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HYDROGEN AND METHANE | N NI TROGEN BY MEANS OF | ON MOBI LI TY SPECTROVETRY"
The presewDo2n09®rdi on relates to a nethod of neasuring thecramexmeeat i on of
5 hydrogen and nethane in nitrogen by neans of ion nobility spectronetry.
Nitrogen is widely enployed as a reacting nediumor carrier gas in the
integrated circuit industry. As is known, in the manufacture of these
devices, the purity of all the used materials has a basic i nportance; as a
matter of fact, contam nants possibly present in the reactants or in the
reaction environnent may be 10 incorporated into the solid state devices,
thus altering their electrical features and giving rise to production
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15  billion, namely an impurity 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 is 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, “Ton 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 a gas medium, in amounts of the picogram order (pg, namely 10" 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 “Ton Mobility Spectrometry” by G.A.



30 The physi cochem cal grounds of the technique are very conplicated, just
as the interpretation of the IMs analytical results. For an explanation of
t hese growodg/ogme results, reference can be nade to the IPCOATINOR62MODI ity
Spectronetry” by G A WD 02/090960 PCT/1T02/ 00262 -2 Eiceman and Z.

Kar pas, published in 1994 by CRC Press. Briefly, an |IM instrunent
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of charged particles. Wthin the react?on zone takes pl ace the ionization
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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
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



time of arrival on the particles collector is called "tinme of flight". The
collector is connected to the signal processing system which transforns
t he currewD apiees sensed as a function of tinme in the fiPpcaliTgrmpé2, where
peaks corresponding to the different ions are shown as a function of the
"time of flight"; fromthe determnation of this 30 tinme and the know edge
of the test conditions, it is possible to trace the presence of the
substances which are object of the anaﬁysis, whereas fromthe peaks' area
it is possible to calculate, through suitable conputation algorithns, the
concentration of WO 02/090960 PCT/IT02/ 00262 -3- the correspondi ng
species. In order to get good results fromsuch a type of analysis, it is
necessary hhat_the .ggaks.corresponding to the various species be well
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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 details concerning 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



concentration in the nitrogen to be analyzed. The invention will be
described in the followng with reference to the figures, wherein: 25 -
figure 1 wohlewnascal |y shows a system of gas |ines conpri PCagT@/que2 fi er
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found that nitrogen transfers charge to nethane with an efficiency which is
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a) the measurenent
When an impurities analysis in nitrogen is carried out, the resulting hydrogen

concentration measure, aslsald already, is an apparent concentration, indicated in the
15  following by Happ, due to Hy and Hcus 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 Hepy is 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 Happ, Hy and Hene measures, as well as the calculation of the difference
as per step c¢) 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 in figure 1. System 10 consists of an inlet line 11 for the gas
under examination; line 11 is subdivided, through a branching element 12, into

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

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



of HAPP is perforned; in operation b) the nmeasurenment of HCH4 is perforned,
thus obtaining an indirect nmeasure (through a neasure of hydrogen
concent r awpe)p960 t he 20 act ual net hane concentration in Ph@/Imézeogen to be
anal yzed; and in operation c) the contribution of hydrogen stemm ng from
met hane is subtracted fromthe HAPP neasure, thus achieving the neasure of
hydrogen really present in nitrogen. The evaluation of HApp, HH and HCH4
measures, as well as the calculation ol“the difference  as per step c) of
the invention's nmethod, will generally be realized in an autonmated 25 way
through a data processing system generally a m croprocessor, connected to
the instrunent. The nmethod of the invention may be put into practice

exploiting, th as lines systemschematized.in figure 1. System 10
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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  nitrogen (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 purposes of the invention is metallic
nickel, generally used on a high surface area carrier like for instance molecular sieves.

25 Metallic nickel too, when used at room temperature, is 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 to combine, with these purifiers, other gas purifiers known in 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
V,, untreated nitrogen to be analyzed is supplied to the IMS instrument; in these



manuf actured and sold by the Applicant under the trade nane St 198; this
alloy and 15 its production are disclosed in US patent 4, 306, 887; use of
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of met hane;ak ogie fiighet Hie nfilikEQIRE R PPeARh¥ A 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 (V); the transformation of the current directly measured by the sensor (number
of ions colliding onto the sensor per time unit) into volts is performed by the
instrument electronics. The sample ionization is performed by a radioactive source of
S5Ni. The separation zone of the employed instrument is 8 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 concerned impurity, which can be either hydrogen or
methane.

