A SI LI CON M CROPHONE W TH SOFTLY CONSTRAI NED DI APHRAGM

FI ELD OF THE | NVENTI ON The invention relates to a
weensing2el ement of a silicon condenser ni cr ophONSGENG000384

a method for making the sanme, and in particular, to a

m crophone sensing el enent having a diaphragmthat is

constrai ned al ong its edges by an el astic polyner that

relieves |ntr|nS|c r , ensures. _maxj mu
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OF THE I NVENTI ON The silicon based condenser

m crophone al so known as an acoustic transducer has

been in a resear cRIEAANOfeTHEdNMENTIONge for nore than

20 years. Because of its potential advantages in

m ni aturization, performance, reliability,

Trfémv&mﬁmmlades&a%m elefYarit OF b, silfitfh é@ﬁﬁer@é@ﬁﬂ@rbbﬁane and a
capability, the silicon mcrophone is wdely
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recent years. The silicon condenser m crophone is
typically conprised of two basic elenents which are a
sensi ng el enent BAGKGROUNRQF THEINVENdEONce. The
sensing elenment is basically a variable capacitor
constructed with a novabl e conpliant di aphragm a

THe $liiébrAPasdd s68ddier prhigicphoRaisy RiGwn aBhirradbtiRatdrisducer has
spacer to forman air gap between the di aphragm and

been P4 :}8 g aﬁaﬁ]e‘?/ef‘o\;ﬂ'ﬁ?ﬁt' Jté@é fdrmaRVineh 2(?{?%3:. ﬁgbgé(use of its

con gure las source (1

st or ource .
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either its backplate or diaph the silicon '
enduranee opnosRst dansé msasow@tl%&@a?wy ghgsiligen: miggophpne is widely
punp the required charge
recognized as the next generation product to replace the conventional electret

condenser microphone (ECM) that has been widely used in communication, multimedia,
consumer electronics, hearing aids, and so on. Of all the designs; the capacitive
éondenser microphone has édvanced thé most signifi'can.tly'in recent years. The silicon
condenser mlcrophone is typlcally comprlsed of two basic elements which are a sensing
element and a pre-amplifier IC device. The sensmg element is basically a variable
capacitor constructed with a movable compliant diaphragm, a rigid and fixed perforated
backplate, and a dielectric spacer to form an air gap between the diaphragm and
backplate. The pre-amplifier IC device is basically configured with a voltage bias source

(including a bias resistor) and a source follower preamplifier.



into its variable capacitor. The di aphragm vi brati on

i nduced by any sound signal will cause the change in
wa@apanidance as the charge is constantly mai nt BETIRGE2004/000384

The resulting voltage change is converted into a | ow

i npedance vol tage output by the source foll ower

preanplifier. In a typical ECM m crophone, the

di aphr ckpl.ate, are separ.ated nore than 10
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is preset using an ion inplantati on process to
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range. For a silicon mcrophone, the spacing between

into itshariabeptapapitoandhbatdghragm \Wbrationtisduerd by bey sofisd/signal will
m crons and an external bias vol tage of about 5 to 10

causé’ ﬂ*é §har$geamp¢a;ﬁd:ltbﬁc@és tige therge |Src0nbwm?/trﬁamMned. The resulting
king condition. The success of the silicon
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structure can be enbodied in varlous forms
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silicon or polysilicon with glass, nickel,

For apsiligdninites plecred, the ispacingi edweein Hhe Uiaphm@htand]badkwate elements
materials. The dielectric spacer |ayer that defines

could & adbw reiRPoean@an dxterndl ik naitaye ot abagkp @t e volts is applied to
usually made of a nitride and/or an oxi de. However,
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gui renments that rom semn conduct or. processi ng
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siliconm crophone di aphragm If the stress is too ‘
procéssiytg techeiquiessdopted fram thietsesnicondudter industry orfbe diaphragm is
stiffened. Since the diaphragm plays a key role in
usualetreidei ofi ilitomesrgidiysiiidon altrbugh silicon nitride/metal or a composite with
oxide/polysilicon/metal/polymer has also been used. Likewise, the backplate may be
constructed from silicon or polysilicon with glass, nickel, polyimide/metal, or
nitride/metal being alternative materials. The dielectric spacer layer that defines the air
gap between the diaphragm and backplate is usually made of a nitride and/or an oxide.
However, the silicon condenvser'microphone has unique processing requirements
that differ from semiconductor processing stahdards. For example, the uncertain

intrinsic stress associated with the deposition process for thin semiconductor films is

problematic in the sense that it can significantly affect the compliance of the silicon



frequency response performance, the di aphragm nust be
as conpliant as possible within a given frequency

wo 200g@e46abé ch is difficult to achi eve consi deri PQr/sGmo4/000384
intrinsic stress variation in thin filns. To address
this issue, U S. Patent No. 5,146,435 and U. S. Patent
5,452,268 to Bernstein suggested the use of a

. Stress-free s stal, silic hr agm suspen

micropoRe GIARIABTE BT SE5Rd RdeS Mt bt Blabiag Gafsither buckie or
i npl enent ation of supportin prings reqU|res sone

becomeggtifienedi Rircehe w@pﬁ{ ?ﬁYﬁ@ keyape iy Aetarméning sensitivity and
i ntroduces an acoustic Ieakage probl em The

frequkaby responsa pefifoamanice, thieaiaphrggmomust be laiscaampliant as possible
substrate, as suggested by the prior art, is also a
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Patent No. 5,490,220 to Loeppert and PCT Patent No. WP

stresg%ﬂlaﬁtﬁ?’ﬁl fhth ML TePAddrass tHi§ Rsbalies, PatheRb. 53146,435 and U.S.
di sclosed that allows the thin film di aphragmto be
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and a conplicated fabrication met hod l\/breover IS
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due to the gaps between the di aphragm and constraints
introdunelscani acpushio lsziagef problemr dhedskricatindefya thin giapheagm on a

In U S .Patent Application No. 2002/01 06828Al1 ,
silicohGripBeate, pEGUQFested wafher privorat, ngalsetaoekytahaliahgingabsk for

a single crystal diaphragmwth its edge supported by
volurfié f,pcgam,bhars However, even a small ampunt of bonding

I nduced stress nay sti II result in an uncertainty in
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and fillings. Unfortunately, it is difficult to
floatiag mithi centain @ngtralngﬁ.a?ﬂh@ fHoatimg dmh@@gm(g@,ntr@ve its mtnns:c stress

relaxed after removal of sacrificial layers. However, the floating plate design requires a
complex structural definition and a complicated fabrication method. Moreover, it is
.difficult to ascertain where the diaphragm is anchored due to the gaps between the
diaphragm and constraints following the sacrificial release and drying process.

In U.S. Patent Application No. 2002/0106828A1, Loeppert proposes a wafer bonding
method to fabricate a single crystal diaphragm with its edge supported by micro pillars.
However, even a-small amount of bonding induced stress may still result in an |
uncertainty in mechanical compliance for a thin sificon membrahe. PCT Patent

Application No. WO 01/20948 A2 discloses a CMOS MEMS diaphragm which is a



sem conduct or nmenbrane. Moreover, the polyner coating

and filling makes the strain gradient issue worse
whemans®20f t hermal expansi on m smat chi ng. Therel/SGE04/000384

an i nproved structure of a sensing elenent is needed

that addresses the intrinsic stress issue and

sinplifies the fabrication process of a silicon

rophon RY OF,THE | NV obj ective
comphle plesdBne HUERY garpqtgerrafeﬂ KB TEeSkPB B8y Aceiner coating
of a silicon m crophone wherein a diaphragmis softly
and filisast Unfeddnatelye Ftd% difigult lecrprdrohthe sirain gsadiest pkihe composite
therein. A further objective of the present invention
semidanduoctar moembieare. sMopgaver abeipsdrencoasingoandfilliig neakes the strain
sensing elenment in a silicon condenser nicrophone
gradiéstdesul Worseobéduu skl sfthemhalasxdpavisionAnismdtthihgr t her
obj ective of the present invention is to provide a

THEERE, &1 irh VLA St cRRE D BGeAsRIFEIEntint & SééddPthat addresses the
m crophone according to the second objective that
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conh m crophone sensing elenen
circular or square diaphragmw th an edge constrai ned

by a soft pol ynerj teri f 1 | ymer
constraint is st %m&}l FH&'@!@N%@@. aphragmin
pl ace during a vibrational node and is connected to a
rigid supporting layer that is anchored to a
Oge bbjective of the pmen%irwentimi%tomropideyamnsim\ staragnttofiassilicon
able to relieve the intrinsic stress in the diaphragm
microphoné wheréin digiphyagm tisoftl§ iconsidinpdliy srdeérdomeddessan intrinsic
i ke buttonfasteners, the soft polyner constraint
stresd ehSint he di aphragm and the rigid supporting |ayer
near the edge of the di aphragm Having a Young's
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of formlng a sensing element in a silicon condenser microphone according to the first

objective.

A still further objective of the present invention is to provide a method of forming a
sénsing element of a silicon microphone according to the second objective that is cost
effective. |

These objectives are achieved with a silicon microphdne sensing element which
features a circular or square diaphragm with an edge constréined by a soft polymeric
material. The soft polymer constrainf is strong enough to hold the diaphragm in place
during a vibrational mode and is connected to a rigid supporting layer that is anchored
to a substrate. Furthermore, the soft polymer constraint is able to relieve the intrinsic

stress in the diaphragm which is typically a thin film of polysilicon. Just like button



the di aphragm The diaphragmis separated by an air
gap from an underlying substrate having a front side
wowrdob/osobackpl ate region with acoustic hol es fPETRGE2004/000384
therein. A back hole is formed bel ow t he backpl ate
region fromthe back side of the substrate.
Furthernnre there is a rectangul ar shaped electrlca
ead- out arm ext endi ng fron1the di aphr agm edge.
fasteneé%.dh@ seftpaaymer gensiiidoins thg d !ﬁPéVg ’H thestigid Sifporting layer
el ectrode which is used to establlsh a varlable
near tbeeadgetafithe diaphiragmTHiaving 8 Youngsomedaluscsuhatantiaiiydower than
el ectrically connected to the substrate through the
that of thg! dlaphizgon,tthe goftq;o@mev%drmtramtss) ablt toi rgliale g inkérsic stress in
t he di aphragm a vibration is induced that changes the

the dléﬁtﬁ}@?h{ anke dﬁépﬁra@nwagepbme@ Bpa®i dipgag flopliah-underiging substrate
first enmbodi nent, the soft constrainf covers a

havm%%bf%rﬁ@id@bwtﬁ‘yﬁ%&{bﬁ&g ré@%g{v@@mg%weq{&éé‘g)r}r%ﬁe h. A back

l'y"a portion o e di its edge I n or
1o avoid a stra radi.e IS
nole i Ty /B oR HEEPIREE PRieTrobR SR S3E ot e‘?ﬁr{(af"é‘?y
separates a flexible dia m t ha referabl
FU”“?TGW@: theeo s # restARdY! agﬁagg%@%@m%&'q tarnexteldingdrom the
sane material as the diaphragm Likew se, a set of
diaphtagme edger dineHead ohiaarmrie atiapinect toean ouetlyiag ficst eleetpasde which is
trench define the | ead-out arm The rigid supporting
used toystablistsa aadhbleaddpagitof cifowiti Zdweralis asecondlectrode that is
surroundi ng the di aphragmand its | eadout armthat are
eIectrE:@FNf adRhedted o anlsstray mrohgh O AGRI é@ﬁd?ﬁn@la%@hf A} a sound

here is a dielectric stack between the substrate and

mgnal@tﬁké’s ﬂéocﬁ’igf) ég?n 'é‘V@FatWﬁ' d% hndlﬁ:eﬂq §r§’/geé§ th%%g%ltance in the

nore Ssacri e an nltr

ysilicon supporting |ayer |s sol idly anchored
vanabtl%ggﬂ%ggqjtggf:p Ue by filling into a plurality of ring

shaped trenches inthe dielectric stack that contact
in erfgs%%m@pﬁm&:n the satbepnstiainiicovaes @ |SHBS*§I$HBBB0¢'P@@$H&%”9@

are conpletely filled, the width of the trenches
suppastinglayen bt belyrmpertlbhau'i thevdaphragmpeiay tsledgerin order to av0|d any

thi ckness. There is a first set of holes in the
strain@radiBnBBELE @6 b therehdl @xbansion mismatching. A “C” shaped trench
effectively separates a flexible diaphragm that is preferably polysilicon from a rigid
supporting layer that is the same material as the diaphragm. Likewise, a set of linear
trenches that are connected to the “C” shaped trench define the lead-out arm. The rigid
supporting layer has a plurality of horizontal sections Surrounding the diaphragm and its
leadout arm that are coplanar with and of equal thickness to the diaphragm. There is a
dielectric stack between the substrate and rigid supporting layer which is compri'sed of

one or more sacrificial oxide and/or nitride layers. The rigid polysilicon supporting layer

is solidly anchored to the substrate by filling into a plurality of ring shaped trenches in



array at an equal distance fromthe "C' shaped trench.
A second set of holes arrayed in a circular fashion
wae@ehameed in the rigid polysilicon |ayer andPEr/eG2004/000384

equal |y spaced fromthe "C' shaped trench. Above the
rigid polysilicon supporting |layer is a thick
dielectric layer for the purpose of reducing the
parasitic capacitance between e di aphr and. the

the diglesdi stesk Ietiaoniactdne stibdiie: J Arriiedeaidhe g HAPER trenches
dielectric spacer |ayer where there is no polysilicon

are coraplately fided nbgtwidthefl therftenchessheulshaettbe eere tyvice the
shaped el ectrical |ead-out armof the diaphragm A

polysiiecw ticlatesst rusreiis adostnsat tof dotes it itke didgpragmdotrhed irgh circular
the via filling of the polysilicon layer into a

array 2t ahalquay dRtaidectioineei“C” Ehaped ekeci.r Acsetiondkset BhRoles arrayed in
soft polymer constraint may be paryl ene or other

a circBRr ¥a&HiomBl& fdrietl Ak r@\'oep@lyglhcér? @F ahH e @0A4 MR8 Sced from
and resistive to nost corrosive chemcals. The :

GO, r rylene coating fills undercut cavities
the Cgrggﬁbggqt?/@h i sotropic etching process of the

di el ectri.c | r through. first .and, secan ets of
e st palSiieon 1RpBRing aikS SRR el ByRtionte purpose
expansion m smatch, there is no parylene coating on i
of redusiha:tbgtpHBSIHE €aPaFItaNGe @WQRF&@W'%@% abihe substrate. A first
di aphragm edges. To allow for electrical wiring, there
electreldeus dispesad opdhglthick diglectiie spacert lagatwbersotiegre is no polysilicon
el ectrodes. A release step is perforned fromthe back

layer &ih€lerrfatii BAd Debsddtatiee Sitort pradasgUlAesiapateelbbical lebbsout arm of
the trenches in the substrate and thereby fornms a.

the di*sé?glga@éﬁ.t A y&édhdaéleéﬁédéis%rﬁr%cwbﬁtb@the- IuBQﬁaf@ﬂh%&ﬁg%kthe via filling

so renoves a portion of the dielectric stac
t T ' ' i L ' and
of e Bt o R IRER BRI R oaalic eS|
be estaplished between the substrate and, di aphragm b ,
The 59 BOlRET GRASHRIN rhaRE Parviene oEetel Pohhe mefalsthat are high
circular or square shaped di aphragmand its el ectri cal '
temperdreendusableans rasiftiveto mpstisogesivesthenyealsi 1 hereonformal
first enbodi nent. The di aphragm and . _
parylene coating fills undercut cavities created by an isotropic etching process of the
dielectric layer through first and second sets of holes and the “C” shaped trench. To
avoid any thermal expansion mismatch, there is no parylene coating on the central area
of the diaphragm, except above the diaphragm edges. To allow for electrical wiring,
there should be no parylene on the first and second electrodes.
A releése step is performed from the back side of the substrate to remove the oxide

that fills the trenches in the substrate and thereby forms a backplate with acoustic holes

therein. The release step also removes a portion of the dielectric stack that results in an



a rigid supporting |layer are separated as before by a

ring shaped trench with a pattern of holes on either
webae/nidead are filled by the soft constraint. REM/B&E04/000384

the first enbodi nent, the rectangul ar |ead-out arm

extendi ng fromone side of the diaphragmto the first

el ectrode rmy be a non-planar armwherein its bondi ng

ad sectl ralsed olysjlicgo ol yj /ox de
air g£q betweendt hrgggp @@%é@&&gﬁeﬁtéﬁggagpg%p@%go GirGuit can therefore
substrate than a lower section that is connected to

be egiablishegl Qﬁiweewﬂm suhstrateaner digphragRe by wgiing Sippwe elestyodes.
| ayer is preferably a doped polysilicon (poly2) |ayer
Inan decandhanibodedenty atdireukan los sgaake shaded diaghtagemahdsts electrical
within the dielectric layers. Unlike the first
lead @Ub@ﬁhh AR imikit b6 thicseed fistridettin ehe it enttiPeht TREdRRpHragm and
by f orm ng a plurality of oxide filled trenches in the

a r|g|8 lé'& %@Ygf}ﬁdrﬁ%ﬁ é%%ef@FéTb)f‘qurf él‘?épe@ t‘?@ﬁ(’frp\grﬁh a pattern

/ oxi de st ack e present

of holé%vcﬁ'%frt]ﬁé} élée f‘r#eﬁ%\ré1 ﬁ[f@& 'Bg(ihé)fsoﬁ %gﬁét‘f‘glb't n?] ﬁk? Mrésﬁ'% awbodlment,

one se accor
I res

the regpgl ah@%@&ﬁe o SR A TR R B BRo hoe

t he exenplary enbodinment, a first mask is used to form
electfadenpREHe 7 NPRP ANATATMHWEekginits Read ingtRadseetionyisfraised by a

with oxi de and define the shape of acoustic holes in
polysillten{polyp )/axiderstgiloand thussis engreataridistaneebiony thk substrate than a

formopenings in the dielectric stack that will be

lowef sddtiofl thit I8 doneesti toaruespMnd Mty tHd dléﬁhbadrﬁy The rigi¢
third mask is used to formopenings in the polysilicon

suppbﬁiﬁ rIa s%réfé\"éﬁl{?a d ﬁolg:m?% @r@)l)ﬁgg I%ﬂr"%}rﬂaoﬁrérfb@l%red to the

ick dieleCtric spac

c
subs@%%“&@%@&%%&/ﬁfﬁﬁb? dradiioe Fefv%e%nbpﬁ??i*aewt'#sé smbagiment,
and where el ectrodes are fo on the electr
SUbSV%‘&oPQSé?'?SrCﬁPa%F%’T%'ﬁ r ‘F@f{)ggg%f%ngjéfﬂ'w@i #@@%Hﬁed trenches
. and location of first and second el ectrodes and then a =
in thessuhsirate delave thenterdyad ara dnst finst alectrode {aag dbglow the poly1/oxide
stack).

