ééf%%a3@%6 | T-2Mb00060 SURFACE ACOUSTI C WAVE GAS SENSOR W TH SENSIH¢¥5‘50006O
f YER AND PROCESS FOR | TS MANUFACTURE The present invention relates

t os.a.gas sensor enbodying the surface acoustic wave 5 or SAWtechnol ogy, in
particular a vacuum or hydrogen sensor. The present invention also relates

to a process for manufacturing this sensor. Known gas sensors conprise a SAW
device wherein a layer of a material sensitive to a determned gas is
arranged on the piezoelectric substrate of the SAW device between its
inter-digital transducers. 10 Docunent "Devel opnent of a SAW gas sensor for

noni t or i NUSGA RS COKTICOWA VBGARSENSOR WINHRENIIIIOE GETYER 1.ALER
di scl oses a sensitive | g¥er of cadm um sul phide for neasuring

concentrations of S02 BROSESS HQR JE8 MANEEALSFURBnpri sing a

pi ezoel ectric substrate on which at |east one | ayer of a gas-sensitive
material is arranged between two inter-digital 15 transducers, the

gas-sensi ti ve THBpedskad inGeHTitn 1214t 18 agfk seisolMBinBbivihg thS PR3 2Lsubicsedveses a
sensitive |ayer of gold, silver or copper for measuring concentrations of

mercury. 0OsSA0U4tdnolEssinipaticukes vacwan o hiydrgkmyensonf The pregtngsnveritionat e
for neasurjn concentrations of et o benzene, dichl oroet hane, ethanol

or tol uengi.sogﬁlaﬁgg%%gpcesésaoﬁnéagﬁg%r 1 r}ﬁiﬁ(f;{msr“?g@asure concentrations of sinple
nol ecul es, or Kpgw@n Fﬁ@%@ﬂyﬂo@s tdaenprie UL BA WY Bvikd wHbréMas URLEd o NV i A8ANt |
due to the relatively low sensitivity of their sensitive layer. It is

t her ef or esemitbls) leca deferminedpgassisnarrgngeeé mmi ba niezostestricl sulstBMNCE Sis SAWT ee

from sai d .di.sadvant ages.. Sai i is achieved with a sensor and a
manuf actufl?vr‘&e Bl%e%r} %&%{_ﬁgﬂgpﬁ%ﬁ%ﬁ?e&itures of which are disclosed in

claing 1 and BRcumeSPEsdviekPnyent \Wifial A Woidiaendop 3btR8itafife $05Ca8'S Stnkdtst he
remai ning clainms. Thanks to the getter material included in the )
gas- sensi end/Aciugipss A ¢hel998heb - J. Lee discloses a sensitive layer of cadmium sulphide

for measuring concentrations of SO,.
US 5583282 discloses a sensor comprising a piezoelectric substrate on which at
least onme layer of a gas-sensitive material is arranged between two inter-digital

15  transducers, the gas-sensitive material comprising a getter material.

US 5592215 discloses a sensitive layer of gold, silver or copper for measuring
concentrations of mercury.

US 2004/0107765 discloses a sensitive layer of cellulose nitrate for measuring
concentrations of acetone, benzene, dichloroethane, ethanol or toluene. _

20 However, said sensors cannot measure concentrations of simple molecules, or
even measure the vacuum level in an evacuated environment, due to the relatively low
sensitivity of their sensitive layer.

It is therefore an object of the present invention to provide a SAW sensor free
from said diéadvantages. Said object is achieved with a sensor and a manufacturing

25  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 example hydrogen, if the sensitive layer is covered by a

30  particular layer of a material permeable to these molecules. In particular, the sensor can

be arranged in an evacuated system already provided with a getter, 50 as to detect when

- AMENDED SHEET




according to the present invention can be enployed as a vacuum sensor or as
a sensor for sinple nolecules, for exanple hydrogen, if the sensitive |ayer
hg.coepeped by a 30 particular layer of a material perneable to theseT200500060
nmol ecules. In particular, the sensor can be arranged in an evacuated system
al ready provided with a getter, so as to detect when AMENDED SHEET

