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FABRI CATI NG CROPHONE 5, FI ELD OF THE | NVENTI ON The i nvention

rel at es general | yestoer t he fabrication of condenser m crophones and, nore

particularly, to methods of fabricati n]g ‘a CMOS device integrated VHM 200

condenser mi crophone that is formed on a CMOS n 10 well, a stand-al one /

condenser Wmmmﬁmm med on an n-well, and a standal one condenser

m crophone f n-type epitaxial |ayer. BACKGROUND OF THE | NVENTI ON

A condenser m crapdgpgne (henceforth "the sensor") is a capacitive 15

transducer that cqnverts acoustic ectrical energy. The sensor

typically conpris®dE T\?‘B%Qfafﬁ@ﬁ'%ﬁ?ﬂ@%yﬁfS'&Fﬁp@h%@ ROESHPHEed by an air

gap. e
sound~energy inpinges on it, while the ot her plate ( "the backplate"l is

built in such a way that it remains rigid. The backplate includes at |east
one sl ot mgﬁe-ﬂiﬁ—mmo flowinto and out of the air gap. The

vi bration of the diaphragm wth respect to the backplate, generates a
change in t he thginandicreraiiteshgenaralinito the fabbicationtefreendadisers present on
the sensor when the plates are in steady state, then according to the
equat i on FPYphbhes ahdngsorerpdriie utpe cot Metitod Lo tfalsricatireg propds$i onal 25
change in the voltage across the capacitor which conserves the charge. 1

7 MAY ?DPPdevicé |ntgﬁ%ﬁeﬂﬁﬁﬂsﬁ%o%%ﬁgwm"i@rm%nQet‘Pn'%t WekbrrRed %W hdwmod ar

sound detection since the beginning of this century Recent y, solid state

cem dbnauBlr o RARERIRCYSedf %ﬁ{ﬁf@@ﬁéﬁ%éﬁi@?gﬁ hIFHAP SBER Rt i ca

5 out to fabricate a silicon mc hone al ong with an a} I|f|er and bi as
circuit o‘ﬂ°f‘ﬁé=°§é’ﬁ938hf"b°"°fp6‘|°“9h°§ 982N AEYPaISAIRX3 ggv%’rocess used for
a condenser m crophone should be such that they integrate snoothly with the
comerci al CMOS processes.

BACKGROUND OF THE INVENTION

A condenser microphone (henceforth "the sensor") is a capacitive
15 transducer that converts acoustic energy to electrical energy. The sensor
typically comprises two parallel plates of any shape separated by an air gap.
One of the plates ("the diaphragm"”) is such that it vibrates when sound
energy impinges on it, while the other plate ("the backplate”) is built in such
a way that it remains rigid. The backplate includes at least one slot which
20 allows air to flow into and out of the air gap.

The vibration of the diaphragm, with respect to the backplate,
generates a change in the capacitance of the sensor. If a bias charge "Q" is
present on the sensor when the plates are in steady state, then according to
the equation Q=CV, the change in the capacitance results in a proportional

25 change in the voltage across the capacitor which conserves the charge.



.One technique in the fabrication of conventional silicon mcrophones 10
uses heavily doped boron junctions (as the etch stop) to create a silicon

di aphragmwith a plated metal backplate. However, this technique iy m?
"CMOS conpati ble since the heavily dopegd boron junctions typically requ Z@Za
depth of about 3 um for diaphragm fabtication which is generally not

i ncluded in CMOS fabrication processes. Another conventional technique 15
utilizes a | oWher esrsdereser msicrepthonveapas teepowiet|i estalhish@dDjomsdundle di aphr agm
(e.g., 0.25 to 1 Nmthick). However, since the LPCVD nitride is deposited

at tenpeRidsh efncaPiNeOBegMhig oBO8is dentlRE RACERLIYOROAE dthge di aphragm can
not be perfornmed after netallization, thereby disrupting the normal CMOS

fabricati [ Silj con dia gm and a
i 11 con S0MaRRET robheRet tidveediP lAlMCHEY, (i eRE-HRREAEC B0
t oget her usi.n fer to wafer bonding technjques. This, however, causes
potent | aFFYIPSAGHFE 18ENRIALCE o fadir oA Fonsitetably reseafih 1= Beig) ¢arfied
therefore an object of the present invention to provide a process of

f abr i Zat iong ta fabnigetes ersilifay opeeRhonigadlong withear amudifientam dabigsodradityi ce
such that the m crophone is fornmed at the end of the CMOS process using a
CMOS n- welnl thessérhe ahippltRoaghis feakoot ther failvjoationoprddessiuseentdran is to
provi de a stand-al one condenser m crophone formed on an n-well of a silicon

substrat @onyBREEr Fii€ropheRk! sHoRd et S @9a1StHYy inbfegidit8 RIMMESIRIy Avitkhber

object of the invention is to provide a stand-al one condenser m crophone

fornmed o - epi b al .On a silicon substrate, where the 10
n- epi taxi%gﬁ{}nglcg?l ¢:§ﬁr6n§ ptrhgéf %Si's of the di aphragm Various ot her objects,

advant ages and featyres of the _present inpvention w |l becone readil
apparent from ert%#%m’l%"Hé'?%ifg%@F%P?ﬁoirWﬁ”&HHal RUCRBVBICTPRAPRERS whi ch
will be particularly pointed out in the appended clainms. 15 SUWARY OF THE
| NVEND| OnsEs dwavily dapedeboren; kectipas (8 dheeatch Asapl ke oseeteeatsilicopenti on. I n
a

diaphragm with a plated metal backplate. However, this technique is not

CMOS compatible since the heavily doped boron junctions typically require a
depth of about 3 ym for diaphragm fabrication which is generally not
included in CMOS fabrication processes. Another conventional technique

15  utilizes a low pressure chemical vapor deposition (LPCVD) nitride diaphragm
(e.g., 0.25 to 1 ym thick). However, since the LPCVD nitride is deposited at
temperatures of approximately 800°C, the formation of the diaphragm can
not be performed after metallization, thereby disrupting the normal CMOS
fabrication process. In a further technique, a silicon diaphragm and a silicon

20 backplate are fabricated separately and thereafter bonded together using
wafer to wafer bonding techniques. This, however, causes potentially large

parasitic capacitance.



