A BACKPLATELESS SI LI CON M CROPHONE FI ELD OF THE
I NVENTI ON The invention relates to a sensing el enent
w@b00a/084927 con condenser mi crophone and a met hoRICT/862004/000385
maki ng the sanme, and in particular, to a silicon
m crophone structure wi thout a dedi cated backpl ate
that has perforated plates attached directly to a
movabl e di aphragm BACKGROUND OF THE | NVENTI ON The
silicon bagegACKWOIEATEL ERSCSRIDONMICROMAONE as an
acoustic transducer has been in a research and
devel opnent stage for nore than 20 years. Because of
its potential adv i W) ingat i on,
performance, reli gg:f"ﬁ?t%?/: T@ﬁwoéﬁﬁnﬁﬁ% endur ance, | ow
cost, and mass production capability, the silicon
m crophone is wi dely recogni zed _as .t he nex ener.ation
THS GUGHON 7188110 SSRGS 6 Acd bR AAATHEE ARlgfRgione and a
m crophone (ECM that has been wi dely used in .
methedfarumaking ithe same, enddaiparticsidais ime silispadniceephane structure without
hearing aids, and so on. O all the silicon based .
a dediied bablesiatd that bap peirforated piatde mttachey plireofly to a movable |
m crophone has advanced the nost significantly in
dbphhigﬁnt years. The silicon condenser mnicrophone is
typically conprised of two basic elenents which are a
sensing elenment and a pre-anplifier |1C device. The
sensi ng el enent 4 j [ citor
constructed wt ”§”§§§% eb¥8ﬁﬂ¥?§H?9§$Qgﬁﬁggnl a
rigid and fixed perforated backplate, and a dielectric
spacer to forman air gap between the diaghra m an
Theasiipprabasedrengderselpicrephane ASQLVPWE 3% B%gb‘%ﬁ'q &a”SdUCGr has
configured with a voltage bias source (includin%sa )
beenlin ageseaichtand devalopmeotistageffon mev@ethan 20 years. Because of its
preanplifier. A though there have been nunerous
potergabagvareagss if mifaturzation) serfopaeicepreliability,| érsdronmental

endurance, low cost, and mass production capability, the silicon microphone is widely
recognized as the next generation product to replace the conventional electret
condenser miérophone (ECM) tﬁat has been widely used in communication, multimedia,
consumer electronics, hearing aids, and so on. Of all the silicon based approaches, the
capacitive condenser type of micrpphone has advanced the most significantly in recent
years. The silicon condenser microphone is typically comprised of two basic elements
which are a sensing element and a pre-amplifier IC device. The sensing element is
basically a variable capacitor constructed with a movable compliant diaphragm, a rigid
and fixed perforated backplate, and a dielc—;c’tric spacer té form an air gap between the
diaphragm and backplate. The_pre—arhplifier IC device is basically configured with a

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



substrates, each prior art exanple includes a

dedi cat ed backplate in the construction of the
won@soprene sensing elenment. Table 1 lists tprC’HSG2004/000385

exanpl es which enploy various materials in the

fabrication of a mcrophone sensing el ement. Table 1.

List of Prior Art for Silicon Condenser M crophones

The references in Table 1 are the following: (1) D
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Brauer 2001 Polysilicon Silicon Oxide 11
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The references in Table 1 are the following: (1) D. Hohm and G. Hess, A
Subminiature Condenser Microphone with Silicon Nitride Membrane and Silicon
Backplate”, J. Acoust. Soc. Am., Vol. 85, pp. 476 - 480 (1989); (2) J. Bergqvist et al., “A
New Condenser Microphone in Silicon”, Sensors and Actuators, A21-23 (1990), pp.
123 -125; (3) W. Kuhnel et al., “A Silicon Condenser Microphone with Structured
Backplate and Silicon Nitride Membrane”, Sensors and Actuators A, Vol. 30, pp. 251 —
258 (1991); (4) P. Scheeper et al., “Fabrication of Silicon Condenser Microphones

Using Single Wafer Technology”, J. Microelectromech. Systems, Vol. 1, No. 3, pp. 147



213 - 216; (11) M Brauer et al., "Silicon M crophone

Based on Surface and Bul k M cromachi ning", J.
work@soseeh. M croeng., Vol. 11, pp. 319 - 322 ¥QDSA)004/000385

(12) PCT Patent Application No. WO 01/20948 A2. The
inclusion of a dedicated backplate in the m crophone
sensing el ement normally |eads to manufacturing
conplications due to its special definitions in

P;I @) Lasdpatart 8&s iSyHI6@BHadd USe Patenti Nedb,#&21266¢ (6) J.

evels as well as the processing issues relating to
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el ement with inproved perfornmance. SUWARY OF THE

pp. 200NVENT (139O e8pbi ScPatesat bib. BHO0220%5end U.By BaterdNe.<,860,482; (9)
provide a m crophone sensing el ement that does not

M. Ped&iSbHIR 2, AcSilicat Riclophbné alith RolyipdiderDiaphrigm ehdrBackplate”,
obj ective of the present invention is to provide a

Sensoz% gﬂng ifé&t&%g@hh%l.fef?{ phab? Lefdd PmoF)Ni10) R iRuebaemst alg, “The

o emen ese objectives are achieved with a
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rigid pads. Each pad is disposed on a dielectric |a
213 — @B (1 HMsBraer & phe Siliean WP ARORM BasPd QRSWERGR 2Rd Bulk

t he di,aphragm and substrate. Attached to the sides of
MicrofBehiir?hy Agiioresmech. Microeng., Vol. 11, pp. 319 — 322 (2001); (12) PCT

— 154

Patent Application No. WO 01/20948 A2.

The inclusion of a dedicated backplate in the microphone sensing element normally
leads to manufacturing complications due to its special definitions .in materia.l and
processing method. The required masking levels as well as the processing issues
relating to overlay and spacing between the diaphragm and backplate normally result in
a complex and high cost fabrication. |

Therefore, an improved structure for a éilicon microphbne is needed that énables the
fabrication précess to be simplified at a reduced cost. In particular, a novel design for
the variable capacitor component is desirable so that fewer masking levels are needed

to produce a microphone sensing element with improved performance.



perforated plates made fromthe sanme material |ayer as

t he di aphragm pads, and nechani cal springs. One or
worene/0af92t he pads have an overlying first el ece€D8&2004/000385

which is an island of a conductive netal material that

is connected by wiring to external circuitry. A second

el ectrode of the sane nmaterial conposition is forned

on the conductive substrate and is wired to conplete a

vari abl e capaci t gUMMARY OF THEJANYENDI@N nent  ( SO
version), the diaphragm perforated pl ates, pads, and
mechani cal springs are coplanar and are nmade fromthe

oS AFPLABE e ) 101l 508t sphng o
oot SR RS B30, 00 o

Perforations preferably, conprise nultjple rows and
Afughernbiestiveof e prasent INVgRKORfa @ RrovKa & saplieddnpiod for
spacer | ayer between the substrate and the perforated
fabricatireg & sniarapheniessdnsing elementor med in the substrate .
bel ow t he di aphragm so that a sound signal has a free

ThRak boidttives e arhicvethvitida nhierophoniersbinsirg sliehtaattivhish in its most
in the diaphragm The di aphragm mnechani cal

basic %mﬂdeﬁgﬁa?@feg‘H ﬁ"{?%gbl@ Rh SRy thats 80fpéte¥Mat its edges or

perpen ar to the substraté€) in a concerted nption

durin vi brati. Thi t, 1 ' -
comeEfs B B A e ARG o B4R ot trough rigi

el ectrodes which can he cqnverted  into t put . .
pads Sbechoad s oS DSAPER u0h 8e0n SH by o dene an i

oxi de layer such as tetraethyl orthosilicate (TEOS) is

gap betveeeratheadiepbragm endisubgiyate. M@Chﬁ%&ﬂﬁh&g&ﬁie%f:m@'é\ahragm are
springs, pads, and perforated plates are all made from

perforatédplaten merid fromrthé same @ptérigl dayer Eisctheidipphragm, wads, and
attached perforated plates nay have bottom

i HRIE NOReldi#homR 6TitRE hale Hewetdieoksr yingrimstdlestmde which is
meCh%fﬁktgLée)‘5 dilaphragm that is altpi gned over a byac hole in-

an il R HERER i, e o R T oo 15t o el ity
A second elecirode of the same méterial composition is formed on the conductive
substrate and is wired to éomplete a variable 6apacitor circuit. In one embodiment (SOI
‘'version), the diaphragm, perforated plates, pads, and mechanical springs are coplanar
and are made from the.same silicon layer and fhe dielectric spacer is an oxide layer.
Both the diaphragm and perforated plates may be rectangular in shape. The perforated
plates are positioned between adjacent mechanical springs. Perforations preferably
comprise multiple rows and columns of holes. An air gap exists in the dielectric spacer
layer between the substrate and the perforated plates and a back hole is formed in the
substrate beldw the diaphragm SO fhat a sound signal has a free. path to the diaphragm

and thereby induces vibrations in the diaphragm. The diaphragm, mechanical springs,



affi xed to each side. Each of the four nechanical
springs is forned in a | engthwi se direction along a
wWEk@em4dobat passes through the center and a coP@ESGZN4/000385
t he di aphragm and has two ends wherein one end is
attached to the diaphragm and the other end is
connected to a poly 2 anchor pad. Optionally, the
nmechani cal springs are attached to the sides of the
and péiférisdprtes thdveaipand doane@epdaridisular ® thisfsubsttate) in laeconcerted
corners and portions of the adjoining diaphragm sides.

motiod Bsriﬁg chAbraidfl. Orhi® AthvanéhtTREVIESINaS capaditpekdramle between the
connecti on pol nt. To reduce par asi tic capacl t ance

B i e
o AT R B0 DRRIR B St orrosiat

| ayers between the substrate and anchor. pad, Anot her
(TEODpisyusiad ava sggbifigiallipypadhergianhsagmg E}%B@BUP%%PRA%% Pags, and
poly 2 anchor pad and the substrate to serve as_an )
perforatathplstexpateagibmalderfraiadthin pelysticen ¢poli@) 1avgsolhexdiaphragm with
filled trench in the shape of a wall continuously

attachedr dpélftﬂﬁﬁed platésimaly rededsotiim réiaforoémentsibat pmjgctibelow the
pad. Vertical sections of the poly 2 anchor pad forma

bottorﬁ%#g%%?hé g@m%ﬁg;’cﬁa’! B%11BAE8 dver BadkMole in the substrate. The

anchor pad an proteCt the oxide | ayer beneath
. ,the poly, 1 anchor . ej - o
diaphizgia Nay b sAUELE Wi Toud by AP B i At Berforated plate
~interposed paoly 1 _pad and suybstrate.is protected with, .
affixed o eRER Sifiee| G8¢h PENEPEF merheninal PTGl RITIER dd adpnathwise
- the like that can resist or delay the oxide rel ease .
directistncaliong auglade thatrraases Aarasah thagentes ang a gerner&f tle diaphragm
parasitic capacitance, a plurality of nmesh patterned

and hdgewotareisohiesrein bhe@dndiis attaghee tovthe diaphagnedndrihelogher end is
conductive silicon substrate wherever they are ~

connéﬁfﬁcﬂ lt@ilaﬂxﬂy 2tdHehBEpRAN !@rﬁlor@ﬂl?] thesmesisariibalispriags kee attached to
pads.

a third enbodi nent, the diaphragm has four

the siths 3¢ HRAaRBhFYALRY tﬂle%te%r%g BI85 are affixed to the comers and

portions of the adjoining diaphragm sides. The anchor pad or pad also serves as an
electrical connection point. To redu‘ce p'aras.itic cgpacitance between the polly 2 anchor
pad and the conductive subétrate, the poly 2 anchor p'ad may not be coplénar with the
diaphragm and may be rafsed away from the substrate by édding one or more dielectric
oxide layers between the substrate and anchor pad. Another polysilicon (poly 1) pad
may be interposed bétween the poly 2 anchor pad and the substrate to serve as an etch
stop layer for oxide trench etching. A poly 2 filled trench in the shape of a wall
continuously surrounds the inner edges of the interposed poly 1 pad. Vertical sections

of the poly 2 anchor pad form a continuous ring around the edge of the poly 1 anchor



mechani cal springs that connect the diaphragmat its
corners to four pads (anchor pads) as in the second
weedogiqrent . However, the mechanical springs, PeOSG20a#000385

di aphragm are copl anar and nade fromthe sane
polysilicon layer which is a first distance fromthe
substrate. The di aphragm may have bottom
reinforcenents as in the second enbodi nent. However,

pad af@afereby pestecethespddentnyies banestbrtbe paby 4 anshor padrom being
section of a base elenent that is supported by a

etched’ %Wa'y‘ﬁ'a ERGdderoees®r THE dxitfe Iadedaineeni thatinteapesed poly 1 pad
bottom and wi dth. The base elenent is preferably

o s RS B BB gy e or v e

that oot M bR alesnd ot AR RO R RPat oe. oo further
enbodi_nment t f hani . .

v oA e RO Rl i
are suspended over an air and a back hole int

oxide sndnsbe foreedinf thestonduetive e@@omraybﬁéatﬁovh%eaﬁmhey@re overlaid by
fornmed on the top of a horizontal section and adjacent

the m@éﬁ’amé‘al&&,ﬁ@%_@ aidebibiretehos phdsmed on the substrate. A
fourth enbodi nent is shown that is a nodification to

In %I}ﬁlr& 'errﬁﬁocﬁﬁ%ﬁ@“tﬁé fiapHtalhi §4s e Aittaehed hetfdgstedypatestand four

he nmec ical springs is replaced by a "center

mechgﬂﬁgf ﬁ{@g%'@&l%cen (ﬁ@he élé:B ﬁrﬁté‘c'lfs AR toI %M?ba&@ finchor pads)

rigrd hor pad 1s forned

h
asin W@t rrg Sdbel 3 q@gq Ce:}g = %clg%rﬂfﬁald%pjm Bgﬁé‘g%éd dlaphragm

end below a first el ectrode. The t her d f
are copghanamndmasier fr W@éhal’s@"&)ﬁﬂ%'ﬂ'@@ﬂ em@ugagseggfsttcﬁtgance from the

di aphragm Each nechani cal spring may have a
substfate! amgudiaphisuap enayi haveabottorgtrainfereetiants as om the seepnd
one of two perpendicul ar planes that intersect at the

e roaom et on o o Chor - oonere
base SléifieM thhPR PoHEIIR) a %/Bﬁldé%egtlon comprised of sidewalls that have a
top, bottom, and width. The base element is preferably made of silicon rich silicon
nitride (SRN) that fills four trenches to form four sidewalls arranged in a square or
rectangular ring. The horizontal section of the SRN base is formed on a pad which in
one embod.im‘ent is an extension of a mechanical spring. Thus, the ‘diaphragm and its
attached perforated plates are suspended over an éir gap and a back hole in the
substrate. A first electrode may be non-planar and formed on the top of a horizontal
section and adjacent pad. A second electrode is formed on the substrate.

