21 JUL 2005 1 METHOD FOR MEASURI NG THE CONCENTRATI ON OF WATER I N  ARGON,
- HYDROGEN, NI TROGEN AND HELI UM BY MEANS OF | ONI ZATI ON MOBI LI TY SPECT] RY
5 The present invention relates to a nmethod for neasuring the concentration
of water in argon, hydrogen, nitrogen and helium by nmeans of ionization
nmobility spectrometry. These gases are widely used in the sem conductor
industry as transport gases in which-teactive species are diluted or as
support gases for plasma 10 formation in the cathodi c deposition processes
(in particular, heliumand argon are enployed for these uses), as well as
real reagents\iprdB6 RORGIESURINGAFIE U BREENTR ARPN BFOWATEN hoden) . ATong
t hese gases, X he rest of
this text this ARSON, HYDROGENNTRGEENAND HEDWM BieMEANSIQF on maybe al so
applied with the sane results to the other cited gases. 15 The pureness of
the argon enpl oyed in tIONZARONMOBIBITY SREGIROMETRYA tj cul arly i nportant;
as a matter of fact, contam nants which nmay be present in the reagents or
in the reaction environnent can be incorporated into the solid state
devi ces, 5 t her ebyhepreesnt iy ehtivi felatdsao tarmh&thdd for nicagineid the powgRarrhti@sofand t hus
| eading to production rejects, 20 The argon purification is the.
subj ect - mat Water §F a5gapi bBydyoga afftagen sid Hheligmy by mepps ph Huwzatign gnobilityn79
(sinilarly,qgﬁﬁgP%%Z7080 relates to nitrogen purification and US 5558844
and 5556603 relate to hydrogen purification). According to this patent,
argon is purifiEkesbygapés siengidely bddoirglheasdmgidomder dhdastgetd eandpateri al (an
al oy based on zirconium vanadi um and_jiron) kept at a tenperature conprised
25 bet ween 565 dndviaish Teactivier gepigs i aFe| dilutst OF faseSWPPRBr §356Y fat Plasein
t enper ature : i . ni cke
generalﬁ§ d?ggg?%gﬁﬂﬂgg%ﬁmggﬁhgﬁﬁgﬁvﬁggé§§?@§R§@%%%%?auéﬁgﬁyégoﬁogzinstance
al um na or empesed for theRVBSs), adWti at hes ecdpents ol shd preceéssin pdricdaninent can be
reduced bel ow one part per billion (ppb, equivalent to one inpurity
nol ecul e eviieycaspof miregen) Ameng Hiege gpses3@racn 18 Hhe aqsh papeitahdor the s al so
necessary t Vol e SANLF Alis Wil AR 945 WP B thainfih GotehBa GBNBRATRY 11 i Ne.
for detecting 1ncrements of the 1npurity concentration

invention may be also applied with the same results to the other cited gases.

15 The pureness of the argon employed in the semiconductor industry is
particularly important; as a matter of fact, contaminants which may be present in
the feagents or in the reaction environment can be incorporated into the solid state
devices, thereby altering their electrical or magnetic properties and thus leading to
production rejects. _ '

20 The argon purification is thé subject-matter of various patents, such as for
instance GB-B-2177079 (similarly, GB-B-2177080 relates to nitrogen purification
and US 5558844 and 5556603 relate to hydrogen purification). According to this
patent, argon is purified by passing it through a bed made of a getter material (an
alloy based on zirconium, vanadium and iron) kept at a temperature comprised

25  between 350 and 450 °C; alternatively, purifiers working at room temperature are
commonly employed, which are based on the use of nickel generally dispersed
onto a high surface area support, such as for instance alumina or molecular sieves.
With these methods the impurity content can be reduced below one part per
billion (ppb, equivalent to one impurity molecule every 10° molecules of argon).

30 In these conditions it is also necessary to allow the control of the gas purity

and its constancy in time, for detecting increments of the impurity concentration,



21 JUL 2005 -2 due for exanple to working anomalies of the purifiers,
tightness |osses of the gas lines or else. A particularly interestqing| 205
y

‘techni que for carrying out this analysis is the ionization nobilit
spectronmetry, also referred to in the field with the initials IMS 5 (the
sane initials are also used for the instrunment carrying out this technique,
i.e. the "lonization Mbility Spectroneter”). The interest for this

techni que derives fromits very high sensibility, conbined with the limted
size and costs of the instrument; by operating in suitable conditions
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parts per tpidslokeRe(ppt, equivalent to a nolecule of the analyzed substance
every 1012 nol ecul es of the gas sanﬁ;e). I M5 instruments and analysis
met hods i n whi cA panesdarly etenapingy tedhnigee dors carogng ouf dhisesralysisels the US

patents 5457316.and 5955886 in the.na of, .t he U P I An EMS
i nst runent lloglzég%]ﬁ‘?g’ill SPEfReaetyy 4y rgFerU@gé? ?Ibweiﬁclfg}wtﬁr{g%%q%&f ﬂ@ﬁ 15 zone
and a char ggik faid infla@Sard @ls8Gised forlthe iR GumRACE B ORahishechn@tezaé.i on of the
sanpl e conprising the gases or vapors to be anal yzed in a transport gas

