PRESSURE SENSORS AND METHODS OF MAKI NG THE SAME
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di verse equi pnent as nedi cal instruments, |aboratory

i nstrunments, industrial equipnent, and autonotive

circuitry. A significant nunber of applications are
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expose arsh environnents. Such environnents

i ncl ude solvent mxtures (e.g., fuel), water (e.g.,
BAGKGRMIND) , acids, and bases. End users of pressure

sensors have found that standard devices fail in such
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environment, corrosion often occurs, for example, at interconnects of the

piezoresistors, which causes the absolute pressure sensor to degrade or fail.

Accordingly, a continual need exists in the art for pressure sensors that are capable of

being used in harsh environments.
SUMMARY
Disclosed herein are pressure sensors and methods of making the pressure sensor.

One embodiment of a pressure sensor includes a base substrate silicon fusion bonded
to a cap substrate with a chamber disposed between the base substrate and the cap
substrate. Each of the base substrate and the cap substrate include silicon. The base
substrate includes walls defining a cavity and a diaphragm portion positioned over the
cavity, wherein the cavity is open to an environment to be sensed. The chamber is

hermetically sealed from the environment.



substrate includes walls defining a cavity and a

di aphragm portion positioned over the cavity, wherein
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chanber is hernetically sealed fromthe

envi ronnent . One enbodi nrent of a nethod of meking a
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Figure 1 is a cross sectional view of an embodiment of a backside absolute pressure

SEnsor.

Figures 2(a)-2(j) collectively illustrate an exemplary method of making the

embodiment of the backside absolute pressure sensor illustrated in Figure 1.

Figure 3 is a cross sectional view of another embodiment of a backside absolute

pressure sensor.

Figures 4(a)-4(h) collectively illustrate an exemplary method of making the

embodiment of the backside absolute pressure sensor illustrated in Figure 3.

Figure 5 is an embodiment of a differential pressure sensor.
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Further, the base substrate 12 is an n-type substrate. For example, the silicon of the
base substrate 12 is doped with an n-type dopant (e.g., phosphorous). The cap
substrate 14 can be either an n-type substrate or a p-type substrate. When the cap
substrate 14 is an n-type substrate, the cap substrate 14 can be doped with a similar or
different n-type dopant as that employed in the base substrate 12. Moreover, when
the cap substrate 14 is a p-type substrate, the cap substrate 14 is doped with a p-type
dopant (e.g., boron).
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as an i nterconnect, is di sposed in

electrical communication with the piezo-resistive elements 26. The conductive

pathway 30 includes any electrical conductive material. For example, the conductive
pathway 30 can include a portion of the base substrate 12, which has been doped with
a p-type dopant. The conductive pathway 30 is disposed in electrical communication
with an electrode 32, which is sometimes referred to as a wire bond pad, and the like.
Suitable materials for the electrode 32 include metals (e.g., aluminum, titanium,
platinum, gold, and combinations comprising at least one of the foregoing), alloys,
and the like.

The conductive pathway 30 is disposed in physical communication with the base

portion 12. A first oxide layer 34 (e.g., a silicon dioxide layer) is disposed in physical

communication with the conductive pathway 30. For example, the first oxide layer 34
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el ectrical communication with the piezo-resistive

el ements 26. The conductive pathway 30 includes any
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conductive pathway 30 can include a portion of the

base substrate 12, which has been doped with a p-type

dopant. The conductive pathway 30 is disposed in
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be measured by a method consistent with United States military standard (MIL-STD)-
883E. The base substrate 12 and the cap substrate 14 are bonded together in a
vacuum such that chamber 16 is a vacuum chamber, which functions as a zero
pressure reference when the diaphragm portion 22 is exposed to the environment. In
the embodiment illustrated in Figure 1, the chamber 18 is formed by a cavity in the
cap substrate 14. Alternatively, a cavity can be disposed in the base substrate 12 to
form the chamber 16. The length and width of the cavity forming chamber 16 is
selected to correspond to at least a length and width of the diaphragm portion 22. The
width of the cavity can be substantially uniform (e.g., the walls are substantially

straight) or the walls of the cavity can converge toward the diaphragm portion 22 (e.g.

