"

migr ophone CREICAQIi afsLplatkiche paftially &i phaftng of diesicansticeta@sduceca FIGhay ge on

the m crophone; 30 FIG 10 is an electrical circuit for the_detection of
t he change OfIG: Bés msressoishbenal perprectivaiew of the acoustic transducer of FIG. 2 taken 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;

20 FIG. 5 is 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 is a top plan view, partially in phantom, of the acoustic transducer of FIG. 5;
FIG. 7 is a cross-sectional perspective view of the acoustic transducer of FIG. 6 taken along

25 plane 7-7;

FIG. 8 is a greatly enlarged partial top view, partially in phantom, of an acoustic transducer
similar to FIG. 5 wherein the perforated member includes an optionally shaped attach perimeter;

FIG. 9 is an electrical circuit for the detection of the change of the microphone capacitance
while maintaining a constant electrical charge on the microphone;

30 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; WO
02/ 15636 PCT/US01/25184 - 7 FIG 11 is a cross-sectional perspective view
of the aowosrisw3éransducer of FIG 4; FIG 12 is a cross BeETAUSarAls4
schematic of a raised mcrostructure known in the prior art; FIG 13 is a
cross sectional perspective view of a raised mcrostructure enbodying the
present invention, 5 FIG 14 is a cross; section of the raised
mcrostructure of FIG 13; and FIG 15 is a plan view of FIG 13, taken
along line 11-11. DETAILED DESCRI PTION OF THE | NVENTION: Wiile this

i nvention i epti bl e of. enbodinent in different. for there is
Shown 1 ¢ HACHI L oSG i PoRREv st Y b TR TG e er r e
enbodi ment s 1t 4H% 4 BEEMecREhalbdHmaki of D8 AGELRIARALnb WA tRS R GRENt

di sclosure is to be considered as an exenplification of the principles of

t he i nventi dfiGarid ik & arods sentierat perspertive vidw dhe riisaholiaspecture fmbbéying the
invention to the. enbodinents illustrated. Referring now to the draw ngs,
and par¥ PR A¥F% FI GS. 1-3, an acoustic transducer in accordance with
the present iy §Rtd PGobSseliGEbORE thiselMBicREAUShICOFI@NFHUGEr 10 includes a
15§conducti vel@d'/i atf) rag?m Sleandpt:g’t1 pésref orgt ed rrer?ber 40 Supported by a

subst rat e 3FIandS5 sepplaatvedv bfFlah 13 tekepegborlinedl Ivker.y narrow air gap or width
22 exists between the di aﬁhra m 12 and substrate 30 allow ng the diaphragm

t o noveETABLED DESGRIPAIQNOY LR BINENEIGNYi ng any intrinsic stress in the

di aphragm rial. an C ! t . aph ; tyate
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| ateral notion of the diaphragm 12 is restricted by a support structure 41

i 10t he theunderstendingrahaidhe poesenindistlosiire & toebs, eensidsradpisnam pxeryidicptiop f the

initial i . di aph f nber...Ih
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t he suppgsddimédtyafdfrgtedl IS a continuous ring, then diaphragm 12 resting on
t he support structure 41 forns tight acoustical seal, leading to a wel]
control | ed |ReermEqeshioythosravgpes, gnd partichlady i FHIMukdr an |acoyshie teppiises In
structur S rald.ty. . t i I
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gap 22,cofudtive @@dpidpat 128nd & pérsthted mehiiRr 40 BapoIted By AisBPLFAYBO 4] separated
electrically insulated fromthe substrate 30 by a dielectric |layer 31. A

conducthyrag as gap200 devetpnirovasir garhadvidth R2rexisiohetwesndbe diapkraparl2end selbtiatenber
40. Th es
0

allowing the diaphragm to move freely in its plane, thereby relieving any intrinsic stress in the

diaphragm material and decoupling the diaphragm from the substrate. A number of small

indentations 13 are made in the diaphragm to prevent stiction in the narrow gap between the

20 diaphragm and substrate. The lateral motion of the diaphragm 12 is restricted by a support structure