_first fabrication process in accordance with the invention, a conplenentary
net al oxi de sem conductor (CMOS) and a sensor, having a backplate and a 20

di aphragm are integrated on a single_silicon p-substrate. Briefly, the

- sensor fabrication process begins aFtéL the conpletion of the cvos 17 MAVZOUZ
fabrication process. Such process occurs w thout changes to the

characteristics of the already fabricated CM3XS circuitry. The prior

fabrication qf j¢ hs-?‘er@MP@ £d bBjHctof !H%C;Brlé‘i%ﬁt Wefdﬁdmgo P BYidet & ??oce%‘éCh as

phosphorus, into selected Z00z reglons o the substrate using

known CI\E? f regi ons.
A sel ect %Hg %58 iggngéggeﬁgrélrcgﬁghgn%%fr’qo%m%%é S8 S'Bfo Pegl néhﬁﬁw& t he
sensor w || bse ent | rlca ed. Preferably, the sensor region is
subsequéﬁ'tclhyt?‘@é\f'g 'a ? ﬁ"‘Pﬁ At {thg Gndso ﬁeﬁy @&(‘P%c?’%@ﬁaéls!%ér

foll owed by contact hoI e formation. The contact hole formation includes
met al | i ZMOShn-well asrthierdjanhtegsachi ng steps to forma netal contact pad
with the epitaxial l|ayer. The sensor region is then covered by a PECVD

(pl as8ma enhanmsothleemibjedt ofatrer indepeiostisao) provide destafdtdien@apideatéon

| ayer. The sensor may now be fabricated using the follow ng 10 preferred

Pr ocess:mikroShéie Fernied bho&Is anvetlhﬁ 4 bﬂl%bnrﬁdﬂs‘t%ea%ér'erﬂe e 1 ayers

over the sensor region to expose the well region, wherein the exposed well

regi on ’égque&%% 8%&1@!&{;}%%&&{“ S etchl ng step may be performed during

t he etc XpPose€ pad during the CMOS fabrication); 15
2. dep05|t|ng agn the first nitride |ayer and exposed

congd, oxi
wel | region; AS? 'ftgP'hP igca %IWFa%i"FQ“BP i$ te RrAxide Arstap @'%%BHB BR$&le | ayer

and the well region to formsilicon springs; 4. renoving the second oxide

| ayer; Tockophmionmed;on amnrepitadidldayayen asiliche substtatei whefe thayer,
exposed well region and silicon springs, wherein the third oxide |ayer is a
sactOf i o-epitddgklayeb fodnpabe tbasis af slee dimphriagm.de | ayer (preferably 3 ,um
thick) on the sacrificial |ayer, wherein the second nitride |layer is the

sensor backphadrfsus other objects, advantages and features of the present
invention will become readily apparent from the ensuing detailed description
and the novel features which will be particularly pointed out in the appended
claims.

15

SUMMARY OF THE INVENTION

These and other objectives are realized the present invention. In a
first fabrication process in accordance with the invention, a complementary
metal oxide semiconductor (CMOS) and a sensor, having a backplate and a

20 diaphragm, are integrated on a single silicon p-substrate. Briefly, the sensor
fabrication process begins after the completion of the CMOS fabrication
process. Such process occurs without changes to the characteristics of the
already fabricated CMOS circuitry. The prior fabrication of the CMOS

circuitry includes diffusing impurities, such as phosphorus, into selected



_~ ~ Mar zooz - 5 - 7. etching portions of said the backpl ate and

sacrificial layer to formacoustic holes; and 8. renoving the remainjn
portions of the sacrificial |ayer, _except for the portions of the 77?1AY2002
- sacrificial layer imediately surrounding the sensor 5 region, to forman
air-gap cavity between the backpl ate and di aphragm Preferably, a netallic

| ayer, such as alum numis deposited on the backplate, such that the step

of etchi Wéﬁ)&/f&?tﬂlﬁgiﬂ@s@é Lrsﬁﬁ@ikﬂewnptfmessfa%hcshgnffw%aured £ $6rm

[Ilustra sacrificral™ layer is planarize sing a spin-on-gl ass

(SOG) technigue, tep,of renoving,the sacrificial |ayer is 10

pref er abPB‘"B@tryf of g@@ogngllg?glgn& %ﬁ%'%‘i%ﬁi?{be. oiﬁﬁ? H’Xﬁ'@ r%ﬂ@”?é’\"/ilrfé’é”bi de of
the substrate may be el ectrochemically etched (ECE) using the well region
as an et e §eBEOr (RGioR VrgHe; they spnsorvill ke sHbsequanthefabricatsfde i s et ched
in a flat v-shape area, such that the thickness of the diaphragmis

pr ef er abPyefgrably; the kenddr tegien s&sobseduentiycaoveredobyp@psk.D (interclaydance
with the invention, a sensor is integrated on a silicon p-substrate) where

t he gEnsgleléapich oxifek Rlyar FoRd\ded Y 8BAtRAMOIZFBHAHSA! TRY coPadEhole
fabricated using the followi ng preferred process: 1. depositing a first

oxi de | aygim Mo thﬂcelégl%sbh{é%km'zaﬁgn?f)aﬁ%ﬁhhpgar?d Bf{/rﬁé&%égﬁs 10k gt Oxi de

| ayer to expose strate, npl antFng n- erial, preferably
phosphorusé "nto ttge gjxpoti]e sub tr.aé1 to fgrman n-well region, whergin
the wel | TF481 BRN1EST RS WERSHI® BPURKF Eﬁ’ﬁe’- D SRRSPIIFERN 15TeD CPYPHithg a
pl urali t\é of trenches into the well region to formsilicon springs; 5.
deposi t i RY :PSEMENPlasmacenhange ehemiadhyaper depegition) Mtridenas shei con
springs, wherein the second oxide |layer is the sacrificial layer; 5 6.
deposi t i pgssivationilaierl allbe sensoheayanow beifabrit atedr usingathei follibkdng
10 preferred process:
1. etching portions of the first nitride and first oxide layers over
the sensor region to expose the well region, wherein the exposed well region
is the sensor diaphragm (this etching step may be performed during the
etching step to expose the metal pad during the CMOS fabrication);
15 2. depositing a second oxide layer on the first nitride layer and
exposed well region;
3. forming a plurality of trenches into the second oxide layer and
the well region to form silicon springs;
4, removing the second oxide layer;
20 5. depositing a third oxide layer on the first nitride layer, exposed
well region and silicon springs, wherein the third oxide layer is a sacrificial
layer;