the walls are tapered).
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The base substrate 12 is silicon fusion bonded to the

cap substrate 14 such that a chanber 16 is forned

t her ebet ween, which is hernetically sealed froma

Flgiﬂésf %{Hﬂ{]ﬁgccﬁfé@fﬂﬁéw MBI tracd? taﬂoeienggflhlgg ] ?[gg . Pﬂ/ Jgakmg the

heory, hermaticity of the se
eﬂmé@mmé af thy hacknidshaolibmpiestuensenaptt in Rllgmredd ]St]ﬁgms 2(a), the

n L- STD bstrate
o R BB L G A R BB BT e of
thev Badgu mbswatb Ihay, ehasheiipld,bionSidpl¥AeHHN (ﬁffﬁﬂgﬁ I andMHeC ke,
functions as a zero pressure reference when the

MatpriphhFos §bes PisEe-Tesistive elegle@k% srcicanstuctines patlvivaoddrbrrludelthose

ma&é} or ng%k{? Qf)ovlel : F%F hﬂemsé[g &%u{hgsﬁe egtlge g:lﬂmg awaylgf a

pov&ionemfnﬂlbl m&i@e layem%/ ith yfoﬁﬂm béendd h&@o@% h lrbohﬂ tefrl]l@sg/hlch is
e lLen an

2 f th hanb
Fol PO G T B Dhsr R G et 4 Sier ewice gortion of
theCPisf SSIORG 1hRr 3 tleRl _Iaﬁe lr%f'cllgtl{: td”"@g { el 8{ e st (Budlzmg

di aphragm portion 22. e cavil can
laysyy Bétpam Itfaletoyllngﬁaﬁd)omd(zm& Figuhe 2(M)Illlsstaitee the etching away a

ubst tiall trai r.the f the cavity can
pol vt ' Bitids FoERCRa Y igoRel Sridodiys £ 4tnd ociion
cor‘t@Fbﬁdlﬂg &o ttﬂ@ﬂb@ﬁﬁand)fg lee@@od%ﬁ a2, (] )Fl Elﬁ%] hYRtdtes the cap
ustrate an exenplary net hod of

substratsditriaeitdisg tvastepdiahty evla@saab Lf@lenqdr@s‘élﬂ rcep sehsgate T4nby,

Fi ezo-resistive
rou R B MRV 26, Y8 OGN R B
size of filecehandbet 16 etmﬁsﬁe Stbkbtsddrt@t @)rrbgpdﬁd tof BE %A Lon A base
tation, diffusion, and the Iike. Mterials for
mﬁ?ﬁgbg ezo-resistive el ement 26 and conductive pathway
30 include those materials discussed above. Figure

Figdfd2(e) |11|1L¥§§tafe§ttﬁ§ bﬁé?:es&@ﬂrﬁgtlbvﬁel gm:?or fast %bBIEFe% to_the cap

portion of the nitride |ayer 36

subsiatg. 14, avhidnth a1 frglportanh ifedturie sin frodltingutice hi;sohmame:imre rsgnsor
t hi cker_ oxi de

f base .s bst te,12 to generate
IO(gorfl RS S q’?éatﬁ étangx 8i APn qﬁsg?f@r ‘?r?r‘? trengiesh gvithort, any
1ntdfrﬂieaiate\fcﬁ)nﬂ Oaltdye adHeki&k N@RISh®fikd. urftef Ss'ih&ﬁi'fgdléﬁ DéndiRy R¥ers
prior to_etching and oxidizing. Figure

to tpp ft)gg(ilp&p@gﬂl@%t%&l AN aayeppdpination of ondlng sﬂ1con to a silicon
oxide. In one embodiment, the silicon fusion bonding has a bond width of about 100

micrometers to about 150 micrometers. The use of silicon fusion bonding allows the
pressure sensor 100 to have an active life of at least 10 years, which advantageously

allows the absolute pressure sensor 100 to be employed in automotive applications.