The present invention is also a method of fabricating a silicon microphone sensing
element according to the first and second embodiments. One process sequence
requires eight photomasks to fabricate the first embodiment. In the exemplary
embodiment, a first mask is used to form trenches in the substrate that are
subsequently filled with oxide and define the shape of acoustic holes in the backplate
region. A second mask is employed to form openings in the dielectric stack that will be

filled with the semiconductor (polysilicon) layer. The third mask is used to form

openings in the polysilicon layer and a fourth mask is employed to fbrm openings in the



trench that defines the di aphragm and the adj acent
holes in the rigid polysilicon |ayer and di aphragm

w0 bavb/owdokd | ater be filled with the soft constP@El/eG2004000384
seventh mask involves form ng openings in the soft
pol ymer constraint above the diaphragmand first and
second el ectrodes while an eighth mask is enployed for

rpose of formng,a hack hol e tic .
trick i R Pare taE R AP Bl ABtrabSh nl P Idgtiofs BT slectrodes wil
al so enconpasses a second process sequence wth seven
contagf e substiaie wa pelypiieon &il Bleéjgrea@fw andwheee glastrodes are formed on
- enmbodiment. Afirst mask is used to formtwo trench
the efrotriical tead-autars.| iA bifth measkt pracess defines thesshapecanehlocation of first
filled wwth thermal oxide. The first trench pattern is
and @bcmd%elcthﬁjaswar&i thebse gixeinagk ioemptoyed i fofraxthdeC” shaped
stack and is used to reduce substrate parasitic

trenchaRACHSHIERNET hyRnas tHeexdjassrhtholdd tfh%criﬁi(ﬁ’ fl
renCpattern def i nesl,éf?ﬂegshape of the aCOOUStI c hol’es plbﬁ%ai‘éBn layer

and cﬂﬁgﬁr@ﬁer rra %I’l @ger lféafﬁ?éd Wi tlﬁe oft cgﬂg%ﬁlph ﬁ%v(eﬁm Pﬂgs)( involves

yers are T on
b nd f
form 3 dpeirkls 'ﬁhé‘? 55&@&%%@?%%@35@@#3@? SihsadaAt trsk and
secoaqj,eieggbove the first trench pattern that is disposed

Toglesayil® an sighdeHaskds pmndeyastfor e, pUEAGsEIQf deaning a back
and | ead-out arm. A dielectric stack is deposited on
hole updo theacoustisehades trtbehakplate eegigher eafter, a third
mask is used to etch trench as well as via openings

Thapresbnt gnvention sHisd éicarhpassbsta sacdnd prdcess deqliendd with seven
stack down to the substrate which will subsequently be

masl{s' tb'f@ﬁn\t\hé réViGERHP BEs Berdd doparerhBodinint | Ayt m‘ésk is used to
fourth mask - is used to formfirst and second netal

form f\bg ?rte'neﬂ %t%ggﬂ}sf: |ﬂez? E@J:%%F@‘%ﬁfate '%ﬁé‘ttareaslfbsgénenq@?h (gds\@th thermal

['oye ayer to form

oxide; h@*ﬁ%ﬁeitﬁ%ﬁg AR S0 RSaeLBoB A b sHiURat e PRl oxide

adj acent to the second "C' shaped trench, and opening
staclwm i5i ypedt togeduerl subetEate Rarasitic 6aRacitance asemeptiered previously.
After a soft polyner material such as parylene is
The second trench pattern defines the shape of the acoustic holes in a backplate

region. After the first polysilicon (pely1) and thermal oxide layers are formed on the
front side of the substrate, a second mask is employed for an etch step that selectively
leaves a poly1/oxide stack only above the first trench paftern that is disposed directly
below a subsequently formed first electrode and lead-out arm . A dielectric stack is
deposited on the front side of thle substrate. Thereafter, a third mask is used to etch
trench as well as via openings including a first “C” shaped trench in the dielectric stack
down to the substrate which will subsequently be filled with a second polysilicon (poly2)

layer. A fourth mask is used to form first and second metal electrodes on the poly2



deposited to fill the trenches, holes, and openings, a
si xth photonmask is enployed to etch the parylene to
wo ooonna9soft constraint with a ring shape thatPCDy€2084/000384
the edge of the diaphragm the second "C' shaped
trench, and the hole patterns. A seventh mask is used
to etch a back hol e bel ow t he di aphragm from the back

si de ofthesubstra p to the acoustic les in the,.,
layer. peX. BIfITABKGRMP fﬂyﬁéntpﬁtcfh%@&ﬁiay&rég?qr%@@gwﬁ c

thermal oxide in the second trench pattern to form
shapegietrénahalihad| dpfinedthe diaphtagmcoseitafdranshes thaldefines ‘the lead-out

renmoves a portion of the dielectric stack that results
arm, hole pattains agjpcérttodiea sebend!Glpdhrapgpa taenth @aokipd ening wherein first
BRI EF DESCRI PTI ON OF THE DRAW NGS FI GS. 1a, 2, 3a, 4a,

and sé@bncﬁélec&ﬁdeg wall Be orasst. SARér ®Baft polyerer watarlal such as parylene is
lustrate a process sequence involving eight photo

depoé@%ﬁo?ﬁl‘fﬁé tleh@hes, ‘Hd!é@ aHd (‘);S‘éﬁ”'né@ SRIONOtERESK M employed to

enment Wth a softly constrained di aphragm accor di ng
etch t&% p%@&éﬁégo ﬁgﬁ%’ 'sﬁﬁ %éggtg?lépﬁ/gﬁr Sﬁr&i/‘\éhéé‘éf ﬁ?tt c%UFrsF h&2dge of the
o 3 B3R L0, e FERen a0 B T o masi
silicon m crophone sens;ﬁpg el ement shown i

used tohetchwakagkohotedelgw the diapbeagrs f@é@d@b@ciaé@@rqfuth@ svestrate up to

the first enbodinent. FIG 9 is a top view show ng an
the acznistic hetesporthe dackplate GgienF| EBally,( relaase step-rer®vaesdhe thermal
cross-sectional views that illustrate a process

oxide $€ fHEEssEOrdty@hoH pattaraie forph atpe rforatedsbaikplatb iwith dcoustia holes
silicon m crophone sensing elenent with a softly

and tﬁ?é?ﬂ%nﬁa}ééey gehﬁa%ﬁamd@asahe's%kttﬁaare%%% e aﬂrmpewaefween the

the pres I nvention Is a top view of
dlaph't,gb?nrarharboa%ﬁgg?eseny ng‘ el enent shown in FIG 1la.

BRIEF DESCRIPTION OF THE_DRAWINGS

FIGS. 13, 2, 3a, 443, 53, 6a, and 7 are cross-éectional views which illustrate a

process sequence involving eight photo mask steps that form a silicon-microphone
_ éensing element with a softly constrained diaphragm according to a first embodiment of

the present inv’ention.

FIGS. 1b, 3b, 4b, 5b, and 6b are top views of the silicon microphone sensing
element shown in FIGS. 1a, 3a, 4a, 53, and 63, respectiyely.

- FIG. 8 is a top view of a silicon micrdphohe sensing element shown in FIG. 7 that

was formed by the process sequenée accordingvt.o the first embodiment.

_FIG. 9 is a top view showing an enlarged portion of FIG. 8.



FIG 16 is a top view of the silicon m crophone
sensing elenent shown in FIG 15 that was forned by a
w@emeps®26equence according to the second enboRETIEGL004/000384
FIG 17 is a top view show ng an enl arged portion of
FIG 16. . FIG 18 is a plot of a simulated frequency
response of a silicon m crophone design accor di ng to
esent ntion. DETAI LED DESCRI
FlaRebic. 1o 55 Ete ROSSTRRAPT B PES el 14Ea1S a process sequence
m crophone sensing elenent in which an intrinsic
involying seyen phataimask signs whishdaenta sikicaremicroplions sansiog element
desi gn. The inventors have di scovered that a high
with peoftlyramstraineidcdiaphragen aecwiling tol eesecandrembbdiment of the present
constructed . wherein a flexible diaphragmis suspended
invergidave acoustic holes in a backplate region of a
substrate and held in place along its edge by a soft

FIO! MBIk £LRPSIiewidFithd Aiérophodt sBR5RE élé’m%nf él%\ﬁﬂ in FIG. 11a.
supporting layer. This discovery iS5 based

ISR B R NG iEhe SIBGF sPRriHR SRR e §5MM I 1G. 15
that {ig8 F%H???ﬁ@ea&%ﬁﬁst%?%ﬁapg" Ry e ”ﬂ?e?fﬁkoélment
constraints to a diaphragm especially for a thin and

FiGrel 1 s taphyiayishowiag aniandaraed prdéansel Fig ctphone. A

concept is proposed herein to apply a constraint on a
Fifs.aldhisaypiot bhia simulstdd fregeengy resporsarf asjlicontmicnesphone design
stress but strong enough to hol dt he di aphragmin pl ace

accomdiig & ihe resehoinesstiand vi brational nodes. The present
invention is also a nethod of fabricating a silicon

i crophone sensing element with a softly constrained

di aphragm IEE?AfI @B@éséh%ﬂ@ W?F@NV%NW@W to

scal e and the re ative sizes var i ous ements in
t he drawi ngs may be different than in an actual
devi ce. nt of. the silicon mc

TRE Risasigt E1VERERT ‘e CORANTGCITPIONe S5TSdh¢ler AR e M an intrinsic
stresé\/I glela cfa(})rgrgglgnr ci:obn?go;ér{tsié rea}irge(\j/eé r!]:;?/ an gg\%l Aoers?g;:nes'srhg?rgv%%rtlgri héve
discovered that a high performance microphone sénsing. element may be constructed
wherein a flexible diaphragm is suspended a.bove. acdusftic holes in a backplate region'
-of a substrate and held in place along its edge by a soft polymer constraint that is
attached to a rigid supportling layer. Th.is discbvery is baséd on the understanding that
since the sound pressure transduced by microphones is very low and in normal working
conditions should be not more than 10 Pa in amplitude, it is unnecessary to apply any
rigid and strong constraints to a diaphragm, especially for a thin and small diaphragm in

a silicon condenser microphone. A concept is proposed herein to apply a constraint on

a diaphragm that is soft enough to relax any intrinsic stress but strong enough to hold
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the first enbodinment will be described in a |ater

section. It is understood that a m crophone sensing
web@maemo2dbased on a nmaterial other than silicopCTag200€000384

fabricated by alternative enbodi nents descri bed

herein. Referring to FIG 7, a m crophone sensing

el ement 10 is constructed on a substrate 11 such as

silicon.which have.an n-type dapant and a . .
the daphraqT\h PIACEVINS, MSHOTRTY AR TRATORRLmEHES  Thedregent invention
. preferably s, front and back sides that are polished.
is alsprmethad gf %@ng 881l igen naigEaprhpne aensinelen emt ydthy » seftly

thick on the front side of substrate 11 and above the
constraiseddliapiage. | Byefiguresaresgt negessatity dtaovn ta@sdale and the relative

m crons thick. The back side of substrate 11 has a
sizesydfaakion$ eleyents is dne drawdgemay bedifferéditethamlin axiattual device.

| ayer 14b (about 3000 Angstrons thick) on the

OnBRshbEiMeAndf M2 SIRRAT mEEMRORE b&rhRg BidrhésteadcdYdihg 18the
with a thickness of about 1500 Angstrons. An air

res R AR RAGHIEE ol BB BR g g oo
o i bR o B . TR

. side. The top and, pottom of the back hol e have a .
microphieRp Se8R ﬁg‘eé‘égﬁs? Smamasial cEYerithan silicen npry be fabricated
described later. Optionally, the back hole 38 may have

by aligsnativesgmbodigwgits deserired herein.t Betespna tel FEGt 7.oamieroghone
equal w dths. The back hol e opening in the back side
sensiegtalement/ t0 is cernstiucteubopersiibstriate 11 sutheswilidanaykich may have an
t hrough the thernmal oxide |ayer 14b -and silicon

n-typ8idopaftah@raesibiitity 48w as k. (PbBm3&rhs TheUea®d 11 iteferably
top side by a backplate region 42 of the substrate

! , CChi a : o :

s 4 ERAPERICHAIN SRERS LR My M S0y 14 phou
hol es _12d.. havi ng-a. wi dt.h di of .ahout 10 to 20 mcrons. . °

3000 FgRfreBfe ek s thediribieide of adharfale dl A abio e fegpel oxide

Shaﬁ’e,ﬁénd are arrayed in multiple rows and multiple

layer igp Igyard 7abrutch? migionsdhick. dberhagkoride af sHbstsate 11 has a
x-axi s (lengthw se dinension) and

stack of layers .comprised of a lower thermal oxide layer 14b (about 3000 Angstroms

thick) on the substrate and an upper PECVD silicon nitride layer 15b with a thickness of

about 1500 Angstroms.

An air cavity also known as a back hole 38 with sloping sidewalls is formed in the
substrate 11 wherein the top of the back hdle near the front side has a smaller width
than the bottom of the back hole in the back side. The top and bottom of the back hole
have a square shape as seen from a top view that will be described Iater. Optidnally,

the back hole 38 may have vertical sidewalls such that its top and bottom have equal

widths. The back hole opening in the back side extends vertically (perpendicular to the

11



along a y-axis or widthw se direction (not shown).
Note that the backplate region 42 with acoustic hol es
wd 2weiss924 | gned bel ow a di aphragm 22c and i s SPOES@L0H000384
fromthe diaphragm by an air gap 39 with a thickness
ti of about 4 mcrons. Vertical sections of arigid
sem conduct or | ayer al so known as a supporting | ayer

I refe Ly, conpri s of ed .pql ysil.icon and are
subsfrafiySughitie g Bl efetafi 14 S0 RdiebaanpripderTotab. The back
hgernal 3xide_|ayer,14 and PSG | ayer 17. )
hole 4B paurded Py itsithe sidapwataskplals igiemd2ins the subgfrateavhich has a
_conposite |ayer conprised of silicon, nickel, gold,
thickegsmt2ef @poubp petd microns ddWVitbin theteckslkaté cegiduéd amplurality of
materials. In the exenplary enbodi nent, the vertica
acousticholesst 2at kavingprwisdddpbf aledutsid foc2ihnficrohed Thieessdh@c holes
18a, 19a - 19c, 20a and 19d (not shown) that have a

12d fhay henefpsqmste @t cirdBlas RaHE ah8 atd apraBlds ' i
bagkpl ate (?I?gi on 42. Fil I%d trenches "18a, rﬁldgg;’)lelrg\év’s and multiple
\ it . p L _
colurfis WHRREBREH pabr0 BEHCEiRroi; Bibrd i SRSl ithiie dif@lsion) and
' n.averlying horizonta ol ysil.ic r fo )
along’ -9 B VYR AEesoR1pat sEBiaioE et fePasBlath region 42
.., 20a adj acen 0 trench 24 and an overlying horizontal
with ?ﬁﬂwpmoi%ﬁﬁ?é%@“gwmlﬂw & digpbragen ¢2r1angds seppeated from the
. 22a. In other words, there are three horizontal
diaphsagmi yhan 2rgap3P withaithickneise tr otabbytat yédrbhson | ayer
di sposed on the vertical sections 22a, 22b, 22d,.
Verispesdationk)of avigid semitdreiuctsrtlager alse khbwh a4l stipporting layer are
conprised filled trenches. The air gap39 is bounded on

prefetdifty 8bApvisBY df Ia@PiéF IoBebilichR 'éﬁﬂ%ek@ﬁne&ﬂbthe-r&%l%cgg)c spacer stack

patterns of the 'ed trenches are shown 1 n a

comp?i%%% RE ¢ l’%l ioﬁ%@ I%/gr?% 4 BREPSG rl‘%{énrgl 72: @tn%rﬁ?ti%gfftéeﬁygporting

onen phone sen

e A D B8 el B e Lt i,

a circular and planar el enment made of polysilicon
copperavitrige «or dheesemigpadagtor matetalsi dimbhe exemnplasy embratiment, the

to 1000 microns and-a thickness of -
vertical sections are comprised of polysilicon filled trenches 18a, 19a — 19¢, 20a and
19d (not shown) that have a bottom formed on the substrate 11 outside the backplate
region 42. Filled trenches 18a, 19a, 19¢, 20a together with an overlying horizontal
polysilicon layer form the rigid polysilicon layer 22d. Trench 19b and an oveﬂying

horizontal polysilicon layer forms the rigid polysilicon layer 22b while filled trench 20a |

adjacent to trench 24 and an overlying horizontal polysilicon layer form the rigid'
polysilicon layer 22a. In other words, there are three hofizontal sections 22a, 22b, 22d

of the rigid polysilicon layer disposed on the vertical sections 22a, 22b, 22d,

respectively, wherein the vertical section 22d is comprised filled trenches. The air gap

12



about 1 to 3 mcrons. The di aphragm 22c has an

el ectrical |ead-out arm 22f extending fromits side
W@bk@ng4@me x- axi s. I n one enbodi nent, the | ead-PCL/SGZ00%/000384

has a rectangul ar shape with a | engthw se direction of

about 50 m crons along the x-axis and -a width of about

20 mcrons. The end of the | ead-out arm 22f is

._separated.fro cti a trenc
39s Eegn%c%pmmﬁ Gyt Tl HieoBHs R aIdP 2 Theasiins Rethe filed
axi s, the horizontal section 22b is separated from
trenc'a%amh%htrha teppefspecRINGy Gy & r ench 24. The
hori zontal sections 22a, 22b, 22d are coplanar with
Rethening &p tGgi 2Rey anmpbeadmftthamiczﬂjhonletse'rsing element 10 is the
understood that the vertical and horizontal sections

diaphgatam 222bwhizZB inaybe taheiroalano? qub ey shaied sleent. In the exemplary
conposition as the diaphragm 22c and are preferably

embo@ﬁﬁ@ﬁt B dbhidR is A cire@BE Bnd Pl diémanivhiddl &p o;éstllg:fon having

mcrons is formed that defines the outer edge 2

o Y T TG0 100 A
about%”?-rﬂ? B bt 226 8 ar kBl oS o oxtenaing
' thetrench 32|saC|rcuIar feature excep

from k&sh%lfi@ a'@ng A &radet I one ephadimenta e leaddeu; asmaaaw rgctangular
dashed line since the trench is covered by a soft :

shape withtar lghgthvgae directiomohgpawd 501 r@icrans alopigithelx-axis ahd a width of
openings 3 1 such as holes with-a dianeter of 3 to 6

aboutr@@migrens s Thereretoftthe déddrout sind226fs sdparateeifedrd2 héwdontal
exanple, a first set of holes is fornmed an equal -

sectio 2326189% théiA 231 Gérﬂﬁﬁ:‘ihgﬁgwéiﬂ %oh"ﬁtl‘%rﬂlﬁgﬁpa\gqn‘? 22¢ along the x-axis,

circular fashion wthin the diaphragm 22c

the h(?rﬁz%ﬂ'ﬂﬂ s%%Lo 58% %EPér%técPfrHﬁldth@rho‘?&Bf\ a1 ¢ g{@g?gafbry?ﬁrﬁnch 24

renc rayed ciTcu

o B BLLAIRR 2 S8R o e J@égagmﬁ%@m

22f and on the horizontal sections 22a, 22b, 22d
out argézzgsltﬂsoun@qug%)dptgﬁgg]et\(qm@%[@é@, haorizeatal sections 22a 22b 22d and

the arm 22f have the same composition as the diaphragm 22c and are preferably doped
polysilicon. |

