. [\e3eCDL(t P6T/ 58FABRI CATI ON OF AN EMBOSSED DI APHRAGM FI ELD OF I NVENTION 5
The invention relates to the fabrication of a diaphragm and in particular
to the fabrication of a sensor having a nmenbrane with a relatively thick
central diaphragmregion surrounded by a relatively thin suspension region.
BACKGROUND 10 The invention has application to acoustic transducers, or

m crophones, and pressy ] A CAt f,h i,| i con wafer and

i ncor porating di aphragfs: 1 'E.QucTﬁS)sch}. c,_gﬁvell ectric or

pi ezo-resistive elenents to convert the novenent of a thin diaphragmto an
electrical _signal. Qther forns of sensors rely on changes in mﬂ”ﬁlﬂWﬁM@M‘NS
bet ween FIEHP-QBIINVENEEONgm pl ate and a fixed back plate. Th

i ncl udes a conductive electrode and is attached to a relatively fkexibl e
support or suspension nmenber. The back plate, which also includes a

condust i The éhwdtiondsdates ® hktfanhadot of a diaphaighy ahd i pgtidulatippe fatkrizdtion

general ly .includes one or nore acoustic holes that allowair to flowinto
and out 6f apeRsoRhRviRgp membsne With prelativelwthink eenBalyliapinagip regionstounded o

def | ect %gqrglgﬁ{,‘g ¥hiﬁ9u ANge dokls, capacitance of the el ectrode structure.
The change i s capacitance 1S processed to provide an electrical signal
representative of the change in acoustic pressure. Suitable sensor

di aphr agns Vi relatively rigid central diaphragm portion surrounded by
a relati @&@ﬁﬁwpﬁl% or conpliant suspension portion. Wen the di aphragm
is tqybe 25 fabricated froma honogenous nonolithic material such as a
silicon wafer, the rigid and conpliant portions can be provided by portions
havi ng diTihe einzentionhhak apslgetion Uni aceustBt deslupeas.ent isrophofd6 and 7pesice | bes
a pressure transducer wth a di.aphragm having a central boss ©Qf.trapezoi dal
cr bss selenhRBY TG TRl iy % SLE ARE. R S Ro B0 biaPlpBic ek S8R noors
are fornmggh QfligpiesteledGR 6f piRzSkdsistion eldmedts {0 edhvehi th hoentbneRh @M | S
fabricated. An oxide |layer formed on the other surface of the wafer is

pat t er nediaphengin ik aucledTisslpienal . Kiheyfempeot wyserm relyronaehianses isapacitanes ng.
Uni t Shatein ha . , Ckl abgy.cat f, rane
or dﬁgp htoagm Hé‘\a/]?l §géagﬁ?cé1]agl?r gglgll égtg hagg%efrﬁ%izﬁatc%;qq at%élgaf: Hg n&%%lﬁg%@elga%@&@

rel at i velcygndieting electsedepaidss anadhed toa selativelhiledibleisapport essuspasnanembar ned.
Fabrication is by formng sjiljcon oxide, strips on one 5 face of. sjljcon
Subst r at 4R #3Fk Biglen b qqioow?‘ 47 6 uﬁvmlﬁ‘ﬁ@danﬁéﬁﬁsheﬂdo §JB‘§PY“3¥ gigid

t hrough Qﬁiﬁ)p%rpé‘r{d’\g‘&l@ratllgein@lh&ésp&;ea&dm@x‘éea{coﬁé%ﬁ_ L' tBat AIRW R 9§ floW Mitdtand
continuous 'l ayer of epitaxial silicon overlying the oxide strips. An oxide
| ayer fowonedf 8 aihgapt Mepustncpressura pe thaudigphragm dayseset ke deflgsatand thesebyand

etch to, re e the.substrate 1o |eave a s nded.di aphraagm. A preferred
ot oh s SRS P BROTr AL Fict fod B,y FREADES 1 L ERERE: QB
(EDP), f @b prowkit ddielecticdcighilaeprofentitivd of Melhamde inladsustic @iedbure Et chi ng
termnates at the oxide strips. United States Patent Nos. 5,702,619 and
5,614678 describe a pressure transducer having piezo-resistive sensing

el enent s Ll I . : i i t he
censing o aade Sulsbf BpGALhL R iPieRline It BURfa AiphiEntl o PARRTRIG Y
regi ons horedivielyy flaxible at icomiplianthsuskersent paitiodi affireagtier digploagm is to be

25  fabricated from a homogenous monolithic material such as a silicon wafer, the rigid and

compliant portions can be provided by portions having different thicknesses.