t akes pl acethe cdomeation Mybitigia Speatfontsgard) Thadnterdss dorethis techinipye @etifes The

i oni zation takes place mainky.on the transport..gas. with the forpation of
the so-cal | S Teagarteh srseollihsonRimd VBt e lioes sl 35t but ed on
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to their ionization potentials. The book "lon Mbility Spectronetry" by G
A.  Ei cemancaarh® deteckasl ipaisgas pudstium e quiantities 94 pisp 2GRG (Peciss ,10cagraps).r ef er r ed
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at a suitable vol tage, prevents the ions produced in the reaction zone from
entering iamatysihaeibegnmavhich thesaare anployedrerst disalossdi fon exmaplgr idUSol t age i s

e zer 0P AR B P R O e TS SFBRRREC 488 %0t ies of -
el ectrodes whi clin QvBRinctratiest! ie @bdehally Rlade 3P oFUCRadtidatzonBea k&pasathe carried
fromthe reaction zone towards the detector. This
15  zone and a charged particles detector.
In the reaction zone the ionization of the sample comprising the gases or
vapors to be analyzed in a transport gas takes place, commonly by means of beta-
radiation emitted by ®Ni. The ionization takes place mainly on the transport gas
with the formation of the so-called “reagent ions”, the charge of which is then
20  distributed on the present species according to their electronic or proton affinities
or to their ionization potentials. The book “Ion Mobility Spectrometry” by G. A.
Eiceman and Z. Karpas, published in 1994 by CRC Press, can be referred to for an
illustration of the (rather complex) charge transfer principles which are the base of
the ionization mobility spectrometry technique.
25 The reaction zone is divided from the separation zone by a grid which, kept
at a suitable voltage, prevents the ions produced in the reaction zone from entering
into the separation zone. The moment in which the grid voltage is turned off, thus
allowing the ions to enter the separation zone, is the “time zero” of the analysis.
The separation zone comprises a series of electrodes which create an electric field

30  such that the ions are carried from the reaction zone towards the detector. This

zone is kept at atmospheric pressure: therefore, the motion speed of the ions



zone is kept at atnospheric pressure: therefore, the notion speed of the
ions 2 1 JUL 2005 -3 depends on the electric field and on the cross-section
- thereof in the gaseous nedium By recording the current reading O?YtMﬂJ
particle detector according to the tine elapsed fromthe "tinme zefo"; g@ks
corresponding to the so-called "drift time" of the different present ions
are obtained; by determning the drift tine it is 5 possible to go back to
t he presence of the substances object-®f the analysis. In spite of its
conceptual sinplicity, the application of the technique involves sonme
difficulties in the interpretation of the analysis results. The instrunent,
anal ogously r p i Les ; t-he is the
crossing ti %%ngﬁ% P ?;EF ¢ t% %rﬁeﬁgzh?irelldt %rg&’é)gg@e gc? Os?hsguf }heg%()ftlﬂethieg%gw”%o

cor r espondi mgdiutm. Byae@réiag iic apent BdingWwif thd paidels derttopbesordiag tdithiecat i ons
about the chem cal nature of the ion corresponding to each_peak. For

attri but i ngti@gcHensedkropy the ‘SHBeizeioc, pegks QREsnopdingalp e woimiedt diftt o a  nass

spect r onet ef: | ' ] g e ! but in
this vay ECanb0R SERENhARhERa: A SRATLE Ry ARiing e BB i ar o
renounced. Adssibld @rgoddacl &l the ptdsence qidisssubbtendes obRso6the anal@dis.br ati on tests,
wherein a sanple forned of an extrenely pure transport g{as containing the
subst ance obj eclt &pita Ré 1tsysaneppiual jsimplicaty, theprpHeation pf the fechsiqueni s | atter -
s det erm nfdo I AORRIGISes!if eiHerprE@NEL b BBk puENEr compl i cated since
the various 1onic species ich are " present nmay tead to phenonena of charge
transfer wth e@kdimstrin@entpinaldgdusiyrteshrdmaAOgmaghs, padvideslRcidedt ofthet hat t he

determned drift tines can pe the characteristic tines of species different
from t hose, aRah1s, thes BB fimgs; (Wifh fanes gnpibe f@se afi the MS)aoh s iighse net hod

the saml o Gaeshpil AChERRepRUBELY EhTR oo B BRRAERRIEROR b g, 27 19

accordi ng t chendicidl aatirerefthaiinssterespdidignts ehdtepeakf ect of notably decreasi ng

25 the sensibiljty of the measure towards . the sgﬁgi es differi na fromthe one
which is the obf¥catirutinggachnpgalide & spagfieiemmihe IMsmpy e corigrtedipiai cati on of
t he nmet hod I . I 4 i to the
addi £ on_of s FASrsBRL A rRR R e RELA BB riarf 0P Rt ot P 98, O s
5032721 andwaptiz0Bb0menti@led tadnantages spisi casehnd cdnopachesuise rafoupbseinol s and

sul fur dioxide in the analysis of — ,
15 Alternatively, 1t )1/s poss1%le to resort to calibration tests, wherein a sample

formed of an extremely pure transport gas containing the substance object of the

analysis is used, and the drift time of this latter is determined. The analysis in real

conditions is however complicated since the various ionic species which are

present may lead to phenomena of charge transfer with each other or with present

20  neutral molecules, so that the determined drift times can be the characteristic
times of species different from those, the presence of which has to be determined.

