WO 2009/122017PCT/FI2009/050249 METHOD FOR MEASURING GASES AND
CORRESPONDING ION MOBILITY SPECTROMETER FIELD OF THE INVENTION 5 The present
invention relates to a method for measuring gases, which method comprises the stages: ionization of
the sample 4334 g8 How, leading of the ionized gas flow through an &oH§HEd 6 E:Mobility
measuring chamber in its defined flow cross-section, separation of ions with differing ion mobilities with
the aid of a transverse electric field and at least one measurement-electrode pair arranged on
the wall of (g Fampasingahamhendh GRNEY VIS BHAES 1OAB I eBluRE oppter (INS)

implementing the method. PRIOR AR
SPECTROMETER

FIELD OF THE INVENTION

5

The present invention relates to a method for measuring gases,

which method comprises the stages:

- ionization of the sample gas in a gas flow,

- leading of the ionized gas flow through an elongated

10 ion-mobility measuring chamber in its defined flow
cross—-section,

- separation of ilons with differing ion mobilities with
the ald of a transverse electric fileld and at least one
measurement-elecirode palir arranged on the wall of the

15 measuring chamber.

The invention alsoc relates to an icon mobility spectrometer

(IMS) implementing the method.

PRTOR ART

20

Ion mobility spectrometry (IMS) is a method for measuring
gaseocus impurities in air (Elceman & Karpas, 2003). The mobil-
ity of ions is measured in many ways. The most common is time-
of~flight IMS, or drift IMS. Ancother known method is aspiliration

25 IMS. This is used to measure the mobility of both icons and
aerosol particles. Aspiraticn IMS iz based on the fact that
ions move in an air flow and most usually with an electric
fieid that is most usualiy perpendicular to the fliow. If the
electric field is kept constant, the ions travel to different

30 locations on the basis of thelr electrical mobility, the mobil-
ity being determined according tc the measurement location.
Measurement can also be made by changing the electric field
relative to time, in which case the ilons representing different
mobilities are measured at different times.
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20 lon mobility spectrometry (IMS) is a method for measuring gaseous impurities in air (Eiceman &
Karpas, 2005). The mobility of ions is measured in many ways. The most common is timeof-flight INS,
or drift INS. Another known method is aspiration 25 INS. This is used to measure the mobility of both
ions and ae%@&f)%]rfimgs‘. Aspiration INS is based on the fact that ions MOVE I an AlF ?%W and most
usually with an electric field that is most usually perpendicular to the flow. If the electric field is kept
constant, the ions travel to different 30 locations on"the basis of their electrical mobility, the mobility

being determined gggfgr?}p%%tbgégg%we{]@e@d@%xm Measukement gaz alsorhs matle-by
changing the"lectric field [ i

rélative to time, in which case the ions regre%rktmg %jg% ent ng:i%tglities are
measured S RFEENPHMeSOB5MARS DbBY/ FRIFT7REPIF2008/050225% Application publication US
2007/0023647 AbtZimwdermann)disetbses enedorr molulityrspeactrotheter Hipswh$Cthegarfple gas is

ionized and,guided ip & narouspoint inthe cressssesfionabhe- BaBsROY Dasiaw sefore the
measurement electrodes. This 5 is a matter of so-c _Ileddsecond-ordecr aspirafion IMS, 1deally, the
ionized saniple Ha8as IEF t@theCarire oF thé ISR EroRE SeTtidRTor the fransport gas and electric field

as a narrowtfiew iwhenadl theripis sters friomn Healsametiiansrsa ditantd eelblivd t6TRE onsecutive

electrodes. The vagiables affecting 104pe Jatesal navementeof the mofecies are thendhe mass and

charge of the molecule. The separation precision of the channels improves significantly compared to
the ion flow fréti 'théfﬂé‘ﬁ‘ﬁr@?:ilos%@e&%?al SRAT Eot%r%qr}ﬁ ot the tfgarrlasnsoﬁeggass and the sample gas

to be ionized«enmplicates thideonstiaction i1s hokrveroTRs leFhaliSRFpaRcE i 8TER T flow
componept can easily.give risgJa.Aelatively lagge.smermA sinilar sonstsuctionds dissloseddn
pUb”mﬂkﬂlgg;gggyg%S%%gﬁéélecule. The separation precision of the chan-
nels improves significantly compared to the ion flow from the
entire cross-sectional aresa. The control of the transport gas
and the sample gas to be ionized complicates the construction,
15 however. The least disturbance in even one flow couponent can
casily give rise to a relatively large error. A similar con-
struction is disclosed in publiication US 2006/0054804A1

(Wexler) .

20 Publication WO 2008/008826A2 discleses several different types
of IMS device. Figures 5 and 6 of the publication show an IMS
device using a Bradbury-Nielsen multi-component gate, in which
a fregquency in the order of 1 Mhz is used, together with a
scanning DC voltage. Such an electrode arrangement with several

25 phased RF sources combined with DC scanning ls extremely com-

plicated.

In principle, the sample gas could be led to the centre, but
practical implementation is difficult and for this‘reason the
30 publication discloses a model, in which the sample gas i1s
guided to the edge of the transport-gas flow. In terms of the
parabolic velocity profile of the transport-gas flow, such a

feed will not be optimal, but instead will cause imprecision.