United States Patent No. 4,236,137 describes a pressure transducer with a diaphragm
having a central boss of trapezoidal cross section surrounded by a continuous groove.
30  Piezo-resistive sensors are formed on one surface of a silicon wafer from which the
diaphragm is fabricated. An oxide layer formed on the other surface of the wafer is

patterned and masked to expose the groove region for anisotropic etching.
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.United States Patent No. 5,888,412 describes a sensor fabricated using a
silicon wafer substrate. The sensor has a di aphragmw th a thick,
preferablly central, boss region 20 surrounded by a thinner portion which is
said to reduce non-linearities wthout reducing sensitivity. A cavity is
etched in one side of the silicon wafer and a silicon diaphragm|ayer is
formed on that side of the wafer to surround and fill the cavity. The upper
surface of the diaphragm!layer is then planarised. The |l ayer has a pl ane
upper surimted Satds Batbutvido. HOEH,203eddsenbesgha fabhicatier oftemendraneas sligphragaunded

by a relatively thin border portion. A 25 cavity,i hen etched in the
backsi de Vmgﬁere@flivawﬁcg%rf%ﬁtr#&ew@ﬁaﬂzerngw reﬁ%wsfygthmpsr HSBETSHTIS8I08S
undersid : . i HAaghr ol ﬁ{ébs‘ﬂ j hs thus
suspendegng%g%p?ﬁgi%ﬁ%ﬁ#@gﬁggthe's??#%%ﬁMﬁgHg}@@$ the%ﬁgﬁgg%igﬁgégﬂkhé
bordes. Thiesopri olicar suldtets. nBpitahawvsitib@ fisagravenfioon thef uadatlyamh selgpmatey a

two-step etchin gcess 3o using.,a first dry etch f.oll owed. by a wet etch.
2" SUMNRY i SRS FOR s s1Bs 350 BipreliE TP HamFigg il S ROTIMFO FIGE oF

met hod ofepfialhl GRdonBrefly B TRE 8418e Q@i‘lbh.”ﬂn%x'id“el @ydrvBinted o1 e B Scef the

di aphragm regi on surrounded by a relatively thin suspension region, 5 or to

at | east spbuptedts mhskedubatiernag amyl eichglefoutendysi the substratestonleeversusprnded of

the invention to pkovi rane hayi,ng.a rel ati t hi ck, central

ai aphr agnirdesh ShrpshRed M0 Y SRRy Pl KO oYM (o
at | qast pprcedicdRolt (BDMYTbilowad bl & réeigiellion RhCRIE} Qrl plalih®agch eMighifg i r st
aspect the invention may be said to be a nethod of fabricating an enbossed
si i con detapRgeyFteomies S8HRY the fol | owing steps perfornmed in the order
given: (a) formng a layer of silicon nitride on a first face of a wafer of
silicon; (b) formng a first patterned etch resist layer on the nitride