A possible method for overcoming the problems found in the real analyses

consists in adding the sample gas with a specific substance, called “doping gas”,

which, according to various mechanisms, obtains the effect of notably decreasing

25  the sensibility of the measure towards the species differing from the one which is

the object of the analysis. As examples of practical application of the method of

the doping gas may be mentioned US 4551624 relating to the addition of ketones

or halogenated gases to the gas to be analyzed, US 5032721 and US 5095206

relating, respectively, to the use of phenols and sulfur dioxide in the analysis of

30 acid gases, and US 5238199, relating to the use of amines in the analysis of

chlorine dioxide. However, the doping gas method disadvantageously requires



30 acid gases, and US 5238199, relating to the use of amnes in the analysis
. of . chlorine dioxide. However, the doping gas nethod di sadvant agequsl
‘requires L 1 JUL 2005 -4 that a tank of this gas and neans for i ts! éﬁ%gE%
in the gaseous nedium are added to the system thus |leading to a
conplication of the measuring systembased on the IMS instrunent. In the
met hods not based on the enpl oynment of4a doping gas the possibility 5 of
carrying out a quantitative analysis is bound to the presence of a reactant
ion. As previously described, the reactant ion generally is an ion
correspondi ng, t he ,.gas present in.hi.gher .appunt in the m xture. Then, the
eactant i ot o HS Bae End Bl ih s if Minerer® pRGudiar 488, (e

ot her preseptths ROGEMSHIASIQIHMNSD 4 QompRERRIR NS MM il RRee based@n t he
inmpurities concentration increases, also the 10 charge quantity transferred

t heret o frothetIM® insfagnemt i on i ncreases, until the latter runs out. In the

| MS spectrumthjs,nmechanismis reflected by the. intensit i ncrease of the
peaks rel evant ir“oth'l3 Hbeﬁ}oﬁﬁ&ﬂ J_P‘fsgg ogrti]ae W&PP{%‘GBE %ﬁ g%%ﬁisyﬁhﬁtpgﬁsé?]‘?@ decr ease
of the pﬁakopéarialﬁﬂg S @ACE@MitARB anSI9THRNbYurdehi the GrdsbndeltT o Feabtdnt' Bgact ant

| on Peak" or RI up to its extinction. Obviously, when this condition is

reached, 15ASpecve®is eralpdo thegraqting 19 genaralyatsiangon sorpwpondivgrtp thees and t he
intensity of the el.evant peaks jn _the spectrum do not. grow any .ore al so

1 the ef f ot NETHPUREDS mQitinine ivEnes e catasnlll R GBI 88 s not
possi bl e anynifatién Z8né€ Hah¥feRUthedchabttdtt tHeAbih¥e ptdVEhtagiRcS | stcodidgtes way. In
the presence of water in argon, the RIP runs out with concentrations of
about 10- 15cqpplex chamicaldralanges. 3¥banethe impiraticsrooncantiao guovedisese alsg thehe maxi mum
measure_lim.t of thi.s | rity.in aggon.with the I.MS technique, It is

Theref ofe artasey ety bR nbRhHRdA FafebD RGeS Atk ch i s
free from saimd 6lits & vROROE Spedtrugn tids MREdNAHIsA] OWMAtddObIERAS UhRn¥iat er
concentrations greater than 15 ppb. This object is achieved with a nethod,

the 25 mai nirfcecaseipleidhe prakshictdyanirte the supwited and byHbe simutanequs inieasity ot her
I S e g e T RO TR
tinme positi pisPdal” bhRIB @l itsCitinBior. OYViARIy, MBen this condition is reached,
15 the concentration of the ions relating to the impurities and the intensity of the
relevant peaks in the spectrum do not grow any more also if the effective impurity
concentration increases and therefore it is not possible any more to carry out a
quantitative IMS analysis in this way. In the presence of water in argon, the RIP
runs out with concentrations of about 10-15 ppb; thus, at the state of the art, this
20  value is the maximum measure limit of this impurity in argon with the IMS
technique.
It is therefore an object of the present invention to provide a method which
is free from said disadvantages, i.e. a method allowing to measure water
concentrations greater than 15 ppb. This object is achieved with a method, the
25  main features of which are disclosed in the first claim and other features are
disclosed in the subsequent claims.
Thanks to the calculation of the ratio between the intensities of the peaks
detected at determined time positions in the signal coming from an IMS
instrument, the method according to the present invention allows to precisely