Further, since silicon fusion bonding is employed, the overall cost of the absolute

pressure sensor can be reduced compared to other devices that employ other bonding

technologies. For example, a silicon substrate, which is bonded to another silicon

substrate using an intermediate layer, has the additional costs associated with the bond

material and added processing costs compared to silicon fusion bonding. More

particularly, the cost of glass substrates and silicon-on-insulator (SOI) substrates are
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the cavity \ig and the diaphragm portion 22. For example, the cavity 18 is formed

using an anisotropic etchant. Suitable anisotropic etchants include, but are not limited
to, potassium hydroxide (KOH), tetramethyl ammonium hydroxide (TMAH),
ethylene diamine pyrocatechol (EDP), and the like. The anisotropic etching forms the
cavity 18 in the base substrate 12 having walls which generally converge from the
surface 42 toward the first side 24 of the diaphragm portion 22 formed by the cavity
18. However, it is understood that in other embodiments, isotropic etching can be
used to form the cavity 18. Suitable isotropic etchants include those known in the art,

as well as others.



t hi ckness of cap substrate 14 is up to about 400

m cronmeters, particularly about 50 mcroneters to
W@bwan2450 m croneters. A reduction in materi aPCT/US2006/032858

corresponds to a reduction in the overall cost of the

devi ce. Moreover, a reduction in size in a pressure

sensor allows the pressure sensor to be enployed in a
Reﬁrﬂmg nowrig Figifre 3pph evhodiorest ofag absolBe pressttessngost ganerally

FHBR 2T i PrIEE, abe 46° s RCRRiatiVERy AlflwRRy E ne

abMt& pRRsRE seReh 20@ MR subghithlI§the bahaRd th%ldiﬁ'ahgémér@ ifliserated
et chant di scussed above in relation to the selective

by rabsadvtalpressutei sessor dRP.dbis| @%}dlr%t.lt ip mqhﬂctfdd@rezlq k) highlight that

p e )
tnecHRpy it Bt 2 dpd M ypt of St BRFs tte 3o SURMLL)
cait 05@6 OFlasheRBiaild theadhamberd 16 ihéisposed batiesen the basedoibistrate 12

., a through hole) is formed in each of the first
an, ih@:léan Sylsirateq fan@efqha@bernﬂé [Rade kymed dy a sgyifap dhe base

sul{g‘t?r,ta%I 12 ;aaéa'vﬁg éﬁ %&?%ﬁ&rd’c@ §h u&ea cObindtiGh BPhe! fof@gBﬁl% In

utteri |'ectron beam evaporati on
thisl e:mmptel, aie skapguok th2( fhanibek Ut catraspondse tomired shape cofiviaed cap
in the second oxide layer 38 and the second nitride
subsiiater 1440 being further opened (deepened) by for
exanpl e, by etching, to formthe cavity 18 and the

Fi%ﬂg@so AP Ok dileBlivel? - illTRFat® XA Mx@m tplzﬁ‘%uﬁ@tﬂoﬁy ot 8mhking the

usi ng an ani SOtrOpI c etchan itab
emé)nd@mnt @bﬂ@ ackside elesoluie prrgaure sgmsos dldusgrgted| in tHiguseg 3¢ ofigure

S| m h t
PSR PR S5 TNy ATE e AR, Yy e
etoh&!ﬂ a§ ﬂEls{ralié& in Figraundby.oFop pkaingsle Coi gsdtpitsettivgmt ¢ay.l KYOH,
18 in the base substrate 12 having walls which

TN;AHe FRI: yand g dige cat BpnUeert 1 oA eaABY o Basenuibstrate 12
ha&%é%%pe?édj@al%g 8h i i Ee%?&;/ﬁ‘ oét&ﬁegrhr%zas RLSEHed¥h Figure