A trench .3_2 having a width of 3 fo 6 microns ié formed that defines the outer edge
22e of the diaphragm 22¢ and separates the diaphragm from the horizontal section 22d.
In the embodiment where the diaphragm has a circular shape, the trench 32 has a “C”
like ring shape. Fro~m a top perspective shown in FIG. 8, the trench 32 is a circular |
feature except where it intersects the arm 22f and is'depicted by a dashed line since the
trench is covered by a soft constraint 34. Returning to FIG. 7, a plurality of openings 31

such as holes with a diameter of 3 to 6 microns is fbrmed on either side of the trench
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bet ween the substrate and di aphragm Note that the SRN
| ayer 25 also fills the trenches 23, 24 adjacent to
wo bmshaeeont al section 22b but preferably doeBCTI®G2004/000384
extend over the filled trench 20a or above the hol es
31 or trench 32. The SRN layer 25 is from3 to 5
Angstrons thick and is not necessarily planar,
32. FSEE%@%,% atfﬁ'g{s @,@hf ot grr%%%@%agwggaggr?qétjroﬁsthe trench 32 and
hori zontal sectjon 22d and a second opening 29 is
is arrgygdria @ ¢'FPLH4‘fefaSNNnIV&'§JBF thendiapbrram 226 white 8 sggondseheifoles is
22f . The openings 27, 29 are filled with a conductive
formedagreequdi slistange B'er’rathedr@'ldhsa;w isfarsayesviara Circulaypattern within the
about 300 to 800 Angstrons thick and an upper Au | ayer
horizdntsveeetiob@2d. and 10000 Angstrons thick. Alternatively,
the conductive |layer may be a single |ayer or

A SRERPHER Silicad W‘tn@@'{BRMEPQE/é?fZ% dishosedidn fﬂé leBl-dt arm 22f and
~ other conductive net a used in the art.

on RO G 1S 228328, 254 bhA3FAR f»;@égé% B donc
vonSRIFR UG o U o €36 i A e
ectrode in contact with substrate 11 through rigid

tr enc*‘gﬁﬂ 3324 adjacenhterthe harizamal s¢ction 23kebet Rieéerably 4963 Apisextend

embodi ment is disposed on the SRN |ayer 25 and has a
over the fitlash grenah 20@apeabayerthetolds 3bantrench 82. tThe SRN layer 25 is from
rectangul ar arm 22f through the opening 29 at its one

3 to SeNrystmorhcihicksansd Bvrest ridvesharl i phantaa) e@;mﬁiall;fb\ib?hh@m@nch 24. One
the trench 24 (FIG 9).A key feature is that the

openifly QI?hé wm&% thé mm néyéreﬂs mbpaantbbfs tﬁéﬂﬁfnz%ﬂﬂﬂ s%Eﬁ‘orWzd and a
an el astic pO yner ayer hereafter referred to as -

secon%o%ﬁ%n%?é]% rl?’f&fnegiginttﬁg:?%}ﬁ%ﬁr?ﬁ#%n? %%ﬁﬁda%‘ét 3rmy 22f.
e ?*% FIE%P"%@%&%@% &R a%ﬂr@}s““e :Bee saperised of a
selectedfroma neric rraterlals

| .
lower iGidaygiiahput 80P tﬂ%pm mgat@(gns ickoand pamgpper Au layer between 5000
pol ymet hyl et hacryl ate (PMWA), Tefl on,

and 1p00Q dingstrognssthictx akiter(&ivds), thandn&hﬁive layer may be a single layer or
composite layer cbmprised of Al, Ti, Ta, Cu, Ni or other conductive metals used in the
ért. The conductive layer has a portion 30b that functions as a first electrode which is
electrically connected to the diaphragm 22¢ through the electrical lead-out arm 22f, and
has a portion 30a which serves as a second electrodé in contact with substrate 11
through rigid polysilicon layer 22d. The first electrode‘30b in this embodiment is
disposed on the SRN Iaye.r 25 and has a recténgular shaped arm which: connects to the
rectangular arm 22f through the opening 29 at its one end and crosses over the

horizontal section 22b and the trench 24 (FIG. 9).
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photoresist. The elasticity of the soft constraint 34

is substantially greater than that of polysilicon or
wa@emwblav2een conductor material that may be useBCI/BG2004/000384

t he di aphragm 22c. Oning to conformal coating, the

soft constraint 34 has an upper section that is

nonpl anar and a |ower section within the air gap 39

his f f||| the under cuts created
A KR Feguiopith At AgBBBL 228 S FhRnseied doeg e cuiendad 226 by an
stack through the openings 3 1 and trench 32. The
elastig pplymerdayer reﬁfteheefer@e te a9 atgadl eanstaint34iihapbaed boung's
the SRN | ayer 25, portions of the first el ectrode 30b
modubursdsisestantthllyllesst thadethgDaf thediamhragasamd yeostroranpensligh to support
| ead-out arm 22f and di aphragm 22c. However, the
the diapkrdgan Thelsoft cpistratei3atmay be @Qngleaaﬂera@rhé@rﬁﬁby% layer
mnimzed to avoid any straln gradient issue induced

selectdd frdIR": ouBW%WrﬁBrré‘h?df@ﬁélQ'|rflﬂhd|ﬂ_§2tgt§c‘;rgftm€e@etro parylene,

opening 36 In the soft constraint e

TG R, Ao PR

phototr%iﬂic e St SELOARE siMtoaairant 3A i awSeuAbeOraRten taan that of

i s understood that a silicon mcrophone is also
polySIB@%pr grethst semigandugtorinaterigbiat maybe yeed i thel diepbragm 22c.
preanplifier, and wiring to connect the first and
Owing&nmrdoehalc@aaimstheasmfbmpﬂsitaénta?@has‘; ahluppeagactidrothat is non-
circuit. However, these features are not shown in

planapanét lbwep segtior! wnhlhethdraavgapgsg Wﬁﬁbrﬂisff@ﬁheéwrﬁﬁ fildRg e
the key conponents of the presentinvention. Wen a

under%@térbcreﬂeﬂ'w ah' %t%@@eféﬁ n@t}f‘r éﬁsg[?fe tﬂgg@lél'ekﬂ%r sﬁefc%msfé?ﬁ( through

front side ‘or through t coustic ho

e opkh? S8 AR 2. Tl HpBEPIAB Ml Sor R RARY s cisposec
on the 3En1eGSF 25, n%%%‘n‘%ﬁﬁé?ﬂr”gfreh%le%ﬁe&g%ﬁ%@%ﬁw@é@&maoa as

- 10 has a di aphragm not subject to any influence of
well ag @npartions of leadsoytrater 22k anchdigphragm i28§n Hewever, the overlap of the

other films formed by a sem conduct or process. As a
soft corstrdint, ori the dlaphragm is minimized to avoid any straln gradient issue induced

by thermal expansion mismatching. Therefore, the opening 36 in the soft constraint
exposes most of the top surface of the diaphragm 22c. Additionel openings 35, 37 in
the soft censtraint allow wiring to contact the second electrode 30a and first electrode
30b, respectively, as shown from a top perspective in FIG. 6b.

It is understood that a silicon microphone is also comprised of a voltage bias source,
a source follower preamplifier, and wiring to connect t‘he'f.irst and second electrodes to
cemplete a variable capacitor circuit. However, these features are not shown in order to

simplify the drawings and direct attention to the key components of the present
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silicon m crophone sensing el ement described herein is
beli eved to have a hi gher performance, better
w@emdoatoeon yi el d, and better device reliabilipgr/stznn4000384

previously achieved in prior art. Furthernore, the
m cr ophone sensing el ement can be constructed with a
sinple and cost effective process to be descri bed

i | ater,,, The m crophone senS|n t 10 is fuyrthe

inventofhs At £ SeUng piend Pagsc e haci ehsrdiam dhe fant side or
al ong the axis 41-41 aX|§h represents the view

through m%ba@lt balei 38, racgustrc thleéﬁ pedtailrgap d8vea viduation remslts
soft constraint 34 are shown as dashed lines. Note

wherdihdhe tlidpheagrnrmaoeds @pantdalovwn ralatyestodpe subatratexamhdcapacitance
around the perinmeter of the sensing elenent 10 but

chan%lisyrebmedf ARempotantTedRBe & that e siliesh micropabné $ensing
as a ring shape that is open on one side near the

eleméhti1o s éjdlé(mﬁéﬁﬁ éﬂt ltc?'an% 'irﬁﬁ%h@% &%nqmﬂrﬁ%btiﬁﬁerent in

trench 19c to aped trenc a. Trench

polysEGREELS %bﬁ{hek‘?whg?aﬁ‘%ds o sl EPSTABNERst L Hga. the

n.the axis 41- second el ectr ] .
silicof GuSHORBORP SRS ST bHE D% erBih B EUeVAY 12 fae Adiigher
11 through the rigid polysilicon |ayer 22d. Mreover,
perforrnance, ejten pragstcsionigid oand betterntipvicealiability thom previasgly
- in silicon mcrophone sensing elenment 10. Note that
achievée it peorcart.3E urtheguars, dhe ynicopbené seosngtetemieat caebeftonstructed
19a The opening 28 is- shown as dashed line with an

with 2 Singlé BEdTRRPEffEEEEsBctEetd be HebetbePater32.

Sectionsof the dielectric spacer stack (not shown)

TI%JH&U?HS% R¥ndi g%@é}ggﬁﬁogﬁ/ uHth8PERarkBferiZ28th é( té@@lew in FIG. 8.

connect ed trenc are sonetines referre

ol AR AL e,

acousti c hol es ar osed in the substrate bel
Trenchy feghirag gryered %ﬁ'@rﬁoﬁm Rﬁ"atv%@reasrmwn %ﬁiaéhe&uhmes 8NOte that
outlined by dashed lines 40 is shown in FIG 9. As .
filled trench 20adhasam ting shapé éhatextandscarouhd $hea perimefehefitbesensing
.square shape with a width
element 10 but only two of the four sides are depicted. Trench 19¢ has a ring shape
that is open on one side near the axis 41-41 where two parallel trenches 19d connect
the trench 19c to the “C” shaped trench 19a. Trench 19b is perpendicular to the axis
41-41 and connects the two trenches 19d. Although a second electrode 30a is shown
Aon the axis 41-41, the second electrode may be located elsewhere as long as it
contacts the substrate 11 through the rigid polysilicon layer 22d. Moreover, there may
be more than one second electrode 30a formed in silicon microphone sensing element

10. Note that the trench 32 is generally concentric with the trench 19a. The opening 28

is shown as dashed line with an “O” ring shape between the trenches 19a, 32. Sections
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and length 1 and may be arrayed in nmultiple rows and
columms in a pattern having a pitch P in | engthw se
waemeiadtdqwi se directions. Optionally, the acoRst/B862004/000384
hol es may have a circul ar shape. Spaci ng between
nei ghboring holes 3 1 on opposite sides of the trench
32 is a distance d3 of about 20 to 30 microns. A
portion of the first electrode 30b is shown (covered :
of thgiefeglric gpacerstiac! qﬁlspo‘g(ﬁ&SH%{gU%dQ%Ey HiehGh £0as ky tench 18a, and
wth a | engthwi se dimension along the x-axis and a
by theicennecteditrenshes @ + d9dcue spmeadimes ieferred teasiigniation regions.
parallel to the y-axis. According to the present
The acowustit iholes 12daec alsosmeroas featimedi freanéed by dashed lines since the
m crophone sensing el ement 50 having a softly
acouS@Rblesidte dishoseariagme asbsiene Gefiv the Hiaphradh 22¢17.
Referring to FIG 15, a m crophone sensing el ement 50
Ah%nﬁﬂgéa v & ngﬁfti(gﬁ‘@ﬁﬂ@.t@oéﬂiﬁe& %S/*Hés\?uea'lﬂn'esqp 86l in FIG.
may type do ow as

ve an n- pant and a resistivity as

9. ALPNSBARD ciffer b FCLRLE B LGy Sl it ywin 2 wiatn

the front side of the substrate 51 have trenches 52 )

and lengthedy 374 MayrP&Ira¥eq H&@P‘t@ie faves and colisues B apettgishaving a
thick above the trenches. Preferably, the trenches are

pitch& ingeegthvdse andwidihmise disestiansadOplirnallyniteliacaeussictioles may have
el ectrode 63 to be described in a |ater section. The

a ciraardshdpay 3 pdeingbdtveseroneighoring bokksBdof opposite sides of the
polysilicon (poly 1) layer 55 about 0.3 to 0.5 mcron

trenchBis 4 @isfrResd AsHabout Do BOARRrEAONA purtidMbethe first electrode 30b
rectangul ar islands that cover the trenches 52 and a

is sh@&f\ b&ﬂar?fi gy\ﬁe%ﬁlﬁﬁfo’n@frﬁin@ and?hsy gq'ekfé%ggga?%g\t%g@wﬂhﬁ lengthwise

e fli trenches serve to reduce s

. arasitic, capacitance. as,apprecia by, ose skilled ..
dimeGoRziong (e 3eis AREE WP 50 A REGod i Brection
3000 Angstroms thick on the front side of substrate 5
parallel i tfie ¥-&%i8: s t he poly 1/oxide stack. Above the
thermal oxide layer 56 is a LPCVD silicon nitride-
Ateyrdingstd thadrasent inverdionetherefis alsegond sothodigent ofig migrophone

sensing element 50 having a softly cqnstra'ined diaphragm as depicted in FIGS. 15 -
17. Referring to FIG. 15, a microphone sensing element 50 is fabricated on a substrate
51 such as silicon which may have an n-type dopant and a resistivity as low as 0.01
ohms-cm. The substrate 51 preferably has front and back sides that are polished.
Certain regfons on fhe front side of the substrate 51 have trenches 52 filled with an
oxide layer 54 that is about 2 microns thick above the trenches. Preferably, the
trénches are éligned below an électrical lead-out arm 61¢ and first electrode 63 to be
described in a later section. The oxide layer 54 and an overlying undoped first

polysilicon (poly 1) layer 55 about 0.3 to 0.5 micron thick form a stack in the shape of
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sacrificial oxide |layer 58 such as LPCVD | ow
t enper ature oxi de, TEGCS, PECVD oxide, or PSG | ayer
WwW@bwan4#261 crons thick is disposed on the siliPBONSG2004/000384

nitride layer 57. The layers 56, 57, 58 forma

di el ectric spacer stack. The back side of substrate 5

1 has a hardmask conprised of a Iovver t hermal oxi de

| ayer 56Ito h t he s me thi chﬁess e therrral OXI de
one qrligie RETAIAT IFIROYR Y GOUBR TR Uenalies| 36 and gapHPR f

same thickness as LPCVD silicon nitride |layer 57 on
substrate 3theiawad triteachagel heaiidelilpsikenehes syveite ieduce substrate

sloping sidewalls is formed in the substrate 51
parasifiecapacitahee tasappiretibtedoay thasel skilledan théart r ont  si de

has a smaller width than the bottomin the back side

Téretiba thuhRbr lige 143 56t U 30D Hrigetrohdy/thick 66t Bont side of
shape as seen froma top viewthat will be described

subst r 951 rféltES{/é}%tthé ®loty 1io'9<ﬁieb§§5k.h5%8vé'ﬁ¥e {}ﬁa\fﬁm‘( 65<Fd'e9§i/er 56 is a

wherein'its top and bottom have t

LPC%‘%?i'@ea%d?’*%r%ﬁ’dﬁ%ﬁﬁiﬁ' RpRes & %Pﬁﬁﬁsﬁodﬁﬂﬁét%ﬂg?
sacrffg) OXdfe HRE BBISHED SR GV URRIEERSHRLES oKl RS EEGVD oxide,

backpl ate region 73 of the substrate which has a
or PSGilayien@bsut 4 reicransdhickgs disppsegiogrtbasiliopntnitride; Iager 57. The
backpl ate region is a plurality of acoustic holes 70
layert&8i 61, 58 thremadieledricspatér stacROlme backnsideTdfesubstrats 5t has a
hol es 70 may have a circul ar or square shape and may

hardr’ﬁﬁsl@bbmbﬁded of BUbWe Pt rmanexidadayar S6PWRh ¢eé gaTfe thdkess as the
a pitch P of 20 to 40 microns alongan x-axis and-al ong

them%%xﬁl’é' I%gétn% anl ﬁ’CVN’%lﬁcémﬁftrld@ g@ﬁ?)?ﬁlvﬂ{rﬁsérﬂg'tﬁf&kness as

coustlc les 7 ow a di aphra

o R BB T SRR, o 0

71 is _bounded. on the sides by. th vertical
/’sg&‘ﬁ brle Gwith lopingsidgwalls is formsdda 'T%Slé%téﬂ& 51 wherein the top
vertically to the substrate through the -overlying _
of tha hackboleddatdhe frpst sEe hasd simaileowidih thanithe bgttoms the back side

of the substrate. Both top and bottom have a-squvare shape as seen from a top view
that will be described later. Alternatively, the‘back hole may have vertical sidewalls
-Wherein its top and bottom have the same width. The back hble opening in the back
side extends verticallly (perpendicular to the substrate) through the thermal oxide |ayér
56b and silicon nitride layer 57b. The back hole 69 |s bounded on its top side by a
backplate region 73 of the substrate which has a thickness t;.of about 5 fo 15 microns.
Within the backplate region is a plurality of acoustic holes 70 having a diameterld1 of 10
to 20 microns. .The acoustic holes 70 may have a circular or square shape and may be

arrayed in multiple rows and multiple columns with a pitch P of 20 to 40 microns along
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Vertical sections of a rigid supporting |layer also
referred to as a rigid sem conductor |ayer are forned

WO 200bl0e926 el ectric stack conprised of thernal PXI/S862004/000384
layer 56, silicon nitride |layer 57, and oxide layer
58. In the exenplary enbodi nent, the vertical sections
are conprised of polysilicon filled trenches 59, 60,