41 in the perforated member 40, which also serves to maintain the proper initial spacing between

diaphragm and perforated member. 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 on

the support structure 41 forms tight acoustical seal, leading to a well controlled low frequency

25 roll-off of the transducer. Ifthe support structure 41 is a plurality of bumps, then the acoustical seal

can be formed either by limiting the spacing between the bumps, by the narrow air gap 22, or a
combination thereof. ,

The conducting diaphragm 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

30 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 20



30 perforated nmenber contains a nunber of openings 21 through which a
sacrificial layer (not shown) between the diaphragm and perforated nenber
is etchewadorisege fabrication to formthe air gap 20 WO 02PQBES®/25184

PCT/ USO01/ 25184 -8 and which | ater serve to reduce the acoustic danping of
the air in the air gap to provide sufficient bandw dth of the transducer.
A nunber of openings are also made in tde diaphragm 12 and the perforated
menber 40 to forma | eakage path 14 which together with the conpliance of
t he back chanber (not shown), on which the transducer will be nounted,

forms a_high- s filter ;resulting.5.n rol.l -of f .frequency ugh, not
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separated by an air gap 20. The diaphragm 12 is attached to the substrate
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seal , |eadi néﬂto a well controlled | ow frequency roll-off of the
t r ansduggrfordtéd mhmbenffopporsddriyctsubsiratd3d andaepiratedby aryaingap2@nhe didpbraghhe
acoustical] seal] can be fornmed by |imting.the spaci bet ween t he bunps,
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Moreover, the diaphragm is released for stress in the substrate and device package.

20 The lateral motion of the diaphragm 12 is restricted by a support structure 41 in the
perforated member 40, which also serves to maintain the proper initial spacing between diaphragm
and perforated member 40. The support structure 41 may either be a continuous ring or a plurality
of bumps. Ifthe support structure 41 is a continuous ring, then diaphragm 12 resting on the support
structure 41 forms tight acoustical seal, leading to a well controlled low frequency roll-off of the

25 transducer. Ifthe support structure 41 is a plurality of bumps, then the acoustical seal can bé formed
by limiting the spacing between the bumps, or by providing a sufficiently long path around the
diaphragm and through the perforations 21.

The conducting diaphragm 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

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



| ayer 31. A conducting electrode 42 is attached to the non-conductive
perforated nenber 40. The 30 perforated nenber contains a nunber of

openi ngs wWa ov/lseagh whi ch a sacrificial |ayer (not shown)P&DUSR/ZEDE36

PCT/ US01/ 25184 - 9 between the di aphragm 12 and the perforated nenber is
etched during fabrication to formthe air gap 20 and which later serves to
reduce the acoustic danping of the ai[d_n the air gap to provide

sufficient bandwi dth of the transducer.” A nunber of openings are made in

t he support structure 41 to forma | eakage path 14 (FIG 6) which together

with the conpliance of {he back c¢h er (,not shown n which the .
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of the diaphragm 12 causes, a change of ¢t electrical fjeld, and
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capacitance results in _ o
20 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 capacitance is shown in FIG. 9. In the detection
25 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 ties 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 in

achange of electrical potential across the transducer, which is measured by the unity-gain amplifier.



a change of electrical potential across the transducer, which is nmeasured
by the unity-gain anplifier. W 02/15636 PCT/US01/ 25184 - 10 Anot her

nmet hod t ovaler/ews6 t he nodul ati on of capacitance is shown | PCEUS1/25084 | n t he
detection circuit 200, the transducer 202 is connected to a DC vol tage
source 201 and a charge anplifier configuration 205 with a feedback

resi stor 203 and capacitor 204. The f(_a%l_back resistor ensures DC stability
of the circuit and maintains the DC | evel of the input of the anplifier,
whereby 5 the DC potential "Vbias-Vb" is applied across the transducer.

