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Silicoll ~lIPPtll¡'"11;1\'ehú'n fahricalcd in standard le fahricati{lll process usin~ ;\ very sil1lple lllt'lllod. TIlL' ;lrpllC;ltioll 01' sil¡con supports in
lhe de,i~n Or;l full)' illlcgr;¡tcd condcll"cr microphonc is expcrirncntally prc'l'lIlcd. TIlt' llll'lhod l.' .lh'1l1ulcly pl~lIlar.1lIddocs n{ll rcquirc ;lllY
t'xtraordill;lry "ll'P' dll1'ing the fahricafion process, Thc signiliL'ant p()inl, (lf Ihe plOpo"cd Illínophollc ~Irea very large nlllllhcr 01' \'cntilatioll
hol\:, in lhe h~lC¡';pl;l1c(J.3 x 1.:l mm:!) allmving a small air-!!<Ip(1.0 IlIn) ;1lldan intc!!raled hackdl:llllhcr (~:) 11m ueplh).

A'C\"ll'ord\: SilicOll 1'Ichin¡;~sur1:lce rnicrolllachining: KOH

1;~;tI1d(1un lIl15todo ,imple, 'c han fahricado sopones de silicio US;llldo Ull proccso de fahriclCi<in cslúndar de (T". ExpcrimeIHallllclltL'
,e dl'll11lcslra quc lo.' soportes de silicio tienen apliclCióll en el desarrollo dc micrófono,,, de nmdensador complelamenle integrados. El
1ll0111dopropuc."lo dc di'cño es ah.'olutamcllle planar y no requiere de un••SCl'lIelKiacompleja durante su implementación. Los aSJX'ctos más
impon.mles dclmicrúfollO que ,c propone SOI1la integración dc una dell~idad ue rx;rforal."Íollcsl'n la placa lija l 1,:3 x 1.3mm.!). así como una
~l'p;lr;Kiúll de pl~K¡¡Sde LJ Iml 'j 1;1integración ue una micro-cámara de ~j Illlllk profundidad

/)l'.HT't'{Of'n: (irJh.ulo de silido; miLTomaquinado Llesllpcrlicie: KOH

FI{;IJI~I': t. a) B:I"ic cellltl dc\dop;¡ "ílÍl'tlll pyramid.ll "h;l¡X' amJ
h) ha,ic l'cJl to huill ~1a~h.-l,

ramidal sllapc. whicll is hOllnd~d hy sharply detlned COIl\'('\(.
eliges and lleaH 111) surfaces [::n f-igure 2 sho\Vs al1 idea
nI" silicon pyramid !"ormatioll proccss. Firsl a ciwily toward
pyramidal sllap(' is formcLl hy undl'rCtll-clching lhe s¡licon
suhstrale (,ce Fig. 2a). At"lcr I'uflicil.'nl silicon clching has (lC-
currcd lhe nci~llhm ctched hoks illlCrsCl'1 caeh otller rcsu1t-
ing in ¡j llat-lOp silinH1 pyramid ("L'(' Fig. :lh).

rAes: ~l)...UI.p; H:'dO

l. lntroduction

t\llhollgh hillol'b ha\'!.:: heell reponed as a l'oml11oll irrilanl
Crl';¡lioll (Ir lllitTOllll'l'hanica! dcvices, it is an intcrcsting ex-
ncisc lo delermine SOllle hillock rahrication sequence lo have
conlrol {lj" ils dilllCl1siOlls and lISillg Ihe resulting slruclllres in
praL'liGI! lrallsdul'ers. In this paper wc sllow how ¡¡ condcnser
mienlpIHlIH.' L'an hL' d¡,;\'elop¡,;d using si¡icon pyramids \O hui[d
hOlh a had;cha1l1hc:r <tnd ;¡ pcrl"oratcJ silieon nitridc hack-
plateo Tlle papel" is (ll"g~lni/eJ as follo\Vs. A simple lllClholi
lo rahrieate silicOll pyralllid (m s¡licon surr0rts) is ShO\\'ll
in Ser!. 2. Filhricalioll nI' si[icon pyramids using standard le
!"ahricalion pnll'ess is presented in Secl. 3. Silicon sUrp0rls'
applk:ttion in a fully inlegrah.xl condenser microphone anJ
ils simulalion t1sing :t mechano-acoustic lumpcd param('{er
lTlod('[ an.' dis(;us,",cd in Sect. -l. Al Ihe cnd of the paper lhe
l"(lIlclusion .••arc gi\'cn.

