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

m crophones and in particular to silicon mcrophones 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 | ow ai r sjlgpcoNeviPeERGIFIONIE backpl ate and the flexi ble 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 the capacitor. The change in capacitance is
processedﬁ yﬁgﬁggFﬁgﬂﬁﬁrgﬁvcuitry 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
meki ngd i nagimeator relates (e siliogr apeioRhonss e I Jrartagonas thi SHOBHBIFEPHORE ude

m crophon f ring aids and nobile telephones, and pressure sensors
for vehicﬁ?gﬁ% c%gghgglicon m crophone has been fabricated it nust 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 eBMKﬁﬁcg‘éHPagi ng may reduce the sensitivity of the microphone 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 e$0 of A dapaciapamidrophonpaymsaillyi iaclodgacdibpinags inciudihg an rlectrogdhaitaehedand
stiction between the di aphragm and th? Eac pIaL% 1 Leaka%e currents occur
when the fawflprbleaaersberiand ahackIpipaeliehiodat flgyiblgmemper 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 between the two parallel plates of the capacitor, parasitic capacitances in the

microphene, 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 npedance 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- E%a?@@u%ﬁ{s%‘ccﬂk‘%e%' {HWENd Bates To £ P AABRphend RapdéntoRtar@ nol t age
greater than the desired operating voltage and is less sensitive to | eakage

current s. cdroplPghadsalited cipacicadn odlierc aCdsepremissd displatigebmay e¢fa Wai de on
the edge of a.wa r . digin

_ f ' e .
capaci ¢ anbeiapoi) BidsdhapebieHnr bl in R A FRER LG Rs

di el ectri gedudy &icSimpdiane: 6apRCklidns esicpional T@allythe inpedaicoahesidose t he
silicon mcrophone. 15 Stiction is a comon problemfor small capacitive

devi cels. Ofmitar eawansnrters tvilltalweys hesspmsdeakage duelter mirgoplione Ppeogssipgand

m crophong_wafer. Tvpi cal b Cr iS...p e . nl aci ng
sone adheg?s\lf%]'t?arbéo%g 5 ﬂ%'ln%%g?fo eenil%gg?o %%ng‘éﬁegks[ %rien&%l}cg%#rg %mg t he
sane ti mechdige Wah@r irdlaSpresdnls OTheanod p€ra preetp aindackegd \panipapkowo thdat
water will 20 not enter the back side of the wafer during dici ng., These two
prot ect i oRU¢TaPRANCHY PmIAR at @ yeltegsadeder thap thedesked arEpingEoliagp apd &plkbsagm and

the botto fer. i.aphragmis a thin nmenbrane, any tenperature
change mgén\é@ﬁaﬁ%letéga egc(r?llcr:ﬁeg{s?éd air colum thereby pushing or pressurising

the di@phragm This pressure nay cause the diaphragmto touch the backpl ate
which is only a few mcrons away. After a small 25 contact tine between the
backpl at eParaitic apagitanses #gmbesarediiy debps that sevide potheedssrf 2 walreaftet i ction

has occur Eh%ﬂfg PR Fhcil VENTL %y 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 is 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 wili
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 is 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
with 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 edInt broad trimis i ghe gt the ventien canprises A dilisgn ariepbena ¢pnmistlgH at e,

the apertyr rea.o he backpl ate a flexible nene t-he di aphy agm
form ng t&%&B%}%PFeﬁﬁec Ilcefljtllg_scoo ug[w(?a%gg‘ft?lo?onglﬁ%lt%:veedmg YAl [ Cg{lllpgsmga%/i ld,’ a bond
pad for megdp@fird BRea b OUREIUREinal £8a, Qf dihﬁﬂa%haeﬂ‘rmmriaanaf dmadctpador effied 10 on
t he surroundi ng area of the backplate, a channel forned in the diaphragm
sur rouhdi pepdunveBMtErishaomprsiag aotexile neambes thvdicipnds exclothetapertwaciel at e, at