A fourth embodiment is shown that is a modification to the first embodiment in which

a corner or edge support for the mechanical springs is replaced by a “center support”



are slots that separate the mechanical spring fromthe
di aphragm The back hol e has four sections wherein one
wG@ewbie21 s formed bel ow each di aphragm quadr aP€T/SG2004/000385
defined by the two intersecting planes. The thickness
of the dielectric spacer |ayer defines the thickness
of the air gap between the di aphragm and substrate.
The present. invention is also a sinple nmethod of
configugagiane ah idirjeetrigispaophiayer Hai fumgjionsarted cententrigicguchargad is
fewer masks than nost of the conventional silicon
formed @mdtbrsstibstraty belbonibe dentemnof the ditaptragadatd elppatte foukn
exenpl ary process sequence involves formng a

mechalmebleﬁrmg@ tﬁﬁﬁ@\%rld_lgﬁdﬁ bnererdl BS16AULfifsY elctie! an% §theR ends of
as doped l'icon he di el ectric spacer |ayer be

the m%&ﬁ% rﬁ’l sk cBﬂHe W46 thé\ thf?ﬁl@dd‘pl ré@atE mechanical

Icon or polysilicon™rs then

sprind RV RV C@q?acerar Siffe Bl e ARGk @i@ioer?e $ff two

fabricating a back hole is formed on fhe back side of
perpepdisulaniianes hat Niersest abier iy t the dizpiiragetiand are perpendicular
generate one or.nore vias in the menbrane filmthat
to thesubstrate. hilonghhe hengthwisecdireationmrceithergjde of thecmechanical springs
the substrate. After a conductive |ayer which may be a

are sl6é@npasséparafe theaomechamical spring fornshd eliastirbgoh. oThé back hole has
front side, a second photo mask is used to renove the

four s% héﬁelﬂm BrBscRNEF fd‘rﬁ’fedod@owredéﬁrcﬁabﬁﬂa@ﬂ‘?auﬁﬁratn'ﬂﬁeflned by
ranel ayer that are first electrodes and an i sl and

r
the tvdar‘igg?g%g é\gnﬁ)l%ﬁ ﬁeQﬁlc%(QS%% éﬁﬁ\te cﬂ{a c{rlpér%%fe‘? I%fefr%qmes the
etch_holes in rtio t he nmenb er to define
thickngas Opdi¢ BF SeBARM e L e PRSI S At def | ne
the edges of the perforated plates, nechanical
TheppriesgBt inygtigatssalsa af Bmpl ameiaed offabricating adnicrephanensensing
an opening in the hard mask on the backsi de that
elematt tioatsrefire & favhemmnasks thatempsRbEhetavinventianal dilfmpueondenser
step to forma back hole'in the substrate bel ow the
microphones having a dedicated backplate. ‘An exemplary process sequence involves
forming a dielectric spacer layer on a conductive substrate such as doped silicon. The
dAielectric spacer layer may be comprised of silicon oxide. A membrane film that may
be doped silican or polysilicon is then formed on the dielectric spacer layer. Next, a
hardmask comprised of one or more layers that will subsequently be used for fabricating
a back hole is formed on the back side of the substrate. A first photo mask is employed
to generate one or more vias in the membrane film that extend through the dielectric
spacer layer to contact the substrate. After a conductive layer which may be a

composite of two o'r more metals is.deposited on the front side, a second 'photo mask is

used to remove the conductive layer except for one or more islands on the membrane



di aphragm Finally, an etchant during a tinmed rel ease

step renoves a portion of the dielectric spacer |ayer
wheirseer2t he di aphragm and back hol e to creat eP@NS@R004/000385

gap so that the di aphragm becones suspended over the

air gap and the underlying back hole. The sinpl est

fabrication method to formthe basic silicon

m crophone structure involves silicon-on-insulator

layer thgbeye first elestroties sndsan jslang inrpriener @pere Vias omier ehisitade that are

that other fabrication nmethods including
seconded|ectradesnatrothieo pibtgmask i thenaerdployed 40 leteioholesrif podions of
m cromachi ni ng can be used to formthe other

the membeshdRiyes todefnd o periosited piates atd férmvepeniags thatedkfine the
herein. BRIEF DESCRI PTION OF THE DRAWNGS ' FIG 1 is a

edged Plé Ip?}ﬁoq%%léf& %é&h@ﬁ%ﬁgﬁﬂlﬂg§ Bn@P RIS A%ourth photo mask is

per ed plates and springs that termnate in pads

used ﬁcégﬁ%nn%)érﬁnQ AR HEEE offthd Bgﬁf?élﬁé W%thégfa\/%qkbgr%tchant ora

0sS-sectional "view's

itor de n f rophon ensi
deep %@%&?% i SGBeestisth b Bare giPdudie SHRRER efow the
-. 8 are cross-sectional views which illustrate-
d!aphwqm oEwélyf AR Rtehansiduring & dued selease siankrempeyss apgrtion of the
- forma mcrophone sensing el enent according to a first
dieleotnidb spiceziayeartbetieeprtes eliephragrararnidaradi idledoicseate an air gap so
cross-sectional view illustrating a m crophone sensing

that tifd 8EPRFagts ecdirts suspanded over Hedgie yapRindothetUirlerlying back hole.
present Invention. FIG 10 is a top view of a

P ROl oL oS HSh FARBON Sy e
mvolv&p Csllllgéﬁ é@'@@@?h@‘gﬁg@%ﬁs- dtl?eﬁg& %ﬁlﬂ?ﬂ?ﬁlﬁf‘l& ar&ﬁnll égpremate that
other fabrication methods including wafer-to-wafer bonding methods and polysilicon

surface micromachining can be used to form the other embodiments or embodiments

similar to those described herein.
BRIEF DESCRIPTION OF THE DRAWlNGS

FIG. 1is a‘;top viéw depicting a diaphragm with adjoining perforated plates and
springs that terminate in pads according to one embodiment of the present invention.

FIG. 2 is a cross-sectional view showing the variable capacitor design for a
microphone sensing element according to one embodiment of the present invention.

FIGS. 3 - 8 are cross-sectional views which illustrate a process flow i‘nvolvihg four
photo m‘ask steps that form a microphone sensing element according to a first

embodiment of the present invention.



FIG 12 is a top view of a m crophone sensing el enent
Wi th an edge support and reinforcenents according to

wao bwesevend enbodinent. FIG 13 is a top view BPET/S8G2004/000385
m cr ophone sensing element with a center support
according to a fourth enbodi nent of the present
invention. FIG 14 is a cross-sectional view of the
m crophone sensing element in FIG 13. FIG 15 is a )

FIGT @#sa seuds-setional eevsillostratinga mMieToppRBASensing elgment according
el ement according to a third enbodi nent of the present

to a sedPHINdrBOdintd it of 1 peesent ifventioe. view and FIG 17 is a

cross-sectional view of a base el enent according to

FiI&Nfo Esh'% "t«Sr?P §iEhPgE ARRbrophbffe skising dleinent Wittva ebrrigheupport and
m cr ophone I

'sensing el enent depicted in FIG 15.
. . DETAI LED T HE, %\9{ Egﬂ ON Th
relnfquf?\l;rsqn&? 889&?@ g’e%hg%n%agpeneﬂr)} or It'a capgc Ptr ie\s/:nt .
f m h .th . Lead | :
FIGy § h RN eriod dnp SGALE SPTIRR Orina T BoRRA ke TG efbment

m cromachi ni ng processes. The figures are not
depictedde$d@r 10y drawn to scale and the relative sizes of
various elenments in the structures.may be different
FIGhaD is a tap viest oéh rdievoproneHensingeelenent mjidnan gdge support and
based on the discovery that a high
reinfoPc?érﬁéﬁtﬁ%&@@inﬁ?WW%WmEo@ihﬂmm may be.
constructed w thout a dedi cated backpl ate conponent. A

F'?gﬁéﬁ%?ﬁ@@ VIR 16 %%&?cﬁ&fdﬁe%&%iﬂgse@ﬁ{érﬂ‘oﬁﬂw Hickhtet support

subst rat aving a back hol.e fornmed therein

nd wit rforate I I novabl e :
accora”gptﬂraa f@b‘?}v Og@e@ﬁgﬁég%{e#ﬁgeﬁg@hr agm may be
connected to nmechani cal rings attached.to riqid,:.
FlghdHds apeass-soiondl i of e Bfzeshotesersing ﬁ!ﬁiﬂsﬁt B G- 13.
t he substrate. ‘ .
FIG. 15 is a cross-sectional view showing a microphone sensing element according

to a third embodiment of the present invention.
FIG. 16 is an oin‘que view and FIG. 17 is a cross-sectional view of a base element
according to the third embodiment.

FIG.18is a top view of the microphone sensing element depicted in FIG. 15.
DETAILED DESCRIPTION OF THE INVENTION

The p‘resent invention is a sensing élement for a capacitive condenser type of
microphone that can readi.ly be made with existing semiconductor materials and silicon
micromachining processes. The figures are not necessarily drawn to scale and the
relative sizes of varfoué elements in the structures may be different than in an actual

device. The present invention is based on the discovery that a high performance



Referring to FIG 1, a first enbodi nent of the
m cr ophone sensing el enent according to the present

WO pwentdoonh i s depi cted. The m crophone sensi ngPEI/BGEN4/000385
10 is constructed on a substrate 11 such as silicon
whi ch preferably has low resistivity. Optionally, the
substrate 11 may be glass with a conductive |ayer

formed thereon. The mcro ne, sens el enent
micropRaRe) SBASIAY mmeah@amerﬁqpr}%ﬂmt%de ng?gfc%ﬁ@a'qaﬁﬁ%backp'ate
di aphragm mechani cal sprin perforated plates, and
comppaelat. A mictephexemydrking @ﬂ@@gamts agltieyed iéthanconductive substrate
essentially square, planar di aphragm 13a made of
havingial bagkrholpdbyrséd theraint dvad with pedferatepgiatedusffidéd taCa marable
other netal materials. Alternatively, the diaphragm

dlaphFﬁ’an Rdvoe Ihé 8Gbatatel arheddiaphragmh Alaysbarenndited to mechanical
di'faphragm 13a i s supported at each of 'its four corners

s AR i S BEd MhScHeosBe el

substgqqe mechani cal springs 13b have a length a, a width b,
ﬁre formed al ong g pl ane t hat pars]ses Lhrough t he
ragmcenter e and a corn Each nechani
Rgfgmr}ggtol%l@ rayR Wﬁ@@m@oﬁiéﬁ?@r@ Glr“%lFn'CFQQhO“GrSGfl?'ngsﬁlﬁﬁl@m
that term nates in an anchor pad hereafter referred to
accordingatopthd présentiaventioncisdepicied dhetrhisrephanensgnsingiplement 10 is
and has the same thickness as the diaphragm 13a. For

constiuttéd b s@bsdtrte ddr pateas sicorpatichldefaablshasvovaesistivity.
essentially square with a width and Iength ¢ that is

0 ptloh)éﬂ&” GR6 SYpeirs@t P n$ {ﬂg@@:sL Wi 4 cBn@ucﬂ\)éQaVBﬁmﬁie@lachereon The

I'ngs. However, 3c may al so have a

iR eﬁ%ﬂ%m@ﬁgﬁﬁe SHRFRGE At nE epgg o

side o 3c are anch dtoth
diaphige, Mechanica] APUih pgrfgr%ﬁﬂmltpﬁ ity aRds, T i Stahdfy
as a spacer so that the diaphragm 13a and perforated
embaqgiiment theye iaea eassptialesauarer planatdiaphspomrtBamagelef silicon,
hol e (not shown) through which a sound signal may pass
polysilieon that may be doped, Au, Ni, Cu, or other metal materials. Alternatively, the

diaphragm may have a rectangular or circular‘shape. The diaphragm 13a is supported
at each of its fouf corners by mechanical springs 13b which are rﬁade of the same
material and have the éame thickness as the diéphragm. The mechanical springs 13b
have a length a, a width b, and are formed along a plane that passes through the
diaphragm center e and a corner. Each mechanical spring 13b may have a rectangular,
“U”, or “L” shape that terminates in an anchor pad hereafter referred to as a pad 13c
thét is comprised of the same material and has the same thickness as the diaphragm
13a. For an illustrative purpose', thé pads 13c are shown as essentially square with a

width and length ¢ that is typically greater than the width b of the mechanical springs.

10



i nduce a vibration in the diaphragm In one aspect,
the dielectric layer 12 is conprised of silicon oxide.

wa bios/oeabodi ment enconpasses an SO approach WET/8G1004/000385
the nenbrane filmis conprised of silicon and the
dielectric layer 12 is silicon oxide. Optionally, the -
dielectric layer 12 may be nmade of other dfelectric
materials used in the art a(ﬁ be a congos ite

Howeyep e Rer J 36imaR plsoshavecs BGANGHIBE HRAPS ApBRYSFAUN ed'bdges. In
feature of the present invention is that a perforated
one epitmdimeat eanh chechanical sarigardp is gosnegedite assiflechapad’3c.
each side of the diaphragm 13a. The perforated plate
Thi3shdws3@ateagtiored do dhersulsstoate dduhrough adidlestsiciayen 12 that
the length of the diaphragmside to which it is-

sewe@ta'saé?é‘@éjser%o%df the diaphiagnt ¢34 ahtigrerioratedlgrigtesvd 3tkare suspended
di mensi on, and has the sane conposition and thickness

over eﬁalj‘r Er%rg rﬁngg BQQWhED?@(no?%ﬁBW ?ﬂ"r&% GPREH 8500hd RYrRs nia%/ pass to

arranged' 1 n nu e colums and rows.

d |
inducg @d\aﬁrﬁ@ﬁ érq Zk?? %@zﬁ)&?&f‘% .ow (?Lée aﬁﬁ’oévhﬁy@ggﬁ%qfﬁ@% is comprised
e S SARrtae  TTVR

above each pad 13c that serves as a connecting point .
membranextimris spmprised®f siligantangrthe djeleetrielayairi2 igrdicon oxide.

nore second el ectrodes 18b with.the sane conposition
_ Optionallys the didlectrie tayerd@ may dbeadade of hthefr diglectsicdeatefiatshesed in the
substrate 11. A first electrode and second el ectrode

art arff Pia§ BRNEESAPOBIE Withi DPlucaIRY o Rger theeeihor m a vari abl e
capacitor circuit. Again, for anillustrative purpose,

Addifief fnﬁﬁﬁﬂ%ﬁie%t%g?ﬂﬂth%&ﬁ%‘séﬁtqg%cﬁ% is 14t é‘P@rféFéftéﬁ‘ phite 13d

square 1 n roun corners o

ik G 0PRSS L P 58, o

13c to allow for, so overl a rror

pad

perfofsted plsie Agd s a BngHyisedimension eqial 1 86 55 than the length of the
el ectrodes 18a, 18b - :

diaphragm S|de to WhICh it is attached, a width that is less than its IengthW|se

dimension, and has the same composition and thlckness as the diaphragm 13a.
Perforations cpnsist of holes 19. thaf m'ay be arfahged‘ in multiple columns ahd rows.
The holes are needed to allow air ventilation and thus reduce the air damping in the
narrow air gap (not shown) during vibrations.