l'rnccdurcs nf prnpnscd mcthnd

••••
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••••••••••••••••

An illl'al silkoll pyralllidal shape is houndeJ hy (111) sur-
1';Il'l'S.\\'hidl 1I1l';\Il~Ihat ils rahriealion Illusl incluue a paltern
rotaled r, r¡,;sp('ct Ihe primary nal in a (lOO) IJ-IYpl' silil"on
,,'aICr as .••llowll in Fig. 1. Tllal is suitahlc hccallse Ihe clch rate
in si Iicon i.••ah¡ HI12{){)limes larger 011Ihe (1 (0) ,md 400 limes
l"r~cr 011Il1l' (lIt)) lhall (JJl Ihe (111) surfaces in KOH (polas-
SiUlll Ilydnl,¡dc ~lIHI01 waler) [11. In praeticc. lhe frlhricatioll
01' ..••ilicoll py'ra11lidal shapc resulls in a hillock or a near-py-

3. Fahrication pro(,'l'ss

Tlle rahricalioll scqll(,llL'e hcgins with Ihe use of /I-typ¡,;.
1-;-') 1l. cm, (lOO) ;~-il1silicoll \Varers. All technologiL'al steps.
Iypica[ rOl"Ihe Ct\10S LSI. were pcrformcd with Ihe use of le
tecl1l1ological [ille and photolilhograplly masks wilh a mini-
lllulIlline delinilion 01' :', Illll. Thc \Vafers \\iere prepared for
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(h)
(,,)

A'A'
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1:1(;[rl{1 2. An idca of silícon pyrall1ílbl fonnalion pron~ss (hlac'"
l'ol()!: nitritk. whilC color: silinH1).

60

KOH(44% .•••t:.@55C)

(11)

Fl<;l'I{,\ -1 a)d(l"'l'-UP 01 <lsilicon "urpon and h) SE~1micrograph
01' silinlll SUPP(lrlS .,II\:r :1.:, h in .I~q(' (hy wcight) KOH al 55cC.

IIrTr(hou~l

FI(;Uln: 3. The silicon t:tch rale is (lf lhe onJcr of (J.12~)111!l/lIlill
!"or Ihe (lIJO) planc. Thcre arc over ltl() J<lla points on thl' graph .
•dlllollgh Ihey are nol al! visihk dile lo ovcrlapping. (Note: line is
thl' resll1t of a linear rcgrcssion).

....iJil"OIl nitride derosilion (IGO 11m LPCVD-Si:lN,1 al 'I()()OC)

hy a slandard RCA c1callin~ procedure. The \\':lfl":l"s Wl'rl":
spin-CI1:lted with a Iayer of posilivc photoresis! ami paltertlL'd
wilh lllask I (see Fig. 1b). The nilride layer was then l'lched
using phosphoric acid al 1;;()0C. In our cxperimClll Ihe si\i-
con is 1.'Ichcd in a .1.Jl'¡(.(by weighl) KOH so\ulion al ;j.'")oC