6. depositing a second nitride layer (preferably 3 ym thick) on the

sacrificial layer, wherein the second nitride layer is the sensor backplate;



nitride layer is the sensor backplate; 7. etching portions of the backpl ate
and the sacrificial layer to formacoustic holes; and 8. renoving ghﬁA
sacrificial layer to forma cavity-between the 10 backpl ate and t Y 2002

- di aphragm Preferably, the above process al so includes the steps of

i nplanting arsenic into the well region to formsource and drain regions,
and anneal ing the source and drain regions to inprove its contact

resi stance t oy et Aliohiy Boftftislof SR 4R bANMERS 873 daRriRERRIEANGE Wi th the
i nvention, a 15 sensor Integrated on an n-type epitaxial Tayer formed on
a silicgn'g substra%q, where the sensor has a backplate and a di aphragm
The send8FMARPYRSG Be'eFaBPfcat ed using the fol I owing preferred process: 1.
depositing a first oxide |ayer on the epitaxial layer; 2. etching a portion
of the first &xi ddempmng ithe sgpiringHrordiens £ the sacnfigial layahesxdeaptt he
exposed epitaxial layer is the sensor diaphragm 3. forming a plurality of
t renchedor the pontoppiolf theadacridigctal layerf ionnmedidtelyosurspundipg; thé. setesposi ti ng a
second oxide |l ayer over the epitaxial |ayer and the silicon springs,

whergi n (5 8R nS 86 dfimOXh &ir-§aY Ravity Bt e¥?CtHd batRplat@¥RH: diapAraghftY 2002 5.
depositing a nitride |layer on the sacrificial layer, wherein the nitride

Layer i's the sehagppar kRl 1afer e 00 aRREHLARSs BLobbSebapkpleat e and the

sacrificial l'ayer form-acousti I es; Vinhg the sacrificial
| ayer tQ forma cavjty between the backp] ate and the diaphragm Sinjlarly,
{he: BboRBChPIRtEs S5h chat Dhe 5tem el GuganeHur thes Jackides AIcARY Agraarsefl ¢ | nt o
the epitaxial layer to formsource and drain regions, and annealing the
sour ce 3he alvainimdgyens Ilustiatiyebiethe sacrifinialcieYee s Blangeiged pising Aet al .

BRI EF DESCRI PTI ON OF THE DRAW NGS The foll owi ng detail ed description,

gi vi ng Ispimwen-glasex808)aeahdiquet Theenepaftrentoving thhesaorifieeattlayervisnt i on
solely thereto, will best be understood 15 in conjunction with the
accpppapyefgabiaperfofmed byhb Ghep bf et efching. Sharthémahbalierst sigB ¢t eps in

formng a sensor that is
the substrate may be electrochemically etched (ECE) using the well region as
an etch stop, where KOH is the ECE etchant. The reverse side is etched in a
flat v-shape area, such that the thickness of the diaphragm is preferably 3
um thick.

15 In a second fabrication process in accordance with the invention, a
sensor is integrated on a silicon p-substrate, where the sensor has a

backplate and a diaphragm. The sensor may now be fabricated using the

following preferred process:

1. depositing a first oxide layer on the substrate;
20 2, etching a portion of the first oxide layer to expose the
substrate;
3. implanting n-type material, preferably phosphorus, into the

exposed substrate to form an n-well region, wherein the well region is the

sensor diaphragm;



integrated into a CMOS device in accordance with a first process of the
present invention. FIGs 2 illustrates the change of sensor sensi tiyzqumr
frequency for 20 air gaps of various thjicknesses. FIGs 3A-3E show
fabrication steps in form ng a stand-al one sensor formed on an n-well of a
silicon substrate in accordance with a second process of the present

i nventi on. 8 FIGs 4A-4D show the fabrication steps in formng a

st and- al one sensor formed on an n-type epitaxial |ayer on a silicon
substrate i n4accof@ARE aiplyrality pf teenshesdnto she well raigede fiorent i on. 5
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS FIGs 1 A - 1 K show a
first falicooatprovgspr ocess in accordance with the present invention.
Specifically, FIG 1 A-1 K show a process for fabricating a sensor that is

integrated weth adeioSitigVva fsec5n@rb>@d§uéve¢cm/e$ttlh§tmt|eeéﬂm &hd hRelgh a
p-type silicon substrate is illustrated, it will be understood that 10

ot her a I s well. The
formati gﬁﬁ%?%ﬁ@dge&@%eﬁggtﬁégﬁ?he endageiI 'g%?gg%éggﬁc}%%ébri cation
process. Not \éyever,t t hat tthe fabrl o on o %3 senso doe§( not alter
any df the cRar acPEPPEHNGsa fytridg la aerificlg)Jayet, nW PFERTRE Fig1 A
shows a CMOS device 5 that is divi ded |nto three sections, A 15 B and C.

|1 | ust r Bttrige|lgyersisciheosensor backplales devi ce and section Cis an n MOS
device forned on the sane p-type substrate 10 (section Ais the section in
whi ch the sedsor wetdhinpepaatiopemfcthiel hadkgidatecanddhe sactificiabdperttot o secti on
B, the p-M3S device includes p + source and drain regions 18 separated by a

gat e 19forh9ceastothalésyi ahd egions 18 are formed in an n-well 20 16.
Simlarly, the n-MOS devi ce of section Cincludes n + source and drain

22 dd 17
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10 backplate and the diaphragm.

Preferably, the above process also includes the steps of implanting
arsenic into the well region to form source and drain regions, and annealing
the source and drain regions to improve its contact resistance to metal.

In a third fabrication process in accordance with the invention, a

15 sensor is integrated on an n-type epitaxial layer formed on a silicon p-
substrate, where the sensor has a backplate and a diaphragm. The sensor
may now be fabricated using the following preferred process:

1. depositing a first oxide layer on the epitaxial layer;

2. etching a portion of the first oxide layer to expose the epitaxial

20 layer, wherein the exposed epitaxial layer is the sensor diaphragm;

3. forming a plurality of trenches into the epitaxial layer to form
silicon springs;

4, depositing a second oxide layer over the epitaxial layer and the

silicon springs, wherein the second oxide layer is the sacrificial layer;



