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WO 2004/ 105428 PCT/ S&004/ 000152 1 FABRI CATI ON OF
SI LI CON M CROPHONES FI ELD OF I NVENTION 5 The
WO neoanovises rel ates to silicon mcrophones and POT/SG2004/000152
particular to the fabricatibn of silicon m crophones.
BACKGR(IJND 10 A capacitive mcrophone typically
ncl udes a_di aphra m incl uS el ectrode attached
FA%RaCf\lTéQ#‘bpéT E’gﬂ%@ﬁﬁt e parallel to the
fl exi bl e menber attached to another electrode. The
backpl ate is relatively rigid and typically includes a
FIFLD &iF INVENTHOGMNS to allow air to nove between the
backpl ate and the flexible nenber. The backpl ate and
flexible menber formthe parallel plates of a
THRARAShT R reldieOUS tsilfcoR BRFOPIRNGN ahd€n Yarttbud Noai®e fabrication of
causes it to deflect which changes the capacitance of
silidom migpapdpnesyr . The change in capacitance i s processed
by electronic circuitry to provide an el ectrical
signal that corresponds to the change.
BACHORDAD{DONI ¢ nmechani cal devices (MEMS), including,
m ni ature mcrophones, are 20 fabricated with
t echni ques connDnIy used for naking integrated
ci [ G Iy
AT blInsISH R LBl = YRR FLORIEP S8 L AF i Hhachod

to@r%wlemmr aed s daskplae puatlielab else fldbly neeralhdr atthcehem/ﬁqother
m cr ophones involve a conplex fabricat.i u%e{)roces

elentrodpc (T{g dacknle ivtrsatirabki#e 8% &raadlyiin SefpRluraj Boles to
alﬁ)mlr X indoVe Q)fetvtlé%gl til? l%%@@%ée \%H% gg?r ?%?I?L? ﬁgé}??] eas—p& Eeﬁﬁﬁﬁte and

greater ris testing
ﬂepcﬁhiieaﬁ&nhdfrdfmmeﬂmpamklﬁaﬂﬂbtm B0 WPaRDOA/ 1OBaRE: pressure on the

/ SG2004/ 000152, 2 SUVMMARY OF ] NVENTI| ON It
SBFEED Arseere t%ﬂs@aﬂtwhlf%ﬁ%ﬁ 6 SRt of e capeitor.  The
chaﬁ‘gef JnC@HhARNPE RGRSSest QI biPLikdtERHk circuitry to provide an electrical signal

that corresponds to the change.

Microelectronic mechanical devices (MEMS), including' miniature microphones, are
fabricated with techniques commonly used for making integrated circuits. Potential
uses for MEMS microphones include microphones for hearing aids and mobile

telephones, and pressure sensors for vehicles.

Many available MEMS microphones involve a complex fabrication process that
includes numerous masking and etching steps. As the complexity of the fabrication
process increases there is a greater risk of the devices failing the testing process and

being unusable.
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m crophones that has a | ow nunber of process steps or

to at least provide the public 5 with a useful
w@bwiuaes42¢ n broad ternms the invention conpri SeBCEHSG2004/000152

met hod of manufacturing a silicon m crophone

including the steps of: providing a first wafer

i nel udj I heavi |y doped silicon, a | ayer of
S’{@ﬁ%ﬁfmﬂmﬂﬁer nmedi ate | ayer of oxide between

the two silicon layers and having a first mjor

surface on one surface of the layer of heavily doped
It s Ithe ohjeshdf dhes prasert inweytion toupiotds driabrivatiprypegoegt for silicon
mﬁr?%lfo%ﬁ%tl&t ?1%% rgl:C n%erﬂlé il ae% ot r&@e steﬁ,aot?‘ ltA laf: ?st X{/lrilg tfe public
Wﬁ@@ﬁgﬂglauh@yer of oxi de on at Ieast the flrst maj or

surface of the first wafer, formng a |ayer of oxide

on at least the first mpjor surface of the second
In}('\ﬁgza t’erm h%gh%%mgﬂ(ré hyes Fﬂ{lﬁﬂ@? Pfr‘ @tgmafé tgﬁn%catgﬁlcof? anrophone
mt;lmﬂnigayesteps‘omeaV| ly doped silicon, bonding the first

maj or surface, of t eflrat wafer tq the first '

or
Sur { BORICGHE HES! 361 dBUHAGR E/or POPRTVY 40RR llqagelover of
siffhd A% &6 ﬁﬁ&ﬂgﬁﬂt@fay&%f 68 Bétv&le@ﬁ’ tl?eeﬁwghmf ﬁagers and havmg a

patterning an ng acoustic holes 1 n the
fitsh ntde setondnmajeonurfasapf deelagér ¢hkcasdy aogedvaiflieon aach d second
form el ectrode on the heavily doped

at e
MEJoF B eﬁltll?lg’y?ﬁ?ﬂ;gﬁm\%fer and 25 at |east one

el 90151{)9%19?5 sbhRaseeRPar Waden h@ﬁ‘ﬂgfauﬁfsh%{ajd)rnﬁrfét@é Eﬂd a second
the step of etching the oxide |ayer of the first wafer

mhjoprudtce, | east the back of a diaphr agm dur| ng
manuf act ur i i'con, m.cr.o
e errulp b BSerRiE i Pt 1GRE Y S THaF TR P
or afo‘hﬂ[ngbtpﬁ‘}lérrlﬁ ok@ectdhent 1636t thE ERAT NG RFface of the second wafer,
Alternatively the first wafer may include a di aphragm

bef ostehipg ccesysy ﬁgroum thep 0xide A&yee INRLT/fBetomawr Godasof e first

WP{ggf%I%e %E Mlﬁg&rl]y(eﬂ; sg&;’)&fv gfoo?drrsl61 %ﬁlan oxi de | ayer on at

bonding the first major surface of the first wafer to the first major surface of the
second wafer,

forming a metal layer on the second major surface of the second wafer,

patterning and etching acoustic holes in the metal and in the second major
surface of the second wafer, and

forming at least one electrode on the heavily doped silicon of the first wafer and
at least one electrode on the second wafer and

further including the step of etching the oxide layer of the first wafer from at

least the back of a diaphragm during manufacturing of the silicon microphone.