There is a contact or first electrode 18a. comprised of metal layers like Cr/Au above
each pad 13c fhat serves as a connecting point to external wiring. Additionally, there
are one or more second electrodes 18b with the same composition as a first electrode
located on the front side of the substrate 11. A first electrode and second electrode are

connected by wiring (not shown) to form aAvériabIe capacitor circuit. Again, for an

11



may be a single or conposite | ayer conprised of Al,

Ti, Ta, Ni, Cu, or other netal materials. The first
wendediqyent is further illustrated in a cross-BersGmaboo3ss
viewin FIG 2 that is obtained fromthe cross-section
al ong the dashed line 23 - 23 (FIG 1) . The variable
capacitor circuit 24 is shown between first eIectrode

sec rode 18b.. Ther back hole 2
ustr eSS E edabaad PEcTIEerodes Thaatdh A Ruare i
di aphragm 13a in the substrate 11 and an air
shape ﬁ@i@igib@pn@eri@%eerﬁiqr reelppeutes Shapes mayhe aﬂeetesihe‘\ first
perforated plates 13d and nmechani cal rings 13b from
electrotie 18alis smaller irdengtmand ywdthitbarmmwmﬁe oféa pag 18e\te allow for
vertical sidewalls. Through the back hole 26, a sound
somesdverial ezforiimprawgissingdonOptiendlyt thenfiref andieedorpbleatiodésd8a, 18b
i nduces a vibration 27 in the diaphragm attached

may tB%?éfsﬁfg?é of cBhboSfe 1BRr cRRthrizea A CHl TaPNI, TS, ckher metal
whi ch ove in a concerted notion perpendicular to the

mater‘?‘#?snat e. In addition to the mcrophone sensing
ement 10, it is understood that a sili con condenser

T"(‘i ﬁréfﬁm%ﬁé"agﬁqggﬁﬁé ﬂi‘% 6}tegiraagr§%%§%c§ 37 VisWin FIG. 2 that is

nplifier but these conponen wn i .
Obta"iﬁCH@Pmt"Besqfﬂiﬁ ﬁeg;t'qmeloageii{?ﬁas'a i Pact 5%2*?' thor hegyariable
the key features of the present invention. The
capacifoncircuib 24 1 shewndetwign first @leirasiegtia and sacond elegeda 18b.
change in capacitance in the variable capacitor

Theresist£ badk Bélet2@awith slaping sideadills that ia aligned bplod\ameediaphragm 13a
vol tage out put by the source follower preanplifier.

in thesﬁ%ﬂgteewg%'ﬁ?ﬂéir SbpRSANAL RYabE@RIECHB Iayer 12) that separates
backpl atel ess silicon m crophone according to the

the p?ﬁ&%ﬁ% plgﬂélseﬁél ARl e {iﬁé £%rom e sgﬂﬁﬁé(tg?"bptionaliy,

Foma Cross-se the

the bigk Bole 28 el by BREte s velS; é‘iﬁgiéﬁiﬁreﬁr*ci (Plgraf 2 gund signal

intersect all of the key features in the
25 impinging on the bottom of the diaphragm 13a induces a,_wbration 27 in the

diaphragm, attached perforated plates 13a, and mechanical springs 13b which move in
a concerted motion perpendicular to the substrate. In addition to the microphone
isensing element 10, it is understood thai a silicon condenser microphone is comprised
of a voltage bias source (including a bias resistor) and a source follower preamplifier but
these componen'ts‘ are not shown in order to sim‘plify the drawing and direct attention to
the key features of the present invention. The vibration 27 induced by a sound signal
25 will cause a change in capacitance in the variable capacitor circuit 24 that is |

converted into a low impedance voltage output by the source follower preamplifier.

12



draw ng. Referring to FIG 9, a m crophone sensing
element 30 is based on a substrate 3 1 that is

wpembesabt y a silicon wafer polished on front eemSG&mok000385
sides and having a (100) crystal orientation and a
0.01-0.02 ohmcmresistivity. Optionally, the
Isubstrathe is conprised of glass with a conductive '
ayer thereon. To reduce the parasitic capacitance, .

A pedanshembRdimantiat sons e an ¢ ackp RS%Ss STRGR raiprophone
over | ai d by mechanical springs 41c and pads 41d have ,
accortingrtortbe peastitiimesntiantis shawoin HGPafer 1 £3Thﬁa/tie‘ﬁli% 61G. 9 is from

overl ays the substrate. The oxide |ayer 33 and an
a crogassedtioinrglohd tiss dpsheds lime ddras(iludtsatad in taectop3dewdn M G. 10. Note
stack in the shape of an island that covers the ~
that thé BASHES iR 4708 nat MdriieBrddr tb eterades bl af theSkenfaatods in the
t he t_renc_hes al so known as isolation trenches. Froma
drawih§P R’éf&?ﬁnﬁﬁbqilg%@, a_ﬁf&?oo;ﬁidrfe siHd éleAfent 3085 b38ed@%n a substrate
1l as e underlying. d d :

xi de layer” and poly 1/oxide

st.ack {nqt, shown). SUPPOr.L: : ,
31 thaf g wafegaﬁw Atk GHEF RolhEE6d iy ST bBRR Sidks hd Haing a (100)
attached perfora | at 4 le.. Ret [ to, Fl G .
crystal EiPBIAONATCLE O -Odl% ST arSiaiig: eIyta bstate is
front side of substrate 3 1 and on the poly 1/oxide
compsised lof glaseavittha conduelivslager thasee Tasedyrs e PyRsHie
| ayer 35 is a | ow pressure chem cal vapor deposition

capaditdric¥Dyegions onthenfront sidelcdyiee s@istrate 1sthiat anoveriaid oy
| ayer 36 serves to protect the underlying thernal

mecH2RicHE shANGS 486 antdhddaed khalee tratichies3d2 filkd Witk drackide layer 33
Si substrate 31 is a simlar stack conprised of

de o
that a@%ﬁ{%yj&tﬁg‘%u‘%%{@ g‘];lhé%ﬁiﬁeq (98 AR éﬁﬁiveﬁ’ﬂngeflirg(\i‘v&fﬁysilicon

e layer that may be conprised o

(polyt(1$% %&wggmgaxéﬁﬁgﬁt@ %T%Q/@\;%le %@S@% 98\%@%& ltﬂe?m%&s 32 and

a porling of Pevepisstiate i puRd e rayEress80oyapTicad Belaterriches.
, of a rigid semconductor |ayer preferably made of ’
Frompatopsviewd &G af @), the silicon nitride layer 36 as weIY as the underlying oxide
IayerAand poly 1/oxide stack (not shown) supports each of the pads 41d that anchor
mechanical springs 41c and a diaphragm 41b with attached perforated plates 41e.
Returning to FIG. 9, there ié a thefmél oxide layer 35 disposed ‘on fhefront side of
substrate 31 and on the poly 1/oxide stack above the trenches 32. Above the thermal
oxide layer 35 is a low pressure chemical vapor deposition (LPCVD) silicon nitride layer
36. The silicon nitride layer 36 serves to protect the undérlying therhal oxide layer 35
and thé oxide I‘ayer 33. On the back side of substrate 31 is a similar stack cdmprised of

LPCVD silicon nitride layer 36b on thermal oxide layer 35b. An oxide layer 37 that may

be comprised of low temperature oxide (LTO), LPCVD tetr'aeihyl orthosilicate (TEOS),

13



formed in the dielectric spacer stack conprised of

thermal oxide |ayer 35, silicon nitride |ayer 36, and
woziodeddoayer 37 and contact the substrate 3 1 BET/$GB04/000385

poly 1 layer 34 in certain regions outside the

peri phery of the diaphragm 41b. I n one enbodi nent, the

vertical sections are polysilicon filled trenches 38a,

38b,. 40. T rasitic ca | ce tween . the
plasniz@inanged B LY S i % phosaBolice ks B A58 Ypbsed on
- coplanar with the di aphragm 41b and may be rai sed away
portlonsaiwtmmbPQ)&tsmse@n(taéﬂweé 6with the diaphragm) by

inserting a dielectric layer which in this case is
Verticaleselctipps 083 rigid semicinductagilayes poéferalzly snads obpalysilicon are
1. Furthernore, the poly 1 layer 34 is interposed

formedaeihwhe digldetrioxspeeet stpek camprisdd o eigralal oxidedayeyds, siiicon nitride
to serve as an etch stop to protect the oxide |ayer 33

layer ‘S‘gegn@b‘kfa'erlgyém bh& %Hta?& b@hé E'ut?sﬂ@?e Bh%rtthé DGR/ 1 %&%4 in

er 35 and” oxi de | ayer . aresult, thefil

certalk rﬁg%lﬂs@sﬁgbﬁé B#ﬂgﬁé% osflfﬁé Qiﬂb%?agﬁrﬂ%ﬁdgl‘ﬁ e é#\%o@@%é{nt, the

ortirons’o

Vemcﬁlﬁ%ﬁii%?‘ﬁgrtﬁr&’bYE"¥8X§W8§&WCES§\%*§ gL

conpletely enclosed within the filled trench 38a
Taireduee paiasilis ¢anasitancgbhetyren: “@r%ﬂﬂ/ﬂ%@néﬁéﬂb@%tﬁ 31 the pad

- oxi de layers 35, 37 are protected froman etch that is
41d maphotbe t:oph‘aoamMithethaidiapgmpgmm1 hand nmd\ebe eaisedpway from the
Additionally, the oxide |ayer 33 below the poly 1

substt@¥gtodpared WitﬁttIG@UEii)l'*Dé(QMEBy ddriiaariidlectdie [hygararhid in this
that can resist or delay the oxide etching in the

case {s‘fé))@&ﬁ%ﬁ% o Eé’r'i‘élﬁ rbgi%ne‘%ffﬁfﬁ’@%bé’@até '31F|lf%rtﬁé?more the poly 1

8a may have a square or rectangul ar shape that

I t
v S B R BB o AP 8 BRI e o
I h I :
an eté’lﬁg%ttoﬂggse? dg}%gg .;En;q.orgg \gﬁl ke ngg]g]tﬁrat?%h&l §§8 tlgr%?.ltgh the
surrounds a first el ectrode 44
thermal oxide layer 35 and oxide layer 37. As a result the filled trench 38b
continuously surrounds the edge of the poly 1 layer 34. Note that portions of the, oxide
layer 37, ‘silicovn nitride layer 36, and thermal oxidé layer 35 below the pad 41d and
horizontal section 41a are completely enclosed within the filled trench 38a and within
filled trench 38b and thereby the enclosed oxide layers 35, 37 are protected from an
etch that is applied to form the air gap 48 in a release step. Additionally, the oxide layer
33 below the poly'1 iayer 34 is protected by the silicbn nitride layer 36 that can resist or
delay the oxide etching in the release step.

From a top pefspective in FIG. 10, trench 38a fnay have a square or rectangular

shape that forms a continuous ring around the second electrode 45 and encloses a
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first electrode 44 may be di sposed on the horizont al

section of each pad 4 1d above a portion of the
wa2dobom2ni tride | ayer 36 over the polyi /oxi dBCE$@K4/000385

One or nore second el ectrodes 45 are forned on the

hori zontal section 4la. First and second el ectrodes

may be a single Iayer or conposite Iayer conprised of

, CO ctive materials, s Cr.  Au, NI Qr
porticgypl 145 liifcthl spapasStack BRITUR IS Sedalid Sefisgds [ fiauise. Hench 38b
enbodi ment has a square ring shape which surrounds th
(not sioxHn hag A aqtéﬁrepudgct@meulaﬁﬁgﬁaﬂ thafsugioundg 2 &rfbele&tfede 44. A
perforated plates 4 le. Filled trench 38a and an
first eteotrddei 44 mayrbezdispased apéhe aprzentapsection affeachseacbAtid above a
polysilicon (poly 2) layer and formthe rigid

portioPadfithé Isilicon ritideriaydra36 bveér thd poheioxid88kadks Oredrinore second
support a horizontal section of the.rigid polysilicon

eIectHoﬁlé@ 45048961 EE ohtAVMoRSoRRH sédifbn 4Ta OF &Y arYéPéé’éand electrodes
here is a horizontal section 4l1a of the rigid

may lﬁ%gysm low:% c:gisﬁegégéjrlcgﬂnﬁﬁ%dv&r Mnﬁgllcg\?@ﬁ{dtgpgls such as Cr,

connecte

Au, AiﬁféﬂraZ@'%réw B?e%ﬂ?eﬂﬁier' %Qﬁ%éﬂﬁ e 'afn'eﬁmgod'ment has

filled trench 38b is covered b 1d and i s sh

a squake HRY $EPEIWRISh stfeunds Fr&jd'ﬁpéf?&m 448. Rads Gﬂjﬁd@e&ha”'ca' springs
portion of the dielectric spacer stack bel ow the first

41b, ahe perfotated plates 4ile. (rillke trench 38a andtanceeryinghorizordal layer are
trench 38b also referred to as vertical sections 41d.

comphieed\uf @asdtopdcpolysiliton (Bety2ylaper amd forfa the, rigid @olysilicon layer 41a.
hori zontal section 4la‘is coplanar with the di aphragm

F|IIed“t":‘]é%cﬁﬁ"‘@htIS’%r hEPies pport & hofizéntaNsedirh df*iﬁe $REpolysilicon layer

kness as the diaphragm perforated plates,

oA o SB 468, fLS0efUrdediob e LR SR Hgo of e

igid s ot RlspBEea g BaiaaGEL seron T Misedten Reth pad 41d i
back hole is shown wth sl opi ngS| dewal | s as a result

connegted ity vestical mestiene Al @ te paHinsigTlyingeraisHayee Bng, - t he

back hol e ‘may
In an enlarged view of one pad area shown in FIG. 11, the filled trench 38b is

~covered by pad 41d and is shown as dashed lines. The filled trench 38b surrounds a
.portion. of the dielectric spa'cer stack below the first electrode 44. It is understood that
there is a filled trench 38b also referred to-as vertical éecﬁons 41d below eabh pad 41d.
Returning to FIG. 9, the horizontal section‘41.a is cbplanar with the diaphragm 41b
and perforated plates 41e.and has the same thickness as t.he_ diaphragm, perforated
plates, mechaniéal springs 41c, and pads 41d. There is a back hol_e 46 formed in the
substrate 31 that is surfounded by the back side hardmask stéck comprised of silicon

nitride layer 36b and oxide layer 35b. Although the back hole is shown with sloping
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al so have vertical sidewalls as a result of silicon

deep reactive ion etching (DRIE). In either case, the
wop@aiong2in the front side has a width that i sPcIaG2004/000385

than the length of a di aphragm side. The di aphragm 4

1b, perforated plates 4 le, and nmechani cal springs 41c

are suspended over an air gap 48. The air gap 48 is

between the perforated plates, 4 iljco itri
sidewally 85 ZT8SURE SUORPAMESHOPELS BN ek Gl BioBiGi e bick Fole may
and nechani cal springs 41c may have reinforcenents 39
also relvengrticatisidaymliscas airesidt efisiicom dgerreashvairn atahing(RIE). In
substrate 3 1 . Reinforcenents 39 are preferably
eithercdBBepiRbdopdreing tifh ehadlirentside inad alwidtls thatiis srafieuthan the length of a
m cron thick) and are not necessary when the di aphragm
diaph?%rﬁ%ﬂﬁeﬁ,s is greater than about 3 mcrons. Note that
. the openings 43 separate the horizontal sections 41f