~_ g _ CMOS device 5 also includes an area in which the sensor will be
formed, i.e., section A having an n-well 12. For exanple, the n- el MAYT&QBI

be formed by the inplantation of phosphorous. Illustratively, a netal
- contact pad 14, which is preferably forned of alumnum is formed to
connect the 5 active regions 8 of n-well 12 to the surface. The n-well is

made active by inplanting n + arsenic (As) to formthe source and drain 8.
The active regi on KspbSERq2RGH ' VE, A des.: t Ji ceto
metal . Overl ayi ng tﬁFe) sectgi on?ﬁk,%qugghﬁnéeas%grgﬁéﬁg%?ﬁevlvégr(?ﬁ3@8I ayer 24
and a pla nhance, chem cal, vapor deposition (PECVD) passivation nitride
10 Iayernag.ge ‘PitE'Pdsedla%ebﬁcz? €54 i ncl udes a bor ophosphorus silicate
gl ass (BPSG |ayer 27 formed on the n-wells and a field oxide |ayer 28
formed on t he®BPSGeIGyRe partiess pfghe hackplate and the sarefipiabdaves tof
fabricating the sensor (in section A) of CMOS device 5. FIG 1 B shows a
sensor afaan B0oukfichohess drekn 15 opened by etching a portion of the nitride
| ayer 26 and BPSG field oxide |ayer 24. The next step includes depositing a

PECVI maski ng70xi deerhayiig e 8acrificial Rpeb 46 ffafh £tality riddadenrygre 26 and
n-well 12. A photo resist nmask 36 is then deposited on oxide layer 34 to

farmslo T t tterned in photoresist on oxide |ayer 34 and
t he oxi dégfg‘agtre ?ﬁdﬁbg Og?éﬁga(?.%Thi sis 20 illustrated in FIG1 C

Thereafter, the photoresist is renoved, usin xi,de | ayer 34.,as a nmask, and
{he shots 32 SHATHN db 2geve BIoSHS Rty iaes sbh SEenttfve | on zat i on
etching (RIE), to formsilicon spri n(_;fs 40. |llustratively, the trenches are
3, um i niMRIBNHNIEHSEBIC e dbe ppitaxiad Tayer to form FRYroRend-drein regiea® 34 are
then renoved using a global dry etch. The result is illustrated in FIG 1 D.
FI G 1 E shdwnngaPag\Ybe souwlee |angedrair? regions totitmprouerits contdctiragistance
deposited on the top |ayer of the device of FIG 1 D. Note that sacrificial
5 oxigle tayestal2 is illustratively 3 Nmthick. Using a standard

spi n-on-gl ass (SOG planarization technique, the sacrificial layer is

pl anari zed to form planari zed sacrificial |ayer 44, as shown in FIG 1 F.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, giving by way of example and not

intended to limit the present invention solely thereto, will best be understood
15 in conjunction with the accompanying drawings in which:

FIGs 1A-1K show the fabrication steps in forming a sensor that is
integrated into a CMOS device in accordance with a first process of the
present invention.

FIGs 2 illustrates the change of sensor sensitivity over frequency for

20 air gaps of various thicknesses.

FIGs 3A-3E show the fabrication steps in forming a stand-alone sensor

formed on an n-well of a silicon substrate in accordance with a second

process of the present invention.



Next, a second PECVD nitride |layer 46 is deposited on planarized

sacrificial layer 44. Preferably, nitride layer 46 is 3 Nmthick. Not j at

10 nitride |layer 46 forns the backplate of the sensor. Further, a netal YZUOZ
| ayer 48 is deposited on nitride Iayefll_'46. [llustratively) netallic |ayer

48 is alum num having a depth of 1 Nm The nitride and netallic |ayer 46,

48 are showmmn in FIG1 G In FIG 1l H photo resist nask |ayer 50 is shown
deposited on netallic 15 | ayer 48, Thereafter, the netallic and nitride

| ayers 48, 48 198c4414P ehemethe fabrigation sters @ fasming spstandqaleRe netal lic

| ayer 48, nitride |layer 46 and sacrificial oxide layer 44 are dry etched to
expose aemsor Jdrraed dfican A-tyiplei spipaxial layar loayasilconTswbstsatéeposi t ed on t he
front (polished) side of the device of FIG 11 to connect all of the exposed
n-wel | s doeerdameeith 3aGhrdrirdeeess ldiahegyressst Fivdatioh.t he device may
optionally be electrochemcally etched (ECE) through the silicon substrate

11 and n-well 12 using KOH as the etchant, to forma flat V-shape area 70

t hrough p-substrate 10 and n well 12 (FIG 1 K). Preferably, the thickness

of tpe reminiNg SidA ~ el | e Ihe e ed _ar e i.e., the diaphra

is 3°Vi DET, -"’;- > HE :Lh,_:u'“gf; FMENERSs, the n-wgll ??
used as an etch stop. In addition, it is noted that the reverse side of the
substrat e mayF!@ssbAnalie showt adist fabpreation preresssracepreancenvithahp- t ype
substrate which is followed by a LPCVD nitride layer. This nitride layer is
used as paasentTimvegtionskSpexcificaky KEIEsel Al Kehovuat prercesa for palricating/@ PECVD
oxide is deposited on the LPCVD nitride |ayer Referring nowto FIG 1 J, the
Ti N | ay gfenistr teapMciatedrdtewith aCCROSdelfcd 8Yd addlidsn wabsehe60. whi ch

rel eases the m crophone backplate and forns air gap 60. Note that small

porti onsybod; _asﬁ.‘igﬁé 'sﬁl'gghpﬁgissqgaztlﬂéﬁ@sltpﬁeﬁew will EEY%&rgﬁaq%eﬁgaJ VDS

optionally rehain as oxi shows 't conp

devj ge hayi iLnte d sensgr therein.. FIG2.illusirates,t change of
sonbft PGP BuBR s TRERG o coRRiB Mok oY btk SN | NBee hat
this graph illustrates change. in sensitivity for different thicknesses of
air gap fegnatigR gk theasgnsorihrging at jhp end ef]amp@iq{\j%ﬁ fahngatiedses of 3,
4, 5 and 6 Nm Recall that the thickness of air gap 60

process. Note, however, that the fabrication of the sensor does not alter

any of the characteristics of the CMOS device 5 shown in Fig 1A.
FIG 1A shows a CMOS device 5 that is divided into three sections, A,
15 B and C. lllustratively, section B is a p-MOS device and section C is an n-
| MOS device formed on the same p-type substrate 10 (section A is the
section in which the sensor will be subsequently fabricated). With respect to
section B, the p-MOS device includes p + source and drain regions 18
separated by a gate 19. Source and drain regions 18 are formed in an n-well
20 16. Similarly, the n-MOS device of section C includes n+ source and drain
regions 22 separated by a gate 21. In the n-MOS device, source and drain

regions 22 are formed in a p-well 20.



