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SURFACE ACOUSTI C WAVE GAS SENSOR W TH SENSI TI VE GETTER
LAYER AND PROCEKK U I TS MANUFACTURE The present
wonvernuson rel ates to a gas sensor enbodyi ng t RET/IT2005/000605

surface acoustic wave or SAWtechnol ogy, in particular
woukelRkes to a process for manufacturing this

sensor. Known gas sensors conprise a SAWdevi ce

wherein a | ayer of a material sensitive to a

determi ned gas is arranged on the piezoelectric

substrate of the SAWdevice between its inter-digital

transducers. Docunent "Devel opnent of a SAW gas sensor

SUQTA’C%CH 2% o WAJE QI8N SQRR Of rru ! BENRLES 8 e HlY %ﬁ_ﬁl@ AND PROCESS FOR
IT

- for monitoring SO2 gas", Sensors and Actuators A 64

(1998) of Y. J. Lee discloses a sensitive |ayer of ]
cadAhepiesent pryeaion silataptosgadsrsgnsen ambadying theriir@ee moustic wave

: el P : _
ok $ASD AR LSRR AR YRS <GB lenion
aR0 0el4ted b/ procelis Soi mamgactusgnbis seusor] ayer of cel | ul ose

nitrate for neasuring concentrations of acetane, .
benSEAER &isc AFSPSPHAPISe attaNoIdeHre tihgeRe? [ppiRedlp, material

_s&ﬁ%tgfest%r@ QERrARE Yas TB AT GdCH ARNSIEA QDT SibshhfiPb®ihe SAW

o ecul es, _or ‘even neasure the vacuum |l evel in an
deviec bettvech Bminteredigibal transiineerso the rel atively | ow

sensj tivity.of their, sensitive |ayer. |t is.therefore

an DS URER DR FlePRieRL AT SAT i R T BlogUPERE SOSAR - Sensors
aB@ Peatdrs A4 (1998 P& ¢, HiIea Ay bsa0L Sonsivive day@Plo€ 64dnhifim sulphide
achieved wth a sensor and a manufacturing process,

fortracaswiing eangeurdtons P WAe.ch are disclosed in clains 1
d i i _
a s IR Ehelo P el A bR S o ofper for measuring

cofdchehtioMioEmedduriyncl uded in the gas-sensitive |ayer, -
t he _sensor accordi n% to the present invention can_be

enpllby 8404AL 0708 cirgiRsse AsEpsiYe tyen ok eplbgese pifTal fap maeasuring
c éeﬁﬁﬂﬂi(ﬁ%’offag’étoﬁ ,@Qﬂeﬁe,@&ﬁ&gﬁtﬂaﬂﬁ, Ebh&l eorakid Ve

ayer Is covered’'by a particular Tayer of a materi al
per iataver, tsaid hasersnanectuinessurd noppantratiarsasf, sitdpée molecules, or

e eSO RS S SR ke by v
Sgﬁﬁ\g{ymh Lasfivgeier.ated.. A resistive device can be
arranged between thé piezoelectric substrate and the .
gas dersstheiefare an object of the present invention to provide a SAW sensor free
from said disadvantages. Said object is achieved with a sensor and a manufacturing
process, the main features of which are disclosed in claims 1 and 19, respectively, while
other features are disclosed in the remaining claims. |
Thanks to the getter material included in the gas-sensitive layer, the sensor

according to the present invention can be employed as a vacuum sensor or as a sensor
for simple molecules, for exémple hydrogen, if the sensitive layer is covered by a
particular layer of a material permeable to these molecules. In particﬁlar, the sensor can
be arranged in an evacuated system already provided with a getter, so as to detect when
the latter must be regenerated.

