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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.
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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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pathway 30 includes any electrical conductive material. For example, the conducuve

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), altoys,

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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88 base subitrate 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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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 cxample, 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 (SO) substrates are
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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, isofropic etching can be

used to form the cavity 18. Suitable isotropic etchants include those known in the art,

as well as others.



reduction in the overall cost of the device. Moreover,
a reduction in size in a pressure sensor allows the
pressure sensor to be enployed in a w der range of

“Qpﬂhmﬁghkons Figure 2(g) illustrates a m‘ﬁgﬂwﬁﬁahﬁ%ﬂ‘

formed into the second oxide |layer 38 and t secon
nitride |ayer 40 by selectively renoving a portion of
each | ayer using an etchant simlar to the etchant
Relesmigapedodhare 3] a embaiirhean of an blehse a@@sﬁnevmsroe,rgmahuy

i r oxj. de | aye In Fi ure 2 , the ca
adiggat (b B Gty o P e o SibisR 55 M porigapGein og the
ABbEY R&suEisb e drd subtsdautsdnryan@@l@ £0h¢ QRS mﬁisnged

formed by netallization in_the area where a w nd

by gbsglute %\easwwe@ﬁl HE): s prabadipd ds }nﬁlué%hm@fa tq hléhlfgb.t gyt
th@’éhé}ﬁ of QY &anBér BNELd\ the $hapBiok bAGEubANE! (e26- ca?'éuﬁsﬁ?t’c qdr)

netal | i zation techniques include, but are not |limted
cangyarys phither,i wigleathel cendiet £ o s tiepased befpormathe dase substrate 12
e Ei gur I Lat, h
iR SBfualy' 0015, bl WA R ARy B AORY BoRSe
sdbalyzeer 120 agitn gy fharceh arbsmzpe ﬂlé,cbl(Edmﬂ[dﬂmd)l Obyhefforegomg In
etch t he cay
ofp e % s F i, bt B S b g e S cor
mmemneﬁi usi ng an ani sotropic etchant. Suitable
anisotropic etchants include, but are not limted to,

ot LU e tetr neth

FROE oAb FORR 5 ATk iR R e B e e
elﬁlEﬁHhcm ah dletﬂaekshdel@dasolﬂih PraNirs @érrsmpiﬂesteltc{dfm r}'@gtﬁ OB NFiduhe

cavity 18 in.the base s bstr
AGE o UL PBE prumonG o (T GeaS B gut
etflice ik 1iﬁisdﬁec2¥h mgmta hﬁa)dl‘f@p Bmgm RArahisefopi@ettign MRk BYOH,

%EV|ty i.S understood that in

T%@ﬁé %Pnﬁ*aeﬁh%l%@ CaPé’St“ﬁ%‘bF‘b fspch PRy cR b 8ase wbYraio 12

hadvalathdch@l waM tAh d8de SWEL AR &1 (h8 QlchePhea & BNARLS! in Figure
I ncl ude those known in the art, as well as others. 7

4o Ip digrraoitdn e DEETAEISPU0 slemgrdsgnd HefnfCHES PO AYGO ate
folth@HE B2 3urfRB o8 RROSETRN Qf 1@%3@91? 9{14515;%21&5'1@&@*&51%11 dand the

sensor, generally designated ustrate
lﬂxMuM@emai%foathcan%mweﬁlmw %mmwmo@wwaﬂn\w 30 include

. thBRSQhHE S, PEERS Bode B {@@1 a?%btﬁ%%%tels%%iﬁé o PPreing

sane as the arrangenen y abso
siproadsurebadnd tr the 06y Sllbhmae é‘ﬁr‘o Fiurefl) illsstiates Iauadmdn niuide

be@ﬁg&&gﬁos&? \zelgcﬁolffgsé tc@,qt %eé 5 aqnéhaxp 3 égfougeéﬁu@l% o g% ap
subg)ate 14, Flgme 4(g) illustrates e}ecuocteq 32 being formed by metallization such
that the electrodes electrically communicate with the conductive pathway 30.
Suitable metallization technigues include those metallization techuiques 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 relfation to absolute