Trg%gfagglaa&%hﬂ% bﬁ}’f‘éfatéa PBtEoa18C54P Frfgcﬁﬁn RlafEBands 4€c are

ere 1s'atrench 49 with a ring shape

i n the horizontal tion f.Pf L I
susparLined S aF Aopiagonag 30 obbi4s Pelelh ofp PrirBiba piRs 4te and
- electrode 45. The perspectiyve in FIG .
siliconmiade IR 36 TIosBRbramn Al ba pedortad elatas A6, aiiEephanical
. 1d, and nmechani cal springs 4lc are positioned around
spring$41 <_:I|nmhlna‘g&ﬂefllli@rdteman@cﬁ%alpnwhel& BPH@E’“ sidep Hrat-project
configuration. A nmechanical spring 41c may be attached

down@lar® few St ubsstate 31 nReinfor¢draenis:@thamgprederiabbnemployed when the
extends outward along a plane that passes through the

diapfﬁ?@ﬁﬁﬁ Wis thive(aboaphragran tHigk) mrdhasintinespssarg whan they
al3o0 have a reinforcenment 39 (outline shown by dashed

dop GBS T AR LS M s 3
sepaiilg S RER ST EARNS 1] 9L 581 o B bt pltes ate
and pads 41d. Thereis a trench 49 with a ring shape in the horizontal sectidn 41f of the
poly 2 Iayef tHat .isolates the hor;izontal section 41a below the second electrode 45.

| The perspective in FIG. 10 shows one embodiment of how the perfofated plates
41e, pads 41d, and mechanicél springs 41c ére positioned around the diaphragm 41b
in a so called “Corner support” configufation. A mechanical spring 41¢ may b.e attached
at one end to a corner of the diaphragm 41b and extends outward along a plane that
passes through the center of the diaphragm. The mechanical spring 41c may also have
a reinforcefnent 39 (outline shown by dashed'lihes be|oW the diaphragm) and fnay have
a length and width that are simi!ar thoée Qf the mechanical spring 13b des‘crilbe'd in the

first embodiment. Furthermore, the reinforcements 39 may also be applied to the

bottom surfaces of the perforated plates 41e and mechanical springs 41¢ because a
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bottom surfaces of the perforated plates 4le and
nmechani cal springs 41c because athin polysilicon |ayer
W@ 2l06/046947 m cron thick) is too conpliant. The PCT/SG2004/000385
rei nforcenents 39 may conprise aring that is
concentric with the diaphragm shape and is fornmed on
the bottom surface of the diaphragmnear its edge The
openi ng of the back hole 6 IS |nd|c ed b
thin piyRUGOR (368 (@Royt mrem'ﬁb Igitap RPERNADY b hweé@raerﬂants 39
that has a nmechanical spring 41c attached may have a
may comprisera sihg featiagosrertric withhhe diaphyagmi shaprsod iptegmed on the
earlier. Afirst electrode 44 which has a length and
bottorwistitfacs i tthee didphaagrhmear its gdaearithenoptdperfingefithélinhaketyole 46 is
be di sposed on one or nore of the four pads. In one

mdwa?écPB?tdashB@I|ﬁé§§hfcé9ms‘b7élb\bﬁe aRph dgrﬂ|413b aApAdad Rl that has a
shape. A perforated plate 4 1le is adjoined to each

mechﬁhl‘éﬁl %&rfﬁed;ﬁﬁ'aﬁgbﬁ aﬁ/]fpav%rﬁj m%r%hb Qéﬂzé‘fo ﬁﬁ@%@ pad 13¢c

WISE IOﬂt IS € tO or |ess

o TSR PR, Wbl von

lengits0 st e oo HIoROS G A ey ST of e fol Bacs.

circul ar shape as nentioned in the first enbodi nent.
In Sneraspedt, te diaphragmed Unhas aesentialy @esqusrershape. A perforated
perforated plates 41le and pads 41d are the openings 43

plate Whe thaejolresbto ductssite ob thediaph iy dlerartBhab avectangular shape
substrate 31 and separate the perforated plates and

with aOl%H%tHv%@éfbhhSnél@h itFSNS @quaretdragss thin thBaengter sfengiabhragm side
elp to strengthen the di aphragm 41b and in one

and a%ﬂg Fg e%‘s%é‘ﬁ ﬁt%%\lvk:éﬁ]ﬁv%ﬂ . FoeréatiBas T{ﬁ&@?s)tmare

cen el ght reinforcenents

B SREAT R TSl 5 Bl PR o

atterns are ual Iy feasible. The sec
or circ?tder wﬁ%aﬁm%{g@nsdém thfhirSF erbodiReRki ﬁ?urqang e ﬂvﬁe

unattached sides of the perforated plates 41e and pads 41d are the openings 43 which
expose the silicoﬁ nitride layer 36 above the substrate 31 and separate the perforated
plates and pads frorﬁ the horizb.ntal sections 41f'.' Reinforcements 39 help to strengthen
the diaphragm 41b and in ene embodiment are arranged like spokes radiating from the
center of the diaphragm. Although eight reinfor_cements are depicted, those skilled in
the art will appreciate that other reinforcement designs involving various patterns are
equally feasible.

T‘he second erﬁbodiment has an advantage over the first embodiment in that the
reinforcement ring 39 around the top opening of the back hole 46 prevents acoustic

leakage through ’theAair gap 48 (as shown in FIG. 9) and helps to avoid stiction.
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rei nforcenent ring 39 around the top opening of the

back hole 46 prevents acoustic | eakage through the air
w@apedstas shown in FIG 9) and hel ps t o avoiRCT/SG2004/000385

'stiction. Furthernore, parasitic capacitance is

controlled in at |least three ways. First, there are

i solation trenches 32 filled with a di eI ectric | ayer

substrate hel ow. the nechani cal. _
Furthadhoesanisyepactanss 1§ SuRied R At il 1ifes s Fairst, there are
the dielectric spacer stack bel qw, the 4
isolatigndtangags Bedilles: widh ardislestie 1aygrda th%;a*?%tr%ts beéqwéfh% pads and the
thus allows a smaller pad width than in the previous
mechenicabisprings. Secaordl, thenéllerl reach 38b dhatancleses thadlielgatic spacer
substrate is increased because of the insertion of the

stack pelow fHeopade 44t ackvidbs peotebiorofar diee bikideddyénse3; I8¥sandithus
third enmbodi rent of a m crophone sensing el enent

allow@ﬁ%%éi!éﬂ %aHQN'HH'?tIﬁrﬁﬁQﬁé préVEIN EMBodiMSMO Whitd) thé Eistance
The viewin FIG 15 is froma cross-section

betw%n%“gﬁé&h%ﬁ%t@t? '?‘3 o HecaBBg i BH6 ARBIRAPEH thE poly
|n er sect he key features in the
1/°X"%r%ﬁflﬁ§‘8 ré‘? P?"ﬁ’&fﬁﬁgdﬁ ch g ayrri crophone sensing
el enment 50 is bhased on a substrate 51 that i.s
A frh embeiment 3 wkoBhens borung PSSO BB e RPEFent
front and back sides. There is a thernal oxide |ayer

inventian i sipwwein bHGS. Port1&nThe viemeintirlenat15dp denp . cross-section along
substrate 5 1 and above the thermal .oxide layer is an

the dadiedlirai T0 irothentioprviele depicted HBFIGM &anNaty that the dashedline 70 is
of substrate 5 1 is a second el ectrode 63. The second

not nﬁéa@% bR%‘Tr‘ tbﬁnt@%%t iafeA ted key @dtmsqﬁmaré»ﬁnbamfemng to FIG.
single layer or corrposHe ayer. conprised of ,

15, a B aro-E@]an" en?fﬁgt &Eg‘%ﬁ‘nﬁ 80 |§r55 tafeél.?t@tr%‘te B4 ethaﬁ%gﬁeferably a low

as a's ayers in

e o Ao P B S, TR o

t her mal
layer 52 disposed on a portion of the front side of substrate 51 and above the thermal

oxide layer is an LPCVD silicon nitride |ayer 53. On an adjacent portion of substrate 51
is a second electrode 63. The second electrode is com_p_riSed of a Cr/Au composite
.Ia'yer or is a single layer or composite I_ayer' compr_ised of Al, Ti, Ta, Ni, Cu, or other
metal materials. |

The back side of substfate 51 has a stack of layers in Which a thermal oxide layer
- 52b is disposed on the substrate and a silicon nitride layer 53b is fbrhed on the thermal
oxide layer. A back hole 68 is formed in the substrate 51 wherein the opening in tﬁe
front side is smaller than the opening in the back side when the back hole is formed by

KOH etching. Alternatively, the back hole 68 may have vertical sidewalls as explained

18



oxi de |l ayer. A back hole 68 is forned in the substrate
51 wherein the opening in the front side is smaller
wa ban/0ddaz7 openi ng in the back side when the barkr/éei0e4/000385
is formed by KOH etching. Alternatively, the back hole
68 may have vertical sidewalls as expl ai nedpreviously
in t he second enbodi nent. The back hol e 68 extends

tlc cular_to,th b t hr ou

previqtsbt e SRoBaI RSBt aFe giarﬁagﬁe b Rl iy,
on the back side and al so xtends entlaII vert ica

(perpendenianto thessHbsiiaR) brouaiethernal P4 faer Reyailicon nitride layer
thermal oxide |ayer 52 and silicon nitride |ayer 53 to

53b ohdhenbacksieand dige Gdendaesgeniialy ¥Brticahfromthedienteside of the
shape (not shown) when seen froma top view An

substrdt difoanh theaherealioxidenlayerd2 aRYl silwee ritiderigyer 53 to form an
hori zontal and vertical sections 6la, 61b,

upperr é‘@d@@é kA prefdrably HageslsQitare\WHabe noBSIKbWe) WHeR @ekn FRh a top

The horizontal section 6la serves as an

eIectrlcaI connection base while the verti cal sectlons

6 1b provide a rigid support for the pad 58c.
hori zon ectign, 6la.4s ,.di SROS Q0 th ad 58

AprepdTattsaRE 4, g SR S R PR T R Jﬁﬂ ¥R ections

the vertical sections. Vertical sectlo %

61a, enserReetivelY. 4 farAtedsomathin riit helow %@é} 98¢ jihe horizontal
walls and is filled with the SRN | ayer that encl oses a

sectiati @1@senies agart efecticat konnestionHzaae) whiterihe werticalisegtions 61b
| ower thermal oxide |layer 52, a mddle LPCVD silicon

providé hlrigite slipyert férthe pad 58t. upplesrizentallseption ®a it Wisposed on the pad
preferred enbodi ment, the trench 60 for each SRN base

58¢ éhas%rougabgerréé @Bauémhaa&wn@ﬁ% cemeee@ Gb@f/@tl‘t?é‘@@rﬁcal sections.

rectangu ar or circular sh ape is also

verti B SSRIGH 61, B EORERSeA 1 Bl Hpeeait] @yt 14 8 walls anc
is fillew\gitt; Q{%éR?\L%&tPE &%@nppgrets% dlef)ec?rlc é’pacer TS fnot slt?own)

comprised of a lower thermal oxide layer 52, a middle LPCVD silicon nltrlde Iayer 53,

view.

and an upper PSG layer 56. Ina preferred embodlment the trench 60 for each SRN
base has four sections that intersect in a square shape although a rectangular or
circular shape is also acceptable.

Referring to FIG. 16, an oblique view of the SRN base and surrounding elements in
FIG. 15 hae the first electrode 62 intentibnally' removed to show the relative size of the
horizontal section 61a of the SRN base on the pad 58¢. Note that the pad 58 is
actoally an exteosion of the meohanical spring 5~8b and may have a larger width than
the mechanical spring. The horizontal section 61a has a width r while the width s of a

vertical section 61b of the SRN base is generally smaller than r.
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hori zontal section 6la of the SRN base on the pad 58c.
Note that the pad 58c is actually an extension of the
worsmbadsozal spring 58b and may have a | arger vct/$G10hamm038s
t he nechani cal spring. The horizontal section 6la has
awidth r while the width s of a vertical section 61b
of the SRN base is generally smaller than r. Referri ng
to FI 7 fron cti of the trenc has
ReEing e e 8@@&?65 S8 iR S0 s et gfioved to reveal
filled with SRN | ayer 1bhaV|n a wdth v and the
the sigeavalist(frepch $49¢ &lle M&f@ks%@tlmé%'rﬁ Baypga wisth ¥.ang ﬂb\&cd{electﬂc
section of trench 60 |lies behind the dielectric spacer
spacertsiatk hetivesRNheaside 8Hls afdback saationicfitisinehi 60 li¢s sehind the
view. Trench 60 has a bottomthat contacts the ,
dielecttibspaeérestack and SR basel6eandriotaisibledh this view mddench 60 has
in the thernmal oxide layer 52 and silicon nitride

a botloR %at%%ntaﬂ’d@tf@&@&ﬁaté B B PiaPH $5EMSorBiBH Rt iSfkned in the
avvay fromthe SRN base 61b and opposite the mechani cal

thernpaf o g'&d?%our @&%IH Bﬂr}ﬁﬁldg Iﬁy(%]r g3 'F'ﬁ‘(???dtﬁcﬂ'rﬂ@taé\ioverhang and

ses Wt ori zon sectl ons

IC ons b_are for.
oxtorgR LR R 23S Ba g SohBuIE teimBt TaRN srpgepao by »
the four pads 58c (FIG 18). The hori zontal sections
distareanare not visible in FIG 18 as they are conpletely
covered by the first electrodes 62. Thus, the four
" It ieetdarstoad thet a thofal 6BlounBRM bases with demigantad sekorisobita and
pads 58c and the diaphragm 58a which is connected to

verticahedtions 6Mshaniotmedspsinias distancuspertteddgecs® ot abstrate 51
back hole (not shown). Returning to FIG 15, there is

and @élg)géhrthg%ﬁﬁédshgﬁ’é (I 1i8hi CFHEEP\%?lzbﬁtab@é&ﬁﬁ’{s G'ﬂ?a@ﬂot visible in

and the silicon nitride |ayer 53. Above the

FIG. 187548 Ble S8HbIAAY G@g@% By Id @Frs]t gga%frhdgg%ZGZI’J‘Mst thé¥our
mechanlcatl 389 egs?3 §8b 'hcrf\ Ia{fe attached to the four pads 58c and the dlaphragm 58a
which is connected to the four mechamcal_ sprmgs are suspended above the back hole
(not shown). | ' |

Returning to FIG. 15, there is an air gap 71a having a thickness t; between the pad
.58c and the silicon nitride layer 53. Abovs the horizontal section 61a is a first electrode
62 witH a similar thic.kn'ess and composition as the second electrode 63. The first |
electrode 62 prefe‘ra.bly has a square shape when viswed from the top and covers the
horizontal section and a portion of the pad 58c but does not extend to ths edge of the
pad. The first electrode 62 may be non-planar with an inner portion (upper Ieve'l) resting

on the horizontal section 61a while an outer portion formed on the pad 58c is at a lower

level. There is a middle portion.of the first electrode disposed 62 along the side of the
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el ectrode 62 preferably has a square shape when vi ewed

fromthe top and covers the horizontal section and a
wezothe2of the pad 58c but does not extend toPdhsGmdgen03ss

of the pad. The first. el ectrode 62 may be non-pl anar

with an inner portion (upper level) resting on the

hori zont al section 6la V\,hi | e .an outer portion forned

pad 58c is at a | eve ere a
horizqfAk 0B 1S b Foteds MR FOGRTERLORAL AnGs aapavﬁért ﬁl&ﬁons A

side of thehorizontal section 6la that connects
perfoestted plaieB8dnuth haleerbeadioning? sisisr fi thagliaphraept 6$<atse§pparated

plate 58d with holes 64 adjoining a side of the

from thieagilivomgmitricRclaiyer 52 byrthe ait gapohih which hag the thicknede ta. The pad
- layer 53 by the air gap 71b which has the thickness

