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CONCENTRATI ON OF HYDROGEN AND METHANE | N NI TROGEN BY MEANS OF | ON L
SPECTROVETRY" The present invention relates to a method of neasuring the
concent r'4Pi'&H2%8FY 5 hydrogen and methane in nitrogen by Re&RE2402G20n
nmobility spectronetry. Nitrogen is wdely enployed as a reacting nedi um or
carrier gas in the integrated circuit industry. As is known, in the

manuf acture of these devices, the pU{ity of all the used materials has a
basic inportance; as a matter of fact,” contam nants possibly present in the
reactants or i.n the reaction environment may be 1D incorporated into the
solid state devices, thus altering their electrical features and giving
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nanely 101- ga) or i Concentrg\gions. of the order of parts per trillion
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of sanpl ergssion hivl chasdel A3t SffaRsh AR NS and'RbBRHSss bA tWhikehifithey are
enpl oyed are di sclosed, for instance, in US patents. 5,457,316 and

5, 955, 8561,'0°§§351ihﬁr€éla 1 gnlpﬁgeggl.cgﬁ%b/, P(§aS |1j considered to be acceptable for

manufacturing purposes when its impurities contert does not exceed 10 ppb (parts per

15 billion, namely an umpurity molecule per 10° total gas molecules); preferably, the
Impurities content is lower than 1 ppb. It becomes thus important the possibility to
measure extremely low concentrations of impurities in the gases in an accurate and
reproducible way.

A technique that can be exploited for such purpose is ion mobility spectrometry,

20 which i§ also known in the art under the abbreviation IMS; the same abbreviation is
also used for the instrument employed to perform this technique, while indicating, in
this case, “lon Mobility Spectrometer”. The interest in such a technique comes from
its extremely high sensitivity, associated with limited size and cost of the instrument;
by operating in suitable conditions, it is possible to detect gas or vapor phase species,

25 in 2 gas medium, in amounts of the picogram order (pg, namely 107% g) or in
concentrations of the order of parts per trillion (ppt, equivalent to one molecule of
analyzed substance per 10" molecules of sample gas). IMS instruments and analytical
methods in which they are employed are disclosed, for instance, in US patents
5,457,316 and 5,955,886, assigned to the US company PCP Inc.

30 The physicochemical grounds of the technique are very complicated, just as the
interpretation of the IMS analytical results. For an explanation of these grounds and
results, reference can be made to the book “Ion Mobility Spectrometry” by G.A.



30 The physi cochem cal grounds of the technique are very conplicated, just
as the interpretation of the IM analytical results. For an explanﬁ%i?Fz@é
these grounds and results, reference can be nade to the book "lon é i
Spect r ongbrogioo®dye G A. 1 9 SEP 2005 WD 02/ 090960 PCT/ | TO2/Ha4ad2/H¢eman and
Z. Karpas, published in 1994 by CRC Press. Briefly, an I M instrunent
essentially consists of a reaction zone, a separation zone and a collector
of charged particles. Wthin the reaction zone takes place the ionization of
the sanple, conprising 5 gases or vapers to be analyzed in a carrier gas,
usual Iy by neans of p-radiation emtted by 63Ni. The ionization mainly
occurs on the carrier gas, with the formation of the so-called "reactant
ions", whose charge is then distributed to the present species depending on
their electron o roton affinities or on their ionization potentials. The
react i on Eiesean Eglddf\hm petdishedha 1988 dvatR ©Rrashe by means of a grid which
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15 electric field that the ions are carried from the grid towards the collector. In this zone,
maintained at atmospheric pressure, a gas flow is present having opposite direction
with respect to the one of the ions movement. The counterflow gas (defined in the
field as “drift gas™) is an extremely pure gas, that may either correspond to the gas the
impurities content of which has to be determined, or be a different gas; for instance,

20  for determining the Impurities content in nitrogen it is either possible to use a
counterflow of pure nitrogen or argon, as it is disclosed for instance in Italian patent
application MI2000-A-002830 in the name of the Applicant. The motion velocity of
the ions depends on the electric field and on the cross-section of the same ions in the
gaseous medium, so that different ions take different times for crossing the separation

25  zone and reaching the particles collector. The time elapsed from “time zero” to the