The first wafer may be thinned to form a diaphragm either before or after bonding to the

second wafer. Alternatively the first wafer may include a diaphragm before processing.
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wafers includes form ng an oxi de |ayer on both major
surfaces of both wafers. Preferably the oxide |ayers
wo ecooraas428) t he nmaj or faces of the wafers are gPOWRGZNNG/000152
the 5 major surfaces of thewafers. Alternatively any
ot her suitable nmethod may be used to formthe oxide
I rs.. If an ide layer.is forned on the second .
Pl Y i psBeloPrinis SLOSHE T e TplRapiepioT i goe of both
whBY&hclh8es BARMBAINREI R 18ydrRE vot Bibjorad®dcet 8f bdth Wgsts. 10
If an oxide layer is forned on the second major
surface of the first wafer, preferably this layer is
r ed bef.ore the.first fer.is,thi d. Th of
PEBTRE QT et Rl on e FiSro ey B aretdS A gy on e
mhjoe sHEERP 1 IR GhfehBY AltdmalifclP¥n$ Btek 8hitdtde FRIAId @Y Be used to
the second major surface of the second wafer. In one
fosmtibelpreatayelse i nvention further conprises etching a
portion of the second major wafer fromits second
maj or surface to close to its first major surface, the
Ifpardxidenaydyas fgrmadaiit the Becope mdj®t @irfaoé of the ssedel wafer, preferably
Preferably this etching is perforned when the 20
thigdlayms i enirope deipretheditepieps drepesbl y when the first
wafer is thinned at its second major surface, the
first wafer is thinned to the internedi ate oxi de
Iflaayeide 12%r infoomed entiodievent mhjoe satfap offthd frstrivafpr, preferably this
el ectrodes on the heavily. doped silicon |ayer of the
mV@F%f“Wﬁ@@Pegﬁﬁﬂﬁﬂg?%%&%%@éwgn%bfer i s performed by
formng a netal electrode |ayer over the entire

exposed surface of the heavily doped silicon |ayer of
Thégerf of Srmwef elayeana methleonethp othed nejorfsacfecaod ! thérecdond stafer may

maj or surface, of the second.wafer. This |ayer of netal
bq & SR G e Aoy he sane RBir bk das sesg G
2004/ 105428 PCT/ SG2004/ 000152 4 In an alternative

enbodi ment the- step of formng el ectrodes on the
Inheey einpodiopat! thesirvienton Kiher comptibes ¢ichisg avadwionaeidthersecond

o R T BB P 0 B

being about the perimeter of the wafer. Preferably this etching is performed when the

acoustic holes are etched.

Preferably when the first wafer is thinned at its second major surface, the first wafer is

thinned to the intermediate oxide layer.

In one embodiment the step of forming electrodes on the heavily doped silicon layer of
the first wafer and on the second wafer is performed by forming a metal electrode layer
over the entire exposed surface of the heavily doped silicon layer of the first wafer and
the exposed surface of the first major surface of the second wafer. This layer of metal is

then etched to form the electrodes,
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5 In one enbodi nent the |layer of nmetal formed on the
second maj or surface of the second wafer is an all oy
w@eoorilpi4es e of chrom um and gol d. Alternativel pCERG2004/000152
ot her suitable conductive vetal may be used for the
electrode. When the acoustic holes are patterned and

b5 O G TERE bR L0 e e 1988580y coped
mﬁ@(ﬂf«‘fa@éﬂ OF tR@ ik rger a1achf Gk RBshnatwartfaped 9§rf&frndd|"tf§/ sputtering
wafer in the netal |ayer fornmed on the second nmjor

mety fredesing 2 shrdowsmadnia pad¢rarthe dadrasies.t hese anchors may
be used as an el ectrode. The other anchors nay
i nclude both a portion of the second wafer and a cover
Ip@fet dntidddhenmeh@layerlffemea@imedreh dle Rosiid @aDr édh@ace of the second
ideally separated fromthe netal surroundi ng
wakes uss 8 @llpy s dnixitie of shwyEmagdogolds e‘bltwa@tu@éy any other suitable

c V\ﬁﬁét‘?&eﬁ&aﬂ%aﬁ% L& dhnfoFgle%Mtrgagh' ng the separation

acoustic es are patterned and etched in
the netal. In broad terms in another aspect the

nve tion co ises a silijco ophaope for usi n
158 e RO OLHEAT WEWP% nd Qt%giq et 3%/6@@@6(9 on the
Iﬁﬁ?s{[ tf&‘cer@{tﬂé’gec%d fah £RhéHE Qrezge?lb}a'l ?)’élttef‘rned and formed at
m crop

one w | be further describ
thexaigpd ef tml wya&n ain whe hota la)re:t douhiedgort mebmcbnMajwrgswxfatdn of the

f ol 5 drawi ngs, wherejin:
sepafata O of Sty ey BRaSH P Y plerEpief B gther anchor
mfafl Q’fo‘hﬁﬁtﬂogﬂa poﬁioﬂlﬂf@helge%oﬁcﬁwafe? blea ¥b R pBitidnh6E &G0 Nthe cover

waf er before fabrication; 30 Figure 2A'is a side view
mefal porions astiderlyerepahited rfronm éledegalssumogndmg thyr angubticolfioles. The

seipgrago{g s%\g 1\12}%2 / i‘}%? 051365 004é%) %Escélrngtstﬁg isgllajarrgtioanwhen the

adb@RashdlésOfte BhttahaMM ét&he@ih%meta gure 3 is a side
view of the first wafer after a cavity has been

patterned and etched; 5 Fi gure 4 is a side view of
0 ur e 5 S a s

Invl;brg\a}é Y@?m%\a % gthgl %g?tsﬁlg ?rt?\;en? com 188 a'sl )}c‘éqnsmﬁcg%@qone formed
usbl@getfme?fﬁdﬂhdlﬂﬁdhe invention,
BRIEF DESCRIPTION OF DRAWINGS
The method of fabricating a silicon microphone will be further described by way of
example only and without intending to be limiting with reference to the following
drawings, wherein:
Figure 1A is a side view of the first wafer before fabrication;

Figure 1B is a side view of the second wafer before fabrication;

Figure 2A is a side view of the first wafer after the deposition or growth of oxide;
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Figure 6 is a side view of the two wafers after
thinning the first wafer; 10 Figure 7 is a side view

w@boothesseswo wafers after formng netal on the BeDsazho4/000152

waf er and form ng acoustics holes in the second waf er;
Figure 7A is a second side view of the two wafers

afte formn on t ec fe and
PRS0 EP OO Seone eie LR B RN o BRaHT e gride:
line A-A on Fi gure 11; Figure 8 is a side view of the
two wafers after etching oxide fromthe bond between
Fighee 3 swosidmayievsf txofimst yafee afe 4 eaviy beclhasd psitemed predietolied;
the two wafers after etching oxide fromthe bond
between the two wafers taken about |ine A-A of Figure
Fikliie Hsguide HewolahsivdewiiegWonlied fogethw® Wafers after
formng netal over the heavily doped 25 |ayer of the
first wafer; Figure 9A is a second side view of the

fy v t

{g‘ﬁféeér’\@oesq(feh\%\%/%:f glgeownpf\ggfe{l%&fg% thgtg)%clel er?ﬁ%y &le&? stg?)B&g
Figure 11; 30 Figure 10 is a side view of the two

vvafe s after, el ctrodes ve been formed; WO

Figtd) £ 0sibmiperl S @%@fétzr thgingthedirsiovalen s a
second si de view of the two wafers after el ectrodes
have been forned taken about |ine A-A of Figure 11;
Figugut & 4 idk yiew bbthevivewwvefers dfeer dompihg heedalsin the @acond wafer and

m crophone; ure 12 is a side view of a second
foé]ﬁﬂ'@oqpﬂléﬁjiltc l"tﬁlflesﬁllﬂ%(:?fﬁm??fg?%ﬁhone wi t hout el ectrodes;

