SI LI CON M CROPHONE FIELD OF I NVENTION 5 The invention relates to silicon

m crophones and in particular to silicon m crophones wth backpl ate chi ps.
BACKGROUND 10 A capacitive m crophone typically includes a di aphragm
including an electrode attached to a flexible nmenber and a backpl ate
parallel to the flexible nenber attached to another electrode. The
backplate is relatively rigid and typically includes a plurality of holes to

al l ow air 19100 MIFIROPAONE backpl ate and the flexible nenber. The
backpl ate and flexible nmenber formthe parallel plates of a capacitor.

Acoustic pressure on the 15 flexible nenber causes it to deflect which
changes t i he capacitor. The change in capacitance is
processedqﬁyﬁgﬁgﬁiﬁggﬁsng uitry to provide an electrical signal that
corresponds to the change. M croel ectronechani cal systens (MEMS), including
m ni ature m crophones, are 20 fabricated with techni ques, commonly used for
maki ng 5i ntBugr mventioni relatest . sifennenr¢raphongs ard i parvenar (9 sHisph m@@p¥%8ude
nicrophones.ﬁgr hg@rinﬁ ai ds and nobile telephones, and pressure sensors
for vehi cl'@h ORKRRISCHIBS ¢ o1 i crophone has been fabricated it nmust be
packaged onto a device. 25 During this packagi ng process the backpl ate of
the silicon mcrophone nay displace or deform Any novenent of the
backpl at e BACKGREAXBgi ng may reduce the sensitivity of the mcrophone or
prevent operation of the m crophone. Factors that limt the performance of a
silicon m crophone include | eakage currents 30 between the two parall el

pl at esjoof A REp&APRGhicRIphoRé tyRdallyindléRRG didheasn intlidiey antletpieamacheand
stiction between the diaphragm and the backplate. | Leakage currents occur

when the ttac fidxitle snepiber hrd abeclpbito naralela dha dexibleananaber attached to another
electrode. The backplate is relatively rigid and typically includes a plurality of holes to

allow air to move between the backplate and the flexible member. The backplate and

flexible member form the parallel plates of a capacitor. Acoustic pressure on the

15 flexible member causes it to deflect which changes the capacitance of the capacitor.

The change in capacitance is processed by electronic circuitry to provide an electrical

signal that corresponds to the change.

Microelectromechanical systems (MEMS), including miniature microphones, are
20 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.

Once a silicon microphone has been fabricated it must be packaged onto a device.
25  During this packaging process the backplate of the silicon microphone may displace or
deform. Any movement of the backplate during packaging may reduce the sensitivity

of the microphone or prevent operation of the microphone.

Factors that limit the performance of a silicon microphone include leakage currents
30 Dbetween the two parallel plates of the capacitor, parasitic capacitances in the

microphone, and stiction between the diaphragm and the backplate.



conpletely isolated fromeach other. Conprom sed isol ation may occur when
provi di ng bond pads to the m crophone during dicing of the wafers. Leakage
currents reduce the inpedance of the silicon mcrophone. Ideally the

i mpedance should be 5 infinite; however, there will always be sone | eakage
due to m crophone processing and design. In sone systens the problens of

| eakage currents are overcone by using a charge punp in a pre-anp. The use

of a pre- avgakadd celéitg®chuvhah | tBygwbhplatesi ¢ giRh@igopibnBecdpdtitdt are ol t age
greater than the desired operating voltage and is |ess sensitive to | eakage
currents. cpopieielysisolated fpnae i ¢ashcether an Compeamised! iBglatiibrnay tae5¥r Md¥nde on

the edge of g\?‘@ﬁ%{beo&p?aﬁg to th%i r%g?(g)&gﬁ‘?gﬂﬁf%g%%ngg@tﬁhﬂﬁgs Laeraﬁ%%hcrug%énts

capaci t ancpé generdte ences s

di el ect ri gefiageths - impe@aRe Caphei dikdtemiabsona! f Riehlly Hiee Repédanomeksuldfbe t he
silicon mcrophone. 15 Stiction is a common problemfor small capacitive
devi ced. OnBinige; dawskers these Wil hlgvays hayoe daakagesdusipimigraphennprogessingeand

m crophone, waf er,.  Typi cal | he m crophone waf er | r g?p . ci ng
gl e R e B Y
sane tine dnamevplp ial & préainp. OThaN@echef appretnpdlanddihasdev purhppalowd theat
water will 20 not enter the back side of the wafer during dicing. These two
pr ot ect i ormiczgphene &r be am atendligge greatar thay thedesisdneratinge/oltege andisHessgm and
t he botton%waker A%%;he d%aphragn1is a thin menbrane, any tenperature
change nmay  BYPERE FHEBERETEUEd air  col urm thereby pushing or pressurising
t he digphragm This pressure may cause the diaphragmto touch the backpl ate
which is only a few microns away. After a small 25 contact tinme between the
backpl at e Ranesitiheaparisgreesnigan b eauscdvbly|debrs thap oesitlef e thecedga@f ahwalferakieri cti on
has occur r(ﬁgihg.sy%ﬁg c%:aclitlg.lnvcEeI;rralreos}lray capacitances that are generated due to unwanted
influences such as dielectric layers. These capacitances also affect the performance of
the silicon microphone.
15
Stiction is a common problem for small capacitive devices. One area where stiction
may occur 1s during dicing of the microphone wafer. Typically the microphone wafer is
protected by placing some adhesive tape on the top side to protect the thin diaphragm.
At the same time the wafer also sits on another piece of adhesive tape so that water will
20 not enter the back side of the wafer during dicing. These two protection tapes form an
enclosed air column between the top diaphragm and the bottom wafer. As the
diaphragm is a thin membrane, any temperature change may expand the enclosed air
column thereby pushing or pressurising the diaphragm. This pressure may cause the
diaphragm to touch the backplate which is only a few microns away. After a small
25  contact time between the backplate and the diaphragm there will be a bond formed and

hence stiction has occurred.
SUMMARY OF INVENTION

30 It 1s the object of the present invention to provide a silicon microphone with a reduced
stiction, leakage currents and parasitic capacitances or to at least provide the public with

a useful choice.