| ayer, t RnifedrStates atest NoayE70216] Sexgubs,6h4p ABhdesoriilier & peeshiary @éranaducar havisg
region; (¢) etching and renoving the nitride |a at the first region; (d)
f ormi ng g"%@%ﬂﬁf“ﬁaﬁ"f’%‘f‘%%‘&“\ﬁ‘@fﬁ’%@eg g ‘f%“érw%fﬁxt Y P F*é?c%&eo?l)&oﬁ’ée
siligen wgd %nsin%%‘lé’ﬁﬁ‘erﬁshi% chdHed o HEGRORIativES (BRCRAVe ARBhBEm! RYRhs B3fARSANT t he
first face of the silicon wafer at a suspénsion region rnside the first
regi on andelatively yhinkceniral diapbiagmaegionf 20 the silicon wafer at a di aphragm
regi on bordered by the suspension region; and (e) etching the first face of
the silicon wafer at the suspension region so that the thickness of the
silicon vadied Stateh IPeitedit Ne 558884 I2e @ésoribésSa |sexisor tfhtattatedadsimd atdilecodi wpfer agm
region. 25 The etching of the first face of the silicon wafer at the
suspensi SHOTRE- onlivagensele has gedigphragint Wb 3 dhiclet preferaliy pentre)y |bosedegion a wet

etCh.yo  surrounded by a thinner portion which is said to reduce non-linearities without reducing

sensitivity. A cavity is etched in one side of the silicon wafer and a silicon diaphragm
layer is formed on that side of the wafer to surround and fill the cavity. The upper surface
of the diaphragm layer is then planarised. The layer has a plane upper surface and a lower
profile having a thicker central boss surrounded by a relatively thin border portion. A
25  cavity is then etched in the backside of the silicon wafer to extend right through to the
embossed underside of the planarised diaphragm layer. The embossed diaphragm is thus

suspended over the cavity in the silicon wafer by the relatively thin border.

This prior art does not show the fabrication of a diaphragm by a two-step etching process

30  using a first dry etch followed by a wet etch.



., The .DRIE may be to a depth of approximately 10m 30 The wet etch may use
pot assi um hydroxi de. The thickness of the nitride layer formed in step (a)
may be approximately 500 nm 3 At | east one of the resist |layers nmay be a
phot o-resi st | ayer having a thickness of approximately 2.5 Vim 5 The

di aphragm regi on may be conpl etely surrounded by the suspension region. At

| east on I qent may be formed on the second face of the
silicon &é@gﬁf Fi& *fof the at | east one piezo-resistive el ement
may overlie a portlon of the suspension region. to A metal bond pad may be
formed over the, or each respective, piezo-resistive elenent. The netal
bond pad¥ e hiech jof s inysation ty pievisiegamethod af fabricating @ mewbeane thawing a

wafor by SARGERE A ha Rt A0 BB S S B RS HRBISH | e
of the fbrstatdspembyidehie slibdiplwidgousfulwhobice.e having a relatively thick

di aphragm portion at said di aphragmregi on, the diaphragm portion being
supported by a relatively thin suspension portion at said suspension

region. pQs Inand! kY ag{ﬂgﬁf?vern'tlgﬂ thF%vﬁl% aciﬁéﬂ?i;ﬁhélhé‘wﬁ%e ?Qm;f?dblll?éfcf dhfal

suspensi on portion: one plezo-resistive ele orned on
t he secodithphmgm efionhsareuhdecidry avaélaatlvelﬁﬂm suspensiororegoh, bheo attlezhse@ﬂmdme

pi ezo-resi stive el emen overlie a portion of said 25 suspension
portion.ﬁﬁlﬂé¥%P“ﬂ&ﬂﬁTebﬂgﬁﬁﬁ9 be formed over the, or each respective,
piezggresistive el ement. The netal bond pads may be al uminium 30 The

e 0L IR RSl SRR Dy 1 S b gt
Known equinbassedsBicoh didiphragm comprising the following steps performed in the order given:
(a) forming a layer of silicon nitride on a first face of a wafer of silicon;
(b) forming a first patterned etch resist layer on the nitride layer, the first resist layer
15 exposing the nitride layer at a first region;

(c) etching and removing the nitride layer at the first region;

(d) forming a second patterned etch resist layer on the first face of the silicon wafer
inside the first region, the second resist layer exposing the first face of the silicon
wafer at a suspension region inside the first region and overlying the first face of

20 the silicon wafer at a diaphragm region bordered by the suspension region; and
(e) etching the first face of the silicon wafer at the suspension region so that the

thickness of the silicon wafer at the suspension region is less than that at the

diaphragm region.