Figure 13 is a side view of the m crophone of Figure
12 with electrodes; and 10 Figure 14 is a side view
Fighrea7 Aii$ pcoeondi fdopleonef thiettiwocwafesgeter dorsning mdial on the second

w.‘ezlthel";l %I?& ?(%Hing acoustic holes in the second wafer taken about line A-A on Figure

11;

Figure 8 is a side view of the two wafers after etching oxide from the bond between the

two wafers;

Figure 8A is a second side view of the two wafers after etching oxide from the bond

between the two wafers taken about line A-A of Figure 11;

Figure 9 1s a side view of the two wafers after forming metal over the heavily doped

layer of the first wafer;

Figure 9A is a second side view of the two wafers after forming metal over the heavily

doped layer of the first wafer taken about line A-A of Figure 11;

Figure 10 is a side view of the two wafers after electrodes have been formed;
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DETAI LED DESCRI PTION 15 Figure 1A is a side view of

the first wafer used for fabricating a silicon
worc@rapiaee. This wafer is forned froma firspCl/aguEn4/000152

of highly doped silicon, adiddle |ayer 2 of oxide

and the third layer 3 of silicon substrate. In one

R T 8 4 ssgen 68 iRl Ve ke SREFOiiragsS HvEheen ommed
tabi g5dvalihy @ - Ar7ed d@ﬂ@mq the first layer may be n++

doped silicon and the third | ayer may be a p-type
substrate. 20 Typically the first layer 1 is of the

FRART Rt e 1R RS LA R RER M o2 01 ' hose

| ayers used in the silicon microphone wll depend on
the required characterlstlcs of the m crophone. The
Figyisst £ af e 1silpericws of 15 eqeapd tmdtrn@toqfh@}w@%nwépge without
dggg) degr exanpl e may be of the order of about 400 to
m’crons thick. 25 In "alternative enbodi nents the
substrate may be t hi nner than descrlbed above.
Alternatlv I substr patterned to form a
Flgiigohr 8 grit \¥ ! Berpicey 5%% §Wﬁ91261’1ﬂb%1f56?‘(‘—,deéfan§f ter
bonding to the second wafer. 30 It should be noted
that the side views shown are not drawn to scal e and
Figne Idi iv ersideoriew iof h gdicoatiivepipnepasesornmgaiionsi® the diaphragm.
2004/ 105428 PCT/ S&2004/ 000152 7 Figure 1B is a side
view of the second wafer used for fabricating a
DETAIS D DENEORNa®N This wafer conprises a silicon
wafer 4. The wafer is heavily doped silicon and may be
either p-type or n-type silicon. In a preferred
embodj ment <1O
POt AL el e e Bt Ve, 5 1o st g i 1 Bty wisrophore.

ThBYvAI€ dSBned i Q%Qhaﬁrguéﬁ ghl@‘ ®ped %ﬁlc@hea $hidl€le layer 2 of
views of the two wafers, the warers are hr ee

oxiflerarsihe third lyeh3 oheiliven eybstraier de ese emhedlmﬁ@t the fiyst layer is p™

f fer. . are bot t
do}%ﬁ ggcg)g ?1 PQ %Hgdv\;]@%rnvé%n 1- t}ge skésgra.ﬁ,]eﬂfia ﬁer}}ﬁ iy embodlment
ths Utrftalegsr thinebt @ depedf di@n HANRE itHes 1dyeahlay Uéoppdype substrate.
si.licon. The second mmjor surface, the bottom surface,
Typically the first layer 1 is of the order of 4 microns thick and the second layer 1s of
the order of 2 microns thick. The thickness of these layers used in the silicon
microphone will depend on the required characteristics of the microphone. The
substrate layer is thicker than the other two layers and for example may be of the order

of about 400 to 600 microns thick.

In ‘alternative embodiments the substrate may be thinner than described above.
Alternatively the substrate may be patterned to form a diaphragm either before

processing or before or after bonding to the second wafer.

It should be noted that the side views shown are not drawn to scale and are given for

illustrative purposes only.
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10 conprises the silicon substrate. In Figure 1B the

maj or surfaces are at the top and bottom of the wafer
wa@ap@4hai4ks conprise the heavily doped silicon mef/862004/600152

In fabricating the silicon?7m crophone the two wafers

are initially processed separately bef ore being

F1§%Q gﬁg\?\}a?s t\Plg\glscg r%]genf&eucglé gzﬁl r ocde fo?%q;fr%cahg w%@ rﬁ@ﬁ)phone.

Thgxﬁ ef bt ﬁlse@ré s1l‘in“r‘1 WREPL, FUE fw%@'@ﬁs Béavﬁl@&lo\ﬁﬁd gilison and may be
e |s ypically formed on both surfaces of hoth

cithaf ptypetdimoygh sitivenmih agiretud srbadinegnb s FaiT i 6&%%81hcon
rm d bot h
A R R e T R SR T S

occur if oxide was fornmed on only one side of each

wafer. In an alternative enbodi nt OXId is for d
Aldwughllizgloﬁsa lﬁsafutsif 1Bure aide Yevea gﬁ NG aY@Walns, fvpats are three

d1111151y9é?1§a? hgcwoens} &or rl}?ac%ﬁ T[ﬁ% 'FW<§< i&g%‘ﬁﬁﬁc&f fttﬁkeﬂ% W€ are the

of the silicon
top@h@mottél $urfacss (it mhowndﬂrfsgwedA)haThatﬁystana]ler surface, the top
suitable dielectric or _insulative terial

susfReameP P Fasi BgHY HPped gldcong L heRecordmajon S}ﬁqféﬁ?eal?fbotttﬂg] surface,
ngg"g? %g¥ﬁﬁonﬁﬂ%ﬂﬁﬁ 3 shows one enbodi nent in which a

atterned and etched into the 30 first
nmaj or surface of the first wafer. In this step a

hlgﬁogrginle? ngtEl@ggg]glh gﬁl%/ Iﬁc}eﬁ agg%?q](gs't%# %g{ﬂ éaolﬁtgﬁ\e/ of )};ﬁ% %&a‘f% fhd both
rfs QL li'eav@r Q‘iﬁged‘%‘ihcoﬁrvyafé4 l'icon etch may be used The

ness 0 thin section determ nes properties of
V\D 2004/ 105428 PCT/ SG2004/ 000152 8 the silicon

In(rjnfagl:ﬁ‘?ﬁe glg :he?)gﬁltchg in%ﬁ]iﬂsogf‘%]if)eh&qu WO \ﬁa en&tllf%iI En}%lltlélligh%‘geggéﬁ separately
be{lfﬁé%%ln\éeoohgéﬁ Rlotthel MdBurthér f16@Msddo f ormthe cavity.

is etfchis atime etch so the final thickness of the
thin section of the heavily doped portion depends on

el A5 A 4 L3l AR OB SR i on
the1 £48PBRRes of the wafers. Oxide is typically formed on both surfaces of both
wafers through thermal growth or a deposition process. Forming oxide on both major
surfaces of each wafer reduces the risks of distorting the wafer that would occur if oxide
was formed on only one side of each wafer. In an alternative embodiment oxide is

formed on only one major surface of each wafer. As can be seen in Figure 2A and 2B

the thickness of the oxide layers 5 is less than the thickness of the silicon wafer.