80a, 90 having a wd bet n and 4 m crons that )
an 38 AN A0 AL RBAnOh S SOk Natedh AL e ACKpIate region 73 with
Optionally, other sem conductor filns as nmentioned in
acoustizheles 910 is @ljgaeddetowraydiarhraged6 tdandtie sepaiatied from the
supporting layer. Filled trench 59 has a conti nuous
diaphragm by &e agtgape? hmdthtathickness ws ofabout dvmidrgnsig The air gap 71 is
hori zontal polysilicon |ayer forns the rigid
bountied d@ahe Gideslby fHey vértiealsseedbns 8DE804.00Ae@Eouktit heRks 70 extend
trench 60 has a continuous ring |ike shape and
. , i : _ an N -
vertiGalR6 U sclb S S MiBUBH s BRoltihg ARG RIS BlEH PBAnd siicon nitride
Iayeﬁ§790tr°de 63. Filled trenches 80b, 90 and an overlying
hori zontal polysilicon layer forma rigid foundation
6la., From a top.perspectjve in FIG 16, the trench 59
VEEEAbseRtPnA ST gl SiPPOUIRIdaY AT AIS EefRT eg 8 @ B dgemiconductor
and the trench 60 forns a second ring that surrounds
layer @@ famest indhe dielegisicatackeemprised)ot thermal oxige layeredp, silicon
conmponent of the m crophone sensing el'ement 50 is the
nitridelilayein5dg ané okitdenlaiyeh58ayinithe @xemptaryamibodiswndrthe vertical sections
shaped el enent. In the exenpl ary -enbodi nent, the A
are c8imppiBe@@fpbl/shiceh Mgl afendRés BY 266\ 80, DTERAviRG dewvidth between 2
pol ysi li con andhaving an outer edge 6 le, a dianeter

_ o . € A L _ U
and GSG8 indh Bhe S olloKICPie bkl koK 132 FQBlio I biner
. - out..arm 6 endi omijts side alpng t -
somiGSaRicRt e Reheafoisit BarSHho it rd) B8 Bsbhar g rioi
a horizonta) secti of rigid foundatigon 61b. The ]
SUpPPQIIAd IRYAT- a?%eéﬁemﬁib%eammﬁpaws g fike sfigbe anditegether with an
section adjoining the di aphragmthat is fornmed a '
overlying hargentaB polysiticon dayaifeimathe ngid feundationp@tf foe thensecond
- section that is connected to the horizontal section of
electrode 62. Filled trench 60 has a continuous ring like shape and together with an
overlying horizontal polysilicon layer forms the rigid foundation 61b for the first electrode
63. Filled trenches 80b, 90 and an pverlying'hprizontél polysilicon layer form a rigid
foundation 61a. From a top perspective in FIG. 16, the trench 59 forms a ring that
surrounds the second electrode 62 and the trench 60 forms a second ring that
surrounds the first electrode 63.
Returning to FIG. 15, a key component of the microphone sensing element 50 is the

diaphragm 61d which may be a circular or square shaped element. In the exemplary

embodiment, the diaphragm is a circular and planar element made of polysilicon and
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foundation 6 1b is a greater distance than t3 fromthe
substrate. Thus, the horizontal section of foundation

W® lweiossoeopl anar with the upper section of theP¢EaG2004000384
arm and the horizontal section of foundation 6la is
coplanar with the di aphragm and | ower section of the
Iead out arm 61c. The trenches 59, 80a, 80b, 90 have

ttons di,s ed o th subst |Ie trench 60
havmﬂe?g* 8o EHERG: acteontarat aporfAd0 fodal sisoaed abickness o
i1led trenches 52. It IS understood that the rigid
abou? ?)Lf?ladf"lca?fbs elhle d@phragm®1dhas an eleckienl deadhprutgim 61¢ extending
have the same conposition and are preferably doped
from o bidei dlosg the Taxise Ope@ndrafribé leki-outarn 6 ¢ ieatthtieed to a
outer edge 6le of the diaphragm 61d and a set of

horizéntehséutoneFaidid faandblipnte1bt  Theilesd-bheaanedc rﬂdﬁl@leon -planar
the | ead-out arm 61c. There is a first el ectrode 63

with #liowRa iest é@%tlbh%d*‘tﬁﬁlhg(mé @ﬁacﬁ?gg%ﬂgggag% f{)ﬁgéﬁ %tdl%néé *33 from the

and a second el ectrode 62 ori zont

s 8 ARl o EHEN il eciono
founc#aﬁéeﬁ@ﬁ%%é@%%%&ﬁs%ﬁé’eﬁ%%bbrfie”{ﬁgéé‘é‘: S48, EFHERRE Hifzonta
i onal | the first electrode and second el ectrode
Sect'%s}f feenaafiqrhéﬂ R i g9RIANaF With Hip ypper sesfion ofdhpleatkaubarm and the
A, Ti, Ta, Cu, N, or other conductive materials. In
horizemal @eﬂﬁi@ﬂmfé@lundat@nfﬁ‘rasis capdarsas dtidthel diaphades ahdvewver section of
square shape froma top view and a | ength and w dth

the lebdaut0mt@&1 00 m crons. Anot her key feature is that
the diaphragm 6 1d is supported along its outer edge

THELBehohe¥ 58| g0, i80bPObYHEE HoMoRts aikﬁesé&Bﬁrtps%usetrété B while

soft constraint 66 that has a Young' s no

trencﬁﬁast{ag P@ﬁ%}ﬁﬁfh MH?&)%%?A%% %%Bcﬁ%d\pgﬁlllgg Arsghes 52. Itis
Underégowﬁ{f'ai.ﬂgqsﬁﬁlﬁg aglons, S 638 Bt Ay Bl <. Achdiabhrage f1d have

group o meric materials |nclud|n
the same composmon and are preferably doped polysmcon

There is a trench 65 that defines the outer edge 61e of the diaphragm 61d and a set
of trenches 65a (FIG.17) that define the outer edge of the lead-out arm 61¢. There ié a
first electrode 63 diSbosed on the horizontal section of foundation 61b and a second
electrode 62 disposed on the horizontal section of foundation 61f. First electrode 63
and second electrode 62 may be comprised of a lower Cr layer about 600 to 800
Angstroms thick and an upper Au layer betwéen 5000 and 10000 Angstroms thick.
Optionally, the first electrode and second electrode méy be a single layer or corhposite

‘layer comprised of Al, Ti, Ta, Cu, Ni, or other conductive materials. In one embodiment,
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but not limted to, parylene, polynethylnethacrylate

(PMMVA), pol ydi net hyl sil oxane (PDMS), Teflon, and SU8
wWEbwbos®sé st. The soft constraint 66 has an upper/SG2004/000384

section that is planar and a | ower section within the

air gap 71 which are connected through the holes 64

and trench 65 The | ower section is fornmed by fiIIing

o 13083550 e e LR S Y 2 A ST

dielectric spacer stack under the holes 64 and trench
widthgem HRdolemiaens on of the soft constraint 66 is in
the shape of an "O' like ring and has a width W of »
Andtbet kdpfeatueisithat thediaphragims6 tdifs $uppartddyalond étstauter edge 61e
cover all of the holes 64. As nentioned in the first

by aregtbstit peiynertidpgerailss tefprrefl td Be assdft comstrdintddthaRhaklReYoung's
di aphragmis mnimzed to avoid any strain gradient

moddl@ssé'@bétﬁﬁ‘ﬁ‘él%egythé??ﬂh’éﬁilamgﬁﬁéﬁ@améﬁﬁk‘& H‘gner'tﬁan

addi tion the anount of overlap on the adj ri g|

dlaphﬁ’%%%rﬁf )95% t1d 2 nno hQBfgtfpﬁgFﬁRé%. gﬁtd 'ﬁ? ggnstramt 66 may

_ rom a er spet _
a Sm@eiweelﬂ'?a%'m%%se t%hrii%%ﬁeéﬁrg?@aqrompépgefaeﬁt 'wg?edria"? including,
ad-out arm 61c. A cross-section the axis 72-

but n@&'“ﬁb’@%jo rpatsyleaen@@ymﬁﬂwhewetcryla@t GPM A)i pplvqi@et.htﬂs"oxane
Trench features covered by the horizontal sections of
(PDMuination,carsd SWUS, pretbresttf Theesoftmonstramt @Ssiasian mpper section that
~ Note that filled trench 90 has a ring shape that -

is plaf¥i 8Rds lawer BdcticrewRiini tRB et gf 71 ehicreard dehrdcké@ tHrough the
50. Trench 80a has a "C' |ike shape around the

holesBARRG #EALA®S. I thd Mr%'é@ﬁ&%%t%e#’bﬁ‘fﬂhﬁ@ﬁté Sé\gm%ﬂaggr into the

armattaches to the diaphragm Tre 80a I's cohnect

e
undekﬁékﬁﬂt@?%\l (1.}'55 érggﬁhﬁgy g secft?cf'ﬁg? ghchgzﬁbtoﬁgﬁs ?ﬁ fhe 8 electric
sur.round ide k... The inner, wal

SpacgREARH ISl PRdIRies B8 2N, hENS LRpeT SFCUROUNe Sgiponstraint

71 whi.le the outer wal I adjoins the dielectric spacer
66 is in thexshapeeofssi tO clisestingpRd hae a widihwerofabogh 40D ao. migrons that

circular feature with an outer edge
is sufficiently wide to cover all of the holes 64. As mentioned in the first embodlment
the overlap of the soft constraint on the dlaphragm is minimized to avoid any strain
gradient issue induced by thermal expansion mismatching. In addition, the amount of
overlap on the adjacent rigid polysilicon layer is considerably reduced compared with
the first embodiment.

From a top perspective shown in FIG. 16, the trench 65 has a “C” shape andis a

circular feature except where it intersects the lead-out arm 61c. A cross-section along

the axis 72-72 (x-axis) represents the view illustrated in FIG. 15. Trench features

covered by the horizontal sections of foundations 61a, 61b, 61f are shown as dashed
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67 and an inner edge 68. First electrode 63 forned
above the ring like trench 60 and second el ectrode 62
wo eooameboabove the ring like trench 59 are di spPSESG2004/000384
al ong the x-axis. However, the second el ectrode may be
| ocated el sewhere as long as it contacts the substrate
5 1 through the rigid foundation 6la. Trench 65 has a

. ri h t,hat is..open on one side, near .t he axi .

ines! N iR et tinch AR Mo aneL G SRS atetnd e perimeter of
shaped trench 65b around the first electrode 63 to the .

the sepsing %@gn} Pendrensh 8063 bas g “65 like s@gp@raéq)mr}d the diaphragm and is
concentric with the trench 80a. The top of the back

intermiptasl gy iveheie doe Basloutarmatiachasdtol thediaprragencTrerick80a is
the di aphragm Preferably, the width of top of the

connbeteld Byohwe pératlel tperechiesr80dfanmel it tside of tHehaxis 72-72 to a ring
di aphragm 61d. Acoustic holes 70 are depicted as

like tfeP@h@0BSthet Shirdasdethd pa1ga/Slide StdoRe THLHAEE all OF 85k filled trench
are di sposed in the substrate bel ow the di aphragm 1c!| :

s0a oK S he P77 500 B2 Aty 8RS spcer
sack P4y AR PR BSTAS P RS TR R anutor oo

Referring to FIG., 17, a plurality of openings 64 such

67 angsamines %gﬁwé:%%ﬁr%trﬁé?@FOQﬁ 63 formes! abeyete fing kil freach 60 and
on.either side of the trench 65. For exanple, a first

secor@ elaegtrode| Gsformpedrabsyedhe siggdikedranchri®ate disposed along the x-axis.
trench 65 and is arrayed in a circular fashion within

Howeee, itieageizoad relédrbdehmiag be Isestedklisevheie dlopg asit contacts the
formed an equal distance fromthe trench and is

subsi&teethrbligiRti AGH!f8tnd@aidres .M thin the horizontal
section of foundation 6la. The first set of holes and

: f te
TIREY 3R i HosROSE RIS M bl Ml BBSEL 1293 where o
paralgfireRgls, 855 PYER thf il Siabee TR SHRSEBITGH e T ectrode 63
pattern having a pitch P in | engthw se and w dt hw se
to theyiG'«hapsadrenah 6% Transht@his ganeralty congastke with the trench 80a. The

top of the back hole 69 is also shown as a dashed line that encircles the diaphragm.
Preferably, the width of top of the back hole 69 is greater than the diameter of the
Adiaphragm 61d. Acoustic holes 70 are depicted as features with dashed lines since the
acoustic holes are disposed in the substrate below the diaphragm 61d. Oxide filled
trenches 52 afe indiéated by dashed lines to show their position relative to the lead-out
arm 61c and diaphragm 61d. The rectangular shaped area within the dashed lines 74
is enlarged in FIG. 17

Referring to FIG. 17, a plurality of openings 64 such as holes with a diameter of 2 to

6 microns is formed on either side of the trench 65. For example, a first set of holes is
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hol es 70 should be wthin the trench 65 froma top

view. The second enbodi nent enjoys simlar advantages
WO@®G/0poeOr art as described previously for thect/BGED4/000384

enmbodi nent. A sinulation was performed using a silicon

m crophone sensing el enent according to the present

i nventi on wherein a circular polysilicon di aphragm

i aneter of 6 ons, .and a thi cknes
formesl & GRUALIIPGREATTS theHopy BB AT B areTat! o AxCIga TBghign within
5 micron wide parylene ring of the same thickness.
the dirghyagm &1daxhile ¥seagnd sab@fg neles i formed arcenyal distanse from the
a Young's nodul us of 160 Gpa for polysilicon. The
trenchantids arraged dt bdirutaripattele within tberharizontabisentio akfoanl8ation
m cron thickness and is conprised of acoustic holes 20

61a. MHY fst sét cfibtes\aind tife $6cardcsativf Pioled gendially firakaeshcentric
of the air gap between the di aphragm and backpl ate is

pattel‘h A& h%iftron-'éaeea‘?ﬁéle fﬂé 58‘0&@1@?\‘6!&37'@ ﬁ'!afypl'ia\yé“é %lr\%blla'r &P8quare

m'crophone i s about O. . hsum ng "a
shap%%tbhﬁgaﬁét?ﬁé sﬁ?iﬁé’y Fé‘%’a&ﬁﬁ il bw%%&“gch'%mag inya pattern
havmgr?ep%’bhlg l ene rdm/?qtm%%gu qaqtg:qggﬁgﬁtsigdﬁeortant tlpua all acoustic

per pendi cul ar to X-axis) is about 36.9 nmin the
hOleScEQwSmmdfbet\Mléhld|t69hﬁealghﬁ5cff0ra aleR ieWssure | oad.
Resonant frequency is determned to be about 2 1 kHz.
The sbcarghephodireert drgsyy simjladiatifantages blrer prodr art as described
properties thanpolysilicon, the stress induced by the

previb gy e theifistedraBoditent! YA SimléatMpawi® peforR8E& using a silicon
tenperature change. A proprietary el ectro-acoustic

micrd@g wh s%h%haé@ﬁehb 8céérd CtHerﬁéwﬁyﬁvezg@mwé‘rfﬂﬁ‘ggcular

ere thHe m crophone sensitivity is out

polvsf"ﬁér?ﬁp@"rssﬁwe@fﬁ”@%@ﬁ%w%%’a?iﬁ%mﬁ%mﬁ%eéﬁ%sﬁﬁﬁkﬁ%sep f icronis

intrinsic stress i.n the d|a hra

joined tpthexigid Suppor et its dsef H%@Jﬁﬂ%ﬂ“g of H]es%?me

a nmet hod of making the si I [ con m crophone sensi ng
thickrgssoearylenewhasa Mpuagscmodelusiaf 4t Gpa fcomparedvaii adoting's

A first process sequence
modulus of 160 Gpa for polysilicon. The perforated backplate in the silicon microphone
has a 5 micron thickness and is comprised'of' acoustic holes 20 micron in size with a 40
micron pitch. The-thickness of the air gap between the diaphragm and backplate is 4
microns. The effective capacitance for this silicon microphone is about 0.48 pF.
Assuming a 100 Mpa initial stress is applied to the polysilicon diaphragm, the stress is
significantly reduced to 26.5 kPa by the parylene ring. Simulation also shows that the z-
deflection (maximum vibration amplitude perpendicular to x-axis) is about 36.9 nm in the

center of the diaphragm for a 1Pa pressure load. Resonant frequency is determined to

be about 21 kHz. Although parylene has very different thermal properties than

23



illustrated in FIGS. 1a - 7 is followed and requires a

total of eight photonasks al so known sinply as nasks.
wabwse4dvecks are not illustrated in full detaiPCT/8G2004/000384

order to sinplify the drawings. Referring to FIG 1a,

t he m crophone sensing elenent 10 is based on a

substrate 11 that is preferably conprised of silicon

nd y have an n-type dopant and a resistivity of
polysigga WAl s dntur B e BELaVameehia Ak JB YR e a 100°C
on both of its front and back sides wherein front- side
temperatunet chenae- tA Preriietan«elecirg-aceustic mpdehsimuatadthe requency
will be built. In the exenplary enbodi ment, the
resposisesshoatreinlAlG. sl Sewlséredhe mictaphonef sersitivitp sk aboot -34.7 dB (1 V/Pa
shown) to forma plurality of trenches having a w dth

referéfced20BY BCtislad Mhsenesultindidate Adtigs péFarmanrbe silidén
are illustrated in the drawing. Froma top view (FIG

microl)ﬁ))ne@vrpé?éFni ifftiric $héss ihQRE i I ugg’rﬁ? Hé?béé&?%%%%@t’iélﬁ/ decreased.

own 1 n which each trench in g trenches

Tk BreskeF IfVBRudn FRb R, et S RE PR ERTIES ST icPor e Sensing
clomi SRS AncTIBran BIE ThehemDgRiRe t AN EogsTa Sedence
subsequent |y be transformed into .acoustic holes 12d

llustratst indrI6Saridery dds followact apsl eequigs aiaalcafialgtfshatomasks also

backpl ate region as described in a |ater
knowsesimplyraRetaskai These nrisks are noillestratad indolidetibiatorder to simplify
process is used treat the substrate. Then a thermal

the dexifgs.i Ref@Fingne WGt 9a theshickdpHdnedsdrsindelemiénti1 is based on a
performed to grow a thernmal oxide |layer on the front

w8 Py SRR 1) £ SRR 98 copan

L E ' ' o T .

a resEfitEot Be By L Broblany, ohb rbrARCHEE neddShep e both of s

front 31 BpRG SIS WIS PG aiis 13 NANdecadReEn e FURRROn which the
_trenches 12a - 12c that is preferably coplanar with

deviceéll gttilt.at e. The resulting oxide layer 13 is

In the exemplary embodiment, the substrate 11 is etched through a first mask (not
shown) to form a plurality of trenches haying a width of about 2 to 4 microns. Only
trenches 12a, 12b, 12c¢ are illustrated in the drawing. From a top view (FIG. 1b), a
portion of the front side of the substrate is shown in which each trench including
trenches 12a, 12b, 12c¢ has a square ring shape and encloses a region of substrate 11.
Optionally, the trenches 12a — 12¢ may have a circular shape. In one embodiment as
shown in a top view (FIG. 8), the square trenches will subsequently be transformed into
acoustic holes 12d that are arrayed in multiple rows and columns in a backplate region

as described in a later section.