I [ h d. i : ' f. aph d
open i nt o°0ha eRRRE st FH e H 4 B E AR A i WEPLROT. 701

t he backpk@tsindmadamh dfeast bakplateyahé adpbit@dgited e hurtekpidiengndifRaibtd t he
di aphragm connected to each air channel. 15 Preferably the channel s surround

the bond paabenpbthstigpharzm dommas 300 paratishalaigs @ a capp@tos spiog apwd byi g
channel s p ' I [ h [.S 1£rons
ude pr EPEVEEBIACER R R Rk SR ot i B E g BB e et
silicom nbgrdphartounding axadefl the thuckpieteqid clgitiel plokmad rinC flend&iphragdb BRI EF
DESCRI PTI ON OF DRAW NGS A silicon mcrophone and a_ net hod of manufacturing a
si i con nherewdegahapppd ped 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 follow ng drawi ngs, wherein: Figure | A
is a side viewof a first wafer before fabrication; 3 Figure |l Bis a side
view of a second wafer before fabrication; Figurel Cis a side view of a
third wafer before fabrication; 5 Figure 2Ais a side view of the first

waf er after the deposition or growh of oxide; Figure 2B is a side view of
the second wafer after the deposition or growh of oxide; 10 Figure 2Cis a
side view of the third wafer after masking; Figure 2D is a side view of the
third waf Biguest tlbis anidg viewplorsceandhvagr bafpigflicativy; 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

i's a sideFphan©fs 4 fige view orafthirs wadndetbré egetheon; 20 Figure 5 is a side view
of the two wafers after the oxide |ayers have been stripped; Figure 6 is a
side Vi ew of a second enmbodi ment of silicon mcrophone without electrodes;

Zpe L T P A B i gﬁ}u\eé{vg%t% ﬁ}s*aa,aﬁe%\ah&eths?p faBorGr A r dufi; addi ti on of

the third IS atop view o device of Figufre 6; Figure
7 is a side view of the m crophone of Figure 6 with electrodes; 30 Figure
7A is a side view of the m crophone of Figure 7 with the a gdltlo of the
third wafigpre 2B magudevien ofdhgsecopd vakhager tLﬁQeRﬂSE‘PBF%(SF@V ofexlsre 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 is 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 is a side view of the microphone of Figure 7 with the addition of the third

wafer;



Figure 9 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 nent of silicon m crophone. This is not intended to
limt theFigutestR isonop T phbheinigiopBonestfdips’s 7 educe | eakage currents,
parasitic capacitance and stiction can be application to any silicon

m crophone. 20 Figure | Ais a side view of the first wafer that may be used
for fabriBRuid®isa sideybwadmsilfcon ndicmiphémonithtarogahionsin thhdapheger, is for med
froma first layer | of highly doped silicon, a mddle |layer 2 of oxide and
the third layer 3 of silicon substrate. In one enbodinent the first |ayer
isli~+d i | g ii ' oz #oB -of In an
ol ter mat | L e o P R R oR T 4™ e
third | ayevird wayr;be a p-type substrate. Typically the first layer | 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 Il depe s - 115t isdMHer ithik

substr at eﬁ étlyer{Sihagto ﬁ}ii]%:bkg?qtnﬁlg%rp ? ﬁﬁa&g%tﬁtg?&? \(/)\g&i g@%}]g&gﬁéﬁ %gfr?[%g(l;hrrp?lee 30 may
be of 10 hemitrdghionefand bainte aRageocuB®Bt, andr ons 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 IBis 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 enbodinments different silicon surfaces 10 or structures

my be usgdhohld Wi kREd eEbadi fenticaryshswhiaabhet dvaivarto sayebadusedivelrifgure | C
is a side viewof a third wafer used to provide backplate support to the

silicon ilsiiticomrnses omii s wafer is preferably Pyrex or borosilicate glass
but alternatively can be of any suitable material, either insulating or
non-insul ating. Although Figures I A | Band | C are side views of the

t hr ee waf Bf @hertdnshbodirheitangarseitite eefer diaybesisehal with two major surfaces. The
two maj or surfaces of the first wafer are the 20 top and bottom surfaces
(not shown in Figure IA). The first maj or surface, the top surface,

compr i sesplahh i ROPRShcS Ulele 8P hdl BEcong SPRE: ik o gﬁﬁ ¢ fol gL ROk

surface, onprises the silicon substrate. e maj or gurfaces
are at theadkplatafod alsiiidoamiefophbee. wa]ﬁlervva&*rctohrptrﬂses a?ﬁhcmnwlafesé tThe wafervi | y

doped silicon wafer. In, Figure | gthﬁgrmi jor surfaces, are aI{n the top and
bot t om of 15t keaviladeped ISHICP%WCIEPY § & YRS 8h YRS 8jhisBRe 1t PSP waf er s
are initi L. SEHrSEP nd
further p%{éé{e(gglegmg Fi grargegé(g;ﬁg%c{l %%%ﬁ?ﬁg %ﬁrgss(??fg&@ggﬂelg(%ﬁg e s'falrs
af t er 1@Oxi destiuchass heebe fidmed on  the nmmj or surfaces of the vvafers. xide is

typically formed on both surfaces of both wafers through thermal growth or
a deposition process. Form ng oxide on both major