Assum ng in fhis circuit const ant otential .across the tr ducer, due
to the virt d%‘?“@?fo@ﬁ ofl tp ?F@feﬁ{]ﬁ"eotflo‘ﬂﬂgn Fapagitancy I%Mbl%?ﬁ'cﬁba@?f ce
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side of the feedback capacitor |leading to an offset between the negativ
and posintplifer coyfigurationt208 vetipd febdbeck resiktoe 288phd ¢4apacita2ppl Thsfeadbrack resistor
charge on out e of the feedback capacito renove the 10 offset,
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110 of the present ‘invention is shown in FIGS. 13 and 14. The rai sed

miler ostaffset, wseltingOn e shmgesd sutputyeeltagal'Vouidi Thebharge gaimirf thismighidiesep by the
backpl ate . 112 sypported by a sidewal |l 114. 20 The rai.s i crostr.uctyre
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deposition ahd etching techniques readil'y and commonly known to those "of

or di narparsskid dapaditahéeetoreddcgicahgroand s thd hrensdseery whick btherveisd atteanato theddfdchyfer

has al r eady been rem)v%etﬁl fromthe figure for_clarity. The sidewal | 1a€%of
g
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si'dewal general I'y perpendicular to plate ut i not e
ot her amglldter Ad¥e.be utilized between the sidewall 114 and the plate 112.
FIG 15 shows a plan view of the assenbly of FIG 13 with a surface of the

si dewal | 114Awémbodimeptafdeareisehmisrostostustiblihofithe prasent swention igshewndn SFEeH.

t hat t i || 114 of th t ti h in FIGS . 13-15 i
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112 supported by a sidewall 114.

t
e

20 The raised microstructure 110 is comprised of a thin film plate 112 of silicon nitride
deposited on top of a sacrificial silicon oxide layer on a silicon wafer 116 using deposition and
etching 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 microstructure 110 is attached at its base 118 to the silicon wafer 116 and attached at

25 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 a plurality of periodic ridges 120 and grooves

30 122. Inthe 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



30 122. In the preferred enbodi ment, the ridges 120 and grooves 122 are
paral l el and equally spaced, formng a corrugated structure. Furthernore,

t he prefavoerizsabodi nent utilizes ridges 120 and WO 02/ 158GHURG5U801/ 25184
-11-. grooves 122 of a squared cross section. The effect of corrugating the
side wall in this manner is to create segments 124 of the sidewall 114
that are radial, as is the intrinsic tension T of the plate 112. By naking
portions of the sidewall 114 radial, as is the tension T, the sidewall 114
is stiffened. It has been found that the sidewall 114 of the prior art,
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copbi nag.i j.ak b ri . gthers could be utilized
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corrugat i ontaeegdonttads tand thae sleevit heFKISIaBels of thd 4orugatiopaibakidgts 120 ike
tension in the backplate 112. Furthernore, the sacrificial material is
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descri hgekentiuf®itoas nodifica- tions cone to mnd wthout significantly
departing fromthe spirit of the invention and the scope of protection is
oy i m t edFasyexamplecapgensfallyhanmda oapamsiiyn geearal irstriapgylay geopesy or any
PCT/USO1/ 25184 - 12 CLAl WE CLALM 1. An agousti.c transducer

conpr | SO EOR 5 PR Bese roellid on pp L o RAR R iliead BRI Pl yp2cma
perforalh@rg 1bperein; a substrate operably attached to said perforated
menber;” a di aphragm positioned between said cover nenber and said
substrate, daithe piemtedagrhodimaensy tht corrmgstiahs erewidinli andzeptathe splamalls @14 are

sai d planar surface of said cqver r, i o .
P parallel to the tension in tsne backp?ate 13® lgltl)l%ermore, the sacrificial material is etched in such

15 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

protection is only limited by the scope of the accompanying Claims.



a circuit operably coupled to said diaphragmto apply an electrical field
in the space between said perforated nenber and di aphragm a circuit

oper abl y woopl®as t o sai d di aphragm and responsi ve to chanpewusow/shsact ri cal
capaci tance between said cover nenber and said di aphragm and wherein the
cover nmenber includes a perineter of attachnent between said cover nenber
and said substrate that is shaped to regduce the sensitivity of said cover
menber to intrinsic internal bending nonents. 2. The acoustic transducer
of claim1l wherein said perinmeter is corrugated. 3. The acoustic transducer
of claim1l wherein said cover nenber ;En.ﬁ Lgai d substrate define a |ateral
restraint. 4. The acoustic transduc | aim 1 wherein one or nore

i ndent afjipqsapyie made in said diaphragmto prevent stiction between said
di aphragm and said substrate. 5. The acoustic transducer of claim1l wherein
sai d cover rembausiintrinsdesergompppingt structure havi ng one or nore openi ngs