24



conprised of both thermal oxide and PECVD or LPCVD
oxide. . A second thernmal oxidation is perfornmed to
wW@e@w0aN2oOxi de | ayer 14 having a thickness of BODSG2004/000384

3000 Angstrons on the front side of the substrate and

an oxide layer 14b with a simlar thickness on the

back side. The next step is deposition of a silicon

njtrijde | about 1500 Al ons thick by a LPCVD

RAWINGA 1815 ondaos CaBvaiRnaL dgwel Rifiseshinksed treghibe substrate.

silicon nitride |ayer on the frpnt,side I's renoved by
Thengntheraal ayidgtie as Knowaitortgose Bkilledhén e art ismperfermetbto grow a

| ayer 15b on the back side. In the followi ng step, a-
therni28Gxideylayeld@n doofrontlamd back sidehitiat patialhefills therteshobes 12a — 12c¢.

the oxide |ayer 14. The |ayers 14, 17 forma

Next darebﬁuat-zrdeposttmlbﬁéidwear%mvbafrrmb‘vg i8pepfdprhid it6 filthe trenches.
because a portion of the dielectric stack will be

Theréﬁ%eﬁ% 6>9d8'i %n"’lﬂe@{dnt 9RB HaRki d&éﬁ%ﬁﬁé%%?sﬁé?e?ﬂ is etched

ayer lcon nitri ayer

awayCﬁS Ve Spl&%??&(ﬁi E@mﬁ§:§%ﬁt§rél@t&ﬂ%&ﬂﬁ%ﬁﬂwé&ﬁpluding trenches 12a

cQnposite rificial |ayers such as oxide , ,
~ 125 B S pistereBc ehaTauts HiesuSalie | RoSHaPdHRS KX e 13 i
a si ncgl e layer of either _oxide or _silicon nitride. At

comprised Qdioth theimabexisle ansRECYRapl-B&P e¥det ch trenches
18a, 19a, 19b, 19c, 20a as well as trenches 19d (not

Asiegondl thémm]g:b(idahiends eedotmed te gank acaxie kydr 64 haking a
PSA ayer 17 and oxi de |layer 14 and stopping on the

thickiSéesdfr aictit BD00 Artistionteh ise franEside \Uf tdis@istraté @ndl an oxide layer
mcrons. Referring to FIG 2, a sem conductor |ayer

14b \ﬂ/ﬁ!‘i‘% diil B ﬂ&h@@é Y)nﬁﬁélb%'cb ST The Rei #t@? %‘B@?és@én of a silicon

pr oxi mat el mcron an rlsed

okl e&%bééﬁaﬁﬁﬁéwéﬁ@vfﬂﬁgﬁw %"Eﬁ’éﬂ&“ﬁ%ﬁc’@”ymh%%% fayers 14,

14b. Tigworathe siicon bUAIS JaveePAARE Fenh SUEHS rawRy b Rl Gt ehing

| ayer may be a single or conposite |ayer conprised of =~
processgeaving only the silicon nitride layer 15b on the back side. In the following step,
a PSG layer 17 about 4 microns thick is then formed on the oxide layer 14. The layers
14,17 form a dielectriq stack and are referred to as sacrificial because a portion of the
Vdielectric stack wil‘l be removed to create an air gap in a subsequent step. Oxide layer
14b and silicon nitride layer 15b are referred. to as a hardmask. Alternatively, the
dielectric stack may be comprised of single of compoéite sacrifiéial layers éuch as oxide
layers, TEOS, PSG, and hitride layers and the hardmask may be a single layer of either
oxide or silicon nitride.

At this point, a second mask is employed to etch trenches 18a, 19a, 19b, 19¢, 20a

as well as trenches 19d (not shown) through the dielectric stack comprised of the PSG
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pol ysilicon, silicon, nickel, gold, alum num copper,

nitride, or other sem conductor materials. In the
wex@aplaey enbodi ment where a pol ysilicon | ayePCT/SGLOE000384

to fill the aforenentioned trenches, the polysilicon

| ayer must be doped and has a stress of < 100 Mda (as

supported by the simulation results nentioned

Vi ous] a eet, resi.stance vaJ ue of < 20 ohm cm
layer{ 7 i oxidel eyt TA SR sksipind O e S EatBedo The fBRChgs have a
_third mask is used to etch the polysilicon |layer to
widthy of 31 P SPISFRS. 23, 24 as described previously. The
trench 24 is used to renove a portion of the
Retarjing ite €66. 2ag semicorsluctayilayeriibatoe paefenbisly quodysillopn with a
formed first electrode 30b in order to reduce
thickpessasf approgiapstelyt BntieronNridecdrhplisdchef thiedidid 1)ees 223222b, 22d
22b, 22d each have a horizontal section and one or

and &BIEphY&agmi 28 wits ahl 22684 &éébrﬁ)e\'ﬂedrb{/i‘éaklﬁ/ﬁ?‘d%;%gité@BY a LPCVD
1 and a top tha

a bottomthat contacts the substrate 1
QK| I | | L S4&.0p! Wi t ,

procoy AP CIRbEE 17 2R @S The Rentief faa"16F PR 208 ‘Alemativel,

Referring to FIG 3a, a sjlicon rich silicon nitri
the sPayggd i fyar ey eia SblagicSingests ByenSoReRasd of dopes
- deposited on the rigid | ayers, diaphragm |ead-out arm
polysilic@nysilieem, Rigkel; galde plugninam, oaPRFY, RitkgE\aD asher sergiponductor

met hod known to those skilled in the art. The SRN
materialgerin 2Be iexenplanyeareladimeny wheemampolysdicon lapemisiuded to fill the

| ayer 26 is fornmed by a PECVDt echni que on the SRN
aforensartion2d tesnthies, thet patesiliciP0ayenshueDB8 déped tanefad Aisfréss of < 100

The oxide layer 26 will serve as a hard mask for

Mpa A &igpbrideb L Batidrredufts BRSAIBABY pf?é\%uslg‘hfeg%‘}i%ﬁ rqcasistance

mask i's used for an etch process that forns
a haoy [ fo rigi V. cgrsd . .
v BORY Gk A9 38 P8y (1 B hBAHefon i mask i
eni.ng 28 that uncovers the diaphragm 22¢ an )
used I8 BRitbfhepolvslicatEiRH o prindtenshe S F e badesiveg pseuiously. The
may have a first step that selectjvel é renoves oxide ‘
trenchA4dis usgdita removerapertion obthexppliysilieer Hyer imagrgiondielow a
shown). During a second etch step through.
subsequently formed first electrode 30b in order to reduce parasitic capacitance. Note
that the rigid layers 22a, 22b, 22d each have a horizontal section and one or more
vertical sections whereiln a vertical section has a bottom that contacts the substrate 11
and a top that supports a horizontal section which is coplanar with the diaphragm 22¢
and electrical lead-out arm 22f.
Referring to FIG. 3a, a silicon rich silicon nitride (SRN) layer 25 with a thickness of 2
to 4 microns is deposited on the rigid layers, diaphragm, lead-out arm and within the

trenches 23, 24 by a PECVD or LPCVD method known to those skilled in the art. The

SRN layer 25 is not necessarily planar. Next, an oxide layer 26 is formed by a PECVD
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the thick SRN | ayer 25, the photoresist mask is likely

to be consuned but the remai ning oxide | ayer 26 serves
w@sooa/0b@eel mask to prevent erosion of the undepPdTBGL04/000384

SRN | ayer. Referring to FIG 3b, a top viewis shown

of the partially fabricated m crophone sensing el ement

10 in FIG 3a. The cross-section in FIG 3a is taken

tech i BpilE S Inih e et [eyivesn Sopnaed ancercminfiek. The

. ipportant features including fil|led trenches 18a, 19a
oxide @8[ Eédﬁ" 88MVRAS ai@f@ﬂ@ﬁkﬁgée%!ngztmeaﬁ»%Ni laerdaasubgequent step.
dashed lines since they are not visible froma top
Aviperth nraak isiuseddor ae ei¢h psepathal fordis anlopeningy2Z hhpee the
open on one side where the | ead-out arm (not shown) is

horizattahsbetibn &1 tigiddayercdd) ahQspdmirsg 29 mboge she fead-bat arm 22f, and a
surrounds the opening 28 and is connected to trench

largel@feriyg RBehaaimiovets theadiapiaghPg2c ZhaRrHorkiBR ¢F 9RE Bjohni -
g t he t\/\% trenches 193d bet\/\gengt he %peni ng% 23, 24. Bfo‘hmg lead

out affe ”ﬁﬂ&et%ﬁ g?é?]%\/@%ggmw asﬁrsg%{aé?ﬂ%%b@{cﬁf%héé}ﬁg\zﬁ §>r(]ide layer 26

41-41 ﬁn rectgangucI ape nh _
i tnd §085cho8 o BIASeB as BoE St e 3RSt g throuor

0 i 11 _sufhsequently be forned. Referring to FIG
the thigk SN Bvier 230 e pHRISTesst Moask SgRaIVOMS: GRRAUMAGLUL the remaining
_ remaining oxide layer 26 is stripped by a conventi onal
oxidentayabadb saresmRiathave maskde preveniemesiobyf dshysderying SRN layer.
vapor deposition (PVD) process.-or the Iike on the SRN
Refgrang &5 B A3, & tap vibw isghowngs tRa paitRilly 28bricated microphone
Preferably, the conductive layer is a conposite |ayer

sensmgrméﬂn@atﬂwﬁn &G o3Lr TRE drésseEetioninF 16N BEKS €& 4IBAY the axis 41-
600 to 800 Angstronms and an upper Au | ayer having a

41 intA1Ge g&g? C(%?ﬁ{}@??? 2805y gréd?ﬂ&ﬂ% t’ﬁ%%&dc? @er BRWSME! [ocation of

the n ayer’ ‘may al so be a si'hg ayer or

othe R AR AR A s 2B 295:46% 208 el o
is used for a wet etch that selectively renoves
openigstd b eé 3re indisatashbiidashed lingresinceathey angdiativigible from a top view.

conductive |ayer is
The filled trench 19a has a “C” like ring shape open on one side where the lead-out arm

(not shown) is attached. Filled trench 19¢ has a ring shape that surrounds the opening
l28 and is connected to trench 19a by two parallel trenches 19d. Trench 19b connects
the two trenches 19d between the openings 23, 24. Opening 24 has a lengthwise
dimension along‘the_axis 41-41 and may have a rectangular shape in one section near
the trenches 19a, 19b and a square shape in a second section below where a first
electrode 30b (not shown) will subsequently be formed.

Referring to FIG. 4a, once the openings 27, 28, 29 are formed, the remaining oxide

layer 26 is stripped by a conventional method. A conductive layer is formed by a
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conprised of a first electrode 30b forned on the SRN
| ayer 25 and aligned in a rectangul ar shape above the

wo zmdoeate arm 22f and horizontal sections of rePQi/siG2004/000384
| ayers 22a, 22b. The first electrode 30b fills the
openi ng 29 and contacts the top surface of the
| ead-out arm 22f and is thereby electrically connected

to the |a hr.a The re tive |la
physical vaPpes eeﬁﬁlﬁlpggé%ﬁ PEOGESSSH %l'k%?)ﬂ&g%%}i'@ifﬁf srshfills the
the SRN | ayer 25 over the rigid | ayer 22d. The second
openippe @7 88230 referalytthe copautling layeris eampeosije layer comprised of
contacts the horizontal secti.on or rigid |ayer 22d.
a lowéhQs |Jayen withez thickredssdrom €00ito 18 00sArgsitenivh$ ahd dinbigipezdiu layer
the second el ectrode 30a and substrate 11 . Referring

having@ thicknedb betwé & 5000andi IF00fARditromhs. I Plplvener, 3r8TbAductive
element 10 in FIG 4a is depl cted. Note that the first

layer ﬁ{agﬂé&%% S0 i@%xbhsre&n 5§e r%gapsom nsaaeopn?ngnga 2@y, Ni, or

t hat t d neare peni n ext ends over
over oL Rt DS i Skt Wy
selecalyrampLes apfiondi 4 e cong: dve 16 “the temaRinasrndustve layer i

: above the | ead-out arm 22f and a square section at its
compgsaeof arfiist ¢lactrode ABhfeimedien the RRN ygr 29mndwlanediis &

di mensi on (perpendicular to the axis 41-41) of first
rectamddat shaime 3bbve the lepdeanit layml 22f sndhzorizoméal wiedtibng okrigid layers
di mensi on of the opening 24. Referring to FIG b5a, a

22a, 22B5t Thadkit dlectevds 89B dillsithd Fersing eacand/@omaatseth@hop surface of
(RIE) or plasma etch to generate a first set of

the Ieggsﬂlt;}ﬂﬁ fzﬂaﬁd‘lsttﬁéréﬁg/rélﬁ&ﬂﬁé\ ???Héc?éh #the %aﬁﬁr‘é@?ﬁjﬂc The

openings 3 1 m 22c, ench

32 W
emaBh bRl S g %@%&é’%&e@ﬁd % trw%;@sg@med on he
hol es _and may .form a attern on
SRN lﬁyef RS Quesdrigs! 1gxe NG AlBGEPge Sha dli e enenmg 27
: gerforrred to renove portl ons of the PSG |ayer 17
and tltme weontaatp e heozahtal seetion oeigid Byet 32d orimushan electrical
undercut cavities 33. The wet etch is considered
connection is established between the second electrode 30a and substrate 11.
Referring to FIG. 4b, a top down view of the microphone sensing element 10 in FIG.
4ais depicted. Note that the first electrode 30b has the general shape of the opening
24 except that the end nearer the opening 28 extends over the trench 19b and opening
29 (not shown) along the axis 41-41. In other words, the first electrode may be
comprised of a rectangular section with a lengthwise direction along the axis 41-41 and
one end above the lead-out arm 22f and a square section at its other end that is nearer

the trench 20a. The widthwise dimension (perpendicular to the axis 41-41) of first

electrode 30b is typically less than the widthwise dimension of the opening 24.
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ani sotropic and nay be a tined process intended to

etch the PSG | ayer 17 to a depth of about 2 m crons
whedoemudobe di aphragm 22c and horizontal secti oPCD$G2004/000384

rigid layer 22d. Referring to FIG 5b, a top down view

I's shown of a portion of the sensing element 10 in

FIG 5a. The first and second sets of holes 3 1

sent orm.concentric r wth the trench
REFHING KLY, 4 e ingek s emBRyeflliingi Barthp LR ®IE) or
hole in the second set. The trench 32 is interrupted
PlasTiA CRVBHRPTER 4 RE! P el ARNEDS ihiecharizontalecion 22d, a
arm 22f adjoins the diaphragm Referring to FIG 6a, a
secorbiet gforpanings 3 in thediaphrgom 28cnandaismehd2 with a “C” like ring’
substantially |l ess than that of the di aphragm 22c and

shapathatldefinesithy edggi22e dfttlae didpdralgrap regopéring® 8 rege pyefarably
conventional method on the SRN | ayer 25, first

holeseArRF a9 46rm eircifirQititeth 0hldiPEe sRR%bf the tieh@Rt® as described

sectl on 22d di aphragm 22c, and portions of | ead-out

prevuﬁJ eafter re(?g B tgt'eg‘;’tﬂtrem P@ portid So&lt}llt 3%3 15)dr7 below the

con rain

f nat
openfigay1 & 1r8haf 3240 1y e H@ﬁﬁeécv Riles, 33 HiﬁsmteetfwewnS'dered
. conmprised of PWA, Teflo hot or esi st ,
anlSO&rpE@ra mai be Adimad Brosess wﬁ?ﬁ%ttoaef&g the A3 dayer 17 to a depth of
skilled in the art. The soft constraint 34 has a
about Aimikieaselpw the diaphragrorZfesanhbionizartal seesionmé migidykayer 22d.
1, trench 32, and undercut cavities33. A seventh mask

Réfertrsgpt FIG a6k raytoptddwprieneis sholat ofseepertionw|tlie sensingelement
portions of the soft constraint 34 including an

10 in FIEN5AY THE BN §66oril St oRaBlesd é%ﬁtl’éﬂ)gﬁn@%ﬂ&ntnc patterns
the second el ectrode 30a, and an opening 37 over the

with té{a a‘%tngﬁ ghé%ggeeﬁt?ﬂﬁg Sﬁré%éét g%éyoggﬁ%}ff&ség %:%Qﬁlgﬁé"t%hﬁe&e in he second
set. i Jeheidgin HREHAEITA HoiPLs LB TanaL 226 aespine lead-out
and opening 37 may have a slightly larger w dth than

arm 22fadigins theydiapheadiBuar e section near one end of first

el ectrode 30b. Most of the rectangul ar section
- Referring to FIG. 6a, a soft polymeric film having a Young's modulus substantially

less than that of the diaphragm 22¢ and an elastiéity higher than the diaphragm is
formed by é conventional method on the SRN layer 25, first electrode 30b, second
electrode 30a, horizontal section 22d, diaphragm 22¢, and portions of lead-out arm 22f.
In one embodiment, the soft polymeric film hereafter referred to as a soft constraint 34
is compriséd of parylene. Alternatively, the soft constraint 34 may be a singlé layer or
composite layer comprised of PMMA, Teflon, PDMS, SU8 photoresist, or other elastic
materials as appreciated by those skilled in the art. The soft constraint 34 has a

thickness of 3 to 10 microns and fills the opénings 31, trench 32, and undercut cavities
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of the first electrode 30b remains covered by the soft

constraint. . Referring to FIG 7, an eighth mask is
waisedotmaeel ectively renove a portion of the sPECT/862004/000384

nitride layer 15b and thermal oxide |ayer 14b that are

al i gned bel ow the di aphragm 22c. The silicon

nitride/oxi de hardmask stack on the back side is

pl as et ched a conventi onal thod, A KOH wet etch
33. SN kTS e Tr & 0% T BRERS FiAl Sl kb btTedayssrRg tions of
sidewal|s in the substrate 11. The back hole 38 stops
the safhcensdraint 34 including Ae Speping 3G abeyrithendiapbragsar an epening 35
adj acent to the trenches 12a -12c has a width that is
abovesthgadedondoelegirede 80at drachan lopedingrt everdthetfinst electrode 30b.
di aphragm After the KOH etch, the oxide | ayer 13

In\thé FagdoWe Viewesabea id HG: GB%elcﬁ)dnﬁfngw 3v, mtsr@kmhm the soft

that may involve a buffered HF sol ution known to ose

th
consiihl gl 30, LRt 35 o Suoh bt oo i o
secorlFYEBRFARSPATER 4P SREEY b b SHBHE LS witeh BB R wioth of
the sdie sEFiR BopF Boe. 680 ard aisiods 3y Bloshe! tlaattantdiar section
11 contained within each ring shaped trench 12a, 12b,
of theffirst eleeifede BPbapmaing eevesad Hydhe sefticoastraipgr 14 i s
renoved. More than one step nmay be enployed to form

Refbeirg to i&h 73@n dighthemasipliseysaditoaselestiveti reemdweéha pertion of the
the dielectric stack is conprised of both silicon

silicorPKittige Riyér 15bi arantherinki eadé &R 94bahBHarssaligHddobel6W)the
be used to renove a silicon oxide |layer and a dry

dlaph%e(ﬂﬁlﬁcet% Qﬁcé@ﬁlt%/@%%%&nh @ta%?%ﬁrﬁlesﬁﬁék di@e is plasma

Icon nitride |ayer eres

etched 3y FeBariondf fifhdg” Z{Rﬁ’}iw%fs@a“as o ﬁ%&bfm&? g2 back
nole SR SI891q piogvals dhihe SRR 1 TS PAGCROIS: B seds on the fled
trenchsgesgijzeqr;heanl« l?ulaéj irtm; ?otpegoritign I:Jd;%?:'entl t% t_he7tr<|anscha€lar; 1a2dav:a1nztcarg];aes a w‘idth
that is equal to or greater than the diameter of the diaphragm. After the KOH etch, the
oxide layer 13 within the trenches 12a — 12¢ ié removed by a wet etch that may involve
a buffered HF solution known to those skil|ed in the art. |

