EXTENDED SENSOR BACK VOLUMVE BACKGROUND OF THE | NVENTI ON [ 0001] A capacitive
m crophone typically includes a diaphragm having an el ectrode 5 attached to
a flexible menber and a backplate parallel to the flexible nmenber attached
to another electrode. The backplate is relatively rigid and typically
includes a plurality of holes to allow air to nove between the backpl ate
and the flexible nenber. The backplate and flexible nmenber formthe
parall el plates of a c i i i S di aphragm causes
it to deflect, ther ebym&:ﬁgﬁmg%géggﬁﬂ pacitor. The change
in 10 capacitance is processed by electronic circuitry to provide an

el ectrical signal that corresponds to the change. [0002] Sim |l ar kinds of
sensors may be used for i FIeTa an acoustic
applications. [0003] Nlc?§%$g§¥$g%ec a%?ca13§§gF§ﬁ??kEws) devi ces, including
m ni at ur POOLEr epdapacitive ificraplibnettiicalky incladex a dginplaagmechasimganretectrade
fabricated with tﬁ%g i ques, comonly used for nakin%dnicroelectronics such

as im eg?‘éﬂcb‘é\q wig lg menphex apd 8 bagkpdate pyalleln/thesiisidble snembez pigpbed i r ophones

20" Bt Er R TR A RN ES R b PRAME SRR A urafl of YOI >
( MEVB) t foadiioslugieto movepbdteesn the backpiatagnd drdleriblbaetabet. aTlee bathplath adhr agm and

back plate are spaced aﬁ_}art and are made of sem conductor material using
ni cr oel eBexiblgireerpbgs formtheqarallel plateg € a capagior. Axputisauessaresen tha diap

pedest al |.Sh If Mo I e . Ir second end,
nd tho BBl ddibet Pty dhandilE aREEBR o  FnE copacfiby, 1B pfllee Sy D3
subst@nt tapatiyanee wesrocgsédisy elastrdric cifvuitretol (2o eide an ekabiRal dignAfidtxed to the

second end of the pedestal, contributing to an enl arged ack volune for the
t r ansduceqrresporgiritetheryhaugg. PTI ON OF THE DRAW NGS [ 0005] A nore detai | ed

description of the invention will now be provided by way of exanple only
wi th ref g0ORF e SiMilirtléndCofasRsny nag bel ussd fogmehdurinp Prdsturedn athef tah at@dtic
applications.

[0003] Microelectromechanical system (MEMS) devices, including miniature microphones
15  and other kinds of pressure sensors, are fabricated with techniques commonly used for

making microelectronics such as integrated circuits. Potential uses for MEMS sensors

include microphones for hearing aids and mobile telephones, and pressure sensors for

vehicles.

20 BRIEF SUMMARY OF THE INVENTION
[0004] A microelectromechanical system (MEMS) transducer comprises a diaphragm and a
back plate. The diaphragm and back plate are spaced apart and are made of semiconductor
material using microelectronic fabrication techniques. The transducer also includes a
pedestal comprising a cavity. The pedestal has a first end and a second end, and the back

25  plate of the transducer is affixed to the first end, substantially covering the cavity. An
extension member is affixed to the second end of the pedestal, contributing to an enlarged

back volume for the transducer.



however, that the drawi ngs should not be construed as Iimting on the

i nvention in any way. 5 [0006] Figures 1A-ICillustrate top perspective,
bott om perspective, and cross-section views of a MEMS transducer. [0007]
Fi gure 1D shows the MEMS transducer of Figures 1A-1C attached to a
substrate. [0008] Figure 2 is a side view of a first wafer and a second

wafer to be used to fabry ' ordance with an

exanpl e enbodi nent of t%ﬁ@ﬁ%ﬁ§9gﬁ%\ﬁg&f Pgégﬁ%wu | lustrates a

Cr oss- seoospala mbtﬂ:ﬂievdiI%Wdeécr%Jﬂenfof fietinvétion Wik hbeviegoided By Wa?@:f and
a

etching of a cavity, in accordance with an_exanple enbodi nent of the
i nvent i ofxanidoedy vithygresenseitp thesaceempanyingdrawings dt shoyithbe apraeciatedw of t he

R A T

cross-sectional side view of the bonded wafers follow ng 15 patterning and
et chihg B00ab| Figures tArd CiHusrate WRfpsrspestiveabattnm perspechive.ndfresgsagion

enbodi mept.  of ' | [0012] Figure 6 illustrates the attachnment of a
s ar MV dRDiN g

gl ass pe&lgs ded waf er s, in accordance with an exanple
enbodi ment of the invention. [0013 gure 7 illustrates a cross sectional

o
vi ew of {0087hokimue WBshews ﬂ@lMEMS\%MPI&!W%Pﬁf@fﬁsﬂ@\'z}ﬁcﬂﬂéﬁhﬂditﬁg sybstegtecavi t y

and bond areas, in accordance with an exanpl e enbodi nent of the invention.

[0014] F{woBE ®Figurd Did 4 silevicw 6 RSt waft hehakecohé waldr tb be uinddsbrivatear s

after a %Iri ndi ng _operation, in accordance with an exanpl e enbodi nrent of the
i nvent i oMENIS ¢ragsducery iy zecordaneq with an example cebpdinent ehthefinveation. ont o t he
bondi ng areas, in accordance 25 with an exanpl e enbodi ment of the

invengio mooEgO FoduréB dliiseratkd aickdsySbétinabsiddaehuTdhd Brsoivaten fAldvaEng baerimpber
to the assenbly of Figure 9, in accordance with an exanpl e enbodi ment of

t he i nveand ¢phing 9ba ¥3vity Hurcsordaneg with ap gxasmplg embediment phidefiryentient i on of an
extensi on nenber, in accordance wth an exanpl e enbodi ment of the

i nvent i o[0018] [ T0AD¢ 4 Hihgeates 12réds!secional Sde vieatdfehe fisewalen ahdithefsaturidcat i on of

t he exanpl e extensi on nenber. ) ) ) .
wafer bonded together, in accordance with an example embodiment of the invention.

[0011] Figure 5 illustrates a cross-sectional side view of the bonded wafers following
15  patterning and etching of holes in the second wafer, in accordance with an example

embodiment of the invention.

[0012] Figure 6 illustrates the attachment of a glass pedestal to the bonded wafers, in

accordance with an example embodiment of the invention.

[0013] Figure 7 illustrates a cross sectional view of the bonded wafers following patterning
20  and etching of a cavity and bond areas, in accordance with an example embodiment of the

mnvention.

[0014] Figure 8 illustrates a cross sectional view of the bonded wafers after a grinding

operation, in accordance with an example embodiment of the invention.

[0015] Figure 9 illustrates the deposition of metal onto the bonding areas, in accordance

25  with an example embodiment of the invention.

[0016] Figure 10 illustrates the bonding of an extension member to the assembly of Figure

9, in accordance with an example embodiment of the invention.

