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1. " NON- EVAPORABLE GETTER MULTI LAYER DEPCSI TS OBTAI NED BY CATHODI C

DEPGCSI TI ON AND PROCESS FOR THEI R MANUFACTURI NG' 5 The present invention
rel ates to non-evaporable getter nultilayer deposits obtained by cathodic
deposition and to a process for their manufacturing. The main non-evaporabl e
getter materials, also knowmn in the art as NEG nmterials, are sone
transition netals such as Zr, Ti, Nb, Ta, V, or alloys or 10 conpounds

t hereof and/or with one or nore elenents selected anong Cr, M, Fe, Co, N,
Al Y, La and Rar'N@GSrEWAPORABI HEETTERMATANTEANIBRADEPAISIDYSs Ti -V, Zr-Al,
Zr-V, Zr-Fe and Zr-N erpnary.al |l Q - V- Fe ang Zr-Co-Rare Earths, or

mul ti- conponents a NI 2 & St S Tey reversi bly sorbing
hydrogen and irrever spphygs @@meﬁgé%%@%@xygen, wat er, carbon
oxi des and, in sonme cases, nitirogen. ) e materials are used
for keeping vacuumin applications requiring it, such as for exanple
evacuated i nterspaces for thermal insulation; getter materials can also be
enpl oyed to renove the above-nentioned species frominert gases, nmainly
rare gases, f LY i ed._ r TBEM &c rng of 20

ul trapure gasggle u%ﬁmaglv%lﬂgggl%ﬁag%dﬂoiIgcglt%‘%@nég%o eifttgf:trorlu &i é\%ﬁgﬂt&? y. The

f unct i oni obtaofed Wy@athatlierdepbsitidsarklae egravess foe tidanmdhctud@gt i on anong t he

NEG netal lic &ﬁjom; .and the ataonms of the ,a‘tgove- r@nti oned gaseous species. At
room t enper at Uhe M3 negryaRrahie Ecisr mafedalscalse ikgaWBandbe aHi 35 NES or car bi de
species a r S ez. IMas i v ly.in the
formati onhgafté ’aq%gggl%\?g%%ﬁllg%lrs t c%%p%%v@h?@’f%n?’fﬁﬂ:%ﬁﬁs ééras sor bi ng.
The paBsi vampoundsayeeof andfor mathi aleyor intornelemeptsesekored apfongafrsMigFapl e anmount s
'~ of gas, far exanlzle at the first exposure to the atnosphere of the freshly

produced fEsNk kY, &2 and Ragy Earths, sychias dorexample bimanyealloys dt-Ys Zhdlst eps of the
devi ces i B Whigh 1 871 K0 | 7 [ €q r B, although
nore sl OV\/I%\,A&]aZ';lJEé ?ﬁeééﬁ'f fﬁl’oq?mt%%'eglﬁé%zgov u%@{%ﬂ@%ﬂ:@ge sf’aolrfrll‘fmc’!{gnrglsequence of
sor bi ng gasmposentpaviyes, which the material renoves fromthe atnosphere at

the inside of the final device as_tine.goes on. To X )
I\}E(E} maten%ls are capasble of revers1bey sorb?ng hydrogen and irreversibly

15  sorbing gases such as oxygen, water, carbon oxides and, in some cases, nitrogen.
Therefore, these materials are used for keeping vacuum in applications requiring
it, such as for example evacuated interspaces for thermal insulation; getter
materials can also be employed to remove the above-mentioned species from inert
gases, mainly rare gases, for example in 'gas-filled lamps or for manufacturing of

20  ultrapure gases such as those used in the microelectronic industry.

The functioning of NEG materials is based on the chemical reaction among
the NEG metallic atoms and the atoms of the above-mentioned gaseous species.
At room temperature, in consequence of this reaction oxide, nitride or carbide
species are formed on the material surface, resulting eventually in the formation of

25  a passivating layer that prevents from further gas sorbing. The passivating layer
can rapidly form in presence of considerable amounts of gas, for example at the
first exposure to the atmosphere of the freshly produced NEG material, or during
certain “dirty” manufacturing steps of the devices in which this is contained,
furthermore this layer forms, although more slowly, as a result of the NEG

30 functioning itself, in consequence of sorbing gaseous species, which the material

removes from the atmosphere at the inside of the final device as time goes on. To
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“s-2-"allow the correct NEG functi oni ng at the beginning of its operating life
a thermal activation treatnent (normally under vacuum) is required, whose
object is the mgration of the passivating |ayer species towards the inside
of the material structure, thereby gxposi ng a netallic surface "fresh" and
active for gas sorption. 5 The actiVvalion may be conplete, thus obtaining a
material surface essentially entirely nade up of netals, or partial, thus
obtaining a "m xed" surface, nmade up of areas of oxide-type species (or the
| i ke) andaltost tileldoereetr NBG; fuactioniig atalié begintday ofits (peaiglifeya hwmigssed in
percentage). can thus be defiped, that will correspond to . the fraction of
"free" suddtiyalonsfreament (pormay snder;yacupm) ds sertiiedy Yhese phiegints the

. WY dinderapas eBiegnis tho t
can e comETRh A, PanhlabRIekr ARl ToRRRE dne IS T an

acti vati ostructiegrthereby exjitkingfa me@ilicesurfand efréshl’ andnactve: foe gadhssplion.t r eat ment
for half an hour at 350 C or for 10 hours at 250 C. according to a rule
gener al | yTRepetvatign dR@hde pompletecthug pbtaming amatssial surfacenesseniiallye on t he

reaction ' j 16h «thane of time. Generally,
to conpl e?g]?f@?glgaﬁév t%qgét Gbﬁ%agﬁf%’ %é?og{a@ﬁ‘&pr Efégr Easgf%fe’ En&?EFEF may be
i npossi bl ef dreastdfexidertypasiedics (¢ thé likOrandinfetalle wiea s anQviivgionalegreuf act uri ng

times, or becauyse the device wouldn't tolerate too high tenperatures
necessar y(&eBeraRe eppriepsd dn perrentageecanbus be dalingds Hant vaplcosresppd\iPces

cont ai ni ”ﬂle'\'ﬁ&tﬂﬁt 6F lfled ANfadAhal igd ﬁ’x‘%&l@ 2 BR' LleflenRf] |¥AL QR even 20

t hough they have to accept |ower gas sorbing properties (for exanple,
shortBr &Seqpatiphvailble foedeactidrewitlo pakes.i Theactifatiohadamicemant can ber eat ment are
different according to the material, dependi n(% on theII physi cal - chem cal
char act er PHfodlsd thrqghs e priegess demperale ARG fiEies IIHFMAe 2B ACHVAIONoN t r eat ment

requires gyl e, o?%%@\rg&%&%%‘iﬂfcﬁig%eafcﬂéd byt 8Rment foPFnal?'ah‘P%uPit wei ght

percent cormposition requites thernmal treatnents at 700 C
at | east asul°@oefar Hbhouraht 2000101 a8&Rding t§ umikesgenepatly enhid yn tloemgjcdli mes ar e

adopt ed, unaccept abl %ci n_an industrial production); ofher alloys, such as
sone t er nERglens higeftect of femperatyre F IeasHeR advACeRIERY ¢o8Teed, tures and

can bes achiMal GhPihat Q9% @%@%@5@ Oﬁséﬂs,lfi\?tg@oat&iv%ea N;s(prwom KROME cases,

the activdtion treatnent can i 0 repeat ed (processes call ed
of reacti wistayemprefétable)dhut e nmisy be amppssitde i ingthk i hanufacurnigs obreerthine

devices owing to manufacturing times, or because the device wouldn’t tolerate too
high temperatures necessary to the purpose: in these cases, the producers of
devices containing NEG materials are satisfied with a partial activation, even
20  though they have to accept lower gas sorbing properties (for example, shorter
NEG operating life). The conditions of the activation treatment are different
according to the material, depending on the physical-chemical characteristics
thereof, For some materials a complete activation treatment requires even very
high temperatures; for example, the alloy of weight percent composition Zr 84% -
25 Al 16%, requires thermal treatments at 700 °C at least and preferably at about 900
°C (unless extremely long times are adopted, unacceptable in an industrial
production); other alloys, such as some ternary alloys Zr-V-Fe, have much lower
activation temperatures and can be activated at 100% at about 350 °C in about one
hour. In some cases, the activation treatment can be periodically repeated
30  (processes called of reactivation) during the device operating life, to restore the

initial NEG gas sorbing properties. In the following and in the claims, by the
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i fitial NEG gas sorbing properties. In the following and in the clainms, by

the -3- definition of "low activation tenperature” material, it wll be
nmeant a material (metal, internetallic conpound or alloy) which can be
activated for at least 90% by a treatnent of one hour at a nmaxi mum
tenperature of 300 C. NEG material s tan be enployed in the formof discrete
devices, for exanple 5 sintered pills or powders of the material within
suitable containers. In some applications, for reasons of avail abl e space
or for sidefinitmntgf Gdowcatisatian temperatirt” insateriab,0itiwitiobd ArRamts€ nferMEG materi al s
in the form of. Ehi n@bayers, hgvi ng thi ckness generally of tens or hundreds
of m cror{“te&ﬁ’)‘,ne&“ﬁ I HReyn R @Hoy)vhigh gamybe aefivated foxjat leapad0% us: t he NEG

materi al A OAmEARTthE R0uOH atndith(mIRBALAe SRR | v 10 metal ic,

subsequent’l y brought 1nto contact wt surface, 'but preferably the W

deposit is diNEGmhaterials canchet dngleysd. in Freafoph @ distretssés/ick, fohexuniplyer s of NEG
mat eri_al are a}fﬁl osed ip US patent 5,453,659, that describes Field Em ssion
Di spl dys YRASHPIL o Rovwers € the-materiph oVithin syitable ctomtaingrs.t Hi s0meposi ts of