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
si | icon nFigitdeA aRd 2Bashusetie ifitstpind ecoald wifersafietdl @xidayehas beea fotmeaddonaf er

must include a central aperture sq that when fabrication is conpleted the
mi cr ophonESviPHIPT Sy&icss é??é'&Fr‘r’VéEef?r-y%xffg ey prmaf on et ﬁwtfaw&ﬁja with a

central  gppst Hﬁ@u@r‘tﬁexﬁé{ é?@w{hg&r@g?édo@itfrohﬁ)r&%gﬁrFoﬂiﬂgr&i&gﬁm%néj&e third
waf er after 15 patterning and before etching to forma central aperture. The
maski ng | ayéceoof ¢aok walafreducentheheska of digertingf the waderdhat Phauldpenur iffaxidean t hen

be forped using concentrated, HE tqQ etch into the borosiligcate gl.ass. The
contral aldt fUMEdo OBl 9t Tde ObyFacletvalit diyAn Bkt empodimentghift iy | o

used it %ﬁg oR| A BnEafdr @grhfaéer‘ofee%at:@ Waddr Ve ehdicaRmt Bigutheacaptipal

aperture may be fornmed by nechani cal neans such as ultrasonic drilling. 20
Fi gur e 2Dtheshiaksiseef the@widzflaydne S thiesskthavatherthiakiess of thesdicoowadér. 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 typi cgl jst i 6ENRASsRbdALBAGKY MR WIRaPRYdiPRcRROMN it ChYBSaMfbh 1mm
di aneter holes. After the thlrdyvvafer is 25 prepared it is cleaned. Figure

3 shol® omengbeiticorenitrida meyibehused vamplaceofahé exigatayer.ned 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 |y dopeehiRDWhiep Pkt il WRE a BéntBP afériurs isb ithA wIRInCRAbABM oREs o Blctdde
t hi ckness of the thin section determ nes properties of the silicon

m cr ophontheanicrapheng well pperatsi dorreetlp nifuthe tyrd water isheotdiraptedignthof centrel
(r:"a\‘ilr ?5hongp'ertlupe one SPedgBNLy & WRAGLYY® FRMChEMHoRsThe! RirdSSsket Galor m the
[5  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. [f 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 1mm 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 dry silicon 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 sanme tine as the cavity is etched at |east one air

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

connect i Thid @RERI NGmketdthed BRckl dickmREs 6RMetiiinddeeBo®bf tHechebVil$ idbpabn

m crophone once conpl eted. In one enbodi nent the circuitous route of the air
channel s Ppartign depppg op g dchingtigher embodi ments any circuitous route may be
used. The advantage of using a circuitous route for the air channel is that
this provides a way of bal ancing the pressure between the front and back of
t he mi cr oPhodesirkd shapevenhe cavityrie detemmisitd Gbiothe néduived tpropediicsi afghd fibcacousti ¢
sensitivity of the mcrophone. 15 In preferred enbodi nents two air channels
are fot meBICTYPRONSi r channels may be formed 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 Apkheagme e asfthd bevityoneldbeédt abti @emintianophmag be Tehediin tlchannel s

will 20 forma path between_ the backplate area and the di aphragm face of the
silicon Pﬁaé’FléiﬁlHB?FEPOFT‘HPsl_?fa ﬁ%é?tl‘b@l}gr' ghé'_éé‘lfrcgla qt?éalé' 31“%2%6‘%[})8 n the
backpl at eyafhefciafitoud RfudhAPBEARE WY Shbnifd in tE BYERIateor RhviteaRh ofastuce the
occurrence of stiction between the di'aphragm and backpl ate "of the conpl eted
si | i cbh niiticaphderephdne gucetemplettd. entuondi enebotd sn¢rtiehadircwtoasn nwits ofithe de et ched
prior to formng the insul ati the 25 .first wafer. \lhen the air