It is to be understood that any other suitable dielectric or insulative material, for

example silicon nitride, may be used in place of the oxide layer.

Figure 3 shows one embodiment in which a cavity 6 is patterned and etched into the
first major surface of the first wafer. In this step a portion of the heavily doped silicon
layer is etched away to produce a thin section of the heavily doped portion 1. A wet or

dry silicon etch may be used. The thickness of the thin section determines properties of
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In one enbodi nent a portion of the wafer may be etched

fromdoped portion 1 to oxide 10 layer 2 to allow an
we@b@atioade to be forned on second wafer 4 at aPCEBE2004/000152

processi ng stage. This cah be etched when the

di aphragm cavity is etched. As shown in Figure 4 the

two. waf ers are bonded togethey. The . mj.or surf
thop 3G " EGGLPRer oAl e EHAORT POl Ko Db I R, of the
mifopBdneValneincadib e a tdaetiver dar etet (1Y €6 uedd tolforh ke cavity.
second wafer 4. In a preferred embodi nent, the tw
Thisedtelr & atimebdieieel theofealHbickuess of thadinscabionaiibe heyily doped
ho i n, Fi gure it.1s the oxide layer 5 of second
PO&%WE@PQKEQHSH?ﬁ8ﬁ655¥%%ned oxi de layer 5 of the first
waf er that are bonded together. Figure 5 shows the two
wafers after the oxide layers are stripped fromt

The XpgiErdFhapofihp 6rVisuisHgtaanst fone e rﬁ&lflé‘idsl?mﬁiﬁlasegfethe silicon

stripping is well known and any suitable technique
n“%ﬁyh%%'used to strip the oxide fromthe exposed

surfaces. Figure 6 shows the two wafers after the

silicon substrate has, beepn rempved framthe first .
In Gag @pboqlﬁle.flh%pﬁﬁh‘@fl AR Waleh BRY ﬁ:{chpﬂi m AoRedi q%’thrgl to oxide
la){éie h QLR ah %le@%ﬁﬂ@@ Be forme®@BR 5& oA Wafdh W atStilatcd Bl &essing stage.

echnique may be used to renove the |ayer of substrate
This @mbetehehefl iwhsh tivadiephragshcavityt lnietohedhg of the first

waf er acoustic holes are patterned and etched into the

second wafer as shown in Figure 7. To pattern and

Aseﬁﬁgtlrntiﬂ &i gﬁ@ USthk ¢w B A8rstahebdrded tto BHRR. The trajo3&irfa@ésonded
a layer of netal 7 on the outer major surface of the

togethwonck thaffest Major surdave lepisbel ifins rtafereand| onefheimaiar surfaces of
onto the .major, surface .of the second wafer. T I

5 SecOph i GoerBat WLFT FARFmEr PRars, et (e Rl ket

usin%_l_ﬂﬁ]@ﬁ‘ bBﬁ'&ih%r nedsh okl Figulest Ras tiey ode Woe2 8 QA /s3&dnd 2Bafer 4
PCT/ SG2004/ 000152 9 to efch the acoustic hol es

and Hreopagfhrned exidetlaer 7 oflee Bist alsnthat arphendediaBetleimay
al so etch the oxide layer 5 at the bottom of the
acoustic holes to provide access between the acoustic

Fif\k essiang thBeweawhieys bReed dxidd hgeReayistyppadpfesh the exposed
Silicon layer 1 of the first wafer, 5 The nmetal may
mger quidanebioiathesn weferehr OidanstEpRING o dVelt kaRymopbEny suitable

te&ﬁﬂc}u%?llla%/ bréeutsgé toogtrip the oxide from the exposed surfaces.

Figure 6 shows the two wafers after the silicon substrate has been removed from the
first wafer. In the preferred embodiment this thinning is performed in a single
operation. Any suitable technique may be used to remove the layer of substrate from

the first wafer.

After thinning of the first wafer acoustic holes are patterned and etched into the second
wafer as shown in Figure 7. To pattern and etch the acoustic holes the first step is to
form a layer of metal 7 on the outer major surface of the second wafer4. In one
embodiment metal is sputtered onto the major surface of the second wafer. The metal is

then covered with a layer of resist and the resist is then patterned. Etching is performed
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nmetal conbination, for exanple titaniumor alum nium
In one enbodi nent the netal 7 is patterned and etched
WO eoodnai4agle corner anchor pads by which the niBCDPEEOE000152
may be attached to an undelying carrier. 10 Figure
11 shows the perforated and netallised silicon Iayer

0 SR ISR o aFRBAS B o e

th@td’kedle ﬁdyéﬁS adlthe bpaels fadhe hotitRCINGLES gfbvideoaacfe&ebetween the
metal layer 7, as shown in Figure 11. for

aﬁ‘@%éﬁﬁph@es 8he tht cavily BmeRérn ﬁlwhequlymgd ailicgn layer 1 of the first

. wBhectrode to connect to the silicon layer 4 15 of the

second waf er, the other anchor pads may be separated
fromthe renalnder of the netal |ayer. Separation of
h d omthe bulk of the netal reduces
ol TS BUEP BT 8 BRE R R EOlsh@s nyTHger Suiable metal or

m\%ﬁP@J@Sl 1§’c§bd SorRALLS gTéWQnﬁHfj%%f 1A Woé@&nﬁ&ﬁl’n@ﬁﬁqe metal 7

he netal. 20 The acoustic es or apertures in
is sxatﬁ:m@d] amhélehedr@ymb]ﬂade icomet archanpadsdty whithithe @icrophone may be

ect n%le f the silicon wafer with its centre at the
”@8&@%8 BWH8W$WE$FW88% waf er stack but with length and
breadth [ ess than that of the wafer stack. The shape

and arrangenent of the apertures is chosen to provide
Flguwetlalkﬂhewacthmmrmaqgé rafid mmegar Geedf si logont lager rand tloptomer. an2Bor pads.

P BB o T SR BB e s, a
pafls Aaffbd BRcMRBLeN | BY¥NOfhe Fhelr Gaydd 7, BBIhoRAOMSFINR 11. If, for
different |layers of the silicon m crophone in

exgimpice papof ﬂ?ég‘mélii@ ofls ishesedias po gleoiiede tascopagrt e theedlicondayer 4

er « does not,_caver
onTh@YeBnd S s B3 s YR8 iR Sy o Wegmdinder of the
méaniagés oSERraRRNof the Ringhsresadd fronel tHALHIREGRY ik fal ﬁdﬁ&@ noise
first wafer is larger than the area defined by the

cogtiuEen dropihesnghortds s dbe Aeparaioaris pajerprdomidditelapdavith the rest
oftﬁllxegl%@ p cavity 6 WO 2004/ 105428 PCT/ S&004/000152 10
‘Le di aphragm 1 of the first wafer the required

accur acy of the position of the acoustic holes is

| essen
The acoust?c holes or apertures in the silicon wafer may be circular and set within a
rectangle of the silicon wafer with its centre at the centre of the silicon wafer stack but
with length and breadth less than that of the wafer stack. The shape and arrangement of

the apertures is chosen to provide suitable acoustic performance from the microphone.