EXAMPLE 1
This example is representative of an impurities analysis on nitrogen according

30  to the method of the invention.

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



10 Finally, operation c) is devel oped by the data processing system
connected to the instrunent. The invention will be further illustrated by
t he fol | oworg/oevanpl es. Test results are given on graphs weaneoymades are
recorded as a function of their time of flight in mlliseconds (ins);
peaks have an area corresponding to the 15 concentration of the different
ions. These ions are generally conpl ex_species, which may conprise one, two
or nore nol ecul es of the ionized gas,‘EOSsiny associated to nore than one
nol ecul e of carrier gas; for sake of sinplicity, the main peaks in the
figures are identified by the formula of the nol ecul ar species they are
ascribed to, rather than by the fornula of the corresponding ion. The peak
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per time ufidts) 0.1 Hlewwiatib Detviccheld sniptel cliyaridnie diiftsdas Ulienteselt efthiowrsics. The
sanpl e ioni zati_&g]f,i S er%%ir ged b.y%g radi oact.i ve source of 6§Nit.. Thte

separ at i orfs F&PEdsdr i FRtre A SPE - i THERCARTUTIEE & EOHSSBRY PR OLE MHHE t est's,
t het appl ii@i@h'ﬁclbf%bgﬁiz %7 Eﬂsﬁif E]hei %ﬁ@tﬂgeAﬁs@ingﬁ&eﬂ‘l o f(%zfiﬁ?lg&h@bpbﬁlfﬁﬂ N t he
ests are supplie e firm rgamo, |t ., 4N cylinders

cont ai mi ngt ppg’ AR ST W@%Flé%wmgﬁﬂﬁ}egfr%ﬁl%ﬁaxd’? t%a[ﬁ%ﬁfso % he
concer ned i%ﬂﬁ&ﬁﬁ'bé wonwﬁi&r@dibrfgﬂ vﬁﬁ%:lﬁihhh_% Hay@Htft@gﬁﬁledoris d@_ﬁhbtame.thf)éAN&E 1

is exanpl é is representative. o urities analysis on nitr n

accordingqﬁgﬁmﬂdoPE@ﬂﬁéﬂ%ﬁﬂ”%ﬁiFﬁéﬁgntggpF%%Pe l?gfiéi]Q?PPHQWOP%%EbnaIySis
of pure nidyeEigeRontinGal i 0dd Qwinbet Bf Qtelen taorhs, a0kh bhe," bckgidundnspect rum
of the systemthat will be_ysed as a reference itemin the WO 02/ 090960
PCT/ | T02] opdiseted yfigee2tiNng: t ests. The test is carried out at 110C, while
using pure argeRAASPHOEIft gas- and a 0.15 flow rati o between the sanple gas

and the drift gas. Ihe result of this test is recard in fjagur as line
a. The peak oculesti $gthch @Hi5% SPoATRIKUBS dP Wergtivs @f of fddP‘? d}?ﬁth‘%}lfjogﬁﬁ%t 27 ns

is the peajveftidnhen HBtkdbeR 858N Eort@RingC 20 P on ndtheres Redile®dNRith furé hi s
ion, corresponding to the gas show ng hi ghest concentration in_the
anal ysi s, Riffegen 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 Vi 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 Hcgs value,
20  corresponding to 2 ppb, 1is deduced from line b by means of the mnstrument’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 carried 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 ¢. 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



inpurities concentration of which has to be determned, is defined in the
art as reactant ion peak, abbreviated as RIP. The peak centered at 21 ns
Correspore km909speci es cont ai ni ng an odd nunber of nitrogemTaewwes2 such as
N3+, N5+ and so on, indicated in figure 2 as N'+ 10 EXAMPLE 2 A test is
then carried out according to operation b) of the nethod of the invention.
A nitrogen flow, containing 20 ppmof nethane, is diluted wth pure
nitrogen to a 2 ppb concentration of n®t hane. The use of ni t rogen
exclusively containing nethane is equivalent to the gas purification
obt ai nabl e from system 10 by 15 cl osing valve VI 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 . nanely a the sane
Uine of t HEPERLES HElis PRE0saofor] esden e (hif Anglysip GUEF Bloutd o quce
t he cont rihedsi@nofofhe hﬁﬂ)ﬁlﬂﬁémhﬁdr@%@ 2 sehlahgokhiol it hewavaaigpobdblause of