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



can vary. Further, while the chanber 16 is di sposed

bet ween the base substrate 12 and the cap substrate
14, the chanber 16 can be forned by a cavity in the
wRARG st rate 12, a cavity in the cap Subghtlfoddasss
or a conbination of the foregoing. In this exanp[e,

t he shape of the chanber 16 corresponds to the shape

of the cap substrate 14. Figures 4(a)-4(h)
fucihbl mcludeed gavityl A5 tispdsed dmovgk ehpear yubsrithad, ofhenaldngs

t he nbodi of .the backsj de.absol ute pressur
clpsis o RTRE I Bt orgen. iy Bipd bl e on me
diaplirbigh rpatiem 22 Wondbwh bied NGt eiderpadaddnihe seéddfddests. oxide

| ayer. 34, which is further etched as illustrated in
P%fflé@?fk% AP IPELAEGR. EieatrpriEisnn RONRR st HlGEisc e PoRgten to the
dif®refleo inKSkhsurc ML BlAFR,. ang fibe-rkiike) S@RnRedus8MutcOhe

forma cavity in the base substrate 12 having tapered
figiion of thp\diaghiagra pogtionggriyahat ditferacetnghesquafop Bend Po. It

isithiee hb@l g i ﬁs?ﬂ%@r@ss € densdih Iﬁ(ﬁ g ﬁ)gdcﬁmzachtb@%i de into
pi ezo-resi stive el enent 26 and t he conduct i ve pafhmay
a iffezangial grovsmesdsenier A0¢ by talbing dfe ey Badwo shebep rsabserat2l4.
i on..LImpl ti.on,. diffisi like.
SRl IR BB B b BB IR 6 ° and
conductive pathway 30 include those nmaterials
T wewldspdiffgtroiad pritisgrasensdy )0 ¢ahn| heslixedtie s celamidhabetrate by

. : L : ;
oRUPSHEDE 47 4R4000 F4ld S 00, RDAFL S S
isrdispobaliein peisivgl dispusedionwath tlhardde rit amix: decohdyebri@ik,
nd . t f fth bstrate.l14. .
SBRE aPERhe] ofiA Sl PioubiiedcpheoReBBl s SR Porideenp
prestial sehsoaBi®@mnivaiageoutii aﬁt(ijgatte _defblwnﬂﬁhiﬁ‘ﬁkeg%c&ﬂ bd&sihg? t&ilsﬂglgé.ed
. icate with the, tive, pat . ui tabl e
ingh iy St s eI B loHORE I A | zat i on
techni ques di scussed above. Figure 4(h) illustrates

Atthuatagensiyd tox abeldtayesss38 sanorst dieclsed drebimiitdlidden Isayen
+40 heing etched to formcavity 18 and di gphrag .
TSR (00 oteERar i WP it BRGRBTE ap D aaY Aigue
pofsu@ @hidre heNbdckbid BRI BreSRAS 8dnsod e MEHeAdilidbn fusion bond
dﬁéigngted 300, is iIIusérated: For ease in ,
DY ides A BPhsUep Rl SYPFTIOE FR AR Fatonding dedhniausteleenran inigrnediate

olbRGHHEER, Bn SINEvBhoAd, had SRMERY, vAficICANRR Qﬁ@fil%sﬂfegs%ﬂsﬁﬁ%@
in relation to absol ute ressure sensors 100 and 200,

hayp priselyb Lifsceletlpash 19 pears. t Rarthgr fab dishy inantipied sbovee siigon
fu%oé{@o&ﬁ% b3 43 s e IXL:L%&QQ%S%?@@%@ constructed at a reduced cost
compared to some present day sensors, which can offer a significant comumnercial
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



further includes a cavity 44 disposed through the cap
substrate 14. The cavity 44 exposes the chanber 16 to
the environnent, which allows pressure to act on the
wib apheagm portion 22 fromboth the first siderdéoaiilasss
the second side 28. Mre particularly, in operation,

t he di aphragm portion 22 flexes in proportion to the
difference in pressure fromP and P2. The
mpileayl ageiyiiont vay bk eneritusedX6r ashaa&m thetch®withdue )dé;mmngfﬁom