&y

time of arrival on the particles collector is called “time of flight”. The collector is
connected to the signal processing system, which transforms the current values sensed
as a function of time in the final graph, where peaks corresponding to the different
ions are shown as a function of the “time of flight”; from the determination of this
30  time and the knowledge of the test conditions, it is possible to trace the presence of
the substances which are object of the analysis, whereas from the peaks’ area it is

possible to calculate, through suitable computation algorithms, the concentration of



connected to the signal processing system which transfornms the current
values sensed as a function of tine in the final graph, where peakis9 SEP 2005
correspondi to the different ions are shown as a fraction of the "tine of
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possi ble to cal cul ate, through suitabke conputation algorithns, the
concentration of 1 9 SEP 1005 WD 02/ 090960 PCT/ 1T02/ 00262 -3 the
correspondi ng species. In order to get good results fromsuch a type of
analysis, it is necessary that the peaks corresponding to the various
species be well distinct and separated fromone another. In a few cases,

however, #&hi. gng%gg&ihj,?& Léé not satisfied. That is what thappens 5 for
exanple int ase Of the analysis of nmethane as an inpurity in nitrogen;
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According to the present invention, such an object is achieved through a method
comprising the following steps:

15 a) carrying out a measurement of the apparent hydrogen concentration in the
untreated nitrogen to be analyzed;

b) carrying out a measurement of the apparent hydrogen concentration in a flow
of the nitrogen to be analyzed, purified from every kind of impurity but methane, thus
indirectly deducing the real methane concentration; and

20 c), subtracting the hydrogen concentration measured in step b) from the
hydrogen concentration measured in step a), thus deducing the real hydrogen
concentration in the nitrogen to be analyzed.

The invention will be described in the following with reference to the figures,
wherein:

25 - figure 1 schematically shows a system of gas lines comprising a purifier for
the practical realization of the invention’s method,

- figure 2 shows the result of three different IMS analyses of nitrogen, in one
case of pure nitrogen and in two cases of nitrogen with impurities.

As it has been previously said, the detaiis doncermng the charge transfer

30  mechanisms occurring in an IMS analysis are extremely complicated. It was however
found that nitrogen transfers charge to methane with an efficiency which is about

double of the one concerning the charge transfer to hydrogen; methane then



The invention will be described in the followwing wwth reference to the
figures, wherein: 25 - figure 1 schematically shows a systenlof ?qﬁ Inmes
conprising a purifier for the practical realization of the invention

met hod; wofixgeoey 2 shows the result of three different | Mo yses of
nitrogen, in one case of pure nitrogen and in two cases of nitrogen with
inpurities. As it has been previously said, the details doncerning the
charge transfer 30 mechanisns occurring in an |IM analysis are extrenely
conplicated. It was however found tf¥t nitrogen transfers charge to nethane
with an efficiency which is about double of the one concerning the charge
transfer to hydrogen; nethane then 1 9 SEP 1005 WO 02/ 090960 PCT/|T02/ 00262
-4 dissociates according to the follow ng reaction equation: CH4+ -> CH3' +
H (1) wherein CH3' stands for the neutral nmethyl radical. As a consequence
of the hidghesatchancgualing tribe éllosfing riaetayequetionst hane, and of 5 reaction (1),
the final effect on the | anal ygi's. gresult is Igat the nmethane contribution
to the hydrogen peak js higher t ah the one of drogen itself. The precise
val ue of theﬁmmmng%%rmeﬁkﬁ@ﬂhnumﬁﬁémmﬁnﬂGnhvﬂhane and hydrogen (which is
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i ndi cat edan Met dernitbed GlohOWHRY tdWinARR, th@lqﬁrﬁcmldﬂl-b@mldﬂ@-lé eﬁmhsldiuti ons,
whi ch does.not enable t
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reasur engpetsmct)fm E%efl g.ncP fex rofnonrn%gne \Ewrl]l be indicated by Hy and Hega, respectively.

When an impurities analysis in nitrogen is carried out, the resulting hydrogen
concentration measure, as said already, is an apparent concentration, indicated in the

15 following by Happ, due to Hy and Heps contributions, which does not enable the
precise quantification of either the hydrogen or the methane concentration,

According to the method of the invention, then, in operation a) the measurement
of Happ is performed; in operation b) the measurement of Heps 1s performed, thus
obtaining an indirect measure (through a measure of hydrogen concentration) of the

20  actual methane concentration in the nitrogen to be analyzed; and in operation c) the
contribution of hydrogen stemming from methane is subtracted from the Happ
measure, thus achieving the measure of hydrogen really present in nitrogen. The
evaluation of Hyupp, Hy and Hege measures, as well as the calculation of the difference
as per step ¢) of the invention’s method, will generally be realized in an automated

25  way through a data processing system, generally a microprocessor, connected to the
Instrument.