[0017] Figure 11 illustrates a step in the fabrication of an extension member, in accordance

with an example embodiment of the invention.



[0019] Figure 13 illustrates another step in the fabrication of the exanple
extension nenber. 5 [0020] Figure 14 illustrates another step in the
fabrication of the exanple extension nmenber. [0021] Figure 15 illustrates
another step in the fabrication of the exanple extension nenber. [0022]
Figure 16 illustrates another step in the fabrication of the exanple

extensio @‘%ilﬁ) 2 il atotHAH Senkif thd fa ¢ Wﬁ; 10 the
fabri cat p)grllégf eggxan‘%pgélext enés{{ or?]1 n{)HﬁEJF&}g}; I'g rleeé’éltgﬁllﬁ]ust rat es
anot her satember.n the fabrication of the exanple extension nenber. 15 [0025]
Figure 19 illustrates another step in the fabrication of the exanple

ext ensi o TiShure | 9ARRIraEE ShiRerdy S bRl Abn I FABRRICRYIRS! O menber
in an upfri ggf po |t|[l Fg%ﬁ{# ?:l re Zlfalbﬁ{:ustnrat es t% s%nsor of Figure
10 nount a@mber.a package in accor dance wi th an exanpl e enbodi nent of the
invention. 20 [0028] Figure 22 illustrates the sensor of Figure 10 nounted

in arg al L@QFEE gﬁﬁu@?@ﬁﬁﬁﬁatek otR&HE ﬁ @faﬂh{:ﬁloﬂrbf%éﬂ%}@l@%&%éﬁm of the

inventio Figure 23 shows a er ternative arrangenent of
conponenimemben accordance wth anot her exanpl e enbodi nent of the invention.
[ 0030] Figure 24 shows an extension rrenber in accordance w th anot her

exanpl e Hﬁﬁéﬁbmg?@iég‘?ghl&{rafegﬁnétﬁéf ' rlhe faBfSAHonfdramy &aﬁggécgb? idne

ext ensi o igure 24 attac to a sensor, nce with an
exanpl e erhder.ment of the invention. 3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0032] The sensor and nethod of fabricating the sensor will be descri bed

ot o URBFS Fidlre 28SRGS GHBEr SPAhERBHeRlon' SThOSRRTHle ehibnsidipu! d be

appreci a ted a
10 member.

[0023] Figure 17 illustrates another step in the fabrication of the example extension

member.

[0024] Figure 18 illustrates another step in the fabrication of the example extension

member.

15 [0025] Figure 19 illustrates another step in the fabrication of the example extension

member.
[0026] Figure 20 illustrates the example extension member in an upright position.

[0027] Figure 21 illustrates the sensor of Figure 10 mounted in a package, in accordance

with an example embodiment of the invention.

20 [0028] Figure 22 illustrates the sensor of Figure 10 mounted in an alternative package, in

accordance with an example embodiment of the invention.

[0029] Figure 23 shows an other alternative arrangement of components, in accordance

with another example embodiment of the invention.

[0030] Figure 24 shows an extension member in accordance with another example

25  embodiment of the invention.

[0031] Figure 25 shows the extension member of Figure 24 attached to a sensor, in

accordance with an example embodiment of the invention.



description is not intended to limt the invention. It should al so be noted

that the drawings 5 illustrated are not drawn to scale and are given for
illustrative purposes only. For exanple, the vertical scale of several of
the figures is exaggerated. [0033] Figures IA-1 Cillustrate one enbodi nent

of a MEMS transducer 100. Figure |Ais a top perspective view, Figure 1 B

Is a bottom perspecti Vg ucer 100 in cross
section. Diaphragm 101ﬁa§<ﬂ§??ﬂﬁs %ﬂﬁ%?%?gﬁt%rl camsusi ng 10 integrated
circuit [0030f adheisemor aﬁthneﬂmd@f fabaieatidgothesénser wilbbplasceibedivith riferentd
pl ate capacitor, wth air gap 103 between them The |ay ers form F“&?

thigich as

di aphr ag qne partielar gmbadimsnteot thosengere Ihahpulddre appraciatedy a&peﬁe AR
silicon. &%H tlér)]r?‘fé%{)}%‘%e deawﬁﬂuq npy tEnticie T SR %ﬁ@&gse H@t%&'iﬁa@'ﬂ}e cﬁ'Q\g?%ges ‘o

connectlon | or elsctrica connect1 ng capaci

ot hersco ﬂn@ﬂr@te& are o drefvaudiscsle ayid whe g@vdiofod iih@trative purpded o Fok Bgampleym 15
bondi ng, or other nmeans. In transducer 100, the sem conductor |ayers are
bonded t@ep‘éeﬂé?@i ggale qmver@Jwﬁ;heﬁﬁweaesqﬁa@er@ﬁdg| ass. Pedestal 105 includes a
hol e 106 approximately the dianeter of diaphragm 101. Hol e 106 provides a
back vol (033 oFigures  AdCsilusieate oh@&ﬁ%dlfﬁreﬁmfanEM&ﬁﬁnsmyé}aoanﬁglﬁdlAds a
substrate in the fabrjcation of a packaged product, as. is shown in Figure
1D. In Fﬁ@@p@rmct%ww FreurpiB jissa betigus ger e Hepe gad Figure Y6 sheys and

substr at e ned
primaril ;?/r a%s%%g ?1{%2 S Qé tlliS)HZ(Ejtl WT@M@Q{e%a#é%bhﬁlgatgﬁlgl{é?ed by the
t hi ck@es snt@gratad hﬁsmvmaha&euunn@%hnfﬁhas ahd forefthé beo pmls df@|pui‘mlell]31@temiy af f ect
t he performance of a sensor such as transducer 100. For example, if

t r ansduc 6#PAETOF, M@th@resppalél-”d)eﬁwwdbﬁ@n &he layers fganing disphragm 19kandackplagce t he
APPar et 55 bl GRS Sl Blckn HARHASERSS BAEK Y0 Thas 304 AlhalpIngS N dher
sensitivi y Oor sSi 0- Nnoil a e mcr e

result Ofseﬁlhendtbﬁhaﬂataﬁalplﬁro&id@: cbﬁﬁ?dcdbﬂil goib et foeelactiiba Jdd:o’tmbdit&@rfhéﬁio and

backpl ate 102. I n general, as the _diaphra responds to sound, it squeezes
and pushé&apasiter plates trpthentonnoness, far examg gyén@cb,@n dingnHipechip monating PAMPe t o
flow,ef %bﬁdlhg R4 Wken 0ty ?anmcep i ehﬁ&{n%ﬁt?ts la&@l{g%gﬁor}c@dttgﬁedestal

di apht agm 'ha correspondi ng reduc |on I'n sensi

appl | cat i108swhithtabdenail} of @lddsrePedegal 10H/inblades Dhdle IlOGfafnﬁ@kﬁnatél? theexanpl e
affecti n% the fr equency response of a_ pressure sensor. 4
iameter of diaphragm 101. Hole 106 provides a back volume for the transducer.