30 It is the object of the present invention to provide a silicon m crophone
wWth a reduced stiction, |eakage currents and parasitic capacitances or to
at | east provide the public with a useful choice. 2 In broad terns in one
aspect the invention conprises a silicon m crophone conprising a backplate
of electrically conductive or sem -conductive material conprising a rigid
aperture area and a surrounding area, a diaphragm of electrically conductive
or sem 5 conductive material conprising a flexible nenber that extends over
the aperture area and a surrounding area that is at |east partially

connect ed Indroagdriigmisis angtaspect thennvertien cgmpnwmoﬁlh@nan@aor&mn@ ﬁemnasmg) Rate,

t he apert rea f t he ack .e_and fl of the dla ragm
forning. 1 BoBirS yicennee SR Ehgs BcremPouficdh RIRFD Srartd B99°2 bond
pad for medpefurkhessiid QWnAbMKIAE aRaOh didpBraihABhEREMcalRy ROMThcARE of eémed 10 on
t he surroundl ng area of the backpl ate a channel formed in the di aphragm

sur r ouAdi n:gndutélvgmemlcpmm ofexibls mambenthet wge@dSe@/e@fthq peerac RIsRat e, at

| east one channel for su undi n rea hr agm and
open. i nt o P BEUTEYReAPLIE if fuloRrbhE Hided i et b il AR B8 cn o

t he backplsafBundiigé adda bEaBé HaBhlatkStte hpvrRwdRrdahsf She baskplitd indl BekiBIE t he

di aphragm connected to each air channel. 15 Preferably the channels surround

the bond paefsberad the: tispbragrofamingstvarpaeldel olatdef a cma@ftelr smlc‘;d apast by e
channel s are. pr ed., .20 Pr ef er abl ach air rons
wder . praretiprdaen med LR e e s 6P 005ie e PR erE ey no
silicop Mg aRhenRohkd ng Oéfbéjecq e Basiatdi b M%help%rn?édr 119 haen@hphragm BRI EF
DESCRI PTI ON OF DRAW NGS A si | i con m crophone and a net hod of rranuf acturing a
si l'i con misurropirbng thei hdndipad formed on the surrounding area of the backplate, at least one

air channel formed in the surrounding area of the diaphragm and open into the cavity

between the flexible member and the aperture area of the backplate, and at least one

vent through the surrounding area of the diaphragm connected to each air channel.

15

Preferably the channels surround the bond pads are between 40 and 50 microns wide.
Preferably two air channels are provided.
20  Preferably each air channel is about 20 microns wide.
Preferably each air channel has a circuitous route.
Preferably the silicon microphone is provided with one air vent per air channel.
25 '
BRIEF DESCRIPTION OF DRAWINGS
A silicon microphone and a method of manufacturing a silicon microphone will be
further described by way of example only and without intending to be limiting with

30  reference to the following drawings, wherein:

Figure 1A is a side view of a first wafer before fabrication;



further described by way of exanple only and without intending to be
limting with 30 reference to the followi ng draw ngs, wherein: Figure 1A is
a side view of a first wafer before fabrication; 3 Figure IBis a side view
of a second wafer before fabrication; Figure 1 Cis a side viewof a third
waf er before fabrication; 5 Figure 2Ais a side view of the first wafer
after the deposition or gromh of oxide; Figure 2Bis a side view of the
second wafer after the deposition or gromﬂh of oxide; 10 Figure 2Cis a
side view of the third wafer after masking gure 2D is a side view of the
third waf diiguie f Bris dsideivigiyobe S@peﬁw&rbpfogﬁfaérlsati%a side view of the first
wafer after a cavity has been patterned and etched; 15 Figure 3Ais a top
view of the first wafer after an isolation trench has been etched; Figure 4

is a S|de}qgg@qqﬂsh@ekhm@wm@&ﬂﬁﬁy@@mﬂ@ﬁbﬁﬂmﬁﬁ@mbn,20 Figure 5 is a side view
of the two wafers after the oxide |ayers have been stripped; Figure 6 is a

side viPew of a second enbodi nent of silicon mcrophone vm t hout el ectrodes;

tzﬁeF![ ﬁIU: S Pﬁé‘t%rle 5 A%s Elsﬂﬁ \Xé\g\é’fme ﬁrgt[%g%yéi?e? 2 d%ﬁ ﬁop Oﬁ)pﬁe addition of

ure I'satop view o ure 6; Figure
7 is a side V|em10f the m crophone of Figure 6 mnth electrodes 30 Figure
7TA is a side view of the m crophone of Figure 7 wth the addltlon of the

third waffdgure2Brs gside viay okthg seeqndpyaley affer ﬁh?edeﬁp@ﬂ% Ro&OWER ofpxidee 7;

10  Figure 2C is a side view of the third wafer after masking;
Figure 2D is a side view of the third wafer after drilling or etching;
Figure 3 is a side view of the first wafer after a cavity has been patterned and etched;
15
Figure 3A is a top view of the first wafer after an isolation trench has been etched;
Figure 4 is a side view of the two wafers bonded together;

20  Figure 5 is a side view of the two wafers after the oxide layers have been stripped;

Figure 6 i1s a side view of a second embodiment of silicon microphone without

electrodes;

25  Figure 6A is a side view of the device of Figure 6 after the addition of the third wafer;
Figure 6B is a top view of the device of Figure 6;
Figure 7 is a side view of the microphone of Figure 6 with electrodes;

30
Figure 7A i1s a side view of the microphone of Figure 7 with the addition of the third

walfer;