(SCl' Fig. J). The Icmpcralurc \Vas keep constant hy a B\uc tvl
l"olhlant tClllperature halh. wilhin :i: 1°C hy mean 01" a pro-
p(ll"lional cleclronic lemperalurc C<H1Imlunil. This tempcra-
lure and concelllration were chosen lo minillli/e loss of wa-
In tlue lo L'\'aporation. Figure -la shows a sc:anning elcc:lroll
lIlicrograph (SEM) 01" Ihe rcsuhing slrueture, illustrating lhl":
Ilal-top hillock (FfH) 01' 2.-).0/1111 hcight, which W;¡S Illea~
surl.'d llsing a Leit/. ORTIIOPLAN oplical microscope \vith
;1 lIlicrolllctcr sc:rc\V for !ine focllsing. The microscopc \VílS
equippcd wilh a llIechanical slagc \Vilh micmllll'ter SLTC\VS
grtlduall'd ror adjustlllenl in X ami )' directiolls. Figure 4h
sho\Vs <Inopcn vic\\' 01" the rcsulting slructure. Thc length 01'
Ihe visihle ShN ¡ hcams hCI\\'ecll FTH's (01" silicon supports)
is !J(J/1I1l and i!s widlh is :!O/IIIl. The narrow floaling Si:jN¡-
clelllcnls have ;¡ \',.idlh of 10/1111 and Ihe windows arc .10 x
.10/11111l'a("h.

4. Condcnscr micrIlphonc dcsign

Typical dala ;¡re lislcd in Tallle I rOl' lllil"rnphollCs rcporlcd
up to now 1:1-:.W¡. The piczoclcclric microphone contains a
Ir<lllsduccr clelllenl lha! generales a voltagc whcn mcchani-
call)" J('forrnctl. The \"oltage is proportional lo the displaec-
Illen! in the freqllellcy range helo\\' lile rcsonance of the cl-
elllent 1'1. 10, :1'11. The condenser micrnphone has enjoyed
Ihe highcsI dcgrce of slIccess tille In ils superior signal-to-
noise ratio, high sensilivily, 1m\' ICl1Iperaturc coellkicnl and
long-Ierlll slahility. Condenser mierophollcs arc dividcd into
1\\'0 c!;¡sscs: cxtcrnally polarizcd or prepolarizcd (eleclret).
Because a condcnscr microphone depends ror its opcration
OH \'ariations in its internal capacitanee. Ihe function of the
polaril.ing vo\ta,t!L" nr its equivalent. is 10 Iranslatc Ihe di-
aphraglll Illolioll i!llo a linearly rel~lIcd audio (lUlput volt-
agc, which is amplilied hy a preamplilier 1281. As Tahle I
shnws, lhe elel'trel apprnach has <In open-cin."lIil sensitivity
IIp (() ~5 IlIV/Pa. Disadv¡¡nlagcs nf IhllSC designs are poor re-
tcnlioll 01" lhe l'Icctric cllarges and hyhrid Icchnology wilh
t\lylar diaphragllls. Furlhcrmore, Ihe Mylar foil is atlached
manually on Ihe silicoll wafer with Ihl": hackplale and lixed
hy a polymcr spray [5). In sOl1le cases. the hias of the mi-
crophonc i..•...upplied with an external voltagc sourcc and
other appro.lches llave heen presented. charaClerized eilher
hy ll1uhi-wafer asscmhlics using hulk micromachining teeh-
niques (G-S, 11, U, 1,1]. This apprnach can he very Iahoriolls
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T,\BLE 1. Mít..'romcchanicaJ ,,¡I¡coll microphones. dBA is ¡he nOI"C leve I lha( is IllCaslIfI.'¡J using <111A-wcighing liller. in (JR rcJalivc lo
'2 x 1lJ-'" Pa. which is Ihe lowcst sOllntl le\'el detectahle hy lhe human C¡lr. Thc A-wcighing lil!cn:orn:cl. ...fm lhe frcljucnr.:y charaClcristic nI'
Ilw hUI1l;lI1caro ¡hus provitling: •• ITlC¡¡SllfCJ 01' lhe audihílity 01"llolse.