E
n

[0034] Transducer 100 may be mounted to a substrate in the fabrication of a packaged
product, as is shown in Figure 1D. In Figure 1D, adhesive 107 is placed between pedestal

20 105 and substrate 108. The size of the transducer back volume 110 is determined primarily
by the depth and size of hole 106, but may also be affected by the thickness of adhesive layer
107. The size of the back volume 110 may affect the performance of a sensor such as
transducer 100. For example, if transducer 100 is used as a microphone, a larger back
volume may reduce the apparent stiffness of the air inside the back volume, and allow a

25  higher sensitivity or signal-to-noise ratio for the microphone. This may be the result of the
behavior of air residing between the diaphragm 101 and backplate 102. In general, as the
diaphragm responds to sound, it squeezes and pushes air through the holes in backplate 102.
Increased resistance to flow of air through the holes may provide increased damping to the
diaphragm, with a corresponding reduction in sensitivity. In some applications, the back

30  volume size may have other effects, for example affecting the frequency response of a

pressure S€nsor.



[0035] Figures 2-9 illustrate the fabrication of an exanple MEMS sensor
simlar to transducer 100. [0036] Figure 2 is a side view of a first wafer
201 and a second wafer 202 to be used to fabricate a sensor. The first
waf er 201 includes a first layer 203 of highly doped silicon, a 5 second

| ayer 204 of silicon substrate and an internedi ate oxide |ayer 205. The

first 0 | fgﬂﬂﬁ | gg.‘? ﬁé}ﬁ L 204 may

i ncl ude 36635:]: %%ﬁi@y%s’tlﬁg%ﬁ%e Hl/gl ernar ve%ﬂgl, 529 | rsﬁ%ﬁg@gg‘@%%nay i ncl ude
an n+ dapeasidueed 1000n and t he second Iayer 204 may include a p-type
substrate [00371 Typically, the first layer 203 is of the order of 4

m crons f ns
thick. THOR; Soue2s R SiePHES frok el 20 3lle SR 202 oo kil B

char act erfataidatzsa geaspri Thelfifsowafdn @03 éndwdes a st lsyee Q08! of highly dtﬁ;éd siigoea | ar ger
t han the fi rst | ayer 203 and the oxi de | ayer 205. For exa t he second

| ayer zozsewalgl Igyer 204 phaligerygpbsizate aa@entrtsermtélatﬁ W%Lﬂyml&%fﬁ%éqyet 3 his
exanpl e ++ er 15
sem conductor blﬁﬁ@ I‘I(f(;(l) 8d§1(ﬁ8 %ﬁ%‘@éﬁémﬁﬁiﬁgé%@ﬁ%g&éﬁg h?%%{eigs\#[é; doped
and may bﬂelteneativhbn; the- ﬁryqieyeraﬂamgypﬁcladé aent.doped silibex arghthe decond layer 204 f er ent
silicon surface or structures may be used. [0039] It will be appreciated
that the M3yigelu PBrtyEfO%iﬁsH%tFudes a first major surface 206 forned fromthe
heavily doped silicon of the first |ayer 203 and a second maj or surface 207.
20 Li kewi[e@37]t HPylﬁmtlgnﬂhe\mttelayeZQBB lisof thelemlenof 4 midronsghivk sdrthacddeiyeand a
second mgj or surface 2 S .210 have been forpmed on nmj or

| de | ayer
sur f d40es 288és obiby ordzoeP 2 &H€F°2§)§11°k ﬁbetlyflﬂeis efshesgylayess 'zfﬂbgeteealwtneéi 9br med
on the ol I
o our oEhECEMLRGESAUREERS Il 1St pa 1Rt 00508 oLl ST
sur f aces 126 283) dnchihe o&ﬁﬁrl&ﬁlﬁ 2061 ﬁbﬁe%ﬂple,mlﬁb s¥0and yeeidi nisy e Inattlelorter bhe
risk of 25 distorting the wafers that may occur if oxide were only formed on
one naj ort084p PG BIGANEMGK. wafer. That being said, in an alternative
enbodi nent to that illustrated in Figure 2, an oxide |ayer 210 may be only
formed or{0038} flnrtkis exapple esmbodiment 206 sedond lnefdri202tis fuaimed fd@ilsihoah, tOwher f i r st

ma| or surface 208 of the secqnd fe 202. The thickness of the oxide |ayers
210 iy Sselqoeéecttmﬁtetlﬂlé T4 ¢ Sechid wrfes 202 ihesulin ApPSARdmaay et and

202. either p-type or n-type silicon. In other embodiments, different silicon surfaces or structures

may be used.

[0039] It will be appreciated that the first wafer 201 includes a first major surface 206
formed from the heavily doped silicon of the first layer 203 and a second major surface 207.

20  Likewise, the second wafer 202 includes a first major surface 208 and a second major surface
209. Oxide layers 210 have been formed on major surfaces 206, 207, 208, and 209,

[0040] Oxide layers 210 are may be formed on the major surfaces 206-209 of the wafers
201 and 202 through thermal growth or a deposition process. Forming oxide layers 210 on
both major surfaces 206-207 and 208-209 wafers 201 and 202 respectively reduces the risk of

25  distorting the wafers that may occur if oxide were only formed on one major surface on each
wafer. That being said, in an alternative embodiment to that illustrated in Figure 2, an oxide
layer 210 may be only formed on the first major surface 206 of the first wafer 201 and the
first major surface 208 of the second wafer 202. The thickness of the oxide layers 210 may
be less than the thickness of the first and second wafers 201 and 202.

30 [0041] In fabricating the sensor, the first wafer 201 and the second wafer 202 are initially
processed separately before being bonded together and further processed. It will also be



30 [0041] In fabricating the sensor, the first wafer 201 and the second
wafer 202 are initially processed separately before being bonded together
and further processed. It will also be 5 appreciated that while the figures
and the follow ng discussion describe the fabrication of a single sensor,

I n actual practice many sensors nmay be produced by the processing of wafers
cont ai ni I r - .ed. af t.er
Cobrioat! éEfitéd &a?wﬁﬁé‘ ﬁl% f@?&%d%@?aﬂoﬁ)ﬁ% &Qﬁxsgﬁgﬂ g@gccflgg @:Pegfa%ga}?ﬁ o&lﬁg ure 3
illustr atlﬁgle tsmsof Iuli s&tuaﬂqfrartlca ﬁﬁanwmemmhaﬁb@pl\oldﬁoedaﬂ/hhb peocRssinp phvifersned and
etched. In partlcular the cavity 301 has been patterned and et ched through
the oxi d@mtepleg muitiple §enseR subysfratst. anljtls scapnrs senaraperbalir felication ina prggess 203
of the f nto the first layer 203 of the first wafer
201. %@5@§ﬂ£9$éF?$% ‘of the heavily doped silicon formng the first

Iayer 203 |s et ched amaxpto produce a_thin section 302 of the heavily doped
10 sid i cUdBF Fiaare 3 illustmigs dhe fngwatendbbin which & rpvikhiishasbeempatierned agdct i on