NEG nmat efyhatatRhs HPFEchsONY; I LA eg :on the anodic
plate of .tahehditgpl ay; Si n lﬁ%l%)ﬂgfgﬁcg‘g}i%ﬁlggg}ﬁ}{ hg%nggé%?ﬁbgslgt he coating
w th a NE6jlirdethe usé of EG maerias id deeforfn 6hehipigyes, defingithigktidse chanber of

a particles accelerator; .and in US patents 5, 701, 008 and 6, 499, 354, that
descri be,SRERBE Afths) %f,huflﬂ@gﬁgé “H’f’rondé’c‘ﬁeﬁ’la‘f?élt% Ay fref SURHICSrSrHBe hani cal

devi ces agydh| iaPpdFhidl-ahE NEES $ndi&Ri h @k dat ect ar: ' ical or
m cr oopt oel eg?g oni ¢ devi ces %&éﬂ%ﬁ%yﬁ (%EO%I%Q (glr%‘agg Sggﬁ&{mgggﬁig)angghi nes" or
MEMVS)10 | rmethllict hédsequepfly ibcatghomsto cohmciNEGhdhp eaiface( diit preferablyi that i on) wor ks

at roomt erature. . The re convenient techni que . for the NEG deposit
for mat i on‘f}egBS‘{ h%%lfsﬁmgw deFTERt B?FPP‘S%tOtE%e‘Fse% vifn Pyﬁﬁeogmigsp

sputteri ngatef Al &isdi8LRMALS, %é(f@ﬁtl 5,4500%6) @d 4RI AR Yidld Wnis@bnt he

production of thin layers, is based the whole 25 mcroelectronic industry;
si nce al Soispiaps (known\NENbe artes FHilRs) adteneie disorete sid thin dhpasits f NEGue (anong

o be. pr dPBFRUcRERaT el gty St tvis Ao edr o Heayetie e oFhese
;ﬂgvhggz- the displdys VB! pakdh@Wite8ion3 ! thet SdeibeRthd GodtRGN I HNEG (&RYUM chanber
of the inner surface of the pipes defining the chamber of a particles accelerator;
and in US patents 5,701,008 and 6,499,354, that describe, respectively, the use of
getter materials in micromechanical devices and in miniaturized IR radiation
detectors (micromechanical or microoptoelectronic devices are known in the art as
20  “micromachines” or MEMs). In all these applications, the NEG deposit (after
activation) works at room temperature.
The more convenient technique for the NEG deposit formation is the
cathodic deposition, better known in the art as sputtering. On this technique, well
known and broadly used for the production of thin layers, is based the whole
25  microelectronic industry; since also FEDs and MEMs are manufactured by using
this technique (among others), for reasons of production integration the same
technique results to be preferred also for manufacturing NEG material layers in
these devices. |
As it is well known, in the sputtering technique a vacuum chamber is used
30  wherein it is possible to generate an electrical field. Inside the chamber there are

placed a target (generally in the form of a short cylinder) of the material to be
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30 wherein it is possible to generate an electrical field. Inside the

chanber there are placed a target (generally in the formof a short
cylinder) of the material to be -4- deposited and in front of this, the
support on which the thin |ayer has_io be forned. The chanber is firstly
evacuat ed and then backfilled with a noble gas atnosphere, generally argon,
at a pressure generally fromabout 0.1 to | Pa. By applying a potenti al
difference of a few thousands volts between the stands of the 5 support and
of the t alegesited sandt imafromthef [has,tthe suppat opawhiollitbe plinelayérahas, toabpl asma of

Ar+ i ] ted: th ' | the el ectrical field
tovar do. RERE] sCharl” B Y B ACHS: B po6Mted b e e BPeci oo
(gener al |aymaiphere, @EncdiIBNBreok, 4 SreSsurdIgéeY AN frémabbal 98toelr pSigy deposit on

t he support t_hus’?orm ng the thin layer. In a variation of the nethod
commonl y appbing apetaniied differenas| of aj fewdhpisands vadtsbrtvig@nithe stphdssofethe egi on,

hel pi Rg t fi he_pl itself and j ing, th teristi f
cat hoda oRERDRERE IIdaRel P up B e ot SRS Bebli). o BRHAREE  Tn' the art
as " magneAs ansSRWré#éd; MBese idiiCard QBQHrhted Y BB leldchich] FeMabwhRR tRe!PPOTr t

surface, obtaining a single continuous deposit; otherw se, through suitable
maski ngs,taigebunsi qagseits erasign dupughi impagp e speeiey (gensrallyatdms gbtternmed. 15 For

various r S Vi t he NEG deposits up to. now qbtained.b sputtering
are not fcu‘?ﬁ%)%gs%etr{%g aréﬁ)tra)r/geft %?c’sfqge&ﬁ’gsel?%ﬁ’zaep%lp%%tt “5&@"{1‘6@% E’H‘Yt he deposit
has to Wigkferaln 4 eafatiof P eicished chiamoiepesd! $ niigagicRel@fis @pplieadbe nmetal (and
particularly those of titanium which are the nost commonly used) can be
easi |y mdhefrlesma segion, Belpingetd senfineo thg plaswmgeiisedl apdriswsoving phel ogy, t hat

i ncreases ffectd v rf re nd.con ntly the.initial gas
sorption crhah‘lgt.e? 6‘% (gncag}\p? gg{o%\?/ogx %’gt (l%\ll)§§l?g°ﬁ%(a§§&%ﬁlgavc%ﬁé%? 1% ne)ﬁn @r e netals
however rigghé g RBomREhatrén shittetihgh THRNdepost bareentircgedtietteysuppaier than 450
C. In small sized or mniaturized devices such as,  FEDs or MEMs, wherein the
NEG nat ergusface, sobfaining @ siigle sontifeous odaRpsisr otherwise.utpughnrsuable of t he

device, t Cti L:on. t Egm e ts. For exanple, in the
case of #E%skﬂ‘g% ﬁlﬁ)(g:lﬁ%%%nqﬁl .158‘8@933% cpaIQ‘l 3’32"?”3 t he peripheric region,
the Ifeating FBur vabious réd36ns, Govanere GMONBG gepdsite upi hhovessbtaifieds®al i Ng bet ween

the two glass parts formng the display, made up of a lownelting gl ass
past e; sifpuftgrngare not fully satistactory for the usé in applications in which the deposit

has to work at room temperature.
NEG deposits made up of a single metal (and particularly those of titanium,
which are the most commonly used) can be easily manufactured by sputtering
20  with open or porous morphology, that increases the effective surface area and
consequently the initial gas sorption rate. For an effective activation (or
reactivation) pure metals however require comparatively high temperatures,
generally higher than 450 °C. In small sized or miniaturized devices such as FEDs
or MEMs, wherein the NEG material is quite close to functional or structural parts
25  of the device, the activation treatment can damage these parts. For example, in the
case of FEDs in which the NEG is generally placed at the peripheric region, the
heating at about 400 °C can compromise the tightness of sealing between the two
glass parts forming the display, made up of a low-melting glass paste; similarly,
treatments at the indicated temperatures can compromise the sealings between the
30 two silicon parts forming the MEMs, when these are made up e.g. of brazing

alloys such as silver-based alloys, or gold-tin or gold-indium alloys.