AUlhor. ycar [Rer.]

lIohlll. 19X~ [J]

Mulle!. IlJX7 [41

Spn•.'llkcls. ]9X9 [5]

"¡¡hnd. 1')1)\ [7]

BCl'gqvist. 1991 {X]

SdlCl'l)Cr. 1991 ¡9)

Killl. 1I)lJ 1 [101

I\iihnl'l. I<)l)~[JI]

BOlll'Ollill<l, ]f.)t)2 (11]

Sdh.:J1in. ]1)1)2 fiJl

I\iihnd. 19<)2[I-t]

Sdll'\.:pl..'r. 1992 115]

Ried. 19tn 116]

Ikrgqvisl. 1t)t).t [17]

K;i1\'csICll. 1995 [19]

Sdll'lIín. 19\)) [lO]

I hJrwanh. 11)95 [21]

Kt\\';Íl.:~. 19'J5 !22]

KrOlla~1. 1995 [:n]

B"y. I'N6 125J

Ibkh. 1997 [26]

Transdllccr

principlc
clcctrct

211m SiOl
piczoclcctic
n.3 IJln ZnO

clel'lrct

1.I/,m SiOl
condcnscr

lG V hias
FET

30 V hias
(:ondcnscr

j V hi ••!>
condenscr

-2 V bias
piclOclectic
ll.!) 11111ZnO

l'tmdcnser

:28 V hias

l'tllldcnscr

211 V hias

piez()resislivc

G V hias
condcnscr

28 V hi••s
l'lllldenscr

lG V bias

piCtoresislivc

O.0/1111ZnO
(tlllucnscr

28 V hi¡IS
l'tllldcl1scr

0-9 V hias
picznrcsistivc

10 V hias
piel.Orcsistive

S V hias
l'tllldcllscr

2 V hias

\.'(llldcllscr

.~lV hias

FET
!) y bias

condenser

G y hias
l'ClIldcnscr

c1cclrct

:!1'llllcl1011

Diaphmgm mal erial
size

13/,m Mnylar
8mmdi<lm
2 ,ml nitridc

3 x.1 mm~
2.,) 1,m ~laylm
O.G x O.Gmm"!
::; I/ln silicon

3 x 4 mm~
lIJO Ilnl nitridc

1 x lmllll

5.1/1111 silicon

2 x 2 mnr~
1.0 I,m nitriúe

2 x 2 mm'!

211111 nilridc
3 x 3 mm"!

lOO 11m nilridc

n.s x 0.8Illm~
l/un dopcd Si

1 x 1 mm"!
l/ln1 ••i¡icon
1 x 1 111m2

150 nm nitride

1 x 1 mm"!

1/1111 nilridc

1.5 x 1.5 111m"!

2/11n n¡tride

2.0 x 2.5 mm!

8/1111 silicon

1.8 x 1.811111l:!

:) IJln silicon
2x2mm:l

O...¡ "m poly-Si
0.1 x 0.1 mm"!

1.3/1ln si licon
1 x 1 mm"!

0.2/1111 ••ilicon

0.2 x 0.2 llU11!

Lj 11m polySi

n..) x 0.5 mm"!

"¡.G Ilnl sil¡con
1 x 1 mm:.!

111m nilridc

2 x 2111111'1

O.2'lm nitrilie

2 x 2mm2

0.911"11 nitride
3.5 x 3.:) mm:l

Rcs(liI:lI1CC

frcoJ('llCY (kllz)
H.S

7.X

27

120

lO

1(,

IX

14

!.JI

> 20

5.1

S\'llsitivity

(rnVlPa)

X.X

0.5

25

1.1

1-2

1.4

IX

.1.5

0.025

11-7.5

o.t)

O.IIX

O.J

(){)65

0.114

7

0.2

Equivalenl noise
level (dBA)

1//7
dl'pcndclll.'e

J 7 --l-l

JJ-.1()

96

(,1

CaraCil:lIlCC
01' irnpcdancc

1) pF

.15 pF

5 pI'

1..1 pI-"

7 pe

54 pP

9.:' pF

5.2 pF
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silicon

FI(lUI(E 5. 11Icaofthc prtlrx)scll pcrforatcd hackplalc (nOllo ~(,.'~Ie).