302 |1 d
302 || OB TTARRGl AP A ARRL B0P RuPbech BENSSEP AL cATLHLI I B8 GPhed 2o
of the dR2Hpbu tgfirgtfmijbesisfis 206 oﬁﬁlelﬂr&,tU@}tefaﬁfEdfthl firktewdfed 200\andintis thei NQS.
[0044] A wet or_dry_ silicon etch anRSF_Bp ?Blo yed in this step I n one

I

enmbodi lrr}eﬁfﬁ b@yeq@&feféh% figsb wagr 20l t ortigp @f ths heayily doped é&my 301. i
Ge
t hinﬁr gec q“@n@%ﬁ%%%égg?\%esﬁ%np%may Blg’ldgxel {)ﬁ’m §J&§8ﬁ Bﬂi‘%ﬁh{% 5‘5. ap r‘ggﬁn ei S

depen@entiliosh bihtie Gt yeg203.ne. Further, the desired shape of the cavity 301
will generally be dictated by the desi r ed properties of the sensor. [0045]
Figure 4 e The
20 najor“@@? acesﬁggﬁg%% ﬁﬂ.gﬁgggﬂﬂ@QQESéggeC@nQQQ%§ﬁ§BQQQQSpﬂﬁg%gbpare t he
first mapannedyifasiated@s tob thih @ed‘tithﬂZ\oﬁh%hldeh}ae&lﬂlcbﬂ evill forad thedjegiblesur f ace
208 of the second wafer 202, In one i ment the wafers 201 and 202 are
bonded t BgEbRES! the dvphresihe the sensom as ilipstraisd Hethe following drawings ng f usi on
bondi ng. [0046] In bonding the wafers 201 and 202 together, an air gap 401

| s formeode] weewet diairy 2Bicombeh a3l @moﬁaznms steppincheembadimeste cavity

301 formed in a previous etChlrtg step !}As Is shown in Figure 5, a
pl ur & i t jeagtiverign stehxBIE s asedyte Bﬁiheeiaﬁléﬂ-?'%d efcralby thegteh is a time etch.

Therefore, the final thickness of the thin section 302, and consequently the flexible member

of the diaphragm, is dependent on the etching time. Further, the desired shape of the cavity
301 will generally be dictated by the desired properties of the sensor.

[0045] Figure 4 shows the first and second wafers 201 and 202 bonded together. The

20  major surfaces bonded together, via respective oxide layers 210, are the first major surface
206 of the first wafer 201 and the first major surface 208 of the second wafer 202. In one
embodiment the wafers 201 and 202 are bonded together through their respective oxide
layers 210 using fusion bonding.

[0046] In bonding the wafers 201 and 202 together, an air gap 401 is formed between the
25  wafers 201 and 202 corresponding with the cavity 301 formed in a previous etching step.

[0047] Asis shown in Figure 5, a plurality of holes 501 are then patterned and etched into

the highly doped silicon of the second wafer 202 in a region associated with the air gap 401

and, therefore, the thin section 302. When the holes 501 are formed, a global etch is

conducted such that the holes 501 extend through to the air gap 401. In effect, holes 501 are
30  formed that extend through the second wafer 202 to the air gap 401. Holes 501 may be



the highly doped silicon of the second wafer 202 in a region associated with
the air gap 401 and, therefore, the thin section 302. Wen the holes 501
are formed, a global etch is conducted such that the holes 501 extend
through to the air gap 401. In effect, holes 501 are 30 forned that extend

t hrough the second wafer 202 to the air gap 401. Holes 501 may be 6 forned

by deep . actlve il on et.chin thi.s _or anat her con .eni ent

vant ol ARSI PN e R ReoRl PR (IR E o W8 oPEpcBie cpleni Ry MR, B ¥engiofi; o)
201. [ 0048} nieiydeérfered th rﬁdf@xszamd@ir&tqsiumos oP{vaferpegestal 601 to the
bonded waf ers. Pedest al 01 is preferably made of gl ass, for exanple Pyrex,

of va of (0¥ g e ARl e ARt ool b Th RO Balire PRI 1 ¢ ™

For exanygog.s dﬁ@ﬁ?ﬂﬂﬁbaﬁ@bf BRYs, P6r eXasipledfyret,|ahg tproferaiiphtfhed &ewWhfepRORICt OF
mat eri al . tal 601 may be attached to the bonded wafers by fusion
bondi Ag, bwanndlaﬁaoa@ng@r @@oﬂl@rfom otimﬁqr barding.. Othed smaterjalooy aftaghmenti r st end

end of " patteire s SRRy ok Stk phitSil 8 FRY T eE of S BE et G or.
al t hough semeoffiucided ttetisl. tme@élteour&n{ayr&c@ﬁahea&o tReborded Waf&H Byl fusidransducer
may be used in ang/ orientation, and the first end of@gedestal 601 nmay not

al ways Ibending, an adhesive, rjbethen mems. Ragestab 60} bas afiest wmmdnd and.

i ncl ud 2. 1 hat t

of cavi ¢ Pb PRpPEsr e oS5 Aea R s TR S placs P abE L Bensinfiaicon o
waf ergt o thé boteam oPpddREtalPER, aRREhighRe of KGN iR theGaivinhy re@@ém%étli‘af Qﬁhisﬁétl gl ass

waf er. For exanple, a naski ng | ayer of chrome and gol d may be deposited

onto t he tpnsdusenanye be used infagy @aemttat}oxs@ad theyfirsteendf rpedlesba} %mawmoﬁalwae?s chi ng,

for exa sin Pre t he hei ht of y tines
t he conbn%ﬁgjéeﬁ%ttfﬁ’?ﬁ?l}‘ﬁgp #ﬁ?ﬁé@e@gyaﬁﬂﬂ’? Slﬁ‘gcra‘é?vé?frﬂ%&% edest al
601 may 61&@5' tofthd late?@d®hendichs dif@hﬁﬂzul}lzqﬂxllé?ﬁﬁ%lﬁede%t& gorn in
Fi gure 7, anot IE etch process is perforned to renove parts of first

waf er 20 _Jma}f hfrﬁ@rmgd brbondinge iolsdnwa&o taisihiepnpeiafer 202 and then eochingeavitp 802 As i s

" ayen S203up e watprod S sRamp R A0 chshrnt bR 8% SR Hen® €anai ng

P E ROk o st sl o R G
using HF Preferably, the height of pedestal 601 is many times the combined remajnmg
thickness wafers 201 and 202. For example, pedestal 601 may be up to several millimeters in

height.

20 [0049] Asis shown in Figure 7, another DRIE etch process is performed to remove parts of
first wafer 201, forming cavity 701 and bonding pad locations 702 and 703. As is evident in
Figure 7, bonding pad location 702 is an exposed surface of layer 203 of first wafer 201, from
which diaphragm 705 is formed. Bonding pad location 703 is an exposed surface of second
wafer 202, from which forms the backplate 604 of the MEMS microphone. After cavity 701

25  is formed, vent hole 502 passes completely through wafer 202 and layer 203 of wafer 201 to
cavity 701. Vent hole 502 may be formed adjacent back plate 604 and diaphragm 705 as
shown, or may include a passage through diaphragm 705.