35 Figure 1 shows a traditional way of implementing an aspiration

cell. The ions J,, come to separate measurement strips e, - &



(Wexler). 20 Publication WO 2008/008826A2 discloses several different types of INS device. Figures 5
and 6 of the publication show an INS device using,a Bradbury-Nielsen multi-component gate, in which
a frequency in the order of 1 Mhz is used, together with a scanning DC voltage. Such an electrode

arrangemertitiSefeiat 25 pR&Se@ RERBBUFSY cERBIRED Wit DTRCERAh (IS XtferhelFcom-
plicated. kecpencipier thensamplergas erndd be leddo the eentre, dqFractcal implemerttation is difficult
and for this reason the 30 publication discloses a model, in which the sagndgdgﬁ%asfirso%uiggg to the edge

of the transport-gasa ow. Ih terms of the Sgrla%eosli’c ve‘fgcity prol?”l?e of the trans rt-gas flow, such a feed

will not bee@ptifalobut fristead ol cadSeitiipredisiophiows  a so-called SWEEP cell

congtruction, in which the idionz J,, c¢ome to an individual
meagurement strip e, - e, from the entire area of the flow
channel. In the implementation, the separation of the iong takes
place by altering the filed of the meagurement strip. This method
too suffers like the previous one from the broad arrival

distribution of the ions.
DESCRIPTION OF THEHE INVENTION

Embodiments of the present Iinvention is intended to create a
simpler method and device than previously for meastUring gas
samples, particularly to implement‘ so-called second-order
aspiration IMS.

In one aspect of the present invention, there is provided
a method for measuring gasecus substances, which method comprises
the stages: ilonization of the sample gas in a gas flow, leading
of- the ionized gas Zflow “through an elongated ilon-mobkility
measuring chamber, separaticon of ions with differing ion
mopilities in the measuring chamber with the aid of a transverse
glectric field and at least one measurement-electrodse pair
arranged on the wall of the measuring chamber, characterized in
that at a chosen distance 1in the flow direction before the
measuring electrodes, the gas flow is dividéd into at least two
part-flows for the pre-filtering of the ions, in which one of the
part-flows at the chesen point is referred to as the emission
flow, the other part-flows being referred to as shut-off flows,
and when the ions are filtered out of the said ionized gas flow
from each of the shut-coff flows with the aid of a static electric

field relative to the



3 from the entire area of the flow channel. Though most of the ions come from the centre due to the
velocity profile of the flow, considerable imprecisign arises, due to the ions coming from the edges of
the flow. Figure 2 shows a so-called SWEEP cell construction, in which the ions Jili come to an
individualReasafeméttt striffel 1 ¥frorfithe éRtire%#8a of fife iR 8RARMAeI 1RFhe ifpleftentation,
the separatioefdhe finstakes plaseriy: akaringtherfiled otthe reasutament sifipeThismaethod too
suffers like_the previous.one from the. broad arrival distribution of the jons. DESCRIPTIQN OF THE
INVENTIGN Emoi e 5 T preseit Fheniais otendol 15 ot e L ana: eriiand device
than previstishf ¥6F mestiring gas samples, particularly to implement so-called second-order
aspiration IMS.  1n IngRe Rspect ohthe presentiaveptierthereiis-pravided a methed fogmeasuring
gaseous sut%s{ftlagecgs, \éVIQiCh (rjnne_tgggic}?irggris%s é@% gtfang%%:rion' Cg:lztjonm(gefatggrsiampIe gas in a gas flow,
leading ofthe ionized gas flow through a eloﬁgatedolon-mobill y measuring cﬁ%mﬁer?%%%sération of
ions with gifiFiiRgiremobiliticdihche MastAngeHanMber wiliPeRs aithet attrahsvérsteélecric field and

at least ope speasutementrelectrodepalr aganged an the walkof the measuing.chamber; ¢

character!tzgd in ha%tgt a chosen .distan%eégthe flow direcﬁion before the megsurin electrodes, the
gas flow i§ Hided intd at TERSTVS Partiows for RE Pie-fitt&fing BF e Tohst T whith dne’st the
part-flowscattthreechoisen poisis Feferredambas theremissiofrffows the wther partthiows beisg referred to
as shut-off flows, sand whenthe-ions aresfiltered.ouf ofthe said ionized gas flow tﬁ@%@@%ﬁ)f the
shut-off flows with the aid of a static electric field relative to the 3a maqbility of the ions, and at least the
selected iON&"Hthe BHisdon G ar8 Periiast o shier 15 SRPar&tfort aftér ﬁ‘i%eséﬁal&regfﬁtering, with
the aid of&h6-field surdmgedimtheemissiansicwr meadnm@nathéhaspect diithe gresentanvention,
there is prouided anjionrmabilify.spectrometer for measuring gaseous.substances, inwhigh the
ion-mobility spectrometer includes a measuring chiamber,; Means for creating a gas glow and guiding it
through te*iEsSuring chiifiber 2méais foriohizing the §58 floW befofe theTHeditiirig-chEmber,
means fobeteating-a¢ransuersei measlkingreléetrical fieldfover & elidseny lenigth ektha:measuring
chamber gqggleast.ons, measiingselecitade pelt otheyall ol ine Bisasing elamber, means for

measuring the ion flow from each measuring-electrode pair, characterized in that the measuring
chamber RiEhide 4 Hraiter Brr&FGEd in“the FIHe Bire EHGT béfbPE the ARASERRG-eREHBH pairs for
dividing th&m@asmmgeclmbemincﬂamess-monﬂmm leastiyosseparate paratielqgart channels in
order to Cé%%?%&%é‘0‘%%39%:%89%%%%3”2e'TQ%'{?Scth%

erpLssion %hari%el thf gthers Qeinghshut-off
: . SlECTy .
channels, and means for creating a static electric fie &relaﬁﬁa to the mojf)efllt?/ of the |8ns, and collection