Figure 8 is a side view of a silicon mcrophone with corrugations in the

di aphragm 5 Figure 8A is a side view of the silicon m crophone of Figure 8
with the addition of the third wafer; Figure 9 is a top view of a

m crophone with addition to equalise the pressure within the 10 m crophone
and reduce | eakage current, and Figure 10 is a bottomview of the conpleted
silicon m crophone. DETAILED DESCRI PTION 15 The silicon m crophone and

met hod of forming a silicon mcrophone will be described wth reference to
one particul ar enbodi ment of silicon mcrophone. This is not intended to
linit the FigwefdBiioa toprriewfodishe migrophiong pEBiguee Heduce | eakage currents,
parasitic capacitance and stiction can be application to any silicon

m crophone. 20 Figure 1 Ais a side view of the first wafer that may be used
for fabri gghirB§ ida ideRtywaem sifiesn miGbptione with whephtds.in The dapiaign; i s formed
froma first layer | of highly doped silicon, a mddle |layer 2 of oxide and
the thbord layer 3 of silicon substrate. In one enbodinment the first |ayer
is p'+ doped siJl,icaon.and. th hind | a i - : n an

al ternati &gg‘gﬁéé‘d’is r?eﬁ‘@e Ve ?efl tilg £iiegy Sér{ ggﬁgf;é%g&n@%&éé&g“e@“ tshi? % {Kg&éﬁona%%thtls he
third | ayqpird Wa¥rpe a p-type substrate. Typically the first layer 1 is of
the order of 4 mcrons thick and the second layer is of the order of 2

m crons thick. The thickness of these layers used in the silicon m crophone

wi || depend on t.he required characteri.gtics.of the ..mcr -The

subst r at erhdl@if&g lfsgt?%ig]c?kve?fd T AHOR e ot e%a%t%t\lfx%l ﬁof;gg?léseéﬁﬁsﬁggﬂgyg% e 59
maybe 1¢f t:ﬁ@df)h_@ﬁéarﬁlfreﬁ@é&%al@a@@cﬁﬁe&%dm crons thick. 5 It should be noted
that the side views shown are not drawn to scale and are given for

Figure 10 is a bottom view of the completed silicon microphone.

DETAILED DESCRIPTION

15
The silicon microphone and method of forming a silicon microphone will be described
with reference to one particular embodiment of silicon microphone. This is not
intended to limit the invention. The fabrication step to reduce leakage currents, parasitic
capacitance and stiction can be application to any silicon microphone.

20

Figure 1A is a side view of the first wafer that may be used for fabricating a diaphragm
for a silicon microphone. This wafer is formed from a first layer 1 of highly doped
silicon, a middle layer 2 of oxide and the third layer 3 of silicon substrate. In one
embodiment the first layer is p** doped silicon and the third layer is an n-type substrate.
25 In an alternative embodiment the first layer may be n"* doped silicon and the third layer
may be a p-type substrate. Typically the first layer 1 is of the order of 4 microns thick
and the second layer is 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

30 may be of the order of about 400 to 600 microns thick.



illustrative purposes only. In other enbodinent any suitable wafer may be
used. 5 Figure 113 is a side view of the second wafer that may be used for
fabricating a backplate for a silicon m crophone. 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 enbodinment the wafer is <100>
silicon. In other enbodiments different silicon surfaces 10 or structures
may be usgfgduiy Qé R6ted SHRAHE TRIRtviARY st #4811 Whal (dTeMIdMmdIsethivdni foure 1 C
is a side viewof athird wafer used to provide backpl ate support to the
silicon JiBustatvoplrposes oiihi.s wafer is preferably Pyrex or borosilicate glass
but alternatively can be of any suitable material, either insulating or
non-insulating. Al though Figures IA |B and 1C are side views of the three
wafers, 1he wat ehBodifent MMyP&iitablleWRiTS REPbe Weih two major surfaces. The two
maj or surfaces of the first wafer are the 20 top and bottom surfaces (not
shown n Figure 1A). The first major surface, the top surface, conprises

hi ghl y doped siljcon. .The.sec maj or, surface, the bott surface

conpri ses lﬂges]ié il%énSIEﬁbvé?Wa‘%&‘el#C?—ri‘dg&fagerl a'_{ A ns (Weés)g%_)ﬁ‘ gaé’ggatéﬂgeaat_the
top and bQ%_Elgﬂéthfoxti‘ﬁliE‘@rf RficrdPbriRO tThis \3§fe{396m§ﬁ§§ atsigcoRamtd 4. BREGAfesi | i con
wafer. In Figure 1 Cthe major surfaces are at the top and bottom of the
waf er. | n if dbavibadéped siheorsahd amay be eitigrhptypet dren-typeesliomr. el agprefermedti al |y
processed separately 30 befaore heing bonded together,.and further processed.
6 Figures e?lbogﬁﬂenéﬁles‘f‘ié‘\%}' fshﬁlolo?rsglfcoanél“ 9@85%%@?‘8?@ $ERL HHGOHS B8 s been

formedqon , hect 'pr{a:,sdérlf es of the wafers. Oxide is typically formed on
bot h ggrfaoge{s}ﬁ%nggot vvz;?grs t hrough thernmal growth or a deposition
process. Form ng oxide on both ngjor

In other embodiment any suitable wafer may be used.

Figure 1C is a side view of a third wafer used to provide backplate support to the silicon
15 microphone. This wafer is preferably Pyrex or borosilicate glass but alternatively can

be of any suitable material, either insulating or non-insulating.

Although Figures 1A, 1B and 1C are side views of the three wafers, the wafers are three
dimensional with two major surfaces. The two major surfaces of the first wafer are the
20 top and bottom surfaces (not shown in Figure 1A). The first major surface, the top
surface, comprises highly doped silicon. The second major surface, the bottom surface,

comprises the silicon substrate.

In Figure 1B the major surfaces are at the top and bottom of the wafer and both

25  comprise the heavily doped silicon wafer.
In Figure 1C the major surfaces are at the top and bottom of the wafer.