14' -12=2006 | T200500060 -2 the latter nust be regenerated. A resistive
device can be arranged between the piezoglectric substrate and the gas-
sensitive layer for activating and/or regenerating the getter nmaterial at a
hi gh tenperature w thout damaging the transducers with the heat. 5 The
sensitive layer is preferably nmade of a thin getter filmapplied by neans of
Physi cal VHpdetteapesbeiregeneratedovD' | commonl y i ndi cated al so as "sputtering”,
so as to sinplify the,sensor manufacturin nd .keep its sensitivi as much
constant as podsi 1ISE Ve AT S BATRG i%Ft%Ne g?ﬁ%ﬁ‘?hb“r %%Sg?tgr‘?ﬁgﬁ%‘%/gﬁsm t her
i nprovi ng thRitNRASHEE RAL adiREhET /O bhScReREOthe FeRECRMeRA Mt Of hidl
inter-digital transducers can bé arranged on the pié€zoel ectric substrate
with the semgerituee withoye dampgimgdbeltranddpcére ikbehe béns. first pair of
transducers. For manufacturing the .sensoy, ks provided with calibrated
openingg can bgheéﬂﬁﬂ8§bgy@bpqﬂgg%@?Yﬂﬁﬁéﬂgggﬁglﬁ%@?ﬁ@“b? F%ﬂbﬂpﬁﬁﬁ§9 ns
onto a vafpryald 8adir DEFQYHSIES BVD” NRfSnfR iidiQbed él@@ﬁ?uﬁﬁ%ﬁné’q Bast9
reduce the nmanufacturing tinmes and 15 costS and to reproduci bly keep a high
sensor quasiitpyify T ssnseeoharivdaduiisg kmdheepdisgenfitiony EPmAcD @865t34t asvuissible,

di scl oses %Pgr.ocess f.?r manuf ar&turi.ng a SAW devi ce conprising the steps of
sput t er i ngMPEATBIUY RS UHF RN HPEF LS 8Hd using masks to obtain the sensor

pattern. Furthps: AgMaNtASRYIANGe BasMFSSnPhrdcRorSeNgRseadst, bhhecdpiast uri ng
process 20 according to the present invention wll becone clear to those
ski | | dd i nintdreligital tfangdnceisecan be arranged on the piezoelectric substrate with the sensitive

layer arranged only between the first pair of transducers.

For manufacturing the sensor, masks provided with calibrated openings can be
employed for depositing layers having precise dimensions onto a wafer already
provided with more pairs of transducers, so as to reduce the manufacturing times and

15  costs and to reproducibly keep a high sensor quality.

This technique is known e.g. from EP-A-0936734, which discloses a process for
manufacturing a SAW device comprising the steps of sputtering tantalum-aluminum
layers and using masks to obtain the sensor pattern.

Further advantages and features of the sensor and the manufacturing process

20  according to the present invention will become clear to those skilled in the art from the
following detailed and non-himiting description of some embodiments thereof with
reference to the attached drawings, wherein:

— figure 1 shows a top view of a first embodiment of the sensor;
— figure 2 shows a partial cross-section view of a second embodiment of the sensor;
25 — figure 3 shows a partial cross-section view of a third embodiment of the sensor;
— figure 4 shows a top view of a fourth embodiment of the sensor; and
— figure 5 shows a top view of a fifth embodiment of the sensor.
Referring to figure 1, it is séen that the gas sensor according to the
invention comprises in a known way a piezoelectric substrate 1 on
30  which are arranged two inter-digital transducers 2, 3 provided with one or more input or

output conductive lines 4, 5 for the wired or wireless connection to electric and/or



follow ng detailed and non-limting description of sonme enbodi nents thereof
with reference to the attached draw ngs, wherein: - figure 1 shows a top
view of a first enbodi ment of the sensor, - figure 2 shows a parti al
cross-section view of a second enbodi nent of the sensor; 25 - figure 3
shows a partial cross-section view of g, third enbodi ment of the sensor; -
figure 4 shows a top view of a fourth enbodlnent of the sensor; and -
figure 5 shows a top view of a fifth enbodinent of the sensor. Referring to
figure 1, efet:trdn§ Skt &ek}{%s tﬂfeiegs@% éﬁi érq{ off ga%rsgﬁs?tgfet atérﬂ? ﬂl]{);\l%ﬁ%tal ge@ter
conprises In a known way a plezoe ric substrate 50