The method of the invention may be put into practice exploiting the gas lines
system schematized n figure 1. System 10 consists of an inlet line 11 for the gas
under examination; line 11 is subdivided, through a branching eleniefit 12, into

30  secondary lines 13 and 14, respectively provided with on-off valves V; and V»; on
line 14 there is also arranged a gas purification system, 15, able to remove from inlet

nitrogen all impuritis but methane; lines 13 and 14 are reconnected, downstream of



obtaining an indirect nmeasure (through a neasure of hydrogen conc rgrgﬁzﬁﬂ)
of- the 20 actual nethane concentration in the nitrogen to be anal? é,

in operation c) the contribution of hydrogen stenmm ng from nethane is

subt r act %@ %M he HAPP neasure, thus achi eving the med&UYd0¥$02py dr ogen
really present in nitrogen. The evaluation of HAPP, HH-and HCH4 neasures,
as well as the calculation of the difference as per step c) of the
invention's method, will generally besrealized in an automated 25 way
through a data processing system generally a m croprocessor, connected to
the instrunment. The nethod of the invention nay be put into practice
exploiting the gas lines systemschematized in figure 1. System 10 consists
of an inlet line 11 for the gas wunder exam nation; line 11 is subdivided,
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manufactured and sold by the Applicant under the trade name St 198; this alloy and
15 its production are disclosed in US patent 4,306,887; use of alloy St 198 for nitrogen
purification is disclosed in British patent GB-B-2,177,080; this alloy, employed at
temperatures about 300°C, is able to completely remove impurities like hydrogen,
oxygen, water and carbon oxides, without adsorbing, however, nitrogen and methane;
this alloy is therefore suited to the purposes of the invention, as it does neither adsorb
20 nitroger, (which, if absorbed, would rapidly saturate the alloy’s capacity, as it
represents the main gas) nor the critical impurity, methane, which wouldn’t enable the
method to be carried out if it was absorbed in an even minimal amount.
Another material especially suited to the pufposes of the invention 1s metallic
nickel, generally used on a high surface area carrier like for instance molecular sieves.
25 Metallic nickel too, when used at room temperature, 1s able to remove the impurities
commonly present in nitrogen except for methane. Supported metallic nickel, or
purifiers containing the same, are commercially available for instance from the US
company Engelhard Co.
It is possible 1 combine, with these purifiers, other gas purifiers krown 1 the
30 art, like for instance the ones based on molecular sieves for water sorption.
By using the system of figure 1, by keeping valve V; opened and closing valve

Vs, untreated nitrogen to be analyzed is supplied to the IMS instrument; in these
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Test results are given on graphs where peaks are recorded as a function of their
time of flight in milliseconds (ms); peaks have an area corresponding to the
15 concentration of the different ions. These ions are generally complex species, which
may comprise one, two or more molecules of the ionized gas, possibly associated to
more than one molecule of carrier gas; for sake of simplicity, the main peaks in the
figures are identified by the formula of the molecular species they are ascribed to,
rather than by the formula of the corresponding ion. The peak intensity is given in
20 volts (VY; the transformation of the cuirent directly measured by the sensor (number
of 1ons colliding onto the sensor per time umit) nto volts is performed by the
instrument electronics. The sample ionization is performed by a radioactive source of
S3Ni. The separation zone of the employed instrument is § cm long; in all the tests, the
applied electric field is equal to 128 V/em. Gases employed in the tests are supplied
25 by the firm SIAD (Bergamo, Italy), in cylinders containing pure nitrogen or mixtures
of nitrogen and of 20 ppm of the concermned impurity, which can be either hydrogen or
methane.
EXAMPLE 1
This example is representative of an impurities analysis on nitroegen according

to the method of the invention.

(¥}
o

First of all, an IMS analysis of pure nitrogen is carried out, in order to track the

background spectrum of the system that will be used as a reference item in the



the instrunment. The invention will be further illustrated by the gglggM@mp
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Gas shovi ng' £ hbat ianeRAd P SERAE Splnlidh b9'Ye BOTLERRTIE B8 fo the
concentr at\ieonorofAV\mnogerhﬁsM cobeimdes €0npmedhf msthded, i ilaeciihm:d twhidr pute as
nitrogen to a 2 ppb concentration of methane. The use of nitrogen exclusively
containing methane is equivalent to the gas purification obtainable from system 10 by
15 closing valve V; and opening valve V,. This gas flow is sent to the analyzer. A
spectrum is obtained which is recorded on figure 2 as line b. Hydrogen peak falls at
21 ms, namely a the same time of the species derived from nitrogen, but it is possible
to deduce the contribution of hydrogen alone by subtracting the areas. Because of this
overlapping, the peak on the figure is indicated as N,” + H'. The Hems value,
20  corresponding to 2 ppb, is deduced from line b by means of the instrument’s
processing system, which takes into account the correction factor for the higher
charge transfer efficiency from nitrogen to methane with respect to hydrogen. o
EXAMPLE 3 (COMPARATIVE)