baekehamber

---,r~\ -~+

( I )

tpolY_Si.. dtruin e

[) n'
:~(I--(T/I + ~

.\ do
wherc 11'" i•• lhe il\'l'rage diaphragm úisplm.:emenl. P Ihe
applied pn:ssurc, do lh~ Ihickness of lhe haekehamher, rr It

Ihe residual slres~ 01"Ihe diaphragl11 malerial. D the lotal di-
aphragllllhicknc ••••,1111.1A il:-.arca. As residual stress is a con-
slructional p;¡ralllch:r thal nlll he \';¡ried. ils valuc is cssential
in inCl"casing 111(:sCllsilivily 01"Ihe diaphragm. In practice. sil-
icon nilridc (as \vell as lllos1 01"Ihe Ihin Jilms heing useú in le
proCl.'\sillg) l'.\hihil slress lhal ean he I~nsile 01' compressi\'e.

cial layer lechniquc lO ohtain Ihe air-gap hcight and the 1l10V-
ahle plale or diaphraglll. Phosphosilicale glass (PSG) is uscd
lo olhet lhe nitride di~lphragll1 I"mm the haekplntc. A second
layer ni PSG ¡., llsl'd as lIledwnj¡;al supporl. Figure 6 shows
a sehemalic rl'prescntation (lf Ihe full fahricalioll proccss. As
\Ve l'all S<.'L'in Fig, hh elrh-hules are fonnco such as 10 pene-
lrille Ihe silicon nitride layer 10 !"eaeh lhe sacrillcial PSG. Af-
ler ctching sacrilieial PSG lhe silieon subslrate is anisolrnpi-
cally eh.:hed Ihrough Ihe elch-holes. lherchy fonning lhe per-
foraled hackplalC anll Ih(: haekchmnher (see Fig. óe). Bcfore
Ihe Illclali/illi(lll Sll'p. ()xidc is deposited lo seal the et<.:h-holcs
hy evo process. Figure 7 shows a pholograph 01' the I"ully
inlegratcd conden,er microphone, In pmctice. Ihe diaphragm
ddleetion lIlu ••1 he indcpelldenl uf Ihe almosphcric pressure.
and Ihelllhc lllicrophollC has lo he eqllipp~d wilh a venl chal1-
nl'l to equalile lhe \1¡¡lic air pressurc dilTcrencc hetwcen the
cavily ;lml the amhicnl. In Ihe proposcd microphone an elch-
ing hol~ is designcd as <Inequalizntion holc. Howevcr, as Ihe
allllosphe!"ic pres.\ure. Po, is present nt holh sides 01' Ihe di-
aphrag lhe 1lll'l'11anil"al scnsilivity is rcdueed lo 1301

. i!1I",.
S". = DP =

whcn c<llTying out alignmcnt procedurcs and wafer bond-
ing, which oftl.:n rcduces the o\'erall devicc yield. Finally, the
FET-microphone. when Ihe diaphragm <lel a mohile gate in
;l t1cld etlccl MOS trnnsislor present olher difficullies. such
a •• in'\lahilily due the unprolecled region, and 1/ f noise due
tlh.' illlplanled (,:hannel (11.231. Actually, the so-called see-
olld g(,.'IIL'ralion 01' condenser rnicrophone uses silicon mi.
nomachining lechniqucs ami no honding: techniques are re-
quiretl. In that sCllse Schecper (" tll. 11.j1 construcled n con-
denscr llIil:rophol1e using u single w<lfer proccss. Tllat pro-
Cl~S•• i•• hased (lJl Ihe sacrifkial layer lechnique" Thc sacrili-
(,:ial nlulIlinum layer is l'tched through nccess holcs lhm are
anisotropic.l!ly elched from the revcrse side 01" lhe wafer.
Thcs(: i.\( •.'cess holes <lel ns acouslic holes during nornml op-
l'l"atioll 01' lhe mkrophonc. As Ihe hackplale is perforaled,
Ihl~ dmnping (tlue lo volul11c air into lhe air-gapl can he re-
dUl'ed con •.•idcrahly as lhe air can CSC~IPCthrough the per!"o-
ralion ••. ()n lhe other hand. Bcrgqvist and Goher [17) fahri-
l"illl'd il l'olldenscr microphollc wilh a hi.ll'kplall: l'\HlstnlCIl'd
hy l'icl'lrodcposilion 01' copper on a sanilicial photoresisl
layer. Tite lIlicrophone diaphragm is lllono<.Tystal1ine silicoll
and i•• fahricaleu wilh nnisolropic etching 01" the sunslrale
w~lfcr. In praclicc, lIsing aluminum sacrilicial Iayer rcquires
;In c1ahoralell freezc-drying follow-up proccss to pre\'ent lhe
diaphragm from slicking 10 the hackplatc. On the othe!" hand,
l'll'l'lrop!aling Ict.:hnology lInes not allO\\' an)' highcr Icmper-
<lIme proceso,; aner Ihe phnlorcsisl has heen deposiled.