[0050] The remaining portion of layer 204 of first wafer 201 is then thinned in a grinding
operation. The result of this operation is shown in Figure 8. Note that in Figure 8 and the

30  following figures, the assembly is inverted as compared with the previous figures.

[0051] Figure 9 illustrates the deposition of metal onto bonding areas 702 and 703. For
example, aluminum pads 901 and 902 may be formed on bonding areas 702 and 703



25 is fornmed, vent hole 502 passes conpletely through wafer 202 and | ayer
203 of wafer 201 to <cavity 701. Vent hole 502 may be fornmed adjacent back
pl ate 604 and di aphragm 705 as shown, or nay include a passage through

di aphragm 705. [0050] The remaining portion of |ayer 204 of first wafer 201
Is then thinned in a grinding operation. The result of this operation is

shown in_Fi t hat. | noELgur 1.0 I ] lgures, the
assenbl yrqsg&:}ﬁﬁ@g%p evgllg éllgde@g?rl%lg#l'egﬁgmpﬁhﬁpﬁreg%gse@?@uas%g%‘ﬁrrééagswgpgél%’]%%ﬁ gure 9
i 11 ust r apRged fer GRSk to@nGire B ahlyDohdinp areds MO2 aid?03 redeivadeposfied For
exanpl e, al umi num pads 901 and 902 rmay be forned on bondi ng areas 702 and

703 7 reBptadt Theshadpy magkds ramgysdiafteote nptal depesitianpis semplgie sPads 381 apd shadow
mask 903 e e t . i ar eas
702 and TN geREREERRRHFopt RERdBAEE & he fO RS oL R cBitor BOREAMS, T T
met al 5 de gRghiapMT05%nd Gavkytite 60Pabser SAinphd) padSA ad 98 redyesd ndepdndeplynect i ons
to be made to the two plates of the capacitor fornmed by 5 di aphragm 705 and
backpl at ecswated by wiredands & a pehstyagen wiigh tezensey ispvenwglparwaiedl y  connect ed
by wire bonds to a substrate on which the sensor is eventually nounted.

[0052] | po0B2[e 16 8GAS cases, it & ddsisdble BalleahdBi@all difiehably ¢l thelbdiRMSisanfallak t he
sensor as snall as possible, so as to produce as many sensors as possible

from a sonsstdndaes to pradaceras mpnyesensors aspashiblesfror agemideaduetaswafer.s r educed,

the size.pf the back. vol.unme is alsq redyced d. 10 the performnce of the
sensor - nEPEeTC B BE S SL ehfuu T RpEb B e i Maoat volimER L8 RSP0,

Fi gung 9 tiperfofimhcd of dedefsdraRdybd HmpRbmised "R &amiple ERbodimentsS 8l SeHs6r as
footprint of 1.7mmby 1.7 mm ‘or another shape or size. For exanple, the

sensor nekavmintFigere Sgnay havemaquarsdadgrineotr leZmmrtyul .2mm, o acgiare foodprittat e

anot her faot pri shape., Simlarly. t sensar have .one, or nor

areral diHERDY driomih Sb apqtty Shudt an sire, or EERRE B YemePr AR b B Brbn 15
of sever ghuibk rdcidig8la?, ciRilad Bt habe BndiBdrS&brink Mhpd] Skhflatle tHsehbdriygdy at es an
apparatus and nethod for extending or enlarging the back ~ volunme of "a
sensor, haveaeardzne dateviat dimensionaless thaw iZodn erger than tlimmpuete 4 dimensiont hi s
exa ée, ?n ex enﬁ.i on nmenber 1001 is affixed to the bottom of pedestal 601.
Ext engi oY SGYERL BR MRFF S R AOE S1ZHR8RYERsr  exanpl e of a seni conductor materi al
such as silicon, 20 germanium or another sem conductor nmaterial.

Al t er nat i[0083), Fegure8iilustratesian app@atus aed method for extending or enlarging the back

volume of a sensor, in accordance with an example embodiment of the invention. In this
example, an extension member 1001 is affixed to the bottom of pedestal 601. Extension
member 1001 may be made, for example of a semiconductor material such as silicon,

20  germanium, or another semiconductor material. ~Alternatively, extension member 1001 may
be made of glass, or any other suitable material. Preferably, extension member 1001 is made
of a material that can withstand the temperatures used in packaging a semiconductor product,
which may reach 260 °C or more. In the example of Figure 10, extension member 1001 may
be affixed to pedestal 601 or another part of the sensor by an adhesive, for example room

25  temperature vulcanizing (RTV) silicone adhesive, or another compliant or substantially rigid
adhesive. Alternatively, extension member 1001 may be attached to the sensor or pedestal by
fusion bonding, by anodic bonding, by eutectic bonding, or by another means. The result is

completed transducer 1000.

[0054} Figures 11-20 illustrate the fabrication of an extension member, in accordance with
30 anexample embodiment of the invention. Preferably, the extension member is made from a
material that is not electrically conductive, or from a semiconductor material using

semiconductor circuit fabrication processes. Each of Figures 11-14 shows a cross-section



be nmade of glass, or any other suitable material. Preferably, extension
menber 1001 is nade of a material that can withstand the tenperatures used
i n packagi ng a sem conductor product, which may reach 260 C or nore. In the
exanpl e of Figure 10, extension nenber 1001 may be affixed to pedestal 601
or another part of the sensor by an adhesive, for exanple room 25

t enperat ure vul cani zin . slllc SI VW h | iant or
subot ant Vi of Af R Felifnl 8 o B ERE AR Rt pE e PR RE R oy e
at t achedalk@shdvis SEAGREL vipdFIhérvaley sednitit OBadhusTHigigres DS-26RAGWEa bsgli ng, by

eutectic bonding, or by another neans. The result is_ conpleted transducer
1000. [ 08%s4Pn Fieyi; pad alsa both ypperand lawer perapective views obtheoratghatdhe ensi on

menber , F&Te%ﬁﬁl%lgéfd%ﬁcmotn@%g%g an exanpl e enbodi nent of the invention.
Y, S e

