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OF | ON MaBblob/e328PECTROVETRY" 5 The ntion rel acedTdi00629net hod

for neasuring the concentration of inpuRtstes in nitrogen, hydrogen and
oxygen by neans of ion nobility spectrometry. N trogen, hydrogen and oxygen
are sone of the gases used as reaction media, or as the actual reagents, in
the integrated circuits industry. As known, in |0 the production of these
devices the purity of the reagents is of utnost inportance; as a matter of
fact, contam naMETHOESFORWBASERING THEMRONESENERASTION Off IMIBIIREHESi on

envi ronnment can he inco r.aj | | i evj t altering
ywthe electrical péﬁﬁﬂﬁﬁﬁﬂim&e@ﬁ@ | @lﬁ'@v—vﬁﬁmﬂllgﬁmst es.
The. specifications on the pugidplefyiSPECaREESRY»0oyed i n the production

can vary from 15 one manuf acturer to anottier, and dependi ng on the
.particul ar process in which the gas is enployed. Generally, a gas is

id dtob tahle f t.h ducti when .i t t .
Copuri 168 is nofieirger myemorseiaes i paEid i MR e bR elof ¢ ne
content in i MklitideSn! ﬁitﬂog&ﬁr hiB@Berl 8D oxfferd yesidahs bt ibS @By ant to

be able to neasure extrenely |1 ow concentrations of inpurities in the 20
gases in a prspeitsmedryd r eproduci bl e way. A techni que which can be used for
this purpose is ign nobility spectronetr kno hn the field wt he
abbrevi ation | NB;I‘%FH%C%M‘%&%& NEG) %\4% saglg\é\&aﬁhgogars%sr uf'%legsl ﬁ%atcpla nt

wi th whi ch t Biedi@ i Ghie adifal GRidenBOirPthb intofalel droge bty o8 kv fign -
Mobility Spectrometer”. The interest for this 25 technique derives fromits
very hi ghoserthe piddinttjon efsthesei devizds thietpuritthef the neagewts &y ofcutmest Impertange; t he

instrument; by operati in propriate. conditions it I ' 1o
sense specie Siarig?'#é °§£%t’cf‘r°n§§5%?’£spﬂoa§§§bi Wegengglstggﬂ%agﬁ%%iﬁ%ﬁ%%ﬁ?ﬁ@i ties
of the order Qfirbi@eRt 62968 Thcdrpsratetiniat theSsolillOstdid dveuts) thusraliefing the
concentrations of the order of parts per tz~illion {p@ti equi valents to a

mol ecul e of asledtsicedd peaperiesn dlaereafe ppd 3@Iving 2risga SO MBFENIGHYY BEStehe gl e) .

I M5 i nstrunents .and. net hods of LS. J J 4G %qqlo re
descri bed, foﬁpeggié‘i%fﬂné ,oniQﬁe Ugl%g)? glr?%/ S%, é@%ﬁéﬁé&eﬁﬁ%dﬁ{}@nggy 8 ZSSrﬁ_7_
PCT/ 1 TI | 15/ 01dfe2harmf@R@eSbariothet, had dapandifg drhthe Paticolap progeROP whidh thend i n
US patent 6,229,143, in the nane of the Appl i,gané. Ag IIVB%H ment is
essential |y fgasnisdemployed e 5OnpgHYy 3ngas 45 COpSifiefed dR 0% GrSeRIRRIC al%k otect or
of charged pagti ) t Lo p MHsZedyl on of
t he sanpl e co@%bﬁééﬁ)ﬁgwﬁﬁdeﬂaacggtseﬁggpvﬁha%@rﬁgqtﬁgBﬁgfggﬁla:[@g?dd ?% gﬁgar.ﬁrer gas,
comonl y by neitis)Qfrefeeibly, abld edritem $n enpuriteed iblpwes Min 1Tpeb. iAsri resuli, dhist akes
place mainly on the carrier gas with the ffrmation (%f th .so-iﬁ.alleg
"reagent i ons"2PORRBEE Qo TEASPFRGRIRGMELS 1O TGRS ‘Pﬂ%og’r@% S &peti es

dependi ngzoonT%gygé I %ﬁ&%é%ﬁbxoﬁﬁ&%fé’\vﬁ}“i nities 10 or their ionization

potenti al’s. e reaction zone Is divided fromseparation zone by a grid
whi ch, when kept At techsigueabhichpotrnbé ahsedpfary gis sputpesd dpsiopr eRREBE i n t he

reaction zone fromentering into.th epar.ation .zone. . Th nt en the
grid potenti afPeCHOmELLY)| |ké\a1 in the Gerd® RALE the "abbieViation e[l\ﬁg),n%xe Qﬁ{pne

abbreviation is used also for the instrument with which the technique is carried

out, in this case indicating “lon Mobility Spectrometer”. The interest for this

25  technique derives from its very high sensibility, associated with the limited size

and cost of the instrument; by operating in appropriate conditions it is possible to

! sense species in the gas or vapor phase in a gaseous medium in quantities of the
order of the picograms (pg, that is, 1072 grams), or in concentrations of the order

of parts per trillion (ppt, equivaients to a molecule of analyzed substance every