The substrate 11 is diced to separate sensing elements from each other. Then a
release prdcess 4is performed th'at sequentially removes the oxide layer 14 and PSG
layer 17 above the trenches 12a, 12b, 12¢ which become acoustic holes 12d during the
release process. Note that a region of substrate 11 contained within each ring shapé,d

trench 12a, 12b, 12¢ drops off after the adjacent oxide layer 14 is removed. More than

one step may be employed to form the air gap 39. For example, in an embodiment
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nmet hods practiced by the inventors since the intrinsic
stress of the diaphragmis relieved and its

wo adw6i0e@é on can be acconplished with only ei ghtT/8GHKE000384
This sinplification results in a considerabl e cost
savi ngs that nmakes the silicon m crophone sensing
el ement according to the first enbodi nent nore cost

fect.i n i,th a higher .production yjeld than |
wherghif3 dﬁ“?fft@s%t%ﬁwmf% By SEhanends i sl pirice layers,
of the ste in the first process sequence may be

a BHE&PF%PH@H%WW HOdBMWRA S'B%QFF e¥dalayarandaidsy plasma etching

photoresi sts, and etchants. According to the present
may bele@m!@mi inza seeanstisiepdesemoye @aiinan Bitrienlayer. FTIBS resifiting

- 15 is a second enbodi nent of fabricating a silicon
backpfater-&)hase thimkaesg telvithmaobustitheolesd@dthavime a width dq as described

sequence involves a total of seven nasks wherein each

previo®msyk The Uﬁreghp Befvadrolesfiaphrabni 22¢ ‘éﬁH'tﬁéckBl‘élté‘dﬁfhas a thickness
exposure of a photoresist film pattern devel opnent,

t, Of &)Mr}g,c ] photoresist renoval. These nmasks are not
lustrated in full detail in order to sinplify the
L : h .
i e TR Pl T s S oo

revio cribe i,ch may have 0) crystal

methogs ewﬁ oy TR fnveblonsaincs B otasicortseaseithe digohieam is relieved
trenches 52, 53a, 53b, 53c having a width W ofabout 2

and its dalrigationgian %QC@DméhﬁhedoWlth obn eight magks.nil bisosimpdifichtion
preferably about 15 microns in the substrate 51. The

resultsir acoeside?ablelmst sadngsitathmalksscthedsilipramiteephone sensing
reactive ion etching (DRIE) nmethod. The trenches 52 in

elememtfacb@tdm%m e fakt bR oSt bR &R Seﬂgbfwé’fané vAEH é Bigher

that may have a wi dth WB. Trenches

oosfE IR LAY shion R A Syt @Pvé%r fpenf e
s FAEBF bRt Bt b, OB Briconuctr
tools,s u(ﬁgggts 'IJ']]% eo{lcﬁ;r?tgce w4 between nei ghboring trenches
According to the present mvenhon, a secdnd process sequence shown in FIGS. 10 -
15 is a second embodiment of fabricating a silicon microphone sensing element. The
éecond process sequence involvés a total of seven masks wherein each mask is used
in a process that typically includes exposure of a photoresist film, pattern development,
etching, and photpresist removal. These masks are not illustrated ih full detail in order
to simplify the drawings. |
Referring fo FIG. 10, the siliéon microphone sensing element.50 is based on a

substrate 51 as previously described which may have a (1,0,0) crystal orientation. A

first mask is used to selectively etch trenches 52, 53a, 53b, 53¢ having a width w4 of
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second region is about 20 mcrons. As shown in FIG
17, the pitch P is about 40 mcrons. The trenches in
wo b@csevend region are formed in what will becRorESG2004/000384

backpl ate region of the substrate 5 1. Returning to
FIG 10, a dewet process is performed at this point.
Next, a conventional thermal oxidation may be

' rfqrned to ghow, a oxi de. ] ayer 54 about 2

abouf to 3 st e A of FarTo SO ffars o Frdappesbout 1
52, 53a - 53c. An undoped polysilicon (pol

micrafs in fe subsiorferdy - sboe trangRes 8453t éﬁcmasdég hetsébm deep
the oxide layer 54 by a LPCVD nethod. A second mask is

reactyegongtehing (QRIEcmethady Thertreacher52 i § fitsti ragin &Rhamsdbstrate
oxi de | ayer 54 except in one or nore regions above the

are parteichestterd thatmaptiaesd width s;anTrenéhes53aboBBe I¥a second region
m crons around the trenches. Additionally, the oxide

of thé SWsstrdtd af@ PRHYT d Plukdlignehesnéhed thaﬁﬁf?msTé‘Eaﬁéﬂnd& circular or

filled trenches 52 will -serve to reduce substrate

squait‘égﬁlﬁ gléq%é;ﬁlgﬁf:é? G |§VJ §]mt| Q? d fr@ﬁénoe%e#&e Z%Géeesrcrn'bgg previously

_ a se OXI ayer
mind o REB3a So0BRS . 18 9}%?@0%@95%%6%ee&%oaszg&r@nches nthe
secoéq?ﬁ%gr 56b with the sanme thickness |s§%r own on the ba

igfy IR AhTTGRBS: ASstewd INTHE. I Biripigsh Bds about 40
| ayers 56, 56b may be thermal oxide or an LPCVD | ow

mlcrqr@rrﬁémtr@m@wndbe )egond sedior are farmeddie whaterill bETomE7d backplate
with a thickness of about 1500 Angstrons are deposited

regiobyf thd slib4irgie &dess on the front and back sides,
respectively, to cover the thernmal oxide |ayers 56,

R&®MRING tb FIGA10x4 a@we@mce'éﬁ |§\'Péhoﬁnédl‘ beiepoirel NelkpY

4 microns is formed on the silicon nitride |ayer 5/ by

convéhtfghigh Meinat BEMBIbA thay B BRAbIhEd B 8RF7 3, fw%é%ff%?é)}éf'ﬂ about 2

€ Co

mir R SRS R s LR, S o oped

Alternatively, the dielectric stack may be conprised

pblysglpog,(ﬂ@}yél )é@y@&%@gqqt@oggdp.aqog. Angstroms thick is deposited on“the

oxide layer 54 by a LPCVD method. A second mask is employed to selectively remove
the poly 1 layer 55 and oxide layer 54 except in one or more regiqns above the trenches
-52 that extend a distance w. of about 10 microns around the trenches. Additionally, the
oxide layer 54 remains in trenches 53a — 53c. The oxide filled trenches 52 will serve to
reduce substrate parasitic capacitance in the final device.

Referring to FIG. 11a, a second oxide layer 56 having a thickness of about 3000
Angstrohs is formed on the front side of the substrate 51 and a second oxide Iéyer 56b
with the same thickness is grown on the back side by a conventional process. The

second oxide 'Iay'ers 56, 56b may be thermal oxide or an LPCVD low temperature oxide.
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| ayers such as oxide layers, TEGCS, PSG and nitride

| ayers, and the hardmask may be a single |ayer
waewpni®ed of either an oxide layer or a sili CPEI/SG2004/000384

nitride layer. Preferably, the dielectric stack is

conprised of dielectric |layers that can be selectively

renoved without attacking the di aphragm and backpl at e

mat i on_of e air in g subsequent ste
Next lioan aTHeRYPS SETH §ith 6 itkPent Ababed T Apgsiroms are
80b, 90 as well as trench 80c (not shown) in the oxide
depopitgd by 8d-REYD Rrecession i frght ané berk sides, raspectively apetover the
57 and oxi de | ayer 56. Trenches 59, 80a - 80c, 90 stop
thernal oxite laybsst 56Gt56kb 1Avhird exidedaypdr Emwﬂhcaothi(mmesh@f pbobyt 4 microns
1 | ayer above the filled trenches 52 in a first region

is forfledt dretreudifddrahieriddRgeP ¥ byfa PEE\M eF EPOVD I &perature
surrounded by trenches 59, 60, 80a, 80b, 90 are

procéé%”%bﬂ‘@fall‘}ameet‘ﬁlrus(ﬁéldﬁ! ?Bﬁn{ag%é)éikﬁnphé'e& BETEXTBI 3'P5G layer.

nbodi ment, a sem conduc yer that serves as a

The |§y§a§9§q{ 9 553 P CATBE bAE S TayBRd XEh! 5F6R M Libaramask

ness of abo mcrons I”S

Alter%qua/eﬁh); g@g&lp éfasckf(yrgﬁngCVD ge,fgses|ngfigg)r§:)é?r£3q§|te sacrificial

gradi ent val ues as_nentioned earlier. The resulting
layergéuy‘@ isiaxde laxges, T6QS; BSkeanginitide layersi and &heﬂeardanask may be
greater distance fromthe substrate ina region aligned
a singledayermnmprserhoféithanan oxidelayegbor silmonenitride layemc Pesferably,
53a - 53c or above the trench 59. Alternatively, the

the dRAEBLAOBEHEKLIS CohYiREd Bf HidIBotrib fayiers tgtlcntie SOIBBOGEIY PFemoved
| ayer conprised of doped polysilicon, silicon, nickel,

withoa%ﬁaclaggm@ammfémg%[nd Bl duﬂﬁg%r‘?ﬁéuo& of the air gap in a

sem conduct or me. used int art et urnin
substfBer P n Y he boryer 1| con | ayer 61 and <. pr of erably
AR kS Sl HBPAs o Bl o it 328 aoc (o

showfn??n"fi% c%dé’j1 Ia};\é[r)sgetthgto gxtend through the silicon nitride layer 57 and oxide
layer 56. Trenches 59, 80a - 80c, 90‘ stop on the substrate 51 while trench 60 stops on
the poly 1 layer above the filled trenches 52 in a first régibn of the substrate.. Regions of
.the dielectric stack surrounded by tfenches 59, 60, 80a, 80b, 90 are sometimes called
isolations regions. |

| In the exempiary_embodiment, a semiconductor layer 61 that serves as a supporting
layer and is comprised of polysilicon with a thickness of about 1 to 3 microns is then
formed on the oxide Iéyer 58 by a LPCVD process, for example, and may have 'stress,

sheet resistance, and strain gradient values as mentioned earlier. The resulting

polysilicon layer 61 is non-planar and is formed a greater distance from the substrate in
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Optionally, the conductive |ayer may be a single or
conposite |ayer conprised of A, Ti, Ta, N, Cu, or
wordensonducti ve materials. Thereafter, a four@hSGE®K000384
is used during a wet etch that selectively renoves
portions of the conductive |ayer. The .remaining
conductive layer is conprised of a first electrode 63

o ol SRR e R LBARSTIA N S I i e

lysilicon |layer above the trench 59. Referring
abowtf@ trangh 59 é\%ﬁr@%ﬂ@y tf@@smmnéyg@ﬁﬂmw @quéqeea smge or
shapes. Trench 80a is a "C' shaped trench connected to
composite tatyes ceoprised pideped|polysdicohesiligor, nickelegaldj slachinum, copper,
earlier. Trench 90 al so has a ring shape although only
nitridé var qllaeraséraicontddetor ¢hir firhowsed in tHe srtvi ew. The wi dt h
of trench 59 may be larger than the wi dth of second

Ré’t'uﬁﬁﬁ? @&m@gxerﬁb%r%‘\’eﬁ{%d%eﬁtr anhdetivalayee id &&pssed on the

than The width of the first electrode 63 (not shown)
I
pons i EeF S bty s . T

c_and trench 60, Referr|
ond o upeq%%'@aeaa? g eeavr‘?%q%&%"avlﬁaé fimiaghby’a P method.
. Note that the polysilicon |ayer
Optwﬁa'éy Ba%ﬁoaé]g?tyﬁelayﬁr Me¥hend SolA Qf eATBPPHILS (FeRgompgsed of Al Ti,
foundations 6la, 61b, 61f having horizontal and
Ta, Ni;&3u, |Qraltb@rc@oraﬂwtlvamatarlaIISaﬁlh\ea@aﬁma fourtthmask is used during a
el ectrical |ead-out arm6lc. The etch process with the
wet etdhf thiat selektivelp dermeses pbitioss of ¢the obndwadtios 1aver, IMTHd®emaining
hori zontal section of the rigid foundation 6la, a -

cond F@vensy&as c@hd?%b@%f@"ﬂﬁsﬂel‘éb@o@’é BB SsHBA ér?’the%@lyﬁhcon layer 61

-~ trench” 65 with ke shape that defines the
o3y g 0 9 S0 8, N 0

a follow ng step, a wet etch using a BHF
abov%g]qj{rg&q.h bgor exanple, is performed to remove portions -

of the oxide |ayer 58 bel ow the holes 64 and trench 65 _
Reloring o blkeich udrenabes BBs60 ormrassaaielly square fing shapes. Trench

80a is a “C" shaped trench connected to trenches 80b by parallel trenches 80c as
described earlier. Trench 90 also has a ring shape although only two parallel sides are
shown in this view. The width of trench 59 may bé larger than the width of second
electrode 62. The width of trench 60 may bé larger than the width of the first electrode
63 (not shown). Buried oxide filled trenches 52 are sﬁown as dashed lines to indicate
their position relative to trénches 80c and trench 60.

Referring to FIG.‘12, a fifth mask is employed during a RIE or plasma etch of theA
polysilicon layer 61. Note that the polysilicon layer has been assigned different

divisions including rigid foundations 61a, 61b, 61f having horizontal and vertical
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etch may be a tined process intended to etch the oxide
| ayer 58 that results in undercut cavities 75 with a
walewbld4abe 2 to 3 mcrons bel ow the horizontal BEDSGING/000384
of foundation 6la and di aphragm 61d. Referring to FIG
13, a soft polyneric film having a Young's nodul us
substantially |less than that of the diaphragm6ld is
.formed on the electra es 6 63, , hori zont al
seciege B4 Al PR 814 YES BIeireLIACEO A RAC a heceh process
a conventi onal nethod i nvol vi ng evaporation or .spin
with ﬂa%affh meask proguees afiset sataf ho{qré%tsrﬁheﬁmrgz@atal@eptwmmf the rigid
al so known as a soft constraint 66 is conprised of
foundptioy 64aca senend set othwies 6diinthe disphivagmfifeh asidya trasctaf5 with a
el asticity substantially higher than that of the
“‘C” likéi stieipecthat défines that edgd §1e bhthesdibphiagns.t TheMoldH64myay form a
be a single |layer or conposite |ayer conprised of

circulZMiterh S SitherFASof PldBréitdt 6% 85 'n%ted 84rligk.hah aef’oﬁé\Fvlng; step, a

materials with a |l ow Young's nodul us as appreciated

wet e{éﬁ%ﬁn@ ljﬂe%gh{iroh gnr"%.rx%m TQ%s?%FFRrr%B% r&h%be%%r{alﬂ-% &F the

upper sect

: rcut ¢ es 75 e ;

SRATETR N S ionfog“weé‘e@rraaﬂréag The wet
t hat sel ectlvely renmoves portions of the so

etch raav]@@raa#m@ gBOress intendasp alel therpxids Imeezr@ tmr yesuits in undercut
"0 shaped ring with an outer side 67 and an inner

cavitigs @8 vaih abepth ofethdmizronsdvelewdhé borizbiitalisectidroof féuadation 61a

~and di aphragm 6 1d. The |ower section in the undercut

and dizphrageseTéh and the soft constraint 66 in the holes 64

and trench 65 are not. affected by the dry etch.

'Réfefrig toEIG.a 3F|a@oﬁlﬂolyﬁ‘1eﬁé¢|hn rIh%‘vlfrﬁgﬁﬁY'o%m %nr‘hbéhﬁl‘é sku‘bstantlally

using a seventh mask and a conventl onal | asma etch

less t 5r?'&?a? We E%Ipﬁ?%rﬁ%ﬁﬂ |§?8th@é’F>ﬁ 8 oﬁgg %'6% horlzontal

aer ban con tri ayer

* sectiig c&ﬁ%‘%@é B8 e TR, AR A4 BT Sifona
methécg g\t\/gﬁltir?gqév%taﬂgl@ %)é Isgig'n éclga\ltllgg ﬁé r@Sg(@;ﬁgwgi?naen_t, tir?\zcs'oft-rrar]o?ynueric
film allso known as a soft constraint 66 is comprised of parylene. The soft constraint 66
advantageously has an elasticity substantially higher than that of the diaphragm.
Alternatively, the soft constraint 66 may be a single layer or composite |ayer comprised
of PMMA, Teflon, PDMS, SU8 photoresist, or other elastic materials withv a low Young's
modulus as apprecrated by those skilled in the art The soft constraint 66 has a
thickness of 3 to 10 microns in an upper sectlon and fills the holes 64, undercut cavities
75, and the trench 65. A sixth mask is used in a dry etch process that selectlvely

removes portions of the soft constraint 66 in its upper section to leave only an “O”

shaped ring with an outer side 67 and an inner side 68 above the horizontal section of
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backpl ate 73. Next, a wet oxide etch process known to
those skilled in the art is perfornmed to renove the
wo@xoode4doagyer 54 in the trenches 53a - 53c as wWedT/S@H04/000384
extend the trenches through portions of the oxide
| ayer 56 and silicon nitride |layer 57. Referring to
FIG 15, the substrate 5 1 is diced to separate
m crophone sensi ng el enents fromeach, other. Then a_.
founqa@pgﬁg FHibdiapbradin Hig: nirelopar seslien indthe unsleretaayities 75 and
is perforned that sequentially renoves the oxide |ayer
the saf cansttaint 6 in thermoles 643nd te3ich B erawnotcaffanted by the dry etch. -
acoustic holes 70. Note that a center region conprised
Referfifptoskilis.t 145 teebackthale 169ds \gehbratee dylushig alseventh mask and a
af orenenti oned trenches drops off during the rel ease

convertRFES plasiftléfchMipbrotes b Sélec &tehi sorfion$TBEthY dxtidé layer 56b
t hi ckness between the di aphragm 61c and backpl ate 73.

and shiRBn"ifidkih S@%Eﬁb e 4hd@%asdk bpb@f@??@ Kg)g-éé\@re:}aggednt as

acoustic hole aving a dianete

descrl oRHRL oPhloVRH A0 drifa PARR TR LlhEisibRy =D 31 gt stges on the
oxider ledTarchen SHTYato. TH &P Shihekachindia bags pronsed By ghe

t he edge of the diaphragm 6 1d i-s covered by the soft
backplatesT3.aNext, Gowehaxide gichhprocess knRwnda dheseskilledin et is

the intrinsic stress in the diaphragm The soft

perforned to eembvé the oxidenagrtSinahetigniches 88aer 53cige well dextend the
the rigidhorizontal sections of the foundations 61a,

trencRéPthroligh PoRichs MtRE okit IH)&sE agdsAREnaitidansydrsme

vi brational node i nduced by pressure froma sound

.Réf&@?étf £ {@6‘%53 ‘f@é’ %Eh&?&eﬁﬁais ey ﬁoée%)dafrgé r?ﬁlfr%?%%rée sensing

con I n I aphragm 61b, and out ar
lace. The advantgages_of the second process uence

elemehts Tici e e (Hika RRlRpro REIFSR P AuYIES P BRI Saidion, for

first process sequence and with the added bepefit that
exampiswd$ PREOENEE that( UQR?@“YJ?EF‘)V%rtBeP&ﬂﬂ layer a@bpyme the trenches

nunber of masks required is further reduced fromeight
53a, 53bsE¥ewhidkebieaime acotistinuinies I0e Netedbata centepsegionsomprised of

is realized by oxide filled , _—
the substrate contained within each of the aforementioned trenches drops off during the
release process. Additionally, an air gap 71 is formed with a thickness t; between the
diaphragm 61c and backplate 73. The resulting backplate 73 has a thickness t, with
acoustic holes 70 having a diameter d4 as described previously. Although the lead-out
arm 61cis non-plénar, the air gap 71 has essentially a constant thickness t; between
the bottom surface of the arm and the silicon nitride layer 57.