However , I's understood that 1 n othe
4(@nihoHi gmeem-(sl) thes piezcﬁmsrstmd: e]hmegt Aamndothe gemtlictive pashway B@ are

cavity 18.. Suitable isotro et chant clu t hose
ForRTge # AUIHE ol PE b G2 B dmiuttiann T iHstht, gnd the
1ikEl QidtSriads fFne Pkﬁ&kéiﬁﬁbe efenfit 209 B&RIURHES fathRay 30 include
sensor, generally designated 200, is illustrate

. thoshithaseridle dmcmn@ ehewet  bigurend(e} dhistraientie basetsybstrate 12 being
s1lg:8ﬂ,§usg(t%ne Pﬁrécﬁagft géa%gs tra?[? 3;1?&2 %Erg Qﬁit)e}ﬁ{lsu% Y giﬁgon nitride
being disposed over the first oxide layer 34 and over an outer surface of the cap
substrate 14. Figure 4(g) illustrates electrodes 32 being formed by metallization such
that the electrodes electrically communicate with the conductive pathway 30.
Suitable metallization techniques include those metallization techniques discussed
above. Figure 4(h) illustrates the second oxide layer 38 and the second nitride layer

40 being etched to form cavity 18 and diaphragm portion 22.

Referring now to Figure 5, an embodiment of a differential pressure sensor, generally

designated 300, is illustrated. For ease in discussion, the differential pressure sensor

300 includes a similar arrangement of components discussed in relation to absolute

pressure sensors 100 and 200, with the exception that the differential pressure 300
8



by absol ute pressure sensor 100, this enbodinent is

i ncl uded herein to highlight that the shape of the
w@b@mozt9116 and the shape of each substrate (erPr/pSmag032858

substrate 14) can vary. Further, while the chanber 16

i s di sposed between the base substrate 12 and the cap

substrate 14, the chanber 16 can be fornmed by a cavity
furtlyer tindudrsse caitysd4 disposed, thepughihe yap ﬁubsw@tecéfb The cavity 44

b b
oxBifE bt 4 oROIRBRERR Bk Boh T R i g e

dla?ﬁratghﬁ Sxfﬂl%ﬁeilz)frohh@oma@lesﬁi’@ﬁhlﬁatﬂ idd S %d;bﬁ@ side 28. More
collectively illustrate an exenplary met hod
patsncu i h@ apeetionb e Aiaphragm PABIBack siieres dpspiopersion to the

dlfPFTr ?x‘f‘c%l“ﬂl rés%ﬂt%ofroﬁldﬂ(’) (%'i)at q‘i’le [}gne E&Vegelﬁﬁfe?&rﬁ él%@&ll ethe

ustrates a wn fng o Into t i r'st oxi
ﬂek_ﬁa)?l&jf et diaplniagin posucﬁrum Hes thet dififecenas in ptesstre &toedPiand P,. It

i el Mo, HARpRsORDISHEE TR AR 20 B tehpepppde into
a %&{&;ﬁaﬁgws@é éeﬂs&r%ob@s@m}ﬁﬁgw &dvityl DAy ieCabaRBEReE 14.

oxi de 1's regrown ih the etyched area as
Suithhle stchate thelude g arenct (imitedito, KOgand PNIAH. t he
pi ezo-resistive elenment 26 and the conducti ve pat hway

Th]e ﬁsu:ltﬁ)& %ﬁetn]u% pr%%ﬁ%%’le; %egllg%n 0 %a el? X‘Td uz? (s:‘%;rﬁ{%t efulqstrél% by

sollder biirhging hfd tre188] 34 Figeresd, @BRIer B@mpmﬂlmru:&mtdlmmal shape)
pat hway 30 include -those materijals_di scussed abov

is disgoted ia(Bhysicel gempapicatiom &viaslecisefss 7 and a seqeed rf‘éectrode
Whj«l(tJf C@F?Jseé'o%”a %8%?&' tRuhde fﬁeoé\%ﬂgglt 524 mln e @HERntial