Channel (5 HES T FrigeraBniotite. P PR GaPEITFBR 0T i PG B M e« he
I ih:aS;i ‘;"a‘;ﬁger] %@fﬁgﬁ%@ P Asihb @ @HchitehAROR! Br R diNGaRhAES Rk d8s plovidd8 awedyer . | f
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 tine. 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 ments each air channel is provided with one vent. 8 In one enbodi nent
a portion of the wafer nmay be etched fromsubstrate 3 to doped portion |la
to allow an electrode to be fornmed on doped portion | at a |ater processing
stage. 5 At the sane tine as wafer cavity is patterned and etched an

isolation trench 14 is pattern and.etched in to_the first | ar _surface
of the fiFsPngapkedigent fdigrtion oFfguyaler SRy %Etcllgcgi&gﬂ 8PSt t@nﬁé ﬁ'ﬁ?/edal so be

provi ded @%an% %ﬂO\JVSng\é]E&H)diGStO L apRskd & déped frGén hond 1RRE Fi&eﬁﬁlgadded-

The isolation trench reduces parasitic capacitances by 10 isolating the

di aphr agnstkgeyer from the edges of the silicon m crophone so that any debris
that reside on the edge of the m crophone after dicing will not have any

el ectrical influence on the m crophone performance. The isolation trench

will be tyupigakie 40hd @s walerTAAQGNS pitieied TndARCIRION idoatfonOkeRh414 e fir st
and second wafers are bonded togéther. The major surfaces bonded together

are the fpatemadeindretshadfinde the Gfst nigorfsurface abtherfiranwalsnes showmin Figdfeor
curtaves o LS SEER umter. 8 RS L SRR B P g o oo

bonded to wWn i nTFgure e oxide

layer 5 ofatersem@nshdef B¢ aftdand Thesisplatidietenth adude paystic Tapdcitahesfiy st
waf er that are bonded 20 together. Figure 5 shows the first and second

waf er §0 af tselating dhodiagbragay daysr fiom she pdgsa Pifthe silices miskorhore sRdh#r adur f aces

of these fers. Oxide stri.ppi i.S: |k . i hni que

I T R e
influence on the microphone 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

met hod. In one enbodinent to pattern and etch the acoustic holes the first
step is to fortri a layer of oxide 7 on the outer major surface of the
second wef@h adlayeFhd resttdedithe kdsésn ictier padern&d WEtdhirg iseeforméd teesttlstheand t he
resist is then patterned. Etchi n7g IS . erforrrﬁd to.etch tgg Cﬁéséiia“ hol es

t hrough t #euehs priesythipnehsthpioxils 7andrs C%%hffﬁcﬁgif‘ga’i"é‘lsa et the Gxdde

| ayer 5 a f 4st i : ' LD t he
acoustic hg%lj;gatqg%g%{%@ Oggef%y%%?fﬁggs fbﬁ;&rﬁ grs%g%\r?%gtq%g%ed Si Iuia?o%&%gyer I
of the fi sstthwaiery. fobmdhim thre hedvilyalopbésificapiapemiascf tha fiodt vaferomi um and gol d or
any other suitable netal or netal conbination, for exanple titanium or
alumimum In one enbodiment the netal 7 is patterned and etched to include
Comer anc?gé K]%?aq%@ybé’@hmbmﬁoﬁrbfi EBRARE B oREor Al 6BeshifaBlcatetngter | yi ng
carrier. can-"be seen In Figure 6 areas 14 havée been etched to all ow
for bond patks combinetior, Fomednpte tifapiudi apfinagnumndn bae kpbedimesuthe aesta 7of t he
silicon mcrophone. If the vents in the first wafer to the.air channels
have not PeRUBEEH2 QEWEEJ]%]@? U FOmaT %?c‘g‘ﬂéﬂao(sﬂpﬁ ‘ﬁ%‘Cf‘tﬂPﬁ lgncsf?%}}?ne The
acoustic Q@ch%granqpﬂgﬂghggaﬁf&r; he silicon wafer may be circular and set
within a rectangle of the silicon wafer with its centre at the centre of
the si®icon wafer stack but wth Iength and breadth | ess than that of the

wafer st a%é'car-l; q)% SSCQI? RS F?gnudre arir%erllsg‘?ﬁ%e %en 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 aiso 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 demfﬁcﬁahta)ﬂdédjﬁtol dloyeeasdi breai&igemédheawafwsm dichg g, shBow Lepeugf tot he