A comparison test is at last carmied out, corresponding to the known performing

25 procedure of an impurities analysis in nitrogen.
A nitrogen flow, containing 20 ppm of hydrogen and a nitrogen flow containing
20 ppm of methane are mixed and diluted with pure nitrogen to a 2 ppb concentration
of both impurities. This gas is directly sent to the IMS instrument. The test results are
recorded on a graph in figure 2 as line c. A hydrogen concentration value of 6 ppb is
30 deduced from this line by means of the instrument’s processing system, by subtracting
the contribution of the nitrogen background from the peak at 21 ms.

The test of example 3 corresponds to the known performing procedure of the



reactant ion peak, abbreviated as RIP. The peak centered at 21 ns
corresponds to species containing an odd nunber of nitrogen atons)sgﬁg%ﬂm%
N3+, N5+ and so on, indicated in figure 2 as NJ. |0 EXAMPLE 2 Atest is

t hen camo exosou® according to operation b) of the nethodpof/rrémezéiznventi on
A nitrogen flow, containing 20 ppmof nethane, is diluted with pure
nitrogen to a 2 ppb concentrati on of nethane. The use of nitrogen

excl usively containing nethane is e%U|vaIent to the gas purification
obt ai nabl e from system 10 by is closi°mg val ve V; and opening valve V2. This
gas flowis sent to the analyzer. A spectrumis obtained which is recorded
on figure 2 as line b. Hydrogen peak falls at 21 ns, nanely a the sane tine
of the species derived fromnitrogen, but it is possible to deduce the
contribution of h drogen al one, b su%tractln t he areas. Because of this
over | appPRITIHER RN ToR TP RE™ 4 yl68S Peer frfio Mo e el ionpPes & QRIANEC oy

val ue, 21916&‘6@&! 65 BNEhIgte® h3d e ah§ 1ﬂ@ﬂa&edv1ﬁcﬂpm hdwieyep mboma&o of the

i nstrunen sing system which takes into a count é orrection

proce
factor 9 %%ﬁ m‘f@ﬁ@? fe%ﬁ%ifvg@ecwah%wﬁ ring dRpy I ?V 1885 iR artle@ met hane
W th respeGbmie NMEhREE8en XANEleEtadhd GIVRARMNK ¥ @pb sqggmrthaipcﬁetoﬁgt is at
perrto

| ast carrjed out, corresp ondlng)to t he "known rmng rocedure of an

i npurd tlwéwarﬁawéd%e oHiaaed (b@eh). dneip thegamwts P%Wdf%%ﬁﬁlt %ndnthﬁ PP 9pm of

hydr Oge“m@ﬂBQn@ E}J fr OQBMok! PV &R@hﬁi Bidile t& u&ﬂﬂh@el}”ﬁét@ﬁ&%e 3y8rJgexed and
diluted wt @ﬁure nitrogen to a 5 concentratlon of both inmpurities.
Thi's gasaldgn &E@@WVK§@ﬁt to the | MS instrunent. The test results are

recorded on & il ¢ ion val ue
R e
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subdivide into the respective contributions deriving from hydrogen and

met hane;  furthernore, the hydrogen reading obtained by this way (§ )0'3
M-§Aet003han the one 5 which shoul d be obtained (4 ppb), due to the g ] 5'5@ 5
hydrogen and the 2 ppb of nethane. By this nethod, it is thus inpossi g 28
quantitatively determ ne hydrogen and nethane in nitrogen. Through the

met hod of the invention (exanple 29-on the contrary it is possible to

i solate the contribution of the HcH4 value to the HAPP val ue; the precise
CH4 to concentration is deduced fromthe HcH4 reading after calibration of
the instrunent; fromthe knowl edge of this concentration and fromthe '
measurenment of HAPP it is then possible to correctly deduce the hydrogen
concentration initially present in nitrogen. 1 7- 04.2003 -9 CLAIMS 1. A

met hod of measuring the concent paigmgs of hydrogen and nethane in nitrogen by
means of ion nobility spectronetry, conprising the follow ng steps: a)
carrying bué alqﬁ%eilénﬁitmag the Coapprarasan cpfygydfgsw @B ciaptaee iiBn ( HAPP) in