A resistive device can be arranged between the piezoelectric substrate and the gas-

sensitive layer for activating and/or regenerating the getter material at a high
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| ayer for activating and/or regenerating the getter
material at a hightenperature w thout damaging the

wo cansdeers with the heat. The sensitive | ayePCi/Er2005/000605

preferably nmade of a thin getter filmapplied by neans
of Physical Vapor Deposition or "PVD', commonly

i ndi cated al so as "sputterin‘gf' so as to sinplify the
sensor manufacturing and keep its sensitivity as nuch
constant as possible, thus inproving its neasurenent

teppeplr e Withey damggingdie ransdusarnyith e mehis ur enent

pr eGpSi . second .pair _ of .

e Rl 08 AR RSB0 B o b means o
biyeizaleV got Diepositidas b ‘GNEDWicohhmidify FRRGtdd Al dsa¥Piittering”, so as to
arra&gﬁd onlly between the first pair of transducers. _
SEBP e FRce P S Wk ERep iiveeneitiyihoAs naueh enstant as possible,
e W@&iﬁgitgﬁﬁggu@&ﬁerﬁ§%cmoﬁﬁp| oyed for depositing

| ayers having precise dinmensions onto a wafer already

pr ovHod derthveir tifpreying @aim@sm_fermn‘amcﬁlstoarcsﬁ the @er@®r, t0second pair of

. C he nuf acturing tjnes and costs and to . .
ol P e PR e et B Hitrarioeio s tokomith the sensitive
layety anb@@dondibbtiveat e EsstQhirlifaasemeqs. and the

manuf act ur i ngmprocess according to the present

i nv &Rt inepnufgoiuringelbe pensor.crmpsksprovidse vath tdlibgated opbeings can be

om.t | | o .ai led.and.non-limtin
ec'{ té%‘rre?p |ro§%(§’ %&é g newy %gnbg%{n% €% %l“g?ﬂ‘m%st ﬂntPeg eV alsE glready
praviddiewith b gdirsl of\tdangiicersNey & 1 redudd GidBankifSR@Y: Bmes and
top view of a fjrst enbodinent of the sensor; - figure
cst rgprodpeiply kegp 8 bighssepsqramalityew of a second -

embediEN e e @Ur S a_partial. /
cr oss- sect?@%tag?%\?vﬁ %1&% g[nfeﬁi dcrf{d@&g 3%?%% (rglitwﬁloef rx‘J{g.ﬁ,L!éftactunng process
agendiog;to thef prgsentinestimweilhbécomevilew to thoge Ekilled n the art from the

odi nent.. of the sensor; .and -figure 5 shows a to )
f&’?‘ﬁf’g‘%ﬂ%ﬁ%a#afm BRI Rish ewrinfiffe o ciostr ?mh@qll@}em%giefe@f with
réfeinbtolthe bitach8d 8RMIgNFhelelf gas sensor according to
the first enmbodi ment of the invention conprises in a

—K Aigire Weliews agop ¥isst efta fist ernbodiment of the semsovhi ch ar e

a (nter-digital transducers 2 rovided
- RO ol P s e n S0P SRR eboiofeh P Sengor
—f diguterteshoiwsenchadtial WdselseaRpnGMWBE£A tH dnsbRiBEkt I Ehe sensor;
a?.d/ or electronic control devices. At |east one |ayer
—6 ligpre %&)&S@éﬂ% view L nipueth iembogianeat philg senser anfe
_S rg{,pcc§ ] ansducers
2tﬁ 3. A%}%gﬁsgﬁ%ggb{eg&t ﬁ%ﬁﬁﬁ\%ﬁéﬁgﬁnpﬁﬁgg%ﬁé{t ive | ayer

6 sefabhy toofipure shsitaisgedehethanuliceiga@lsens® 4deatdiid@o the first

| ecul es.sor.bed by this getter material .can ,vary the
e%%ggwgyf ﬁ}e mventio compnsgs m a {cnown way a plezoelectncysubstrate 1 on

which are arranged two inter-digital transducers 2, 3 provided with one or more input or

o 1))

output conductive lines 4, 5 for the wired or wireless connection to electric and/or
electronic control devices. At least one layer 6 of a gas-sensitive material is arranged on
the surface of substrate 1 comprised between transducers 2, 3.