25  The etching of the first face of the silicon wafer at the suspension region may use a deep

reactive ion etch (DRIE) followed by a wet etch.
The DRIE may be to a depth of approximately 10pm.
30  The wet etch may use potassium hydroxide.

The thickness of the nitride layer formed in step (a) may be approximately 500 nm.



.these parts or features which are not expressly set out are neverthel ess
deened to be included. BRI EF DESCRI PTI ON OF DRAWNGS 5 A preferred

enbodi nent of the invention will now be described, by way of exanple only
and without intending to be limting, with reference to the draw ngs of
which: Figure 1 shows a silicon wafer with nitride and resist |ayers forned
on one face, Figure 2 shows the wafer after patterning by etching of the
nitride layer. 10 Figure 3 shows the wafer with a resist |ayer patterned
for for mAtgedshencdifahdireaigtriayés guayebedn siotoviestsh ryeeliaRingad thioknassfdfr st dry etch
step, and Figure 5 shows the wafer after a second wet etch step. DETAILED
DESCRI PTRPRoEmately 25RMERRED EMBODI MENT 15 Referring to the drawings it

wi |l be appreciated that fabrication of an enbossed silicon di aphragm nmay
be i npl enmented, according to the current invention, in various ways. The

f ol | osv n@he dirptiragentegion misskr cdnepletoly snarpundeddyahpbepedsion regioni s al so to be
understood that the elenents of the figures, and particularly the thickness
of the layers, are not shown 20 to the sanme scale. Figure 1 shows a silicon
vaf er 1 haviRtorR fibdosfesik@fiCeldmaNdndy BEGANED bRAR sdeord BELof RS siBibaY Raftk eMENt S
4 are formed in the second face. Bond or connection pads 5 are ftormed over
t he pi ezend epprionoé thel asdeast enef pieza-tesistive goney nady emeklingpatien of theal
connection to.the piezo 25 resistive elenents. The connection pads 5 are
typi cal | JUPEOEORFEEY al | preferably aluninium A silicon nitride layer 6 is
formggl on the first face 2. In one preferred enbodi nent the nitride |ayer
is 500 nmthick. A first photo-sensitive etch resist layer 7 is forned over
t he 30 nif melakbondead maynbe foempd everthe @r erdhodsneeiite. pisgofresigive clesient. | ayer is
2.5 umthick. 5 The nitride layer 6 is patterned and etched using

wel | - known phot o- mask techni ques. The first resist layer 7 is

phot ogr affhe eadtd] boad padsaday be alumiisikmpat t ern and t hen devel oped. The nitride
| ayer is then selectively etched through the patterned first resist |ayer 7
to expose the first face 2 of the silicon wafer 1 at a first defined region
8 s 18MOYR bhdhdMleltt @ Leorl Alee treMfvdtioh gy beXaid & Boa dEAafRlhEEARd and
etched as just described above, a second patterned photo-sensitive etch
resi st | datgicaedifoni asitiedn ovafertey the methddanfghofirst hepest Witk onwithbetranyreditle t he

first region sh in Figure 3. The second resist |ayer,.9 i,s patterned
o exposdrtifls Ff HErfiFhaiest ofE BReioem SoROTAMEY e Sicia EHe ik ciwRRel on - 10
i nside t ertfdnre&tsaiuomaﬁﬁh BgiowhiHeadi vh Prtidhebdihg SippoRed by Alel@ivel
di aphrag% region 11 whi cig"lmi s.gborder_e?hgggt % £ Slpplo b3 y
thin suspension portion at said suspension region.
20

The diaphragm portion may be completely surrounded by the suspension portion.

At least one piezo-resistive element may be formed on the second face of the silicon wafer,
and a portion of the at least one piezo-resistive element may overlie a portion of said

25  suspension portion.
A metal bond pad may be formed over the, or each respective, piezo-resistive element.