58c, ﬁ\%chgﬁ@apﬁﬂlr?gssb R gicdplateB8dand &he dphtragmatssh are coplanar,

pl ate 58d an he di aphragm 58a are copl anar, have the

have Wﬂh@'tﬁfﬁﬂﬁ Ss, rRr rﬁ[S’rﬁHHd' SFUFle RhridhaeER WRIEITS Breferably

I's preferably polysilicon although other

duct b
polysgPhEBRELG I kS R e ey B LR, ™
A B e
be necessary in an enbodi nent wherein the diaphragmis
projectodprnward tofvasd e hark helerfé age thenaubsieata i ﬁlﬁ&ge@ﬁnts may
- about 3 microns or greater. Al though three

not be eietbesarg i anerabedident athedeindhe kﬂumhragm isfcomprised of a
reinforcenents 67 nay be enployed in a variety of -

polysfli2eh ¥er HEinglh fiticknsg¥0bfeaiout 8 miRtéres or %\ne‘altErarAlthﬁugh three
ring as |IIustrated previously for reinforcements 39

reinfdrectartnléﬁt part it ﬁ g’(ﬁ% tzo?*i‘@mfc?rb@ﬁﬁhfseﬁ?'ﬂﬁéy Bd efdfloyst in a

egra hragm 58a and have t he sane

h
variel PSRRIy & ol ﬂé%ﬁ%%@ B 3piheh e Y bge
t he nechani cal springs 58b rel %e to thenperfo at ed t 67
previpysgly &ar @ggow%tggﬁrlgém ey e odiment e reinforcements 67 are

an integral part of the diaphragm 58a and have the same composition as the
diaphragm.

From a fop view in FIG. 18, an exemplary embodiment depicts the orientation of the
.mechanical springs 58b relative to the‘perforated 'plates 58d and diaphragm 58a. A
mechanical sbﬁhg 58b extends'outward from each corner of the diaphragm along a
plane that passes through a corner and the center point 72 of the diaphfagm. Each
mechanical spring 58b may have a rectangularshape with a lengthwise dimension -
along a plane that passes through a corner and center of the diaphragvm. Optiohally,
the mechanical springs may have a “U” or “L” shape and may be attached to the center

of each side of the diaphragm according to the “edge configuration” as appreciated by
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mechani cal spring 58b extends outward from each corner

of the di aphragm al ong a pl ane that passes through a
wa@onesesand t he center point 72 of the di aphr apgn/SE@ohn000385

mechani cal spring 58b nay have a rectangul ar shape

with a | engthw se dinension along a plane that passes

t hrough a corner and center of t he diaphragni

thoseJuilhiadnb 2 Ayeenia 2erad SBh SonBetis bet pag SHsdoximate to a

side of the_ diaphragm according to the

first efentfodgézt |31 PesitierhpRd suaRes ogﬁtaﬁ%ée@@irp%ea 63mayyary but at
art. A nechani cal spring 58b connects to a pad 58c

least pnesecane decteode isdocated onrthe substraterfid pobietvicnitiaatia first
nunber of second el ectrodes 63 may vary but at | east

electddie 62 cPedoritiont(REles) 64 lape ptafdrably airangedirt mailtipl® fowsand
the vicinity of a first electrode 62. Perforations

columﬁ?aﬁ&}néxhévég %E;']BEF‘é @Q&ﬁén@ﬁl’éﬁ%chlér@h‘abep'théQM\ét a perforated

and col S an have square rectangul ar, or

i rcul ar t r
e LSRRy ST BRI it v
. Ienth of phr a mS| d ha width that may be '
side pra 8o ki Hhat By Rois Eﬁﬁén‘ﬁé?@hwﬁ‘?eg ks ge o

the third errbodl ment is th t he SRN base serves as an

Theedvantpee cétrpe&miaﬂnam@oéim%tﬁ@thatrt@@ SEN: b gervasas an anchor

thereby elimnates the need for a poly 1/oxide stack
for a pddmeldovenlyirgefirst eleatiodatandi thereby atiminatesitbe eieeddor a poly 1/oxide
filled trenches are required for reducing substrate

stacl@é’dcﬁﬁe@ e tHeagesndegraBodinesmy Elurththaord, aokfileld trendhleatare requwed
formati on of the SRN base is achi eved with additional

for re@ﬁ%ﬁg! AlbsHene aFdsi’cl?s @égfac%ﬁ&b PHBGRVEE Ihe MrawbBEIER that formation
e

0|,rrentsat|C|p aconflguratlon wher el n

of thgsgﬁ?g%agea i?eg‘ﬁi'%%f \gg é@:l_f 021% gr%ft%i‘ri’aallt egogﬁ%eaindoetcﬁ?)?gcesses

A@i%%g%bkotrﬁghtgﬁ%m}hggs O%ap lhf%%gg%&gﬁﬁmpa@prmgs are

12 which is a nodification of the second enbodi nent
attached tmrﬁlfhaenteapf each side of the diaphragm and a perforated plate is attached

to adjacent sndes of a diaphragm around-a corner. In the exemplary embodiment
depicted in FIG 12 which is a modification of the second embodiment the mechanical
‘springs 41c are attached to the center of each side of the diaphragm 41b and a
perforated plate 41e is attached to adjacent sides of the ,diaphragm around a corner.
This so called “edge support” configu-ration-is idehtical to .the previously described |
“corner support’ app'roach except that the mechanical‘ springs and perforaied plate
elements attached to the diaphragm are shifted along the edge (side) of the diavphragm
by a distance eqdal to one half of the lengthwise dimension of a diaphragm side.

Obviously, the pads connected to the ends of the mechanical springs and any
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springs 41c are attached to the center of each side of

t he di aphragm 41b and a perforated plate 4 1le is
wa@tdoaohoel’ t o adj acent sides of the di aphragm apOL/eG2084/000385

corner. This so called "edge support” configuration is

identical to the previously described "corner support”

approach except that the nechanical springs and -

~_perforated plate el egents tached t e di aphragm. .
reinforgamaltis PNAABLRE BNEAGRRR he RedpralEd Hiles andaGiHgal springs
a distance equal to one half of the |engthw se '
woulddilse sbiftoacasrdiagi. aphr agm si de. Qbvi ously, the pads
connected to the ends of the nechanical springs and
A fowrtheembodioesmt f & raicropteoreosansing elefeard saicobrdimg to the present
perforated plates and nmechani cal springs would al so

invenfith fd désicteddh FIGE. 18 1 Miahb isbhest ornat “cehter stippbed bomfiguration
sensing el ement according to the present invention is

. i Ct: ' I . - i - will
ot SEEHER T ievetseihoss ey e or

firs odi : | I [ car
appregtF g dracPar il PRATI T Erbo e EUd Fhg th fSRiRel o encompass
o cogo b ottt SEl RS T P 5 pRRSh rlates t
enbodi ment relates to the m crophone sensing el enent
the migopihene sensiogelnentst) and threcormppgitian of thasvaroyselereants
was described previously. Referring to FIG 13, a

thereipenfvdes@ibeu preriolidty.i s adj oi ned to each of four sides
of the diaphragm 13a as in the corner support approach

RERFHJ REEI@ ey aqsistoratddomaret3d ishadjbinegemsaichraf four sides of the
enbodi nent, the nechanical springs 13b are positioned

diaphﬁéérﬁhggt%%ng%gf&n?&pgogﬂﬁé roRéh e SridBRCH@NIRAly. However, in

a plane X-X ‘that bi'sects
i oo B BB OR, SO RRRAO S P PR SRSOHHE i e
diaphsrgérin.n Sfir%e,'tsgairrr%){ rrlmqgc %n?éarl ggﬁﬁé@ ‘T %853 ol?r%%% a\llino}mg aaplane X-X_" that
bisects the sides of the diaphragm 13a énd passes through the center of the diaphragm.
The first pair of me.chanical springs. 13b may have a rectangular shape with a
lengthwise direction along the plane X-X’ and‘are supported at one end by the dielectric
spacer Iayér 12 énd are connected to the edge of the diaphrégm on the other ehd. A
second pair of mechanical springs 13b is formed along a plane Y-Y’ that is
perpendicular to the plane X-X’ and passes th'rough the center of the diaphragm and
bisects the other two sides of the diaphragm. The second pair of mechanical springs
have the same shape as the first pair of mechanical springs but with a Iengthwiée

direction along the plane Y-Y’ and are formed above the dielectric spacer layer on one

end and on thé other end are connected to the edge of the diaphragm 13a. Note that
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| engt hwi se direction along the plane X-X and are
supported at one end by the dielectric spacer |ayer 12
waneas@2ronnected to the edge of the di aphr agmtDeG100€000385
ot her end. A second pair of mechanical springs 13b is
formed along a plane Y-Y' that is perpendicular to the
pl ane X- X' and passes through the center of the
di a mand bIS sthe ot her...t wo SI es of t.
the fof ARMAIRI ShEnds i e Pl L FEe BER? abp willS . gaphragm
the sanme shape as the first galr f rrecha]_ ical sp %
and owtammqreslcpraaﬁe@wmeed'ele\c&& RAFEAIBIS Wpﬁrsﬁea\revfa gular slot
and are formed above the dielectric spacer |ayer on
29 formed alony aadh side ¢fa oechanisatispiing s et dhe gides afiee arrphanical
of the diaphragm 13a. Note thatthe four nmechani cal
spring$ firé Bgparkited &oen thepdiaphragm.t fihedwb rectaegulandlots 28 inleach
di aphragm and overlap in a region above the dielectric

diaphr%gﬁpauad@heausbasea BEFight Sndles B taclIBthdr asé ebnREctbabyRsall

ong each sid a mechani cal spring so that. t he
m t he
colar %Pﬁsﬁ%?%é?nﬁ%ﬁﬁ@fd&%“?é‘?‘%%gu 36 changaPLaNas: 136

- di_ aphr a h
e A R wkn@aﬁti?ﬁgﬁﬂ%) Séaj sﬁe@ﬁto*hcgmposﬂe
the overl ap regi on of .t he mech?.nl cal a% gs 13h
layer earepasad plorg E BIoTe yidle layersasiligon Rjtd L@/@ % @rﬁhew;?'ectﬂc
be a single or conposite Iaér conpri sed of one or
layersmdrustheximdee | thpeatilectsicl spacar layer ldenahaye a.cicutar igssquare shape
dielectric layers. Furthernore, the dielectric spacer

and hagigevidfllwamny have a circul ar or square shape and has a
wi dth W2. Anot her inportant feature of the fourth

An? hlg)%ﬂ‘ent fodtth@loftthe faaekeh®odimént i§ teatTREIbaRR Hele 26 is
our s

tions. There is one section of back hole

comprfleg) dTgﬁgHPSSQﬁ&sq uﬂﬂér@%pﬂé EEBﬁor? Uf’ﬁéél@ﬁ@le%%@&% BYch quadrant
of thet%ﬁ g{ge%@%ﬂ tli)g&ev\;ﬁpbel q]gc\Wer From ’co%ud'?‘éjv(/r‘rfl Qlt one back
hole section is below the lower right quadrant of the diaphragm 13a while the other
three sections of back hole 26 are located belew the upper right, upper left, and lower
Ieft quadrants of the dlaphragm respectlvely A first electrode 18a is disposed on the
overlap reglon of the four mechanical springs above the dielectric spacer layer 12 while
a second electrode 18b |s.formed on the substrate 11 outside the periphery of the
diaphragm 13a and perforated plates 13d. |

Referring te FIG. 14, a cross-sectional view is shown that is taken along the plane
23-23 in FIG. 13. The plane 23-23 is not linear in order to intersect all of the key
features in the microphone sensing element 10. The dielectric spacer layer 12 is

formed on a portion of substrate 11 as in the first embodiment. When a sound signal 25
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three sections of back hole 26 are | ocated bel ow t he
upper right, upper left, and |lower |eft quadrants of

wa bwediaphr agm respectively. A first el ectr odeC862008000385
di sposed on the overlap region of the four nechani cal
springs above the dielectric spacer layer 12 while a
second el ectrode 18b is fornmed on the substrate 11

out side the periphery of the diaphra 13a, and .

impinggsrarothg @apb{mé?@éérpua&tg? P@HS%P[?%G yipr aq&?" 27 is induced
cross-sectional viewis shown that is taken al ong| t he

wherejnl theediaghrz@m, rmegt@nical springs JBknang peiorated phates i3gnove up
in order to intersect all of the key features in the

and dowe iropluoneested shotipre| doterthat@niyrore dgisl anchdrpasigealew the center
| ayer 12 is formed on a portion of substrate 11 as in

of the dibHragMiis ¢iEeessdm i thivlepraacho UNithczighrtak b2itkiinile@6ds shown
on the di aphragm 13a through the back hol es 26, a

‘with Vé@@ﬁ@%‘?%‘g’ﬁﬁg élép%d;gfiigﬁléll Ve usbe, ifkRRAr FBBrectangular slots 29

Sprin and ‘perforated plates 13d nove
.and do (3] co r L t '
should B 2 2. g O GERBEY (Rt TRl batk ngB eI s nave =
.. necessary in this approach., Al thqugh.the.back holg 2
minimugh SO 19 RIEreREao B sae TN pe dial ragiy | . o pther
be used, instead. The rectangular slots 29 should be

wordsag recteagularsietishoakteoth@iprmesatays HBakk Relees 26 and

should have a mnimumw. dth so as to prevent acoustic
Thisekbdgdimenrhdsihedidvantages df3be first emabediment byt algo provides
rectangul ar slot should not be fornmed above a back

additi®aI@dvahisgearhaattenier pads he reghirat agkthevé id lessfaraditic
enbodi ment” but al so provi des additional advantages in

capadit3ftbe§ BIRheRAbR, & cBREY is[x?ﬁoﬁ'éﬂowg %?/ﬁ‘\rﬁétribﬁ‘éﬁaxing of any intrinsic

p?ra5| IC capapltanre.:Fur ernore, the center support™
stresy g TP RRE o P erhangie, f i Sobofld ofid dhf GeftiRfiments may

third enbodi mtant rra)é e used -as well for the fourth -
be usgdigswelkfer the fourth embodiment. , _

All four embodiments of the microphone sensing element have a similar advéntage
over prior art in that ;ché resulting silicon microphonelhas no d'edicatedvbackpl,ate and
thus can be produced at a lower cost than heretofore achieved. Furtherrﬁore, a
-microphone sensing element according to the present invention can exhibit good
performance that is similar to results obtaine‘d‘ from prior_art microphdne sensing
elements with a dedicated backplate feature. |