Rl E- | ag, the gap .a ut t perineter of the s on m crophone does not
conpl et el §lla g3y htaﬂ IHl&ﬂf g?\@’agﬁirl"\”&k‘ﬁﬁt prggkaec he o’ien “INconpl etel 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 Bigatech alhdw&ediltciongnion‘ophhm ofdfigure 6i aﬂeo baading tiethurd ataterite tisphone
boser b o EARMLEHS FHacT PLOFE B HEREH crhEs SpbRs e R R BR™ 10
suffici engﬁé’?d}ﬁ% of ﬁea}irgt%fglasﬂl tﬁé ?ﬁslﬁ%ﬁa% &ﬁb&dhﬁeﬂ’t@lﬁ@ﬂnﬁtwﬁbﬁsr&ﬁodﬂbléll)ﬁ hal | ow

enough to | ow easy handl i ng he wafer w thout breakage before dicing.
Fi gure 6Absihisdso tHesesotd wafar. nTlmer thpﬂorme‘emﬁafbgbwlee tathee&ecmﬂiaff@gb@fﬁ@ third

wafer to the sur.f.age he se ond d et chi t hr ough
the insul 8t ‘Eﬁerﬁﬁfg?ﬁ}'?@ﬁ?’l“%h% ?qeﬁoﬁp%’f’tﬂfl NG e}-éstoti%:qo&ms Fit"%ma%ng]f erred
embodi ment;, tRG1aliRE ﬁﬂ/eY‘@J Bénded t@"t‘l@ée%@ﬁd Wafdd QRdeRk ird Wefed eChsldicwad ee The
third wafer may be bonded to the second wafer before or after the di aphragm

has bé&ken eteheog layér.the 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

i cr ophongigpfe B G4 BpbricWafitelic SliédH MiréfndBE RiguRast Woifed heorhRphy @i of the
m crophone.” Di aphragm | can be seen through the aperture in wafer 3. As can

be seen apart hbthsitoe vieiv afpléemiicwphere. bewphfagimkgan be scoprihtomgh toerture
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.

11



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 layers of the first wafer. The channel separates the mddle 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
sput t er edrigrd B shaws aabp Wikw ef figr silioa inligoftond af@dshenbdrd feals iasobadred by

t he channel from the di aphragm and hence no | eakage will occur between the
centre boHUMEAEN Hrcsikiend Rro8e. The barrier acts as a sacrificial 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 agrrItasirﬂum&emo&dohhaﬁ tig ghiape g . thAdiaphcigng apetuae phytbé ¢e vpEvooédls: sone

metal from centr may be. att e e dicin blaea thereby
deposit ed“’éﬁ?gqu}ﬁfaéfi tae SIPf’é’& a@H@SB@H&%ﬁgﬁg%c’gﬁac{gﬂ? EOH@%@)@W&& I 1:5‘ can
cause shoaﬁléslggré)gho%fgrexgm pRQoff}e barrier and channel can also be formed in

the silicon mcrophone when | ayér 3 is etched away as shown in Figures 6,
6A, 7 and 7A. Figure YB shows a top view of the silicon m crophone after the

bond pads_have_pegn d on th 0 oul.d be noted
Chat L. Eape e e RSTP SGRIoRFeR ofIERs "t Ao BORtos ds GRINIALE: B e

m cr ophong. 3@ nalis sﬁhﬁ&eotatﬂg sRQnl 8. ah tlﬁé‘ﬁre?&?féﬂ eﬂmuﬁérﬁ tROthirdBATer t 0 be
limting. These are shown as exanples only. Figure 7A shows the siljcon

m cr ophones abdicrldubended 46 ﬂ”@rsemrrddww‘"gr t e thiridrvehfovranay be bomc‘n?é to ghecssaendraj or

surface of th econd. waf er ferred i,rd wafer 10
i s anodi c&’l# %chs?ﬁ?i%afﬁf ell?%roggsc]& e%g?g rmehon tﬁ%?‘rrsgw e Itfrr‘p%ﬁ/&brg WRded to
the secong mfrﬁfn Bafieif Matcihl &1 indhieGhd rag@sls ReN@dreeRe ERONE&afdht ahlighd i r st
wafer. If the third wafer is of a non-insulating material an insul ating

| ayer is Bonddwaferis bondedslecbmimswatieg layerd the third wafer is bonded to the
i nsul ating | ayer.