According to the invention, the sensitive layer 6 suitably comprises a getter
material, so that the molecules sorbed by this getter material can vary the frequency of
an electric signal transmitted between transducers 2, 3. The vacuum level in an

evacuated environment can thus be measured through a suitable calibration curve by
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cobal t,
. gt materig] Cap compRse mRtaLs

an electric signal transmtted between transducers 2,
3. The vacuuml evel in an evacuated environment can

w0 bws/oe9neasur ed t hrough a suitabl e cali brat i PCT/TIZ0A500605

byarrangi ng the sensor in this environment and by

measuri ng said frequency vaqjﬂion. In particular, the
sensitive layer 6 is a getter filmwhich has a

t hi ckness conpri sed between 0,5 and 5 mm (m croneters)

and is applied onto substrate 1 by sputtering. The

aangipg thesensqr an thisenvitenmenisandhyrmpasusing snid §requancy Naation.
titanjim. 0l ohi o g hum.or. al | oys . of .

t heanP it 9, ki T K1 BARPSIH TUREh B it Foidoss comprised

betvere S and b ae (merommgerghaahis mppliéfﬁﬂlﬁa@ﬁmaté I B .sputtering. The
nj ckel , aLuninun1]¥ trium |anthanum and rare
C%r ASAPITCOREPITY UtRpiug), iplium, tantalum,
vahddds or ANNyL6f tNBsehBetalél or ot s8R Ghe Pl bREPBLYents, chosen
al l oys -(where MM represents mschnetal, a conmer i af
apoRg \heonaiimy maanigamase,| izet, kabaltn rackel,r dvminsar, tyhisiung latkechum and

1 . i tabl ecially in.th
r#rg le?rgl\}wf %—Vc é%urrr-pl\ggb F’osilhré‘&gvd I-Iglhs‘t?marzlalll?%s,/oagd %x-g@,—%e, %r—_V-Fe and
Zr € BVIMoterhard alB4Y(whebd mef/gr?gi%e&ﬁg bii§lrdefl,f d Both@iertial Inhixture of
s seen that in a second enbodi ment of the invention a
yitayer lapthspuy apgriate earthelepoed (b ppdicwedy iseitabiy, \espegially in the
- - ) esy 03 63, | A0YGY, QVA! 540 %
TR0 s ST BLTAGE AR T0ER b g% FRSRe VBT a1 16
con®eferring todigiro?, it Bscgathatiaraseadrdrgniodirag bf tHadnvention a layer
per neapl.e | ?eyer 7, also in_a non-evacuated . .
Tetivi TaieREneICC el BppIeRble ARLY tornept sepsisleierminpd igagsen issarranged
odert @hﬁﬂﬁbeﬁﬁ“‘fer%? B thab B s&%&r‘"@aﬁ%&%ﬁ%ﬁn&gﬁaﬁl{ﬂs of the 05 ermeéating
nobl e y

(nanoneters) and conprises a netal, prefer
thiyatghatheuparmeahdd dayendnelor ima mintayycitatedr @virpmsmentadn particular, the

| et | h . ol | es. t whi ‘ th
peBiesBl By B Rechiitat s b erve 50 84 D9 Bl (ripeters) ama
c@rﬁgﬁ&ﬁ QrobkOmétal, hieBithly ?_allddiuﬂl or pREMuh BBkN bifoyPihbRbE o as to let
enbodi ment of the jnvention a resistive device 8

osly hyslegenfraplepdésrpermeate:cuhigh agmnthas spibad byrihe getbremoateniad of the

. materials, in particular conprised between
s%%&n%%%kﬁéo 0C, is arranged between substrate 1 and

t he Reéutding ity digugy 8/ iths sEHetliaesh 3t thitd dedide8e cRMelBvention a

heat ed_ by nmeans of a current flow, for exanple by
TeSHNEE i deyiaend supRle (fRy beig Rgtadapl an eictvationctemperature for getter
nfseggidray i o005 Plaso S 2 r

AR SRS WD JUOUEE)soE 5 ARl v
sefestiater 1 amd teisedsitofe layer 6s Fhe idsistige deyies 8 6an bahéaded by ieans of a

t he case of the hydrogen sensor, the heaji f th
clgaL TR doF GEIPIE RGP EEDE B aiochiTie) ShHEIA gl Blsaedthroughs
(St BHOWH B e TR Is o6 th IGrr BBthe BRdt BEHT BN 0P td @PERrdtion of the

it is seen that 'in a fourth enbodi ment of the
geltaranateddl afitbe sensitive layer 6. In fact, in the case of the hydrogen sensor, the -
heating of the sensitive layer 6 serves for releasing the hydrogen previously sorbed by
the same.