UStrates a i1 con nitri osed over
prdisl;l&e fensst 30X adientagya@rslyBrhitipacks alebris amd mﬂtlfbﬂe fmmn beiag doposed

: t he ca strate 14. ure 4 jl]Justrate
in Bt pAb g e Rpée%t@faf%aﬂ%yp o4 plork S Bk e ¢ na
the el ectrodes electrically comunicate with the

Advandbsdus e tRataBy@iie3ptessat k@kbe ORERLd AdfeiPMnclude a silicon
t echni ques include those netallization techni ques

fugdors bosd dgtvadsove bass gihstrag(and # |dapswbsirae tHiathescihadbsolute
pré)stsurg sgn%%? Bgacef(s%et Jﬂ)%g@l? ﬁ% saﬂé L ﬁs%?s | %%rmﬁ&nlzﬁlsﬁ% bond

O mcavict pRragm port
pr&Rede&rd bargl ﬁmﬁgﬂﬂsdﬁeﬂdﬂ’ ® GtherdbordifpoichfEigtesof.ga an intermediate

gla%ls fflfite‘trmenr(]lt, Iag ladﬁ)és?vseslgjc{n% asmedntsh%rlﬂ(e evgﬁlchlalllxéws the pressure sensor to
have a useful life of at least 10 years. Further, as briefly mentioned above, silicon
fusion bonding also allows the pressure sensor to be constructed at a reduced cost
compared to some present day sensors, which can offer a significant commercial
advantage. Additionally, by constructing the absolute pressure sensors as a backside
pressure sensors, the pressure sensors can advantageously be employed in harsh
environments, since the piezo-resistive elements and conductive pathways are

shielded from the environment. Again, this construction can increase the useful life

of the pressure sensor compared to present day sensors.

While the invention has been described with reference to several embodiments

thereof, it will be understood by those skilled in the art that various changes may be

9



designated 300, is illustrated. For ease in
di scussion, the differential pressure sensor 300

WO p@zws1t a sim | ar arrangenent of conmponent s PUBUSXS€052858
in relation to absolute pressure sensors 100 and 200,
with the exception that the differential pressure
300further includes a cavity 44 disposed through the

m@a pn@ epgvalente niay beTubstiateil tfgr ddmentp twesoftwithouh émtamng.‘%om

Vi r onment ressure t
the bS5 R ATLAREr £ afi s R B ficeiaips bo Bie Dadent

paididtlaf RRuARBOGOmSleda]l 45 theMRhchiBAr bf &l MkEdtion Without departing
operation, the diaphragmportion 22 flexes in

fropy Bwoqswn@ﬁl $G9DE tileereptt f eéef@ze, iihisppiesded that theninpeniiog not be
ts.2
hrrﬁ g thg{ﬁe %ﬁ%ﬁlgf gfﬂb%g rxﬁéegl}:n Ai57 I&(Sln 2% gj%gts ﬁ'ﬁ)ﬁ% c%ﬁtemplated for
carflyihf enﬁmsenwnupn,elaﬁ uhi the DRERiICANCIIIRAcIubé all smbbdigienis falling
noted that, the absol ute pressure sensors 100 and 200
“”@ﬁh%@éﬁﬁmﬁét hearpendrdelaimg; f ferential pressure sensor
300 by etching the cavity 44 into the cap substrate
14. Suitable etchants include, but are not limted to,
KOH and TMAH. The resulting differential pressure
sensor 300 can be fixed to a ceram c substrate by
sol der bunping and the like. In figure 5, a sol der!
bunp (shown as an elliptical shape) is disposed in
physi cal communi cation with el ectrode 32 and a second
el ectrode, which is disposed on a ceranm c substrate.
The nmethod of formng the differential pressure sensor
300 advantageously mitigates debris and the |ike from
bei ng di sposed in the cavity 44, which can potentially
build up and block the cavity 44. Advantageously, the
absol ute pressure sensors disclosed herein include a
silicon fusion bond between a base substrate and a cap
substrate. Further, the absolute pressure sensors are
backsi de absol ute pressure sensors. The silicon fusion
bond provides a bond strength superior to other
bondi ng techniques (e.g., an internmediate glass frit
bond, an adhesive bond, and the like), which allows
the pressure sensor to have a useful life of at |east
10 years. Further, as briefly nentioned above, silicon
fusi on bonding also allows the pressure sensor to be
constructed at a reduced cost conpared to some present
day sensors, which can offer a significant commercia