[ [ r. ortion.22 due t difference
Sl RN ARTBRL I A0y, 4%y oOfedliony THEDE MR i e
pab&ﬂduLmtﬁatme@:SMﬁtalﬂ&ﬂ b saaaiﬁﬁ)gsacﬂdthe GRveaalin eabbuthrpirage
bt p q fereﬂ al. 3£ ure sensor 300 R% et chi ng
PHebe 5O 0P Metof nd PERRIS S ohiarded fhet tieigveop aot be
Iualt&h &ﬂths paitielidd @mb&lﬂxhelﬁé QisBiRted! dsnhd %Qstﬁﬁede'dﬁgémﬁala%@qm
e resulting differential pressure sensor

RS (BT R LA G eUIBOT R b iy ol GoTarens e
wathid thd@opd dﬁ%e alpBeJdls@ Hhgyso, @ solder bunmp (shown as an
el liptical shape) 1is disposed in physica
conmuni cation with el ectrode 32 and a second
el ectrode, which is disposed on a ceram c substrate.
The nmethod of formng the differential pressure
sensor 300 advantageously mtigates debris and tihe
like frombeing disposed in the cavity 44, which can
potentially build up and bl ock the cavity 44.
Advant ageously, the absol ute pressure sensors
di scl osed 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 |ike), which allows the pressure sensor
to have a useful life of at l|east 10 years. Further,
as briefly nentioned above, silicon fusion bonding
al so allows the pressure sensor to be constructed at a
reduced cost conpared to sonme present day sensors,
whi ch can offer a significant commercial advantage.
Addi tionally, by constructing the absol ute pressure
sensors as a backside pressure sensors, the pressure
sensors can advant ageously be enpl oyed in harsh
envi ronnents, since the piezo-resistive elenents and
conductive pathways are shielded fromthe
envi ronnent. Again, this construction can increase the
useful life of the pressure sensor conpared to
present day sensors.

10



While the invention has been described with reference

to several enbodinents thereof, it wll be understood

by those skilled in the art that various changes may

be 9 WD 20071024911 PCT/ US2006/ 032858 made and

equi val ents may be substituted for el enents thereof

W t hout departing from the scope of the invention. In

addi tion, many nodifications nay be nade to adapt a
Whpaistclabuédis: situation or material to the teachings of

the invention w thout departing fromthe essentia

scope thereof. Therefore, it is intended that the
. I nVERidsQRe BkoR@mplitiht ed to the particul ar

enbodi nment s dlsclosed as the best node contenpl at ed
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f q$ ng flrst and second @up ort portions, facj g
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exta@reashgnoéelrielidlenip e gh‘@OS@f* ahen updargde gfhgach support
porSGEANfle BHRBOL B Ak LIRS BTSN RIS BRIRIGUARE S@h Esupport

conprises silicon t irst cavity'is
mn@@Bn to an enV|ronnent to be sensed; at |east one
bott om di el ect di sposed on an undersi de of

eaéﬁmgﬁﬁ%i?WCOBBP?P%ﬁ?gf ‘the base substrate that do

nota #NdodNekiRASInd®d@een Bfe dapeutdnaeLEl d@s’oagﬁ subfigiguppor t
portlons a cap substrate conp risin |con

si 13 C&Eﬁlb?*u@%ﬁ@do%\de%éb%\é@ﬁ St'kfﬁéldﬁ%ﬁgékﬁo%ﬂﬂ?rsat’%la&fn a/h@!ﬁ@ the
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substrate an e cap su strate ereln
i's alwezmtesastmcleicnsmaﬂiemsﬁd ompltykiealerowimmoriasing witj tlndw@aphmg,m
on f %I stive el enent

ez
pmtion bc?wced S Chaﬁ’l)?el ‘8] 't igxmq%aa(nl on with the di aphragm
porat ¢(mﬂucbﬁ/t: weeivat hepehaatbervean thd e fsiibstiateCai thy at REE onc

top dielectric layer, the conductive pathway connected to and extending from the piezo-
resistive element to a portion of the base substrate beyond an outer edge of the cap

substrate.