In fabricating the silicon microphone the three wafers are initially processed separately

30 before being bonded together and further processed.



surfaces of each wafer reduces the risks of distorting the wafer that woul d
occur if oxide 5 was fornmed on only one side of each wafer. In an
alternative enbodi nent oxide is forned on only one major surface of each
wafer. As can be seen in Figure 2A and 2B the thickness of the oxide |ayers
5 1is less than the thickness of the silicon wafer. It is to be understood
that any other suitable dielectric or insulating material, for 10 exanple
silicon niFigurele2 A rmy 2Beshosethei firstpdreicecafd whteroafteal @xidey®has Héva fotmedlomaf er

must include a central aperture so that when fabricatipn is conpleted the
mcr ophonéhwnlaloréﬁéfii%sé’fgb? mederpy Oxide Eshté(P{Cﬁ]ilYgo e %thrfb'ff%ﬁffsoﬁgla with a

central %?%g'ﬂ%rgyggﬁle%x gﬁﬁ%g{ngﬁ&itﬁtﬂﬁ%Msﬁ foﬁhﬁa‘ér &idCor HOWSmhfee third

1
waf er after rning re etching to forma central aperture. The
maski ng | aydicesnf tavh wafef educythdrsks df dystorting thehwafarethatfweuld pectruf exidan t hen

be fornmed using concentrated,,  HE. to etch ipto the borosilicate glass. The
centraf ap@stioreed ap Wy PBF ke ‘lfye%t‘”*t‘f?r-dﬂyanéﬁ%‘?ﬂ& eqn#)oﬁiwnégé g is

used it mgy b &1‘ %?122)8‘3%@4}%(: rfakd ofllk:ﬁc%r\{)ﬁtni. V&s e Rl dmnh FigiBe Acan IR

aperture nay be ani cal means such as ultrasonic drilling. 20
Fi gur e 2D thsthicksesterftheoxidé laybm Stikiass thaafties thidkness of thevabi¢aoorwalker.t he aperture
in the wafer. The aperture need not extend conpletely through the wafer but
nmust provide a suitable back volunme for the conpleted silicon mcrophone.

The typical :f higkn C PR dRGectROWE ANHatiC G a fop _1mm
di anet er ﬁlollgerseé fﬁlzr rs?%%@tﬂ%?r%'yv\g@g%é 2§R’g? epar ed %ai sgccl eaneéd. Figure
3 shows ongampleadicsaniitride, mhy béiugeddayldcy obthewxpltlagrned 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

heavi l y do@%dtpﬁgr\ﬁ]fgpmﬁst ciak 30(,ren§91 ﬂie}‘tuﬁa' L AP wakR ??HPR%AHQE iéjfcﬁﬁplet-gﬁe

t hi ckness I'n sectiron determres properties o e silicon
m cr ophonah@miébplorrerill qrerate cbrrestbntifiahd thirflovafer isemod papidedgmition cetteal
m crophone. I n one enbodi nent a reactive iqQn etch gRI E). is ,u(fed to formthe
cavity. aperture one may be formed in the wafer. Figure 2C shows the third wafer after
15 patterning and before etching to form a central aperture. The masking layer on the
wafer may be a layer of chrome. The aperture can then be formed using concentrated
HF to etch into the borosilicate glass. The central aperture can be formed by wet or dry
etching. If dry etching is used it may be plasma etching. In alternative embodiments
the central aperture may be formed by mechanical means such as ultrasonic drilling.
20
Figure 2D is a side view of the third wafer after formation of the aperture in the wafer.
The aperture need not extend completely through the wafer but must provide a suitable

back volume for the completed silicon microphone. The typical thickness of a back

volume may be about 300 microns with Imm diameter holes. After the third wafer is

25  prepared it is cleaned.

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
30  drysilicon etch may be used. The thickness of the thin section determines properties of
the silicon microphone as this section will eventually form the diaphragm of the

microphone. In one embodiment a reactive ion etch (RIE) is used to form the cavity.



7 This etch is a tinme etch so the final thickness of the thin section of the
heavily doped portion depends on the etching tine. The desired shape of the
cavity is determned fromthe required properties of the silicon 5

m crophone. At the sane tine as the cavity is etched at | east one air

channel may be etched in the heavily doped portion 1 of the first wafer.
This air channel or air channels are formed wth a circuitous route and

connect i nrQs ORRMN Q%naé"'etm %o Qﬁéhﬁﬁlathi%kﬁéssfo@\(hé mlﬁrs@amgfoftth@ hd&il ddpe@n
m crophone once conpl eted. In one enbodi nent the circuitous route of the air

channel s m@nanmkmmabcmdheemhhmtnnher enbodi nents any circuitous route may be
used. The advantage of using a circuitous route for the air channel is that
this provides a way of balancing the pressure between the front and back of

the mcr Om%sﬁ&l b 8f‘fheQ:E1v1t§ RAERmIRddTtd R Vel st propelies BOtheRAIcBROUSt i C
sensitivity of the m crophone.” 15 In preferred enmbodinents two air channels

are fobmedniciipbord.r channels may be forned in either the doped portion of
the first wafer, the insulating |ayer(s) between the first and second
waf ers, or the second wafer. The air channel(s) will be connected to vents

in the di aphhagimt e & tehavip H@Jét@ﬁ&ﬂat%édt ©R8 affl HaRMIGAS: bd BRh& In bannel s

will 20 forma path between the backplate area and the di'aphragm face of the
silicon rheavityptaped. poﬁmnslrmdﬁﬂre fitst piagerpriddsair ehanpeber aigobdnnglscirg érrmedn t he

backpl at e area and. the hra mwhich will. prevent. or at | east uce the
occurpr ence” aﬂrf’%‘f(?‘ﬁrf%@t%g ?‘}’iéntﬂloé’ﬁﬂlpﬁd%%é%ﬁa“&ﬁ Pra?aé”téffar?%%ﬁgl&rpl et ed

silicap mGiQpRREphbie eﬁ@ef @crnaﬁeltedemﬂé %Béﬁn{eﬂﬁth%' dircﬁh&i‘sﬂ%hfe dfaMe b et ched
prior to formng tﬁ)e insulating layer on the 25 first wafer. When the air

channel ('s)chanreels or areipzag rovte. flnraghervaftediments snymyrcaites tostef maynbd vsed.t he
I Ih(rasgl \r/vaf Q@}?Cr?g]pgrﬁ%é g ustlrrllge a %{I'Eul? rlll%rllglﬁli %orttge tall}%hgrtmhe 18 t?l t%isogro%i &s Ma?lr -
of balancing the pressure between the front and back of the microphone to prevent or
reduce stiction without reducing the acoustic sensitivity of the microphone.
15
In preferred embodiments two air channels are formed. The air channels may be
formed in either the doped portion of the first wafer, the insulating layer(s) between the
first and second wafers, or the second wafer. The air channel(s) will be connected to
vents in the diaphragm face of the completed silicon microphone. The air channels will
20 form a path between the backplate area and the diaphragm face of the silicon
microphone. This path allows pressure to be equalized between the backplate area and
the diaphragm which will prevent or at least reduce the occurrence of stiction between
the diaphragm and backplate of the completed silicon microphone. In preferred
embodiments the air channels may be etched prior to forming the insulating layer on the

25  first wafer.