10



advant age. Additionally, by constructing the absol ute
pressure sensors as a backsi de pressure sensors, the
w@r@3sewoel sensor s can advant ageously be enpl oyRdI/U82006/032858
har sh envi ronnents, since the piezo-resistive elenents
and conductive pathways are shielded fromthe
environnent. Again, this construction can increase the

Whis s Jeimiedfis of t he pressure sensor conpared to present
day sensors. Wiile the invention has been descri bed
Wi t e . eral enbodi nents thereof, it wll

1'be %Hgg%§%5%§&%&8?§§§§g3kiIIed in the art that various
changes may benade and equi val ents may be substituted

a baose sibetmEnat contphrisingofvalls t dediningl epastityn carddr andibpleragmopertion
of. the inyention. In addition, many nodifications may .

poioncet Hiea Xy %heﬁ@pttﬁﬁﬁaﬁ%suéﬁwa@%ﬁnw {08r3ng Whegein

theldafity RAHRA MG Glvidolmeh W @RILAR4W t hout departing from
the ‘essential scope thereof. Therefore, it is intended
that the invention not be |limted to the particul ar

a caprBduitamospdising| siined, wherehnethpeap swirstiatecis silisamp fesiendbonded

' out this invention, but that the

K”%%@%%ﬁ%%%hﬁﬁll i nclude all enbodinents falling within
the scope of the appended clains.Wat is clainmed is:

a chamBerpdispssad deseradhe baspEutBird@: aml heS@pSubsttdt@t ®herein the
conprising walls defining a cavity, and a di aphragm

ch F%mﬂﬁggﬁﬁWéﬁ@ﬁfBVQWh?W@Wﬁ%ﬁ- ; aflher ei n t he base
substrate conprises silicon and wherein the cavity is

a RNeliiRNcRA%h! QIFRRY ih pHRSicHE BRI uNRaGAP wihOfk" @hfhragm
conprising silicon, wherein the cap su%strate I'S

porgiphi con fusion bonded to the base substrate; a chanber
di sposed between the base substrate and the cap
sub ' h er 1s hernetically seal ed

2. ¢ oxht ThSaul FaSut ol il L Shash PECTR 68 3ERp58s =

thickinsgaged aboutpliPsnic@met@sMuNi cati on with the di aphragm
portion. 2. The pressure sensor of Claim1, wherein

the_cap substrate ¢ ri.ses t hi ckness up. t o about
3. 400Tﬁ§ E}ie@mg? sgnsor of ng;?n 2, Whergln tﬂe ﬁlicgcness is F2J1b0ut 50 micrometers

to about 150 micrometers.

4. The pressure sensor of Claim 1, wherein the chamber is defined by a cap

cavity in the cap substrate.

5. The pressure sensor of Claim 1, wherein the chamber is defined by a base
cavity in the base substrate, wherein the diaphragm portion is disposed between the

cavity and the base cavity.

6. The pressure sensor of Claim 1, wherein the chamber is defined by a cap
cavity in the cap substrate and a base cavity in the base substrate, wherein the

diaphragm portion is disposed between the cavity and the base cavity.

7. The pressure sensor of Claim 1, wherein each of the base substrate and the cap

substrate are not silicon-on-insulator wafers.