0 oo S Lt o RS ETO e B8h5h aer

mechani cal  sphiyBgse 8p&aRRekaead to S0 PEFESRIHRrRRrd cover nenber and said
di aphragm 7. The acoustic transducer of claim1 wherein one or nore

coi nci dent opdiapliggmarositivade betwees apid wveapheaben anddsagh substretessaidrdidpbragio
rovide a |ow frequenc. ressur ual j zation jpath agross sajd diaphragm
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PCT/ USO1/ 25184 - The acousti ¢ transducér of claim1l wherein said
cover meityerforaied mgdedbeaarsfipdrragmst ruct ure havi ng one or nore openi ngs made

therein to provide a | frequency. pr.e re equalizatign path .acr .said
di aphr agm TS eHiGORREERIE oD A SHCURPIB R S e PRRTSF dp Ahe% iBo R TiBhber
I ncl udeg icii%HchOISHt&veeﬁf L E P meRibEr S didhighlhdsmdss hel d in position

agai nst g support structure by electrostatic attraction forces
gener at ed bevheren tixadayedinamherigotudesth eaintbtqy el hivachtredt hetwber saitle veomsaibdr

electrical field. 11. The acoustic fransducer _ of,claim 1 wherei.n said
s b SRt S VE br i Cardr B e Gompse guemal
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lit hogr@mﬂ'ng A& ques.
2. The acoustic transducer of claim 1 wherein said perimeter is corrugated.
3. The acoustic transducer of claim 1 wherein said cover member and said substrate define a
lateral restraint.
4. The acoustic transducer of claim 1 wherein one or more indentations are made in said

diaphragm to prevent stiction between said diaphragm and said substrate.

5. The acoustic transducer of claim 1 wherein said cover member includes a support structure
having one or more openings to reduce sensitivity of said cover member to intrinsic internal bending
moments.

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

7. The acoustic transducer of claim 1 wherein one or more coincident openings are made in
said diaphragm and said cover member to provide a low frequency pressure equalization path across
said diaphragm.

8. The acoustic transducer of claim 1 wherein one or more non-coincident openings are made

in said diaphragm and said cover member.



12. The acoustic transducer of claim1l wherein said diaphragm and cover
menber are nmade fromone or nore materials consisting of carbon-based
pol ymer s w@b¥isses, polycrystalline silicon, anorphous siPCT/ORI/SiI44 con
di oxide, silicon nitride, silicon carbide, germanium gallium arsenide,
carbon, titanium gold, iron, copper, chrom um tungsten, alum num
platinum palladium nickel, tantalumand their alloys. 13. An acoustic
transducer conprising: a cover nmenber having a planar surface with a
plurality of perforations therein; a substrate operably attached to said

perforated nber; a diaphra osi tj oned .net ween sai d cover nenber and
Sai d subst r al ¥, 2CaUTS (CRSBHF L ok Py SO L R efides pPamersiparc
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said diaphragmto apply an electrical ‘field in the space between said
per f or atcewks raEdigpheagdr.di aphragm a circuit operably coupled to said

di aphragm a responsi ve,to changes Jjn .elegtrical .capacitance between said
cover  niber OB R SR ARG S oL Ry B TR SIPROFH T o
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| ow frequency pressure equalization path ‘across sai d di aphragm .
acoust i gentmatedsattveeen sofd dibtirmgnd 3ndvbeed perforstad dnapeher dee wrsaideledricaidgiztded. 15.