electrode§ i ehthysHift-ofF&haifie foPEbllEGting v theFart fiedrsofitheSe Parfelanféls, one
electricallypassive pagicharneldesning tharsaid emissiprchannehat a effosempeint of the
cross-sectign, permitting the jons ta travel as undisturbedly as _possible_through it By.means of
the fitering (2P ide 250 tHoe T B e ot Se T AR he Bty can be i
the centreeBi i fibw GrodBEISECtiont in WhicH BReveloBRRy Profilefof theflowrisgreatest: The

constructigayis substgntialiy simples thab Zimpaeumansss device:dessdbed above . (AHEs sinaplest, there
can be antgggoluﬁe 0 field in the emission flow, but in it too in a more highly developed embodiment

the ions cah be selécted using a small electric field and collector 3b
By means of the filtering technigue according to

embodiments of the present inventicn, the emission flow can be in
the centre of the flow cross-section, in which the velocity
profile of the flow 1is greatest. The construction is
substantially simpler that Zimmermann’ s device described above.
At its simplest, there can be an absclute 0 field in the emission
flow, but in it too in a more highly developed embodiment the

ions can be selected using a small electric field and collector



electrodes, which allow only some of the ions through the emission channel to separation. In the
ion-collecting part flow, i.e. in the said shut-off chgnnel, the electric field is static relative to the mobility
of the ions. A slowly changing (less than 100 Hz, more usually O - 50 Hz) or absolutely static electric
field may BEAFSEPEEordiig £ thé ehsioditiert clfG8En. Pér ekéfmplé Citca petictiefone$econd a
slowly changisg:electicfialsth can he=wsed ta &ptimize the separation of ions with different mobility. The
4 electric fields of the pre-filter are long enough in the direction of flow for the ions to be able to be
collected out of the shut-off channel and the undisturbed operation of the emission channel ensured.
After the pre-fitBe thecSesaratiRrtéRgtrotes ard lotatediadally e therreasafifig cfarabeffaccording
to the calewated paths.<Tha static elegtriq feld-otthe: emission channel reguirgs,same-potential
electrode%lgn botg sidis. ow%\éer,heach.elect ?de of tt e stat{i}coelgctric field can Ig;jf on tge_opposite
side of an INSulAting plate’and be Simultansously a second electrode of e sAtREG thannél. With the
aid of the $@nfifteripy taehniqiie drcatdifig to emboditedtsadidhemresentFnentionscodsiderable

measurergnt peecisionds-achieved, compaead 0. getectorwithoyt jan fltering, By means of the
filtering technique_according to emhodiments of the present invention, the emission channel can be in

the centré of The Holv &a28%eddioR - Rkt The vEIbRity Brofileof 1E flow s JRRAIEE S hé Rdnstruction
is substarstfatyrsimipler tan trat ofiZimmefiarys deviceldesoriliéd above. The sample air is ionized,
for example with alpha or beta radiation. The ions are admitted to the measuring part only from a
limited section. In embodiments of the present invention, the ions are filtered out of the edges of the
flow channel, from the so-called shut-off flow and ions are only permitted into the mobility
measurement from the central part of the flow channel, from the so-called emission flow. The
corresponding part channels are referred to as the shut-off channel and the emission channel. This
considerably improves mobility resolution, compared to a situation, in which ions are permitted to enter
the measurement from the entire area of the flow channel (so-called first-order aspiration IMS). The
shut-off flows around the emission flow keep the velocity profile of the flow under control. S In one
embodiment, the ions are removed by placing very thin metal plates, in some of which there is a
voltage, in the flow channel. lons are permitted to enter the measurement chamber from a single gap.
In this case, the emission gap is in the centre part of the channel, or not completely at the side. The
location of the emission gap in the centre channel is advantageous, because the ions are distributed
relative to the flow and the greatest ion density per unit of time is in the centre of the channel. The ions
are allowed through the centre-most (or otherwise selected) gap by setting them to the same potential.
The ions are colleted away from elsewhere by means of a suitable barrier field. Sufficiently thin plates
do not disturb the flow, but instead equalize the flow resistance of the channel suitable, in such a way
that the flow travels through each gap. In a preferred construction, the flow-guiding plates can have
mutually differing dimensions, for control of the flow distribution. The features of portable size-class
second-order aspiration IMS according to embodiments of the present invention can be summarized
as follows:



lons are produced over the entire height of the flow channel, for example, by means of a radioactive
source. lons are permitted to enter the measuring chamber from a limited area, by filtering ions from
elsewhere out by means of a plate structure dividiAg the flow channel, preferably from the maximum
point of thel welpeity disttibudion efthediow. Heee thergreatarion density Gesudnit of ime)ef the centre
part of the fipuchapnel s exploited. fyReriting Ineons,coming fam the,gentis pagtio gnter the
mobility measuring chamber. The ions can be guide by means of an efeciric field before the

emission-pliite StFICtaRE, for Exarse, b§fcreading 1t HERgRy irRfe _EhfR p&f of 8H€ channel by
means of¢he siectric fielch-iEie emissien-plate strictiiie alspeadtslasa shate, preventingdirect

lonizing radiation fzan enterng the measuringchamber, The constrction permits gompact measuring.
The construction can be exploited in order to implement WO 2009/122017PCT/F12009/050249 6

DMS/FAIRFERRSE HiedSurenfe it THE E5RStrEATSH can be combined with the so-called SWEEP-type

measurement, when the desired part of the mobility distribution is picked out of the second-order

producedsiga flove 5 BRIEE-RESCRIREION OF FIGUIRES Inthesdaliowing, the inventionis described
with the aich) gf g&(gﬁlpl%ﬁlgggrwgg referenggttg thse:,L accompan w&drawm s, in 10twh|C{;h Flgure 1shows
the manner of Implementing a traditional 2Spiration call, ; SBCH - electrode o

the static electric field can be on the opposite side of an
insulating plate and be simultaneously a second slectrode of the

shut-0ff channel.