The present invention is also a method of forming a previously described silicon
microphone sensing elemént. In one process. sequence illusfrated in FIGS. 3 -8,a
method of formihg the first embodiment as represented in FIG. 1 is provided that

requires only four photomasks. The cross-sections in FIGS. 3 — 8 were obtained along
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Al'l four enbodi nents of the m crophone sensing el enent
have a sim | ar advantage over prior art in that the

WO s®ehid9ny sili con microphone has no dedi cat edPCT/SG2004/000385
backpl ate and thus can be produced at a | ower cost
than heretofore achieved. Furthernore, a m crophone
sensi ng el enent according to the present invention can

exhi bi t od .performance that is.sinlar to res S
2 noniear AUk RIS o 1 Sae A tiRiae 6 stBaf el & the dashed
W th a dedi cated backplate feature. The present -
line 28 m@&hin BB-i's al so a nmethod of fornming a previously
described silicon mcrophone sensing elenent. In one
Refeniests FIE 3 aoeXdnplaty prosdss sequers.e @r fatgjcadingdbe sricrophone
of formng the first enbodi nent as represented in FIG
sensifg eferpétvi Biedohvestforringia dielentio/spaner layeart 12y lescoriveational
cross-sections in FIGS. 3 - 8 were obtained al onga ’
i of t iti b&8 oh%a suibsitie 38BacARH ddpeY siften ther is polished
oxidafigHio] HBEESIGH oS! ohe b nad Tne e e Ha P
. | F 3, ; : f ;
on bafryof ¥ b 4k hok siies,” TRENEIENR, Sideepi81F Thap B9 Rfifised of
.. involves formn dielectric spacer, lLayer 12 by.. .
siicor Gident ATREMBSATR I i thrt ek b8 danss siliombasbalysiion is then
substrate 11 such as doped silicon that is poljshed on
formeskamthe distestic spaCaiiaytidd. Theresskiarbinghe asb il eppreciate that the
spacer | ayer may be conprised of silicon oxide. A
membramerfdmel 3 anhdndigdectriatspasgr logertd edulslialse be formed directly by a well
polysilicon is then formed on the dielectric spacer

knowh ayer Bendifgaseceds. | Ineth 0! ibpraach whére thpatieletaicespacer layer 12
that the nmenbrane film 13 and diel ectric spacer |ayer

is sili%%\n%i%e%n@' tR8 rR8mbriefintll 8 %&bb(ed)wlié‘or\l\!eédbslﬁrg@é\m\@l‘dethe silicon

ng process. In an SO approach where t

v S BDREE AN S0 02 06 02 200 L1

N%)Pt?a i !r«ié;%lgghlﬁg eIrrisleg o?ro%epc{ror}\/or%elgyt\évristtna? wlllesSLilt?steiq\(JieHly be used
for fabricating a back hole is formed on the back Sioe of the substrate. ln‘one
embodiment, lhe back side hard mask is compri.s.ed of a thermal oxide layer 15 grown
by a well known LPCVD method on the substrate 11 and a silicon nitride layer 16
deposited by an LPCVD method on the thermal oxide layer. Note lhat the thermal
oxide/silicon nitride hard mask is simoltaneously groWn on the membrane film 13 but is
subsequently removed by well known wet chemical or dry etching methods.

A first photo mask is employed to generate one or more vias 17 in the membrane
film 13 that extend through the dielectric spacer Iayer'12 to contact the substrate. For

example, in en SOl approach a reaoti\/e ion etch or plasma etch may be used to transfer

the openings in a photoresist layer through a'silicon membrane film 13 followed by a
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Next, a hardmask conprised of one or nore |ayers that
w || subsequently be used for fabricating a back hole
w0 200b0s6¥2T on t he back side of the substrate. POI/SGE04/000385
enbodi nent, the back side hard mask is conprised of a
t hermal oxide |ayer 15 grown by a well known LPCVD
met hod on the substrate 11 and a silicon nitride |ayer

16 deposjted b LPCVD hod on e thermal oxide .
wet bugreil oxids: GichHEBOHHE ToraHAne axpatd RIRIGIRE AppeSHiaVer (oxide) 12
hard mask is sinultaneously grown on the nenbrane film
and extendibe viasslibdetheesitbsiratenoved by wel | known wet
~ chem cal or dry etching methods. A first photo nask is
Refemingyte | Go 4g arcemdtietivnayer 18nis formedson the menttyane film 13 and in
menbrane film 13 that extend through the dielectric

the vi& AZASY udiny ebnidntidhat aiEtacds. t Tiee suhductvieday €018 enaynipe @,single
in an SO approach a reactive ion etch or plasna etch

layer {Tg% grBﬁ'ltph%%ﬁg I%}%rtcfo%:ﬁs%rd &Sy, ARE AN, MUSTA NR U Dr GtIgsT hbtal

rough a silicon menbrane film 13 fol'l owed by
awet buf f ' ) ,
mato Y ASLEE R 48 L SRRty B RIS KR aver 10
17 tg th ubstrate. Referring to Fl.G a conduct.i v .
to defingafiret lacieiss HER OB e METRADPATE 13 P 22400 qieAl® 18b n a
via 17 by using conventional nethods. The conductivfe '
via 17. alkeremgefayr pads 3¢ (giG 1) andra st gleckipgssidamayyhe formed on
conprised of & Au, A" Ti, Ta, Ni, Cu, or other netal
each patl e Fuatherméres ¢benedmpi decnplskality of aptarykelectrodes 18b formed on

sel ectively etch the conductive |ayer 18 to define a

the sibgtte @ectrode 18a on the nmenbrane film 13 and a
second electrode 18b in a via 17. There are four pads

R%f%ﬁier{ggt{g%lgé?s, gﬁ@r’t rhbiahk fithers sdfedfBly@enbs Wit érﬁd?d

ernore, there may be’a plurality o
onotcREE R 5 T8 LSBT B aF ffbioecome
perfofc’a?(leé3 B}ait(\a/se I1¥d.e tAﬁt?\%%gWOtnllqy 8n<ta IE)ieFf(QJrat_ed plate 13d is shown, there are
typically four perforated plates formed per diaphragm. Additional openings 20 are
produced b'y the same membrane film etch step and are used to separate a microphone
sensing element iO from an adjacent silicon layer and to define the pads 13c,
‘mechanic'al sbfings 13b, perforéted platés 13d and a diaphragm 13a as previously -
déscﬂbed. |

Referring to FIG. 6, an opening 21 is formed on the back side of the substrate 11 by
employing a fourth photomask to selectively remove portions of the silicon nitride layer

16 and thermal oxide layer 15 by an etch procéss known to those skilled in the art. The

opening 21 is aligned below the diaphragm 13a. From a bottom view (not shown), the
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photomask to formholes 19 in sections of the nenbrane

filmthat will becone perforated plates 13d. Al though
wolog/0e9er perforated plate 13d is shown, ther eP@r/&G2004/000385

typically four perforated plates formed per di aphragm

Addi ti onal openings 20 are produced by the sane

menbrane filmetch step and are used to separate a

.m ¢rophope sensi el ement, .10 f. .an_adj acent.sjlic .

openig ¢4, A ey gt e Savrrs inien vl detiin BcR Dol pythegd Bsuate i
13b, perforated plates 13d and a di aphragm 13a as

the folpvépp $teR-y descri bed. Referring to FIG 6, an opening
2 1 is formed on the back side of the substrate 11 by
Refgrriogitadr|@. 7otive substrate A ik etobedavitlv aistendard @egess involving a
portions of the silicon nitride layer 16 and thernmal

KOH soliitien tafeem 4 bably hale 22.cDuprtodies silikanerystal sthiztdre in the silicon
skilled in the art. The opening 2 1 is aligned bel ow

i Hdwals BfofererBfid iAMMER thd RadthdTeM& back hole 22 on
Sumtﬁ%égéﬂi@%@ﬂ isaﬁsngteﬁgéshrape Iof a square which vvialcl oe

e odF SRR BRI WA i BECL A oMb pportan
et e L ERR RS 358R Rl R P ST ER A 4 Anan the ity
of the SHRAEDITS ! 8- yan GHETEVE FTIPRImenh 194 BBHTD; & sz elen or
hol e 22 on the back side is larger than the width of
deep Rie (BRtK) proicess mayhlee tised to Kiraea bagk inejro?? avith vestiealsidewalls.
is that the width of the back hole on the front side

- Refufiingte FGalg, ¢ie backisidechand atdskodorhprset! afsilicammitridde layer 16
In-an alternative enbodi nent (not shown), a plasma

and t}gérFrLél Bkid‘ée@geﬂ Fid fdmdedtPs kpowhBetRdU SCehehtibPapRcessing
ack hole 2

with vertical” sidewalls. Referring to
en i bl SRSKESIAR, TR RO 35458 Tl sensing
elemebr%s'?rolr(nngéﬂgw gﬁ}el?.o dl'hecr:g 1 lﬁélor%?éas%rsqgg i {N?w%h a portion of the
dielecfric spacer layer 12 is removed. Inthe SOI embodimenf, an oxide layer 12 is
removed by a timed -etch involving a buffered HF solution, for example. The oxide layer
12 is removed with proper control so that the regions below the pads 13c can be kept |
and thereby serve to anchor the pads to the substrate. The diaphragm 13ais attached
to the pad 13¢ by a mechanical spring 13b. Thevdiabhra.gm.13a, mechanicél springs
13b, pads 13c¢, and perforated platés 13d are coplanér and all are comprised of a
similar thickness of the mémbrane film.. AIthdugh a rectangular shaped mechanical
épring 13b is shown (FIG. 1), other configurations such as a “y slhvape or “L” shape are

acceptable as appreciated by those skilled in the art.
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then follows in which the substrate is diced to
physi cal |y separate m crophone sensing el enents from
weamboavber. There is a final rel ease step in reu/e6¢2084/000385
portion of the dielectric spacer |ayer 12 is renoved.
In the SO enbodi nent, an oxide layer 12 is renoved by
a tinmed etch involving a buffered HF solution, for’
exanpl e. The oxide |ayer 12 is renoved mﬁtq ro h i
It isamdesstosd thaidn 0REIONAG A HOPBRNERENSIGE et AN, Bgiicon
kept and thereby serve to anchor the pads to the .
microphiisé isaaleo comprisied st captiagebiag sauricee B&QuUIes fallewsagreamplifier,
13c by a nmechanical spring 13b. The di aphragm 13a, _
and WIRE§ &NESrect i figs ahdisecpad elet3odeartd cperieteaa eariable capacitor
pl ates 13d are coplanar and all are conprised of a

circuif | Ablvelef, Mhéderaturel dréaoiEdwAaNeofddrio sinplifo dige deawings and

rectangul ar shaped mechani.cal spring 13b is shown

direct dtleRtipfto thé’ngE:og@tag%ﬁw Githenesattindshtion Y'he RaRRingf silicon

pe are acc e as appreclated by those
. Skilled in th L. is_underst . i kb :
microp b BSa e bbb P REB e 02 b et nciuce
~m crophone is also conprised of vol t a as sour.ce, .. .
dedicatebmal@tsiocpakSirbapptheTaTe. Dia et el g Regwitdgvention is
the first and second electrodes to conplete a variable
less exapasivedp practing in. maowiegkiringtsires:femesmiolemapks Atg required.
shown in order to sinplify the drawi ngs and direct
WaHilE @i lipveritiont s thesn partipolacptshionin ardedes@thedt with reference to, the
invention. The resulting silicon m crophone has a

' Jipfints aidr o6, RSAN BBAMdRSBOR Dyahoss bkiled otte art that
p“#eaﬁggﬁﬁ§%é ué% a dedi cat ed backplatemgonstruction.

. Fur ' : [ i i iri
variog{ ShATSe oyl g Hordy 2y e haBe tERiut HeYERId omne spirit and
feyer. phot gmasks are required. Wiile this invention
&8 %EﬁeﬁﬁPFicularly'shomn and described with
reference to, the preferred enbodi nents thereof, it
w Il be understood by those skill-ed in the art that
vari ous changes in formand details may be nade
Wi t hout departing fromthe spirit and :

scop
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scope of this invention.W claim 1. A nethod of
form ng a m crophone sensing el enent wthout a
waolemsoatverd backpl at e conponent, conprising: (a)CT/SG2004/000385

providing a substrate having a front side and a back

side wherein a stack conprised of a |ower dielectric

spacer | ayer and an upper nenbrane filmis formed on

said front side and a hardnmask is di sposed on said
Wec%‘ku side; (b) formng a plurality of vias in said

per menbrane filmthat extend t rou h the |o
1. (ﬂ meél@Qd ptformirga migirhang S@éﬁt“&c 9‘@ Withot age@éc%?d

the substrate; (c) formng a plurality of first

backptdte compdeenttcomeprisings | ocati ons on sai d upper nmenbrane
filmand a second el ectrode in one or nore of said

Viajprovidihg et sibsigts hadingppfronnsidemadea batkrside wioengin a stack
openi ngs that define a diaphragm and a perforated

co§‘| %8dtotF%tloﬁ@k @Iéﬂéctﬁ@%Paééﬂ@y@l’far@‘dDéﬁ@bp@f' nidmbrane film is formed
I'aphragm a rrechanl cal spring having two ends that is

C REgaEEKgéhe ot her
on S%E‘j‘fr%?& % a paﬁ( {Sﬁ? a%gihm%rs egd% nrec%anl cal
ng .to t r
Riphde @H@{?%SFY'HS AR e v
the substrate that are ali ned b ow saj d % phra&
theweridielestissRases 196r {9 67 iget §%{ Qb Ride o BesUbsrate;
spacer layer in a release step to forman air
bee) ferening laepldradibhobfinst elestrodes ab@«rtaiell@cat@nsmswétwmr
of claim1l wherein said substrate is conprised of -
mérmbi@ilni ahd a dezondeseécttdde inyorenor mareloheaitingas il m
is conprised of doped silicon or doped polysilicon
(d) etching said upper membrane film to form openings that define a diaphragm
and a perforated'plate that adjoins each side or corner of the diaphragm, a
mechanical spring having two ends that is connected on one end to the diaphragm
and on the other end to a pad, and a pad that anchors each mechanical spring to the
- lower dlelectnc spacer layer,
(e) etching an opening in said hardmask and a back hole in the substrate that are
aligned below said diaphragm; and
(f) removing a portion of said lower dielectric spacer layer in a'release step to
form an air gap between the diaphragm and the back hole.
2. The method df claim 1 wherein said substrate is comprised of silicon with a low

resistivity and said membrane film is comprised of doped silicon or doped polysilicon

having a low resistivity.
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having a low resistivity.3. The nethod of claim2

wherein the |l ower dielectric spacer |layer is conprised
wmtoopheophosi | i cate gl ass (PSG, a thernal oxiREL/SG2004/000385

tetraethyl orthosilicate (TEOCS) |ayer, or a | ow

tenperature oxide. 4. The nethod of claim1 wherein

said hardmask is conprised of a thermal oxide |ayer, a

L{IOQ% ﬁﬁg@é’é‘ g‘fz pl%rz(@gcvq g‘%‘hllolgl%? aaﬁrf%éthp Spﬁggly |%§/‘ér I%rcoln§prised of
af orenenti oned | ayers. 5. The nethod of c|

phosphiosilicate glass (Pﬁﬁs)taawf@é@éﬂﬁ’@ éltétﬁ?t!swle@rt%?%“%ﬁﬂ@@a layer, or
of a Au/Cr- conposite |ayer, or are a single or

a low tempersatare dxiger conprised of A, Ti, Ta, N, Cu, or
other netal materials. 6 . The nmethod of claim1l

4.Whl$é faihedofl cRiirmphwhgrain saiddsardimaskliy comprised afid thachal oxide
side has a first Iength and a perforated plate has a

layer, 'ael%w ;Er‘@ @CW@“ ?H‘rﬂl:oﬁ Ritfde |58, dMam ddipdditeStayer

I"'engt | ess than said | engt hw se

°°mpr'ﬁg“fﬂit’§f§}? hg;g(g(gre'ﬁ%rﬂ%%ﬁafl d@i m 1 wherein the hol es

a square rect angul ar

ggrhéu’bgﬁgdhﬁgﬁ%i ﬂé"’a]{q?fa{'ﬁogagg ﬂFﬁg S(ﬂ? fgro‘gqe% are compnsed of

wherein a mechanl cal spring has a rect angul ar, sha i _la )
a Au/Cucortpagie |ayeraar are'a sRgieor sYRPasitelsyer ewpgse@rﬁ’g l, Ti, Ta, Ni
met hod of claim 1 wherein a mechanical spring has a
Cu, of btter metdt maderible, pad has an essentially square shape
and a width dinension that is equal to or greater than
6.5Thé nidthad oficiim. 1 WMerdihgaltedihplragin @ssnrﬁamy\eq&are and each

et chi ng the back hole in the substrate is
side has a first length, and a perforated plate: has a lengthwise dimension equal to or
vlass than the first length and a width that is less than said Iengthwise_dimensjon.