The acoustic_transducer of clajm 13 wherei.n . sajd cover nenber, and said
subst v ahle. deFiesousEpaftet o2l g Hhere geid fREhSE\ I Eio PR BT MRHE ¥ ai m
13 wherglifi. N6 d @g{bgg'% i@iegmde in said diaphragmto prevent
sticti oaﬁél %t vve%frelfgg?%ﬁ%i gphr gr%handcsacﬁlg substrate. WO 02/ 15636
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educe TEERGPE P ROye BRtSARARBIIIS Mt e Bl RS) BL5 i B RAD SO gon
moment Sam%ﬁho&ﬁic%ﬁ,%ﬁ&dlpdihﬁig@,%ﬂ%%rniﬂfde,céiﬁedﬂ chibitd) Gefihihi A CadthuiBFLnide,
mechani cal “springs are operably connected to said cover nenber and said
di aphr agbon] Staniting gabd) irohj @pper clsdomden, tohgstdna alumigumi@ateium, paBadummoickel,
coi nci dent. openj ngs ﬁre made in said diaphragmand said cover nenber to
provi déa%taluawrf@@g'aé €YP pressure equalization path across said di aphragm

20. The pcough ia%oﬁsfi@&ﬁﬁs‘ﬁﬁ@ér Bfupfiki@gm 13 wherein one or nore non-coinci dent
openi ngs are made
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 said cover member includes a support structure 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 claim 13 wherein said cover member and said substrate define
a lateral restraint.

16. The acoustic transducer of claim 13 wherein one or more indentations are made in said

diaphragm to prevent stiction between said diaphragm and said substrate.



in said diaphragm and said cover nmenber. 21. The acoustic transducer of
claim 13 wherein the cover nenber includes a perineter of attachnent

bet ween sadd2/cw3er nenber and said substrate that is shapepdiAsowzsdisce t he
sensitivity of said cover nenber to intrinsic internal bending nonents.
22. The acoustic transducer of claim 13 wherein said cover nmenber includes
a support structure and said diaphragmis held in position against said
support structure by electrostatic attraction forces generated between
sai d di aphragm and sai d perforated nenber due to said electrical field. 23.

The ac tic,trans er pf cl.aim erein said diaphr and ¢ r _menber
e vediyi ot s O e A R e BT
acoust ifyidodns Ga6fe PbniahdoNtdide WRSIHQIHA oSl CbotbaREM G AbthskAM@MalBdHIRl ar e
made fromone or nore materials consisting of carbon-based pol yners,

si | i compompeity.crystalline silicon, anorphous silicon, silicon dioxide,

silicon nitrjde, silicon,carhide er.mani u allium.arseni de, carbo
Ctant i ol 2ep T CoEr o Ll YTk SRGQUERE HRURERAN T B ARl

pal | adi Wihedddrtohid colveihanben Al daidiphratin.0ys. 25. A raised mcrostructure
for use in a silicon based device, the raised mcrostructure conprising: a

gener al1% plBheeacousticriransdueer of cdditieliavhereinppe pt nate ofieciddnk apenigsrags madéin
si dewal | . has . at Ig&st. ne rib forned thereipn. 26. The rai seld gicr(%ﬁtructure
of ol ai FHOSHRIRER A PHECOLPIRGRPT 1§ WOWGE F IRyt eaeniy pressiis Gaglation pah across

M cr oSty lcditigagh. Cl @i m 25 wherein the rib has a generally arcuate cross
section. WO 02/15636 PCT/US01/25184 - 15 28. The raised m crostructure of
cl ai m 2%). wherlei agoustie trangduesrofalaiye hémhklein aneioamgud rm-eoinsdent gpepingsare @de The

rai sed .m c.r%it ucture of .claim?25 wherein the rib has a generally
r ect angliis@if dianbragm andyaid,povesRembet o 1 ai sed microstructure of claim 25

wher ei it he tl RoliiddirSRERE: S8 218 3PN Bdr8inChe Bovwdrlth&ber RASRY LARARIE ¥E
transducer. 31. The raised mcrostructure of claim?25 wherein the thin-film

conpr i saeclmentdietivdsachkiol eatver mémber anidIshid snbdbeateitiainis shapst dmeedugpthe Aensitivigyon
based eolfesgitdrc%%ernringr{lg T 8Qr?tri1r{§alg llnqgrngl b%%ﬁi%g lrr?(}n?en?sc.) pri sing:
22.  Theacoustic 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 attraction 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 silicon wafer using photo lithographic techniques.
24.  The acoustic transducer of claim 13 wherein said diaphragm and cover member are made
from one or more materials consisting of carbon-based polymers, silicon, polycrystalline silicon,
amorphous silicon, silicon dioxide, silicon nitride, silicon carbide, 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 microstructure of claim 25 wherein the sidewall is corrugated.