treatnments at the indicated tenperatures can conprom se the sealings between
the 30 two silicon parts formng the MEMs, when these are nmade up e.g. of
brazing alloys such as silver-based alloys, or gold-tin or gol d-indium
alloys. -5- Certain NEGinternetallic conpounds or alloys have the advantage
of having |l ow activation tenperatures according to the above given
definition, for exanple of about 300 C or | ower. However the present
inventors have  experinentally determ ned that these materials having | ow
activation tesfan NEGeintgmgiatlic gempeindsdomglleysubaver thegadwgintage rafse to t hin

| ayers hayi: I nor phol ogy and conse ntl very reduced
ef fecti vg‘ws1 }°¥é£t§%3¥ t%@%é?%%qsfcc m&ﬁ&%ﬁtﬁ%{’%e \gg\ﬁp'ﬁéﬁﬂ’?o{zhg’rdeposi t
geonet r i eaimpé &f. aBhits 360 PGk elowet. Howelbd She GREEhOGhAM st hedeposi t
sorbing properties at roomtenperature, particularly its initial sorption
rate ande¥peEmenptyidetermingd tha thesg mapsirialsrhaning Inwastivaiion temperatme, 10

g . o N b Liae
oo -t bl SeptiEd of 30 RFnB Rk ek R MiRTRRIS bV eRFRRR BGmomiit ter i ng have
poor  sombtphglagyaagict@iseqichily aavery Qedde@ NeTRLAY S k@ fAdeadrka, Catindfally | ow sorption

rate), or . activation tenperatures inconpatible with sone applications,
parti cul gguRlemdo fgwntimes thez daposith @gometmicalreat This chheacisrisée fiitsnvent i on i s

to overc . d . i r d particul arl.y.to provide NEG
mat eri al %bdg%ﬁ}gﬁ%\éﬁt@?%gé&éyg@? ﬁ%{d?gcat 8%10;56?{?365%?reb8ﬁ§%8ﬂg92§ct erized by
| ow act i initial Gorptienprateadndries eupdcitygrage forietagsle nakea nedddbfry FRiga&dt 1 s achi eved

aCCO{di ng to the present invention, that in a first 20 aspect thereof
rel at®s Feactyahiang whigh san be pyd)v cagred @ into appsHadinsomes applicatiener i al s,
characteriz i hSi ‘ . 1ret | . -evaporabl e
getter mat g?tlléé Oé;\?i?‘{’lglja gﬂgfggg g?@%“gg‘g".‘%‘%ﬁr?? ?%‘R{aep Rée}g@? lg?)oq‘ti mes its
geonet r i sabingraharactendticsupioroosaitdingeratste (paptulariyt lome ssiption saeprdt | ayer havi ng
t hi ckness not. greater than 1 mqf a non-evaporable getter alloy with | ow
act i vat i 8 B?&%é?‘&??f?‘é‘fesb%ﬂmg%ﬁ‘ﬁe owith somesanplicalipnsp partiselirlyy theat hodi ¢
deposi ti giniadad M §ut any exposure of the first layer material to reactive
gases occurring between the deposition of the two |ayers.

15 Object of the present invention is to overcome the drawbacks of the prior

art, and particularly to provide NEG material deposits obtained by cathodic
deposition, being characterized by low activation temperature and large surface
area.
This object is achieved according to the present invention, that in a first
20  aspect thereof relates to a multilayer deposit of non-evaporable getter materials,
characterized in comprising at least one first layer of non-evaporable getter
material having surface area equivalent to at least 20 times its geometrical area
and, upon said first layer, at least a second layer having thickness not greater than
1 pm of a non-evaporable getter alloy with low activation temperature, both said
25 layers being obtained by cathodic deposition and without any exposure of the first
layer material to reactive gases occurring between the deposition of the two
layers.
By the term “getter alloy” (or NEG alloy), as above used, in the following
and in the claims, are also meant compositions corresponding to intermetallic
30 compounds, such as for example the ZrV, composition; the reason is that

depositing by sputtering thin material layers of composition corresponding to an
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By the term"getter alloy" (or NEG alloy), as above used, in the follow ng
and in the clains, are al so neant conpositions corresponding to
internetallic 30 conpounds, such as for exanple the ZrVZ conposition; the
reason is that depositing by sputtering thin material |ayers of conposition
corresponding to an -6- internetal 1i% " a regul ar structure typical of these
conpounds is hardly obtained, on the contrary obtaining an al nost anorphous
or however irregular structure typical of the alloys. The multil ayer

deposi t s inferthétellicyw sigulae stractere Sysital ol desé bempaines i lairdig dbbiynedboli he | ow
activatiog tenperature NEG all oy di ectlﬁ]faces, in the final application

t he spacdlf GoETY abipiniRgan almost FpompusAarhoprrerdgselar HRChe IR i s present .
The i nvergfqﬁesalng,g_e surprisingly found that a nultilayer deposit obtained by
sputtering such“as the one described, has a very large effective surface
area conbi nethewntitildyler deposite af ther inpentionese cpdr that thedayer fohmedaby i vati on

tenperature) of 10 certain NEG oys. . n other words he mul.til ayer
deposidt s ¢ ?)l?‘ﬁélcﬁlYﬂ}‘@HttF’BHerGWr%@é éﬁ?y Qge(itﬁ’epaﬁﬁsr‘é‘ ‘5‘8&‘?‘{35 3RPiFRtiPRe two (or
nore) co | mal WG ayer, the
properti ggegl?&\%\/;\(i;%E%p?gv%gtegga%?rgﬁﬂg?gﬁgmg st pr ope%e}n!t'es of the

di fferent preBennvémgrehaye Sihprisinglgfoumsinthai 4 multdayer depesif aithioed by descri bed
with reference to the 15 d%}’a\j n%s ﬁ\/nerei n: .- Fipg#{ee | shows in a schematic
way in cr8BeiiE ¥ ek HEPSFtIPEFehaSop VIR dIBRVEIENEh SUaGE St es 2 and 3
show i n gonhiedpivith tli‘@)&g!id&l PEPRAIR RPANIONaRP U BitRvatich k@hRRhtineg ogTDOdi ment s
of the invention; 20 - 'Figure 4 show graphs representative of gas sorbing
propelt i ecsrigin NEG alloysye pthee posdst the ofiultilager depesitsi of theamgesfondiopsi t s f or med
by a singl EG mat eri.al af the known .art: - Figure,5 shows .t gr aphs

repr esent%‘f?@g‘edf’erﬁélgd‘&?ﬁ??ﬁtbe 3008 RorglCogiponert JaYers, bl Ay ong Sl{lé@ i nventi on.
25 Gett ermsysdotiponsmdRyst) thé (Roperfisst ofBIREN alre ARe WalRdn a0 @ROBEStONE |S

deposited by sputteri _n? are already known fromthe international publication
WO properties of the different present layers.

The invention will be in the following described with reference to the

15  drawings, wherein:

Figure 1 shows in a schematic way in cross-section a NEG multilayer of

the invention,;

- TFigures 2 and 3 show in a schematic way in cross-section possible
alternative embodiments of the invention;

20 - Figure 4 show graphs representative of gas sorbing properties of

multilayer deposits of the invention and of deposits formed by a single
NEG material of the known art;

- Figure 5 shows two graphs representative of gas sorbing properties of
two deposits of the invention.

25 Getter systems made up of a first material on which a second one is
deposited by sputtering are already known from the international publication WO
02/27058 Al. In the systems of this application however the underlying material
is not obtained in its turn by sputtering, but it is made up of a macroscopic body of
sintered getter powders, and the purpose of the deposit formation by sputtering on

30  the macroscopic body is to reduce the loss of particles from this one. In this case,

the presence of the deposit obtained by sputtering does not alter the sorbing or



02/ 27058 Al. In the systens of this application however the underlying
material 1s not obtained in its turn by sputtering, but it is nade up of a
macroscopi ¢ body of sintered getter powders, and the purpose of the deposit
formati on by sputtering on 30 the macroscopic body is to reduce the | oss of
particles fromthis one. In this cage, the presence of the deposit obtained
by sputtering does not alter the sorbing or -7- activation characteristics
of the system because the ratio between the volunes and the nasses of the
two conponents

sych that. the presence of the ttered eposit i
6ol | gi DREVERSR RACSUFTLEY Ot SRhobEsuserbe AR PRYTSHG HarBRPES | s exposed
to the ajo®ehedsSestsifiae ewb REmPERRS! s Lo Bt 'tl%lnﬁn}aé/en%@BHﬂfer ééﬂﬂere@ the

contrary, in 5 the systens of the invention all the active conponents (i.e.
except fdaposités neghpible tp thigreffegthfiathenonoyths pudertringimatenial istesposetiel y

subsequent,, process steps; .this .productiye characteristic and.the ratio
bet ween Ohtgg &ﬁ%?ﬁ?ﬁ?rle 2’5 PO(S?’ tlfetfbeepp %8 b’fﬁfﬁ?ﬁl éy §p‘§}&§m§ugﬁ tﬁ‘ﬁ SNtEaRY Bresence of
the Ipw getsistani onthbEsveatib@ Yl wstiro tompdnenBNRBISReftEr thesepsi)i es of the
overall system particularly the activation ones. 10 Figure 1 is the

r epr oducéteonbletned hy cspophong gina phmefiatelyn dubsdqagrtr podcesshestepisnwvtbist i on seen in
Cross-secti.on. as,obtai.ned by.scanni el ectron. m cr.oscope. The first |ayer,
11, of tﬂ@dﬁgﬁlg_scrh?m %nf Ceal}dxt\vgﬁ?atfoggeq\%genf tgl?r%la&btﬁsé)f gthpB”??r pateiigls  1hi s one
can be af saélflithi 18 presehieTtic BRI RUVARRINBORI0G dubstaritiaRy thdifes gl f ace of  the
device to be kept evacuated or wherein the gas to be purified is present. 15