Wwith the aid of the ion-filtering technique according to
embodiments of the present invention, considerable measurement
precision is achieved, compared to a detector without ion
filtering. By means of the filtering technigue according to
embodiments of the present invention, the emissicon channel can be
in the centre of the flow cross-section, where the wvelocity
prefile of the flow is greatest. The construction is
substantially simpler than that of Zimmermann' s device described

above.

The sample air is ionized, for example with alpha or beta
radiation. The ions are admitted to the measuring part only from
a limited section. In embodiments of the pregent invention, the
ions are filtered out of the edges of the flow channel, from the
so-called shut-off flow and ions are only permitted into the
mobility measurement from the central part of the flow channel,
from the so-called emission flow. The corresponding part channels
are referred te as the shut-off channel and the emission channel.
This considerably improves mobility resolution, compared to a
situation, in which ions are permitted to enter the measurement
from the entire area of the f£low channel (so-called first-order
aspiration IMS). The shut-off flows around the emission flow keep

the velocity profile of the flow under contrel.



Figure 2shows the construction of a so-called SWEEP cell, 15 Figure 3a shows a schematic diagram
of another second-order aspiration IMS cell, Figure 3b shows a variation of the embodiment of Figure
3a, Figure 4shows one alternative for implementingy the barrier- plate structure of the pre-filter, 20
Figure S5shawsithe censiaictian of anathersecoadwordenaspitation IM$aEigiye 6showsthe schematic

constructipn gfa pre-fller, Figure fshows a.grass-sectianal yiew of the flaw chanpel, befare the
pre-filter, 25 Figure 8shows a schematic diagram of the previous, slightly modified secong-order
Somﬁon’channel. Tons are permitted to enter the measurement chamber from
a single gap. In this case, the emission gap is in the centres
part of the channel, or not completely at the side. The location
cf the emission gap 1in the centre channel 1= advantageous,
because the icns are distributed relative to the flow and the
greatest ion densgity per unit of time is in the centre of the
channel. The ions are allowed through the centre-mogt [(or
octherwise selected) gap by setting them to the game potential.
The ions are colleted away from elsewhere by means of a suitable
barrier field. sufficiently thin plates do not disturb the flow,
but instead egualize the flow resgistance of the channel suitable,
in such a way that the flow travels through each gap. In a-
preferred comstruction, the flow-guiding plates can have mutually

differing dimensions, for contrcel of the flow distribution.

The features of portable size-class second-order aspiration IMS
according to embodiments of the present invention can be
summarized as follows:

Ions are produced over the entire height of the flow channel, for
example, by means of a radicactive source. Ions are permitted to
enter the measuring chamber from a limited area, by filtering
ions from elsewhere out by means of a plate structure dividing
the fiow channel, preferably from the maximum point of the
velocity distribution of the flow. Here, the greater ion dengity
{(per unit of time) of the centre part of the flow channel is
exploited, by permitting the ions coming from the centre part to
enter the mcobility measuring chamber. The ions can be guided by
means of an electric field before the emission-plate structure,
for example, by increasing the ion density in the centre part of
the channel by means of the electric field. The emission-plate
structure also acts as a shade, preventing direct donizing
radiation from entering the measuring chambsr. The construction
permits compact measuring. The construction can be explcoited in

order to ilmplement



Figure 9shov_vs an axonometric view and cross-section of a practical implementation of an aspiration
_IMSl cell, Figure 10 shows an axonometric view and cross-section of a 30second practical .
implementation of an aspiration 'MS cell, and Figure 11 shows a cross-section, more simplified than
the previousY 8284 dYractical implementation of an aspiration IMS cell P&dsH2009/050249
200_9_/122017PC_T/F12009/050249 7 DETAILED DESCRIPTION The operation of the
position-separating second-order aspira- tion INS is'shown as a schematic diagram in Figure 3a. An 5

 ionized gas flgw 10.i5 led injo the measiring ehannel 120 By meansiofvhish adypisaily paeabolic

velocity profile arises in the' channel. From the point of view of the actual. measyrement, .the central
component isid Bositién-S8pAatinG Sel RETMCH RShJIRRIT DifePEM Tobiilfies %l#leeco Ieésé%e%eiﬁto

different  part of the mobility distribution is picked out of the second-

order produced ion flow.

5
BRIEF DESCRIPTION OF FIGURES
In the following, the invention is described with the aid of
examples and with reference to the accompanying drawings, in
10 which

Figure 1 shows the manner of implementing a traditional
agpiration cell,
Figure 2 shows the construction of a so-called SWEEP cell,

15 Figure 3a shows a schematic diagram of another second-order
aspiration IMS cell,
Figure 3b shows a variation of the embodiment of Figure 3a,
Figure 4 shows one alternative for implementing the barrier-
plate structure of the pre-filter,
20 Figure 5 shows the construction of another second-order
aspiration IMS,
Figure 6 shows the schematic construction of a pre-filter,
Figure 7 shows a cross—sectional view of the flow channel,
before the pre-filter,
25 Figure 8 shows a schematic diagram of the previous, slightly
modified second-order solution,
Figure 9 shows an agonometric view and cross-section of a
practical implementation of an aspiration IMS cell,
Figure 10 shows an axonometric view and crosg~section of a
30 second practical implementation of an aspiration
IMS cell, and |
Figure 11 shows a cross-section, more simplified than the
previous, of a third practical implementation of an
aspiration IMS cell.
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10 positions, which are referred to by the marks Kl, K2, and K3. The air flow comes with a parabolic
profile, in such a way that in the centre the flow is greatest. Due to the flow profile, more ions arrive at
the centre in a unit of time than arrive at the edges. The ions are collected away from the edges with
the 15 aid oWé)ﬁP@?fﬂféP]ﬂ. This comprises thin metal plates 16, in the o OUtE oSt 6t which
collection voltages are set. The channels with an electric field are referred to as shut-off channels, as
they remove ions. The shut-off channels have scarcely any effect on the actual gas flow. The
centre-mostRo-plates are-earthed; enset to the same mutual potential, in such a way that there is no
electric field between them and the ions pass through them, so that an emission channel a is formed
between these plates. By means of the construction, the different mobilities are collected precisely in
different posliionsyPsuats prefefet vorgasittionnthearass seatorfed SOMACE'HER of i E&ftre-most