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



a generally planar thin-film a sidewall supporting the film wherein the
sidewal | has at least one rib fornmed therein. 33. The m crophone of claim
32 wher eiwOobDhes636 dewal | is corrugated. 34. The m cr ophonePOT/USO1ZA5M843 2
wherein the rib has a generally arcuate cross section. 35. The m crophone
of claim 32 wherein the rib has a generally triangular cross section. 36.
The m crophone of claim 32 wherein th(_alf_i b has a generally rectangul ar
cross section. 37. The m crophone of claim 32 wherein the sidewal l

i ncl udes a pI ural ity of ribs. 38. The m crophone of claim 37, wherein the

use i n % &1 Pheoni SRR R o Tl 258 e b R LR BRh G HO5 T

gener aldepidy. anar el ement with a first thickness and a periphery; a
sidewall with a second thickness; said sidewall supporting said planar

el ement2%at  SBiecrajsed inpprostyuciigvas cleimudis whenein the rib bassr genseally wwpiangilar ewopd
sidewal | has a plurality of ribs forned therein. 40. The ral sed

m crostFtYure of claim 39 wherein said first thickness is small conpar ed

to the 30 at efiplraBd AirofuctiofAdish 23 vHadin eI Im dbhprEBEorcI&E6f a silicon
mcrostructure of claim39 wherein said second thickness is approxinmately

equal hasedma@amjtransdmert hi ckness 42. The raised mcrostructure of claim
39 wher i d di stanc r ed o sai.d second t ness.

021 16638 poritisaatrSiigicinictye MSer 2 ARERS iR slp R R Rs At PR e
wher ei rhgﬂl%nrgalggdlfnmrj)lgwng peri odi ¢ path of the periphery, inwards and
outwards with respect” to the centroid of the planar elenment. 44. The raised

m cr ost32uct u‘hsﬂl@f)n baﬁdw—i%ﬁek/m@r(&lhnm havigma hadkplage eamprising: 45. An acoustic
t ransducer co n a COﬁﬁ? rrerrber having a planar surface with a
plurality of? el a substrate operably attached to said
perforated r@gg@,(,auﬁ gb@lﬂ &@egmnpom ti oned between said cover nenber and
said substrate, said di aphragm laterally nmovable wthin a plane parallel
to said pl anaher@urtheaslée\mllwlaﬁle@d\ﬁmprfmpmdthﬂm ein the cover nember

includ ple}{l meter of attac L cbel ve Ld cover .nmenber and said
subst rgﬁe € microphone of claim 32 W. ere1nt1e Sidewall is corrugated.

34. The microphone of claim 32 wherein the rib has a generally arcuate cross 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 microstructure
comprising:
a generally planar element with a first thickness and a periphery;
a sidewall with a second thickness;
said sidewall supporting said planar element at said periphery above a substrate at a distance;
wherein said sidewall has a plurality of ribs formed therein.
40.  The raised microstructure of claim 39 wherein said first thickness is small compared to the
lateral extent of the said planar element.
41.  Theraised microstructure of claim 39 wherein said second thickness is approximately equal
to the said first thickness.
42.  Theraised microstructure of claim 39 wherein said distance is large compared to said second

thickness.



that is shaped to reduce the sensitivity of said cover nenber to intrinsic
i nternal bending nonents. 46. The transducer of claim45 including a
circuit openabieys coupl ed to said di aphragm and responsi VECT/@Salangyes i n

el ectrical capacitance between said cover nmenber and said di aphragm 47.
The transducer of claim45 including a circuit operably coupled to said

di aphragmto apply an electrical fielggin the space between said
perforated nmenber and di aphragm 48. The acoustic transducer of claim45
wherein said perimeter is corrugated. 49. The acoustic transducer of claim

45 wher i d _cover. nenber an ai stra ef

ostraift. soe it dpistovners ShohlEcl SRR IR, A8 v ety Af i
i ncl udqﬁm e nﬁ%&@%ﬁ%uﬁ@ardﬁvﬁh@%e@ﬂtbﬁ{d&ﬁtr@l@tdm%blﬁl?dréle@leﬁphr agm and
sai d substrate. 51. The acoustic transducer of claim45 wherein said cover

menber 44ncl uﬂwaaecéumrosstruc@trmﬁclam43 wédetenthgpathpie aicugtet o r educe
sensi ti v5| ty ﬁlcﬁ‘gﬁ/%.{lc&r%g?l%{'lfﬁlg intrinsic internal bending nonents.