Pr ef er abPieppiéigeoEthe overall sysipospartionlarly thaactivation ogessi ce surface itself (or a

her 6 the RS € ARDiehRidcli, B s R ort s ud8 Eb i ORS¢ e

devi ces iuvestionCsBn bEcrPsitsechidt & dbtsined Byescanting BROBER miGusdpas FEDs or MEMs.
The first layer 11 is made up. of NEG material that can be deposited by

sput tering i hhe fest fayeml bfofiths depopisof thg izentian ifcforned erra sunert; 1¢or this

pur pose k.. i.hl e - f.; I [ | pat ent

5, 961, 753?180%3%%36% azdltd?}:%r%\‘%'%%{:tglggﬁ]& 8‘23{)‘%@ tgretﬁ?réé%?g reférlr(%n s selected
anong yt thei device nbé &eptnrewcdatBiiioe vdasréinsthe aasl tp et pwifiadlr Isyprebsnt.al | oy  havi ng
percent conposition by weight Zr 80%- Co, 15% - 5% ere A stands for
one bt nbrederabiydpwever thesyipes 18 igthe; igagr device; surfaerudsedh (OpadrEr¢fed using a 25

metal  sehge Bﬁéi WHR i sORloWsd btyat'% aéeUﬁ‘fbtry Jpack HWicd @hBletMheziEEON UM and
must be inserted: it is the case of medium or small sized devices which can be put
into a sputtering chambef, such as FEDs or MEMs. The first layer 11 is made up
of NEG material that can be deposited by sputtering in the form of layer having
20  large surface area. For this purpose it is possible to use one of the alloys described
in US patent 5,961,750, comprising zirconium, cobalt and one or more elements
selected among yttrium, lanthanum and Rare Earths, and particularly the alloy
having percent composition by weight Zr 80% - Co 15% - A 5% (where A stands
for one or more among Y, La and Rare Earths). It is however preferred using a
25 metal selected among niobium, tantalum, vanadium, hafnium, zirconium and
titanium, particularly the last two ones. The thickness of layer 11 can range within
large limits, not bound by stringent restrictions. The lower thickness limit is
essentially determined by the possibility to obtain a layer having the desired
morphology: thicknesses lower than 0.2 pm are not advisable because layers
30  having such thicknesses tend to “repeat” the support morphology (which could be

not rough) and consequently do not assure to obtain a layer having sufficient



fitanium particularly the last two ones. The thickness of layer 11 can
range within large limts, not bound by stringent restrictions. The | ower
thickness Iimt is essentially determ ned by the possibility to obtain a

| ayer having the desired norphology: thicknesses |ower than 0.2 mare not
advi sabl e because | ayers 30 havi ng Such thicknesses tend to "repeat" the
support norphol ogy (which could be not rough) and consequently do not
assure to obtain a layer having sufficient -8- surface area; furthernore,
si nce t hswfabegrsa; fusthemnarb.esimegi thisgager Jomis thg niaie gas sabing “restrvolr® nul ti | ayer,

its mni t hi.ckness, is. al so determ.ned by the S quantity .that is

expect _edO? e\ﬂ“flﬁf(aﬁf%r’ ﬁtééﬁlélﬂmtuﬂ tglﬁkﬁ?ssﬁégﬁéi}éfeﬁﬂmeﬁ. yct%ﬁegé% quantity ¢ ead

det er m n@gk MéiPetedit WiRBeChdeMEd tAGHA. SThe NSkt GbkREs Ys Méthle tine
necessargﬂtS for the |layer growth; the |layers formation rate by sputtering is

gener al | geterstinedemginlyh by iprodaative Gaetnasy red tiagtiqularlysby) drectime Ingcgssaier red t o keep

the thic S val ue oywer. t han _about 50 for exanpl e, bet ween about 1
and 10 m&’??kf eTlr%igésre‘(’y'r W’g&eniéﬂgsrésfo%lﬁ 1085?‘&"3 yisgpg%gtﬁgteﬁgraﬂg&m Y84 sorption
capaci t yhighsarsf cimesquietltly ihi genyeilly plefetied thkeéep thed midkaesUithangsar ea,

determned by its 1ngorosi ty. It is possible to give an indication on the
por osi t ylogfer tthans aboutyst ¢m, ofer sxamalephettrgemabivet degndsi@iom ifshesati o bet ween

the ef fegt| f . 0 rical .area: this ratio, indicated
in the f%ﬁq%%sgﬁ&ggségaﬁbﬁgwﬁﬂﬁlﬁé{‘]ﬁﬁlenr%ﬁseoﬁt Ee(fnl @ %’CI case of a perfectly snooth

deposi t, andAs afr@aRicthetaydt tthaudthaveasirpd safaceheea, deghines sy s i rregul arity
of the metallic deposit surface. For the purposes of the 15 invention R
nustlthe Boresiberlt tihD9sablesRdgiye cme idlifalion rasa ther petesity 6. theseelayeisyer 11 there

is forne i . I : f alow
activati %’r\tgi%ﬁg(?}ggrc%tﬁéélgqaﬁsfdé@aagltr?tgoyse%%g%&e %gt?{tgf;s% gfl%lg?'%g? e tcl)l(r8 t he
i nvent i ogecatetridad areaxthigiado indicated ¥ the fallbwing ao R US Ipattkethedreddal, 669,
particularly the alloy having percent conpositiqon by weight Zr 70%- V
24. 6% - fase pijaperfoetly swoathcdengsits pndy npasases) wathy tsningrraging Latsdi um and

smal | er FUEQH]H% t ' i ckel ,
manganese, ~an §§F3rrrné$lgar{1% 8&'&2&{ﬁg@!}ﬁ”ﬁ%ﬁg§%§fc§n?gr4ﬁgg%9%d5%§’8fztr}f3'&)A al |l oys
(wher® Ainventiom RJ ranst ibe gseakes chiand? Ocenxdipyefenabty graater thamt@®anum and Rare Eart hs

and m xtures_thereof) descrjibed jn US paten 5,961, 750, rticularly the
al 1 oy havi ngOperlaeid 1 dBspeés orms%l)wpwgpgﬁtat ltzast?cﬁ%ond layer, P2, made

up of a low activation temperature getter alloy. Getter alloys suitable for the

invention are for example the Zr-V-Fe alloys of US patent 4,312,669, particularly

the alloy having percent composition by weight Zr 70% - V 24.6% - Fe 5.4%;

20  alloys comprising mainly zirconium and vanadium and smaller amounts of one or

more elements selected among iron, nickel, manganese, and aluminum, described

in US patent 4,996,002; Zr-Co-A alloys (where A is an element selected among

yitrium, lanthanum and Rare Earths and mixtures thereof) described in US patent

5,961,750, particularly the alloy having percent composition by weight Zr 70% -

25 Co 15% - A 5%, when the material of layer 11 is not made up also of a Zr-Co-A-

type alloy; Zr-Ti-V alloys, particularly the alloy having percent composition by

weight Zr 44% - Ti 23% - V 33%, which can be activated (at least partially) by
treatments even of a few hours at 200 °C; and the compound ZrV,.

This second layer thickness is not greater than 1 um, and preferably ranging

30 from 50 to 500 nanometer (nm); with these thicknesses the layer keeps the

morphological characteristics of the underlying layer 11, and consequently high



25 Co 15% - A 5% when the material of layer 11 is not nade up also of a
Zr-Co-A- type alloy; Zr-Ti-V alloys, particularly the alloy having percent
conposition by weight Zr 44%- Ti 23%- V 33% which can be activated (at

| east partially) by treatnents ever of a few hours at 200 C, and the
compound ZrV2. This second | ayer thickness is not greater than 1 gm and
preferably ranging 30 from50 to 500 manoneter (nm; wth these thicknesses
the | aye s th Q|O i cal characteristics of the underlying |ayer
11, and @Gn%ajﬁ ‘f)?‘%o é‘i%p“@“ BS vdietres ity highsrs thigkpessen thealayer wher eas wi t h
hi gher ”He@ckrﬁ@s%ﬁ@l% cbh@aéﬁmarmsmas%ﬁthmpp1&.1%1?% omn@@&mraab' e for the
application at roomteénperature tiona on the upp surface of |ayer
12 it is posﬂmioeahbo Odékmmspneraurfasnemlﬁkryer lhyeﬂpossibMﬁorm:pomt ofurthescont i nuous,
of pall adi um or  of q und th 5 whi.ch can be a]l]ﬁradl um oxi de,
silver-p T‘)feéd?%nﬁ?‘fs % @gﬁﬁﬂ“g?%d’ %‘“H]t 8Pt cspogipound Wasreafng conpounds
armngspahm@h Ui B PalatBuM oxi®, %lw&t;ﬁhﬁdlmrmda@ coldpfis gt&;ﬁfo ML ial. Figure
2 shows the first of these possibilities (continuous layer): in this case,