Referring to figure 4, it is seen that in a fourth embodiment of the invention two
pairs of inter-digital transducers 2, 2°, 3, 3°, each provided with one or more input or
output lines 4, 4°, 5, 5°, are arranged side by side on the piezoelectric substrate 1. The

sensitive layer 6 is arranged only between two inter-digital transducers 2, 3, so that
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pairs of inter-digital transducers 2, 2', 3, 3', each
provided with one or nore input or output lines 4, 4",
W®2006/043209 € arranged side by side on the piezortBTI20050000605

substrate 1. The sensitive layer 6 is arranged only
between two inter-digital trgpsducers 2, 3, so that- A
- differential nmeasurenments of the frequency variation
of the electric signals transntted between
{ ansd%cers 2, 2" and 3, 3' can be carried out.

Frentigl maeaswrepegts d the fiequansy yadsiiamer the elegtrid figihals transmitted
veRRediyRRlucefs & beald PR, Lifed bist nter-digi tal
transducer 2 i's connécted fo oné or nore antennas 9
f or Rederang itmggmnd/, diiis $eea rtisatii & ififid) ensteidim&it @i eeSin{é®ion the first
h@étgfﬂgﬂudeﬁ'ce%%'The %ﬁc nd i nter-digital transducer

TEEHE TUBHREE telf T8RS Qi MRk fnfenag P fosppeeivipg and/or
tRMsthideh OradtNé o SlIOBbY dx&lih g @Eﬁc&@%ﬁ Qeéoglﬁ i{ltlﬁfe-ﬁfgital transducer 3 is-

transducer 2 the signal received throu
ngt eomspied o gy davise. meitherbyacablevneti by wdidyyand lsanply. reflects toward

ot arranged between transducers 2, 3.
SRR ABIREY 1 BebACEREsPE Wi b gveciorie bl 1 and
nadifedt byothe sensitiakayes cripahaa aivboh @ddsaness #d t hen

arrgn?ed |? contact with a wafer of a piezoelectric _
subSPF Fpanuiagiingg the spnpers ragcondingoto e preseift invention, a mask is
' s bt t £ agn C [ hr a . .
e Aol iled ARCBRUCRIDERN T dohuabER Eafhff g picroctecti
swnatqmskwhish pr piuiaﬁ&sg ofipails oﬂLﬂtﬁtﬁgﬁﬂ_ tmmgm%ldé%mir']d@\if Pdjuired, a
i_ensi.ons coryespondi o those desired for_ the . )
TR e P e e v Cemen Srug sk supowidsd onih calibrated

oﬁ%ﬁgs Ryvin® aSeondPidrie8Fdnithe foPtholBdtiAGT B 9 sens[i)tli\ée layers,

rogen sensors, it is sufficient to apply pernea
whighepre than sleporited eméa theveafeapyrmeaspaimuttaring Edremanufacturing

ajn.b ns .of sputtering through, a mask.,
BB B804 B0, B et P I e tyers
depusitedfort 1 parfdPaplie dyayhss dfNPuieliiss thdustila BMsk. Afier the
means of nmechanjic or |aser cut for obtaining a

dipastizn affhesensiive dpversrandif appof thepermgphlh éayeisathicardforis cut by

i e skilled in.the

oA O TR G BT S P
egbﬁdﬁhﬂrmsifaﬁénst dnel/drradéitioh o maytbiel rRadectiipiho b 1gkiNed il the art to the
t he scope of. the i nvention. CLAINS 1, Sensor . .
L R MR A e g ——
withabthe QBhe! ANRY sabf)inPdnti@ngas-sensitive material is

arranged between two inter-digital transducers (2, 3),
characterized in that this gas-sensitive |ayer (6)
conprises a getter material, so that the nol ecul es

sorbed by this getter material can vary the frequency

of a signal transmtted between the two transducers

(2, 3).
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2. Sensor according to claim1, wherein said sensitive
| ayer (6) is a getter film 3. Sensor according to