30  measure water concentrations in argon up to at least 30 ppb; the measurement of

the peak intensity in the practice generally consists into the measurement of their



instrunment, the nethod according to the present invention allows to

preci sely 30 neasure water concentrations in argon up to at |east 30 %‘

t he neasurenment of the peak intensity in the practice generally céﬁsﬁ@t@S
into the neasurenent of their Z 1 JUL 2005 -5 area. Furthernore, the nethod
according to the present invention, when applied to the ultra-pure argon
enpl oyed in the sem conductor industry (such as hydrogen, nitrogen and
helium, does not require either doping-gases or gas 5 purification
processes before the | M5 anal ysis, except when the sane gas has inpurities
in relatively high concentrations, generally greater than about 10 ppb for
each inpurify, According to a particular aspect of the invention, the
calculation of the water concentration can be carried out in an automatic
manner by usi ndfuathetmoreptharméthod acdooding ta thwhprekent anmvdnéiorawhéry appipdenent ed i n

el ectronic calcul ation neans, for jnstance in a,personal co ter. Further
advant ages anHcr BHFAPEE HOR HempRYFbdRa oF?IPW@n‘%‘%tc{rhémﬁlrs@ée&B&‘i%venti on

wi Ll Decontyheah, bRrddiRSMASHnAd dobs e réulre! (iR dipinloO Lkl dpOg et ai | ed

and non-lim’ting description o n enbodi ment thereof "with reference to the
15 at t achedudifmaiiony procasses dicfore thed IgOr aalyssh ewseph vaenetit samevgawhasf t he

i nstrunment carrying out.the nmethod accordin o the present invention; -
figure 2 sh‘BWéméﬁﬁg" EEEB&YF yu]iﬁlﬁnE(?BP%ﬁnﬁéHmi‘Shth‘%FgﬂEX ﬁ@aYeﬁééqlh%%ﬁ’f 1§fp igure 1;
and 20 - figy gchqn%ﬂﬁyys_ sone test diagrans of the instrument of figure 1.
Referring to figure 1,7 it is seen that an IM5S instrunent 10 conprises in a

known way a reaftdoodingdoe pdrtiamldr aspeepaf dhé anventore th2, calduilattonasfetieti vi ded by
a grid 13. The gases l.et into the reaction zone 11 are iopized by neans of

a radi ati onVASOGPRETAYY SARWRF FHTIEH O Guite)AUGTRHC) REPAFCBY 6¥18E 9The so
producef) | Osafihfic forkthl G 5@%@@%@%}1@%%%1&?romaeaa@oumnweans of

el ectrodes (not shown in e figure) Suita arranged al ong the walls of
t he sane zomegnsafoe imtaet ar apesonal oavapaeran i on detector 14. The ions notion
In the separat ilg)ui}thze:? rgl?ivar.antagieg and features of the method according to the present
invention will become clear to those skilled in the art from the following detailed
and non-limiting description of an embodiment thereof with reference to the
15  attached drawings, wherein:
- figure 1 shows a schematic view of the instrument carrying out the method
according to the present invention;
- figure 2 shows some spectrums obtained through the instrument of figure 1;
and
20 - figure 3 shows some test diagrams of the instrument of figure 1.
Referring to figure 1, it is seen that an IMS instrument 10 comprises in a
known way a reaction zone 11 and a separation zone 12, which are divided by a
grid 13. The gases let into the reaction zone 11 are ionized by means of a radiation
source (not shown in the figure), for instance “Ni. The so produced ions are
25  guided into the separation zone 12 where, by means of electrodes (not shown in
the figure) suitably arranged along the walls of the same zone, are accelerated
toward an ion detector 14. The ions motion in the separation zone 12 is
schematized in the figure by the arrows. The gas to be analyzed is let into the IMS
instrument 10 through an inlet duct 15. The motion speed toward the ion detector

30 14 is slowed down by the presence of a counter-current flow of pure argon in the

zone 12. For this purpose the IMS instrument 10 comprises at least one duct 16



schematized in the figure by the arrows. The gas to be analyzed is let into
the IM5S instrunment 10 through an inlet duct 15. The nption speed toward the
- ion detector 30 14 is slowed down by the presence of a counter-curagqmlﬁmgw
of pure argon in the zone 12. For this purpose the M instrunent .
conprises at |east one duct 16 21 JUL2005 -6 for introducing argon in the
separation zone 12 fromthe side of detector 14. The latter is connected to
a converter 17 which transforns the progress during the tine of the
electric signal of detector 14 into an analog or digital signal which can be
di spl ayed in turn on a display and/or a printer 18 by neans of a spectrum 19