Figure 7A shows a representative diagrammatic side view of the silicon microphone
taken through lines A-A of the plan view of Figure 11. This shows the different layers
of the silicon microphone in different regions of the microphone. As can be seen in
Figure 7A metal layer 7 does not cover the whole of the second major surface of silicon

wafer 4.

As can also be seen in Figures 7 and 7A the cavity in the first wafer is larger than the

area defined by the acoustic holes of the second wafer. By providing a bigger cavity 6
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As al so shown in Figure 7 during the etching of the
acoustic holes a small area or gap 5 around the
w@eoodiretdes of the silicon mcrophone nmay al so PET/SG2004/000152
etched. In the preferred 1énbodi nent this etching is
perforrred by a reactive ion etch-lag (RIE-lag). The
Y, [
for |i1183‘“8 ﬂ5| otﬁ%gﬁeer g#@ttg%é@ed &C#&h? roggtlﬁ g poEll'tﬁ%E of the

ao&(s@ibﬁ@le&@sl@sdeﬁé@er dept h than the | ar ger di nensi oned
acoustic holes. Because of the RIE-lag, the gap about

the perineter of the silicon m crophone does not 10

As @r@ﬁl%tv% ﬁlgﬁi% 7 Bﬁﬁg@ iﬂht(g@nig% bt %nacloﬁ'éffcrho‘}es 4 8ingl1 4R or gap

ste VI ews Figures 7 to
arch@A. thd perihre radl tEé allicortmibegphmer inag tadso lpfr oiehetbs I iheepreferred

criorsSRE NS FieBin B F GO B ] © 1 EGLUPEUTgqE The RIE-log
is ffaﬁ)hel%l?eﬂ%%rw i i Eé%@pﬂhgtsﬁlaﬁélcﬁﬁn@nlslgi’i@d Qé&ﬂneﬁr 8fp in the

i ndi vi dual mi crophone chips, without
reetlitenaskestc:hfes aba a;ssemiaptir thamtherimtg@eémsmh@d @nglstmholes Because
reduc:|n S|beda etothef [ dla hra The
of et KU GRC SBUFPUbATe S PTG et (5F dBISGP s Brarriglye does mot

colf Pefel fe%@}#ﬁﬂ&lg%f thterkghé’éﬁlf Ryerdd, dihgd B RUhosmadd @\Mep in the side

enoug I'ow easy handling of the wafer w thout
v1m£ak§ggmbef7oltce 10ACi ﬁfgle Ficguplstel B cighgd ayerisdey prayides lines of
sult f he ern d et c ps .0 e
wg 10626 t\ﬁ&tb@Pﬂe IWr"i1 etrh‘é(gp g’é?{“‘ oden: ree%%)e% ?Je Q\a}{/egrsuBJeCted fo

prés%uf?:alg)‘ ar e, t @oﬁﬁfrﬂgn‘&lsaﬁlcb ﬁle&l ewh aflle@saficingeof the wafer, into
heavi I'y doped silicon is then etched. The

individgiel Irgrophene shlphe‘ﬁltbfﬂéﬁb@ ugevey abrasies taeVeeBipcpsges thereby
oped sil.i con Ia X h
re \é %tpgam egarga éth%l a%}}l@ (!hg ]l‘la t?ﬁ% df%rﬂHpgtcﬁl Should be

sueROHE cﬂ’&[}ttb%ﬁ@éas&hﬁeﬂ:@@@bﬁtﬂeywamﬂetr dmnugdmtfshaléovofenough to
the second wafer 4. The oxide layer 5 jnside the

allwotrsy hendhisiged tlneswaﬁeewetaoﬁmiﬂkag% ¢ BYNgase of using
RIE, the opposite faces of the conbined silicon wafer
are etched in separate steps. After these etch steps,
Fibhes Reqm @Al’lﬁlopzoﬂltal esulobf filrthehpgtdryingomeddetsh kiepoon the bonded
as defined by the isol f\ted area IS

|
wilgrgt I ese Hes Hiegifho fayFioh i patiopesd 5 ot g gen of the
heza%)? ﬁgpé’@glﬁ[:o;f ?Wlluyﬂl 1@% eBrE? HRar thil éﬁdéﬂaggleg i$ 'tllléncél{:hed away

erineter o ICOﬂ mcro

fréh O HE ﬁeeﬁn@hf@p@d @ﬂ&oﬁﬁﬂq@dllrreﬂte anidelayers eﬁym)um[ tlnaensgllated area of
formed over the heavily d

oped .sili t
thp A & e BV SISO Kot OF episte B maor fice of
th‘é@fe@ornd W5teSNOMle IoRide layer § inside the acoustic holes is etched away. In the

case of using RIE, the opposite faces of the combined silicon wafer are etched in
separate steps. After these etch steps, the remaining portion of the highly doped silicon
1, as defined by the isolated area, is less than the length of the large portion of the
silicon 4 of the second wafer (excluding the partially etched silicon at the perimeter of

the silicon microphone).

Figure 9 shows one embodiment with a layer of metal formed over the heavily doped

silicon layer of the first wafer and the exposed silicon of the second wafer. As shown in
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WO 2004/ 105428 PCT/ S&004/ 000152 11 Figure 9 this

nmetal layer is sputtered globally. The netal is then
webr@haosso format |east two el ectrodes 10, 1BCEHSG2004/000152

shown in Figure 10. At |ed$t one electrode 11 is

formed on the |ayer of heavily doped silicon and at

I 4 p
Fléu?éagtl}lg%ﬁer‘c]egrl%sé @%ﬁlt%&d eg§ l{aﬂ&he S |t%;12§t oe?a%ﬁ éco form at least
tws elzonmedasdDet 1 aﬁsﬂd‘wlﬁndfhgﬁ'e lentxadeaveathe élhﬁraﬁdeeldtlﬁ dstased on the
10, .11 are forned by using a shadow mask, to posi t

1ayﬁ1’e95ile%’ﬂ|b’éiﬂpr39/ Srlwow?éld raéd%HSF gpe plestreenl 0 ;&sfoeaﬁd @a the gxposed
g ct with the
ﬁlﬁwgggéln Bafpr ope fz%{lgg@ A&fﬂhéﬁé&ﬁ&?%?éwafer 1 and
electrode 10 is in contact with the silicon |ayer 4 of
t he, seco . .This allo th ophone to pe
In EBHE BR S A G tegen Kb by el HBeS P HEon daaRRamask to
deﬁcfsﬁ'ﬁl&ﬂl MHrelit@irSihe Sefirell BEitdFh Cr Ophone. A' ternatively,
here is a layer of "netal 7 on the other side of
the m cr ophone this can be used as the el ectrode of

