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CONCENTRATI ON OF CARBON MONOXI DE AND HYDROCARBONS | N OXYGEN BY MEANS OF

| ON  MOBIWDBY/0SBECTROVETRY" 5 The present invention rel at esTiimozooc&t hod f or
measuring the total concentration of carbon nonoxi de and hydrocarbons in
oxygen by neans of ion nobility spectrometry. Oxygen is w dely enployed as
a reacting gas in the integrated circuits industry, in order to build up
oxi de layers generally acting as an etkctric insulation between 10
different active portions of a circuit. As is known, in the manufacture of
t hese devices, the purity of all the used materials has a basic inportance;
as a matter of fact, contam nants possibly present in the reactants or in

the reacti on envi ronrrent may. be |ncororat ed |nto the solid state deV| ces,
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manuf act urj rocess nay change anong different manufacturers and

dependi ng @E@éﬁ@@ﬂ@%ss the gas is enployed in. Cenerally, a gas
is considered to be acceptable for manuf acturi ng purposes when its
|npur|t|es content does not exceed 10 pb (parts per billion, nanely an
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mcorporated into the solid state devices, thus altering their electrical features and

giving rise to a production wastes. The purity specification of the gases employed in

15 the manufacturing process may change among different manufacturers and depending
on the specific process the gas is employed in. Generally, a gas is considered to be
acceptable for manufacturing purposes when its impurities content does not exceed 10
ppb (parts per billion, namely an impurity molecule per 10° total gas molecules);
preferably, the impurities content is lower than 1 ppb. It becomes thus important the

20  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,
known in the art under the abbreviation IMS; the same abbreviation is also used for
the instrument the technique is performed with, while indicating, in this case, “Ion

25 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 species, in the gas or vapor phase, in a
gas medium, in amounts of the picogram order (pg, namely 102 g or in
concentrations of the order of parts per trillion (ppt, equivalent to one molecule of

30 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 firm PCP Inc.



gas nedium in anounts of the picogramorder (pg, nanely 1012 g) or in
concentrations of the order of parts per trillion (ppt, equivalent to one
nol ecul e wb 0309@sal yzed substance per 1012 nol ecul es of sacplieoxymegl. | VS
instrunments and anal ytical nmethods in which they are enpl oyed, are

di scl osed, for instance, in US patents 5,457,316 and 5, 955, 886, assi gned
to the US firmPCP Inc. WO 02/090959 PCT/IT02/ 00261 -2 The physi cochem cal
grounds of the technique are very compld cated, just as the interpretation
of the IM5 analytical results. For an expl anation of these grounds and
results, reference can be nmade to the book "lon Mbility Spectronetry" by
G A Eceman and Z. Karpas, published in 1994 by CRC Press. 5 Briefly, an
| M5 i nstrunent essentially consists of a reaction zone, a separation zone
and a char gedTbﬁﬁJilY@FQ@@e@@M gewyls ofiihe terhnigheate vgst Gourplisated, Justasrthe occur s
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a carrier gas, usually by means of (3-radiations emtted Ni . The
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potential, the ions produced in the reaction zone fromentering into the
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pressure, a gas flow Is presént having opposite direction 20 wi'th respect
to the onéemdmem air slspleoreen protprefigwties erdn their ipadzatigeppisatialbn the fiel d
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J prevents, when maintained at a suitable potential, the ions produced in the reaction

zone from entering into the separation zone. The analysis “time zero” is established
15 by the moment when the grid potential is annulled, thus allowing the ions admission
into the separation zone.

The separation Zone comprises a series of electrodes which create such an
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

20 with respect to the one of the ion 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. 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

25  separation 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 into the final graph, where peaks corresponding to
the different ions are shown as a function of the “time of flight”; from the

30  determination of this 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

peak areas it is possible to calculate, through suitable computation algorithms, the



inmpurities content of which has to be determned, or be a different gas.
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the current values sensed as a function of time into the final graph,
where peaks corresponding to the different ions are shown as a function of
the "time of flight"; fromthe 30 determnation of this tinme and the

know edge of the test conditions, it is possible to trace the presence of
the subst HMWELRHORIT HiecconsFRoBIIMEFPIRRS. anal ysis, whereas fromthe peak

areas it is pogshOhfyst Boribs WhdieCan INIS QHAYsiS W EARLE oGONP Y RIek %ﬁviﬂ%gpri t hrs,
the WO 02/ 090959 PCT/1.T02/ 00261 " -3 concentration of the correspondi ng

speci es. |RPSHHE ¢hssge- dBrihe Fasfoek oxegen) BB thegopsim, s elsor fosas aigatsie speci es

having a gesikd iy he& RAkESs zbik. hRIeF 3861 OindPXNRE thegRiivd HBASPTH R Yvst hi s
al so fornms negative ecies in the reaction zone.” Under such conditions,