7. The method of cl_aim 1 wherein the holes in the perforated plate have a square,
rectangular, or circular shape and.are formed during the etching of said upper
membrane fiim.

8l. The method of claim 1 wherein a mechanical spring has a rectangular shape, a
“u” shabe, or an “L” shape from a top view. -

9. The method of claim 1 wherein a mechanical spring ﬁas a first width and a pad
has an essent.ilall'y square shapé and a width dimension that is equal to or greater than
said first width. |

10. The method of claim 6 wherein etching the back hole in the substrate is

performed with a KOH etch and said back hole has sloped sidewalls in which an
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performed with a KOH etch and said back hol e has

sl oped sidewalls in which anopeni ng on the back side
whamemaddoar ger wi dt h t han an openi ng on the frortT/SG1064/000385

and the opening in the front side has a smaller width

than the length of said diaphragmside. 11. The nethod

of claim®6 wherein etching the back hole is perforned

with a deep RIE (DRIE) etc nd sai d back hgl e has .
openingpiteaPack AR TeEMAR AR AREPEBTGHR s MoRLside and the
the |l ength of said diaphragmside. 12. The net hod of i
opening i thetTateids has aceraliarwitlodlandne g of paid diaphragm side.

el ectrode is on a pad. 13. The nethod of claim1l
11 witeeanethadfdf cktimpb ethensis letching sz back heledp peifprmad with a deep
second photomask is used for step (c), a third

RIE ([PRIE)Q18Is ind SaitbBEcK RbleSiRPvertidal siduivallsfandr & vigihcthatizsimaller
is enpl oyed for etching an opening in the hardnmask in

than tﬁ%%rg((ﬁbf?%ilﬂ.digﬁﬁrﬁgﬁq kad of claim 1 wherein said

brane m s plranar and the di aphragm nechani cal
SN S : hav :
125 et Heo U s B S Ry P BLE R on 2 pad
dedi cat ed backpl at e , conpongn conprising. ,(a) .a
135 Ghermareda Al | Mo BauisbeRS S Taibad BHatBr (hymssecond
fornmed therein;, (b) a dielectric spacer |ayer forned
photomask ik usedfar sepiéclon thind phalpsnask is used)forstgpghransha fourth
with a first thickness, a center, four sides having a
photohaisyti$ emgial dofior etahimgan apeatng is tae ihgndsdasih ovstepdiedl
back hole; (d) a rectangular perforated plate with a

14 MhetméthoglkaTasgiman dvierginwaid hiemipanbdileds phavaeiandithe diaphragm,
adj oi ns each side or corner of the diaphragm said

mechSEEPTIRS, BTk cOpakAMeRa 100 M SIMABA picocss
159 \Aerkliérgah‘cgrbee sér‘i’gﬁb %f'érﬁént without a dediqated backplate component,
comprising: | | |

(a) a substrate having front and back sides with a back hole formed thereiﬁ;

(b)a dieléctric spacer layer formed on the front side of‘the substrate;

(c) a diaphragm With a first .thic‘;kness, a center, four sides having a length, and
four corners that is aligned above said bac.k hole;

(d) a rectangular perforated plate with a first thickness and a plurality of holes
therein which adjoins each side or corner of the diaph.ragm, said perforatéd plate
has lengthwise Iand widthwise dimensions and is suspended above an air gap that
overlies thé subsfrate; . |

(e) a mechanical spring attached to each corner of said diaphragm wherein each

mechanical spring has a first thickness, length, width, and two ends in which one.
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(e) a nmechanical spring attached to each corner of
sai d di aphragm wherei n each nmechani cal spring has a

wo 200s04ddbi ckness, |ength, width, and two ends PQI/$¢i005000385
oneend is attached to a corner of the diaphragmand a
second end is connected to a pad; and (f) a pad
connected to each nechani cal spring said pad has a

first thickness, four, si th and,wi dth, and
enrigs piARRRS inaREner @ tae ClARTagRGEIY § S96pd Shilde hahected to a
serves to anchor the mechanical springs and di aphragm
padhao#h vi brate up and down (perpendicular to the
substrate) in response to a sound signal that passes

t ¢y apald ddmmebtaktonedah medhanicalgaping] Said el has adjsstdhickness,
sensing el ement of claim 15 further conprised of a

folr $idés, & RAGEPERd WAGHEENn@ s futtedrorMivecdipRdtric Sytedigyed] said pad
more second el ectrodes formed on the substrate wherein

sefkléé' foSdncfloP the ﬁﬁéh@ﬂ%a@sﬁﬁ@%&ﬁ%ﬁfé{fjﬁ vﬂ’ﬁ@h ‘?/I{U?é‘t%cdpﬁgnd down

forma variabl e capacitor circuit

r t [
%rpeea?&aﬁaﬁgﬁﬁg%@%&%&ZWS@%@%E@é?g@g%aﬁéﬁaﬂagég@‘thr.ough
conposite |layer, or are a si‘ngle or conposite
th@&’?ékhe ’Pé@gcgaé’ﬁ Al, Ti, Ta, Ni, Cu, or other netal
materials 18. The mi cr ophone sensi ng el enent of claim
1615 hehmicspphentesensipa elarrentraf alrim %?urﬂmcﬁg@ﬂﬁ%o@‘ a first
" and perforated plates are coplanar and conpri sed of
electrstbiforomed poloyei driroore pads, aBd,ond or moreséesndrelestrodes formed on
materials. 19. The m crophone sensing el enment of claim

the sdb'%tr‘éff@%'e?elﬁ% firsbapictrbak andas secorepslecingde aré benmesed to form a
de of. said substrate that has a first width which is

vana%%ﬁ Loas &ikgit! ength of said di aphr agm si de and
SFRPR

the back hole has an opening in the back
17. The microphone sensing element of claim 16 wherein a first electrode and a

second electrode are comprised of a Au/Cr compdsite layer, or are a single of .
composite layer com_prised of Al, Ti, Ta, Ni, Cu, or other metal materials

18. The microphone sensing element of cla.ir.n‘.15 wherein thé diaphragm,
‘mechanical springs, pads, and perforated plates are coplanar and comprised of silicon,
lp'olysilico'n, Au, Cu, Ni, or other metal .materiavls.

19. The microphbne sensing element of claim 15 wherein éaid back hole has an |
opening in the front side of said substrate that has avfirst width which js~less than the
length of said diaphragm side and wherein the back hole has an openiné in the back

side of the substrate with a second width that is equal to or greater than the first width.
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side of the substrate with a second width that is

equal to or greater than the first w dth.20. The
worms/oplaone sensi ng el enment of cl ai m 15 wher ei PCESG2004/000385

mechani cal spring has a rectangular, "U', or "L" shape

and a lengthwi se direction along a plane that passes

through the center and a corner of the diaphragm 2 1.

m _crophone _sen Of i_m. i :
ancégﬁ'b%'b‘? Fﬁ@SIﬁé %%irﬁé@hrﬁg:ﬁ%l% 15 l/\lh P&h% ?ﬁ%gégh@agsprmg has a
The m_cr ophope, sensi el e er ei
rectangiah dorih L SHABYEH @ lsngt@ﬁ%ﬁwa@ Jhig e I3ns gttisses
m crophone sensing el enent of claim15 wherein the
through $heccentet apg sceornergbtheidiaplyidgM.sed of a thernal’
oxide, a low tenperature oxide, a TECS | ayer, or a PSG
21| ayher mictdphdie semsing @lementsafrdaing1 & Whesein aomechanieallspring is
wherein the substrate is conprised of either doped

attactfed t&@@ld@adﬂgtga@ low resistivity or glass having a
conductive | ayer forned thereon. 25. A m crophone

225 S H\%rﬁgﬁﬂi?@a)%eﬁélég%ménmlﬁﬁ% ¢ mﬂ%‘?@lﬁ'tﬁé%laphkragm has a

conpri si ng: bstrate having front and
sides with hole fornmed therein; (b) a '
squa@%qrgg%ggla?pg%@ "stack formed on the front side of
t he subst r h a . .
23 nihe MRRTPhae SREGNG SETBNLaSRING 15 Mol thE iglpptrio gpacer layer
l ength, and a bottomsurface that is aligned above the
is corpprisedof 2 theermal@Xid&tadﬁydemp%@tpf%p&*dédag'%@é lgyarhoga PSG
first thickness and a plurality of holes therein which
layeradj oi ns each side or corner of the di aphragm said
perforated plate has | engthw se and w dt hwi se
240 TRNEiGHBphand seRsinyeiemeatofdisive18wHbreindAp substrate is comprised
of either doped silicon having a low resistivity or glass having a conductive layer formed
thereon.
25. A microphone sensing element without a dedicated backplate, comprising:
(a) a substrate having front and back sides with a back hole formed therein;
(b) a dielectric spacer stack formed on the front side of the substrate;
(c)a dlaphragm having a flrst thlckness a center, four corners, four sides W|th a
length, and a bottom surface that is aligned above the back hole;
(d)a rectangutar perforated plate with a first thickness and a pIuréIity of holes
therein which adjoins each side or corner of the diaphragm, said perforated plate

has lengthwise and widthWise dimensions and is suspended above an air gép

formed in the dielectric spacer layer,
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formed in the dielectric spacer layer;(e) a mechanical

spring attached to each corner or side of said
walz@mphs@agm wher ei n each nechani cal spring has BCT/8GB04/000385

t hi ckness, length, width, and two ends in which one

end is attached to the diaphragmat a first distance:

above the substrate and a second end is connected to a

pad at second di sttfl % gbove t he substrat V\lge({.eiﬁ}
{3 adee sanec g £EEN RPN EI9s pLsald diaphragm
di stance; and (f) a ad conprised of a hor| zont al
wr@eeunumhdneah@r@ﬁalmw\gdtaﬁ iesf dhicknpffele r&i ¢ Widinand two ends in
nmechani cal spring which is supported b igid vertical
whicicoheesdads$ attachad i thendiaphragm at/a first $tanpa@bbae the substrate
first thickness, four sides, a length and first width

ané@'sé@ﬁrﬁi &ed 18 @@Hn@@éd tm@pabam @ secdedtdistande abovedhe substrate
dth. .26. The m crophone sensing el ement of claim25

wH@F&'hethQ srei&SBQ'd?éiQﬁé’@m gregicr than 8 fsetiRtande @hani cal

Springs, he sem conductor | ayer are conprised of
7
EReRe c%?*%ﬁ%#%h#ﬁ%ﬁﬁ@%&fa%?ﬁs? hpBRagRr B Pnnected to

stack conprised of t her nal i de n b
oagh qGC GG PO WHIEh I SLAROIERRY Tl b meuiane of the

t hermal oxide |ayer, and wherein the dlelectrl )
seﬁtl@@'ﬁd&%@fdﬁmebﬁa%@% hane fysiBickaesS kT §t§'§$o? th\ﬁé‘ﬂ first

thermal oxide layer, a middle LPCVD silicon nitride

witlthyand saiddeatical ;spehoms(halv_e halepth and seThid midthophone
sensing elenent of claim25 wherein the substrate is

26C ORI R2Spfdna1e@Esing ieldnsent diidimpR R wheveingse siiaphragmoperforated
is glass having a conductive |ayer forned thereon. 29.

plates, rf‘f’?ecfﬂa?\r c%‘?'%?ﬂﬁgfe&ﬁi he s%n%@ﬁ‘&u&&r Fé'yéf Bte28ompFit8@ bf a doped
polysmcon Iayer

27. The microphone sensing element of clalm 25 further comprised of a dlelectrlc
stack comprised of a thermal oxide layer on the back side and a LPCVD silicon nltrlde
layer formed on thermal .oxide layer, and whe.re,in the dielectric spacerlstack formed on
the front side ié comprised of a lower thermal oxid.e layer, a middle LPCVD sflicon
nitride layer, and an upper oxide layer. |

28. The microphone sensing élement of claim 25 wherein the substrate is comprised
of doped silicon héving a low resistivity or is glass having‘ a conductive layer formed
thereon. | | |

29. The microphone sensing element of c.Iaim 25 further comprised Qf a first

electrode formed on one or more pads at said second distance from the substrate and a
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el ectrode fornmed on one or nore pads at said second
di stance fromthe substrate and asecond el ectrode
walz@posezr on one or nore horizontal sections OFCT/$&2004/000385
pol ysilicon layer forned said first distance fromthe
substrate. 30. The m crophone sensing el enent of claim
29 wherein a first electrode and a second el ectrode
have an essentiélly square sBaPe z%nld are conpri se@ f I
seconsl slapleede Bispased oneryapr mere BpRFartel seitans Of B Besfigon laver
| ayer comprised of Al, Ti Ta, N, Cu, or other netal
formedfestaid fiest distance frqfﬁ‘ethﬁl%tbéﬁﬁtﬁae sensi ng el ement of
claim 27 wherein said back hole has a front side
300[0dw miprophdneasénsisy eldndet afteiaime2 whesein e st Blestriode and a
di el ectric spacer stack and a back side opening with a
secorftP6IeBlodé Ahe bhadssextiangsqudre ahape smidcarei celneprisectof a Au/Cr
stack, said second width is equal to or | arger than

compBPi?e fdy%?tor r@tahsmé%— orldBinpositeand é’r‘“&:rﬁﬁﬁﬁd“@f Al awerd, Nif Cu, or
_ wher el n mechani cal spring has a ,

U, "LL" shape and a | engt hw se :
other @&%gé{ ‘?ong a pI ane that passes through the center

f t he. di aphragm .33. The mcroh e sensi
31017 BHGHPBOTR EPes RO SIpTHoVEy G o 2 CBEETOR o BaRRRte has a front
~ senmiconductor |ayer are conprised of filled ring
side epenpraiwith arimbwidth dhal extands thspugh saidiielgeirisRAcer stack and a
di el ectric spacer stack below.the first el ectrode and
back sislefapeming witha secorid wisitip thas extestdsahrayghesaig sligleciricstack, said
layer and a I ower thermal oxide layer in a first.

secofiE@idin ifBgual t6 et tadet tearcthesfirst widttds the diel ectric
spacer stack bel ow a second el ectrode and contacts the

gﬁﬁ]ﬁﬁ"&rs hdfe sgﬁﬁ g’:e%rﬁeﬁpéﬁlélﬁﬂﬁ We@élﬁ'@ﬁ{ec%faniﬂaﬁsmmg has a

erel t he l1con/thermal oxide stack in th

recta?gl@% " S,%‘O‘p 83#)? pggda RRAghWASE bir8BdH altoﬂﬁ aSHE%%rtﬂéfspasses
through the center of the diaphragm.