Asif hedeeh T Bl Lo SER RS Re e B Blach e PR s ysdoped layer of

theCORAUGHVeaRPslkErod | @RY iOEdHdct SHtH aRl 81i&BH D96k 4 BY the second
providing two el ectrodes for the second wafer, on

wagppoblis ellpge dee vficrppleongaipdre, cqpacied ngm‘nhexdmma b)y cbmectlon

Y.e I dj de sid
o @t o MR 15 B GRE A BBl R e of
mefd! 17 6©RhdTbhEp @daertﬁf thi eficeyhei BiPefobe ubdieadriter QBMRAE of the
is attached to a 20 carrier or other system Probing

siligpn £ 19é the pcenh WHH ratsRcprneried by MbPREIIYBIE oD lngsolder
S 0
co%@tgg{re:éasg@ c?vnc\gxysé ggrsﬁlétfaﬁ emg?h%i c%ﬁﬁ%ﬁgﬁhg t\k/g tleec?lr(gdé)s for the
secahd emfiaf dveppesite ticeeal the hafes) fackeying bdbilay & a’&hﬂeSecn ot
thinned after bonding the two 25 wafers together. In
this enbodi nent substrate 3 is selectively thinned
¢ h i y . C 0 . .
PREIRHE TR Ky S0 RPN BB o i i
prabiveg oft the silesn Inticroghsind, |fmom<arnp¢es bﬂbmnme haisrdpipneowedltached to a

mechanj cal strepgth. Int enbodi nent the guence .
CATGET Yt %ﬁ?fﬁgstewe T of ﬂ}eéqi%’néﬁlﬁglp gRecen beeerire ERf Ay probing
nedd® oPBRE et 1He hldgoptoht ?1!}% %Ee%ﬁ dfSnddfles | JPRYS ¥Aks of the

Figure 12 shows a side view
microphone.

In an alternative embodiment the silicon substrate 3 is not thinned after bonding the two
wafers together. In this embodiment substrate 3 is selectively thinned around the cavity
and any area where an electrode will be formed. An advantage of this embodiment is
that the resulting silicon microphone has improved mechanical strength. In this
embodiment the sequence of etching the back plate in substrate 3 and etching the
apertures in the silicon wafer is not important. Figure 12 shows a side view of this
silicon microscope after a portion of substrate 3 has been etched to form a position for
an electrode. This etching may be performed at the same time that the back plate of the

diaphragm is etched in substrate 3. Metal for electrodes may then be deposited on the
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30 silicon mcroscope after a portion of substrate 3
has been etched to forma position for an el ectrode.
wdabiog/1et4ehi ng may be perforned at the sane ti meCT/RG2004/000152
the back plate of the didphragmis etched in
substrate 3. Metal for electrodes may then be
s11@ 1[30% c{’o ‘ﬂo&g uts % %]sh}do\%) rggﬁd’éfg‘er%Sg%%vﬁg &)? %Ofpoﬂl Otgg ]?:?«,throde
on mcrephone using a's er
poilﬁﬁﬁs\/ l thgu@-Xl T shdwoanfihhleview edtth@sigicop @ftrobdite. affer g lectrodes
13 shows a final view of the silicon m crophone after
hayqeees fergtadodes have been formed. 5 In yet another
alternative enbodi nent substrate 3 is thinned to a
predeterm ned thickness either before or after
In bendinothet hétemmtiee serhimgidhber sutStrast 3 aiseth3nredntd laepredetermined

sel ectjvel y atterned and etche e not her
thigiess paerFETa ﬁt?édiﬁ%gt’n%ﬂ% i W %to&e%ﬁ %telt%%f&p then be

sel@&xétyﬁa*ﬂt‘émeﬂ'&ﬁhetcia@d""afer t hi ckness before processi ng
he wafers. Figure 14 shows an alternative enbodi nent

of Si I icon m crophone of the invention. In this
enbodi e hra m of th il crophane
tn e G vF S THOAER g O choth of S areh Ay ihet e final
wallirap kR B RdYABhaUe: RhfeRver etching is that it
i nproves the 15 strength of the silicon m crophone. It

shoul d be noted that the sili con m crophone of Figure

.14 s not conpl ete an es show a el ectrodes. ..
Figits 1 SNk TRt s e e SR gt kS gan
thivvetBo@enOthB @fapded bNBBkiliebn sitropldheTt 6VERRMIRE t®form a series

the invention. For exanple the corrugations nmay be

of eertgatied inithehdipplaragine rap RéYraagsfol ovpreichigglg that itjigiproyes the
stlg}rgﬂog RS m%{/n%%épl nl\éerﬁ sl%hld\”be noFe% ﬁlgtr 1{]::!% ashl_%ﬁog @\/c\:/gophone of

rate 1 ow ng exanples.

Fighed &4 3s astecoptipddtedad dobh goff ShbSJt anyadledirodedTP Foseisg @ofugations in
m cron | ayer of p++ doped 25 silicon, a 2 mcron

theo%mgaglaféﬁ bewmﬁe%wtyﬁeymteﬁr&oelmwé)fsseleC@ﬁornmpélpne of
theclﬁoa{tfoﬁ.e Fof ex&nﬂﬂ@ {3 szrﬁ%gtlons may be combined with the microphones of

Figures 11 or 13.
Embodiments of the invention will be further illustrated by the following examples.

Example
Two wafers are provided; the first wafer comprises a 4 micron layer of p*" doped
silicon, a 2 micron oxide layer, and an n-type substrate; the second wafer comprises n-

type silicon.

A layer of oxide of about 1 micron is grown on each major surface of the two wafers by
thermal growth. The oxide layer is then etched from a portion of the first wafer and an
underlying portion of the p** doped silicon layer is also etched to provide a cavity in the

p'" doped silicon of about 2 microns. The etching is a dry reactive ion etch.
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A layer of oxide of about 1 micron is grown on each
maj or surface of the two wafers by thermal grow h.
wab@4ani4de | ayer is then etched froma porti onPOFf/SGH®4/000152
first wafer and an 30 undéBlying portion of the p++
doped silicon layer is also etched to provide a cavity
0 1 Cr T.
Th% Qaﬁﬂﬁ&dg of tlge H%g @g%t‘?%nﬁgﬁgg%ﬁd% agﬂo%ﬁﬁei 8%%2%1 surface of