As pictured in FIG. 16, the edge of the diaphragm 61d is covered by the soft

constraint 66 that has an “O” like shape and relieves the intrinsic stress in the

diaphragm. The soft constraint 66 is connected along its outer edge 67 to the rigid
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trenches in the substrate rather than with a SRN
| ayer. Wiile this invention has been particularly

wae bwends@anel descri bed with reference to, the predEsSGHU4/000384
enbodi nents thereof, it wll be understood by those
skilled in the art that various changes in form and
details may be made w thout departing fromthe spirit

._and, scope of .this inyentign. ai 1. t had of
norizGlal S & he JouRiERS o B B ik Blnre: whah She flamragm and
m crophone sensing el ement, conprising: (a)_ providi n% _
arm afe dp Adikretioeakmpge irducer Ry prgsaute fopm & senndipignal, the foundations
side; (b) formng a plurality of oxide filled trenches
61a, 61b hold thiei ssifhearsstiaintb& eliaptiragmeiii ko rarndif leadiatit farmrfi1c in place.
side; (c) formng a stack of dielectric |layers on said
The advartages aftheasdsondiprokessisequahdeaare the damd 83 those mentioned -
etching to formtrenches through said stack of
previGh s RGithe Girdtr8ESsd SedudrRerBritPivitRitie ha@édbefefitt8hftfver materials
~of said front side; (e) depositing on said stack of
(no SROFISFEL) 418 rePiEd o IFE ey S Hiac S ERuF AR ARGy Rquoed from
. he fron ide of .the . substrate and horizontal. e
cight I8 8eY&ihe RAOUF Ty af pulistEl? Pt ieaiBhed i iad by oxide filed
(f).formng a, di ehec&\rai c spacer. . stack w th openings
trenchegincthe s4bstiate BAthenhan Wit aiSRN&Y&ns of t he
sem conductor layer; (g) formng a first el ectrode and
While ¢his nvesitiont hasoleeen padicularly shovax anchdeseribed with reference to, the
di el ectric spacer stack that fill said openings and
prefefred egntodinients thedlesfe itivilh b uriderstbey &y, those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of this invention.
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(h) etching a plurality of trenches having a depth in
a horizontal section of said sem conductor |ayer
wob@seidra first trench aligned over said certBETISG2004/000384
regi ons defines a di aphragm having an edge and
di anmeter, and a set of second trenches define an
el ectrical |lead-out armaffixed to the edge, and
We C%ﬁ%hi ng holes in the horizontal secti on and di aphragm
either side of said first trench that forma
conceptric pattern therewmth, (i) extending said holes
1 AdPEMod SHPEHER 4 sty cRBstinbes @wntgaeweka gificon microphone

dielectric layers by an anisotropic etch to form

sensipg @eroant, caArisitg: G forning a soft constraint |ayer

on said horizontal section and diaphragmthat fills
séa)provideyy afconductiveesudistrage Havinder frontsside and Sbhtk side:
constraint layer is conprised of an upper section

f o5y eemiy 4 prRirbIRy iof oRide! filREaFdritheBWith8thieNi®éss iR® certain region
di aphragm except along its edge; and a | ower section

ofiddad rBHéiEet he undercuts; and (k) form ng a back hole
in tLe substrate bel ow the certain region wth oxide

G hGRTSEER o AP B Pl S35 oot on ai

S‘;‘(bsqﬁé.ate adj oi ning the back hol e and bel ow t he
bagk¥¢:agm and forming an air gap between sai-d back
pl ate regi on and said di aphragm 2. The net hod of

c

(i etchingrie ferinh trearbes thieughasaidi staelo apdietantriofayers that form
conductive silicon and said oxide filled trenches have

ceatairatsoéated oégions of saidufsontisidss from a top view 3. The
met hod of claim 1l wherein the stack of dielectric

| ey)edeposttingupsaidafdack ofdibRittic I@?él%ea %ébfﬁéorﬁf‘u‘étcgﬂ%%?rdcomlprised

upper phosphosilicate glass (PSG |ayer and sai

of et oS ¥ i oot Mo i o ESubsrte
a -@ﬁ%{%nﬂﬁﬁsg%gpﬁ%gh{sﬁlgéiqm@)%rsedrpacséaailh% 3 %%8%”&‘{ écoer; layer ,

(f) forming a dielectric spacer stack with openings therein on certain horizéntal
sections of the semiconductor layer;

(g) forming a first electrode and a second electrode at certain locations on said
dielectric spacer stack that fill said openings and connect onto said semiconductor
layer;

(h) etching a plurality of trenches haVing a depth in a horizontal section of said
semicondﬁctor layer whereih a first trench aligned over said certain regions defines

a diaphragm having an edge and diameter, and a set of second trenches define an

electrical lead-out arm affixed to the edge, and etching holes in the horizontal
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| ayer conprised of doped polysilicon, silicon, nickel,

gold, alum num nitride, or other sem conductor
wodoeni@ke. 5. The nethod of claim 1 wherein thBCT/SG2004/000384

di el ectric spacer stack is conprised of a | ower

silicon rich nitride (SRN) | ayer and an upper oxide

| ayer, said dielectric spacer stack has an opening

forned aphove the | egd-out, arm attached t i d .
seqlap AN GHAPFa0Than SaNREHB O SR ek Tekeh tal 1o @ qanogpic

and second el ectrodes are conprised of a Au | ayer on a
patiern Hyasewsh, are a single | ayer or conposite |ayer

conprised of NN, A, Cu, Ti, Ta, or other conductive

nmé) ektendihg sHié hotashant Hifst treatiminto whe vederlying stasikdof dielectric

el ectrode is electrically connected to the substrate
layérs GycHn anisotropierdteh tafutmaundarcucedvitkagt i on of the

sem conductor layer and a first electrode is

elipfdriinghsoftcMaaaltdaye? dnsaidhaRPoRANSERIOHERY aRipfragm that
| ead-out™ arm 8. The nethod of claim 1l wherein said

fillg:s‘;ég{]ﬁ@%@ first fd | ?tﬁ],:arﬂ% Uﬁ&érﬁp{sagg@sﬁﬁééﬂéz%i@ﬁﬁlén@? r<]:(<))prrised of

rehch In rizontal ct1 on.

of claim.l erein id set of second.trenches defipe
arkupdRSeRyan dP i Badhe R on BLeST BRI qot AVRL D TapBagm except

connected to the first trench. 10. The nethod of claim
alang\iie edpf; and a lawet sediest that fills the wlaseutseands

paryl ene, Teflon, PMVA, -PDVMS, SU8 photoresist, or

of{k)dormmpger badlshblavin tige aubstbate deldovathe caitgineegion with oxide filled

el asticity than the diaphragmand a substantially

trérhes, Fé@mmq & bael{ wlate reion witreachaierrages thekeinlinghe front side of
~nmethod of claim11 wherein the upper section of said

thé %Ubsﬁdé’t'éséd i@infHg IMRVSAcKIRIE Bhd itfo Wt BB GHRAI Xr&ék&%ng-an air

I'ts edge and does not cover the first and secon

ot e BB Bct fite PEYOT AR st Yehagti™r o1 1 e back

2. The method of claim 1 wherein said sUbstrate is comprised of conducfive silicon
and said oxide filled trenches have .a pattern of continuous rings from a top view.,

3. The method of claim 1 wherein the stack of dielectric layers is comprised of a
lower oxide layer and an upper phosphosilicate glass (PSG) layer and said hard mask is
éomprised of an oxide layer on said back side énd a silicon nitride layer on said oxide
layer.

4. The method of claim 1 wherein said semiconductor layer is a single or composite

layer comprised of doped polysilicon, silicon, nickel, gold, aluminum, nitride, or other

semiconductor materials.
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opening in the hardmask and then renoving a portion of

the substrate through sai dhardmask opening up to said
wo@zi0de4doed | ed trenches, said back hole has a wdt/bGL0oaboo3s4

is equal to or larger wdth than the diameter of said

di aphragm 13. The nethod of claim 1l wherein the

acoustic holes in the back plate region have either

square Qr ciycul ar shapes, fo by renov the oxid

5. e o G R B R IS B Clomar oT el it Gomprssd of a

substrate region enclosed within the trenches while
lower;sdligovi righ mlﬁpgesﬁ%%m) layeriaad @ptunper oxiger layee saikdielastric spacer

front side of the substrate and said diaphragmto form
stackdvaszn ogeipng farmerthabornga thedead-atit @rm attagheddo rsaichdidphragm.
acoustic holes are fornmed in nmultiple rows and col ums

6.WIrhé neethed oficlairpi T wherein 8aiddfirgt anvd secshid eleictrodegase comprised of
a widthwi se direction. 15. The method of claim1

a Au Mv@r 8h'a SRiaYePaf kR atsﬂ}%ewyéﬁ oR@smpokie %%nﬁ}@ed'oﬁf Ni, Al, Cu,

| éss than or equal to t'hi ckness of said oxid
ft A nethod of formng a softly
T'1%£8nsﬁng%®§8glapﬁ%ﬁmﬁ1|n a silicon m crophone sensing
ment ovidin aond
7 tﬁgmemg AR et ol onfl ebtiadin Leghitipgonnested to the
jrst set of trepches |n a first region on

SUbStﬁH@ t'ﬁﬁ%‘ﬂh asharézqnal %[‘%%HSH@%%%C"W ?lrtop SeBuceRdyGier Igyer and a

depth in a second region on said front side; (c)
first elestiodeds glgdtiically conpectedriprthe diaphragm thuaught $aidieancoutarm.

| ayer and an upper first polysilicon (poly 1) layer on

8.s@he nsathsd bfickirabowhetehe shid dibpls@ignofs $queme e sircalar ds defined by
| ower first oxide layer fills said first set of

the first 88REE T MRhGBALARefich.set of trenches; (d) form ng
a second stack conprised of a | ower second oxide Iayer

| 9. a'f‘ﬁ?(ﬂ{btﬁ&ﬂ’%'f c%i'r#'nifﬁlﬂegé'rt\ "s.égies%t%\f%c%‘d fl’%hghég 83%"1@? i:(tangular

bac es "an OXIh h e segon 2
e 0kl o0 T Shpblightnnl &7

10. The method of claim 1 wherein said soft constraint is comprlsed of parylene
Teﬂon PMMA, PDMS SU8 photoresist, or other materlals having a substantlally higher
elasticity than the dlaphragm and a substantlally lower Young's modulus than the
diaphragm. |

11. The method of claim 1 wherein the upper section of said soft constraint layer
covers the diaphragm oﬁly along ifs edge and does not cover the first and second
electrodes.

12. The method of claim 1 wherein the back hole is formed by first etching an

opening in the hardmask and then removing a portion of the substrate through said
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third oxide | ayer and second stack on said front side
that divide said third oxide |ayer and second stack

WO edoe/0869pd ural ity of isolation regions; (f) depopBG200¢4000384
a sem conductor layer on said third oxide |ayer, said
sem conductor layer is conprised of horizontal
sections having a top surface and a bottom surface and

hardM§§J£ bﬁé‘lllln tthgé?cg bRk fi fllghltre?ﬁhgstgélg%a%%oﬁg hhé S%Bﬁ?that is

conta ont side of the substrate 1n cert

oqual 3 98bef 3 SPRA he Lottt SLrabRpbaght =" Leoona
LB oy SR TR S 6 ol the ERck plate region have

second ring shaped trench in a horlzontal section of
eithessquare Sfceu@l shapes fayeed: hateraeying die axidedpisaighexide filled
havi ng an edge, top and bottom surfaces, and dianeter,
trenchesland then tdmewng af subrstnadd eagiomencidséd méthimthee renchiesalvhile
| ead-out armaffixed to the edge, and etching a

remopingrtaé istackast dieleesicaayeristietwesh dte Abnssite of eis@ Bdbstiate and said
shaped trench; (i) creating undercut cavities bel ow

d,aprﬁgg,q tb%ﬁrﬁaﬁr@ﬁr geond ring shaped trench in the third
oxi de | ayer; ? formng a soft constraint |ayer on

1453, @%%&&BPﬁape RY bRl 08tacklibl ogpaggdagpﬁgﬁﬁ?@pwgp%ne rows

secon rrng s t ren Sal con

sed f an,_upper se tion, fornped
and olifis Bl o7 ay e ihe 1naethies A K aphing pidiawiss direction.
along its ed and a | ower, section conprised of
15 .Theemamfépg@lalm, dwhereln saif backplate Fagior has tbicknese that is less
in the substrate bel ow the second region with oxide
than 61 édual to thentticesb @f saithoxide dilég trenehesgi on with
acoustic holes therein in the front side ofthe

e Ay Syt gl mopons
 sensiR§efthBhE cbRfPridthgand sai d di aphragm

(a) providin.g a conductive substrate having a‘back side and a front side;

(b) forming a first set of trenches in a first region on the frqnt side and a second
set of trenches having a depth in a second region onisaid front side;

(c) forming a first stack comprised of a lower first 6xide layer and an upper first
polysilicon (poly 1) layer on said substrate above the first set of trenches, said lower
first oxide layer fills said first set of trenches and said second set of trenches;

(d) forming a second stack comprised of a lower second oxide layer and an

upper silicon nitride layer on said front and back sides and a third oxide lé.ye'r on the

second stack on said front side;
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17. The nmethod of claim 16 wherein said substrate is

conprised of conductive silicon. 18. The nethod of
wa@b@siuch® wherein said first and second sets OPCT/SG2004/000384

trenches are formed by using a deep reactive ion

etching (DRIE) nmethod. 19. The nmethod of claim16

wherein the first oxide layer is conprised of thernal

oxide, .t he secon xi de | ayer .is a_.thermal oxi,de 0 .
LBafsninae Bhs Srhe LT e s o balnd & it BB api fprihtheouan said
layer is conprised of an LPCVD | ow t enperature oxide,
thideoxide layerandosxecad sackaomsejd figrtrside thatdividensaichihirgroxide tayer
claim 16 wherein said sem conductor |ayer is a single
andrsecong staakentcag eluralityiaf isadatiarf regigresd pol ysili con,
silicon, nickel, gold, copper, alumnum nitride, or
%E)’Wépdsﬂh‘ig:@ Beotit@iduttdrdayer en said third beideeiahed safd semiconductor
claim 16 wherein said first and second el ectrodes are

layeP TPESPBHSEd ofhOHESHtarSEBYeRE Haviiy2toPsudd and at®m surface
| ayer or conposite |layer conpriséed of , Ti, Ta, N

Al , i |
angﬁg{tﬁ{aigggﬁénscmqHﬁ%g?ﬂethﬂﬁgslgfeg rrorac}?e?s a e(#] EOHFa'i:pgﬁ 136nt side of

erein a Second e 1S ectric

connected to .the substrate thro . ori zont nd. a
the) SYRTIERIE I BTt BT gio R e Eort B otk B s fedich:
first electrode is electrically connected to the .
dgafrrmigena isbelgatradesnd Aosreandsesirede af ceriain locations on said
sem conductor | ayer and said electrical |ead-out arm '
ho#Zontahsectimnsoaf thé sema¢ondlgtatHayesi n sai d soft
constraint layer is a single or conposite |ayer

C@U‘@tdrﬁ@gi a®fecpat Yirgrshapeefttanth iRMKaiRidviEal ssldfion of said
phot oresi'st, orother materials having a higher

seﬁi%&u%&dr%a&éﬁﬂa&&.&fiﬁ’é@@Biaﬁﬂﬂé@fﬂdweﬁ/i@iaﬁte@%i: ﬁiphaénd bottom

ower Young®s nodul us than the” di aphragm

su&%é@sogadﬁ;glééféﬁ& Jaﬁdvg"ﬁrugtihrbett 3% trdRBRSs fiff 'defRe Yn a@i:t‘ijical lead-out

Fayer

-~ arm affixed to the edge, and etching a plurality_qf holes oh either side of said second
ring shaped trench; . |

(i) creating undercut caVities‘below said hoies and second ring shaped trench in
the third oxide layer;

(i) forming a soft constraint layer on said semiconductor Iayer_ that fills said holes
. and the.second ring shaped trench, said soft cqnstraint layer is comprised of an
upper section formed on the‘ semiconductor Iayer but not over the diaphrégm exéept

along its edge; and a lower section comprised of filled undercut cavities; and

(k) forming a back hole in the substrate below the second region with oxide filled

trenches, forming a backplate region with acoustic holes therein in the front side of
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in the shape of a ring that covers the edge of the

di aphragm said second ring shaped trench, and said
w@bwsaldorey of hol es on either side of the secopd/sGrg4/000384

shaped trench. 25. The nethod of claim 16 wherein the

back hole is fornmed by first etching an opening in the

hardmask and then renoving a porti on of the substrate

t hrough saj d hardrrask apeni ng ﬂ?f?gck hol e ha(i
thewsubsatrACIoBINGREIDA%H HEe PR BEIoW s dBRETRAT nRGforping an air
sai d di aphragm 26. The nethod of claim 16 wherein the

gapcmiwero said backplateneginicang saiddliariyipem.have eit her
square or circular shapes formed by renoving the first
17 oXingdemkthoer of claisail 6 vdereindssd substrateds chewrised df ltenductive
renmovi ng regions of substrate enclosed by the second
silicorset of trenches while renoving the second stack and
fourth oxide | ayer between the front side of the

185 iRt %@erbc?a%fcléﬁ I‘is%?é’r rPEHIY ?l%tfa?lgl@éc%d%e'ts eaﬁen&?es are

The net m 16 erel n sail acoustic holes are

formeg"ﬁvgﬁgm'a% 3%‘%%%“%&%‘!%2%@@ @ﬁ'ﬁﬁ%%‘;’g i it i 6
190 0TS Gsl8F AEETn eﬁ&g@xﬁé&v@ﬁ%%rﬁpége@pf thgrml

the depth of said second set of trenches.
oxidesthiel srpendi axidp lRyes ise termal oxideen LREYVR Iawa@mneyature oxide layer,

constrained di aphragm conprising: (a) a di aphragm
and thethird edde tdyen is eompoiedd of an LRGMD jowdenhperatpre exidehdEOS, a
an edge, bottomsurface, and a plurality of holes

pEC\f@bm ahages8llagkist ance from sai d edge and from a
first trench that defines sai d edge wherein said

2Od'ﬁ1%hﬁ1@g{8r]d ﬁffaéfﬁ?qﬁ refh §§} h?écﬁwcﬁﬁ%rqagt ¥ ishy sjngle or

acoust | es 1 n a ont SI a substr e an

com B b BB A R g

. separated by an air ga
nitride, 0'3 other sem%:onductor n?atgnals

21. The method of claim 16 wherein said first and Second electrodes are conﬁprised
“of a Au/Cr composite |ayef or are a single layér or composite layer cdmprised of Al, Ti,
Ta, Ni, CQ, or other conductive materials. |

22. The method of élaim 16 wherein a second eIeCtrode ié electrically connected to
the substrate through a horizontal and a vertical section of the semiconductor layer and
a first electrode is electrically connected to the diaphragm through a horizontal section
of the semiconductor layer and said electrical lead-out arm.