In lhis papel' wc show how a (,.'onllcnscr microphone
lilll he dcveloped using silicon pyramids to huild hOlh a
ha •...kehillllhcr aIHI a pcrforalcd silicon nilride hackplatc, The
pmposcd Illclhod does not rcquire any cxtraordinary sleps
durin~ lile I"ahricatioll proeess. lhal is, deep suhstratc elch-
in~ from lile hack side nI' Ihe wafer to form a diaphragm
m ;¡ haekplale, silil."on-Io-silicoll nr silicon-to glass hond-
in~ lo fmm Ihe sensor l.:hamher, diaphragm posilioning, and
so 011, Tlll' proposed slructure shown in Fig" 2 can he uscd
as 11ll..'hase lo fahricalc a nilriJe-polisilicon-nitridc (NPN)
pcrlúralcd hackplalc 01" a condenser lllicrophol1e. Figure 5
,1lt1ws an idea uf Ihe proposed hackplate. In Ihe le fahric;¡-
li{lll rrol'css al INAOE the polisilicon (poly-Si) gale layer is
heavily dopcd wilh phosphnrus to minimizc its sheet resis-
lanCl'. ami is wcll know tha! phusphorous doping negatively
.:lllcets slress in poly-Si layers during high-temperature an-
11l.'aling I:!~)I.To reducl: that stress lhe nitride films counleract
lhe L'Olllrr~ssi\'e internal stress in the poly-Si Iayer ami make
possihle 1onge," mierohridges. On lhe other hand. as the ca-
pacililnce 01"Ihe mierophone must he greatcst that parasilics
Ihe nCl'essary Icnglh of lhe poly-Si hridges is ahoul GllO 11m
('1Il'h. As we can see the NPN inlegrity can he maintaineu
hy Ihe FTH's. tvloreover. Ihc gap hetween silicoll anu NPN
conslilutes lhe hcighl 01' a hackcharnher. whieh reduces the
air-gap dalllping. Finally, lhe air-slreiuning resistance of lhe
air-gap i:-,a fUllction 01' ¡he oJlcn-windows nitride dCllSity, Tn
ilH.:n:ase lhal t1cnsity we have lIscd lhe mask 1 lo delinc four
0pL'tl-windows il1((l Ihe area defined hy fuur FfH ncighhors.
Tn I,.'omplclc the Iranstlucer design we llí\\'c uscd lhe sacriti-
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Ih)

FI(;UJu: !l. A ~ch~rn;lllc rl'pn.'~l'Jllall{ll1 01' lile rond\.'tlscr micro-
pl1011l' rahric;llinl1 IHOl'C~S.