tlld:’ﬁé'ﬁbm&%/ ﬁQDfHé.?outérBOﬁﬁl@ lyarsi bfye®hdeafef ateh@rippddst The silicon
wafer i s then fusion bonded to an oxi de covered
subffpteale ther firgt neafse doalo wirrned ating Resudablerstampiag technique for
f [,e stripped. The silicon
eX&ﬁ%ﬁlégﬁgggﬁﬁ@ﬁ F??gﬁlmafer is also stripped using a
sui tabl e stripping technlque for exanple Iapplng,
ri nding . ar etchin Chromunigold is t uttered
Chppgny Bddas ﬂa@eamﬁfgﬁeéror% oo Phior SutBiRIopaRcecond wafer
an@'i‘)gtt&ﬁ&i €5 Q@ﬁlnttl%e géﬂhgéﬁ ?or%%ﬂétf&gﬁolgéj bn@ 49K Gich€ oIP Ghigfed and
and for areas of I nned and weakened silicon al ong
weamepberhcnnta@ig (] plehmetmif ef the TraderneBs mhsssif siloam inrthe second
he se ed to provide rigidity to the
weltis B5A WP dtney iR HeR GE A efon 1 2
performed to etch acoustic holes in the silicon.
Reactive ion etch lag causes the etch at the
A lp@ew\m@@ etebfis phgomndd to strhricersisHoies indhesilicon. eResetixe ien etch

r nd theref | esser
o5 Yo PEb R o U & e B T BTGB IOy PRy o ¢ tove
raté Hmthfefb’f@rthfleésﬁﬁ d@{ﬁ@ Usstthe rddt @‘@wd@ﬁ@ siRllal surfacé BRA for etching
further etched to separate three of the 15 corner

thag4bal off tegrpeometip boles. o he Astakis den Anther stohed thesparsés thigs of the
t from
CO‘%‘EI:pgaagtg%s | ceﬁuf gf;’éhéﬁ%&ég %ga gbu 1g }18%(!)1(6?216 t 4 1% Fa? rg % he
first wafer is also etched away. After thls step the
++ | ayer of silicon and the |ayers of oxide between

Follppeing \ibisn@tige & eipleedeliemdbe wa%llqlﬁ%a%mer@wrox&e lapie of the
2 he, f er.
ﬁréﬂ ?cgr égeglc??)%ﬂ’%t easai%laiyc 2}{&8 ftllil gt@p gﬁeec}%) 3&1}(/\%@%1110?};@& ﬂ{é Jayers of
oxitlh éatvepu tthe tved wakes aﬁemc}md}-ardlﬁmlehe périmtler oD theandlet ﬂ@eaxpose a
exposed portions of silican omthe second waf er.
POrFB Ohdical FontsNqya{RIgT: ﬁ%ﬁa@taéﬁléfoﬁlﬁmqfﬁm PeRENEMEEr odes.
25 The foregoi ng describes the invention including
preferred forns thereof. Alterations
Metal is then sputtered over the p** layer of silicon and the exposed portions of silicon

from the second wafer. The metal is patterned etched to form two electrodes.
The foregoing describes the invention including preferred forms thereof. Alterations

and modifications as will be obvious to those skilled in the art are intended to be

incorporated in the scope hereof as defined by the accompanying claims.
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and nodifications as will be obvious to those skilled
inthe art are intended to be incorporated in the
waewpaodies eof as defined by the acconpanyi ng cPEi/862004/000152

1 WD 2004/ 105428 PCT/ SG20044000152 14 CLAIMS 1. A

met hod of manufacturing a silicon m crophone including
(1th é\?geps of: providing a first wafer including a

Lﬁg‘ of heavily doped silicon, a layer of 5 silicon

and an internedi ate | ayer of oxide between the two
silicon |ayers and having a first mjor surface on
lone dumfthed opmappiaciuging e sgiconaugiophonrsopelydiigthe gapsef

a se Y yer of. silicon,.
S T AR Lol i o o
sittep10and uit figeenaiigte day@e O bLide Bjvaen Shis HE €ilicdR) 14yefgMarithaving a

a |layer of oxide on at least the first mmjor surface
figgt A $YIFasE QRaPRS Suriace okithg layer ol beavily dopedsilisanand a second

' For..surface of the second wafer,
lﬂéﬁg%hrfﬁ&%nf tJhE ?Eb' )?[‘T?LQTIC

Ing a cavi rough the oxide |ayer on the first
maj oprovutifigaeseodnd vafdriof silicoaflaringnd first toajbh surlzy eihd of second
heaviIX doped silicon, bonding the first major surface
M3§OTSHEAS% rst wafer to the first major surface of the

15 seqemch YBhEF of $:Q0dSNE 18k Arst rRY6F suffhck BFth%%%'Wafer,

maj or surfacé of the second wafer, “patterning an
et chifomizgolayei of dodes itdedshihe festahajamsirface bhthesewoddvafer,

maj or, , surface of th econd wafer, fornmng. at | east

o ke a8 T R BEORIS e a we b AsR s br he fist
whieh Shd Wb &fc 1874 of ROavllly dopé@siilighie €l ectrode on the

second wafer, and further including the step of

et chbeiglingdedibidaajonyenfacefof theefifst wefer weafher fifst mmoaturface of the

I t the back of a diaphragm during manufacturing of
Setcﬁlgds\s}vﬁfﬁr’con m crophone. 2. A nethod of manufacturing a

si | i eeming Cmephtiyer asthelsadomdandjsr k@bddAiht ueddnghvardd
including the step of thinning a portion of the second
naj obatispg adostching depysiic heleein the metal and in the second major

surface of the second wafer,

forming at least one electrode on the heavily doped silicon of the first wafer and
at least one electrode on the second wafer, and

further including the step of etching the oxide layer of the first wafer from at

least the back of a diaphragm during manufacturing of the silicon microphone.

2. A method of manufacturing a silicon microphone as claimed in claim 1 further
including the step of thinning a portion of the second major surface of the first wafer to

form a diaphragm for the silicon microphone.

3. A method of manufacturing a silicon microphone as claimed in claim 2 wherein
the step of etching a portion of the second major surface of the first wafer is performed
before bonding the first major surface of the first wafer to the first major surface of the

second wafer.
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forma diaphragmfor the silicon m crophone. 3. A
nmet hod of manufacturing a silicon m crophone as

web@umed2s n claim 2 wherein the step of etchiPgr/aG2004/000152
portion of the second najonssurface of the first wafer
is perfornmed 30 before bonding the first nmjor
surface of .the first wafer..to the first j or.surf.ac .
i 1 e ag ghadiiatortGe St i Sorhsh B PRS0 GoBL S yherein
tHeSstép offetstEh @hoioBUE 3€doutl ingordsugfaké 60 heMirst WRRO R erformed
as claimed 1n claim2 wherein the step of etching a
afigrr hangieothe el Waios Serfeag) Wrthe dirftarafento thadirsti mejor wafase of the

rmed after bonding the first major surface of
s‘%cﬁgﬁ)?{a?eg't wafer to the first major surface of the
second wafer. 5 5. A nethod of manufacturing a silicon
m cr phorle as _clained in anﬁ, one of clains 1 to 4
Sfurt %ermr 1l mRgUiaRRIIEE ¢ SHCOR IBISTAPGOBY P RiERICA N8 §ny one of

C%eh?%giﬁég%ﬁ%m Eulifig thebikh 6P l@tcﬂh 'Q ggtg%ns]lg 1 diphragm of the

f manutfacturing a siliconf mc one ‘as
sitiban megophonany one of clainms 1 to 5 wherein the step
of form ng an oxide | ayer on at |east one ngjor
surface of both wafers includes form ng an oxi de