e

this overlapping, the peak on the fiqure i.s indicated as N+ + W The HCH4
val e, 20 SBEPSpioi ity Feaecs Bt e SRt O | RGP BB ¢ he

; nSt ru W]?ntﬁu:therﬁfo@& eRShyifo SyiSbalhg Whhiabd bRkes whp {®pstodotidhei fien derdmct i on
actor for

.he hi gher ".char transfer effjcien fromnitrogen to t hane
with res pg‘ﬁhﬂd{l éhfl’iﬁ@lr%ég&@mg(&l\m 3 3116( @)&’lﬁ \9% yﬁoé%ﬁﬁﬁa itl§€g2 p&’gsqfl?s at
l'ast carrigethaidl ByGRisriashReadt rothu® i&b&siﬁﬁ@tﬂ]?lﬁﬁfifaﬁkfﬁﬂyﬁ@ﬁerﬁﬁleplﬁy&@@w e of an
inmpurities analysis in nitrogen. A nitrogen flow, containing 20 ppm of
hydr ogen BethneB §FPeePow contai ning 20 ppm of nethane are m xed and

diluted with m&&lgrﬁ the QE8Rod 6f e 2nRAR0E PRELRLY Bl drthe BhtrBgtihisi pHasibiet | es.
This gas is directly sent to the IMS in?trumant The test result re

recorded dA igolgieatyr Gomtrhigian 1oty Horsnealue toathey Hperg¥alueohiediessg L5H val ue

of 6 ppb i ®ndthiRadrGededicemmidm shd HPE, &Xdiﬂ?%ﬁér edlikfifon HStheUARAint;
processi ng system by subtracting the contribution of the nitrogen

backgr oundT¥th & irnevipdasiotahis sqnaegiratggeanddigm Hre msassrensoLidardsis to the
known per f.o58b 106 RbRERAM Bu&Y the BEdNERDHMOSAEE BERAI 0804 rogdh.
inpurities analysis in'nitrogen.  As it has been seen, this analysis gives a
cunul ative



measure of the inpurities hydrogen and nmethane, which is however inpossible
to subdivide into the respective contributions deriving from hydrogen and
met hane; wbuewb®nanor e, the hydrogen readi ng obtai ned by t RCI/IRE®00R& ppb) is
hi gher than the one 5 which should be obtained (4 ppb), due to the 2 ppb of
hydrogen and the 2 ppb of nethane. By this nethod, it is thus inpossible
to quantitatively determ ne hydrogen and nethane in nitrogen. Through the
met hod of the invention (exanple 2) o’ t he contrary it is possible to
isolate the contribution of the HCH4 value to the HApP val ue; the precise
CH4 10 concentration is deduced fromthe HCH4 reading after calibration of
the instrunment; fromthe know edge of this concentration and fromthe
measurenent of HApP it is then posihghﬁgio correctly deduce the hydrogen
concentration initially present in n. WO 02/ 090960 PCT/I1T02/ 00262

-9 CLAIMS 1. 1A Aehbfdd off measuinhgNYe tdoacamatientofahydoogenf alry deaigeme and

met hane in . nitrogen by _neans . ion nohility spectr try, conprising the
fol | owi ng TEiregre bydneaug of er}aglg}ﬁ{y %G%E%%Weﬁ@ﬁ 1 gflwgt{)ﬁ%\géggﬁepshydr ogen
concentration d)Rrathigg dut NinkeAk@tenidf g epparent hydeopeh }oadckntlio & thd ng out
a nmeasurenent of ren drogen concentration in a flow of the