2. The pressure sensor of claim 1, wherein the cap substrate comprises a thickness

up to about 400 micrometers.

3. The pressure sensor of claim 1, wherein the chamber is defined by a cap cavity in

the cap substrate.

4. The pressure sensor of claim [, wherein the chamber is defined by a base cavity in
the base substrate, wherein the diaphragm portion is disposed between the first cavity and

the base cavity.



a conductive pathway inplanted between the base
substrate and the at |least one top dielectric |ayer,
t he conductive pat hway connected to and extending from
the piezo- resistive elenent to a portion of the base
substrate beyond an outer edge of the cap substrate.
2. The pressure sensor of claiml, wherein the cap
substrate conprises a thickness up to about 400
mcroneters. 3. The pressure sensor of claiml,
whegein the chanber is defined by a cap cavity in the
: capF heUBETYE SISO e br”é‘%ﬁ‘r‘@‘es%ﬁ‘%‘r‘ Ebrcfercg.bwrcap cavity in
the WAILGBbIRt AR LOREBANyI iR ttelknQbsiMe, Qvi*%?&r?th@ AW H(aﬂlnrboauon is
the base substrate, “wherein the di’aphragm porti on
dispgiedorbwerntibe (seeavithand fhedwseepyityy and the base
cavity. Il 5. The pressure sensor of claiml, wherein
the chanber is defined by a cap cavity in the cap
6. subdteratsu@ndnar b»ﬁ&élimai\giwnerdim chdheofbias bassudnBétraad end the cap
her di aphr portron is disposed between the
“m$ﬂ$%?08g¢HF§” d“? Oh%al&Scavity. 6. The pressure
sensor of claim 1, wherein each of the base substrate
and the cap substrate are not silicon-on-insulator
7. waf regresyure prisoppbaain & weagiprthobase Felisiite is whetsicrsubsiete,
() t nd the
andgl?ezggﬁ)lrﬁgglgtg\tﬁl (,seéx'le?lt ahn rse¥QE{pt?%ﬁp iarérﬂ n?atgfu ge dopant
naterral 8. The pressure sensor of clarnrl further

8. OO 0Bl SEAPER BRSSP B BIGHAE P e
con@aing Bﬁtﬁﬁhy Qhewif thetdi@uBi€&An elebSicA tcoMenudl |IIBNvitN iR piezo-
t he conductive pat hway, wherein the base substrate is

rem%rwcrﬁrwé Vlasﬂﬁsqorlﬁreivcvarémm VESEH e hape sehshaads jay en-type
sub@@ﬁéw‘@%réﬂdcaElli‘eotpt'hQZ&mﬁ@ﬁlv%t a\ﬂ?w QRE e &95@5513%? e %lement

p-type dopant materi al . essure Sensor o
COm@Haimvﬁﬂwﬁhpmhemﬁm@mpr|s|ng an oxrde | ayer covering at
| east a portion of the diaphragmportion that is in

physi cal commruni cation with the piezo- resistive

9. el diveptessianisbngomifictaiele, fayer cohBROgaE oRiteNaycheoveXihger least
10,. The pressur sensor of claimt, wherein the
a p%B%raa&tl}eV@ararﬁgﬁwnéog @W Spagohysical communication with the piezo-

resistive element, and a nitride layer disposed over the oxide layer.

[0.  The pressure sensor of claim I, wherein the conductive pathway sandwiched
between the cap substrate and the basc substrate, the conductive pathway is shielded from
the environment; and the piezo-resistive element is in electrical communication with the

conductive pathway.

ti.  The pressure sensor of claim 2, wherein the thickness is about 50 micrometers to

about 150 micrometers.