15 depends on the thickness of the sacrificial layer. In a second
fabrication process in accordance wth the present invention, a staqgf Pll ﬂlﬁl
sensor is formed on an n-well in a silicon substrate. Specifically, A{/)
of PECVD oxide 124 is deposited on a p-substrate 1 10. |llustratively,
oxide layer 124 is 1 Nmthick. This is shown in FIG 3A Oxide 20 |ayer 124
is then masked (not shown) and etched to open a flat V-shape sensor area
130. Thereafter, a thin stress rel ease oxide (SRO |ayer 123 is optionally
grown in sens6MQPddevien’ dsadpelugesam amadindwhied thg sensorwill Beshown in
FI G 3B. 1 '~ MAY 2002 - 12 FIG 3C shows an n- inplantation of, e.g.,
phosphor fuumed, riteo, pestibstA ahavibgldh niielbbdgh skorsexarapkra thdh-wrilefnayabl v,

t he phosphorous inplantation (which forns the n-well) is inplanted 3 Nm
deep. Flgp ?farabaws;/ e RApRant4AGdn ¢1 gHbspMBY SIS et gt ftiviIyeh I mdth? coptdgr m

source and drain regions 108. Afterwards, the As inplanted region is

anneal edoL@ TaTDuEn (0 BB (o SRS AREREGTTSg Wil fobdnsiAdRe L he SFO

| ayer is etchéd away and a netalllc oxi eposl erably,

pad 14 is forned | um nu Thereafjer, | ayer of PECVD nitride 126 is
oo ¢ cRCUYe (eotsd e el ] 2120 6 duriess i Sha v ellis rERE@CRE &Y ched
(not shown) to expose pad 114 and the active region of n-well 1 12. The

r emai ni NENRIEBEBYI M+ Bisenify (A Retoatriie thie sepreseand sy Bar Ehe @astivantial |y
identical to the steps perforned with reference to FIGS1 B - 1 J.

Accor di ntegion saittners taepsaleid to moprave ite destactoredistabeé noanetalr d fabri cati on
process in accordance with the present invention, a stand-alone sensor is

formed on an pvepbymg tHe béy®Snd A, B,Sdd COAreSHIBHIGHRIA OxiddRYRr i2a FI G 4A,
an n-type epitaxial layer 213 is forned on the p substrate 210.

111 UStT L4 MacheARMAAX kb ags dbgelr] IVEVDE YRy RERYE, o1 de

llayer is formed on epitaxial Tayer preferably 1
Uil e bR aR Sk hlEF RS el SN AP °
grown | n(BSl?SnC':‘:S)OIray%rr %a7 ggr?ﬁedsgrrlmst%re r?—rvsglszgr?d %nﬁelgR&iLﬂgxg{ler 28 formed on

the BPSG layer.

FIGs 1B - 1J illustrate the process of fabricating the sensor (in section

A) of CMOS device 5. FIG 1B shows a sensor area 30 which has been
15 opened by etching a portion of the nitride layer 26 and BPSG/field oxide

layer 24. The next step includes depositing a PECVD masking oxide layer 34

on the top surface of nitride layer 26 and n-well 12. A photo resist mask 36

is then deposited on oxide layer 34 to form slots 32, The slots are patterned

in photoresist on oxide layer 34 and the oxide layer is dry etched. This is
20 illustrated in FIG 1C. Thereafter, the photoresist is removed, using oxide

layer 34 as a mask, and the slots 32 and oxide layer 34 are etched, by

silicon reactive ionization etching (RIE), to form silicon springs 40.

Nustratively, the trenches are 3 yum in depth. Photo resist mask 36 and



~ 223 are shown in FIG 4B. ~ 7 MAY 2002 13 FI G 4C shows arsenic (Asl being
inplanted into the epitaxial layer to formsource and drain regi bAMA@80?

Afterward, the arsenic inplanted region is annealed. At this stage, the SRO

| ayer is etched away and a netal licC >H de pad 214 is deposited. Preferably,

pad 214 is fornmed of alumnum 5 Thereafter, a |layer of PECVD nitride 226
is deposited on the device. Nitride |ayer 226 is then masked and et ched
(not shown) to expose pad 214 and the active region of epitaxial |ayer 213.
The renmxide@dsaupthamréroowed qsing agllobal drysetchbedhsarsolt isilbussidiedant i al |y
identical to the steps formed with reference to FIG 1 B-1 J. 10
Accor di nglpiG sbch steps will not be re-described. Wile several enbodi nents
have been chosen to illustrate the invention, it will be understood by

those skilled)gnERfodrd atﬁ%VB%*laHﬁamﬂeﬁea%e .tﬁlc?a‘?]tlh%'rs can be made

herein w thout departing fromthe scope or spirit o e invention as

A et hod gRse T E0F T T ieR Ue f’ﬁé&ce.%f'vﬁﬁ 3P anede MPeYsadtifg ous o

formed conpl errent ary netal oxide sem conductor (CMOS) on a 5 single silicon
subsPr atxidela%es ‘hzfﬁ Hustriedivalit 8 i tiaky pblsingastapaaest SRvPMgasackpl at e
and a di aphragm wherein the prior fabrication of said CMOS circuitry

i ncl uded SAIG) pishatzatiputechrgqubathe gaeriieeblayec i lanarizedytot fogre i nt o

sel ected regions of said substrate to forma plurality of CMOS wel |

r egi ons,plah@rifidsadrificidl 1aged 44elds sirgivans FBI TR a sensor region indicating
where said 10 sensor will be subsequently fabricated, said nethod

conpri sing thgexat @Psecnd PECHLS RitRdeIa) & &snwepro%ﬁberbﬁ PldriERass said vell
region, wherein the exposed wel |l region being said di aphragm formng a

plurali ts%cﬂfflc aI %\%}%4. rﬁr%f@r%bﬂl,vﬁl:rkdet %ye?wa ?s' é';ﬁ\qr}hlck. Note that

10 nitride layer 46 forms the backplate of the sensor. Further, a metallic layer
48 is deposited on nitride layer 46. lllustratively, metallic layer 48 is
aluminum having a depth of 1 yum. The nitride and metallic layer 46, 48 are
shown in FIG 1G.

In FIG 1H, photo resist mask layer 50 is shown deposited on metallic

15 layer 48. Thereafter, the metallic and nitride layers 48, 46 are dry etched to

) form acoustic holes 52, and the metallic layer 48, nitride layer 46 and
sacrificial oxide layer 44 are dry etched to expose areas 54 and 56.
At this point, a layer of TiN is deposited on the front {polished) side of
the device of FIG 1] to connect all of the exposed n-wells (not shown).