t he pal | a&@f’/unf $lh~5¢éﬂnd e@mpeinds weonp patiydivioged oneloemidre enetas faromg it i s known
i ndeed A t@ E‘?’g d| um has hi gh hydrogen perneability, and consequently
aIIowsth £Y5h af this gas towards the underlying getter nmateri al

| ayer. To mMeRigiréQ shb®s t%ﬁﬁéﬂ&@&s&?%ﬁlﬁﬁesr(@&ﬁlﬁu@uﬁ ﬁ?er?eihttﬁiﬁ ca§ehe pal I adi um
deposit nust have | ow thickness or exanple ranging from about 10 to 100

nm Gett dhe u@]@dmrm layamd3, alloysthybydreginselecties ssyptoam it ingnewn mdeetont i nuous

pal | e wn for 15 exanple fr mlnter tignal ubllcatlonV\D
551 39853 gt Pijiphurtnin S Baect BRI, ohf o RoGrAY BPRE (B Tac o &

obt ai ned, traisfer bpﬂﬁshgasl toWaels tBiAREing Raer iﬁh@ﬁalela§els TeusaximezeaBse of a

di sconti nuous deposit of palladium (or a conpound thereof). In this case

pal | adi uiydengep aranséar urate deplbengptter.sthsr e@&mum ndepepié mbstnhzme tav| ands" 14,
14", 14" hickness @6 ?ﬁnglg O#m% al}&ltsl r 350 mhh%% p%gﬁls rn%ge cover

preferably rom aer 25urface a confrguration is

descr i bedydrogentselectivel nadatipg bzlwhmdnnﬁucw@ ﬁﬂé&ﬁﬂﬁ&pehn amsl Krdwihefoer ence to
getter materjals in the formof powders. Wth this structure a material is

obt ailfed Fampls from iptemstigpal Pd’@llf’?t% %(Q:%Wﬂ%ﬁt Aphybrtdgdhe seerdithen as sor ber

of other jgas&sn a'?ngher sorbing rate is obtained, due to the larger surface area.

Figure 3 shows the case of a discontinuous deposit of palladium (or a
compound thereof). In this case palladium (or palladium compound) is present in
the form of “islands” 14, 14’, 14”, ..., on the getter layer 12 surface; these islands

20  cover preferably from 10 to 90% of the layer 12 surface. Such a configuration is
described in international publication WO 00/75950 A1, with reference to getter
materials in the form of powders. With this structure a material is obtained being
able to act both as a constant hydrogen sorber an as sorber of other gases in
consequence of a suitable activation. As more diffusely disclosed in the

25 mentioned international publication, these operation characteristics are due to the
fact that the islands 14, 14°, 14”, ..., not sorbing other gases, do not get passivated
and consequently form passages for continuous hydrogen entering into the getter
alloy, whereas the zones 15, 15°, ..., of the layer 12 surface not covered by said
islands keep their usual operation as getters.

30 In a second aspect thereof, the invention relates to the process for

manufacturing the deposits hitherto described.
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consequence of a suitable activation, As nore diffusely disclosed in the 25
mentioned international publication, these operation characteristics are due
to the fact that the islands, 14, 14', 14", ..., not sorbing other gases,
do not get passivated and consequeijly form passages for continuous
hydrogen entering into the getter alloy, whereas the zones 15, 15", ., of
the layer 12 surface not covered by said islands keep their usual operation
as getters. 30 In a second aspect thereof, the invention relates to the
process for HaRPCEEOltheigvenioneppEress! fnastibe slpyielcri bed. -10- The process

of the inventio hse : " S ; Sid by cat hodi c
deposition on a&sggggét@a&fﬂﬁdgt 8@3%%1&()‘]3%“ ga@{ri:l%)r??ﬂc %\f‘a{%tgl?g‘% (gt%g er materi al
havi ng a sur f acevapomblecgpttevmhterib] Havirgta duefasé a2 eqtivalest totas legst@Pet ri cal ar ea;
and 5 - depositing by cathodic deposition over said first |ayer at |east a
second | ayer, %@8?“ BqmemsRt a2 dd greater than | m of a non-evaporabl e

gettes alloy hauiodfink®y AfolUdrBHbE BRE! AR 1BPEALAAE dritich vay that

between the two mentionéd deposition steps, t teria Irst layer is
not exposed to ks, bpang teckabisaot greatea thtantlhyencofi a ton-éh@pdiable@etieess consi st's

of two subseque teps .of deposition by sputtering of two different
materials. The %ﬁ?&@}%ﬂ%}“@%ﬂﬂtwm@%&curs_ according to the procedure
known in theogehiimh SieR Waly MRA, BbwSRNGE 8o Méhlibit@ depodilién bighd, aduiction, and

necessarily requires that the forned first layer is not exposed to species
that can reauteriahef Bist laygr ip aot éxpobedrtb\gas speeice abledaraact thexswiithant speci es,

h 15 ter, t i ded. It is.believed.that th
char At er; op The rochr Sl TR suOSaltR afers of engitin ToLBUFEIESR | ot on
t enper at w8 @ltbRMt nialeas eMte” dépositias thy ShtRFing [ REME' Alcbfding @ tie under | yi ng

material, depends on the fact that the latter, operating as described, is
never sulpfescded knowpaiosthe attiasd. deseribel dn egsneral owthine sy Hioinfrodectiohi ch the first

200 11 YR 050 0 o 80 Sy 5 PR PR Bpar S Lo

silicon, cufiéabt iherdwiin paitieGRely] the @xpdrard ionddidans ¥pdcids) Aichasoxiyg@bl e position.
Pref erably however, when size and shape of the i ]

15 or water, must be avoided. It is believed that the characteristic of the invention,
according to which the low activation temperature alloy “transfers” its activation
temperature to the underlying material, depends on the fact that the latter,
operating as described, is never subjected to passivation.

As aforesaid, the support on which the first layer 11 having large surface

20 area is deposited can be an additional part, such as for example a support
(generally flat) of metal, glass or silicon, which is then placed into the final
system at a suitable position. Preferably however, when size and shape of the
device intended for the getter deposit allow that, the deposition directly occurs on
an inner surface of the device itself, without requiring an additional support; this

25  preferred manufacturing procedure can be employed for example in the
production of MEMs and FEDs.

A layer 11 made up of the previously mentioned materials and having high
roughness or irregularity (and consequently the required values of Re) can be
obtained by sputtering resorting to some expedients known in the art. First, it is

30  possible to cool the support on which the deposition takes place; in this way the

atoms reaching the support have not available enough energy to rearrange and
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-\deVice intended for the getter deposit allow that, the deposition directly

occurs on an inner surface of the device itself, without requiring an
addi ti onal support; this 25 preferred manufacturing procedure can be

enpl oyed for exanple in the production of MEMs and FEDs. A |ayer 11 nade up
of the previously nmentioned materialjg -and having high roughness or
irregularity (and consequently the required values of Re) can be obtained
by sputtering resorting to sone expedients known in the art. First, it is 30

7251 DL S5 abSHRRRES s S BSOS BRRSRL p D'

rear r angeurife foﬂﬂanoﬁom e de Wfdkeeinf Us W Uhe Suppdit Sendsebdt@iél RYisa ki nd of
"quenchin of the deposit under formation. For the purpose of keeping | ow

t he suppo#léo peaipreblatiaraperate af sedugeds @mrw@s etingsl withcighp epaents at highduced

ol o ocel PRI R ot S WBuR P efeBR AL Rond BRABKGARRL i dospr eac

heati g oWwith heosygh@mwiftspedall eatdipaithies syRass iHmdllyl ¥ndtker pb@slmneylat e with the
target not dlrectlér |l aced in front of the support, or noving, rotating or
vi br at i ngtor PreTae Bby the dureptnpptidivectie plospd lfbﬁoma‘l’ﬁ the [FUBROTH PEMBRYIRg nodes

| ncrease Itotﬂﬁlr%e&%{a?ﬁ%hledéu r‘E‘ﬂ{qu?é ttfe'lfeggﬁﬁﬁé'éll @ &%?a?ﬁl%‘{ﬁ&&és prormot e

the fornmati of no ery rrpac ayer course It 1s°possible to use
at the saimerehfe thengeommrtiicap rdisvedburafsthefdepdsit aiypesnsbquentighmumoteethici oned t o

i ncrease the Re value of layer 11. To form/|ayer_ 12 the sputtering

t echni quelERAtigRO §@d"%€%@ﬂ?‘iﬁéﬂ§{eb§ Qfcoumsadl is Rosgbledaruss at fietHBEt resorting