t ea$% ﬁhé
ni trogen tBlisaed JETesR L bHAYaRY fromal |l inmpurities but methane and
indirectly degugifigglonea heaburemetiaiehcppecnt hnlrogen coadbehteios bt flast i ng t he
hydr ogen concentrati on nea ur&d i@hg eratLonlgﬁ.f@0ﬂ1t e 10, hydr ggen
concent r at3dhe HEREeh ‘?ﬁm§68=é¥¢ %yplﬂ.ugp e orhethrre P dPogen
concent r atdg@icihp it 18althéth@geddntéhtRdo@nadyzed. 2. A method according to
claim1, wherein said. conceint rati on measurenents . and saj.d $ &%}ra tion
operation are PevPBRGEG the hyATOPER SARCEH Y MEAFBEG P QPEALAR g 5%&%‘? ng
systemg 15h3iroddn bR Ara86E Ahshs@dtin dpeaikith 2), erdetdisailt tal ayfiogaessi ng
systemis a mcroprocessor. 4. A@gth d according to claim1, wherein
oper at i on @Ppepragigh i the TaEREeEo §f qua'

2. A method according to claim 1, wherein said concentration measurements

and said subtraction operation are performed in an automated way through a data
processing system.

15 3. A method according to claim 2, wherein said data processing system is a
MICTOProcessor.

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
performed and operation b) is carried out on nitrogen previously made to flow

20  through a purification 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;
14); wherein on each line there is an on-off valve (Vi; V2) and on only one of the

25  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

sending the nitrogen to be analyzed into said system of gas lines, while keeping
30  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,



sending to the I M5 instrunent the nitrogen whose analysis is intended to be
performed and operation b) is carried out on nitrogen previously made to
flow 20 twomaghso purificati on systemable to renove all iPepaTIdG0ee but

nmet hane fromsaid gas. 5. A nethod according to claim4, wherein a system
(10) of gas lines is used, which consists of aninlet line (11) for the
nitrogen under exam nation; said inlet |ine being subdivided, through a
branchi ng el enent (12), into two secodfary lines (13; 14); wherein on each
line there is an on-off valve (Vi; V2) and on only one of the 25 |lines (14)
there is also arranged a nitrogen purification system (15); said secondary
| i nes bei ng connected, downstreamthe valves and the purifying system to
the reactiq one of an | M5 instru t (17). 6.. A nethod according to
claim5, \M‘}Ep@eé?FPBEeF]QF?doFPanaW% g4 Piq@& Y)’h%reb%?ld Q%nﬁ?aﬁ‘@nt Ra*H 15 Ben to be
anal yzed igp®ensaidbpeysd gevalve®ashd limeshersail pulidiemiongystdt iopaned. t he val ve
on the line where s ig purifi cat{ on s%ﬁt emis. not (gr.esen and cl.osed the
val ve on the I%-Mﬁﬁ‘@ @ceaiine b Fiam SatheRinespid RYRGCStBR SYSIFR COBRESRer ei n
operati on sifple pirificdl ri ed out by sending the nitrogen to be analyzed into
said systemof gas | ngs, ) 02/ 09096 %I,TOZ[ 026% -10 whil e keeping

cl osed St he val8eAdrethag aceordingnior elai’y 2 PYHUER SPRAE AIBHOY pr esent
gndAope?ﬁqhawﬁ@ tM@gv@h@?ereé}F cbin@gsmd\s,\ahezm@aé/odwgsjs%. _c?_t i 0{1_ syst emt is present.
: met hod according to claimb5, wherein, sai urification syste
conprises a s} Agmeledaceqrding teclgim 4, WE@%%@E&%&@H@@S&W% ’?‘}"@%er ein
sai d puri fdef c£a8lRVIE ARgRk®Ee aR@yvi Ng the wei ght percent conposition Zr
76.5% Fe 23.5% 9. A method according to cl,ai{n 7, .wherein said purifier
cont ai ns net all0 & mickied) accRiAing te £3iet Wﬁ?lﬁdl%PWé%t@BrsV%‘&@ CQPE’él.SESm. A
met hodmacce@rl@hlsﬂam% PusifidisMoRe oYREHAI b fl@dedé:f WeRE keptisy shes eadardses 10

Hi
at least two purifiers, one of which is intended for water sorption and is
based on Tpleedldl BeVesi eves.