S ! § o
(negat i've FP8HEY, Carlrenthhge RIsed spasies e g clertion | Affiniey bigherlas pers@sadavi ng
el ectron aff iRknt 3610k PRREIvE R VERR 130 Gas; Qﬁﬁ Q8B b&utOin’ € S'aééeoia char ge
fromthis gas; this essentially occurs in the case of car%on I oxi de, CQ2.
The anal ysia&basr dioxies i €PwsTha agalysife of i iBPEHBee i & YEIMis dprefornbmied he

speci es t hgneaReRNtFRldsQle @bndthirflbn! (g’" WEYESH ggggﬁpgﬁfeﬁsgﬂg td thdARASUT €,

there are for Tnstance carbon nonoxide, COQ, rocar bons, anong which
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fol I owi ng QREEREHBASOf CO and hydrocarbons in oxygen by means of ion mobility
spectrometry.

According to the present invention, said object is reached through a method

15 comprising the following operations:

a) converting carbon monoxide and hydrocarbons, present in the oxygen flow,
into carbon dioxide;

b) measuring the concentration of carbon dioxide in oxygen after the conversion
according to point a); and

20 c) deducing from the measurement of operation b) the total initial concentration
of carbon monoxide and hydrocarbons. -

According to a second embodiment thereof, the method of the invention is
employed in the case of oxygen containing, already initially, carbon dioxide as an
impurity (such condition can be ascertained through a preliminary indicative test

25  performed on oxygen without previously submitting the same to the conversion
operation of CO and hydrocarbons). In this case, in the IMS analysis, a concentration
value will be obtained corresponding to the sum of the originally present CO; and that
coming from the conversion of CO and hydrocarbons. In this case, a variation of the
method of the invention is employed comprising the following operations:

30 a) converting carbon monoxide and hydrocarbons, present in the oxygen flow,
into carbon dioxide;

b) measuring the concentration of carbon dioxide in the oxygen flow after the



a) converting carbon nonoxi de and hydrocarbons, present in the oxygen flow,
into carbon di oxide; b) measuring the concentration of carbon dioxide in
oxygen afwero2opm®sconversion according to point a); and 2@ceiTeddec ng from
t he neasurenent of operation b) the total initial concentration of carbon
nmonoxi de and hydrocarbons. According to a second enbodi nent thereof, the
nmet hod of the invention is enployed in the case of oxygen containing,
already initially, carbon dioxide as -&h- inpurity (such condition can be
ascertained through a prelimnary indicative test 25 perfornmed on oxygen

W t hout previously submtting the same to the conversion operation of CO
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syst em f or0Y4€%8i cal | y carrying out the nethod of the invention.

10 According to the method of the invention, CO and hydrocarbons, which are
species not detectable in oxygen by a standard IMS analysis, are quantitatively
transformed into carbon dioxide, CO,, which on the contrary is the measurable
species in this analysis.

The method of the invention may be put into practice by using the gas treatment

15 system schematized in Fig. 1. System 10 is consisting of an inlet line 11 for the gas
under examination; along line 11 a system 12 is arranged for converting CO and
hydrocarbons into CO;; system 10 further comprises, upstream and downstream
system 12, two three-way valves, V) and V,, that allow the insulation of system 12
from the gas flow, deviating the latter along secondary line 11°. Downstream system

20 12 or line 11° the IMS analyzer 13 is present; this is consisting of the reaction zone
14, divided from the separation zone 15 through grid 16; at the end of zone 15
opposite to zone 14, a particle collector 17 is arranged (no further details, like inlet
and outlet openings for the “drift gas”, are shown); the collector is electrically
connected to unit 18, comprising an electronic section, for the transformation of

25  electrical pulses from collector 17 into numerical data, and a computation section (for
example a microprocessor) for processing these data; unit 18 may be physically
integrated into a single body with the IMS instrument; finally, unit 18 produces, as an
analysis result, spectrum 19, where peaks are recorded corresponding to the different
chemical species sensed as a function of their time of flight in instrument 13.