In lllcchanic;lI struClurcs Ihe prcsclH.:c 01" largc comprcssi\'c
\1I\'ss \\'ill cause hllckling. By contras!. lhe presence nf a ten-
sik sin:•.." causes Illl' slructurcs lo he strctchcd. Becausc in
lh~'fahric¡¡ti(lll nI" Illicrophoncs buckling should he a\"oidcd. il
i....prcfL'rahlc lo r('alile microphoncs "'¡lh cOlltrollahly lellsile
slrc"". Bul. il i....ad\'antagctlllS ir 11l('Illc('hanical performance
nf Ihe diaphr;lglll is nol lOil nitil'ally dctermincd hy dcJlo ....i-
lion pnKcs ....parall1Clcrs. ¡\ suilahlc Illcthod lo achic\"L' Il1i.••

is hy lIsing hOIOIl illll'lanlalioll. In nLlf cxpcrimcnl lile ni-
tride Iayer \Vas I'nH.'e~~l'd \\'¡lh adose fmm:l x lUI'1 CIIl-:.! lo
l.:.! X 101.-, L'lll -:.!, ;lnd lile ion ellcrgy \Vas L'llOsen in slll:h a
\\'~IYIhal;¡ p•...;¡~orIlle dL'fcct concenlralion \Vas placed i!llhe
l1Iiddk nI" lile layer Ihid.:ncss, Tilus. for ISO I1Ill thick siHcoll

nitrid

PSG

aJuminium---+

(/J

o El O
/1Út~ilicon support

......- air-gap

o

FlliL:RL 7. PIl(}[O~I;lptl01' [l1e I'ully illlegralcJ C(lll(kn"l'f rníno-
ph(lIlC.

nilridc an illlplantation energy 01' n.) keV \Vas dedUt.:cd. 11 is
illlportanl lo ~ayIhat the melhod 101' l1leasuring hOlh t.:omprcs-
sive and ll.:nsilc :-.Ircss \Vas hasL'd 011 Ilw so-callcd Imckling
!e'( -/11/ it¡Il(,.

5. COJJc!lIsioJJS

A simple lllelhnd lo fahricale silicon hilloch:s has hecn pre-
scnled. Tlw proposl'd IIlclhod is compatihle with standard le
fahrica(i(ln process and does nol require any s!,eeial sleps
during lile I;lbricalioll pron~ss, Illal is, Jeep suhslratc e(ch-
ing lrolll lIJe had, side nf Ihe \Vafer 10 fonn a diaphragm or
a backplalc. silicon-lo-siliL'OIl m silicon-to glass honding to
1'01"111lhe SL'll~m ",hamher. diaphragm positioning, anJ so 011,

FllrlIlL'lllHJrC, as lhe prop0";L'd lIletl10d is ahsolulely pl~U1ar\-ve
!lave lI~ed tlll' ~iljcon hillocb as sllPPorlS in a I"lllly inlegraled
L'OI11lcn.,er1l1icropholle.ln t!li, applíc¡¡líon lhe silicon hil/oCKs
C(lIl~lllulL' the hase lo dc\'clop <1 hackchamoer and ;\ pel'rO~
I',lll'd backpl;tte. Thu:-., the darnping (duc lo volulllc air into
(he ;¡ir-~ap) ClIl hl' I"l'duccd considerahly as lhe air can escape
throllgh Illc Iwrforaliolls. The lIscful 01" lhe silicon hillocKs
ha\"l~ heen dl'lllonslraled in é.Ipraclical transducer. The analy-
,i" of Ihl' elcetmacoustic expcrimental data will he prescllled
in a lulurc papeL

,\ ckn'lwl(',lglllcnt

TIlL' :Hllhor, apprl'ciate lhe experimenlal assislancc 01" M.
I"and;¡-I.anda. ('.l.lJJlig;\-I~I;¡s. and T. León frorn Ihe l\ticro-
ck-ell'(lllirs I_;¡htll'alory-INAOI~. amI l. Cahañas rOl" 11lL'pho~
ltK This fcs('arrh \\';1'"supporlcd hy CONACyT (Consejo Na-
cion,]l de Ciencia y Tecnología. México).
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