Preferab ensi on r is made froma material that is not
el ectricall \5/} conductive, or_ froma sem conductor material usin

seni cond(988} dn Figwre llr,@mfélau@nnglné@s@%@am&mlwnmgmeégnqgl\f@ shows a
CT 055 SCOIERDS The'bfid fé&gﬁgﬁ%@%ﬁ%&@% ot é’&fdbﬁ&go.ﬂoaﬂ@%nib%nﬁé?& in

fabricatio SO Shows™ a perspective view of

t he waf ethisie@$e Althouzh Gfhed thiblutbdsed SrelfosdiBles 1A\Whe 8x 431518 $mbb&Etdn® waftievy00and
al so both upper and | ower perspective views of the wafer at the

cor r esporuy b, foapxanaple pbent 2o ge 60& nTigomsters in tiickrgse @ther thiglgresses lepg than

my be. 7o) M i S ol PRE aiBRssis iy Elie CER it et s

al t hopighhgd heeh abplicdkd s @spep b@fae T Wafe 1100 one exanpl e enbodi ment, waf er
1100 may be, for exanple about 250 to 600 microneters in thickness. O her

possi b o10g! P i 1. BBl AR nayEEh Gl R BRI EE° P per

surface @ffctéﬁgﬁﬁf arkd 1901 bR @RblppkNsurfaas bEwifer 11008 ndS gt 190afesikebdat 1261 been
patterned and baked, outlining a rect aggul ar area 1301 on the ugper surface

of waf er hasiiggn applied; tgsheloyer serfaceoif seaferdd 00.1 hoHiguieals, mesishcegi JUPbHaskeenhe

| f f 1300, In_Fi 1 ' 1401
ot ¢ or nodedirteinddRked, sifintne. o Betes Rl Py ofeB SRl of W 105Ed u BB P FRET) e
surfage q@loovafile hread 196) andi308 ¢ SRswnladGdctanshlk20d cat@asRopdtiy! @heangul ar

and circul ar respectively, either or both may be rectangular, circular,
oval , pobybethaay herre¢tangilamgirailare pvalupalygsingl, ohhaws, any other suitable shape.

[0057] In Figure 16, both sides of wafer 1100 have been etched to remove the portions of
oxide layers 1101 not protected by resist coat layers 1201 and 1401. In Figure 17, a cavity
1701 has been created in the upper surface of wafer 1100, cutlined by resist coat 1201.

20  Cavity 1701 may be formed, for example, by deep reactive ion etching (DRIE).

[0058] In Figure 18, the lower surface of wafer 1100 has been similarly etched to form hole
1801, outlined by resist coat 1401. In Figure 19, the resist and oxide layers have been
stripped off, leaving completed extension member 1001. In Figure 20, extension member
1001 has been inverted into its usual orientation. Of course, extension member 1001 and any

25  sensor it 1s comprised in may be used in any orientation.

[0059] While extension member 1001 is shown as being generally square with a
rectangular chamber and a generally circular opening for interfacing with the transducer back
hole, one of skill in the art will recognize that many other shapes are possible. For example,
the chamber may have a cross-sectional shape that is rectangular, polygonal, round, oval,

30 elliptical, bounded by some other curve, or of another shape. Similarly, the opening for

interfacing with the sensor chip may also be square, rectangular, polygonal, oval, elliptical, or



[0057] In Figure 16, both sides of wafer 1100 have been etched to renove the
portions of oxide |ayers 1101 not protected by resist coat |ayers 1201 and
1401. In Figure 17, a cavity 1701 has been created in the upper surface of
waf er 1100, outlined by resist coat 1201. 20 Cavity 1701 nay be forned, for
exanpl e, by deep reactive ion etching (DRIE). [0058] In Figure 18, the | ower
surface fRo outlined
by resi s coat 1&%%%9?1;@2\1%%1?@&%90% {uﬁghr re@},ngﬁﬂb q’S&‘?!}mﬁhﬁé@F ?}‘ﬁ%sés been

st ri ppedseatibn. Fewesangple ehptlaidadr may dned apledewdléyr thdtdAdludd drafi gur e 20,
extensi on nenber 1001 has been inverted into its usual orientation. O

cour se, Siy r be
Gsed | n e R o it (R RS e orcfin TR Th e Atecs il

bei ng getremsduter bacdiuhole. @t Isiza of tlemmmyg Inzery behcduoksaw toanhiewe partienlat $epsari r cul ar

P 8 s LSRRt b ato s SRl e B dhasrbbe' Tt
hanmb |,
Seer, B T A (RS A Sy

shape. Skamé aythyse deserilogaiefor fedritating emtﬁne'roha:némlger\moh t he sensor chip may al so
be square, rectangular, polygonal, oval, elliptical, or 9 have sone ot her

Shape. MR P PSRkl AR SR RO M aF R

[ 0060] | pa&ha]uﬁﬂl&@acﬂagﬂﬂlﬂcmrﬂbmées aghbstrdte 210hevlbclemapbe fdre:xampm ag that

I nterfaces with transducer back hol e. he SI e of e.openi ng nmay be
choséh tanaeﬂ.cg%ﬂ oFtls & LATAMICSUREBHC. § SHRMGOBHHG! rﬁbﬁeﬁl@e CREVHOF t han
one openi,fg el‘akl c”‘f&ibkﬁé‘te Ofl“ra?ﬁ&'lée?% 0RPE MAY%% Mkbeﬁ% SR PAAR1 1R H{é a&ahe
plurality o er openi ngs nay be fabrlcat y steps essentia

sane as h&l@esefedmalmadﬁmdﬁeabe usel magbe foresxample, arodir terd Pdturd 0061] F| gure
21 shows the transducer 1000 t he previous flgures nounted i n an_exanpl e
package YUlSenizaiuRde)s1lone 6&1?5?@¥V§é'§aléab§hﬁgmr‘h% eperphElegirc Gompany 9€ f or

exanpl e ré r t t or
substrat gaﬂ'ﬁelﬁ 1 &SI% té&l& ?g{}l tl\ti egra]a(t)ttﬁ er ?‘%\ec?iﬁ%?ta;ﬁ%)&t“rb gﬁ‘ g&m%%cer
100015 s muiyabixemathibd abedifok attsohiysy sre&ha)rﬂih&a:r chiphw sabstraekh daitivcexampds 2102. The

adhesi ve used may be, for exanple, a roomtenperature vulcanization (RTV)
si | i cone aHAEeEeREoLNighre), badk wlyme 210%iseplaread, avsamparesyith apygem in

which pedestal 601 is affixed to substrate 2101 directly without the benefit of extension
member 1001. This extended back volume 2108 may provide enhanced performance of
transducer 1000, and may allow the optimization of various performance parameters by

20  selection of the dimensions of extension member 1001, in conjunction with the design of
other parts of the transducer. In the example package of Figure 21, transducer 1000 is
electrically connected to substrate 2101 by wire bonds 2103 and 2104. One or more
additional electronic components 2105 may also be attached and electrically connected to
substrate 2101. A cover 2106 may be placed over transducer 1000 and attached to substrate

25  2101. In this example, cover 2106 comprises an aperture 2107 through which sound may
enter and reach transducer 1000. Cover 2106 may be made, for example, of a metal such as
stamped sheet steel or copper, and may be plated. Cover 2106 may also be made of a
polymer, and may be covered with a conductive layer. Cover 2106 provides protection for
transducer 1000, and may be electrically connected to traces on substrate 2101, for example

30  to provide protection from electromagnetic interferences or other interference signals. Many

other package configurations are possible.