5 the | 4 : " . i measur enent of

he o OOy B e g Compiisin *%%EHEW%% a flow of the

ni trogen #ccapaingredt paeersurenidnt péthefappaieat hydragam ¢onceriratint hane, thus

i n_,gi r&%tﬁa&e%ﬁqﬁ&%n%%e%ﬁ@gz&?t hane concentration; and c) subtracting the
ntrati

hydr ogen concer on neasdred in operation b) fromthe 10 hydrogen
concent r ab) enrymgasu rguedsnreopant af thercaapentratios of dyfoeen sgmnhiagdmenat i on HAPP-

nydr o2 O i s ofrst e fibofsifoMRlaRzhy Wulict g AT fcD i o
accor blitmgethaneg thusnindireotlyatediicing siareabmetbane earicentratems anénent s and sai d
o oceasi g Lgkdld B B SRR LRELM Bl SHPILBEHAY h aHALT G212
preoc e@;glr@g,ens:pspmmtisn gueasrdrcd _drpopﬂreticxoa), th;uS pﬂfmhgdhaqmat&mﬂdpe claim1,
ther it SOERL Diak FEOHL S BHPY (HOCBALBE ) B ol VO
concentration in the nitrogen to be analyzed.
2. A method according to claim 1, wherein said concentration measurements
and said subtraction operation are performed in an automated way through a data
15  processing system.
3. A method according to claim 2, wherein said data processing system is a
IMiCroprocessor.
4. A method according to claim 1, wherein operation a) is carried out by directly
sending to the IMS instrument the nitrogen whose analysis is intended to be
20 performed and operation b) is carried out on nitrogen previously made to flow
through a pufification system able to remove all impurities but methane from said gas.
5. A method according to claim 4, wherein a system (10) of gas lines is used,
which consists of an inlet line (11) for the nitrogen under examination; said inlet line
being subdivided, through a branching element (12), into two secondary lines (13;
25  14); wherein on each line there is an on-off valve (V; V) and on only one of the
~ lines (14) there is also arranged a nitrogen purification system (15); said secondary
lines being connected, downstream the valves and the purifying system, to the
reaction zone of an IMS instrument (17).
6. A method according to claim 5, wherein operation a) is carried out by
30 sending the nitrogen to be analyzed into said system of gas lines, while keeping
opened the valve on the line where said purification system is not present and closed
the valve on the line where said purification system is present; and wherein operation

b) is carried out by sending the nitrogen to be analyzed into said system of gas lines,

AMENDED SHEET



20 perforned and operation b) is carried out on nitrogen previousl nﬂgam§
flow.through a purification systemable to renove all inpurities bu@
fromsaid gas. 5. A nethod according to claim4, wherein a system (10) of
gas |ind¥0i0Z0yet, which consists of an inlet line (11) PC3ATIH®2 t r ogen
under exam nation; said inlet |ine being subdivided, through a branching
el enment (12), into two secondary lines (13; 25 14); wherein on each |line
there is an on-off valve (Vt; V2) ang on only one of the Ilines (14) there
is also arranged a nitrogen purifica Pon system (15); said secondary |ines
bei ng connected, downstreamthe valves and the purifying system to the
reaction zone of an M5 instrunent (17). 6. A nethod according to claimb5,
wherein operation a) is carried out by 30 sending the nitrogen to be
analyzed _said st.e as ened t he val ve on
the | F ne e e TR P carto i ShE Rk Ve, el PR d SR Ko The val ve
g;\ t he Ipfbeemmaepsl&tddh@gmé bg diellore \shesetﬁmdpﬁrémmarswtmandpmﬁﬁel 3 oper at i OP
is carrie sendj.n e _nLtroge e into said systemo
Ohs Ti nes. | AVERBES BRI B 6 R 600508 B0 97 SBBRE & 10 whi | o
keepi ng ghe@qﬂuﬁMg val ve on the |ine mhere said purification systen1|s not
pr esent and pened the val ve on the wher e sai d.purifi.catio stemis
preseht . R o fHoeh e5SeF iR dO tH reiyfeide PG EPSRIPT RC on system

conpri seﬁa@nc Seadi Ehtipefdehi aﬁnpo%ltﬁnz%mstv/@% Bcpgrding to claim7, wherein
said purifier contains an_al t he wei ght percent conp05|t|on Zr

o] havi ng
76. 5% Fe 23. Bog method sreprng @sﬁ%%? ﬁ@hef%néquémw er 9@1&@1@? mesRnaskel fi er

cont ai NSoBLallel Ganhskalch PPrase &L er having a hlgh surface area. 10. A
met hod according to ¢laim5, wherein the purification systemconprises to

at least twol) mqﬂécrdsaccawéngﬁo Waing B, woeicHt Gdueiifcailomayseyn $OPIF®sn and i s
basegh ong; 114 QGK! AlriRIEVRS of which is intended for water sorption and is based on

molecular sieves.