12



bet ween the cap substrate and the base substrate, the
conductive pathway is shielded from the environnent;
and the piezo-resistive elenent is in electrical
conmuni cation with the conductive pathway. 11. The
pressure sensor of claim2, wherein the thickness is
about 50 mcroneters to about 150 mcroneters. 12 12.
A pressure sensor conprising: a base substrate
conprising first and second support portions, a first
pa| of facin surfaces of the first and second

2. s ugd SIS Yo PP IS MPENBE si ng wal | s defining a | ower
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nd ort ortlons de
R A i B BRRY Ra L Lot e lhos LR R the jpver
and abPerfaeitied, viehgn LR portie@VdiliNe fist ARERCER @APport portions define
envi ronment to be sensed; a cap substrate conprising

a supppit sEFfacenmdpisimihe hasccayssain semares cBispni weswhergn Ahcakwel
Cav@pggﬁgggyg @G Bort Eté%%@eﬂ%ﬁ a support surface of the

cap substrate and an upper surface of the upper
cawi ¢ap, subferetomirsagsiippor vhguinfthe eappfubshee campprises a planai

i f
o SRR ol S-SR RPRY: P P b S SBR BT o b o
the ppdr |C@ﬂl$){, wittedi@iilte dubort G@ilhcs WIShd adesubstrat id iposbdisl@nhe
bonde he base substrate such that the upper
SUPROLfUFS ce ? PREPRET EAARDEY thetiRb ! R dodBRors pHEP RSt ECIgicthe
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lshe(i%mﬁnflycs@]im?f]om tﬁefcntvpgmgezﬁzan agm portion. 13. The

essure senso wherein the cap substrate
conpidzeassistivekicaienedisposepint physiba wb A idatien GNRYIRS daphragm
14. The pressure sensor of claim12, wherein the
POl ckness i s about 50 micrometers to about 150
m cronet ers.

13, The pressure sensor of claim 12, wherein the cap substrate comprises a thickness

up to about 400 micrometers.

t4. The pressure sensor of claim [2, wherein the thickness is about 50 micrometers to

about 150 micrometers.

15. The pressure sensor of claim 12, 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.



15. The pressure sensor of claim 12, wherein the
chanber is defined by a base cavity in the base
substrate, wherein the diaphragm portion is disposed
between the cavity and the base cavity. 13 16. The
pressure sensor of claim12, wherein the base
substrate is an n-type substrate, and the
pi ezo-resistive el ement conprises a p-type dopant
16. mat Brel pbssuck densbhef @aies BN het@n S0 baf subdtatd s 42 n-thpy Jub&fate,
ri sing.an el ectrode and a conductive  pathway,
m"VE%BBFh‘f%%‘%?%E?F8ﬂ§9?§“PWE¥P%gIFPEQWC%%nnunlcatlon
with the piezo-resistive elenment via the conductive
pat hway, wherein the base substrate is an n-type
I7. subderragseure S@mzat olivdriai 12, Eadier edmprséngoorethet bievadpatondeayive
patlﬂﬂ%é%%ha hte. el c%%_dl_gt[l }Ilnl,]el%h} 1@@2&%}}@&%@%1:011 wal# tPF é\)){(‘r%]o (és:suvc
elerhent tvive the conbudtis e rpgthaaay,ovvhd@ml my daseCOBErtO G @l n-nipRasbsite,

porti.on of the di hra rtion that is .in physica
and Pt o BAC s B et e B piSes-(Rs SEY CHBRIEN! Rt ise
p-typt Hopme maryier dlsposed over the oxide Iayer 19. The

pressure sensor of claim12, further conprising a
conductive pathway sandw ched between the cap

8. Slmlg]u r;ﬁ&s@m@%‘én%ﬁ%f%@ﬁﬁ UL tﬁ'ﬁ%gggtppi\g%%{ %11 Bl Qayer cowinng, at

conductive I's shi el e envi ronmen
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19. The pressure sensor of claim 12, further comprising a conductive pathway
sandwiched between the cap substrate and the base substrate, wherein the conductive
pathway is shielded from the environment; and the piezo-resistive element is in electrical

comimunication with the conductive pathway.