10



Fairfield, Connecticut, USA. Mny other attachnent nethods are possible,

I ncl udi ng any 15 suitable nmethod used for attaching sem conductor chips to
substrates. In the exanple arrangenent of Figure 21, back volune 2108 is
enl arged, as conpared with a systemin which pedestal 601 is affixed to
substrate 2101 directly wthout the benefit of extension nenber 1001. This

T000.  anibthal, XF iR 7 SiPrin Bt ?%@%qﬁﬁ%ﬁﬁ%%??paﬁéiﬁ%&sarm@q?ﬁ; 20

sel ect i OfesPéf thANSEbePOVU. AN Thi8 e ERAEhE, Qiafers KhR rlﬁiﬁgknatrﬁyéPEHdd&Ctlon with
the design of other parts of the transducer. e exanpl e package of

Figure 2 1aphnaams dnd backpbs hay befabricatedand thew biminated withansutaytof pedesin] by

W re bonds nents 2105

ey al 9o ik At AHer Wi s AtaY o AR Gsio kb S5t B < I PaROARE AR 2 oy
2106 sraynfae tikindfedp :ﬁ!ﬂ%ﬂb (B8 UEGhgul YA, me@és&aﬁmgdnétnoc&qﬁ@ bhRd25 2101.

In this exanple cover 06 conprises an aperture 2107 through whi ch sound

ent eac ansduc Cover . 2106, ma
of a met E‘f%gﬂ ﬁr B%ts}é ﬁ‘é%ef QQQ%@P“%‘F“ b‘b?fbgliem%ih gzwa{)%c a8 ver
2106 may 220651 ab’?edM‘i‘n&Int’a acﬂtﬁ%é’li@'ing %ﬁré@!z@ﬁthﬁﬁ%@FuﬁgsaﬂéﬁérﬁrmUCt Ive
| ayer. Cover 2106 provides protection for transducer 1000, and may be

el ectri c#irbyghowhink sousd may entercand reachgransducer 13002)1 da this oxamulamﬂver 293tdves

provi de rot ion fromelect i c int ere S .or mterference
Dl onal . DRetngos Ehaerii Caer 28T e pa madh of el fes o tigh

Fi guie 2110@?&5?6& hfate 'HA Jﬂ@&éﬁﬁ@él td&ﬁn&@é@t&cﬂ@ﬁiﬁ@'dﬂsu@%z&@ﬂm aqn 561% and
the rest of transducer In thi$s enbodi ment, wafers conprising an array
of sens oembddlapntsagpockagdmaabla previésl widly apratufestin ibotht cbvenand & eubsiratei nat ed
with an array of pedestals and another wafer having an array of extension
menbers {@Uedpd Whild FlgufEBQI'aﬁd'ZE'sHWHraﬁﬁﬂ:%&r ﬁ)05 eNdifem &eepRanahegd by

di ci ng or sihgul ati on. her assembly nethods may be -used. £0063] Figure 22
shows tr 2264 sventedG0@ snbsmtee@then applicationsranaalsy pogsihl& aber exaople, Pamksdyeer 2200

9505 1 oG KRR et eRgRCHFL e S it fpf- Badd cavbiibrsess atgneg U
exanpk e, (£HVifitorfBdiRe Br nithteld ¥l tol8f Ain %’e%‘?z{té&'&?cultcol\"lﬁrattagﬁﬁerﬁ?ﬂayt{% made of

materials |1 ke those of which cover 10 110 be made, and
el ectri cdietp-dionAnd whdile Fogures Zluand 32 sixo“selmmpen@zmns madesfom transducer

1000 by wire bonds such as bonds 2103 and 2104, other attachment methods may be used.

For example, a transducer according to an embodiment of the invention may be flip-chip

mounted or bump bonded to another component, and such a mounting may make electrical
20  connections, may affix the transducer mechanically to the other component, or both. In some

embodiments, metallic bumps made of gold or another metal may be used for bump-bonding

the transducer to another component.

[0065] In Figure 22, extension member 2204 does not have the same footprint as pedestal
601 and the rest of transducer 1000. In this case, extension member 2204 may be assembled
25  to transducer 1000 during packaging of the transducer, and not before transducer 1000 is

singulated from an array of similar devices.

[0066} Figure 23 shows another alternative arrangement of components, in accordance with
another example embodiment of the invention. In Figure 23, an encapsulation layer 2301 has
been affixed to transducer 1000 before transducer 1000 is mounted onto substrate 2302.

30  Encapsulation layer 2301 may be made, for example, of silicon or another semiconductor

material, or another suitable material.
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enbodi nents, a package may be provided with apertures in both a cover and a
substrate. [0064] Wiile Figures 21 and 22 show transducer 1000, i ncl uding
an extension nmenber 2204, nounted to a substrate, other applications are
al so possible. For exanple, a transducer such as exanple transducer 1000
may be nounted in a pre-nolded cavity package, attached 15 to a silicon
subnount , | A G : t may be
i ot o it STk HHEE R4 Ao thes BB IR 2801, ' bdcor e HAAFITRE" 0

f rom t r arsagle embbidtenb pf thieneventions Exteation mehiber24011i6 Tataivdted i0 4 waytsiheilar

h hod d. l.e, a, d di
ebod o B e YA SR Bl T SRS b rotlsr B9 gs TscRpmBBAaG (o
anot her . EQERGRARcr RS 451Fily beTRHD BB WK Bl G S Rbn 20 1R OE! 1PN
ne a e ot (0)

may affix t ransducer maghanl C y tot I component, oth.” In
sone 5entFiglire2fitexiensivhahdmicer 240D s bomded af orgalide cfpedestdl 601, usirignd bormlyngbe used
for bunp-bondin the transducey to anot her conponent. [0065] In Figure 22,

ext ensi oAb SV RT caEsIonbonding Baterial 25Mmaobe Bt RAY adhesispecangther ke and

t he rest . r : - [ ASE t &Ns| y be
assenbl e8?B]i?g{l?g&%g%gt%%@g@ngg%ﬁggﬁdﬁg pazc:%ggl ng&%?h%ﬁgﬁ rl%ﬁégjz%g?, and not
bef ore t manaithlilcBedetAD01 andsexngnsicat member@#dd arciondyd of a subRirh@ 2502 usiag any