11



3. The pressure sensor of Claim2, wherein the
t hi ckness i s about 50 m cronmeters to about 150
wor@rometers. 4. The pressure sensor of C ai mBCT/US2006/032858
wherein the chanber is defined by a cap cavity in the
cap substrate. 5. The pressure sensor of Claim]1l,
wherein the chanber is defined by a base cavity in the
8. bas&he utsessnigt sensoihef &ilain He vdieagnrthgrhaporstibsratd & an n-type
. sposed. bet ween .t h Vi he base cayity..
sutf 2R B PR sf il oufilih A2 PR So eri
defined by a cap cavity in the cap substrate and a
9. bas®he gptedsyrd Berdsbe dfaSkirg uhs furdiee, comieis@igh ah hdectrode and a
d'aphragn1portion,is di sposed between the cavity and
Cm}dlhlé TaBEhway, yerein therplediiode 4% i elesiicgl coppmpnicanen with the
pie%—gés?s‘ti% QRGP Fid M8 PARKTY %ﬁﬁﬁvaa ewRbRid B HaP ubs];lr te is an
substrate are not silicon-oh-insol ator waters. 8  The
n-tppee sishstrates eviewmin ahclClodithe Tonduntivei pathivey bad ¢hes plegoredigive
IS an n-type substrate, and the piezo-resistive
elemeni e OmPList adr veg doppnh maletial- opant material. 9. The
pressure sensor of Claim1l, further conprising an
10.el eThé pe8s1RB derdof 8NAIAGH 11V urBRk BYRAYrisink ah %b(_ﬂietlﬁﬁﬁ covering at

electrode is in electrical conmunicatron with the
leag 2 pertipagif $h¢ diapbragmepartion shat he i phihicsd comnpaidatieny with the
. I b n,nN- e rate,
piefR kB tainchBay RURALE RO Saa PranlfP Rt B
pi ezo-resistive el enment conprise a p-type dopant
11.mat Armethod &#DmaKing aptesssersensvensmprighg:Cl ai m 1, further
conprising an oxide layer covering at |east a portion
of the.di aphra n1ﬁortion that is.in

i cal
for i RIS O] ERTERL 3B argmibei it POEVEY Sflerh busppbgate

cofiprligihglen baiieraytr 2RO eHrA¥ Shye: IS po¥d Sy el WEhxidd iafyel‘,\ wherein
met hod of making a pressure sensor conprising: form ng
thedagst uibsiryte spwpiises sdicement and a conducti ve pat hway
into a base substrate conprising an oxide |ayer and a

Slh?(lf)#e f‘%%gedogéglgtar %@gﬁgﬁﬁﬁe?%gﬁe%ﬁ%% Ia(t) éé@ﬂ?axﬁt@fg the %g t@state to
hermetically seal the cavity to form a chamber, wherein the cap substrate comprises

silicon; and

etching away a portion of the base substrate to form a cavity defined by walls and
diaphragm portion of the base substrate, wherein the piezo-resistive element is

disposed in physical communication with the diaphragm portion.

12.  The method of Claim 11, wherein forming comprises implanting or diffusing a

p-type dopant into the base substrate.

13.  The method of Claim 11, further comprising etching an electrode window into

the nitride layer prior to silicon fusion bonding.

14.  The method of Claim 13, further comprising etching away the cap substrate to

reduce a thickness of the cap substrate.
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silicon fusion bonding a cap substrate conprising a
cap cavity to the base substrate to hernetically seal
wao b®7o249ity to form a chanber, wherein the capPCT/US2006/032858
substrate conprises silicon; and etching away a
portion of the base substrate to forma cavity defined
by wal l's and di aphragm portion of the base substrate,
15whe A frethng ofidaim l@épgﬁeﬁr\ﬂ@n@lﬂemerdiﬂm@ne iag slestade material in

' - jcat | i th the di aphragm portion. 12.
the?%éé&ﬂr?g?hk%lg&%gogrﬁr%n%%c Wherein form ng conprises
inplanting or diffusing a p-type dopant into the base