W@ k@o¥R99 wherein said getter filmhas a thi ckPE&BEr2005/000605
conprised between 0,5 e 5 mMm 4. Sensor according to
claim 2, wherein said getter filmis applied onto the
pi ezoel ectric substrate (1) “means of sputtering. 5.
Sensor according to claim2, wherein said getter
material conprises a netal chosen anong zirconi um
ti tani um ni obium tantal ULA¥MSadi um or al |l oys of
t he tals or.of these.and one, or re other
el oo s Ot SRS b AT SRR QLB SBIch gt dspt one layer (6)
o@'cdagast—sensiu% ahateAhIUE é}ivb[ﬁged/tb*efwéém w}oan{té}aaigfimat%sﬁ s (2, 3),
earths. 6. Sensor according to claimb5, whérein sal of
c@@tta@témzqdamethafaﬂnm;sm@se rayen@) Zomphjses Zr geffter migterial, so that the

r@gc&ié I\%:rlg g%t*e?%f'a’te er ev Mﬁxé: %’eq%ﬁrrsg%f/ SE 3 sggnal transmitted

‘ byt\werehlﬂhintvxi'cﬁm:tﬂsamﬂﬁs@oel)rare earths. 7. Sensor

accqrding to clqa|m6 wherein said getter materi al

n‘% i 3gson3regrdg toglaip L, mderein paidsensitbaines (@)isa epijer film.
We' gt Serdbr an@rdm% gt Bl 2, %@he?ex.é(ygalc? eﬁgpsf% ha a thickness
according to claimo6, wherein sai ge &
cgmmpsepdslmtwaem %Eleéyulw th the fol l owi ng corrp05| t| on by

WGI Zr 84% 160 nsor cordi to
Fur S BEsE: A ity 25 MEETOR Blvecr (' & frdisleonto the
pﬁ&bel@@thﬁgulﬁm‘iee@) 8y nﬁaﬁn@@ﬂgpuﬁéﬁ@ tenperature for
getter materials, arranged between the piezoelectric
subgt r 38801 ageodie thelaiad- sdwesiin suid getigemategipl cqiprises a metal
0 t a| d &acl I vat
cﬁg%ﬁegrné@ig gﬁ‘?cgﬂl%gh%Fﬁ%@l&r%ngW etatgilglmé &m 9y ailoys of these

n%ads oor afcthesti agd tanecbaimord, other tdd@fiert MEHdsén NGnéhg chromium,
second pair of .int gr di gi.ital transducers (2',

TSAREEdT Bl Co PRt Bickelo RINBERR.c/ iy, daniasummgnd rﬁf?eﬁ)al’ths
TSt Sl AYBHbEh s RENAEH A RS Elnhs Tiv. 21

transduters
\Selrsiey Zeed end ZndNithinacy allogs1andifeMei-Fe, ZaiViFs and Br-CosMM ternary

acuu 13., Sensor. accordi n claim1, further
ﬁ 51 eﬁﬁf/]; S pAVEIq ﬁ%‘f““afaﬁﬁ‘la’é\“aé}lg ie to one

or worsengslt 8BRS (DBRRES, FhERNDEA %Bttérr}ﬁat\%ﬁﬂséotxﬁ es an alloy
| ayer 14. Sensor according to Clai m 13, wherein

vg iy the W@moempoaylen by Melghairélo‘t/dﬂélzﬁ,é% Eo ﬁﬂ% sed

bet wee 15. Sensor ac 13
V\,he\régl %eng% %cggcf ne, gaoflgmil gyg er(alﬂ saé L gtelaal compnses an alloy
with the following composition by weight: Zr 84% - Al 16%.