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. Tt should be noted that the silicon

microphone of Figure 8 is not complete and does not show any electrodes. Forming

12



15 I n another alternative enbodi nent substrate 3 is thinned to oxide |ayer 2
or to highly doped silicon |ayer | before bonding the wafers together as
shown in Figure 4. In yet another alternative enbodi nent substrate 3 is
thinned to a predetermned thickness either before or after bonding the

waf ers together. Substrate 3 can then be 20 selectively patterned and
etched. In yet another alternative enbodi nent one or both of the wafers may
be at t hecdriugalionswafthe didphrigness betankingd sddbsaiynghernanbedimest of2gliqon any of

t hese enbodi nents the third er can, be bonded to the second wafer, at any
st age aft@fcr«emnaesﬂ?tWWW@%&%}WB‘&&E‘E PO, OF%mtaﬁg’elfggg’bTegt‘g{th Igure 8

shows an i : i t of silicon mcrophone of the invention. In
O@?@H&%%ﬁﬁm@d 0!

this enb nt t irfaphragm of the silicon mcrophone is over-etched to
forma 30 series of corrugations in the diaphragm An advantage of

corrugatigns is, that it inproves the .engt.h .of . the sili Cr one. |t

shoul belglﬁB’Ee By f;hﬁéﬂ’gg? WBrﬁpﬁﬁeccﬁlgé%gg afier E?Ibcﬁrrl%hlg tﬁfé@#ﬁ&ég% ete and
does not gheyy ARYor 8LEEIS STURS secdofll Wald. 14 ZheCitfeu@dlehdadimdnt thethitt apifgragm can

be conmbined with any ot her enbodi ment of silicon mcrophone of the

i nvent i onis aRodicalkalided ththeseeandgualen nEhenthird perfergnsy brbongdet fo theesecond

m cr ophones.of Figures.7 or 10. 5. Fi qur : . R ] one of
Figure 9 SREEA kbeé%(iioﬁﬁﬁ%@]etcﬂfr}%g%]? &r* @ﬁﬁ%ﬂﬂé@é&%ﬁ%gﬁiﬁj fgﬁﬁé;tgﬁpflgiagé}gf t he
second Wafsefr.a roR-ih§iBatRigehetefigareibaatinEentertib 8oldudrtd thedeednd ivafernadileal | y
bonded to the second wafer. The third wafer may be bonded to the second
waf er 1t thétloradergs bandedrto theingdptinglaystons are formed in the di aphragm |f
the third wafer is of a non-insulating material an insulating |ayer is
bonded to the second wafer and the 10 third wafer is bonded to the

i nsul at i nPiguRY®is a Wpowie® & d slieor @ixryptene dicladisg impeventots opbeudisé el udi ng

i nprovenents to equalise the pressure between the djaphragm cavi t¥ and t he
back of thr@sqwq;bgw%éhq diaphiggmecaviy 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.

13



i nci dence of stiction. As previously described stiction occurs when wet
processes are 15 used or when there is a pressure difference between the

di aphragm cavity 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

m cr ophones. A m crophone is attached to a substrate using die attach
material thaire Misthdwes dier pekforbredi siticaundyeg dntiethdi ackplagc bupmaitenBal The | | emt
by 20 product gasses ar. noi sture that can cause stiction hetween the

di aphr agmPaytass ok Proyiding 2 bagkplalgeapathan thici HecBigePhope ds rhahltd fels are

formed | ayehdyefl@@odhfen B?ﬂlet@ackﬁgtehﬁﬁﬁl thglsﬁic%]p%ﬁ?ophxng% Ehgs 16 are
e top of t

connected t6 air vents that open onto t 25 s Fico m cr ophone
and equal pswidihga ;mces mhuet é)hmmnrcrm}menbaﬁkqabaﬂcplaamhpph@ pfaodes stEngthéo

m cropphon nbodi ment s. chann 16 are far. n
shapep ehcré%ﬁkg[-? heo Vaﬂ?aglg%ﬁglutg’in\gli‘)?a & FUBEPTE 1 W@ﬂ?tlénga eEﬁgnnels
the Channel&udéue%{abhﬁgeeegnéﬂwlereatﬂe E&ﬁbl%fcaﬂ'c‘a%d Gifshr B alr8 sep e vatuct  Of

the channel air resistance the less the loss of sensitivity. In preferred
enmbodi mentrslut¢separtmnnedpsicianseofBackplatersdpporof 3 2Bonhercanss the3dackhiodkme 08 Fi gur e