S repr esentf'bp mﬁ%%{#oh 1Hfthé %aﬁﬁ@h%éﬁélz R ﬁlejsﬁiea&ddeje&t&rﬁl Afef erabl y

made up accor ing th sual ni ques of e pure gas technol ogy, which
general |y ilatvaliveorinheted sea orﬁnveftacl%wbmhltmhsfdmi thelprogregsabiringrthetimar i ng
imted degass] from elnter l1.s.of the same _ducts. 10

t | |
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reaction zqpgdkdah thhﬁoﬁ Msdl's%% raﬁ@?%fﬂa Fréhtants apahyard @ GREHRY 1ohe typi cal
way of this techniq I.e npl oying in thé separation zone 12 of the

| MBS msﬁtrunmesenn@gahea@&ﬂt@rthéhmlym a gas which does not interfere with the
measur enent S will be.described in.detail |ater
on, the 15 posﬂ?‘? ‘%ﬁg g@?‘?ﬁﬂy(‘?‘ﬁhrﬂﬂ ?chﬁlé%ﬁ‘f el teehniqifs Peak due to
argon, 1.e. thé’\kleutr?k%s tE¥HBolok$, %Hi‘elﬁ‘%ei?éfaﬁy'ﬁlvlalf/ektﬁé)%cegggle@tfroﬁoﬁ'i@hécp§téel

par amet ers he rreasurl ng systemdetects the RIP extinction, tw peaks
corres pondi mpestfor ensoriog £Xteeneely linoted degaspimgifimsn thelinteied wialls whthersamee sought ;
by conpari g(ﬁ]ebhe intensities of these two peaks, the water concentration in
argon is c tated, in particular by neans of a 20 logarithmc fornmula.

The posjgtion OfAécJB?dﬂ?é o ﬂ%)nﬁ’énw R4 BEY toogél'énél?ze%”m NRo&RRERtMhedepends
on the physical paraneters with which the analySis is carried out. In

parti cul ar,readion zonsi 1 bithodMannstpementdOend asalyzed aceonderzthetypicl waje gas in
e efiﬁiéaioef"nﬁiésr SiPist g 267 AERGENEND 14 FoebaonaEn thert HReliei tion of
various peaksiniflerdthe) SPRelktEMowt BETLRYs rfﬁllﬁblﬁ‘gdéegen@fnﬁltéﬁér@ witROgRI bl e. A
second inportant paraneter is the ratio
measurement, in particular argon; as it will be described in detail later on, the
15  position in the spectrum (in milliseconds, ms) of the peak due to argon, i.e. of the
RIP, is known by the by knowledge of the test parameters; when the measuring
system detects the RIP extinction, two peaks corresponding to two different ionic
species relating to water are sought; by comparing the intensities of these two
peaks, the water concentration in argon is calculated, in particular by means of a
20  logarithmic formula.
The position of the RIP, so as any other peak in an IMS spectrum, depends
on the physical parameters with which the analysis is carried out. In particular, the
most important parameter is the temperature of the gas in the separation zone:
considerable temperature changes with respect to a reference temperature may
25  change the ratios between the time position of various peaks in the spectrum,
thereby making the analysis impossible. A second important parameter is the ratio
between the applied electric field and the gas pressure in the separation zone;
changes of this ratio cause proportional changes of the positions of all the peaks in
the spectrum, so that the spectrum is “compressed” or “expanded”, although the
30  ratios between of the various peak positions are kept. Anyway, for convenience, it

 is preferable that the drift times remain fixed, for facilitating the identification of



between the applied electric field and the gas pressure in the separation
.zone; changes of this ratio cause proportional changes of the posi2i gnpims
“all the peaks in the spectrum so that the spectrumis "conpressed" or
"expanded”, although the 30 ratios between of the various peak positions are
kept. Anyway, for convenience, it is preferable that the drift tinmes remain
fixed, for facilitating the identificgtion of 2 1 JUL 2000 -7 the different
peaks. Finally, the spectrumis influenced by the ratio between the nass
flow of gas to be analyzed and nmass flow of the counter-current gas, even if
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Therefore, for knowng the tine position of these two peaks, it is
necessary i levarmyease vath ToRBScy i dierigetiess parametees. Tha fieo peddirelabng of t he
real analysis, . with. a water conte inargon such that. the. R P .is not
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is kept equP it 8otlsxbindh Al édrgflsteRpEctiind it thuaobtainke: WaprdsenqeasfaheiRgPis 110 C.
The sanple ionization is carried out by a 63Ni radi oactive source. The so

gener at ed iaAys & essigauhe ather pepks dnths cgFrespondingrfippeics, Hais gorespgadeeet he | atter
i s cancel eq,.. t her eby |.owi.ng. their rance into the separation zone 12.
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The cancel l'at| e is 200 mcroseconds (s) for each
test. The testEABPFE ried out with an I M5 20 i nstrunent 10 wherein the
separation zone 12 is 8 cmlong; in every test the acceleration electric