arranged matsrialis ezrratm:@on ik surfagn gﬂsulbﬁra@ Izconiimpfrdiwhmu tl‘amdhcem% 3pso thasrtke i nput
or out put r i o]

ol cctric SURPRMPLLR thfiERotbr niec Bl ooh vt BluBhoy M B8R SABIRRbLER 0,
gas- sensi betweemndneduicers 2c31rfﬁlemacumg1 lavaj;ett sreevacumtdenviadnniest canrthsdednanrede
surface o%us%%%tﬁz%% ﬂmmxruhgg bet ween transducers 2, 3, so that the

nol ecul es "soO JUBV SR TG TEY Trat eri al can vary the frequency of an

el ectric signal transnltted bet ween transducers 2, 3. The vacuumlevel in
an evacuated environnent can thus be nmeasured through a suitable

cali bration curve by | T200500060 14'-12-2006 -3- arranging the sensor in
this environnment and by neasuring said frequency variation. In particular,
the sensitive layer 6 is a getter filmwhich has a thickness conprised
between 0,5 and 5 m(mcroneters) and is applied onto substrate 1 by
sputtering. The getter material can conprise netals such as zirconium
titanium niobium tantalum 5 vanadiumor alloys of these netals or of
these and one or nore other elenents, chosen anobng chrom um mnanganese,
iron, cobalt, nickel, alumnum yttrium |anthanumand rare earths. Ti-V,
Zr-V, Zr-Fe, Zr-Al and Zr-Ni binary alloys, and Zr-M-Fe, Zr-V-Fe and



Zr-Co-MMternary alloys (where MM represents m schnetal, a comerci al
m xture-of yttrium |anthanum and rare earths) proved to be particul arlé/
@yﬁ%@t@jd@, especially in the 10 fol | owi ng conpositions by weight: zr 'TARS00PEC
24,6 % - Fe 5,4%or Zr 84%- Al 16% Referring to figure 2, it is seen that
according to the invention a layer 7 of a material selectively perneable
~only to one or sone determ ned gasses is arranged over sensitive |ayer 6,
.so that the sensor can neasure concentrations of the gas perneating through
t he perneable layer 7, also in a non-evhcuated environnent. In particular,
the 15 perneable | ayer 7 has a thickness conprised between 50 and 500 nm
(nanoneters) and conprises a noble netal, preferably palladiumor platinum

or an all gy the f -as.10 | hydr ogen nol ecul es perneate, which
are thus Soriec %38/ S%rﬁépbrgﬁse%‘)lrfg eri Q%Iko[pyrfnﬁ% ngﬁgdﬁ%%ep%}&é “"Referring
to figure 3, Infpdrcid@Etheldeakitive l3e5660NdeprIne WBRh 1k atthickhddy @BfpBBed 20
resistive device 8 suitable for being heated at an activation tenperature
for gett éretwasn @5iaadss win(nparomeiers handorapplisé antresubeeate 308y spuditenB®. The i s
arranged bgtt ween .Egubstrate. 1 and thehsensj tive I%)(er. 6. .Tge resi t]i ve

devi ce 8 %ERAT BLAGTA AR SRPRASERClS SCh Ry pEpAnIEp At gp, Bl H’ﬁ’l"etaﬂfi” YBwer i ng
the sgne {RL@uaNosilidyaklfeh&lasdthls or f@AtsBAHMIR or (S U Werhdht§ NGofdOur ©) ,

so as to carry out the first activation or the regeneration of the 25 getter
mat-eri al wionghadrsmmang inapgdrgyarir@, cbbalf,avtkelj alutrtmunagtriwh, hthahyor agen