[ 0066] Figure 23 shaows anot her alternatjve arrangenent of conponents, in

accor danéBitahle kind of dierpdiack matesiaborntheiadhesive. bpt kemeng agenfer ehmel 2503 gure 23,
EF anddue aitbddsf Bo Uik BhdCctambaPased 80Ral] bo B pal BRI MERIndice a0 € )

may be neHEmbér@roHd@pY exteforsinkbinber24®1. anot her seni conductor nmaterial, or
anot her suitable material. 11 [0067] Figure 24 shows anot her extension

menber 2 I n | Fy: I i t

vent | o008l o BAARAEENEEortllado WA Eimt BERe T RNl EG e g 1By

ext ensi opré¥eire applidatidns, €ncexampldwta mitraene fot fSpiids\d grdsird flav@htidlRefmenber
2401. Extension nmenber 2401 r@i be used as shown in the exanpl e enbodi nent

of Fi gur &n@soustip signgl, gumay be useskindyighes presene applizatians, §'op gxarapie: ptrasduesr de of
pedestal . US| ' | r i eri al
D501 Wy Berdind 8 SudaBs Bne TRIcHb ings B boed R SARIIE prelQE P TRl

subst ant igakdey of ligliids dANAGIoY SelibR&ngine. daYiond fbficAidntpakingetere mekiy e adjusted

depending on the intended application of a sensor. For example, a microphone transducer

may have a thin, flexible diaphragm, while a sensor designed for higher pressure applications
may be fabricated with a comparatively thicker, stiffer diaphragm. For the purposes of this

20  disclosure, an acoustic signal may be but is not limited to a signal audible to humans. An
acoustic signal may be a signal having an amplitude below the threshold of human hearing, or
an amplitude above a level that may cause damage to a human ear. An acoustic signal may
include or be composed entirely of one or more frequency components outside the range of
human delectability. For example, an acoustic signal may have a frequency or frequencies

25  below 20 Hertz, or may have a frequency or frequencies above 20 kHz. A signal in this

upper frequency range is sometimes referred to as a ultrasonic signal.

[0069] One of skill in the art will also recognize the order of operations may be varied from
the order described above. For example, hole 1801 may be deep etched before cavity 1701.

[0070}] While the above examples are shown in the context of a capacitive sensor, an
30  extension member in accordance with an embodiment of the invention may be used with
other kinds of sensors as well. For example, a piezoresistive or piezoelectric sensor may

comprise a diaphragm and use a back volume, but lack the back plate shown in the Figures.
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material. Pedestal 601 and extension nenber 2401 are bonded to a substrate
2502 using any suitable kind of die attach material or other adhesive, but
| eaving a center channel 2503 10 unbonded so that back chanmber 2504 i ncl udes
both the back hole of the transducer and the chanber provided by extension
menber 2401. [0068] A transducer according to an enbodi ment of the invention

may be u sure | |,cati ons exa e as a crophone t hat
responds%'t%s11 fﬁ élges%ﬁagg %gﬁg{@%ﬁgclwolmgﬁng&?g@eﬁt@egpxa‘manc&o ?ray be used in
hi gher ppRSsieEiSHAIG pisAeleRttfe sehédr, MeaIxeonsRdn inh s dfifilar 16 nRedkRf §00I0mbP 2
enbodi nent of the invention may be used to nmeasure the pressure of various
gasses obe upagiio¢nhanee sheparformanes of suclepgénser. Vari ous fabrication paraneters
may be adjusted depending on the intended application of a sensor. For
exanpl e, [@07T] CrRihendr bhd i dhfeaients Bbods: tﬁemhbﬁhonfﬁl@ypmvﬁlech mdteagm Wwhile
a sensor designed for higher pressure applications nmay be fabricated with a

conpab at ad*eanpagtem Thesenser alkomérfomra@rrﬁ:ragmnni@wmg ayggrapd yeedl thl‘t)m%b@b

di scl osur e stic bhe.but is audi bl e
o hunmndotoat TG e Bk anit g of wstelTh 3 dekeflof pBBR,e ow ¢ he
t hr eshol ghigiineSsed BN pbiRatal 6O1 aid waRP 1 FOIPAriditHE Shapb AHE si2e bpwﬂltytlhel afl@}oleause
damage to a human ear. An acoustic signal may include or be conposed

entirely1801. (Espemllmnb r¢gaedqtﬂewoystt;mppbc@wns back solumetis impartagttodthe hurran
delectablllté r exa t@ an, aco tlc SI %}' ﬁhaveafre zﬂc(%/

f r equenc PEQISHE PEIPTRGNSR OF & iy dce g RRoet sepatiity pnd eaepcy Fespraiu IR ST above
20 kiig. Anbo@Rsntd, Bnhl?foghoﬁ’@ﬂﬁﬁ aﬁ%ﬁﬁﬂﬁ&?iﬁeﬁ%@ﬂﬁm& ﬁa&od”'?énkl'@ﬁ&y bEprokinSflely0 as
a ultrasonic signal 69] One of skill in the art wll also recognize the
order of 20jBehigh¢rghan ﬂxaysemmu\mar wfatbnfmlonmmrdnﬂlooc detrhai'am;an dxéghsminguembdior
exanple, hole 1801 may be deep etched before cavity 1701. [0070] Wiile the

above exqpphgs PeSorddBidg delerities tli‘éjiﬂir&iffon%clﬁdlﬁgB?e‘i‘éﬁéd"i%nﬁ?ﬂﬁ%of an 30
ext ensi on rrenber in accordance with an enbodi nent of the invention may be

used wi t Altevdtivas ahd mdlfmatlew@ beobwiiuk to those efickilbinethe artpreintanded ttbeve or
pi ezoel ectric senso ri e.a di aphragm and. use.a back vol une, but

| ack t he BFEROTRE {hgﬁB%W ﬁéﬁﬁﬁ@qﬁ@’s@e i‘f%ﬁ}?@ﬂy'?g,‘:ﬁ’t“ﬁé shape and size of
t he back vol urre nay af f ect the performance of a piezoresistive or

pi ezdél ectric sensor, and an extension nenber simlar to menber 1001 may be
used to enhance the performance of such a sensor.
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[0071] The sensor and arrangenents enbodying the invention nmay provide a
nunber of 5 advantages. The sensor allows for an arrangenent having a | arge
and well controlled back volune. The shape and size of the back vol une may
be adjusted by the selection of the thicknesses of pedestal 601 and wafer
1100 and the shape and size of cavity 1701 and hole 1801. Especially with
regard tﬁggggﬁgghggaﬁgghggtions, back volunme is inportant to the acoustic
per f or ma it affects sensitivity and frequency response. In
some 10 enbodi ments, a mcrophone with an extension nenber nmay have a

sensi {ivity approxiimat el mictoeiBethirgdtinitdl 3RstéMeMENIS) trindduyerpéorapriding: | ar

m crophone not having an extensi on nenber. 0072] The foregoi ng descri bes
the iAvention incl @dhanhrasneaed 2 beckriatesthe diap andlhaékatat@mc gpart and

nodi f i cat i h rt are intended
to beg [ a@‘FE’S?é’Pl&BM“ﬁP‘ﬁH‘? copgmgg?é o%?e%g&&g? #@8 'Jf)n te%ﬁ'élq %S(torrpanyl ng

cl 2l . 15 13 AT aSudloriti sloabity. depeeas! SR IOATRN SR Rl o SHBRET

(MEMS) transducer, conprising:. 2 a %nland a_back plate, the di aphragm
and back epil.dhe bagknlate of thertransdiper #ﬁm@@ @f: 5% iehd and| shstantially egvesing the ng

mcro Iectr?nlc fabrication techni ques; 4 a pedestal conprising a cavity,
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