20  Further, the reverse side of the device may optionally be eiectrochemically
etched (ECE) through the silicon substrate 11 and n-well 12 using KOH as
the etchant, to form a flat V-shape area 70 through p-substrate 10 and n-
well 12 (FIG 1K). Preferably, the thickness of the remaining silicon n-well

above the etched area (i.e., the diaphragm) is 3 ym. Note that in the ECE



springs; 15 c. depositing an oxide |ayer over said exposed well region and
said silicon springs, said oxide |layer being a sacrificial |ayer;
depositing a nitride |ayer on said sacrificial |ayer, said nltrldé71MMme
bei ng sai d backpl ate; e. etching portibns of said backplate and said
sacrificial layer to 20 form acoustic holes; and f. renoving said
sacrificial layer to forma cavity between said backplate and said

di aphragm 2. The rret hod of claim1 further conprising the step of: 17
MAY 7002 t: I er,.o. ein the
step of giog%l ng urt ” ':Sﬁ%leg’ tagtéct i étg%orltnl egc:dnoglmc))ﬁ gtgllgﬁ% Petlhf"%ﬁgl ayer.

3. The net hod of , cl erein sajd netallic |a is alu 5 4. The
met hod ofYATSE A4E wﬁ%gﬁ}q 31 ey, BlsocBrts ety Taoae s S and sai d
second conductivity type is n-type. 5. The nmethod of claim1, further
conpri si BPWNSAR o P-BRehsuRpirate wblqhs\sefoél@vgecub»'oa LBSMP siitridedayeubst r at e
and said well region such that the thickness of said diaphragmis

appr oxi nihe gitBde UayerGs uded aebhaetchingchaisto for thbal @ Hnetehirdy.stFepthel, et chi ng
the reverse side is performed by a step of el ectrochem cal etching (ECE)

usi ngs SaPF’ot‘é@ltuk/ellﬁEG‘QD' &adass%@p%ﬁbd%rpﬂae WheVD hitkde I'a?eHSEd as the
et chant perform ng said . The method of claim1 further

conprising th arj zi
spi n- on- gl ass%(%%g&gZ%mfvdlj%ﬁﬁ%ﬁg tgé Tfliﬁ ?re 5 %‘fﬁév aﬂh wﬁger eél)ﬁng? he
t hi cknes of ld backp] a IS hod f or
[ abr | cat IHHE" 4 bnWat SLRag WhiEhTelfaReadh mwrapbpeesbasgpl%tmﬁ rms
conpl ementary netal oxide sem conductor ~CMOS) on a single silicon
subst r at @rgan RY- aNpte thatcemallrartiPny ofytbe, sagsifirialemdde laver bgtwesackpl at e
and a di aphragm wherein the prior fabrication of said CMOS
layers 26 & 46, optionally remain as oxide pads 62. FIG 1K shows the

10 completed CMOS device having an integrated sensor therein.

FIG 2 illustrates the change of sensitivity (dB ref 1 V/pa) of the sensor
over frequency (Hz). Note that this graph illustrates change in sensitivity for
different thicknesses of air gap 60. Specifically, the air gap is shown having
a thicknesses of 3, 4, 5 and 6 ym. Recall that the thickness of air gap 60

15 depends on the thickness of the sacrificial layer.

In a second fabrication process in accordance with the present
invention, a stand-alone sensor is formed on an n-well in a silicon substrate.
Specifically, a layer of PECVD oxide 124 is deposited on a p-substrate 110.
lllustratively, oxide layer 124 is 1 ym thick. This is shown in FIG 3A. Oxide

20 layer 124 is then masked {not shown) and etched to open a flat V-shape
sensor area 130. Thereafter, a thin stress release oxide (SRO) layer 123 is
optionally grown in sensor area 130. Sensor area 130 and SRO layer 123

are shown in FIG 3B.



5 circuitry includes formng a first nitride layer on a first oxide |ayer,
“and diffusing inpurities having a second conductivity type into sgidfqil
regions of said substrate to forma plurality of CMOS well regions, wherein
- one of said well regions being a sensdf region indicating where said sensor
wi |l be subsequently fabricated, said nethod conprising the steps of: 10 a.
etching portions of said first nitride and first oxide |ayers over said
sensor region to expose said well region, wherein the exposed well region
bei ng said digph )05 1] second oxj r said first
nitride | ayﬂﬁ%ﬁég{(ﬂ&@%gﬂe\,\r& 'ﬂé‘éﬁ%&fﬁ’? §§ é(:%“f B'P%ﬁ?{ggéﬁﬁl ﬁ”rqgl ‘?’t y of
trenches into said second oxide |ayer_and_ said Il region to formsilicon
springsﬁq@?“PéﬁgVﬁ%gﬁgath§@55ﬂﬁa 480t Krefer Yﬁdgﬁbg PPRRPTRYENI rd oxi de
| ayer on said first nitride |ayer, exposed well region and silicon springs,
sai d t hilmplataden| ykichdermg thegxavell igimplardgdr3 upodeepddp6s8Pi ng a second
nitride |ayer on said sacrificial |layer, said second nitride |ayer being
sai d bachpived arsemnic éAshbeimgpionglanted vito TantklbatR pbatoermasdu@i shd dedinf i ci al
| ayer to form acoustic hol es; and 1 7 MAY 2002 17 h. renoving the

remagni nggiRMst 108S RftePRbFlisS ahbi AL fhplanted ¢Egich iseinddtEd RO ikppaive Of said
sacrificial layer imedi ately surrounding said sensor region, to forman

air- gapr%ﬁgv(jfohrﬁ?g{aw@%n%gitg P‘%ﬁipl ate and said diaphragm 5 10. The net hod

of clai er-conprrsing e step of: fl. depositing a netallic |ayer
on said backp] at.e, wherein step.of etching further includes etching
portions of <& Hipstage,the %ggr'?wpis. etpied Ry et adngtalia @xidgeaRi n sai d
metallic layer is 10 alum num 12. The nethod of claim9, wherein said
first conduts fepesited.pdreterablyy padahtd dsifermsed ofcaluminum: | Thergafigpeai s
n-type. 15 13. The nethod of claim9, further conprising a step of etching
t he revdayger of BECMD sitrides1 26 ¢éodeposiséd ahethendevieed Nitite n@giron28ush t hat
the thickness of said diaphragmis approximtely 3 ,um
10 then masked and etched (not shown) to expose pad 114 and the active

region of n-well 112.