sensor, the heat,[. f,the_sensjtive, layer 6 rves [for rel eas] t he

hydr ogen eefﬁ?ftgﬁ'stlg\g s%rge%'gﬁﬂtmmy@@?@rﬁ‘%ﬁém T“Gﬁ'%& Z""b{"‘ﬁe?‘g seen
that in azthdhavierhodl ARGYs Qiherd SIMEBRELRD ntihnRAI! § BhntdMiBl mitttiie! G
transducers 2, 2', 3, 3',” each provided wth one or nore input or 30 output
| i nes 4, wtriung lahanuar endirararegglis)sprdeedoto bé gertonlarlyesugilde ospedalty o thebst r at e

{7 andBuc e bz oot ety Bt 2508 Vrabdaodaa e g Fr Al
nmeasur enent s Referrtn3@o fil@6 DENG Yook Mak Alch@hg@ the R cRiRGlLJee Signals transmtted
7 of a material selectively permézﬁ)le oi"ﬂ'y.tod one or some determined gasses is arranged
over sensitive layer 6, so that thé sensor can measure concentrations of the gas permeating
through the permeable layer 7, also in a non-evacuated environment. In particular, the
15  permeable layer 7 has a thickness comprised between 50 and 500 nm (nanometers) and
comprises a noble metal, preferably palladium or platinum or an alloy thereof, so as to let
only hydrogen molecules permeate, which are thus sorbed by the getter material of the
sensitive layer 6.
Referring to figure 3, it is seen that in a second embodiment of the invention a
20  resistive device 8 suitable for being heated at an activation temperature for gettér
materials, in particular comprised between 300 and 450 °C, is arranged between
substrate 1 and the sensitive layer 6. The resistive device 8 can be heated by means of a
current flow, for example by powering the same through suitable electric feedthroughs
(not shown in ﬁc figure), so as to carry ont the first activation or the regeneration of the
25  getter material of the 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 Scen that in a third embodiment of the invention two
pairs of inter-digital transducers 2, 2°, 3, 3, each provided with one or more input or
30 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




bet ween transducers 2, 2' and 3, 3' can be carried out. Referring to figure
5, it is seen that in a fourth enbodi nent of the invention the first
inter-di'gital transducer 2 is connected to one or nore antennas 9 for
necei-g06§ and/or 5 transmitting radio signals fromexternal deviceslTZIHS0CO60
second inter-digital transducer 3 is not connected to any device, neither by
-cable nor by radio, and sinply reflects toward the first transducer 2 the
signal received through the piezoelectric substrate 1 and nodified by the
sensitive |layer 6 arranged between transducers 2, 3. For manufacturing the
sensors according to the present invention, a mask is 10 nechanically
aligned and then arranged in contact wwth a wafer of a piezoelectric
substrate, on which a plurality of pairs of inter-digital transducers and,

i f requir edffemntigl mesdurdnyerd of g Stqueacy ewmiaes aff theadlectad yigapip| trandmitsal d
mask is provided with califrated_, openi ngs having di mensions correspondi ng
to those &%@W?@kﬁ@ﬁ?u$ﬁ%2é£ﬁ@ﬂggée“§§§%¥§?ﬂj%ﬁich are then deposited onto
the wafer by MeQRsid o HReIsClldiden (il #TAHA BGSAHHAT oo hycnngein Bensors, i t
is sufficient to apply perneable |ayers onto the sensitive | ayers deposited
on the wafigter-dagal rabydureands obuspteit terdnegort b Ugitenazes bor BEdietngt firl/or
deposition of the sensitive |ayers and, if any, of the perneable |ayers, the

waf er Ps durpsmitinggadia signalgdiona rtemst deviees Thusecoad intst-disviahgarsdyrerhisi ty of
_ e ot ot b
Those. oki TREGo 3 anf e e ntfle By QAOR ARDHagRE dols ey TS GPAR, O

enmbodi mentile Girstt fgnsdavant ithe sigrial eeceival tirogh \Md pidzotbargcapetat 1 hadsane

i nvention. 14-12-2006 |1T200500060 -5 CLAIM 1. sensor conprising a
pi ezoel ectrqdified by thegensifivg layar fararecddepyecadrmnsducersdst one first |ayer