field is equal Ths impetionevl berrher eiplamethby thaufodiowing esmple.relatigul t ed t hat
0,1 ese OB s Ehe AL il MRS PLOMISCRRSS E8alhe R 10 (e
with a sui tthdtests) @stgab inikage HeemegdatotheMESdintthahentr1 0tib ket &@@adiotd,®ns t he
Eg? tée%fslgﬁg%ggmtg%ut%Hgn? t%z gaars etex(lzlg‘rarrg{ulrg ?sd 11138 t°\g? eTrflelsSahlp?e (fijloqlciiza%iZ)nr?ss and
carried out by a ®Ni radioactive source. The so generated ions are neutralized
onto grid 13 until the voltage of the latter is canceled, thereby allowing their
entrance into the separation zone 12. The cancellation time of the grid voltage is
200 microseconds (us) for each test. The tests are carried out with an IMS
20  instrument 10 wherein the separation zone 12 is 8 cm long; in every test the
acceleration electric field is equal to 128 V/cm. From preliminary guiding tests it
resulted that in these conditions the typical drift times of the species present in thé
tests are generally comprised between 15 and 30 milliseconds (ms); moreover,
with a suitable test it has been determined that in these conditions the peaks of
25 H30" and (H,0)," are comprised between 15, 5 and 17 ms and between 17 and 19
ms, respectively (with maximums at about 16 and 17,8 ms, respectively). The
results of all the tests are reported in spectrums 19 wherein the peaks have an area
proportional to the concentration of a given ion according to the drift time of the
same. The peak intensity is expressed in volts (V), while the current directly

30  measured by detector 14 (number of ions colliding onto the detector per time unit)

is transformed in volts by converter 17. The counter-flow of pure argon coming



s, respectively (with maxi nuns at about 16 and 17,8 ns, respectively). The
Tesults of all the tests are reported in spectruns 19 wherein the gﬁﬁ%iﬁave
‘an area proportional to the concentration of a given ion accordizg p e
drift tinme of the same. The peak intensity is expressed in volts (V), while
the current directly 30 neasured by detector 14 (nunber of ions colliding
onto the detector per tinme unit) is tgansfornmed in volts by converter 17.
The counter-flow of pure argon coming 2 1 JUL 2005 fromduct 16 has a rate
of 2 liters per mnute. Cenerally, the ratio between the flow rate of the
gas to be al yzed he c er-f] ow. g V. tween 1:10
and 1:1. F?fgolfrrl él% gt ls(ﬁg%sgégtﬁloggfﬂl%{syf’%fﬂbn\%féer Ryaégl%{az% ’ g%e%??ubﬁs%% Ot tgl:gned by

anal yzi ng flowdtd of B gd¥io ibasinalyed indl theacouater-EHROBHHING Ao edni 3ty Of
m xtures of water, argon and very little inpurities, wherein only the water
concent r at itsivesdnteand lllong the axis of abscissas is shown the drift time

of the ions ingnlLiss S | I i . i 1s shown a
val ue proporti g’r@regos%ﬁﬁ/g% I?llygﬁyi ?{xmg?ﬁpﬁ%%g?cgﬁlé‘fs @J&mﬁ {xghy%%}% lélgi on
det ect ors 14yith tHe IMB indfiGBedt MOA t@g@p@mﬁ%pmﬂiw of wiikfuses okQvaldrearpaiber s

i nside the diagram di stinguish instead the different spectruns according to
the water csdceny il grpusitiss.exbeein; only tie petes sancangratien changes.chlongt o t he

| VB T st r Rt A% eikdes S8 860 BRS bR A bF BRUIGANG BESROGE Qhapeter. e

with O ppb o? wat er, evant spectrum I'i'ne) has 4

peaks A, Caldhgathd dkis éherdinkleslialshéin afvady slaposiohhletot Ak lidtshsityTdethkat t er peak
E, which in_the conditions of the present test is in the tinme interval

conpri sed bégnabenitterl by ghepign detectasrlde Sorolaignce @ voHagpexwessed ih&olt§+ i ons,
i.e. to th | P

| ntervalls nRRwiantts SRl MlRC Ryl Bl Ome WIS Gheldab T 111

respecti velaccordy ©he Mditdr @ohtedtiafos exiredsbe in Ppblprdsesinhe ganlet limtot he gas 20
m xture. In particular, the peak in the first tine interval A is caused by
the ions ofthe BdSnstimmentd@ond peak C is caused by the ions of the inmpurities

and the third p&sa%f 8?}3)%)%0&&8 ?R@ﬁu&%e %%‘ce gP@aj[e?ri.se. withlﬁ%]?f;\ﬂatlép& of

peaks A and D are vet r-concentrati ons cannot be
el i m nat ed the e¢letdne spdtrai (Powgasithvh tlold Bne)2msBYy pédker&aS) DoardoE Sthppb t he
water Closncelggtéraétj \2&011 nis ttlr;ee ta %sst. r{“ih)étlgt{eﬁ p%glg El?ywhich in the conditions of the
present test is in the time interval comprised between 23 and 25 ms, corresponds
to the peak of the Ar' ions, i.e. to the RIP, while the other peaks A, C and D,
comprised in the time intervals between 15,5 ms and 17 ms, 19 and 21 ms, and 21
and 23 ms, respectively, correspond to the ions of the impurities present in the gas
20  mixture. In particular, the peak in the first time interval A is caused by the ions of
H;0", the second peak C is caused by the ions of the impurities and the third peak
D by the ions of H,O". The ions of H;O" and HsO" of peaks A and D are due to
very small water concentrations which cannot be eliminated from the incoming
gas mixture.
25 By increasing to 5 ppb the water concentration in the gas mixture and by
keeping unchanged the other variables of the test, it can be noticed how the
heights of peaks C and E notably fall, so as also the height of peak D is slightly
reduced, while the height of peak A grows. Further, in the time interval between
17 and 19 ms a new peak B which is caused by the (H,O)," ions can be
30  distinguished. At 5 ppb peaks A and B have heights similar to each other and in