The remaining steps in forming the above described sensor are

substantially identical to the steps performed with reference to FIGs 1B - 1J.

Accordingly, such steps will not be redescribed.
15 In a third fabrication process in accordance with the present invention,

a stand-alone sensor is formed on an n-epitaxial layer on a silicon substrate.

As shown in FIG 4A, an n-type epitaxial layer 213 is formed on the p-

substrate 210. lllustratively, the epitaxial layer is 8 ym thick. Further, a

PECVD oxide layer is formed on epitaxial layer 213. Oxide layer 224 is
20 preferably 1 um thick. Oxide layer 224 is then masked (not shown) and

etched to open a flat V-shape sensor area 230. Thereafter, an SRO layer

223 is optionally grown in sensor area 230. Sensor area 230 and SRO layer

223 are shown in FIG 4B.



-1 ? MAY 2002 18 14. The nethod of claim 13, wherein said step of etching
the reverse side is perforned by a step of el ectrochem cal etcki-ﬂg,‘mli‘c@%)
using said well region as an etch stop, wherein KOH is used as e et chant

-for performng said ECE. 5 15. The nethod of claim9 further conprising the
step of: el. planarizing said sacrificijd |ayer using a spin-on-glass (SOG
technique. 10 16. The nethod of claim 9~ wherein the thickness of said

backpl ate is 3FIGaT shdwsharseniw(A§lobeihgliriptaiteddnto siegepitakid ¢gyertted on a
silicon substrate having a first conductivity type, said sensor having a

backpl at e;gnd sbarée %alﬁa}gﬁgmgwﬁm@eﬁ.! ﬂgtetrW%\rﬂ,t 8 afeni@ mﬂ%&?é& triagi%{x?r ot

. . j
first oxide |layer on sald substrate; i b. etching a portio sal

oxi de |l ayer tQ exRpos ai d_ substrate.~ c. inoplanting materjal of .a second
Conduct | v13 grisHel: T, Tk 5448 s En.Ayah & b A ddA metalfs °Fegi on,
wherein the well region being said diaphragm d._forniq? a g}urality of
trenches Pxide Bad & Mely deresitrg -t Srefsrablyi prddd 4 s forgred of slumioEm002 19 e.
depositing a second oxide |ayer over said well region and said silicon
sprindgs, Jaedeastenradager dé AECMD rivideg226saaepbisitedlon tyedevice. dijtadet i ng a
nitride layer on said sacrificial layer, said nitride |ayer being said
backpl at e|ayer®26& i< el nitkieddid efcHed thAaHEN A & 8RPosbed A iahiici al

| ayer to form acoustic holes; and h. renoving said sacrificial layer to

forma ca%_é%cgghv}gamnsg} gg?%lgﬂ?g}e? qu'éd said diaphragm 10 18. The net hod

of claim urther conpri steps of: cl. inplanting arsenic into

said well regiq_n to farm source gnd dr ai

i.n regions; and,c2. annealing said
source and drai'her'EéGIRNG gtepsip QM%t%Gggéeﬁsﬁﬁ edSENFEOF 8f ons cont act
resi stance to netal .

substantially identical to the steps formed with reference to FIGs 1B-1J.
10  Accordingly, such steps will not be re-described.

While several embodiments have been chosen to illustrate the
invention, it will be understood by those skilled in the art that various
changes and modifications can be made herein without departing from the
scope or spirit of the invention as defined in the appended claims.

15



~19. The method of claim 18 further conprising the step of: c¢3. depositing a
nmetallic |ayer on said backplate, wherein the step of etching furthle-;MAsz
includes etching portions of said netallic layer. 20 20. The nmethod o
~claim19, wherein said netallic |ayer is alumnum ~ 7 MAY 2002 20 21.
The nmethod of claim 17, wherein said fildst conductivity type is p-type and
sai d second conductivity type is n-type. 22. The nmethod of claim 21,
wherein said step of inplanting a 5 second conductivity type naterial is n-
phosphorus. 23. The nethod of claim 17, further conprising a step of
etching tINHATVS GEAHVIED I8: said silicon substrate and said well region
such that the thickness of said diaphragmis approximately 3 gum 10 24.
The met hod of ¢l ai my23, j e S is verse. side is
perfornmed by aq’stegho eé%@??%&bz%agg‘% %Fgﬂ%%g{ﬁég?n%?ﬁ%%s%@ ?Nell regi on
as an etch stop erei,n KOH is ysed as the etchant for r.f ing said
ReE 15, BTN HDRN TR SN MRS Eg AT EPREOPIE (GIRSLED &1
planarizing said sacrificial |ayer using a spin-on-glass (SOG technique.
20 265 Theingle sigopfsubstiate bavinghafisphconduetiviek tges %#id $Sgngobhakisigage is 3
,um 27. A nethod for fabricating a sensor integrated on an epitaxial
| ayer, habackplates asdrddiapheagrhj wheyeinyihe, pifior fatdicatioa of s$aiddlVQBstrat e 1
7 MAY 2002 21 having a first conductivity type, said sensor having a
backpl at ecigi\dtrdy iﬂbﬁ]ﬁb‘s@&ﬁ%usﬁ{amﬁbéﬁﬂgih%@i@t_§%§ceﬁd OnddRRORy 1typE iAtd i 'St

oxi de layer on said epitaxial” |ayer; etching a portion of "said first

oxi de | ay i.d. epi ial. 5.1 r ' i I | ayer

bej ng sa, o abehFRRs 3P sHisT Rubdtaricsrerf Bpiatety SHRARES R Bidhe.
itaxial | to f

epitaxia whae)r/eei['\ or?e o?rsg}d well regions being a sensor region indicating where said

10 sensor will be subsequently fabricated, said method comprising the steps of:
a. etching said sensor region to expose said well region, wherein

the exposed well region being said diaphragm;

b. forming a plurality of trenches into said well to form silicon
springs;
15 c. depositing an oxide layer over said exposed well region and said

silicon springs, said oxide layer being a sacrificial layer;
d. depositing a nitride layer on said sacrificial layer, said nitride
layer being said backplate;
e. etching portions of said backplate and said sacrificial layer to
20 form acoustic holes; and
f. removing said sacrificial layer to form a cavity between said

backplate and said diaphragm.