30 10'? gas molecules of the sample). IMS instruments and methods of analysis in

which they are employed are described, for example, in US patents 5,457,316 and

R
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thus allowng the ions to enter into the separation zone, is the "tine
zero" of the 15 analysis. The separation zone conprises a series of

el ect rodegowbshsscreate an electric field such that the i eas/nareocarried
fromthe reaction zone towards a collector. In this zone, which is kept at
at nospheric pressure, a gas flow having opposite direction with respect to
that of the ions novenent is present. Cbﬁnnnly the 20 counterfl ow gas,
defined in the field as "drift gas", is an extrenely pure gas correspondi ng
to the gas whose content of inpurities has to be determ ned; as an exanple,
in an | M5 anakyss 886 ¥ tidalagledMho WS sinan PN Inef adddUUS tpakst 6,229,148 0gen,
normal |y the drift gas is pure nitrogen. The velocity of notion of the ions
.depends” on t hin the aame pEthejAnplicatid on t he cross-section of the same ions in

Crosoing  he. sepafoh TG LpshRa S Fosfiepll ARG bEASeibh SR8 o hordlBRiGH” 1

.Lime passed fi@@dnde colledtsr eRdhargeti Padtietes. tinme of arrival on the particle
collector is called "tinme of fli The collector is connected to the

ht". .cal |,
si gnal prdcessi ngInsSh§tréﬁﬁiomp%tﬂgﬁaﬁ@‘feoﬁlﬁémﬂﬁéw&ﬂf thsngample GRBPHERSHF as a
function of ti in . the final wher.ei. | he 3o
various ions 5%5%5 f u\;ﬁgglisotlﬁqge’f %ﬁtl}qﬂ% 0%{1@% g?sg?t% mﬁgnﬁe}e Z)Rgl\%jd;ng%%%t%he
det er m nat i ongadfiationk $ntifteeby RKINIWThe isrieationsthkesqpiatict mainty dh thescqreiesgid e to
det erm ne WO 0210S22SS -3 PCT/1TOL/] 10G29 the pregsence of the, substances
which are obj 8éth g1 formatien) ghithe sprtelledhs Teagemh dONE - SRS DI A t abl e
computat| on agRNddih it dréeRPHRERL Aehhafilt Gitehidclion P REAN aflifds of the
correspondi ng Speci €s. I*n"spit'e of Tts conceptual sinplicity, the
applicatign obr thel ibsigdtivngeeenfialsnvol ves sone difficulties in the

interpretation of the analysis, results., This is due firstly tq the fact
that the net char dBe dsastipn pous %dlﬁ}%ﬁérqrﬁéel?ﬁé?tloé}u@nﬁrbé(s%ﬁflgé’ﬂé?}?’e‘gh?ns t he

result of equi{éétbabt A u%ﬁlg%o%%ﬁgﬁ‘ rRBntY3hd QS lg)f-cﬁl%g:f @ﬂl@té&ti})ﬁ'%ﬁ@%ﬁf t hat
t he peaks corresponding to one inpurity can be nodified 1n intensity, or
even di sappeaenteriag @l ihegeparatidrezqueeEenmeneht whenethe grip potentialds affidledook
“lon Mobility 1 o Spectrometry" by .G A Eiceman and 7z Karpas,,, | i shed
in 1994 by Créusallowingths ipps %e‘?né‘}r/rﬂ@@ rﬁﬁ S?R?I‘Eﬁ'é’ﬁ ER RIS eaﬁi”B g toﬁghe(rat her
conpl ex) E@ar _gﬁalg,gignsfer princi pl es which are the base of the technique.

Further, keeping constant the chemi cal conposition of the gas, the results
depend on the anallhsisspapaticarrene cempuses i sedestdfelasiredasrwiich ishig agiactiel in

th ti fl te .of .th 5_whi d
and the T how PR thildncihe ot biShgon 18 Eacifn A0S B ifid SRt fL e
the shape of the zghapahrcﬁs@hgr b0 Gt fabrAEBpRerid Mresana) ¥ as fldw HaviapBpposigpendent

on the anal ysis cpndi tions. e conputation algorithnms used for

i nterpreting wdirectiomamthirespest ta that Hf she densomeremané i Preseito Copmninthe he
conpl ete aph _and on the l.ati.y [e«Qf-t hew areas

present p ks.co"]’ﬂslfg) Slga;,eéeﬁxpgci néﬁlég?%f alaéra]egltlft %’2150 f))géesen qlllu%)en?g?

speci es gi ves chirssoh@ing 16 BRAgatwwhdse akntent dfhignparitiphhasTib beaietdrmbied; asast i | |
possi bl e, although wit reater difficulties, when the tinme of flight of a

limited nunbeexanplgi frasy MY aralysis fos dgteamuying fbg contgnb,afimpryites aitkodedy peaks

e eary o rdEmals R RO b BRiRlach DRMCBRR tRiich brIAEREs BaRGAS ¢ 1 ©

necessary to re 8ses =a he peak area 1s to
shared anong tdaethdi dléctrie fields pet 0@ Sthe Wwrdds-stdttonr of5the vavevions i thergasedusi ng

errors in the analysis. Finally, the | anal ysi al so the alitative

?nezj_ ffsl i %gs@?ﬂ“&ﬁ%ﬁ%ﬁaﬂ Ciiff ngl@ﬂ%?&ﬁﬁkhfgﬁrﬁté‘%gk&ﬁ&%ﬁlg&é?ﬁ? : IP@QBI%\r/\dl ntg

o differen : i ¢ ainto
. 38 %rel%%%glg%’{ge ggﬁ%gé{‘ﬁ)glget%r TR t%%?@& from @ e RASNGTRE

play, there is no st or ap g the I'M5 techni que, and
‘each anal ysi s thasof arrivel et thei patticle poltent|iy caltedditisher oft figh®f The collestor is

condi tions Vm‘c%ﬂne?cltédo'\clg % s?é)r}a Ip?ocaessgr?gogysten\ﬁo WHI%{l 1a?1§f%15rn§ Zt‘he current values
sensed as a function of time in the final graph wherein peaks corresponding to the
30  various jons as a function of the “time of flight” are shown; from the

determination of this time, knowing the test conditions it is possible to determine