52. The acous rans ucer m 45 including a nmechani cal spring

operably COFH'&ﬁ/E:ﬁﬂhefrfBer ekl £pMBdr sUEA&RLWitRA BLeditd of bepdhaey th&din; The
acoustic transducer of claim45 wherein the diaphragm and the cover nenber

i ncl ude coiawibsieate Opfprélf’lb’mgschedt@saﬁﬂ?@éo@teldmmb@quency pressure
equal i zation path acros

54.  The t
USRS e e, gs’fwc??f? T e g S M
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structure having an openi ngs to provi | ow frequency pressure
equal i zca)tvémmembelfnnahude&;& paaneteﬂoféamﬂaclagmt be’t‘vﬁaeniald cargus¢mbertand nsidsobstracd

claim 4 wh cover cl udes ort str

suppor tt g’&i?%fp i é‘berﬁeﬂﬁﬁ}ﬁ“x %%a{ N daeerer t% Iﬁéfé&te“%é)i’@??%’@%lems
PCT/ USQld 251 7 d
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| i t hogrragoingive eciringersia. elEtﬂ:rlcél[h@@ﬁmtheﬁvvéelnaaﬁlmaﬁnaﬁbﬁlaadﬁmdfdi&}ﬂﬁg@h,n
sai d di aphr aﬂlm and cover nmenber are nmade  fromone or nore materials

consi st4’ng ofbedErpdirepaldamybl Ppeluding aguepi gperally I°9‘éi~’r1%ﬁoaﬁﬁidi digphgagm tarpply
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chrom wg, t ur@sdcesticatandiuberof dhiat 451wmreﬁﬁdaicapbrmmaterris Gdﬁﬁllgatedt antal um and
therr ai9| OySTheSagcouset\lr:: t?a%g(lijlfcte{r gf 51;1?1{]29 EN%Srrem sarlgjcrzolvsellf Q1gembe:1£st ansdusglsc{[ sru%gt?ate define
a lateral restraint.
50.  The acoustic transducer of claim 45 wherein the diaphragm includes an indentation to
prevent stiction between said diaphragm and said substrate.
51.  Theacoustic transducer of claim 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.
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.
55.  Theacoustic transducer of claim 45 wherein said cover member includes a support structure
having an openings to provide a low frequency pressure equalization path across said diaphragm.
56.  Theacoustic transducer of claim 45 wherein said cover member includes a support structure

for supporting said diaphragm when the transducer is biased.



a cover nenber having a planar surface and a support structure; a diaphragm
positioned between said cover nenber and said substrate, said diaphragm

| at eral | woovatsbe within a plane parallel to said planar BOTA&CK25084 sai d
cover nmenber, wherein the support structure engages the periphery of the
di aphragm when the transducer is biased, to maintain the spacing of the

di aphragm from the cover nenber. 60. The transducer of claim 59 wherein the
cover nmenber includes a plurality of perforations. 61. The transducer of

cl aim59 wherein the support structure is continuous. 62. The transducer of
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An aco ransducer

pl anar i §inedh Wil asifd PRAG litlfgkaphidtediniquisdi aphragm means for suspendi ng
t he di aphragm fromthe substrate to permt free novenent of the diaphragm
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transducer of claim 63 wherein the support structure is continuous. 66. The
t r ans duaerongfitanluai, ok inshatopper, thremswmppongsten; aluginime, plainmi, peladiump] nickdlj t y
of bu npt?\htalum and their alloys.

59.  An acoustic transducer comprising:

a substrate;

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

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, 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.  An acoustic 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 perfnit 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 structure is continuous.

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