When the air channel(s) are formed in the first wafer vents may also be formed in the
first wafer connecting the air channels to the other side of the wafer. If the air channels
are not provided in the first wafer vent may still be formed in the first wafer at this time.
30 In alternative embodiments vents are formed in the first wafer at the same time as the
bond pad areas are etched. In preferred embodiments each air channel is provided with

one vent.



are not provided in the first wafer vent may still be fornmed in the first
wafer at this tinme. 30 In alternative enbodi nents vents are fornmed in the
first wafer at the sane tine as the bond pad areas are etched. In preferred
enbodi nents each air channel is provided with one vent. 8 In one enbodi nent
a portion of the wafer nmay be etched from substrate 3 to doped portion | a
to allow an electrode to be fornmed on doped portion 1 at a | ater processing
stage. 5 At the same tine as wafer cavity is patterned and etched an

i solation trench 14 h;gatt,erne and etcheq in to éhe fi rst {or syrface

of the f i r8tonEeATRROLREH b RATIOR i GGriafenmay hreetched| Spmont Dp R Ch 8Pl so be
provided gfoundifie 1 Wé‘ct}ouét@ta@mewn@o ehg>bﬁ§onbpraﬂa@ﬁ@r p8chgingdded.

The i sol athon trenc duces parasitic capaci by 10 isolating tThe

di aphr agm dtapger fron1the edges of the silicon mcrophone so that any debris
that reside on the edge of the m crophone after dicing will not have any

el ectri‘cal influence on the ni crophone performance. The isolation trench

Wil be tg&{ | L HMmdeas gegfq GRPSs :ﬁaﬁﬁﬁed-%n@%tﬁﬁﬁ"% isBlaEle{fe%cH fghg first

and secon ers are bon oget h e maj or surfaces bonded together
are the fipasternedjand esohed ac o theofirst hjdrisnsfaceval the fastdvafieanshovivein Frgjrer

surfaces of the second waf n . a preferred enbodi t. the two fers are
bonded t ogéthehedslapen Hgli“‘g‘nmﬁiﬁﬁifpﬁtf prggldgﬂ@ywnﬁ bge igh i etrhed; 18 20 de

{Ng?!g: ?th latgfg)%ﬁ@ﬂ)gggg%e 4a@d The iaaid s REEh Hﬁi@es Iﬁ%ﬁ's]ﬁué ciacltiiRef b S;[j

20 together. Figure 5 shows t Irst and sec
waf er sl0af t ®olatilnge tl&xﬂidphﬂagmerayelaﬁensthﬂ @izesl of thersilioen reixphenk wojthat awyr f aces

of these fers ng.is vvel known and a itabl e . technique
may be uselDEs t r?s;ﬁj 6 el e @%@é&lwwﬂ@%&ave any eletifa]
influence on the mlcrophone performance. The isolation trench will be typically 40 to

50 microns wide.

15 As shown in Figure 4 the first and second wafers are bonded together. The major
surfaces bonded together are the first major surface 1 of the first wafer and one of the
major surfaces of the second wafer 4. In a preferred embodiment the two wafers are
bonded together using fusion bonding. As shown in Figure 4 it is the oxide layer 5 of
second wafer 4 and the patterned oxide layer 5 of the first wafer that are bonded

20  together.

Figure 5 shows the first and second wafers after the oxide layers are stripped from the
exposed major surfaces of these wafers. Oxide stripping is well known and any suitable
technique may be used to strip the oxide from the exposed surfaces.

25
Figure 6 shows the first and second wafers after selective etching of the first wafer to

provide areas to which bond pads can be attached.

Acoustic holes are patterned and etched into the second wafer as shown in Figure 6.
30  Acoustic holes may be etched into the second wafer using any suitable method. In one
embodiment to pattern and etch the acoustic holes the first step is to form a layer of

oxide 7 on the outer major surface of the second wafer 4. The oxide is then covered



25 Figure 6 shows the first and second wafers after selective etching of the
first wafer to provide areas to which bond pads can be attached. Acoustic
hol es are patterned and etched into the second wafer as shown in Figure 6.
30 Acoustic holes may be etched into the second wafer using any suitable
method. In one enbodinent to pattern and etch the acoustic holes the first
step is to forma layer of oxide 7 on the outer major surface of the second
wafer 4. The 9¥eof fesidi@hd %W%Eﬁfjls tﬁeﬁ/\bﬁtt&rﬁed' al‘l’t@ﬁlngfls pegbsiedadbtdh@er esi st
is then patterned. Etching is performed to etch the acoustic hol es through
the oxi de aZowamd toldsi thorugh therheide f7candrailiconyt. aTkoetehing maealox ettt the ayide 5 at

t he botto cousti ¢ hol es t rovi de .access ep t I C
hol es Xeﬁé a(t,gl?ﬁa}?%}y%f’m qcauﬁtﬁgnoﬁeésatglgr?,v@%%cé: Ssslﬁ%lvé\%ln e‘ffl?g?sﬁ%%f e
first Waf &hnd the Ry Toinddd ARNe E’&vﬁngﬁ&l fiRddnaBy@fl JTROMsuwagdd gol d or any
ot her suitable net aI or netal conbi natlon for exanple titanium or

al um nisum In one enbodi nent the netal Is patterned and etched to include
corner anc the m hone atta hed..t nderl yi ng
carrier. 1 i g@gﬂlaﬁé’esae‘éq{n%lﬁatl‘—‘?ngﬁg g %%éﬂﬁh(g\ﬁély H sajt @Sénett 5% ow
for bond pads B?ﬁaanO fdf%siaﬂmetth@nldma&fmlﬁrﬁmlﬁﬂdnb&cé@h@ddeméwthaﬁ@m of the
silicon m crophone. the vents in the first wafer to the air channels
have not yiepatberaed at<b¢tehbdt teayclndy corpereanchempada by rvghich Hiesmisrenhiong maytbe
acoustic holes or apertures in the silicon wafer nay be circular and set
within a %t‘@&tﬂeéiﬁalaﬂ“&fie%ﬂgg%mﬂ:on wafer with its centre at the centre of
the sijlg con wafer stack but wth Iength and breadth I ess than that of the
waf er stack The shape and arrangenent of