PCT/ 1 TOL /Ut 1629 separation of all the peaks corresponding to the different
speci es which can be present in the gas under analysis. (bject of the
present iWyephings is to provide a nethod for nmeasuring thectanaawnsaati on of
inmpurities in nitrogen, hydrogen and oxygen by neans of ion 5 nobility
spectronmetry. This object is obtained according to the nmethod of the
present invention which consists in enptdying as the counterflow gas in the
separation zone of the ion nobility spectroneter pure argon or a m xture,
containing no inpurities, of argon and the gas under analysis, said mxture
cont ai ni ng at 9 [ f gt rogen
m xture, and tg% %F%%%ct%qé%ﬁ/%/ %d&@{/ag?eﬁsn%ﬁgﬁﬁgg%@ iog ﬁ}:egfréﬁrg?, gfﬁgrgﬁi ﬁg%%gen or
.ar gon/ oxygen peaktaseaswith rsujiablé icomipatationialgorithres nteishpasibbc tor dileglateothehe
invention the best results are obtai ned.bg/ using a ratio between the flow

rate of argorcQPEFNLEAtEn of fisFOFeHONANESAPESS and the flow rate of the gas
.under anal ysi s i.chii j bt Ghd 2pbli&atidat 8 ehofedhigieat ter.
The invention WIW|n[:n E%ie;gggﬁs‘l ggﬁdﬁpﬁﬁf%ﬁol ow ngp\i/)vi t hl_ref erlence 1?%1 figures
1 to 8, Wi chinsblees tdme difficlltiss infthe iBerpresationenf the pnalypds gultadbiy Bidvg to the

Condi ¢ ons. nolE Ebitg (2 Terist Fgen ebinis onae U Saab i sdion ry ou

an | MB anal ysjssud Rtk b Squdifibrid wichaRpidiortVdridus Gasors Okith bR esiiethanthe
(obvi ously pur esl as the ?‘ral ngas in Ph_e sanpl e whose inpurity content has
to be deterni padts Omrespomdingnta ang, impueity ee rheomodifiede it GAIARBITHHE, €VCR t he

case of the anal ysis  ,of i.npurities in nitrogen hvdr « .t he use
as drift gas %‘Fapé’ﬁ?le dg}?eé’gﬁ;% o&éxﬁgreggncg lﬂftogbe?émg?rg%e% {riigﬁegr;%og% %?&X/ﬁ?o’?hty

ar gon/ hy df09eg,Qiroffed9 b9 9€ Fidbmdnting ¥. K] fiblighddCini 194 by IORES Pres,| ows
the quantitative analysis to be carried out wth good and reproducible
results; sai deasube abfeereditot for e Hinstiatinge af the, (rathed cpmPiEY) Hhgtes/ Hresidgen

m xture containing at .l.east 80% by v.o,u f.ar LN al ysi s
of inpuritiesPiRFIRET "gligh 2o 1ea%’ag%n fﬁ%}lgp%%%ﬁq%f q:glrrl]t glgl%lhll%x lg‘%(r)ff"% X u?{él's %0
contai ning at chasil RRYWoRoN PfUnL ghd, the BRGltd Hepead @nahe tahalysio phissietersf
inpurities in hydrogen and oxygen, respectively. WO 112/ 082%)55 -5

PCT/ | TOL/ 001 >g&hTasethe stectic teldanpised i the seeasatidnczPng; theflave rafe PSRE 835 obt ai n
graphs wherein,th aks_cory [ LEferent species are

separ at edgt hﬁ@lcéﬁ?g?? ﬁ%m}f? Z&??’%@ﬂ% %Iﬁa??{)a Fg{elhgr%éil ysis as di scussed
above. On the conpsargsnsdayentsioftheas phkriohiengake shape shthe gyapsh refidteg fromt ent i n
inmpurities has to be determ ned, graphs with 5 (ine or, nore suPeri osed

i ned

peaks are genéral¥§ entlysimeld. SF@‘?‘BQ{Yhéeﬁaﬁ@topnbpéviaﬁl?’m? nCONEPS et Mder of
this text ref nce.w Li g nad ; gglg% 8redsaséd b khedas,
meani ng homvgéﬁgﬁ@é hlgog ove %?rnle%ﬁgrg &%iagﬁlg%giﬁ?gs. Its has al so
been found thdecdneolutibe of dipanmsieaf grapheandnere titei relative megsye of dhreatrees ehat t he

ratio between the flow rate of_argon (drift nd,the flow rate of the
gasI 10 whéke iaHﬁbFinPg@t PERISe e gesf 6‘&%@5 et ggf?“ﬁgdwbﬁn grsh Q\Fl\ééﬁli?t 8 di ng