2. The method of claim 1 further comprising the step of:



~silicon springs; d. depositing a second oxide |ayer over said epitaxial

| ayer and said silicon springs, said second oxide |ayer being a sacyiyfMaYi %82
| ayer; 10 e. depositing a nitride layer on said sacrificial |ayer, said
nitride | ayer being said backplate; f. etching portions of said backplate
and said sacrificial layer to formacods$tic holes; and g. renoving said
sacrificial layer to forma cavity between said 15 backpl ate and said

di aphragm 28.dthe depasitingfa meataﬁimavemn rs@id beaipliate nyhereinghemtepf: bil.
inplanting arsenic into said epitaxial layer to formsource and drain

regi ons; @anetdtangd0ndal ingudes dteHing Goraofs &f dald higamasiayer.i mprove the
source 20 and drain regions contact resistance to netal. 29. The nethod of
claim 28 further conprising the step of: b3. depositing a netallic |ayer on
sai d backpl ate, wherein the step of etching further includes etching
portions of said netallic layefr., . 1.7 Y 2002 22 30. The et hod. of claim
Do Wherein saPd et BPITEIER)BF claimy2, wHeisin <#1d THpETivENaE o A EME 27
wherein said first conductivity type is 5 p-type and said second
condu@ivity type is n-type. 32. The nethod of claim 27, further conprising
a step of etching the reverse side of said silicon substrate and said well
regi on such thét th&hehnethoabsef afaimal dwdheaginrsaidnfirst appdoiivigy ¢yye 3 pum 10
33. The nethod of claim 32, wherein said step of etching the reverse side
i's perforapk Bid 3ak} 88cHd %bﬁ_@h&ﬁ%@fﬁvﬁ@hs alpeng f ECE) using said well
region as an etch stop, wherein KOH is used as the etchant for performng
said ECE. 15 17 MAY 1001 23 - -- 34. The nethod of claim27 further
conprising the step of: el. planarizing said sacrificial layer using a

spi n-on-gl ass (SOG
P g (S )The method of claim 1, further comprising a step of etching the

10 reverse side of said silicon substrate and said well region such that the

thickness of said diaphragm is approximately 3 um.

6. The method of claim 5, wherein said step of etching the reverse
side is performed by a step of electrochemical etching (ECE) using said well
15 region as an etch stop, wherein KOH is used as the etchant for performing

said ECE.

7. The method of claim 1 further comprising the step of:
d1. planarizing said sacrificial layer using a spin-on-glass (SOG)

20 technique.

8. The method of claim 1, wherein the thickness of said backplate

is 3 um.



_technique. 5 35. The nmethod of claim 27, wherein the thickness of said
backplate is 3 ,um . A ( .Ar.As.A A y.AE A(.A Afr. A .AN.A.A@_.AFy.AYl,J.fﬁﬁ
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well region and silicon springs, said third oxide layer being a sacrificial layer;

20 f. depositing a second nitride layer on said sacrificial layer, said
second nitride layer being said backplate;
g. etching portions of said backplate and said sacrificial layer to

form acoustic holes; and
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10. The method of claim 9 further comprising the step of:

f1.  depositing a metallic layer on said backplate, wherein the step

of etching further includes etching portions of said metallic layer.

11. The method of claim 10, wherein said metallic layer is

10 aluminum.

12. The method of claim 9, wherein said first conductivity type is p-

type and said second conductivity type is n-type.

15

13. The method of claim 9, further comprising a step of etching the

reverse side of said silicon substrate and said well region such that the

thickness of said diaphragm is approximately 3 ym.
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technique.

10 16. The method of claim 9, wherein the thickness of said backplate

is 3 ym.

17. A method for fabricating a sensor integrated on a silicon
substrate having a first conductivity type, said sensor having a backplate and

15 a diaphragm, comprising the steps of:

a. depositing a first oxide layer on said substrate;
)
b. etching a portion of said first oxide layer to expose said
substrate;
c. implanting material of a second conductivity type into said

20 exposed substrate to form an n-well region, wherein the well region being
said diaphragm;
d. forming a plurality of trenches into said well region to form

silicon springs;
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h. removing said sacrificial layer to form a cavity between said

backplate and said diaphragm.

10
18. The method of claim 17 further comprising the steps of:
c1. implanting arsenic into said well region to form source and drain
regions; and
c2. annealing said source and drain regions to improve the source

15 and drain regions contact resistance to metal.

19. The method of claim 18 further comprising the step of:
c3. depositing a metallic layer on said backplate, wherein the step
of etching further includes etching portions of said metallic layer.
20
20. The method of claim 19, wherein said metallic layer is

aluminum.
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23. The method of claim 17, further comprising a step of etching

the reverse side of said silicon substrate and said well region such that the

thickness of said diaphragm is approximately 3 ym.

10
24, The method of claim 23, wherein said step of etching the
reverse side is performed by a step of electrochemical etching (ECE) using
said well region as an etch stop, wherein KOH is used as the etchant for
performing said ECE.
15
25. The method of claim 17 further comprising the step of:
| el. planarizing said sacrificial layer using a spin-on-glass (SOG)
technique.
20 26. The method of claim 17, wherein the thickness of said

backplate is 3 ym.

27. A method for fabricating a sensor integrated on an epitaxial

layer, having a second conductivity type, formed on a silicon substrate
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silicon springs;
d. depositing a second oxide layer over said epitaxial layer and said
silicon springs, said second oxide layer being a sacrificial layer;
10 e. depositing a nitride layer on said sacrificial layer, said nitride
layer being said backplate;
f. etching portions of said backplate and said sacrificial layer to
form acoustic holes; and
g. removing said sacrificial layer to form a cavity between said
15 backplate and said diaphragm.
28. The method of claim 27 further comprising the steps of:
b1. implanting arsenic into said epitaxial layer to form source and
drain regions; and

b2. annealing said source and drain regions to improve the source

20 and drain regions contact resistance to metal.

29. The method of claim 28 further comprising the step of:
b3. depositing a metallic layer on said backplate, wherein the step

of etching further includes etching portions of said metallic layer.
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the reverse side of said silicon substrate and said well region such that the
thickness of said diaphragm is approximately 3 ym.
10
33. The method of claim 32, wherein said step of etching the '
reverse side is performed by a step of electrochemical etching (ECE) using
said well region as an etch stop, wherein KOH is used as the etchant for
performing said ECE.

15
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5 35. The method of claim 27, wherein the thickness of said

backplate is 3 ym.