30 In the first embodiment of the method according to the invention, the whole
oxygen flow entering system 10 is sent to conversion system 12 by suitably operating

valves Vi and V,, the conversion of CO and hydrocarbons is carried out, and the so



10 According to the nethod of the invention, CO and hydrocarbons, which are
speci es not detectable in oxygen by a standard | M analysis, are
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operation Db) is carried out as in the case of the first enbodinent, while
oper ati on 9Mplste sygiomsedor the conversion of CO and hydrocarbons containing this’

compound, are commercially available and sold for instance by the Applicant, by the
15 German firm Degussa-Hiils AG and by the US firm Engelhard Co.



out sendi ng the whol e oxygen flow entering system 10 to the anal yzer 13
through line 5 11', insulating system 12 by suitably operating val ves VI
and V2 i nwolhewase too. System 12 for the conversion of @OTAmMER/00261

hydr ocarbons to CO2 conprises at | east one oxidation catalyst conpound;
continuous regeneration of such a conpound is favoured in that CO and
hydr ocarbons are present as traces in an atnosphere nearly conpletely
consi sting of oxygen. Catalyst conpouﬁﬁs useful for this conversion are 10
for instance the oxides of sone noble netals, |ike ruthenium rhodium

pal | adi um and pl ati num anong these, palladium oxide, PdO is preferred.
The optinmal working tenperature of PdO is between about 200 and about 350
C. Pal |l adi um oxi de or even conplet§ ens for the conversion of CO and
hydr ocarbons containing this conpo ki ;are commercially avail able and sold

for instance ly Aheefiyl ifeanicasitihgt i® cdBedBabnimn Jfi babblegussexidaidng AG and
by the US. fi rm@%ngel.hard Co, WD 02/ 090959 g T/1T02/ 00261 -6 CLAI IXB 1. A
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5 a) cqnverti car bon nonaxi de and
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measured in 2. A method according to claim 1, further comprising an operation b’),
consisting in carrying out a further measurement of carbon dioxide concentration in
the oxygen flow not submitted to the conversion operation a); and wherein operation
c) is performed by comparing the carbon dioxide concentrations measured in

15  operations b) and b’).

3. A method according to claim 1, wherein operation a) is camried out by
employing a system (10) for the gas treatment, consisting of an inlet line (11) for the
gas under examination, a system (12) for converting carbon monoxide and
hydrocarbons, an IMS analyzer (13) and a sensing and data processing unit (18), by

20  sending the whole gaseous flow entering said treatment system to the system for the
conversion of carbon monoxide and hydrocarbons by suitably operating two three-
way valves (Vi; Va), arranged upstream and downstream said conversion system.

4. A method according to claim 2, wherein operation b’) is carried out
employing a system (10) for the gas treatment, consisting of an inlet line (11) for the

25 gas under examination, a system (12) for converting carbon monoxide and
hydrocarbons, an IMS analyzer (13) and a sensing and data processing unit (18), by
sending the whole gaseous flow entering said treatment system to the analyzer
through a secondary line (11°) and avoiding the passage through said system for
converting carbon monoxide and hydrocarbons, by suitably operating two three-way

30  valves (Vy; V;) arranged upstream and downstream said conversion system.

5. A method according to either of claims 3 and 4, wherein said system for

converting carbon monoxide and hydrocarbons comprises at least one catalyst



15 operations b) and b'). 3. A nethod according to claim1, wherein
operation a) is carried out by enploying a system (10) for the gas

treat mrentwooensivse i ng of an inlet line (11) for the gas weddroxnast nati on,
a system (12) for converting carbon nonoxi de and hydrocarbons, an I M

anal yzer (13) and a sensing and data processing unit (18), by 20 sending

t he whol e gaseous flow entering said treatnent systemto the systemfor the
conversi on of carbon nonoxi de and hydrécarbons by suitably operating two
three- way valves (VI; V2), arranged upstream and downstream sai d
conversion system 4. A nethod according to claim?2, wherein operation b')
is carried out enploying a system (10) for the gas treatnent, consisting
of aninlet line (11) for the 25 s.under exam nation, a system (12) for
convertind”EEPHBﬁ3WH&%%%@%h%ﬁgmﬁ§G%ggﬁﬁbSﬂgﬁméﬁnwwﬁméﬁﬁb§i%¥d6% eand a
sensing and dag. &\ RkfeESSEREingRd Elald 8) whét¥in sSRINNGuNE pMIBdiemaBs&ouUs flow
entering sald,}r atqﬁné sgstenlto t he agg{yZer t hrough .a .secondary |ine
(11') and avoi di‘hgPeHhed FeeudEe Pnileays: eH“%ﬁ@@@ﬂPﬁb?md%é%@€¥@? -car bon
monoxi de afigin@\penEah bY S a thipesatieabhyprieResivbamdomdtBoae- way 30 val ves
(M; V2) arranged upstream and downstream sai d conversion system 5. A

nmet hod according to either of clains 3 and 4, wherein said systemfor
converting carbon nonoxi de and hydrocarbons conprises at |east one catal yst
WO 02/ 090959 PCT/1T02/00261 -7 compound, active in hydrocarbons oxidation,
sel ected anong the noble netal oxides. 6. A nmethod according to claimb§5,
wherein said conpound is palladiumoxide. 7. A nethod according to claim
6, wherein palladiumoxide is maintained, during operation b), at a
tenperature conprised between 200 and 350C.