to the chem cal,Aat Gasath! DA PR ¥ SIS The BBk i§ WiBpossiBled rati o
is preferabl yg'é:%c{l]%lé{?% g%e foehﬁgt 10 ?}n tlhe cag}sfifs of _hgtdraé"ge_nl,_ at pIoeast 5in
the case of niattheuphnwithgeato mpificalids,evhencthe tistemfeflight of alimited sugbehef ween 6
and 10 in the case of oxygen. .The inventors have.found that, _.i ase of
hydrogen and MiiseRfefPeciasede| S ALt VIS F’ﬁ?it85ab%Wm@8%<sd??r§‘{edg§so}rgg gas

under anal ysi %Hgérh%smb‘ﬁ BEstngiRP Pedltd, AR Méset BRedliifl {seheRbsapeak sedont be

obtained. Int case of the oxygen, a ratio |ower than 1 between the flow
rate of desft hypsthesed about howeithe peakilayes is te)ibg shared smopg theydifiseent spegigshe

signal, such as irregularities in.t .S f e gsl? J se
their area (dddibihg ﬁgk ?‘ﬂ&’%"é‘ngﬁ B}t{"lﬁf‘ﬁ)‘ngf nga%lgﬁ f/lgﬁ é'al?l@l‘ﬂﬁglgggﬁ hgsa
‘det ermi nation aﬁfﬂy&i@e&a?sg HRNFua8fLiTe NBIRN IFTmPosibIP|when gt sarsiampositivhy nmay
introduce errors’in the quantitative_ anal ysis.

between peaks corresponding to different species occur.

Because of the complexity of the phenomena into play, there is no standard
30  method for applying the IMS technique, and each amalysis has to be studied

separately in order to define the conditions which allow to obtain a good



On the other hand, a too high ratio between the flow rate of argon and that
of the gas to be analyzed has the effect of diluting the latter, with the
ri sk of dygiop&hing the method sensibility. 25 As a conpr 8CTARIieE28een t he

opposed needs illustrated above, the ratio between the flow rate of argon
and of the gas under analysis is preferably nmaintained at relatively | ow
values; said ratio will be thus preferabfy conprised between 15 and 25 in

t he case of hydrogen, between 5 and 10 in the case of nitrogen and
preferably of about 0.5 or about 8 in the case of oxygen. 3o The invention
will be furt h{é&, atibiy S Taftl G gdmst Brdspddanyy ROHRXAIBIeRS speltd WhiaH kR Hehave

t he purpose o enonstrating how, by operating in the invention WO

,02/ 11 S22SS - 6preseht [nlthe gad Mder 28alysimdi tions it is possible to obtain by the
| M5 anal ysi s graphs. whi have a.better.peak separati,o ith respegt to the
graphs obt ai ned iaglf%ﬁﬂh_ed?fe Syeapn Koo %%%@Ecﬁ Wﬁh’tog fﬁ‘ﬁéne!a%r _ ?nc?n; as
-above di SCUsSethoe i Sof inldbriteP & AltRikeR TWSodehhrdaco s tambdns oider pr et ed
giving rise to nore rellabl’e analysis results. For the 5 tests, suitable

m xt ures dare mobpidy gebcrymativli ti oni ng sel ected inpurities to the base gas;

in particular, carbon.dioxid 2) 1s.added to r n X
ni tlroogen and wat e R‘Fcf’bé)%?gd%f?.gta%’r% %cg%@mrge%uﬁlfsm%tpé&jroggg? ’éeg'e’?%gﬁg?‘%“p NS,
showi ng peaksygahaohtiBs i @ﬁn%;gyiﬁ@ thé RBuérflohd gHitinGhe bdparationzea@ontieng i ons

measured in mlliseconds ( e peaks 10 have an area corresponding to
the concent r afonomobifitst bectipfmbtsr gite TgAR OF FHBREIE.OPRARIAE FONEHBIINS.cH¥fnpl ex

Cos. whi oh . ne. . 1 _ Py |

Sbssi by sl st B a0gR Fab st il aiihe CRiffle #ie Soenl WBAR] 00

phenonmenopy i soah®enlisfake e ah%rédh/ﬁiﬁﬁ%é_d glixus and lat &ast 50%G" Dy, volamet b2 sake
i g

of sinplicity, the main peaks in the ures are identified with the
formul a of therges imedse of pegondiydroiges O FEMMPEYECLREFESSe ascri bed i nst ead of

with the fornula of the.corres (N . : ' i is
given in volts (\jrPeREIED SRR AR RENHRE bk il AR L FLERRERE 2 by
the col | ect or obtaiHERESy 0bingon3atihbetwveewlthé dioworats fof arpoh dot tre avgonhdcluni t of
time) into the value in volts re ortedpjialgethe gra hcgn_lon t. ordi.({lat? axi s

i s operated bynixtuee)iand the fierate pEthe £ah pder A EsIdy P YAHFBHAGPIPRE S anpl e
is carried, out, b radi ive source of 63Ni. The separation zone of the
enpl oyed %ns &hen%an elogﬂ%qgt?nérl ong; in all the tests the electric field in
the separation zomgeiisveatowill be d2&rivéd in thEXsRlikg Withueldréedodignsss] ar e

carried out on hydrogen sanples. 25 A first test is carried qut at 80 C
according to tt(hé?,/ priaith rshew Eieneraniie of IB’H PRaLYsRSt FFHHe‘so:fO“f rﬁ-?«C?fﬁv’@n?q & that
OBLYESH: thBndikions r at e