The metal bond pads may be aluminium.
30
The invention may further be said to consist in any alternative combination of parts or

features mentioned herein or shown in the accompanying drawings. Known equivalents of



.suspension region 10. In the preferred enbodi nent the second resist |ayer
is 2.5 umthick. The first face 2 of the silicon wafer 1 is etched through
the patterned first and second resist layers 7, 9 to thin the wafer 1 at

t he suspension region 10 by a two-step etch process. 15 Figure 4 shows the
wafer after the first step of the two-step etch process. The first etch

step is dr tch.. ln the preferred enbodi ment this et i s, made using a
deep realibafio i dedfi OEES & AT SHERRTE R Ohichs Rrafiiclet 4G ok
Figure 5ignhewg the wafer 1 after the second step of the two-step etch

process. The second etch step is a wet etch of the first face 2 of the
silicon wafer 1. The etchant does not need to be applied to the second

waf er fa i any suitable nmeans, for exanple by
covering%ﬁpiﬁygts§5ﬁ2?1§§vgﬁq§§g§§ﬂg§§Iing the wafer in an etchant vesse
to expose only the first face 2 to the etchant. In the preferred enbodi nent

the etchant used in 25 this 'wet etch i s potassium hydroxide (KOH). The
nitride Papeferedmmbpditaent o1 the inveniian wilbhow dsidsscrbed, hway of shampletonst ch
step, al i i: ] i . i 0 be etched
while t hégwg%‘%tﬁﬁﬁeﬁ%ﬁg&?‘é&@g‘p{ ﬁ? %’é?h? sr%??goftﬁgﬂpﬁﬁgﬁlﬁg@?ﬁ'me first and

Sﬁcond resi st Fi@y@[ﬁh&zvs Qsiﬁ&mhi@fer W’mﬁ\tﬂﬂidleahd)feﬁisolatyae fo@eelnuh @icdhcest ep of
the 30 two-step et process. Alternatively, e first. apnd second resi st

| ayers 7, 9 rrg§g“5%§§ 8 Weratier pattoraing by skeame pfthenititedavfret ch of the
two-step etch I t - Af : etion of
the Thorstep e sttt iy & RSP el Brminl hEHiaERIBNE e
havi ng a rel aFignet 4 shdwsths weyparasicon fipsd dty etoh #2pvaniich bor ders and supports

the relatively.thi r bossed di.aphragm,portion 13, as shown in Figure 5.

Preferably, tsﬁLég“Seggﬁ%@lﬁf#‘ﬁ&iﬂffﬁﬁe@?dg"&ﬁfﬁ’ﬁ?@l’y surrounds the di aphragm
portion 13. The suspension portion 12 is bordered by a remai ning portion 14
of the silicon wafer |, the thickness of the renaining portion 14 being the

initial DECAHIEB IHESCREPEION CYh ThHE EREFERRERHMBOBEYMEXT at ed from Fi gure
5, atl | east a portion of each of the piezo-resistive 1 o elenents 4
overlies at least a portion of the suspension portion 12. The
pi ezo- r eRiefdrii® t@llendaibngd iardll SBer aipieiatbly tiche ffabirivationpf ah dnfitssddsgiiesi on
portion 12 when the_ bossed di aphragm portion 13 noves rel ative to the
remai ni ngiapbragMomaY ke gnplepmentiar ehcoTdiRg tocthe pRIrENtiRRAtioR.HE VERPILEAe BRC an
appl i ed 2GRHshE CmbbBintint NdQLriPEEEy Wa§-of example only. It is also to be understood

that the elements of the figures, and particularly the thickness of the layers, are not shown

20  to the same scale.

Figure 1 shows a silicon wafer 1 having a first face 2 and a second face 3. Piezo-resistive
elements 4 are formed in the second face. Bond or connection pads 5 are formed over the
piezo-resistive elements for the purposes of making electrical connection to the piezo-
25 resistive elements. The connection pads5 are typically made of metal, preferably

aluminium.

A silicon nitride layer 6 is formed on the first face 2. In one preferred embodiment the
nitride layer is 500 nm thick. A first photo-sensitive etch resist layer 7 is formed over the

30  nitride layer. In the preferred embodiment the first resist layer is 2.5 pm thick.