) o2 025 AR A ORP AR ST Bl Aokl SRR °
conpriGi NgnechmtitalBalighdd afid |thete trraggesieo 0onthety @tth(F )waltr af mbiezbélectric
per meabl esﬁt?str%?e? _o(rjirwhrril_?zilea gleutraeigt;/n oi}epcllirs of inter-digital transducers and, if required, a
plurality of resistive devices are already applied. Said mask is provided with ca]ibratéd |
openings having dimensions corresponding to those desired for the sensitive layers,
which are then deposited onte the wafer by means of sputtering. For manufacturing
15  hydrogen sensors, it is sufficient to apply permeable layers onto the sensitive layers
deposited on the wafer, again by means of sputtering through a mask. After the
deposition of the sensitive layers and, if any, of the permeable layers, the wafer is cut by
means of mechanic or laser cut for obtaining a plurality of sensors ready for-use.
Further variations and/or additions may be made by those skilled in the art to the
20  hereinabove described and illustrated embodiments of the invention while remaining

within the scope of the same invention.



gases, being also arranged between said two inter-digital transducers, so
that the nolecules sorbed by the getter nmaterial can vary the frequency of
ajgiignabpgransmtted between the two transducers (2, 3). 10 2. A sen$ofosqo060
according to claim1, wherein said sensitive layer (6) is a getter film %
A sensor according to claim2, wherein said getter material conprises a
metal chosen anbng zirconium titanium niobium tantalum vanadi um or

all oys of these netals or of these and Qne or nore other elenents, chosen
anong chrom um manganese, iron, cobalt,” nickel, alumnum yttrium

| ant hanum and rare earths. 15 4. A sensor according to claim3, wherein said
getter material conprises Ti-V, Zr-V, Zr-Fe, Zr-Al and Zr-N binary alloys,
and Zr-M-Fe, Zr-V-Fe and Zr-Co-MM ternm@arxiMmsl oys, where M is a m xture of
yttrium |anthanumand rare earths. 5. A sensor according to claim 2,
wherein said getter filmhas a thickness conprised between 0,5 and 5 m 20
6. A sensor acdor di segsercoghmismegl 3 preecimcswmbsirge ( eablwidhalgqrrefen) atkeagr i ses
a noble netal .or,an | oy thereof.. 7. sensor according to cl.aim®6,

wher ei n sai%8® pfEFEAET 2 agy/érgﬂ(%e“&*&%srfp?éea ORI B (OB IR B el
sensor acc 1 i eapl Ieaﬂl% -

t hi cknegs ?g%p%?s% %ttae?\gée]?]a] 5%&?13%%6%082% Bg& A slgﬁsb r acglc()rz%illnﬁgagl g 8?% m 1,
further conpdi Sisnbyer, rewicend layed €V) efta (i8iteriad pictradabee fooondei ngré dateediretl an
activation tenperature for getter materjals .arrglna%ggé?be ween t he

pi ezoel ect B OB alsg rinEg dbettWS‘?rbégldsQﬁéi‘PﬁeV y dranpgjeers; gso ﬁba_é‘e‘rb@or
accor di ng trﬁb(lgél.ﬁésg@o)}bedfwméeg 6P TRAtb3AINGn ¥ 2P P AR RBhEy BF als h%ghﬁ%h 30

!gn {
transducers , arrangede on the piezoelectric substrat ?1), sald first
| ayer (6) &etvees ool fransdncery§2,3¢i ng arranged only between the first pair

of int ?(5 -digit 3l Arsgrl?ssog %Ee%@&iné% -Ci]é%ﬂ’l ?QV?IC]I'CIIIZ ga?c? (s)eonosglgfe lz_i}fisc_r (6) is a getter film.

3. A sensor according to claim 2, wherein said getter material cornprises a metal
" chosen among zirconium, titanium, niobium, tantalum, vanadium or alloys of these
metals or of these and one or more other elements, chosen among chromium,
manganese, iron, cobalt, nickel, aluminum, yttrium, lanthanum and rare earths.