® Dy usi N9 B180A%H Lol BbohbisRyDndfecs

of argon and at of the sanple e gas in the test it is used
hydr ogen to whbthccofilingmeahs irvkent@orcal i brati on system based on nmass
flowmeters, 5 ppb_of nitrogen and 10 b.of, C02 are add as ing.en
inpuritie3® this érglﬁﬁtaéd?lﬁr‘we?o @YXt 'E%I%rsfaé\ﬂ)zyﬁlﬁﬁe%lf“ o anhéh

represent a pract iCalel Yorid1ghi MNARAsR BARE as HHE mifs Uds SinOfhe t fAfpleSthode €
reported in g a%hbfﬁ{e WO 32/ &228&?_? ECTI | TOL/ L1@10629 fi gu?é | as curve
a (thin |ine iimptdity dongpnt bis toks datepompdr i son, in the figure are al so

reported the resul{s.of a second test,.cardgije L] ikl ons
but on a hydrogen Wﬁlcgn?%ryv%eé‘ﬁveﬂ r%fﬁverég‘mg%lgﬁa%g%e%gﬁe%ﬁ@ggn %%1? r?lkck
l'ine). EXAMPLEmndumtiddi difSeh, ﬂ?dﬁ%@fw Sxybef e LEPEAIRA gasist pgeargai,iop of 8
between the flow rate of argon and that of the hydrogen sanple. The results
of the anabysiof suitatly argspéniiregsm argendrydmgen 9p aEEoNQXYEeR BUYUIES FOPRIYREph i n

figure 2 as curve ¢ (thin,li : d t | Lhied out
on hydrogen ndt® %}r%’ieﬁnggﬂ%%]&%tg gei veny{l%&%J %chg{neg Qﬁg‘ﬁ@g%gg@gﬁgve d
‘(thick line). rdgroBXAbRL Eeshlth:COMIARATABIE) mikresehtee Ofeenx doplde t6 e e an
repeated in conditions different f,r,omthos% 9ccor§iaglg to the inve&;fb}bgn,
that is, by erfsEUYRNGEpLIEHIFROBEUHNGAL lentt 8074 1t VRHBE AIEEER Bt Een t he
flowrate of talfﬁlygfs' thinﬂﬁ?iﬁ@@% hWitRige®f or! REoFRIRLEDSS atgdnbgygen mixtures

30  containing at least 50% by volume of argon in case of the analysis of impurities in

r'iﬁ)nal 30

hydrogen and oxygen, respectively.



Two tests are carried out, one with hydrogen containing 10 ppb of C02 and
one 15 with hydrogen not additioned with this inpurity, but the results of
the two agglysessare conpletely superinposed in the only egraecvosprted in
the graph in figure 3. EXAMPLE 4 Two | M5 anal yses is carried out on
nitrogen sanples. 20 Afirst test is carried out at 110 C according to the
preferred embodi ment of the method of th&-invention, that is, using argon
as drift gas and a ratio of 5.7 between the flow rate of argon and that of
the nitrogen sanple. The sanple gas is prepared, using the sane the

cal ibration syst emyolseYpb of of &E6H Aok hitxlids 120668 1o soRRpPerafhsoMygein as an
intentional inmpurity; I1n this case too the sanple contains a 25 few tenths
.of ppb of watihe pehks homespandingdo ¢hé diffeaend dspedihse areesapprateds fhushnabling @ ar e

ted in th h in.fi .4 hi [ i ) S th
| ehont od w t HeFEIE dguHItARY: Aalis s ARasaey fos’ QRATS sty by Afing ASgke LT
he same T GUER @S s Wl biobd bl il BhpuEkANRR Bo o etcFamddg ispho hitxampl e

4 are repeate ut using aratio o etween the flowrate o ar%(,)n and
that of nist r ogenor fbee supstitpssedf peakeareagenemally obtainedofenthgdgke pobsHity, w O

| 12/ 052255 _8, PCT/ 1 TOL/ 29 wth Q2 . ted,li . fi
5 as curve g & tEF ﬁemﬁgéﬁr%%‘g'}setﬁg lie?Féerfcg%ﬁtb;ee%%? ﬁoethlf erhssé IBgar olﬁgal(_]}o I{oe'u s :Mg'tj Le

nitrogen not gGdishi %&fl}'ggﬁobve%aécﬁmhymdaﬁné@@rgbhgiuhmimmurve h (thick
line). EXAMPLE 6g( COMPARATI VE) 5 The tests of exanple 4 are r epeatagfle in
by

condi ti ons di f f er Briws flsorheem Samdabadenithe purppsenef theiayantign 1t i pagles

enpl oyi ng pur ,trogep ,as dpif X 1 , of
The drifi gastahiiecnon bgrerniedopile ol G hIERD fotfld GUL BT
resul ts ofy t h@ubesimphritist cQgan RA be afvesdmihdd bO Aifferenyiacending tohéhegr aph

infigure 6 as curve' i (thin line), whereas the results of. the %te% carried
10 out on ni t clayeinalcasversi ofi the ges uager Analygisy &n pasiculgl saidgatio; iy preferddlsc yr ve 1