As can be seen in Figure 6 areas 14 have been etched to allow for bond pads to be

formed on the diaphragm and backplate surfaces of the silicon microphone. If the vents

in the first wafer to the air channels have not yet been etched they may be etched during

this step.
15
The acoustic 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.
20

During the etching of the acoustic holes a small area or gap around the perimeter of the
silicon microphone may also be etched (not shown). In the preferred embodiment this
etching is performed by a reactive ion etch-lag (RIE-lag). The RIE-lag is a
phenomenon by which, in this case, the smaller dimensioned perimeter gap in the resist
25  mask etches to a lesser depth than the larger dimensioned acoustic holes. Because of the
RIE-lag, the gap about the perimeter of the silicon microphone does not completely etch
through the silicon layer 4. The incompletely etched perimeter provides lines of
weakness where the bonded wafer will break when stressed, i.e. when subjected to
pressure by a roller. Forming this incomplete etch allows dicing of the wafer, into
30  individual microphone chips, without the use of abrasives or wet processes thereby

reducing possible damage to the fragile diaphragm. The partial etch should be

10



the apertures is chosen to provide suitable acoustic performance fromthe

m crophone. 20 During the etching of the acoustic holes a snall area or gap
around the perinmeter of the silicon mcrophone may al so be etched (not
shown). In the preferred enbodinment this etching is perfornmed by a reactive
ion etch-lag (RIE-lag). The RIE-lag is a phenonmenon by which, in this case,
the smal |l er dinensioned perinmeter gap in the resist 25 nmask etches to a

| esser depfuffidifialy ddep tballger cady mecukagnefith@coafsi atcdibinigeisut sBelivawssough tbhe

Rl E-1ag, the gap about the perimeter of the silicgn mcrophone does not

conpl et el yallowcaasy hapddingtof theewater watbaut bisakpeebeferedicingonpl et el y et ched
perinmeter provides |lines of weakness where the bonded wafer will break when
stressed, i.e. when subjected to pressure by a roller. Formng this

i nconpl et eFigiire! AasHowsthé kiticoy mirophenewdFegure 6nfter Béhdimgliheithivdivafdr ¢o thehone
chips, without the use of abrasives or wet processes thereby reducing

possi bl%e dgeensemaieT shdaderefghe secend prafergnd etthing Hreugh theripsplataplaver em 10
sufficient - S oGl s hal | ow
cnough ¢ o CERGiARE ety B ERERAR b AT Bl Bl TS, O

Fi gure 6A 15d#de6 td the seéddnidcmdferni THeahird Rarf@fmdyt ibended &8 thersebmiadi afgr beferet hi r d
wafer to the 5 second major surface of the second wafer and etching through
t he i nsul a@rcfter theeliaphragm hanlkeepsiahiedn lighe til Walesis afgmon-ingatinganaferddler 1 ed
enbodi nment _ t ]| i i : The
third wafef" {r}rlglfllggrxlleé g‘lg}ré\\gfesggotnﬁ? ﬁé;ﬁge%g%@wégggﬂ %g?%@éﬁhg?ﬁgfs ?tg?l d’té@fé&{ |eaphr agm
has bemn emellghg lafert he third wafer is of a non-insulating material an
insulating layer is bonded to the second wafer and the third wafer is bonded
tothe 10 insulating layer. Figure 6B is a top view of the silicon

A T T e R R L A
be seen atpdrhef the dep Adwagtht wiieropasnd eRAphapiedcinbosashitatdugh figndberture
in wafer 3. As can be seen at the side an aperture has been formed into which a bond
15  pad to the back plate of the microphone will be formed. To reduce leakage currents a
barrier and channel are formed around the area in which the bond pad is formed. The
barrier is formed in the insulator layer and in some of the layers of the first wafer. The
channel separates the middle pad from the wafer 3. The channel is etched together with
the diaphragm. Typical dimensions of the channel are between about 30 and 50
20 microns. Any metal sputtered on the barrier while forming the bond pads will be

isolated by the channel from the diaphragm and hence no leakage will occur between

the centre bond pad and the wafer 3.

The barrier acts as a sacrificial wall in preventing any metal from crossing over to the
25  wafer 3. A further advantage of the barrier is to prevent any metal spilling over to the
diaphragm and wafer 3 during dicing. As dicing is a physical process some metal from
the centre pad may be attached to the dicing blade and thereby deposited onto wafer 3

near the bond pad area. This deposited metal can cause shorting of wafer 3.

30  The barrier and channel can also be formed in the silicon microphone when layer 3 is

etched away as shown in Figures 6, 6A, 7 and 7A.
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15 pad to the back plate of the m crophone will be forned. To reduce | eakage
currents a barrier and channel are fornmed around the area in which the bond
pad is formed. The barrier is forned in the insulator layer and in sone of
the | ayers of the first wafer. The channel separates the m ddle pad from
the wafer 3. The channel is etched together wth the diaphragm Typi cal

di nensi ons of the channel are between about 30 and 50 20 m crons. Any netal

sputtered mp, L Qs £iopWielweof 6?16 rﬁlﬂﬂntrﬂi%rcﬁ)ﬂﬂﬁ'e Qﬁ@i’SthWbbhd Bads hew Befd by

t he channel “trom the di aphragm and hence no | eakage wi |l occur between the
centre borfdnpaﬂorathIdSIlhenmt@ph@ne The barrier acts as a sacrl ficial wall in
preventing any netal fromcrossing over to the 25 wafer 3. A further
advantage of the barrier is to prevent any netal spilling over to the

di aphr agmpRgonafwl nated WhdtNde @h&peﬂGf tHSdidplra B Apertredd Y HieCRp WERCESHeSOMe
metal from the centre pad may be attached to the dicing blade and thereby