16subghe atethodlSE Clhive IMefurddr odmfligihgefchingf Aisdcbad cavity into the
coqgrisin g%ﬁhin an electrode windowinto the )
Cap PYOSraig Srlgly t e SrambsT & PReadA A REVBRMBEHIP gt f4liffqngatial
préf®irBedisgf, G aim 13, further conprising etching away
the cap substrate to reduce a thickness of the cap

substrate. 15. The met hod of Clainy14, further
17 c ompr ingtthngd ofimefimgiamyessnressensor conprisimgeri al in the
el ectrode wi ndow to form an el ectrode. 16. The net hod

. Cl ai m. rther i.sing etchin second.
forlig ) Ride vkl b O TPl 08, e Ao Pl SRE i g pese
sulsper s Canan-t@se buteanRdori@isindl ilidortliahd eviRfdih ahe PRRBSHYE is
.sensor. 17. A nethod of neking a pressure sensor
dispeyedondhe pase pubshatrgand thenitride lagsrds disneped onithe pxide Jaygier
on a base substrate, wherein the base substrate is an

imPrahtiize |013 dialsRl & p‘:férgg [dophit%ing] tHeCOMe ARBstMAE kS b té?%he of a

oxide layer is di's ed on the base substrate and
pieap-tresistive |edgneent jand i epdueivegratiway exibdbal tgerxide layer and the
ti di ff.usi. -1 dopant . nto the bas
nicg FPLGPE bRy Soaboh SRt Biisy BEaieREand the e ghfgnpatiovy,
whefeéh ah& @BAdICLivY SpaBalAWNaY i1 Wldttridddtconlifufdtide vk Sthe a5iezo-

the nitride | ayer cover each of the piezo-resistive
resgstigpl§egtid t he conductive pathway, wherein the
conductive pathway is in electrical conmunication wth

silitc&?flﬂio%zﬁ%ﬁlﬁﬁ{gsat éa%%uﬁét%@&ﬁlprising a cap cavity to the base substrate to
hermetically seal the cavity to form a chamber, wherein the cap substrate comprises

silicon; and

etching away a portion of the base substrate to form a base cavity defined by walls
created by the etching and diaphragm portion of the base substrate, wherein the piezo-

resistive element is disposed in physical communication with the diaphragm portion.

18.  The method of Claim 17, further comprising etching away a portion of the
nitride layer that is disposed over the oxide layer to form an electrode window and

disposing an electrode material into the electrode window to form an electrode.

19.  The method of Claim 17, further comprising etching a second cavity into the
cap substrate such that the chamber is open to an environment to form a differential

Pressure sensor.
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silicon fusion bonding a cap substrate conprising a
cap cavity to the base substrate to hernetically sea
wao b®7o249ity to form a chanber, wherein the capPCT/US2006/032858
substrate conprises silicon; and etching away a
portion of the base substrate to forma base cavity
defined by walls created by the etching and di aphragm
20por tlie ﬁﬂeéhodt HeClpim &7 Supber Gomprisitizesteiing awey the cap substrate to
[ I si cal
e A RS P P bede ShORBRE Wt Pidhs § Yoryg, about 400
- mioetdeeds.of Cl aim 17, further conprising etching away a
portion of the nitride layer that is disposed over the
OXI er.t n el ectrode w ndow and di sposi ng
iﬁ% ﬁ&ﬁ - Whirgin the tuileest duabast R giicrsneters to
ab&ﬁqgoﬁﬁmgh@g&gode 19. The nmethod of Caim 17, further
conprising etching a second cavity into the cap
substrate such that the chanber is open to an
environnment to forma differential pressure sensor. 20.
The nmethod of Claim 17, further conprising etching
away the cap substrate to reduce a thickness of the
cap substrate such that the thickness is up to about
400 mcroneters. 21. The method of C aim 20, wherein
the thickness is about 50 mcronmeters to about 150
m cronet ers.
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