channel is small relative tpdhe tiakcrass-sestionah surfacesares aad theremie numedals emission
channels. Far simplicity, only.the number of gaps needed to illustrate.the i e drawn inthe figure.
30 Accordr’lné?g?f%tﬁe%%? the 8%;&:0& Sch%%%ellc%% g%ga&%%sa%ral ﬁﬁe%%l%ﬁﬁfering ffonjg{he above,
there is indeedzaitherfa statictoraa Slomilgahangig WedrfingpsraliteleBFRMA. FtiSfigfes, the
boundaries 13a apgdd3b-are shawn:3k - Boundasy linehdas mability-isdinaitediby subb& ot DC
emission field, ions with a greater mobility, will not pass. through._8 -. ine 13b: jons with a
lower mobilitV‘ eemﬁfae%tfjfgr% a DS %EFIBZCJTFeI& )ﬁﬁi%h%pjé%% tﬁ% ua%aé”%gl rg%)((e%'to.thevrqneasuring area
for separatioho Thewhiibsien ERameel eapciide beiRedPdsa fiRdrintieivays o178y $6fiRGa voltage

(field) in the gpyssion.channel; irs pessibisanitfe theaidogf theemission etiannel,, todimit Hee entry to
the measurin chgggelﬂfoh|ggomog|h‘tﬂ}%%hTQe vaorltaaggelgf thgr%rg éo’n Egagg%lnd%te%we&gp mobility,
above which theré ¢ n6 en‘?ry 10 the measurement. y altering this voltage in steps, the measurement

" accuracy caf-betsignificaruyamiprevetl By sérecting atsiftabldBmidSory Windogw profile,

more ions arrive at the centre in a unit of time than arrive at
the edges. The ions are collected away from the edges with the

15 aid of a pre-filter 14, This comprises thin metal plates 16, in
the two outermost of which collection voltages are set. The
channels with an electric field are referred to as shut-off
channels, as they remove ions. The shut-off channels have
scarcely any effect on the actual gas flow. The centre-most

20 plates are earthed, or set to the same mutual potential, in
such a way that there is no electric field between them and the
ions pass through them, so that an emission channel a is formed
between these plates. By means of the construction, the differ-
ent mobilities are collected precisely in different positions.

25 In a preferred construction, the cross-sectional surface area
cf the centre-most channel is small relative to the total
cross-sectional surface area and there are numerous emission
channels. For simplicity, only the number of gaps needed to
illustrate the idea are drawn in the figure.

30
According to Figure 3b, the emission channel can be adapted as
a filter, if, differing from the above, there is indeed either
a static or a slowly changing {scanning) small electric field.
In this figures, the boundaries 13a and 13b are shown:

35 - Boundary line 13a: mobility is limited by a DMS or DC emis-

sion field, ions with a greater mobility will not pass through.



2) By using the emission channel as a DMS filter, only these ions can be allowed to enter the
measurement, which pass through the asymmetrical electric field, which is relative to each of the
compensation voltage, the time and field strength of the DMS filter. The aforementioned methods can
also be alternated, because alternation can be utilized to increase the measurement speed. Figure 4
shows one alternative way to implement the barrier-plate construction of the pre-filter 14. The body of
the sensor is marked with the reference number 20. In the implementation of Figure 4, the ions are
ionized elsewhere and the ionized air is brought to the flow channel immediately before the barrier
plates (from the left). In the figure, the strips 14.1 on the left relative to the voltage field in this
prototype implgmeniation In.a mass-maguiagiured construction, fhe nlates e sopnectgd o the
voltage source (chroqu assembly holes or other separate connection points. Figure 5 shows
schematicafty a®ecorid-brdéfconstatiof R PHAcipiE! FTETGTS JI°anife BERTE Pradfilfgi®fom the
entire area 6bthedlow=ahiannel, but leave the pre-filter 14 only from the centre. For reasons of
simplicity, only three 9 measuring channels el - €3, i.e. measuring strips, are drawn in the figure, in
reality thereT%aeneQﬂ% more OfﬁQSQA TQgﬂcogstru%ioQ iQdPQQCi Igﬂftt&e Ezrleg‘ilter can be seen in Figure 6,
in which E signifies generaﬁy an ejfectrlc field while Thé numbers next to the Tetter réfer to the fact that
in a practical’arfihgéfténteach fBId &R havésa diffetenttimgRithdel Thotbfrcan optimaf situation
the centre-mostfiele (ExOjtis indeed arrehged iresushiawayhdhakthe fieldistréngtinén Hrisizero, or a
varying field.is used fortheflow channelin guestion. Indhis cases thergmission.ghannel is,marked with
the referencee gééil'k}le %?—EL r&)fe(ithglre figlrds Igglsat%% o th% lr%ntoval og ions, the us%%)f a multi-channel
solution, for its par?, seeks'to equaﬁze%e Channel tlow y Hiak?nﬁ?uﬁl ied flow Tesistande over the
_entire chanf&FFigiife FehoRRPEHRTRASEREINGEPacK DEF ettt & BFESSISERABA ofthE TRRF chihfel 12
“formed inside dtswctineff befareuthepre-fitte 44 sTheigas flovi-eniets-frosa the lefhandk sigledn the figure
and travels i, theychannelkthrouah: the pre-filter 14 and exits from an opening (not shown) arranged at
the end of tgrf flé)w channe!t.hThe measuringrplateirabove agpgsb%l,olw the insylatir}g pack 20", which
close the costrUction, dre not drawn 1 Figure 7. THe figuré Shows the’ overall construdiion of the
system, whigdfcotfsists BTditersatirfg ifsulaiisy BAaFelersites. Miehorsean bermitisuréd
position-indepemaently asing la constant sleatric fieldnor ssvargng-electriccfield, from one-ps more
locations. BQ&R&JESQ@%H%&%%HP"E?:QOQ%“QAE Ratenis. The,seqond-erdensgelution described
above can be further developed by producing ions as close as possible to the measurement and
guiding the ions by an electric field before collection, or mechanically by means of plates intended for
* flow controlTFheseffEatresAmelinterdedd® marimizéthe flove sightlt Broweti by theeRifebeing
measured. AV€22009/422017 BET/HI2009/050249rease the measurement speed.