15 I't is to be understood that the shape of the elenents shown in the
acconpanyi ng.drawi ngs are only shown di agranmatically, for purposes of
expl anation. For exanple, undercutting of the etched silicon wafer 1,

al t hough not: shown in the draw ngs, nmay occur under the edges of the
nitride layer 6. 20 The met hod of the current invention provides a sinple

process *rﬁ{] il @eﬂt%fr?e%lea %&&BP h?iggWeﬂ 1910‘35&1 ;ﬁotté’ Rask kéchﬁlglﬂe&rh e

avoi di ng € nee e Co Ion ste

requir Edﬁfshid?si@ﬂ(&ﬁﬁﬁ$ mphdtb@apiueanyra@mmd asmsskemﬂeﬁﬂartdememrdemap'edberﬁeeadi Iy
and controllably achi eved by the t tep etch process of the current

i nvent i owtrlct%laTﬁreISftb%g%?q&@/ebe%tehqdb@go%hém RYEFRGDO AT pesishdavey 7 gp eRBPYCed
forms t GGl radl 3 6f BEsHRSn A0 Tl e GHAPARNY A <rBRNGR RSy L O those

skilled e art are 1nten to be incorpora scope her eof
as deflned I n the acconpanyi ng cl ai ns. List of features labelled in the

figure: I con er first fac fer 3. secand, face of wafer
4. piezof gr}setmweﬁamfa@eeemﬁ@w an ﬁﬁ'ﬁ@f Bs st fpscabed above. ¢, Se?qrﬁdst
et ch resj erﬁéﬂylﬁ{ot&sensitfv%%t&%bl?ﬁgyér@is%ﬂedoor?the%ﬁwge &t @B sfifsh %&af&ayer

suspension region 11. diaphragmregion 12. suspension portion 13.
d| aphr aginsigerthe dirst1®gion, ay eavmimgigned ér Py s¢cond 8651stdaﬁ¢rl\9slslpzmemmdhtod of

por f or eI Tife TG et 3 A dhE SBiepRvHIG: hiPhe SHoPEy B 10 BSie dhe e (o)
on ayd i I fdgidne SvHil)coRbrims WRREt fRfe Shi 4 8@Phrhgrh rgion 11 which is bordered by the

suspension region 10. In the preferred embodiment the second resist layer is 2.5 pm thick.

The first face 2 of the silicon wafer 1 is etched through the patterned first and second resist
layers 7, 9 to thin the wafer 1 at the suspension region 10 by a two-step etch process.

15
Figure 4 shows the wafer after the first step of the two-step etch process. The first etch step
is a dry etch. In the preferred embodiment this etch is made using a deep reactive ion etch
(DRIE), and preferably to a depth of 10 pm.

20  Figure 5 shows the wafer 1 after the second step of the two-step etch process. The second
etch step is a wet etch of the first face 2 of the silicon wafer 1. The etchant does not need
to be applied to the second wafer face 3 which can be protected by any suitable means, for
example by covering with a resist layer or by sealing the wafer in an etchant vessel to
expose only the first face 2 to the etchant. In the preferred embodiment the etchant used in

25  this wet etch is potassium hydroxide (KOH). The nitride layer 6 provides a patterned etch
resist for the second wet etch step, allowing the bossed diaphragm and suspension regions

to be etched while the surrounding wafer retains its original thickness.

The first and second resist layers 7, 9 may be removed prior to the second etch step of the
30  two-step etch process. Alternatively, the first and second resist layers 7, 9 may be removed
by the etchant used in the second etch of the two-step etch process, during the second etch

step.