23. The method of claim 16 wherein said soft constraint layer is a single or |

composite Iayér corhprised of parylene, Teflon, PMMA, PDMS, SU8 photoresist, or
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(b) an electrical |ead-out armthat extends fromthe
edge of said diaphragmand is conprised of the sane

W@ emwhoadact or material as in the di aphragm anBICTiga62004/000384
shape defined by a set of second trenches in the
sem conductor layer; (c) a rigid sem conductor | ayer
having a plurality of horizontal sections di sposed on
a dielectric stack on sajd front

ide of th .
other iieRgIaNaVINg & higner BlgSIoR ISrbeiPRTROHH aag a-gubstantially lower
di stance fromthe trench surrounding the di aphragm
Youngid geodulugl thasy thecdiapBré@@m.ons t hat connect sai d
hori zontal sections and said front side of the
24 s Oihetmathed dfdlaien 46 elheceinithe sippeesedtiancaf shid softednstraiat layer is
portion of said horizontal sections and having

in the%@ﬂé'&% i rﬁq R cbhersahs é@%e&ﬁltﬁe dispphag@msaacetand ri g shaped

el ectri cal ead-out arm a first electrode forne

trencrf%n%aéa#dg %aﬁ’&tcff' @ﬁ%&hértfxe{; g@bo%ééﬁdﬂnﬁg; @95&1 fénch.

'hat” con S sal ectrlc ut arm
ond d
255 dgengda i 48 wﬂﬁeiﬁﬁ“agﬁ%r o B35t ﬁ@&?ﬁ?&%tﬁpmp an
section said rigid sem ¢conductor of t
opemee&t%hﬁmm%ni&ﬂwgw'%aip@%9 W6 dugistats e said
© the edge of said di aPhragm -above  and W|th| n the first
hardmasknepening, g8lidiback hpiehahavgdth thatiis:amiab taoplargerthaptthe
the rigid sem conductor |ayer, and having a | ower

dlamaecbimdaﬁaﬁmhgm to the bottom surface of the
di aphragm and rigid sem conductor |ayer adjacent to

26! hfhef metHod &RdSim 36 dvHdreintthietacoabtidRbRS:in @6 batk plate region have
substrate with front and back sides, a back hol e

either’ SQ%E'?Q of glr&mgr §H%Fésr ﬁrﬁ\e‘&' \ﬁ’rﬁ’imé“ﬂrsi Bxigid! lg)éé}qﬁ Ksaid second

at e regi n cousti ¢ hol

sot o hlRa 551 r%v&acrﬁgzqﬂsﬁq@gahaﬁ?”ég@ﬂsﬁ B hSeqqna soto
trenclgqfﬁfgrlhgelg %ggl\ﬁgﬁégkgcg% gtasclﬂbasgdrf%hsthIoildceolg?/relr %gt%vé)en the front side
of the substrate and said diaphragm to form the air gap.

27. The method of claim 16 wherein said acoustic holes are formed in multiple rows
and columns withl a certain pitch in a IengtHwise direction and in a widthwise'directiqn.

28. The méthod of claim 16 Wherein said baékplate region has a thickness less than
or equal to the depth of said second set of trenches.

29. A silicon microphone sénsing.elemént with a softly constrained diaphragm,
comprising: |

(a) a diaphragm comprised of a semiconductor layer, said diaphragm hals an

edge, bottom surface, and a pllurality of holes formed an equal distance from said

~ edge and from a first trench that defines said edge wherein said diaphragm is
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3 1. The silicon mcrophone sensing elenent of claim
29 wherein the diaphragm and the horizontal sections
wo@boosaiad26 i gi d sem conductor |ayer are a singl BCD8G2004/000384
conposite |layer .conpri sed of doped polysilicon,
silicon, nickel, gold, alumnum nitride, or other
sem conductor materials. 32. The silicon m crophone
sensing el ement of c¢laim?29 whereip the first trenc
fornapd P¥PES baskPiate aRy ithraseuefic hpr i1B BRI QEPaubstrate and
| ayer and the set of second trenches separates the
ahsivea back holeawiith antopgning inanbaclesidegif dhe subsisateusaidrbackplate
| ayer, said first trench and set of second trenches
regiod aahdiepheagrh @ré separmted byianugitigappeni ng around the
di aphragm and el ectrical |ead-out arm 33. The silicon

w&rﬁpammoﬁe@m@rm eflendks3dih 2% vhge of Baﬁ!adlﬁphragm and
soft constraint is a Si ng e or COI’TpOSI te materi al

is cﬁﬁ'ﬁ%ls‘éB'H?rtﬁéan%f é?ﬁirc)ﬂh (&or ﬁﬁ;t% as M\ﬁﬁ d'l:)%agﬁ%d has a

resist, or ot er| a aving a

STty PR R AL

SI licon mcro ne sensi el enent ai.m 29 wherein
t ke & T'Q'Qtseé‘l“égf‘g'é‘&@r laygr hg\@ns @cEJHEP'@r @&'?Weﬂé‘%r% jons disposed
conposite | ayer conprised of Au/Cr or are a single

on aykgleetricstagloen said fegrirside apihiesutbsyptena pmrahtyer hqies formed an

Ni, or other conductive materials.35. The silicon
equat digtdvaceefrormntbierteerehesterrdunding-thel dia@Bragine edge, ard dertical
" dielectric stack is a single or conposite sacrificial

, sédﬁlz&ﬁ!’s teAEnneets Al HoMRoRtal BBEOM arsd. ‘sé@%rﬂé‘ndteof the@abstrate;
G and silicon nitride. 36. The silicon m crophone '

cée ﬁ%lfé éc%]; stﬁ&@Hggage(WBﬁ rae‘)d?rtlﬁﬂ'dii sgLoeh(?ﬁztcfdtQI sections and

Icon ric

hé‘v@%ébﬂén'&sgﬁ%rme%ﬁwew” T58 A BT 88 rialteac-outarm
hol es in the backpl ate regi on have a square or
clelkafiest elaciioeledpimad onrssidrEieleqiriapace) Yagk@gd within an opening

that contacts said electrical lead-out arm; and a second electrode formed on said
dielectric spacer stack and within an opening tha{ contacts a horizontal section of
said rigid semiconductor layer;

() a soft constraint layer havmg an upper section formed above the edge of said
- diaphragm, above and within the first trench and plurality of holes, and above a
portion of the rigid semicond_ucter layer, and heving a lower section attached to the
bottom surface of the diaphragm and rigid semiconductor layer adjacent to the firsf

trench and plurality of holes; and
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and colums. 38. The silicon m crophone sensing
el ement of claim 29 wherein the air gap i s bounded by

WO 2006/00@k6 sections of the rigid sem conduct or P@E8G2004/000384
39. The m crophone sensing el enment of claim29 further
conpri sed of a hard mask formed on the back side of
sai d substrate and surroundi ng the back hol e wherein

said hard mask is er co rls d of ei

t (g8 Pnb S&@lf%wltbrffod‘tﬁnﬂrl&?% sﬁ‘iil iaRAGkal) R, OESPGQ’E{‘&‘G substrate with

conposite l'ayer conprised of a t hermal oxide | ayer and
ancopariing imsaiti theicsideayaad a hackplate: negisnwith @copstisholes formed

sensing element with a softly constrai ned di aphragm

betwepr thee bgck hale andiiraptsidg of tensubistrde.of a
sem conductor layer with a first thickness, an edge,

30t qmeagmbdmww%;wé 868sing @lshentf ofrciins29 werdinl 2id substrate is
formed an equ di stance from said edge and from a

ﬁdq?? qefl nes said edge and a di aphragm |
compflﬁé‘%éfﬁéal Iélll aphr 0agm is formed over a backpl ate ‘

ion. W th.ac
ot et ASEROMA S el e Yk pprvom
ack side of the supstrate salij ackpl ate re%|
the hqﬂzg'glpﬁlégﬁ{lgrp%o g@g,rg aempogﬁiugqr WS ABR sjpale or composne layer
el ectrical |ead-out armattached to the edge of said
compuiseg hf dgpedrelysilinorasiicans aickelitgcid raluRinBRpRitrita) oother
t he same sem conductor material as in the diaphragm
semicomdubtas naatstialse defined by a set of second trenches in
the sem conductor layer; (c) a rigid sem conductor

32! IR siliedH micraphoné behsing lenansnedfctidiat 29 avHerkinsthetfirstiteench
di sposed on a dielectric stack on said front side of

separgfé% tﬂ%tbﬁ ﬁlm ﬁoﬁ'neﬂ‘l‘é'ﬁbl& SbmdorRIckst Ié&’ér‘?r% ﬁfé §dHtlsecond

|stance e first”trench, and one or

L LG T N e ———

first‘trench and set of second trenches are connected to form a continuous opening
around the diaphrégm and eIectriCéI lead-out.arm.

33. The silicon microphone sensing element of claim 29 wherein said soft constraint
is a single or corﬁposite material layer comprised of paryléne, Teflon, PMMA, PDMS,
SU8 photoresist, or othér materialé having a higher elasticity than the diaphragm and a
substantially lower Young’'s modulus than the diaphragm.

34. The silicon microphone sensing element of claim 29 wherein the first electrode
and the lseCond electrode are a composite layer comprised of Au/Cr or are a single layer

or composite layer comprised of Al, Ti, Ta, Cu, Ni, or other conductive materials.
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(d) a first electrode and a second el ectrode fornmed on

said rigid sem conductor |ayer wherein said second
webmehsode is electrically connected to said SPOBFSGZNE000384

and said first electrode is electrically connected to

said di aphragm (e) a soft constraint |ayer having a

ring i ke shape with an upper section fornmed above the

of- sai d di aphragm, ab he fi
35 S0 st R0, B8LL 00YE A L e L84 ileptic stack

portion of the rigid sem conductor layer, and having a
is a singleeor caroposite saariiciadnyes comprised 1§ eNe AR off siligan oxide,
di aphragm and rigid sem conductor |ayer adjacent to
TEOS,IRSG| and stiicendiitrided first and second sets of hol es;
and (f) a substrate with front -and back sides, a back
36h OI*H% élf’bdmmlcﬁébﬁblﬁé‘%@n%g RIGentasiiisieh 28 virirdinhad dielectric
backpl ate region in the substrate with

spac%cs‘?#f;?fs c{h‘?;ér%eot&’aésh ﬁ'hell?%PleH%lthHe‘(QRl\f)rlé%r side. 4

on m crop one sensi ng e enment "of” cl ai m 40

R s

ubstrate and a stack conprise de, |l ayer..
i theshRPKRIRE SROPN JGNES PR O sy evier SLﬁ%% o g T (i hGliple rows
el ectrode regi on wherein one or nore vertical sections
and cofurih® ri gi d sem conductor |ayer ‘are formed on said
stack. 42. The sili-con m crophone sensing el enent of
38¢| Presificdn whierophone lseningslerabrtofr daien 28 gilwrent thetair gap is
substrate is below said electrical |ead-out arm and

boundéé b&'v@?ﬁcaﬁ? Le&fidrasr B digid Sepidoautior lart r enches

serve to reduce substrate parasitic capacitance. 43.

39" P hidid %ﬂgﬁg%ﬁ’erﬁgﬂ%mal% 2 g?hél'f coh@idBAEF a hard mask

mhereln sgﬂg I's conprised conduct1ve
forqu gn ?ﬁ)nga%guldgl s@t?sgm'i"? éaﬁf gjg@% nﬁﬁ\'bsfh'%goaeék%é'bvh%rem said

hard mask is a single layer comprised of either a thermal oxide or a silicon nitride layer,
or is a composite layer comprised of a thefmal oxide layer and a silicon nitride layer.
40. A siiicon microphone sensing element with a softly constrained diaphragm,
comprising: |
(a) a d.iap'hragm compriséd of a semiconductor layer with a first thickness, an
edge, top and bottom surfaces, and a first set of holes formed.an -eqﬁal distance
from said edge and from a first trench thaf defines said edge and a diaphragm
shape, said diaphragm is formed ove.r a backplate region with acoustic holes ina
front side of a substrate and above a back hole with an opening in a back side of the

substrate, said backplate regidn and diaphragm are separated by an air gap;
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the horizontal sections of said rigid sem conductor

| ayer are a single or conposite |ayer conprised of
walowed4qeed ysi | i con, silicon, nickel, gold, copper/sG2004/000384

al um num or other sem conductor thin filnms. 45. The

silicon m crophone sensing el enent of claim40 wherein

the first trench separates the diaphragmfromthe

rigid sem conductor, | ayer and t set of secaond .

! i eleokiophleAckeitara hariad tofe e Al sETLAPhragm wherein

the rigid sem conductor |ayer, said first trench and
sai¢leasoulcaronis ¢arepdsrdsotthe seommeemic@ndyctosmatgrial as in the

conti nuous openi ng around the diaphragm and el ectri cal
dibpladigouanduhas 2dshapehdefiridd lmpa set of sextundetrareteisng the

el ement of claim40 wherein said acoustic holes in the

sdiqiebnti@dter Igeron have a square or circul ar shape and
are fornmed in nultiple rows and colums. 47. The .

¢ 1 £ A IeBAAA oF AR SRD AR A Esg it joni sBctions
L1gid sem t I '
R T BRBEHE ok B Seiteht I oF s SRS f S48 sot o
ard mask forned on the back si f ' bst r at .
ol e BPHG! §IRENEa I AN oh EPBF el dioRs P8 Mt ertcal
a single layer conprised of either a thermal oxide or
sestions ifeadreonineet sridihoyigpntabpections arshpridifiant sigdesef the substrate;
conprised of a thermal oxide layer and a silicon

nidya tlest lelgotrodedind aisecsend eteotrode dompednp ssichggidgsemiconductor
el enent of claim40 wherein said soft .constraint is a

 lagém@hereM saidngErdinteeldticdd 8l cléctyedllyceormectstitoodaid substrate and
paryl ene, Teflon, PMVA, PDMS, SU8 photoresist, or

S48 5 U iR sl A bigighon e
T §0R B SPRTlr BRI e B BB AR ormes
" above the edge of Said diaphragm, above and,within the first trench and first.and
second sets of héles, and above a porti.on of the rigid semiconductor layer, aﬁd |
having a Io\)verl section attached to the bottom surface of the diaphragm and rigid
semiconductor layer adjacent to the first trench and first and second éets of holes;
and |
(f) a substrate with front and back sides, a back hole in the substrate with .an
opening in said back side, and a. backplate region in the substrate withééous‘tic
holes that form openings in the front side. -
41. The silicon mic_:rophone sensing element of claim 40 further cbmprised ofa

plurality of oxide filled trenches formed in a first electrode region of the substrate and a

stack comprised of a lower oxide layer and an upper polysilicon layer formed on said
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and the second el ectrode are a conposite |ayer
conprised Au/Cr or are a single layer or conposite
wo 200e04006pri sed of A, Ti, Ta, Cu, N, or othBET/SG2004/000384

conductive materials. 5 1. The silicon m crophone
sensing el ement of claim40 wherein the dielectric
stack is a single or conposite | ayer conprised of
thermal oxide, |ow tenperature oxide, TECS, PSG, or
first electrode dégibpovheareimeneaer miose vadicaksectisesgaf|the rigicesgmiconductor
renoved W t hout attacking the diaphragm and backpl ate
layer gty fongeti @nedidetacki the air gap.

42. The silicon microphone sensing element of claim 41 wherein the first electrode
region of the substrate is below said electrical lead-ouf arm and the first electrode and
the oxide filled trenches serve to reduce subétrate parasitic capacitance.

43. The silicon microphone senéing elemeﬁt Qf claim 40 whérein said suBstrate is
compriéed of conductive silicon. |

44. The silicon microphone sensing ele_ment of claim 40 wherein the diaphragm and
the horizontal sectidns of said rigid semiconductor layer are a single or composite layer
comprised of dopéd 'polysilicon, silicon, nickel, gold,.copper, aluminum, or other
semicqnductor thin films. |

45. The silicoh microphone sensing element of claim_40 wherein the first trench
separates the diaphragm from the rigid Semiconducto'r Iayer and the set of seéond
trenches separates the electrical lead-out arm from the rigid serﬁiconductor Iayef, said
first trench and set of secdnd trenches are connected to form a continuous opening

..around the diaphragm and electrical lead-out arm.

46. Thé silicon microphone sensing element of claim 40 Wherein said acoustic holes
in the backplate regibn have a square or circular shape and are formed in multiple rows
and. columns.

47. The silicon microphone sensing element of cIaimi-40 wherein the air gap ié
bounded by vertical sections of the _rigi.d.semiconductAor Iéyer. |

48. The silicon microphone senéing element of claim 40 further comprised of a hard

mask formed on the back side of said substrafe and surrounding the back hole wherein
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said hard mask is a single layer corhprised of either a.thermal oxide or a silicon nitride
layer, or is a composite layer comprised of a thermal oxide layer aﬁd a silicon nitride
layer. |

49. The silicon micrbphone sensing element of claim 40 wherein said soft constraint
is a single or composite material layer comprised of parylehe, Teflon, PMMA, PDMS,
SU8 photoresist, or other materials having a higher élasticity than the diaphragrh and a
substahtia"y lower Young's modulus than the diéphragm.

50. The silicon microphone sensing element of -clé_im 40 wherein the first electrode
and the second elécfrode are a'corhposite Iayér-comprised Au/Cr or are a single layer
or composite layer comprised of Al, Ti, Ta, Cu‘, N| or other conductive materials.

51. The silicon microphone sensing element of claim 40 wherein the dielectric stack
is a single or cdmpo_sité layer com.pri‘sed of thefmal oxide, low temperature oxide,
TEOS, PSG, or other dielectric materials that can be selectively removed without

attacking the diaph'ragm and backplate during formation of the air gap.
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