to th ab r hol I
Preql ar A e brRfithed BF e Whdnefs Rl Hietioht 10 MEFgE e baliyr 01! DO} 08

case of | oftagatlilvati on tenperature alloys. The p055| bl e deposit of palladium
(or its alloy

sputtering, 8%%Bhﬁggbﬂ? Bﬁgﬁﬁgﬁggﬂ%DEWﬁﬁﬁP g%%’ éﬂggéghgﬁg“ sing the
Chemi cal E/ QJurQeFWi%HJu't BB e abdvR-hbfRidned epaaicuweé)@ehfeﬁtsp@l | adi um or
its alloy IS however preferable for convenience that also 20 this
deposit i mcmasaihuemomhokmmaﬂ emegudaritYhod thentayer i ldn whii¢h hivee fumeadheut i | | ust rat ed
thr ou9§1 t l1qnec'\:ftfegt1\!e01\1/1\/|t}?e ase S‘FBW activation temperature alloys.
The possible deposit of palladium (or its alloys or compounds) must not be
necessarily obtained by sputtering, and could be obtained for example by
evaporation, using the Chemical Vapor Deposition technique; in the case of
metallic palladium or its alloys it is however preferable for convenience that also
20 this deposit is obtained by sputtering.
The invention will be further illustrated through the following examples.
These non-limiting examples show some embodiments intended to teach to those
skilled in the art how to practise the invention and to represent the considered best
way to carry out the invention.
25 EXAMPLE 1
This example regards the preparation of a double-layered deposit according
to the invention.
As support for the deposition a polished monocrystalline silicon disc is used
having a diameter of 2.5 cm, which is cleaned in an ultrasonic bath with an
30  organic solvent (an alcoholic solution of n-propylbromide) and subsequent rinsing

in deionized water. The support is placed into a cathodic deposition chamber that
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These non-limting exanpl es show sone enbodi nents intended to teach to those
skilled in the art how to practise the invention and to represent the
considered best way to carry out the invention. 25 EXAMPLE | This exanple
regards the preparation of a doubl eibayered deposit according to the

i nvention. As support for the deposition a polished nonocrystalline silicon
disc is used having a dianeter of 2.5 cm which is cleaned in an ultrasonic
bath wit i I olic .solution of . n-propyl brom de)
and subsgaﬁgﬁ?t%% %?ﬁghugenﬁgéﬁ\%ﬁf (zli(ef%Pevl\gtngaS&l%eW}élglbﬂ)so?‘facP%e?)Iuﬁﬁlie%l into a

cat hodi ¢ pdessmeidfi3n0€ Parnb esackdiadnd-tha-is Sate§RMIFIbAKRddOn it hBBn tar g€t s Of
different materials, which is evacuated until a pressure of 3x 10.6 Pa is
reached d#iﬁe%sh%?toﬁzsp%@bg@qmlab’? ip Sct depaseed,wiitththafolbowiag operatingssur e of 2
Pa. Ati tﬁp&ﬁé{érlsayer is first deposited, with the follow ng operating

par anet er's: -"power density on the target: 3.5 WcnR; - target-support

di stasce: 140 mpbwer &npidPoih tHeanmper: 315UWem? 00 C, - deposition time: 80

m nut es. Subsequently a second target of a ZrV2 alloy is used, a |layer of
which is 10 defsssttsapreashdisteace: il#@MmEm one enpl oyi ng t he same operating
paranmeters of_ t I 1eRo~eXxcept for the power density on the target
which is decreaglgp(fo?tgg%lbgﬁﬁjéﬁé%gn ’the deposition time which is limted to
10 m nutes. F ndkpositidnaiBe!0aninuisst h t he doubl e deposit is withdrawn from

t he depositi 241 chamber and anal gzed at the electronic mcroscope to
det er m ne t heeURNRAVSRY 2 55cand; taresk ok a i Ve rdloy vip upesy @ layerr efswhichrig) to be 3.3 m

for tjge td-r#)gﬂf-eﬁred ¥ aRRe %elzer:] l}f?gfng;tg? Isgl\lgl\/lk %eraﬁﬂ%ﬁé&sﬁgt&% NgSRe vVal ues (as

all the t nesses reporte exa are average val ues,
owi ng t o prénaowester texvept depihs iposvep Hemsity iohythe taFpétswisiclp pooddcrasisédta he doubl e

S B o A G Rl " oceiure of Exarml e 1
Finally the support with the double deposit is withdrawn from the deposition
chamber and analyzed at the electronic microscope to determine the average
15  thickness of the two layers, resulting to be 3.3 pm for the titanium layer and 0.2
pm for the alloy. These thickness values (as all the thicknesses reported in the
following examples) are average values, owing to the defective deposits planarity.
This support with the double deposit is sample 1.
EXAMPLE 2 (COMPARATIVE)

20 The procedure of Example 1 is repeated, depositing however only one layer
of ZrV, alloy. The same operating parameters adopted for the alloy deposition in
Example 1 are used, with the exceptions that the chamber is initially evacuated
until a residual pressure of 7x10® Pa is reached, and that the deposition is
continued for 60 minutes.

25 The support with the alloy deposit, being sample 2, is extracted from the
chamber and analyzed at the electronic microscope to determine the average
thickness of the deposit, resulting to be 3.5 pm.

EXAMPLE 3 (COMPARATIVE)

The procedure of Example 1 is repeated, depositing however only one layer

30 of titanium. The same operating parameters adopted for titanium deposition in

Example 1 are used, with the exception that the deposition is continued for 90
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“of zrv2 all oy. The sane operating paraneters adopted for the alloy

deposition in Exanple 1 are used, with the exceptions that the chanber is
initially evacuated wuntil a residual pressure of 7x106 Pa is reached, and
that the deposition is continued fﬁ? 60 m nutes. 25 The support with the

al l oy deposit, being sanple 2, is extracted fromthe chanber and anal yzed
at the electronic mcroscope to determ ne the average thickness of the
deposit, resulting to be 3.5 m EXAMPLE 3 ( COWARATI VE) The procedure of
Exanpl e ImiMiesepeat ed, depositing however only one layer 30 of titanium
The sane operatin [ er.s adopted. for titani ymdeposition in Exanple 1
are used, wit et%lgpgrgga@f’%h%flﬁlﬁ 8?9‘?&“&%%%?%“? 'F]L’Ji’éeé‘ ﬂ‘EtF‘%ﬂ'@H’ ter 90 13-

m nutes. cHambst RA@dnaMkéd at Mg Eleb@oHit ThidRRESE to BBIRHing AP Redge! S €Xtract ed
fromthe chanber and anal yzed at the el ectronic mcroscope to determne the
average thiskaesseof theglepesie resuliivgite be Béqumt i ng to be 3.5 m 5 EXAMPLE 4 The
procedur e of Aapple 1 is repeated, with the only difference that the

titani'um depostti o gEsts 40 m nutes; the sanple so obtained (sanple 4) has

an overal | dpergoeedubé Gkﬂﬁsﬁxdﬁ%ﬂé-l&s RepsaRdewith tRE ohly @iffetidct uer having
thickness of 1.6 mand one of ZrV2 alloy having thickness of 0.2 m 10
EXAVPLE 5the fitankin degosiismdasts #eminisess theramplescopidaingd sample Hdws ernper at ure of

sanpl es ) es _are unted,ope at a tine
Thro o querd! it EiRagi RIS B pe BRI RURT ARG PSS 2

t ur bonol esful.@pmpindpne Bf ZFV pallogiadinglthiok@ssof €2¢im. 15 | x 10-6 Pa is reached,
to pronote the degassing of the systemwalls and therefore to accelerate the
achi e\enent m&i red pressure, during this step the system is heated
at 180 C for t our.S ) I 4 i r esl | pressure,

t he sanpl e oblﬁgg{g ec))(%]%f) éu{ee%atsgpgoqnéa@t%%gha@%(%{%?n{rge I ggaﬁ'grg]uog%%%gﬁgati ng at 300
C for 30 hi2ruiklSsare ehaloatgh an