6l ayen ARukAt & Mhlfac@Yinkareficot Rietdphvad EE %laithedAn any one of

nmet hod of manufacturing a silicon m crophone as
cleinad hisdS iwheremy therséepoff foBing laniomsiellayep 06 ateastaine mdjer surface of

oG BB O e B8 P botb A e el bout wafers
nmet hod of manufacturing a silicon m crophone as

clainmed in any one of <claims 1 to 6 wherein any other
Tsui t Abmethegt dlomanufagiweng tao silienmminwpbsinal es Ickjmed .in 20y one of

. t of nuf.gcturing a siligon nicr.opho as
s hh o Ny SRECHRE el RuPhsliop' BOIRBPEIRRE RA st or
gloayern the iR sOffaéd3@f FROMMErsmj or surface of the second
wafer is renoved before the first wafer is thinned. 25

10. A nethod of manufacturing a silicon microphone as
gclai Kel(ijlefh'adac;ymgﬁl?fa&ﬁring a silicon microphone as claimed in any one of

claims 1 to 6 wherein any other suitable method is used to form the oxide layers.

9, A method of manufacturing a silicon microphone as claimed in any one of
claims 2 to 8 wherein the oxide layer formed on the second major surface of the second

wafer is removed before the first wafer is thinned.

10. A method of manufacturing a silicon microphone as claimed in any one of
claims 2 to 8 wherein the oxide layer formed on the second major surface of the first

wafer is removed before the first wafer is thinned.

I1. A method of manufacturing a silicon microphone as claimed in any one of
claims 1 to 10 wherein the step of forming a layer of metal on the second major surface
of the second wafer is performed by sputtering metal onto the second major surface of

the second wafer,
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claims 2 to 8 wherein the oxide |layer fornmed on the
second maj or surface of the first wafer is renoved
whedoanessehe first wafer is thinned. 11. A net hedr/e62004/000152
manufacturing a silicon m dsophone as clained in any
one of 30 clainms 1 to 10 wherein the step of form ng
a layer of netal on the second najor surface of the
second wafer is performed by sputtering nmetal onto the
13econdniEdiddr of widhateteig 4 RRicse ke fh@ﬁ@ras c\i@med in any one of
2004/ 105428 PCT/ S&2004/ 000152 16 12. A nethod of
clrput &2 d biprigeranedpdmgdhe piep b plebing arorEPaokEle seqorthyrafer from
r g 3.
1t9@ o|9§11 énnglggtﬁc% %6% o]stg'ﬁée %é;ﬁg%nlaéjglc %LH“E‘E[C th% r@ n Qem% about the
pﬂﬁpﬂblmuhéamﬁxto close to its first najor surface, t he
portion being about the 5 perineter of the wafer. 13.
A net hod of manufacturing a silicon m crophone as
| ai j Lai |
er ot ey o oF iy 8 DU ZpEPhIR 28 g jn claim 12
wivtrem thh etchargelthe pehmkes partien eff ¢hresbcoddwifer ifperirmed when the
of manyfacturing a silicon mcrophone as clained in
acé’Hf/t%glﬁoLeiesoefre e%h“gﬁ?‘ms 1 to 13 wherein when the first
wafer is thinned at its second major surface, the
first wafer is thinned to the internedi ate oxide
1‘l-ayeA‘\ mgthot5of manefabivdngfa sdinod anmitmphou@ as sidinedrin any one of
m c as_.c i-n.any. an ns 1 to, 14
Cl\/\ﬁére n??ﬁ@eﬁl Bﬁ]gqug%ﬁmt 2] léglﬁl%?ijegt lgsnseﬁﬂ%d FRIRFi spyface, the
fitopettr & thirsen td eehterdédistbexfdbSler Waf er and on the
second wafer is performed by formng a netal electrode
| ayer over the entire exposed surface of the heaV|Iy
ope LiL§0, rst_.waf
1§jx|[)01§e3l %18§f§clé1%%]${a?tﬁhné gliw%flg?mgﬁ?q 8% C@fm?‘il]én any one of

clsmtsdnﬁb Waitviaereir?fhe Sfep o@\fﬁi&ﬂhh@dle@tﬁod&%ﬂﬁ@héﬂv‘ﬁ%o@ed s1hcon layer
silicon mcro(ghone as clained in claim 15 erein
ofnie dirste\ it Bl thy spcond vertemis eriormed Ry tfbiening a el clectrode

lag«%rg)?/%f \‘}};‘10 eeﬁtuclgx o&d@&ﬁ&g of)tfhe %Mf otpléa 'spgoﬁalasyler SR first wafer

ne as clalned
and the exposed surface of the ﬁrst maJ or surface of the second wafer,

16. A method of manufacturing a silicon microphone as claimed in claim 15

wherein the metal electrode layer is etched to form the electrodes.

17. A method of manufacturing a silicon microphone as claimed in any one of
claims 1 to 14 wherein the step of forming electrodes on the heavily doped silicon layer
of the first wafer and on the second wafer is performed by sputtering metal and using a

shadow mask to pattern the electrodes.

18. A method of manufacturing a silicon microphone as claimed in any one of
claims 1 to 17 wherein the layer of metal formed on the second major surface of the

second wafer is an alloy or mixture of chromium and gold.
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silicon phon S. cl a
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claﬁﬂ% 1%8@9%&%1&%11 18O acdhstiehblesl aﬂi‘ paﬂfﬂﬁwﬂaﬁﬂlﬂmh&g o the metal
silicon mcrophone as clained. in any

layer fomed @/mé)ee?reﬁm%@mql rﬁ@rfa%%%hecseﬁ%mﬁgva&re ‘afgpf efiRgitemed
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netal |ayer formed on the second najor surface of the
second wafer. 10 21. A nmethod of manufacturing a
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of the anchors rmy as an el ectrode. 22.
wheedihode of thewntifas maybagsal asianiedetrodé.cr ophone as
claimed in claim21 wherein the othér anchors include
both a portion of the second wafer and a cover 15
22POT T4 O @bq B ﬂ'lanuégturﬁ%rﬁatshf?:@n%ldi‘&m&lécisublaﬁﬁecﬁ in claim 21
Sili'con"m crophone as cfained in claim?22 wherein the
wiepsertheritadr aohoisomslude osiepapatien of rthensaeans wafer and a cover
surroundlng the acoustic holes. 20 24. A nethod of
PoRELATARE A ng a silicon nicrophone as clained in claim
23 wherein the separation step is perfornmed by
patterning and etching the separation when the
23acou$tmethbdl e nanafparingr nedicandmetTepladci # CHENAGHR) claim 22
rophone fg
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holes.
24. A method of manufacturing a silicon microphone as claimed in claim 23
wherein the separation step is performed by patterning and etching the separation when

the acoustic holes are patterned and etched in the metal.

25. A silicon microphone formed using the method of any one of claims 1 to 24.