(thick line). EXAMPLE 7 AR .l | yg) & .1 i.ed: : e anpl e.
The test i oSt dtmgstetaD iR A8 ot Bgfiohh, BF(ehb il 82 FHERATIE AT
the inventioncgmbhed, eithér beiveen 03 Addofonbetdetd 6 agdd0dndhecasadf oxygenl
between the flow rate of argon and that ofg\g}?e oxygea sa&Pl e yth ;Lhe

cal i bration sybeémentorshayedionand that in s @e oblwroganang ef’o%i%’déﬁe The
test results are _qi i . I ! < AGAMR eggyp kivE) The
test of ei(;arrplraém?gqcs %élp&ekéﬁ?égg I%ﬁﬁ‘g%%gﬁe?%ﬁlglyéf fa?er en%3 l:_bfergtoén t hcﬁlg%go
according to tifeerémveiaks on be tdbatindds In itye easpl afythe @xygenysaygein lbwemtheont ai ni ng

no inmpurities as drift gas; the ratio Betweegl thelyf.l ow rate of the,drift

%
gas and that Optvasa temBowdatset il gas andgas Yndepgmaly s gHYes THF 1 P Bst™ ar e
iven in gra . i e thélr
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figures are diafe‘ae(ﬁea“réas{i)@ﬁxﬂsmsibihazr@ﬂmandluesisa&nd mefke fhadgemination ofdbe ratio

also nodified are the clusterin f ions and . .
20  same area much more co?npqex, ang consequently may introduce errors in the

quantitative analysis.

On the other hand, a too high ratio between the flow rate of argon and that
of the gas to be analyzed has the effect of diluting the latter, with the risk of
diminishing the method sensibility.

25 As a compromise between the opposed needs illustrated above, the ratio
between the flow rate of argon and of the gas under analysis is preferably
) maintained at relatively low values; said ratio will be thus preferably comprised
between 15 and 25 in the case of hydrogen, between 5 and 10 in the case of
nitrogen and preferably of about 0.5 or about 8 in the case of oxygen.
30 The invention will be further illustrated by the following examples. The

examples have the purpose of demonstrating how, by operating in the invention



consequently the velocities of notion of cluster ions in the separation
zone. Figure 1 refers to analyses run according to the preferred enbodi nent
of the iRygRLAEAEss that is, argon as drift gas and ratio becwaen/omém flow
rates of drift and sanple in the preferred range. Curve a in figure 1 is
relevant to the analysis of a 30 sanple of hydrogen containing CO2 and

ni trogen, whereas curve b is relevant tebthe analysis of a simlar sanple
wi t hout CO2. Fromthe conparison of these two WO 02/11S2255 -9

PCT/ 1 TOL/ OO&29 curves is possible to determ nate that the analysis carried
out accor di ngcdRildg ip{ﬁo@éiﬁﬁ% SERRLDITRRUM aldifsid BUBRS hibithikevab o
reveal the difrerent 1ngurities as well distinct peaks, each one easily
Jidentifiabl e, pakdsephmation aridasespabito ¢haprmaphs obtained doreoeditiontwhdeh afe nofe
inmpurity) can be gasily determned.. 5 Fl.gure .2 shows.two I rves; still
obt ai ned accoi"ifPHﬁ“% & %Il}’r'emi"?m’é’ﬂt f‘%ﬁb‘tvﬁrctﬁ%?fssﬁg’ %ﬁapﬁﬁ Wbtéssfpaggtteg' %Hlés ?%ss
-preferred embgdiR0tealiRelRQbretddN@lingSriseMol Mofe Felibble dalywReaBsllsOWor &ices - of
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cont ai ni ng 10teptshsuwifable0pixaurds Sreppenarsd hyadditinninghselestadoimpusities odhe B9 ogen

and o) i C 15 BRed pECRHR s EUicfoo st aRE R WaRBRT kAR Y on ©

the shape of thewReak &8/gahive to this gas is |ess defined than in the
curves in Fig. 1, and by "adding one inpurity, C02, the peaks of C0Q2 and
that of N2 are supbeitespoesslis aferveporeseincgraphs; slavengpeals a3 funcheR of B to

carry out the analysis, t wwth greater diffieult]. | ution
of the peaks HAY 9f 1%’%?%“35%?‘}‘?58?‘?‘{)%% ]L%S@%ﬁa%ufagﬁ é{ﬁﬁgef-dog %gealg%ﬂ@g t%ggti on of
impuritieg Fof@ iy archicBrreshon@ingtte $hd onearataidnvahe diffetend idnsaChesedomy t o
t he standard nodality of the prror art, that is, using hydrogen as drift

gas. As it isascgsnesallytrommlexdspeciss.sviiely may OpPrise ORg MOTIMeE molstiles r um

tially f d _of ' LN it S i bl
Fecogni oe 1 he SHEdafized B b afipBltsd 4 BhE blimols tidIocTROSPE cfre? gas
condi tions boifhid fifenaHithbi & Alverelfited foeinghie field @t fehestaing!’y festhefsakdrof

different inpurities are inpossible. I.n the apalysis of nitrogen too (figs.
4-6), the use sipligityotheamaity pgaks g sheafigwas a%%ldéﬁgg?qﬂwéths'g%cf?m%ﬁ? Wg\;ﬁ%g
separated peaks.. Fiqure 4 re nal : i : i o the
preferred 1%5 m%cdﬁh%esr?te 5% E‘f @kﬁt\l}%}ﬁ? ?eo%,c M?ﬁcginﬁﬁéﬁ o{?ﬁ?ﬂpfgxeﬁgﬁ’%ﬁgg? tv]t%en t he
flow rate of dpibdpogadimgancusianml.eThe ghaak tdtensity. iCugivers v molts f(V); the
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i neli mnabl e base rn concentration of few ppb. it can be 30 noted, the
peak for the iinphe ptaph©enitie ondinate axis és oprrated bylthe svtramantoeleqtyeairs. Thes

al l owi ng an easy deterpination of the concentratj.on..of this i A WO
(12/ 0~22580 - 1d0PeatTe b9 68D eF‘Fg‘i?F%engFfeg 2 £ I%WEV‘flsSS%rc%a"rﬁrT? gﬁ ?é? by
still operating,ageo dbidof thd Biployed instrument is 8 cm long; in all the tests the
electric field in the separation zone is equal to 128 V/cm.
EXAMPLE 1

Two IMS analyses are carried out on hydrogen samples.