Figure 4 shows one alternative way to Implement the barrvier-plate
construction of the pre-filter 14. The body cf the sensor is marked
with the reference number 20. In the implementation of Figure 4, the
ions are ionized elsewhere and the ionized air ig brought to the
flow channel immediately before the barrier plates (from the left).
In the figure, the strips 14.1 on the left relative to the voltage
field in this prototype implementation. In a mass-manufactured
construction, the plates are connected to'the.voltage source through

assembly holes or other separate connection points.

Figure 5 shows schematically a second-order construction in
principle. The iong J;., arrive at the pre-filter from the entire
area of the flow channel, but leave the pre-filter 14 only from the

centre. For reasons of simplicity, only three



10 In Figure 8, there is a schematic diagram of a second-order solution slightly modified from the
preceding one. In this embodiment, ions with differing polarity are guided separately from each other
by an electric field. The intention is to slow 5 the recombination of the ions and to increase the number
of ions reaching measurement and through that the electrical current being measured. Because the
separation of polarity moves the arriving ions from the centre part, the emission gap is located
accordingly. 10 Above is a schematic diagram of a electromechanical second-order implementation.
The height of the flow channel 12 can be, for example, 5 mm. The radiation source can then be
located in the flow channel (stage 1 - ionization area). In the figure, 15 the broken line inside the tube

shows the rAHiSHEHSoUTRE SERENitiCalf? It di A HitdfoTiatsh, hediffeteht pdldiities are
separated figrpreachiothereby an eleoteicdel dofstage2ofpra:epparation of the ions according to
polarity). The separation of the polarities moves the measuring polarity 20 slightly away from the

centre part..The intention.sitg.exploit e, bigh yelgsit. of the, gentrp.part ol fhe o chignngl over a
ioni I ibl

wide area. Implementing ionization as close as possible_to the measurement 25 of mobility maximizes

the numberGf5oT% Being mEasiréd STRBSeFar AT G the polafitfrom Bk otfér fedliges the
recombinatiorrspeedrand this probablythas the bffect of cleareiricradsing the mupmber of4dns. Besides
its main taskthe Jendre-tillen (stages3 cdanhawies fields-and emisgion.channel-3@:2) alse:acts as a
Shade for wbalali narliles of (s odlalian, suice: bey  PIeve/Ys (e slaba natligadram entering
the ion-mobility measuring chamber (stage 4 - measurement of mobility). 11 .

such a way that the field strength in it is zero, oOr a varying field

is used for the flow channel in question. In this case, the emission

channel is marked with the reference ' a' . The use of other fields

relates to the removal of ions, the use of a multi-channel solution,

for its part, seeks to equalize the channel flow by making a unified

flow resistance ocver the entire channel.

Figure 7 shows an insulating pack 20° and a c¢ress-gsection of the
flow channel 12 formed inside it, cut off before the pre-filter 14.
The gas flow enters from the left-hand side in the figure and
travels in the channel through the pre-filter 14 and exits from an
opening (not shown) arranged at the end of the flow channel. The
measuring plates above and below the insulating pack 20, which
close the construction, are not drawn in Figure 7. The figure shows
the overall construction of the system, which congists of

alternating insulating and field plates.

The ions can be measured position-independently using a constant
electric £ield, or =a varying electric £field, £from one or more
locationg. Both are degcribed in publications and in patentes. The
second~order sclution described above can be further developed by
producing ions as close as possible to the measurement and guiding
the ionsg by an electric field before collection, or mechanically by
meané of plates intended for flow control. These measures are
intended to maximize the flow signal brought by the ions being

measured.