33. The microphone sensing element of c|vaim'2:9 wherein said vertical_ sections of
the semicohdl..l.ct'or layer are corAnp‘rised of filled ring shaped trenches wherein a first
trench surrounds the dielectric spacer stack below the first electrode -and is formed on a
‘stack compriséd of an upper polysilicon Iayer‘and a lower thermal oxide layer in a first
region and a second trench surrounds th}e dielectric spacer stack beIoW a second
electrode and contacts the substraté.

34. The microphone sensing element of claim 33 wherein the polysilicon/thermal
oxide stack in the first region is formed on a portion of thé substrate that has oXide filled
trenches that together with the ponSiIicon/thermaI oxide stack serve to reduce the

parasitic capacitance between the pads and the substrate.
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trenches that together wth the polysilicon/thermal

oxi de stack serve to reduce the parasitic capacitance
whedraeai21 he pads and the substrate.35. The ni BPCDRGINE000385

sensing el ement of claim25 further conprised of

reinforcenents affixed to- thé bottom surface of the

di aphragm whi ch are conpri sed of the sane nmaterial as

in the diaphragm  36. A m cropho ensin el enen
35niThednicrepheng sensing eleanant of é’%"e&%pfilr@ﬁﬁg g§ of
substrate having front and back sides vvith a back hol e
reinfofamrmends @ffiredi to; the bpttamiswfanes ofithe diaptwaget whichfarepemprised of
~on the front side of the substrate; (c) a di aphragm
the sathé hatefialray intthe ddiapleragma center, four corners, four
sides having a |l ength, and a bottom surface that is

36. A InSiBRIb PRV sy SRftent Withoul & Hedicatsd Ba@lgilate, comprising:

perforated plate wWith a first thickness an

P aﬁ r?gérdt}s;(ra‘?% hQ9|n§thc§rﬁ%rn9' B%cﬁ?mfék With @ BECKERAE f§l‘n‘§é‘d Herein;

e di ragn] sai d perforated plate has

t hwg and wi d | d
ARG G SRRl BRIRG TR 3P S B RS es
stack; (e) a nechanlc rin ed to eac er, .
o) exciaPoRaGHM PG H TiSG RS KGR RIS e AP METR: 1Ry AdBShaving o
first thickness, Ienguﬁ_ first wwdth, and two ends in

' lengthcanad adatenn isyrface Eatdsialignachebauesiperbagk hole a

second end is connected to a pad that serves as an

e(de rdctaiguianpertdrated platenwvith éffjrstethickaiebaaindga plufalitg of holes
thickness, four sides, a length and first w dth that

thé%n‘r‘%‘ﬂﬁ%ﬁ&ﬁs‘béﬂﬁ&d%@ BaHer of tﬁé’dﬂabﬂréyrd $é=‘|d perforated plate
supported by a rigid base elenment; and (g) a base

ha%I ﬁ&t{ﬂw %J‘aﬁ{i‘%&ﬁ%é’ﬁ rReriotd é;rzkﬁ L?’@elgdée%dv%% &t gap

renches ereln trench has
engt h e dlnen3|ons
formecgl in W Redi efaec?rlc spacer stack;

(e)a mechanlcal spring attached to each corner of said diaphragm wherein each
mechanical spring has a first thickhess, length, first width, and two ends in which
one end is attached to the diaphragm and a second end is connected to a pad that

~ serves as an electrical connection péint; |

(f) a pad haVihg a firsf thi'ck'n‘ess, four sides, a length and first width that is
connected to each meéhanica| spring and 'is supported by a rigid base element; and

(g) a basé element in the form of a continuous wall comprised of four filled
trenches wherein eéch filled trench has Iengthwise and widthwise dimensions, a
thickness, and a top and bottom wherein the bottom contacts the substrate and the
top connects to a pad, said base element surrounds the dielectric spacer stack

below each pad.
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thi ckness, and a top and bottom wherein the bottom
contacts the substrate and the top connects to a pad,
wa2000/0@ge el enent surrounds the dielectric spECESG2004/000385
stack bel ow each pad.37. The m crophone sensing
el ement of claim 36 wherein the di aphragm perforated
plates, mechanical springs, and pads are coplanar and
are conprised of pol yS| licon.  38. The m.cr on
37 s&heimigranhaneriensingplgmans of FIAMRE WESHRIR #}%Q a&?*fagm perforated
pol ysilicon reinforcenents forned on the bottom
platess mdchanical spiirgs)iaadipagdsrare3mplanas andearesesmerisashef pejysilicon.
el enent of claim 36 wherein the substrate is conprised
38 0Theahietostidriecsensivay elegnentlob wlaims3 Zstuirthier gompisediof polysilicon
m crophone sensing el enent of claim36 further
reinfoFdmart ??&lrn?éd én@h@béﬁéﬁq'é‘urﬁdc%t‘dﬂﬁ@ dRipheegmof a t her nal

oxl de [Tayer on the back side and an.LP silicon

39, F@ Hﬂ%{é{ﬂ'i’oﬁe it efeii T cRfin®s WR¥RiN ﬂ?@'sﬁ‘?ﬁ?ﬁbﬁs comprised

ric spacer stack is conprise ower
oxi.de LPCVD silicon nitride |layer on

ofdoqqqies@%g}%\{lngg 19 rleg?gylty ‘and a PSG | ayer on the LPCVD
silicon nitride |ayer ophone sensm ,
40 o TOReMICTORNQN SRS ﬁlﬂm%rof&%%@ﬁ@r gd ot a dielectric

el ectrode forned on one or nore base elenents an
stack compised of edhermakextide tryer endpe dagk sifle ard @065‘?@\5{9@'“00“ nitride
wherein a first electrode is partially overlaid on an

layer 8fjtivé thermal egideriapér andatierel? tha Hielevtic spacerestaekis egamprised of
elenent of -claim4 1 wherein a first electrode and a

a |ow§r%%ﬁﬂaﬁd»aaé 'Izgié@ & € POVD &ilig6d nitfidé |Ar On thertheshaloxide layer,
ayer, or are single or conposnte l'ayer conprised of

and arA‘ﬁ%g o'%%oT@" ¢ LP@VD SliccH AfiadRy@L materials. 43 The

ne senS| ng e al ‘'m 36 wherein said

41. aﬁ1e mlcrophone sensmg element of claim 36 further comprised of a first
electrode formed on one or more base elements and one or more second electrodes
disposed 6n the substrate wherein a first electrode is partially overlaid on an adjéining
region of a pad. |

42. The microphone sensi'ng element of claim 41 wherein a first electrode and a
’second electrode are comprised df a Au/Cr composite layer, or are a single or
cpmposite iayer c_ombrised of Al, Ti, Ta, Ni, Cu, or other 'metal materials.

43. The micrbphone sensing element of cla.im'36 wherein said base elerhent- is
corﬁprised bf a s.ilicon rich'silicon nitr_ide (SRN) Iéyer.

}44. The microphone sensing element of claim 40 wherein said back hole ha"s a front
side opening with a first width that extends through the thermal oxide layer and LPCVD

silicon nitride layer on the front side and a back side'opening with a second width that
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conprised of a silicon rich silicon nitride (SRN)
| ayer. 44. The m crophone sensing el enent of claim40
wonvkmseiaa2sai d back hole has a front side openiPQI/$6G1004/600385
first wdth that extends through the thernmal oxide
| ayer and LPCVD silicon nitride |ayer on the front
si de and a back side opening with a second w dth
t hatextends through the dielectric stack, said second
extends throupl the dielestric starkosaig fespnd widthdisgreater fhan ar gave! to the
said first wdth is less than the |l.ength of a
first wad thpindegzial $irstaviddbis |a$ethaindhe itngtk of erdiaplragne sisiet  of
cl ai m 36 wherein a nechani cal spring has a
45" gHARLbFHone ééns@? eldmesthfpiiang6 aheesigtawwieshanical spring has a
direction along a plane that passes through the center

rectar?@.ﬁala Borq}er_ Qﬁaﬁé‘g dizaBhgMRaRe Gﬁecﬂ%r%@h?@ﬂ@ﬂe that passes

i'ng ‘el enent ‘Wt out a dedi cat ed backplate,

f d back
through ggécwtgﬁagé?a%c&néppﬁﬂe 'ﬁ%@%{;h‘g?ei Lon;aiag ba?ﬁ hole
4B MIGBRBPARSSAP PORAMBP! MPGY A tsf'i@%telsﬂaa%piﬁssc?wgpsmg
- are perpendicular to each other and to the su G{‘
( 18) asdbsirate hgvingaiontand bagkssides Witk Back Boi@efsﬁff@ﬁd herein, said

edge, four corners, four sides with a length, and a
bduk lidehas fbacsedtivat Whertir onaisediionds formed tkeach guadrant divided
each of said quadrants and over an air gap forned

b)bﬁrts‘t'"ﬁﬁﬂ sBBbAd Priricenthatafeassrpandictize te ebsh otiter, ar(dio the substrate;
| el ectric spacer |ayer having a thickness and wi dth

t N Cen?@?rtagfn ég\.ng gsflrgﬁtrﬁ’éknfe% § Baterab gy fdubeddrs, four sides

I aphragm a rect angul ar

w er@fr'gﬁg yg8‘$ ali%cl’efg%t pgrgg%’ Eﬁa\},itwls (ﬂ 0| ns eactzaCk ra%le of each of
S48 GuadETTS RO, g?{aﬂ;regé,;gfq%@g ot %nbsiévc?ﬁpﬁom Sifitace and the
- substrate |

(c) a dielectric spacer layer havmg a thlckness and width formed on the front side
of the substrate and below the center of sald diaphragm;

(d) a rectangular perforated blate with a first thickness and a plurality of holes
therein which adjbin’s each side of the diaphragm, said peﬁorated plate is |
suspended abdvé an air gap that overlies the substrate;

(e) a first pair of mechanical springs with two sides and two ends having a
lengthwise dimension formed along the first plane, said mechanical springs are
coplanar with the diaphragm and separatved from the diaphragm by a slot élbng each
side and wherein one end is. formed on the dielectfic spacer layer and a second end

is attached to the edge of the diaphragm; and
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(e) a first pair of nechanical springs with two sides
and two ends having a | engthw se di nensi on forned
wabongsdbe first plane, said mechani cal spri ngBCE$&2004/000385
copl anar with the di aphragm and separated fromthe
di aphragm by a sl ot al ong each side and wherein one
end is formed on the dielectric spacer |layer and a
second end is attached to the e of .t he djaphra .
dRcA s§cendspaip ﬁé_n}ﬁ&h@n@ﬁ‘ ﬁ%fw%ﬁq\fvg'gf""g ﬁf‘fﬁ?ﬁ"ﬁ% ep&z”‘havmg a
si des and two ends having a | éngthw se di nension_ )
lerfgtiwise ditnengionforrsed @lengiherrecosadiriang Eaithmaghasisal apengs are
are coplanar with the di aphragm and separated fromthe
cofiaRBPWaBThE Yigptrhgn andseparated fsomethardiaptiregei by aratot along each
end is fornmed on the dielectric spacer |layer and a
sio%e{?‘s{%‘ql,h%%]ln icheddslTeEmE@ ohlthe eilgectat spheeriagphandma second end
and wherein said ends on the dielectric spacer |ayer
; r b fapMramt ifls dd b th@didlectric
o BARANGTNEAAR gl ik RS Saiends optogs
47. The m crophone sensi el ' | I
spefier BNBL YN e PEota b B Rts ¥ e ATesR Aafedidhical
low resjistjvity or %Iass havi ng a conductive |ayer
spripgsren thesielerlric SpaCehi@Yal-aphr agm nechani cal springs,
and perforated plates are conprised of doped sjlicon, )
47 ddpedmjpodgione sensing elesaenrirof wherep the sepstgate Is comprised
48. The m crophone sensing el enent of claim46 further
of dogetsiliceeHavhga lbw Eisistivitg br gtss fravingla conduetivevayeniormed
regi on of the nmechanical springs above the dielectric
thereSR 2RI thba¥iSphideh, anESieaichl SpfiRys il perforted pldtéeare comprised
: Substrate outside the perforated plates or di aphragm

49, T ' : ' I ' wher ei n
o dof TR B PASRIGESL PR alot B e e

48hollhee r%?c%br?gr?é sensing element of claim 46 further comprised of a first

electrode formed on the overlap region of the mechanical springs above the dfelectric
spac.er layer and a second electrode formed on the substrate outside the perforated
pl‘ates or di-aphragmf |

49. The miCrophone sensing element of claim‘46 wherein the mechanical springs
are not formed. over the back hdle sections.

50. The microphone sensing element of claim 46 wherein the air gab has a
thickness that is defined by the thickness of the dielectric spacer layer.

51. The microphone sensing element of claim 46 wherein the first énd second
electrodes are comprised of a Au/Cr composite layer or are a single layer or composite

layer comprised of Al, Ti, Ta, Ni, Cu, or other metal materials.
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50. The m crophone sensing el enment of claim46 wherein
the air gap has a thickness that is defined by the

wo bioskaoss of the dielectric spacer |ayer. 5 1pCTb&2004/000385
m crophone sensing el enent of claim46 wherein the
first and second el ectrodes are conprised of a Au/Cr

conposite layer or are a single |ayer or conposite
| ayer conprised of Al, Ti, Ta, .Ni ,._aor other neta
52mgkher UgrepBone $RaSIRY ElYPREHR LMyt g#@f%lﬁéﬁ? diglectig;spacer layer

. 46 wherein the dielectric spacer layer is a single or .
is a singipos compbsije layes epmipsisad of o¥idedsilicen nitdde, ¢f thea@,e'ectﬂc
" or other dielectric materials. 53. The m crophone
matefiglesi ng el enent of claim 46 wherein said diaphragmis

essentially square or rectangul ar and a perforated

530! Bienfi@ephoh & REhEn EterfibABGIdI@if 46 wteréip said degmradrars
t he Iengtﬁ of said diaphragmand a width that is |ess

essentil) stafe bPREEME S ShdBErfated plate has a lengthwise dimension
equal to or less than the length of said diaphragm and a width that is less than said

lengthwise dimension.
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