25 A first test is carried out at 80 °C according to the preferred embodiment of
the method of the invention, that is, by using argon as drift gas and a ratio of 16
between the flow rate of argon and that of the sample. As sample gas in the test it
is used hydrogen to which, by means of a calibration system based on mass
flowmeters, 5 ppb of nitrogen and 10 ppb of CO, are added as intentional

30  impurities; this sample further contains a few ppb of water, which represent a

practically ineliminabile base. The results of the test are reported in graph in



invention (argon drift) but in a |less preferred enbodi nent thereof (ratio
between flow rate of drift and of sanple |lower than 5), the peaks of oxygen
and M/aterw?r‘,g,oﬁég)gari nmposed; it is still possible to deterrcrare/iobm
guantity of oxygen, but in this 5 case as a difference with respect to the
guantity of water (whose concentration can be neasured fromthe peak at
about 23 ns). The curves in fig. 6 are obtai ned by operating according to
the nethod of the prior art, that is by using pure nitrogen as drift gas.
Curves i and 1, relevant respectively to nitrogen containing Q2 and
nitrogen cont 1#&5@%5% rvgpa' gﬁhqmglhmtﬁ%uﬁ?pgmlcglgxﬁgﬁs&lyﬁ%k Eﬁgﬁl%eage and
present a snalfer nunber of peaks; In se condrtions It 1S not possible
.to correctly eyaitehihe refidtsafaaseobnd test, caryigé pupamnthe same dohditianabysos aof this

inmpurity is practically inpassible. Finally, fjigures 7 .an are rel ative
to anal yses ofydrpgenesmple W@?h?%ggﬂﬁé& Qﬁdg%déweib@ﬂaﬁﬂﬁé' respectively

..to the invention w%g;f prior art. The 15 graph reported in figure 7
(use of argon as ; according to the invention) shows two neat and

rat her welsl separfhewspefksamplea 1tanerepeated, usbugd, ratibof §bapreeofthe flgwirate8 (use
of oxygen as dfift ga rpor . art) sho ,h the z bet ween.,19 and 23 ns,
a series of sﬁ{ﬁfg%g“&h&}g%# ’g‘e\kﬁfhif’ﬁe‘& mm@?.ct‘l{eereflﬁg Oggﬁ%?ﬂ?ﬁﬁsfﬁ &W%S?geflhe
graph introdugi j €Sivh B &S id FghiRe2 ayabket @lthieliadal ysi s.
WO 02/ U52255 Gﬁ@%ﬁrﬁ/ﬁéﬁ gC):'IIO'/FIC%;%/e 6%2119 1§_ng met ﬁod for 'r.regsugi n utaét?e
concent r at i onwhéreasifheresults ofithe testtqangpsihout opdrydiagen antl additiored ByCReaies of

ion nmobility spectronmetry _consisting, i.n eapl.oying as the counterflow gas in
the separati oBlVS% et ﬁ@%g%ﬁsﬁﬂﬂeﬁé %gﬁ troneter pure argon or a

m xture of, argon fRANPEFIRECONBARATIVE)Carrier in the sanple under
anal ysis, said m T T rmpurities and containing at | east 80%

by vol ume of ar gofihé¢ estaoé estmple hragerepratedoiye aonditiansr diffezantl feoam thaset 50%
by volunme of argop in gase of. argon/ hydrogen.or argon/ ox ] s. 2. A
Tt hod accor dAFGTIBE & Snrtentigforal i Pheriuy ahpdr e A hlbath 466°, ¢

hydrogen and {feafigthefvdBHHE BBw AR &if 1AW dridit @asQindAhACST thE sikhpleyiae iofl2ar gon
and the flow rate of hydrogen is equal to or higher than 10. 3. A nethod

according to Jwaiteste arenbesried nuts ghel withthygragsn sentaining 16 pah@f £%)2 and ensret hod

according to clai wher ei n..t.he gas.te.b y I I t he
rati o betieen ﬁeﬂ}“}r%?nr lalf’g ag‘?&lg]?%lgxgtgr&’ﬂﬁ )%@?%B’b% ﬁgrt%e:rr]&gﬁ%%?ﬁ@ef ow rate
of nitrogen ignf lard Gorpletdl eritipesedSin the oAty @irWotkpaaed irthegeragh @ ai m 4,
wherein said rat?éoégi s be]?ﬁmeen}gg%ngﬂlao. 6. A nethod according to claiml,
wherein the géigugd.ch has to be analyzed is oxygen and the rati o between

the flow rate of Wxture of argon and the flow rate of oxygen is
conprised either -3 and 1.5 or between 6 and 10. 7. A nethod

accordi ng to cl ai mwe, INM® efifydes fadatkigdadut on nfiraggnadmples.about 0.5 or 8.
(AN A9 AL '266\ - AL AIK fél\r‘si ﬁc\% 1@%&?1% 'oéij. B/.tY1518°C according to the preferred embodiment of
the method of the invention, that is, using argon as drift gas and a ratio of 5.7
between the flow rate of argon and that of the nitrogen sample. The sample gas is
prepared, using the same the calibration system of example 1, adding to nitrogen
15 ppb of oxygen as an intentional impurity; in this case too the sample contains a
25  few tenths of ppb of water which cannot be eliminated. The results of this test are
reported in the graph in figure 4 as curve e (thin line). The test is then repeated
with nitrogen not additioned with O, and the results are given in the same figure
as curve f (thick line).
EXAMPLE 5
30 The tests of example 4 are repeated, but using a ratio of 1 between the flow

rate of argon and that of nitrogen. The results of the test with nitrogen additioned
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EXAMPLE 7