.(b) formng a first patterned etch resist layer (7) on the nitride |ayer
(6), the first resist layer (7) exposing the nitride |ayer (6) at a first
region (8); (c) etching and renmoving the nitride layer (6) at the first
region (8); (d) formng a second patterned etch resist layer (9) on the
first face (2) of the silicon 1 o wafer ( 1) inside the first region (8),
the second patterned resist layer (9) exposing the first face (2) of the
silicon wafer ( 1 ) at a suspension region ( 10) inside the first region
(8) and aver leympetioheof tHeStwd-aep die paicetdIans isilicoanwiRf er is(fokmdd With a

di aphragmregion (.11 ) bordered by the suspension region ( 10); and (e)
et chi ng REbFANe havingckIelatjvebr thimsuspensiemporiand? whivh herderseand sippos die

region ( h e Np er ( at

suspensi %"%“r‘@@ {hla%i%))%ssteg ?‘é@hg%ﬁﬁa‘%ﬁ?%{ 3t g’ ndﬁ’apw{i“;e él)efeorﬂbl( %f) 2 A
met hod ofushatdiorc péritiog larboﬁiﬁléISB'edlrﬁjuhd§ﬂﬁ &iapmngﬁqmta@n 3. almdsuspelﬁioaﬂ m1,
wherein the etchl ng of the first face of the silicon wafer (2) at the

suspensi Bortion 12 dybesdered by rgmaining m’@@} akthp vidicpp wagar I thephickness 6f thewed by
a wet et Feﬁhauﬁ %@%ﬂﬁﬁ&ngﬁﬁ?hﬂﬁ%ﬁx%é@?o%@g Sﬁ“aféfl' jcon di aphragm as

claimed 1n erern t s toa ptho approximately |1 0g. m
25 4 A nethod of fabri catl ng an enbossed silicon diaphragmas claimed in

any one of clajms 2 to he wet etch us pot assi um hydr.oxi de. 5
A Tt NodASTRPABY PRIt OB BBUGe G IR dnPUPAB I AIRE A2 (BF ATy o

of the pLiemesls ago@rﬁésna le¥iey Mﬁohhﬁ‘ th@sﬁs!gaeﬁﬁén 3&&0%61&0%5% g)gezg%X%tnfem

formed in step (a) 1s 30 appr X|mate _
f abri cat ¢lagents 4embosmcbdsby idetmmdtiom mfatgmsa@emuan rredtioml 2awheortbe dfossdde

precedi ng. cl ai ns whe in_at ne of. the resi ers ( 9) is a
hot o r odab Bk iortE Ve etk i B8 Fomeininbgiioih b et B Sl forexhmalt oy oo
of fab“ﬁﬁ’de'rﬂﬂ:1ﬁﬂu@fé@@:¥§1‘?§1i)1ﬂiddla@@t!ibt1@'vi’&5ﬁcﬂﬁdpp@§ssﬁﬂeal med in any one of the
precedi ng cl ai ns, wherein di aphragm region (11) is conpletely

surrounded by the suspension region (10). 8 A nethod of fabricating an

ebossedyst1d 6ol AR AIANELAITRY I BADHINE 10D LhBRISE SIS |

i ms, whe I‘ezo-Tésistive e
S econd f ae@n(B3howin dlhgaﬁmhatmall‘ty viaif purpésk} of exyslariatipnr Fop exaiple, hmdatcutthgst one

pi ezo-resj stive el enent rlies a por t he sus ension re

(10). 9 et HRp IR R R %@w&ﬁh 20b S s e Hngs PRY SGFHTader hed in
clai m 8, ¢dzs WhBlSliftida 14yRF 8! bond pad (5) is formed over the, or each
respective, piezo-resistive elenent (4).

20  The method of the current invention provides a simple process for forming an embossed
diaphragm in n or p type silicon and avoiding the need for costly and time consuming
diffusion steps. The required thicknesses of the diaphragm and suspension regions can be

readily and controllably achieved by the two-step etch process of the current invention.

25  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

within the scope hereof as defined in the accompanying claims.