any case higher than the remaining peaks C, D, and E.



keepi ng unchanged the other variables of the test, it can be noticed how the
‘heights of peaks C and E notably fall, so as also the height of pegﬁ ﬂLir@US
'slightly reduced, while the height of peak A grows. Further, int

interval between 17 and 19 ns a new peak B which is caused by the (H20 2+
ions can be 3o distinguished. At 5 ppb peaks A and B have heights simlar to
each other and in any case higher tha®w-the remaining peaks C, D, and E. 2
"I J UL 2005 -9 By increasing the water concentration in the mxture from
5 ppb to about 30 ppb, the height of peak B grows, while the height of peak

A falls and pe . i al: ' I rilculsar, at
around 18 ppb w%{eggngﬂgéd‘ﬁgﬁ%ﬁﬁég%?&%géﬁ%%g%%mtsﬁ'})ﬁgah{)allﬁgr?t of the
same peak wpbhthe Hejht of pedkt Brgrows, Byhifeuth¢ heighi oitpcaR A figlstdmned pyakeC, D
concentration in the m xture beyond 30 ppb, the systemis saturated and
only peak Boddhsihstaniipky disapreasila particalagnat argunds) & apRigf walca the heighfosi ti ons

of peaks A i ] 1 I.ding test, thereby
resul ting i@?@Aﬁ?%@lﬁqﬁ%\%g%yggﬁigéﬁkanﬁ%wﬁfrllggﬁOrg;gdagéerlhd bet ween 17 and
19 ns. By eval U furthet herdasihgiss WitepEorichigRiopaakise matdrel beydd pappb,cul ar
their area,  the correspondi‘ﬂr:fg | evel s_of the signal neasured by the ion

det ect or 14hapystapissahaed mmdoplyperk Boauams Pat uepneat b18¥d in the anal yzed

gas can be det i i.d. hhexel i far wat er
Goncentrati ons Toaty o 5 RBHbRTeAREs Wl Bt pRBId Gt
conpari son wilna ghrlirgxeste deedbyweduitingwa thotimeihtegyalsosetsrbar 155 appbHA = K I n
((HB + HA) / HA), wherein:. - ppbH2Ois the water caoncentration, - Kis a
posi tive coiébgiveen 1HanddS we. gb’eﬁ'é(ab@t%%g!@ mtengHy of thegs pegks.radaliea of peak
B 20 FlUT G IO Budl, IR ARRRBAGAD ey bRS 1B AR b Bed BE chd 160
(abscissas)” o two overflapprng diagranms of the ter concentration

(ordi nat es)detetl 4 aretobtahedy rkhe waradeonepntedtion coatdindduauhe lanalgzeds s t he

wat er concentration effectively present in a reference mxture let into the
| MS i nstrun®t b£o detgrminedt by SOEWAENE dFagr Mvelsnale RAtigHat &3t veden i ne,

shows the V@n@éntﬁﬁ@ﬁ?ﬁ%eﬂﬂaﬂ@orm,sHrhﬁgbgéﬁ discovered that said comparison can
be expressed with the following formula:

15 ppbuzo =K In (HB + HA) / HA), wherein:

- ppbmo is the water concentration,
- Kis apositive constant,

- HA is the area of peak A, and

- HB is the area of peak B.

20 Figure 3 shows a graph comprising the change during the time (abscissas) of
two overlapping diagrams of the water concentration (ordinates). The first
diagram, made up of a continuous line, shows the water concentration effectively
present in a reference mixture let into the IMS instrument 10, while the second
diagram, made up of a dotted line, shows the water concentration measured by

25  means of the above described method. As it can be noticed, the trend of the
second diagram substantially follows the trend of the first diagram up to 30 ppb,

while differs beyond this concentration, in which the instrument is saturated.