construction, in which a filter intended to create the second order is utilized, in order to create an
asymmetric high-frequency field with a great strength. The DMS measurement principle is, as such,
known, but the way of implementing it in a second-order manner is new. ;r;ﬁ%(% L@QQ view of the
sensor com%’&%gr@é@%? the ion-mobility spectrometer is shown in Figurpé% , Inw iﬁéh the sensor
component is cross-sectioned longitudinally at the mgasuring channel 12 and the ion chamber 18
above is cross-sectioned horizontally. In this case, the bottom measuring plate 21 is part of a larger
circuit boardz in whighythers, istthe restiof the elestrnnics of i devite oFhe sersorgdpoitent
comprises aayered consiructan, jn whichdtie pweshs 2,2Uppart plate 22, Wil on £9p efiin order
are: a lower measuring pﬁate’ , @channel plate 23, an upper measuring plate 24, and a tgcker
connector pled 28l mRRatsahpRSg#s i< RHUR tRE LBAREHIGH ' I8 H7E ToriZRRoT Efiarhber 18, in
which there iscthe chesentadiatioy saurcel@ (atishoie)l d helibaizedrsarhplengds isskedstheough an
intermediate, onnection 1910 an slongated measyiing,chambey 12- thes apeiation afudichwill be

explained later. From the measuring chamber 12, the sample gas is removed to the connec&ion ‘out’ -
either to the 50RBUAGRG I Br, T ERYEF REMBIIRT Dabk FP S Stattihg pomtEInthE Khdwhanner, in
the measurirg:chambeb 12 thera sse measurifig stripsdeak e2 sed)eeachiasarr éleptrbde palr (e.q., el,
and el,), the yeljage ofwhich s kep! saRSIart A (e cuientd) whidh Ismeaskied Lo fhigdigure, the

ion pre-filterri4 IS not shown In croSs-section and thus protrudes from the section plane of the rest
W02009/12201 7PCTHETS00/88H248 2 0f the construction. At the same time, it gives some idea of
the widthiof the measuring chamber 12. As described above, the pre-filter 14 comprises thin metal
plates, which are connected 19, the selectad potentials: The snaissiorehannghplatess sechgenerally
the centre-most plates, are earthed. The voltage is led to the plates from the other_side (not shown). A
second, more = |iER EmBBEREEAT of thESoRhaBiity Sp&irormetar ié}j?ﬁBW iﬁlz—igcuarré in which

the sensor cempogemntple, 5 mm. The radiation source can then be located in

)

the flow channel (stage 1 - ionization area). In the figure,

15 the broken 1ine inside the tube shows the radiation source
schematically. Immediately after formation, the different
polarities are separéted from each other by an electric field
{stage 2 - pre-separation of the ions according to polarity).
'The separation of the polarities moves the measuring polarity
20 slichtly away from the centre part. The intention is to explolt
the high velocity of the centre part of the flow channel over

a wide area.

Implementing ionization as close as possible to the measurement
25 of mobility maximizes the number of lons being measured. The
separation of the polarities from each other reduces the recom-
bination speed and this probably has the effect of clearly
increasing the number of ions. Besides its main task, the ion
pre-filter (stage 3 - ion parrier fields and emissicn channel
30 a) also acts as a shade for the alpha particles of the radia-
tion source, i.e. it prevents the alpha particles from entering
the ion-mobility measuring chamber (stage 4 - measurement of

mobility) .

35 In addition to the above manners of implementation, a second-

order construction can also be implemented as a so—-called DMS



10 is cross-sectioned as in Figure 9. The same reference numbers as above are used for components
that are functionally similar. The similar components are: ion chamber 18 equipped with a connection
measuring chamber 12, 15 - intermediate connection 19 connecting the ion chamber 18 to the
measuring chamber 12, 'out' connection at the end of the measuring chamber, construction
assembled from plates, comprising plates 22, 21, 23, 24, 25, and 26, and, in addition, as new plates
22a and 24a 20 - 24d. The layered construction is_similar to the previous one, but the plates are of
equal thickness and, instead of removing part of the thickness of the plates, thinner separate plates
are 25 used. The pre-filter 14 is formed in such a way that, at a selected point in the plates 21 and 24,

there are nECRE 16 HcrdRs thié Pﬁ%ja?hthgf&P\&ﬁ’fbé'ﬁ‘iﬁ%ee%etﬁec?@?ﬁ?erEhﬁreSF,Sﬁaﬁc?rder

is utilized, in order to create an asymmetric high-frequency field
with a great strength. The DMS measurement principle ig, as such,
known, but the way of implementing it in a second-order manner is

new.

A more detailed view of the senscor component 207 of the ion-mobility
spectrometer is shown in Figure 9, in which the sensor component is
cross-sectioned longitudinally at the measuring channel 12 and the

ion chamber 18 above is cross-sectioned horizontally.

In this case, the bottom measuring plate 21 iz part of a larger
circuit board, in which there is the rest of the electronics of the
device. The sensor component comprises a layered construction, in
which the lowest 1is a support plate 22, with on top of it in order
are: a lower measuring plate 21, a c¢hannel plate 23, an upper

measuring plate 24, and a thicker connector plate 26.

The sample gas i1s brought from the connection ‘in’ to the ionization
chamber 18, in which there is the chosen radiation source 8 (not
shown). The ilonized sample gas is led through an intermediate
connection 19 to an elongated measuring chamber 12, the operation of
which will be explained later. From the measuring chamber 12, the
sample gas l1s removed to the connection ‘out’ - either to the

surrounding air, or, in closed sampling, back to its starting point.

In the known manner, in the measuring chamber 12 there are measuring
strips (e, ey, e3) each as an electrode pair {(e.g., e;., and e..), the
voltage of which i1s kept coastant and the current in which is

measured.

In this figure, the ion pre-filter 14 is not shown in cross-section

and thus protrudes from the section plane of the rest



tors on the surface of the plates, corresponding to the sepa- rate plates 16 in Figures 7 and 9. The
electrodes are thus part 30 of each circuit board. Part channels are formed between the necks 16', of
which in this_case there are three. The centre- most one is the emission 7 '%]e the other
two are shut QPERAHARIE. The electrodes creating the static zero field of% € emission channel are
either inside the emission 35 channel, or outside the insulation. The electrodes of the WO
2009/122017PCT/1112009/050249 13 emission channel can be separate or common in pairs on each
side with theumfedrest electsddesofithe .shut-ofheharmed. time, it gives some idea of

the width of the measuring chamber 12. As described above, the
pre~filter 14 comprises thin metal plates, which are connected
to the selected potentials. The emission-channel plates, 1.e.
5 generally the centre-most plates, are earthed. The voltage 1is

led to the plates from the other side (not shown).