deposi tSed roitraphaaé end the s’n@ac anposition op the ondzpadTlatesnetgpessit tebe Agriting.can
cause shor,h_l of , waf 0 The barrier and channel can also be forned in
the silico W&Bﬂ%ﬂ@sﬁﬁéﬂp FRO%Y- 3 is etched away as shown in Figures 6,
6A, 7 and 7A. 11 Figure 7B shows a top view of the silicon m crophone after
t he bond pads have been fornmed on the silicon mcrophone. It should be

not ed t hatFighre %msdhesmommphpmdﬁegwgﬁ@ﬂmbw 'gthptlvircéwafﬁrtqﬂ@ 5

m crophone and, t he sh o he b are ot ant. to be
o £ o oLy SUERE e B8Rl il I brRgd BRRRe e R B S o
m cr Opﬂpnelsf[%ﬁod: it Al Bondedid @E s%ﬁ'\ﬁ‘é}bﬁ henelthird ‘Jva‘f@frﬁiy B&bérﬂﬁd t$ ffeQBEbnARj OF

surface of e se ond wafer. In the preferred enbodi'nent the third wafer 10
i s anodi cawhfgr befodeat dfter elestredasdragte ha¢reformethentthe fitst waferr Ihthe thizd veafefed t o

th d. f f.t | t d hav f f t
narer o1 isid e ema e 15 S By et S e Rl 6T el 1o
layer is b@apdesddqs b&ieaes ardnahgig @9 t he

15 In another alternative embodiment substrate 3 is thinned to oxide layer 2 or to highly

doped silicon layer 1 before bonding the wafers together as shown in Figure 4.

In yet another alternative embodiment substrate 3 is thinned to a predetermined
thickness either before or after bonding the wafers together. Substrate 3 can then be

20  selectively patterned and etched.

In yet another alternative embodiment one or both of the wafers may be at the final

wafer thickness before processing the wafers.

25  In any of these embodiments the third wafer can be bonded to the second wafer at any

stage after the acoustic holes have been formed in the backplate.

Figure 8 shows an alternative embodiment of silicon microphone of the invention. In
this embodiment the diaphragm of the silicon microphone is over-etched to form a
30 series of corrugations in the diaphragm. An advantage of corrugations is that it
improves the strength of the silicon microphone. It should be noted that the silicon

microphone of Figure 8 is not complete and does not show any electrodes. Forming
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third wafer is bonded to the insulating layer. 15 In another alternative
enbodi nent substrate 3 is thinned to oxide layer 2 or to highly doped
silicon layer | before bonding the wafers together as shown in Figure 4. In
yet another alternative enbodi nent substrate 3 is thinned to a predeterm ned
t hi ckness either before or after bonding the wafers together. Substrate 3
can then be 20 selectively patterned and etched. In yet another alternative

enbodi mentoRngations kothe dhpHrigm wah deombynddewili ahyethiet mbodinede of silicak nes s
before processing the wafers. 25 In any of these enbod| rrentg, tge ,é\ht'hrd waf er
can be bomeie@prhene ofcthe dxesntonafer exampie ihe coppgaionsmagy PHEomRBEd Mid e es

have been f{. I te. Figure 8 shows an alternative enbodi nent
of sili corﬁnlﬁogﬁgbeﬁgrflgr%f&?ﬁépi(ﬂventi on. In this enbodi nent the di aphragm of

the silicon mcrophone is over-etched to forma 30 series of corrugations
in the diaphragm An advantage of corrugations_is that jt. i.nproves the
strengbh disura&Ashpwe die sHicqnopiserions ng}%}m %ia%%rsbr%g% tli?]g’(lrdt‘ﬁ °5{9 th":on

m cr ophon Fi ' t ggip,;‘ WeRiWYie ShiRELLRTES.
For m ng %59%8F¢%§Q§F§ﬁ§%fﬁﬁfﬁg I ap faﬁﬂ@%gﬁgégagﬁﬁ@?ﬁeﬁ m%fhlany ot her
enbodi ments ﬁﬁod&ia'll'z dondedioche pdroné wafert Mae ithivkwhico mayferboadedl the s¢vend

corrugations nm{)p e conbined with the m crophones of Fi gltﬂ)ﬁ%g 7 or 10. 5
Fi gure SA vedera befese of piidhe poreugshpnae dormedgn e Gaphregn. i“i*fé‘? VRET t hi rd

wafer to the. secand i Kfac -t h r.. t ferred
enbodi nent® ?%%n?rﬁlmrsala\ﬁ[rg#géatg&% aﬁ?\%&?gggkll@eﬁ%ﬁ@d@gew eeseésdglgo‘gﬁev\%ﬁ etﬁé The
t hi rd jpaf ehirdaxfd e hpdde e the indutatimgtord wafer at before or after the
corrugations are formed in the diaphragm If the third wafer is of a

non-insulating material an insulating layer is bonded to the second wafer
and e 33ph Bk 81 STSH Pt PR P P Qg™ =t
pressure between the diaphragm cavity and the back of the microphone to reduce the
incidence of stiction. As previously described stiction occurs when wet processes are
15  used or when there is a pressure difference between the diaphragm cavity and the air
space around the back plate of the microphone. Stiction can occur when dicing
microphones as each side is covered by adhesive tape for protection. Stiction can also
occur when packaging microphones. A microphone is attached to a substrate using die
attach material that must be cured. During curing the die attach material will emit by-

20  product gasses or moisture that can cause stiction between the diaphragm and back

plate.