The samples are mounted one at a time into a quartz bulb, which before

every test is evacuated through a turbomolecular pump until a residual pressure of
15 1x10° Pa is reached; to promote the degassing of the system walls and therefore
to accelerate the achievement of the required pressure, during this step the system

is heated at 180 °C for about 12 hours.
Upon reaching the required residual pressure, the sample object of the test is
activated by radiofrequency heating at 300 °C for 30 minutes, through an
20  induction coil placed outside the bulb; the temperature is monitored with an
optical pyrometer. The sample is then let cool down to room temperature, and the
gas sorption test is carried out according to the procedures described in the
standard ASTM F798-82, introducing into the bulb carbon monoxide, CO, at a
pressure of 4x10” Pa and recording the pressure decrease downstream a known
25  conductance. The resuit of the three sorption tests is shown in Figure 4, wherein
the number of each curve corresponds to the number of sample as above
indicated. The curves show the sample sorbing rate, S, measured in liters of gas
sorbed every second per square centimeter of deposit (Isxcm?), as a function of
sorbed gas quantity, Q, measured in liters of gas sorbed, multiplied by the sorption
30  pressure (in hectoPascal, hPa), divided by the deposit surface (hPaxl/cm?). The

maximum value of Q of the three curves measures the total samples capacity.
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20 induction coil placed outside the bulb; the tenperature is nonitored with
an optical pyroneter. The sanple is then |let cool down to roomtenperature,
and the gas sorption test is carried out according to the procedures
described in the standard ASTM F798¢82, introducing into the bul b carbon
nonoxi de, CO, at a pressure of 4x 10' Pa and recording the pressure
decrease downstream a known 25 conductance. The result of the three sorption
tests is sho]&gﬂ%ﬁﬁre 4, wherein the nunber of each curve corresponds to
t he nunber o s above indicated. The curves show the sanpl e sorbing
rate, S, neapith@dexathpld, (&S Sas@brlidh préRIthe f ar@%gare
centineter of deposi tp (1/ sgacmzl)],ﬂﬁaspra fun(é‘%tt?ﬂ(;%1 %?@e%gir}gse‘g%a quantity, Q
measur ed 1 iapd Hiaregvglustedgas sorbed, multiplied by the sorption 30 pressure (in

hect oPascal , ;P Iy VI by the deposit . surface {hPaxl/cm . The maxi num
val ue of Q oprﬂt?éecto ﬁg 3%9 §%r %garﬁsgﬁﬁfglé’sast%eéw%et af™ ’é*}%é(lgsl’%ﬁé’(?i ty. -14-
EXAVRLE  Garhple t4)i GOEsoapaUre testshire JaasriO bt W@ Proe@Rikds SitniRt thitHbset €nper at ures

of samples 1 and 4 are evaluated. On a second sanpl e prepared exactly as
descri bedescHbedaniample 5aindthess tests hespmples araotivaiedbiydisatingatsA38r e carri ed

out withogpr sj.m. | . cshb i.n npl ;.1n these tests
t he sanplg’sgg(?gt{%gﬁov{g edﬁéyéaﬁ%%({]gaﬁg a%ig%gwd' %,He at\ran(e%té {e%%}?st &ts are
carried gtiphizhllpibwa inTHigude\So(vitRedis tHeasSiiboss lawve thsaainealihy asiown in Figure
5 (wherein the synbols have the sane neaning as in Figure 4), as curve 4
for sanpFisue 4ha@s evved for sample Heand gipieed B}rég@swla@&ﬂatﬁdragcorﬂmgo to Exanpl e
1. 09y Un%xmglconditi ons of Exanples 5 and 6, various characteristics of
the deposits of getter materials are neasured. In the roomtenperature
tests (ExanpUaderSiest ¢dnditime aif Exabrpleres! and 6 varigat flearacsetistiecef @ a result of

gas sorbing do pot have . energy enough to diffuse inwards _of material: the
exhaust i FPSHS 8bBgter H}?te&fg%‘i‘f? Wailgeé{ﬁgrﬂ%ﬁ WoE ERPREAIR Agsts{{EXample netal | ¢

sites i nist il becRUALIAR! & B0 be SHELARE, Al oPBLNAIRD oS iR Lhe resul s

of these tests are a neasure-of t I ng nuffiber o these surface sites.
On t he cemdrgpeyqughrtotdiffudeiigwarnde wp aratdriat:ehé estanstidmxafhgolrgtidh) caphety

15  therefore shows that all the metallic sites initially available on the surface are

saturated, so that the results of these tests are a measure of the starting number of

these surface sites. On the contrary, in the high temperature tests (Example 6) the

species initially formed on the surface as a result of gas sorbing can diffuse

inwards of the deposit; therefore these tests involve the whole amount of available
20  getter material, and measure the whole capacity of the deposits.

Considering these characteristics, from the three curves graphically shown
in Figure 5 it may be inferred that the sample of the invention shows surface
sorption characteristics better than those of deposits of metal only or NEG alloy
only in the whole measure range. In particular, the sample of the invention (curve

25 1) shows in the whole measure range sorption rate and capacity greater by more
than one order of magnitude than those of a deposit of NEG alloy only (curve 2),
and rate and capacity at least double compared to a deposit of titanium only (curve
3). The comparison between curves relating to samples 1 and 2, wherein the
exposed surface is made up of the same material, shows that the sample of the

30 invention is characterized by a large specific surface, considerably greater than

that obtainable depositing only a getter alloy. The difference of results between
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species initially forned on the surface as a result of gas sorbing can
diffuse inwards of the deposit; therefore these tests involve the whol e
anount of available 20 getter material, and neasure the whol e capacity of
t he deposits. Considering these chajacteristics, fromthe three curves
graphically shown in Figure 5 it may be inferred that the sanple of the

i nvention shows surface sorption characteristics better than those of

par 1 cur SPvet FRRgET Yot it belieteah b ataetsd (€ RBEFH e whol e
Measur e YaRes |swélor Whe Kidnfurd W IE ARBEI Y LHEALRSy, A¥hdfPIHe acftig%ﬂ)none order of

magni tude than those of a deposit of NEGalloy only (curve and rate and
capaci t yoequrs ders botomblesialsoatpthe edmeotempdmpwsi & lofvet iactvatiom degree (curve 3).

The conparison between curves.relating tqg .saoples | and 2, rein the
exposed g%rf%g%gsletg\%ﬁﬁg r %58? RS S ereNHfiRg ?‘Eﬁ’ ,redé‘ﬂ?fﬁgmf'ﬁeéto\?ﬁt;ﬁ? sanpl e of
the 3§ i avéilbieddr p& softang@ct eri zed by a large specific surface, considerably

greater than_ that obtainable depositi ng only a getter alloy. The difference
of results bdbgsempamsondgiwess qusyestd ayl § ellewsiristead 1o shew shatimgheead, can be

attribut ] Ch j I r. for the titaniumwith respect to
et ter oty EREACIGREaLe P e RBE TRy GBS nBerssfy Il G Bt { he came

t enper at gpeiesdrdn®Rruppet lay&tdf M deiiation tamidr@GRANES 1oy o tRVBkesUr f ace

"cl eanness”, resulting in a reduced nunber of sites 5 available for gas

sor bi ng. lapge Theripartpdehsasenion drfeedhaug baeramanefagtnredvindenexasty theo show t hat
![ nt I? gB‘Pp lcgﬁc!)iﬂ%fjr?s'; %&qthdﬁ"lg%%?); alf?eg%&cg%hitq}{g g&rhgl% chh cqjll}\?e Bscoﬁ{fm%%sf ective
ransf er "of sorbed ’species TTomthe upper Layer of 1 ow activati on

t enper at gwiece NEGuahltghitng dshsambverAs {taye be ndted, thatwioesirest IBeemees, | ndeed,
have been manufactured under exactly the n, 10 sane conditions, with the
only di f fePefeibak spaptiomeate Ay eondirmang (hat at terbsgingerg of iGsk theaWoyuch tit ani um

as sanpl i 3 . : Jnitial
or pt1 oneipieb sRRBleRtaty b Belinp S8 KEF RKBL WarTOFAL", Lo
sanpl es aveldédssaptdted)] sangde d \halvendr shows pectal ¢apacityebeiag db@ant halfalie on degr ee

Sbout haPPREiE OTshE Jamele §f BRATRE: Sab BOMOE G 1o RIS SnBbRai o can be
expl ai nedh Hilbn 3T thd Rt Bl miﬁiiufnh@epfo@'@ Rm&é}ﬂﬁné fie Jlfoslad}bUm fggposi t
underlying the all oy deposit takes
part in sorbing at the test temperature.
From the analysis of above reported tests results it can be thereby concluded
that the multilayer deposits of the invention act as if they were a deposit of a
20 single material, each characteristic of which is better than the corresponding
characteristic of both the component layers, i.e., the activation temperature of the
present material having the lower activation temperature (material of layer 12) and
a large surface area (characteristic of layer 11), conferring to the deposit high
sorbing performances at room temperature (not obtainable with deposits of getter
25 alloys only). While the replication of the morphology of layer 11 by layer 12
could be expected, it was absolutely not predictable that in the multilayers of the

invention the material of lower activation temperature could impart this

characteristic to the whole multilayer.
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part in sorbing at the test tenperature. Fromthe analysis of above reported
tests results it can be thereby concluded that the nmultilayer deposits of
the invention act as if they were a deposit of a 20 single material, each
characteristic of which is better than the corresponding characteristic of
both the conponent l|ayers, i.e., the activation tenperature of the present
mat eri al having the | ower activation tenperature (material of |ayer 12) and
a large surface area (characterlstlg of layer 11), conferring to the deposit
hi gh sorbi ng performances at r odh erature (not obtainable with deposits
of getter 25 alloys only). Wile the replication of the norphol ogy of |ayer
11 by layer 12 could be expected, it was absolutely not predictable that in
the mul till ayédy smolltilatyhe deipnsiendfi anniehaponattler getler ofmaledalsr havihg vk on