25 means of the above described nethod. As it can be noticed, the trend of
the second diagram substantially follows the trend of the first diagramu
to 30 ppb, while differs beyond this concentration, in which the i dsh dUllrriﬂE[I
is saturated. 2i JUL2005 -10 CLAIMS 1. A nethod for neasuring by neans of

ionization nobility spectronetry thelhoconcentrati on of water in a gas chosen

anong argon, hydrogen, nitrogen and helium characterized by conprising the

foll ow ng operative steps: - introducing the gas m xture to be analyzed into
an IMs instrunent (10) wth a counter-flow of pure gas; - obtaining a
signal (19) variable during the ned83uABYfSnt tine and proportional to the
nunber of ions detected by an ion detector (14) of the |IMS instrunent (10);
- determning two tAnenéethoédr ol smé¢axuriy byr mempsondf ndprizatiohe noohiility ti nes in

the M5 instrument (10) of the O+ and (H20),2+ ions present in the gas

m xt ure; %Pesﬁ?fam#}&f HEHD Fhossd & %a%hoe%magr%%%ﬁ’m&% the two
det er m negltrbpéfParldHefinMa bBarbAeriZd: by corfpriiigahé RAloWIRg YRdBlive@gsent ration in
the gas mi xture according to the ‘ration between the Intensity of the two

peaks obt ai ned- i nntréfucyiggthalgag ngxture o, be\amadyzed dntocaro PASrigstrument 41 1,
characterized in t.lglat tl{‘\lﬁ Vﬁlt er.concentration in the analyzed gas is 3
cal cul at ed by means’ HFOHHE" OgYPBV\ﬁlrﬁ&a?’orrml a:. ppbH2O =K In ((HB + HA) /

HA), wherein: - ppllidehi s difigl Wabprvaeiabieeniiriad ithd) thBas@Rent Afine ddis a
positive constant, - is the intensity of the peak of the signal (19) in

the time intervalpreportionsdie thepomehiengf toms dhtecigd bytantipadsteetor (143 of@©+ i ons in
the I M5 instrune 10) . - HBis the intensity of the peak of the
s e T 5

signal (19) in the (B) 25 corresponding to the drift times of
the (H20) 2+ ions deferiniting Mo timesintervi@NA (BY0dorresponding to the drift times in
the IMS instrument (10) of the H;0" and (H,0)," ions present in the gas
mixture;
- obtaining the peaks in said signal (19) corresponding to the two
determined time intervals (A, B);
- calculating the water concentration in the gas mixture according to the
ration between the intensity of the two peaks obtained in the signal (19).
2. A method according to claim 1, characterized in that the water
concentration in the analyzed gas is calculated by means of the following formula:
ppbmo =K In ((HB + HA) / HA), wherem:
- ppbmuao 1s the water concentration in ppb,
20 - K is a positive constant,
- HA is the intensity of the peak of the signal (19) in the time interval (A)
corresponding to the drift times of the H3O" ions in the IMS instrument
(10); and
- HB is the intensity of the peak of the signal (119) in the time interval (B)
25 corresponding to the drift times of the (H,O),” ions in the IMS
instrument (10).
3. A method according to claim 2, wherein the area of the peaks 1s
employed as a measure of said intensity of the same.
4, A method according to claim 2, wherein the height of the peaks 1s
30 employed as a measure of said intensity of the same.

5. A method according to one of the previous claims, characterized in



3. A nethod according to claim2, wherein the area of the peaks is enployed
as.a neasure of said intensity of the same. 4. A nmethod according t 1%’?%&%
‘2, wherein the height of the peaks is 30 enployed as a neasure of aiy
intensity of the sanme. 5. A nethod according to one of the previous clains,
characterized in 2 1 JIIl 2005 -11 that the two time intervals (A B)
corresponding to the drift tines of the-H30+ and (1420)2+ ions in the IM
instrunment (10) are determined with a prelimnary guiding test carried out
wi th values of the operative paraneters equal to those enployed in the

| lysis. .5 6. A ding . l,ai . whergi i d i
par anret o o Wb ive fmednBBLING, 3 Plrtisipabl € Wi MR Rl o diT b i 6
7. A net hoct}g@?ﬁrmhagnttﬂeqh\@s Mhéiruéie @0y afRideteARBEAWIE aogfe@q‘mh S

conprise also the electric field in the separation zone (12) of the IM
i nstrunment guidioy test vagiedpoutevio vahice of dhan gperativnparemetersipgirl 30 tthosp,

characterized 1i nefi(t)ih@% th?\fi/I aﬂal.%si s is carried out with gases at the
terrperatureenaﬁ OXefn A HEU :aP ya ' electric field in the separation zone (12)
of 128 Wcm angl the AvethddRechbitfi®d 62d1sim § AwvhBEinCRId SSRARG Rarhétefshe dri ft
times of the H3O+ and (1420)2+ ions in the IMS instrunment (10) are

conpri sed beompsisa atBag theigmperawre OAtheanalyped sasenixtire.and 15 19 s (B).

| 7. A method according to claim 6, wherein said operative parameters
comprise also the electric field in the separation zone (12) of the IMS instrument
(10).

10 8. A method according to one of claims 5 to 7, characterized in that
the analysis is carried out with gases at the temperature of 110 °C and with an
electric field in the separation zone (12) of 128 V/cm, and the two time intervals
(A, B) corresponding to the drift times of the HyO" and (H,0)," ions in the IMS
instrument (10) are comprised between 15,5 and 17 ms (A) and between 17 and

15 19 ms (B).