15 4. A sensor according to claim 3, wherein said getter material cmﬁprises Ti-V,
Zr-V, Zr-Fe, Zr-Al and Zr-Ni binary alloys,' and Zr-Mn-Fe, Zr-V-Fe and Zr-Co-MM
temary alloys, where MM is a mixture of yttrium, lanthanum and rare earths.

5. A sensor according to claim 2, wherein said getter film has a thickness
comprised between 0,5 and 5 pm,

20 6. A sensor according to claim 1, wherein said permeable layér (7) comprises a
noble metal or an alléy thereof.

7. A sensor according to claim 6, wherein said permeable layer (7) comprises
palladium or platinum.

8. A sehsor according to claim 1, wherein said permeable layer (7) has a

25  thickness comprised between 50 and 500 nm.

9. A 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. A sensor according to claim 1, further comprising a second pair of inter-digital

30 transducers (2°, 3°) arranged on the piezoelectric substrate (1), said first layer (6) and
second layer (7) being arranged only between the first pair of inter-digital transducers




(2,3). 11. A sensor according to claim1, further conprising at |east one
antenna (9) for receiving and/or transmtting radio signals connected to at

I1gra% -ppg i nter-digital transducer (2). 5 12. A sensor according tog] aSr@OOBO

erein said sensor is a vacuum sensor. 13. A sensor according to c
1, ‘wherein said sensor is a hydrogen sensor. 14. A process for manufacturing

;gas sensors, conprising the follow ng operating steps: - applying a
plurality of pairs of inter-digital tran% ucers (2, 3; 2', 3') onto a wafer
10 (1) of a piezoelectric substrate; - arranging onto sai d waf er a mask
provided with calibrated openings, so that these openings are conprised
between a pair of inter-digital transducers (2, 3); - depositing onto the
waf er by n&ﬁﬁ@.of sputtering through said mask a Iayer (6) of a
gas-sensitive mat eri.al ; -arr anglng onto the

rial rising.a ?t er
waf er a nmask pr1 %o@&s%qcﬁ eHg tlS?r%ﬁ“ Phtg‘%mp%ng ﬁbteaittfﬁ?eam%‘é‘é APhEY are
conpri sed Eg&ﬁa it AP b Fgf?sfmx'ttm bgéx Is LdoARsgy etBSat e%gte%ﬂ?' &} Réto the

waf er thro d mask terlnga ayer a mat r|aI
per neabl e tanaheeof2)nor e det erm ned gases 15. A process according to claim
14, wherein only one nmask is, used and the steps 20 of depositing said |ayer
of a gas-sensi tﬁvé SFRIM aPeardingdo sl dp sdictim gaid sprpor 2 &‘Vb‘fact’}ﬂmasen%ft erial

per reabl e 10 935CR BrSPTLRT QUi WMl HATE PR mifordh AnggeSS

according to claim a p ur al resis ces are
arranged on t he4waf@bcdetforemanithetufiag rpas @énsbfﬁ, eomgtigingahe folRmaty opeatingf or e
depositing onto the wafer the |ayer of gas-sensitive material. 25 17. A
process acé6P#ing to claim 14 or 15, wherein said deposition steps are

carried out _by - gﬁfj’i%goi pﬁ%} &F bﬂ&r of inter-digital transducers (2, 3; 2°, 3”) onto a wafer
10 (1) of a piezoelectric substrate;

- arranging onto said wafer a mask provided with calibrated openings, sc that
these openings are compriéed between a patr of inter-digital transducers (2, 3);
- depositing onto the wafer by means of sputtering through said mask a layer (6)
of a gas-sensitive material comprising a getter material;
15 - 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 (7)

of a material permeable to one or more determined gases.

15. A process according to claim 14, wherein only one mask is used and the steps

20  of depositing said layer of a gas-sensitive material and of degositing said layer of a
material permeable to gases are carried out using the same mask.

16. A process according to claim 14., 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.

25 17. A process according to claim 14 or 15, wherein satd deposition steps are

carried out by means of sputtering,.