An IMS analysis is carried out on an oxygen sample. The test is carried out

at 80 °C according to the preferred embodiment of the invention method, by using
15  argon as drift gas and a ratio of 1 between the flow rate of argon and that of the
oxygen sample. With the calibration system of example 1, 5 ppb of water are
added to oxygen. The test results are given in a graph in figure 7.
EXAMPLE 8 (COMPARATIVE)

The test of example 7 is repeated in conditions different from those

20  according to the invention, that is, by employing an oxygen flow containing no
impurities as drift gas; the ratio between the flow rate of the drift gas and that of
the gas to be analyzed is 1. The results of the test are given in graph in figure 8.

The results of analyses of impurities in hydrogen are summarized in figures

1-3. The times of flight in the various figures are different because, changing the
25  drift/sample flow rate ratio also modified are the clustering of ions and
consequently the velocities of motion of cluster ions in the separation zone.

Figure 1 refers to analyses run according to the preferred embodiment of the
invention, that is, argon as drift gas and ratio between the flow rates of drift and
sample in the preferred range. Curve a in figure 1 is relevant to the analysis of a

30  sample of hydrogen containing CO, and nitrogen, whereas curve b is relevant to

the analysis of a similar sample without CO». From the comparison of these two
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5 Figure 2 shows two more curves; still obtained according to the invention
(argon as drift gas) but in a less preferred embodiment thereof, that is, with a ratio
between flow rates of drift and sample lower than 10. Again, one test is carried
with hydrogen containing 10 ppb of CO, and 5 ppm of N, and the second one for
hydrogen with no CO,. From the curves obtained in these two cases (respectively

10 ¢ and d) it is observed that in case of the sample containing only nitrogen the
shape of the peak relative to this gas is less defined than in the curves in Fig. 1,
and by adding one impurity, CO,, the peaks of CO, and that of N, are
superimposed; in these conditions it is still possible to carry out the analysis, but
with greater difficulties in the deconvolution of the peaks and in the quantitative

15  calculation of the concentration of impurities.

Finally, fig. 3 relates to analyses carried out according to the standard
modality of the prior art, that is, using hydrogen as drift gas. As it is easily
observed, this way of operating leads to a spectrum essentially formed of one
single peak, wherein it is impossible to recognize the presence of different

20  species; obviously, in these conditions both the qualitative and the quantitative
analyses of the different impurities are impossible.

In the analysis of nitrogen too (figs. 4-6), the use of argon as drift gas allows
to obtain a spectrum having separated peaks.

Figure 4 relates to analyses carried out according to the preferred

25  embodiment of the invention, that is, with a ratio between the flow rate of drift
gas and sample higher than 5. Curves e and f respectively show the analysis of a
nitrogen sample containing O, as intentionally added impurity and of a sample
containing no O; also in this case peaks are present which can be ascribed to
water present as an ineliminabile base in concentration of few ppb. As it can be

30  noted, the peak for the impurity O, in curve e is well isolated and defined, thus

allowing an easy determination of the concentration of this impurity.
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respectively to nitrogen containing O, and nitrogen containing no O, are almost
10  completely superimposed and present a smaller number of peaks; in these
conditions it is not possible to correctly evaluate the area of the oxygen peak, and

the analysis of this impurity is practically impossible.
Finally, figures 7 and 8 are relative to analyses of traces of water in an
oxygen sample according respectively to the invention and to the prior art. The
15 graph reported in figure 7 (use of argon as drift gas, according to the invention)
shows two neat and rather well separated peaks; on the other hand, the graph of
figure 8 (use of oxygen as drift gas, prior art) shows, in the zone between 19 and
23 ms, a series of spurious signals which complicate the deconvolution of the

graph introducing a possible source of errors in the quantitative analysis.
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argon or a mixture of argon and the gas that is the carrier in the sample under

analysis, said mixture containing no impurities and containing at least 80% by
volume of argon in case of an argon/nitrogen mixture, and at least 50% by volume

of argon in case of argon/hydrogen or argon/oxygen mixtures.

E\J

A method according to claim 1, wherein the gas which is to be analyzed is
hydrogen and the ratio between the flow rate of argon or mixture of argon and the
flow rate of hydrogen is equal to or higher than 10.

3. A method according to claim 2, wherein said ratio is between 15 and 25.

4. A method according to claim 1, wherein the gas to be analyzed is nitrogen and the
ratio between the flow rate of argon or mixture of argon and the flow rate of
nitrogen is equal to or higher than 5.

A method according to claim 4, wherein said ratio is between 5 and 10.

6. A method according to claim 1, wherein the gas which has to be analyzed is

oxygen and the ratio between the flow rate of argon or mixture of argon and the

flow rate of oxygen is comprised either between 0.3 and 1.5 or between 6 and 10.

7. A method according to claim 6, wherein said ratio is equal to about 0.5 or 8.