10 shows he erforated SI|IC r ,and he ba Iat su rt,. 13.. The
advant age ?Oé\ﬂlﬁﬁr?@“ %‘Efk%in%bf ﬁ%gl?ﬂ)eﬁdptt %ﬁecf’ﬂi %ﬁmﬁlp@ %‘W&ﬁ‘éﬁ i s that
it reducegutlipk oPSANEAUSHADIRHE The Qéoufsﬂ'hehaawﬁsaéaﬁ b\en%en 'irhglg%l‘é 16 9D this

m crophone is packaged thus providing a nore robust silicon m crophone. The

backpli@t e embpgiorent ghaouelders formedit hilican ot thet tba@ercpbatoé silitorecerdyamgdbes of

usi ng a back f insul.atin terial inclu lin esi gns
whers ¢ no ke hdies HARahtref i sRE LR A -GRR if ore tiifen ShlliRin S T
capaci t anggicoPagkpl &bﬁtaﬁﬁﬂ%ﬂ{ et achstd) Bfled RGIcOAHED ﬁreeelﬁ%%aﬁ@hmeﬁfem the
silicon m crophone forned the holes in the second wafer. Figure 10 shows

the out| Phéheotiliean kyem wl'thlﬂhthef whean missonhenes This sehilisationds pxavides keen i n
Figure 10b5c§<p ah?é ?upport 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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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 coner. Stabilisation of the silicon layer 4 containing the acoustic
hol es is needed to prevent unwanted novenent of the silicon layer 4 within
the silicon mcrophone. This stabilisation is provided by backplate support
13. 15 The foregoi ng describes the invention including preferred forns

t hereof. AIiAIMSi ons and nodifications as will be obvious to those skilled
in the art are intended to be incorporated in the scope hereof as defined
by the acconpanying clainms. 14 CLAIMS 1. A silicon m crophone conprising a

backpl at e jof eleglitdoalddpie @%’ﬁhﬁé’lﬁ or sem -conductive material conprising
a b5 rigi& aperture area and a s rro%ndi ng area, a diaphragmof electrically

conductive or sdénckdandictdcueatimtcendimtive onpamis¢anguetivef mateiibl eonmpersivgg a t hat
extends over, th ar ea and a surrounding area that is at | east
I

e apertur
partia y“éwri’éét‘@gaf?aognd:%ﬂiﬁ%& &84 from the surrounding area of the
backpl ate, t hea%ﬁ)ﬁﬂh}%woﬁéleaﬁ@inf Jlﬁ‘ndbétﬁ“émr%Eﬁi-é&ﬂiuﬂi%ﬁlﬁ{e@ian@’l‘%ﬁm@at he
g 10t ace

di aphragm formn wo parall'el plates of a capacitor sp apart by a
cavity, aflooihtt mathbtothatdxionds heersthe mpertiue pipaaanslaa sfrrovrnsting agshrthajs at a bond

pad fornmed on the, surroundjn rea of, .t he backplate, a c negl .formed in the
G aphr agrm el PO PRI o Baue Ry BhatuRag s farn et BE of ¢ e
backpl ate, at kRaglrtoRardd &f aBBANPIatd HIBkib1e nidgoe BF BRUISIMS M IanAsea of
t he di aphragm and open into the cavity between the flexibl'e menber and the

apert P e &veparellcltpheichelokerpacitor spangdapant bagtcavie vent through the
surrounding ar g%or% p;[ui1 Fon%ieg %Iq q:}?egsr{l]n%%g&%gglge% otf(t)he diaphragm,
a bond pad formed on the surrounding area of the backplate,
a 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 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



each air channel. 20 2. A silicon m crophone as clainmed in claiml wherein
the channel s surrounding the bond pads are between 40 and 50 mi crons w de.
3. Asilicon mcrophone as claimed in claiml or claim2 wherein two air
channels are provided. 25 4. A silicon mcrophone as clained in any one of
clainms | to 3 wherein each air channel is about 20 mcrons wide. 5. A
silicon mcrophone as clained in any one of clains | to 4 wherein each air
30 channeb. has Assili¢dncmict@utone asitRimdbintanyAns iof ickaims Bite Soploea thssititai med in
any one of clains | wherein the silicqn mcrophone is provided with
one air ngroag}neﬁ pro&éﬁﬁw orfealr vent per air channel.
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