To reduce the incidence of stiction channels are formed layer 1 that are open to the back

plate area. These channels 16 are connected to air vents that open onto the top of the
25  silicon microphone and equalise the pressure between the backplate and the front of the

microphone. In preferred embodiments channels 16 are formed in a zigzag shape. To

reduce the loss of sensitivity caused by the vents and channels the channels must have a

high air resistance. The greater the product of the channel air resistance the less the loss

of sensitivity. In preferred embodiments the channels are of the order of 20 microns
30  thick.
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pressure between the diaphragmcavity and the back of the m crophone to
reduce the incidence of stiction. As previously described stiction occurs
when wet processes are 15 used or when there is a pressure difference

bet ween the di aphragmcavity and the air space around the back plate of the
m crophone. Stiction can occur when dicing mcrophones as each side is
covered by adhesive tape for protection. Stiction can also occur when
packagi ng I&eONN@RGSs the HeEloMRDRBICHS 1aydragiiethe BackpHibSupgdre 18Si Mhedi €
attach material that nust be cured. During curing the die attach materi al
will emt adyamtegeppiquavidingss beckplate sippsrt pndhe pidicor grcreplene i that i whAutest ween
t he di aphragm and back late, . T duce t.he .j.nci den f .stiGti annel s
are for roch paRe e ' G b el NS U LB PG @B afer o1
are connegiredding adhbreMBhiss silidah migephdHet The backpdile lippofeproddesittnginto

m crophone and e?ualise t he pressure between the backplate and the front of
t he m ér ophebackplaepr Ehe pdeantaged oo wang ¢ kaskplatel suppertaeleinsulating materalzi gzag

shape. To . reduce .the L oss of, sensitivi aused. by the vents d_channel s
the channdPeSfi EFaming ISR RuRSETRe bashelate AR SindbepbiCitr oA BT "o
the channekdes ph@sitis capaftahtte B&KplANSuPpeRsI3 Ao ARk the bifck Volumeaffer r ed
enbodi nents the channels are of the order of 20 mcrons 30 thick. 13 Figure

10 shows tthe sibieer orienophionsi formed by djeholanin thhsetrmdikypiiar e Figupsn b9 shavgs thghe

advant age of..provi.di ng kpl ate su rt on,the silican i craophone. i s that
T eausess e Al T Temen B e SiE Molesk i G ateR T TR i

M cr oplyoNeerhisodRAG 2ESEhel U forkied\h 6iliasn 3 sHEHA® tHeQRMFIn & silidoartofiatlifpiene. The
backpl at e support provides strength to 5 the backpl ate. The advantages of

usi ng a beaskpdtisthelesuppoetored to the gilison myjcrophere inloneicauiend Stabilzsatiomgf thesi gns
where the ckplate 4 and. di aphra re separated which reduces parasitic
Capaci t ancUCORIEIbI L EARE S4oFoaF S0leF At REHER PHYCHAER GOTL REVERE: he
flhl i con mgrigphaken fla%feFﬁdwﬁHinttH@ sﬁ'i%ﬁ%libl%pﬁ&fé. SEGORELNREGSN i hid¥ided b9 shows
e
backplate support 13.
15
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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outline of silicon 4 that fornms the acoustic holes. As can be seen in Figure
10 in this 10 enbodi nent channels are fornmed in silicon 4 so that the
section of silicon containing the acoustic holes is anchored to the silicon
m crophone in one corner. Stabilisation of the silicon |ayer 4 containing
the acoustic holes is needed to prevent unwanted novenent of the silicon

| ayer 4 within the silicon mcrophone. This stabilisation is provided by
backpl at ecs Mgt 13. 15 The foregoi ng describes the invention including
preferred forms thereof. Alterations and nodifications as will be obvious
to those skilled in the art are intended to be incorporated in the scope

her eof asldef i Resﬂi&}ﬂ nrlilal%t?ﬁgﬁi;é) Y§i clainms. 14 CLAIMS 1. A silicon
pl at'e

m crophone conprising a bac of” electrically conductive or

sem - conduct i ve baakipité af eleotmipalilys corgluativebor degridoap@tive meataif @ompeisiag a
surroundi ng. area, a di aphragm of electrically conductive or sem -conductive
mat erial BSYFPPRIRGren andiasuiepedingasar t hat extends over the aperture area

d di i . ial : :
Msul ated 1ront CPREER S MeniGIS ot RB3L o R e FAMAE L BrisBRY, o o

t he backpllatibleanembérethhbbgemBnides tief apdird bepahd gnydrayuiiting ardd tHands par al | el
pl ates of a capacitor spaced apart by a cavity, a_bond paciwformed on the
sur r oundi kgstpaemligroppeted tapidapsylated figam hesafronpsipg arca of thsdagkplptsundi ng

area of the ba £oedeRaRal nd b dt.anhLae oundi ng
t he bond pad fggﬁégﬁﬁﬁaﬁ%ﬁgRsurrogn I ng é}eaggg tﬁgsﬂggkﬁﬁétg, gkﬁﬁg;st one
ai r ch@nnelo paralied ghlates dffascapaniton ypeted gparilby acedtyof the di aphragm and open
into the cavity between the flexible nmenber and the aperture area of the
backpl ate, anda bond pad formed on the surrounding area of the diaphragm,
a bond pad formed on the surrounding area of the backplate,
an etched channel formed in the diaphragm surrounding the bond pad formed on
the surrounding area of the backplate, at least one air channel formed in the surrounding
15 area of the diaphragm and open into the cavity between the flexible member and the
aperture area of the backplate, and
at least one vent open to the exterior surface of the diagphram through the

surrounding area of the diaphragm connected to each air channel.

20 2. A silicon microphone as claimed in claim 1 wherein the channels surrounding

the bond pads are between 40 and 50 microns wide.

3. A silicon microphone as claimed in claim 1 or claim 2 wherein two air channels
are provided.

25
4. A silicon microphone as claimed in any one of claims 1 to 3 wherein each air

channel is about 20 microns wide.

5. A silicon microphone as claimed in any one of claims 1 to 4 wherein each air

30 channel has a circuitous route.

15



at | east one vent open to the exterior surface of the diagphram through the
surroundi ng area of the diaphragm connected to each air channel. 20 2. A
silicon mcrophone as clainmed in claim21 wherein the channels surroundi ng

t he bond pads are between 40 and 50 microns wide. 3. A silicon mcrophone as
claimed in claim1 or claim2 wherein two air channels are provided. 25 4.
A silicon mcrophone as clainmed in any one of clains 1 to 3 wherein each air
channel i s aboys sifi@ofhfiérdpBond d@laimed fh Sy bifOS¥ dMhiRIsOPRONYhegifihRisiTREni N any
one of clains 1 to 4 wherein each air 30 channel has a circuitous route. 15
6. A sil i ooisrophenawisiporiadedswith ahereid vent ngngirehannel. clains 1 to 5 wherein the
silicon mcrophone is provided with one air vent per air channel. 16

16