9. Sensor according to claim 1, further comprising a resistive device (8) suitable
for being heated at an activation temperature for getter materials, arranged between the
piezoelectric substrate (1) and the gas-sensitive layer (6).

10. Sensor according to claim 9, wherein said activation température is comprised
between 300 e 450 °C. ‘

11. Sensor according to claim 1, further comprising a second pair of inter-digital
transducers (2°, 3°) arranged on the piezoelectric substrate (1), the sensitive layer (6)
being arranged only between the first pair of inter-digital transducers (2, 3).

12. Sensor according to claim 1, wherein said sensor is a vacuum sensor.
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nobl e nmetal or an alloy thereof. 16. Sensor accordi ng
to claim 15, wherein said perneable |ayer (7)
weowpnires pal |l adium or platinum 17. Sensor aPCDITR0OFP00605
to claim 13, wherein said sensor is a hydrogen sensor.
18. Sensor according to clai ng further conprising at
| east one antenna (9) for receiving and/ or
transmitting radio.signals connected to at | east one
inter-digital transducer (2). 19. Process for
mandfaenses ﬁgccg@gwe rdains 1, @aﬂmuc@mpglsmgea flayer o) rmgﬁ a material

ng.a pluralit ai rs of
p?%t%ea?ié dtﬂ%n ? Orr%l ﬁ%t Clrelrds a%ﬁ?s oa%émﬁ% %1}%8 %'gtlve layer (6).
pi ezlae$aisbxr accortifstorodify 133 ivheregi §gd péﬁtféaﬁl@léiye\ﬂ@)q{as @ thickness
mask provided with calibrated openings, so that these .

CBE’EHF‘WQI?“S?@ %Q)‘i"rﬁ?(?%@d between a pair of inter-digital
trangdyGRESa c@ﬁﬁﬂ% kd Eﬂgn qR! thgltéﬁa%%é %{)gﬁé&xbf?ﬁ%r P]f) comprises a

sputtering t roug mask a
nghle-s@alsirtan\edopthiceedfal . 20. Process accor di ng to the

cl ai 9, V\,herensai .gas-sensitive materi al

conﬁ?’né O%affé’(‘ ?nf?aé%i gﬁ gefemlfra& dsanepbleolagem /)t epmprises
pallaiinth b9 pladashel n a plurality of resistive devices are
arranged on the wafer between the pairs of

i nt 47 -Jenger acordingiodlaier s, bbboiesaikppsor is laglydmgen sdmsor.

waf a ve materi al

accgrg ﬁ&%o{ 506 ordéngnugﬁlsann fh, ?ﬁél}er &8%}1?@5[% l?zﬁé one antenna (9) for
réceivinyVi ang/op Pesrahiiftidg Sta@les sighhlk ainBte® b Oatt T@sﬁ’\@ﬁ@ lnfér-digital

mask provided with calibrated openings, so that these

t”@ﬁ%ir‘r‘ic?rg@)are conprised between a pair of inter-di gltal

tﬁ;gpglbi%@és% for n?:ﬁ'ﬂ?a% .ngg a%n§68 &r@ eco\'%ﬁsrméng{ Of'o‘i’féw?ng operating .

y nmeans o ering a

sgps:neabl e to one or nore deter m ned gasses.

- applying a plurality of pairs of inter-digital transducers onto a wafer of a
piezoelectric substrate;

- arranging onto said wafer a mask provided with calibrated ‘openings, so that these
openings are comprised between a pair of inter-digital transducers;

- depositing onto the wafer by means of sputtering through said mask a layer of a
gas-sensitive material.

20. Process according to the claim 19, wherein saia gas-sensitivé ﬁateﬁal
comprises a getter material.

21. Process according to claim 19, wherein a plurality of resistive devices are
arranged on the wafer between the pairs of inter-digital transducers before depositing
onto the wafer the layer of gas-sensitive material.

22. Process according to claim 19, further comprising the following operating
steps: ‘ .

- arranging onto the wafer a mask provided with calibrated openings, so that these
openings are comprised between a pair of inter-digital transducers;

- depositing onto the wafer through said mask by means of sputtering a layer of a

material permeable to one or more determined gasses.