t emperature coul art this harac eristic to the whole multilayer. -16-
CLAIME 1. A% ’1°P Perﬁté‘ffogl?q e 118 c‘é\?“a"ﬁof’%?“ée‘b@@v@ COMRTEYR&| s havi ng

| ow astivati anich@FRE 1Aty ¢h mpbﬁr(gg 5 Atk a6er ?rl?ﬁlre&%e?ﬁél%'ozl@p by

conprising 5 at least two |ayers on a suppor Irst layer (11)
directly depssidtseppatbeing swidd 0§ap1p0felva1hmabig gatdetenabria havimgesusfpor abl e getter
ival.ent to at least 20 tines_its

t | h f
gEelore}lre!t ?i caFWI ! Sqﬁ}r?'& Ek?o%rlg%ﬁ §8$’in?e‘§tlts gegppgirical arep andy uponsaidofirst | ayer (12),

havi ng t hi cknges, ab fastif RBSRT 1y a02), hd\blﬁg ttﬁéknegs ﬁlﬁ%r@a‘t’éﬁ%ﬁphﬁ getter alloy
with low activation tenperature, said 10 | ayers being obtai ned by

cat hodi ¢ dep@sﬁotflr@)’ﬁp@ﬁblevﬁetthmiﬂoyawyﬁé&\p@@tjvaélomftemlphnaturat2e1‘ylcsﬂsa@d the first
Iayer toreatlve ases rri betvvee t he osition of sajd first and
second Iayergaymés e%n%g ﬁ a@?"&ﬂ%geﬂ"é %?Paar“ﬂ\‘ﬁﬁ?%iéf‘%ieﬁ POSHE® Bkt t er
material of sigd @ha‘térmtoﬂ ghy efirst |l§ye$etbeféh&dvea g dc'cﬁﬁﬁh | béfvedn ttRi UM

ni obi um tantalum vanadi um haf ni um and a Zr-Co-A all oy wherein A

stands for ywdepesitian efgaid{fiptand sreand layesst hs or ni xtures thereof. 3. A
depos: ¢ 380 ke g 50 KL FHIRAR T OV AP, LVSE ol
sai d thickness SeB:ctEdrT]éhlhbﬁgdmrcomum titanium, niobium, tantalum, vanadium,
15 hafnium and a Zr-Co-A alloy wherein A stands for yttrium, lanthanum, Rare
Earths or mixtures thereof.
3. A deposit according to claim 1, wherein the thickness of said first layer is
comprised between 0.2 and 50 um.
4. A deposit according to claim 3, wherein said thickness is comprised
20 between 10 and 20 pum.
5. A deposit according to claim 1, wherein the surface area of said first layer is
equivalent to at least 50 times its geometrical area.
6. A deposit according to claim 1, wherein the getter alloy of said second layer
has percent composition by weight Zr 70% - V 24.6% - Fe 5.4%.
25 7. A deposit according to claim 1, wherein the getter alloy of said second layer
comprises Zr, V, and smaller quantities of one or more elements selected
among Fe, Ni, Mn, and Al.
8. A deposit according to claim 1, wherein the getter alloy of said second layer
has percent composition by weight Zr 80% - Co 15% - A 5%, wherein A

30 stands for yttrium, lanthanum, Rare Earths or mixtures thereof, and the

material of said first layer is different from an alloy Zr-Co-A.
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" 20 between 10 and 20 m 5. A deposit according to claim1l1, wherein the

surface area of said first layer is equivalent to at least 50 tines its
geonetrical area. 6. A deposit according to claim1l1, wherein the getter

all oy of said second layer has pergent conposition by weight Zr 70%- V
24.6% - Fe 5.4% 25 7. A deposit according to claim1, wherein the getter
all oy of said second |ayer conprises Zr, V, and smaller quantities of one
or nore elenmnents selected anmong Fe, Ni, M1, and Al. 8. A deposit according
to claimi, Whesrosk apeadiggde elainly whergin the peftes alloyaf saig ssconddaveper cent
conposi tion by, pRigRt iy 80% - Co 15% - A 5% wherein A 30 stands for
yttrium | anthanum Rarg Earths or m xtures thereof, and the material of
said firdi0.| aydepdst adidriiageaonclaim®ywderei by aloy Gas percent ComPositorieposi t

according to cl ai, ereinth ter alloy of said second layer is a
Zr-Ti-V all o&Y_%ﬂgrﬂtkrdé%‘b‘s_ ‘t23aéc§r%|%}ﬁg to claim9, wherein said alloy has
percest qaMPos e ack¥dineh@bhind', #fSRn Hé ﬁ?e"(oan?yo?éaase%oﬁ&i ylér deposi t

according to claim1l, wherein the getter alfloy of” sald secon ayer is
ZrvV2. 12. A depoéit according to claim1, wherein the thickness of said

second | ayer | C ri sed between 50 an 0Q inn. 13 A deposi.t according
to cl ai ma% i d%??‘%’lsﬁé ‘??ﬁ&‘f’git(h aun g err,em(:tg‘?lg’r“ﬂ‘iﬁ‘ﬁi?s(’f(si@)secw I8¥erd? scont i nuous

(14, 14", 14%omprised W¥iwea 3fdHB0dm. 2 conpound thereof, deposited on the
surface of said second | ayer (12) opposed to the one in contact with said

first |ayldr (A dppositsaccoxdingposilaimat fisther ngmposiog ailayer3continegows (133ai d

|| adi d j. d | | adi i d i | ver-pal | adi
ol oyd conpr iR gontifiess U E e oA ST Aol Bl 4o minshib (ireSlor  pa I adi um
with one or mMRp&siRBIGH the shffafd BEsdil SRt BYer"BLP bbpdsed 16 thfoHERPSI t

according to claim 13, wherein said discontinuous |ayer of palladiumor a
conpound t herceatactwitle paid firssdayeo(llp 90% of the second | ayer

14. A deposit according to claim 13, wherein said palladium compound is
selected among palladium oxide, silver-palladium alloys comprising up to

15 atomic 30% of silver and compounds of palladium with one or more metals

forming the getter material.

15. A deposit according to claim 13, wherein said discontinuous layer of
palladium or a compound thereof covers from 10 to 90% of the second layer
surface.

20 16. A deposit according to one of claims from 13 to 15, wherein said layer of

palladium or a compound thereof has a thickness comprised between 10 and
100 nm.

17. A process for manufacturing a multilayer deposit of claim 1 comprising at
least the steps of:

25 - depositing by cathodic deposition on a support (10) a first layer (11)
of a non-evaporable getter material having a surface area equivalent to at
least 20 times its geometrical area; and
- depositing by cathodic deposition over said first layer at least a second
layer (12), having thickness not greater than 1 pm, of a non-evaporable

30 getter alloy having low activation temperature;

operating in such way that, between the two mentioned deposition steps, the
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surface. 20 16. A deposit according to one of clains from 13 to 15, wherein
said layer of palladiumor a conpound thereof has a thickness conprised
between 10 and 100 run. 17. A process for manufacturing a multil ayer
deposit of claiml conprising at |east the steps of 25 - depositing by

cat hodi ¢ deposition on a support (10%-a first layer (11) of a

non- evaporabl e getter material having a surface area equivalent to at | east
20 tines its geonetrical area; and - depositing by cathodic deposition over
said first |3gygL 4t Fird §650d Ig%ﬁ ) ki j not greater
than 1 m of a %\%%-%é/g%zrlé Ig%iS% Ié%ttt r %cf ch%faﬁrﬁi\é%lggla%vig géé?fg%cgti on

t enper at ur e; thgrew#thi ng i n such way that, between the two nentioned
deposition steps, the -18- materi of the first |ayer i.s nof exposed to gas
speci es b o A §ricesticootding Wy lam %em ‘Khﬁspdg"eﬁ%&l%(id‘ﬁa‘i’%"f’cB @dim 17, in
whi ch the catwi e eA%ikll bMb P Eosifiedhe ki 18Y ®hertedn B4R ddpbgsiont Dy cooling
t he support (10 a&%rer eon tr?e abgp%sﬁllfgi 0?1 Ig’%lhs(l c%/trrlcgdnout nd}lor operating
at | oW currens ceaiedesit andlboopaptargsti lny wirtent vileet andjert opeoatingi welet |y pl aced
ot Lg”{ o dtetgg R0 GirlY pRhced W Wofk of Q& Aippesk ardor theVis, kb ® SUPPOt

or vibrating the support during the deposition.