.10 A nethod of fabricating an enbossed silicon diaphragmas clainmed in
claim9, wherein the netal bond pads (5) are alum nium 20 11 A di aphragm
structure fabricated froma silicon wafer by the nethod according to any
one of clainms 1 to 10, the di aphragm structure having a relatively thick

di aphragm portion ( 13 ) at said diaphragmregion ( 11 ), the di aphragm
portion (. el ported by a relatively thin suspension portion (
12) at sgfséggteéguéﬁssqlg%eﬁ}éﬁé%|EhoenIC(L“%(LSO). 25 12 A di aphragm structure according
to cl ai mllsindwarwifer t he di aphragm portion (13) is conpletely surround by

t he suspension portion (12). 13 A diaphragm structure according to claim11l
or cl ai m1Xirstf3es ef wafgt | east one 30 piezo-resistive el ement (4) is forned
on the sgcogggogdaﬁgeé&afglt the silicon wafer (1), and a portion of the at

| east one pirezo-resistive elenment (4) overlies a portion of said suspension
porti®on @¢ldiezolRsistidedelererti aphr agm structure according to claim13, wherein
a netal bond pad (5) is fornmed over the, or each respective,

pi ezo-r esi SOPPRFiONFAENt (4). 5 15. A di aphragm structure according to claim
14, whergi ny; al bond pads (5) are alumnium 11 .A3a.AF{r.Ar.A{.A
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goo/f < %Wﬁ%&%‘éﬁ%@%@g}% %‘Vf("‘)lz?(r %&(y( & ()-L
10% &s( ) (BP IR 4 Jayerd HQVMBN Mitrida )% fist fice (2) of a wafer of silicon (1);
$dEbC! 6.39- s10% & (? - H"10% & ()- ) 1" 10%E&' ()- &0 & () - )
Fod 0% & (B formag & firyt gatorrmdTeteh agsist laygg (7) on the nitride layer (6), the first resist
layer (7) exposing the nitride layer (6) at a first region (8);
(c) etching and removing the nitride layer (6) at the first region (8);
(d) forming a second patterned etch resist layer (9) on the first face (2) of the silicon
10 wafer (1) inside the first region (8), the second patterned resist layer (9) exposing the
first face (2) of the silicon wafer (1) at a suspension region (10) inside the first
region (8) and overlying the first face (2) of the silicon wafer (1) at a diaphragm
region (11) bordered by the suspension region (10); and
(e) etching the first face (2) of the silicon wafer (1) at the suspension region (10) so that
15 the thickness of the silicon wafer (1) at the suspension region (10) is less than that at
the diaphragm region (11).

2 A method of fabricating an embossed silicon diaphragm as claimed in claim 1,
wherein the etching of the first face (2) of the silicon wafer (2) at the suspension

20 region (10) uses a deep reactive ion etch (DRIE) followed by a wet etch.

3 A method of fabricating an embossed silicon diaphragm as claimed in claim 2,

wherein the DRIE is to a depth of approximately 10um.

25 4 A method of fabricating an embossed silicon diaphragm as claimed in any one of

claims 2 to 4, wherein the wet etch uses potassium hydroxide.

5 A method of fabricating an embossed silicon diaphragm as claimed in any one of
the preceding claims, wherein the thickness of the nitride layer (6) formed in step (a) is

30 approximately 500 nm.
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second face (3) of the si 1con wafer (1), and a portion of the at least one piezo-resistive

element (4) overlies a portion of the suspension region (10).

9 A method of fabricating an embossed silicon diaphragm as claimed in claim 8§,
15 wherein a metal bond pad (5) is formed over the, or each respective, piezo-resistive

element (4).

10 A method of fabricating an embossed silicon diaphragm as claimed in claim 9,

wherein the metal bond pads (5) are aluminium.

20
11 A diaphragm structure fabricated from a silicon wafer by the method according to
any one of claims 1 to 10, the diaphragm structure having a relatively thick diaphragm
portion (13) at said diaphragm region (11), the diaphragm portion (13) being supported by
a relatively thin suspension portion (12) at said suspension region (10).

25

12 A diaphragm structure according to claim 11 wherein the diaphragm portion (13) is

completely surrounded by the suspension portion (12).

13 A diaphragm structure according to claim 11 or claim 12, wherein at least one
30  piezo-resistive element (4) is formed on the second face (3) of the silicon wafer (1), and a
portion of the at least one piezo-resistive element (4) overlies a portion of said suspension

portion (12).

10
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