A second, more simplified embodiment of the ilon-mokility spec-
trometer is shown in Figure 10, in which the sensor component
10 is cross—sectioned as in Figure 8. The same reference numbers
as above are used for components that are functionally similar.
The similar components are:
-~ ion chamber 18 equipped with a connection ‘in’,
- measuring chamber 12,
13 - intermediate connection 19 connecting the ion chamber 18 to
the measuring chamber 12, |
- ‘out’ connection at the end of the measuring chamber,
- construction assembled from plates, comprising plates 22, 21,
23, 24, 25, and 26, and, in addition, as new plates Z2a and Z4a
20 - 24d.

The layered construction is similar to the previous one, but
the plates are of equal thickness and, instead of removing part
of the thickness of the plates, thinner separate plates are
25 used. The pre-filter 14 is formed in such a way that, at a
selected point in the plates 21 and 24, there are necks 16!
across the measuring chamber. In these necks, there are conduc-—
tors on the surface of the plates, corresponding to the sepa-
rate plates 16 in Figures 7 and 9. The electrodes are thus part
30 of each circuit board. Part channels are formed between the
nacks 16', of which in this case there are three. The centre-
mest one is the emission channel {a) while the other two are
shut~off channels. The electrodes creating the static zero
field of the emission channel are either inside the emission

35 channel, or outside the insulation. The electrodes of the



The layered construction can naturally be formed in many other 5 ways. The central features of the
construction are the channel spaces and the electraodes. The measuring chamber 12 narrows after the

pre-filter 14, to become a channel 12' that is even narrower than the emi%%gﬁg?tﬁ&%ﬂ . In the
channel 12',V¥I‘?e%'é0%ézggparator electrodes as above (not shown) and its height'is 10 about 20%

(generally 10 - 30 %) of the height of the pre-filter, &t&e width remaining the same. This construction has
been proven to be surprisingly functional and stablé. The emission flow narrows between the shut-off

flows coming from the edges, hich logetherhgcome larger whiliensel Mmixing:with the measur- 15 ing

channel 12". The ions can then be guided precisely into the narrow part atthe.smaller cross-section of
the measuriﬁ@%a‘ﬁh@aﬁﬁ%ié’tﬁﬁﬁ%%Ep%ﬁﬁ?o%%ggbstaijnedtgr%c%ﬁﬁ/. “eftsepara%on works well at a

low voltage, because the transverse distance is small (0,2 - 1 mm, preferably 0,4 - 0,7 mm). Gener- 20
ally, using ong or-two.shut-off ghannels {he emission-How coptaisingthedens candey guidesprecisely
to the selected point of the smaller cross-section. Figure 11 shows.in a simplified fory.yet another
embodim&nt’a¥ 25 tHeSmEaRaAAY charbedrsr Ser E?cl?n(')eﬁsss.tet%gre ?s a pre-filter, in which the length of
the shut-off ehanret plates 16a is FeinvemséesecofdendeRiH e Ve lERFBRfile! £ e HetiBigth of the

plates diminishes towgeds.the emission ehanne). Fhediates afitheemissiph ctiamnet a arepin addition,
slightly 30 protruding relative to the rest of, the plate k. This is.yse iragt ttﬂgisrhaggeggthe
electric field e folk 7BilE  SSPAraAon If‘al%%lsa %1%?:% ﬁq'thhgnsaér%g \%;% %s describe above. Inthe
embodimentdescriged-above 1 e @ liwds per minbiy B5 BRI Abott2 Hiiin fshPicai’ used as

theﬂom’Y§b§g¥&%ﬂyﬁgfq&%%@PQE§93%014<3@“%$ of the height of the pre-fil-
ter, the width remaining the same. This construction has been
proven to be surprisingly functional and stable. The emission
flow narrows between the shut-off flows coming from the edges,
which together become larger while not mixing with the measur-

15 ing channel 12'. The ions can then be guided precisely into the
narrow part at the smaller cross-section of the measuring
channel and distance separation is obtained precisely. The
separation works well at a low voltage, hecause the transverse
distance is small (0,2 - 1 mm, preferably 0,4 - 0,7 mm). Gener-

20 ally, using one or two shut-off channels the emission flow
containing the ions can be guided precisely to the selected

point of the smaller cross-section.

Figure 11 shows in a simplified form yet another embodiment. In
25 the measuring chamber of even thickness there is a pre-filter,
in which the lencth of the shut-off channel plates 16a is in
inverse accordance with the velocity profile, 1.e. the length
of the plates diminishes towards the emission channel. The_
plates of the emission channel a are, in addition, slightly
30 protruding relative to the rest of the plate pack. This is used
to direct the shape of the electric field and the flow profile.

Separation takes place in the same way as describe above.

Tn the embodiment described above, 1 — 3 litres per minute,
35 preferably about 2 1/min is typically used as the flow velocity
of the of the sample gas.



1. Method for measuring gaseous substances, which method comprises the stages: ionization of the
sample gas in a gas flow, leading of the ionized gas flow through an elongated ion-mobility measuring
chamber, separation of ions with differing ion mobifities in the measuring chamber with the aid of a
transverse electric field and at least one measurement-electrode pair arranged on the wall of the
measuring.champer, characterized in that at a chosen distance in the flow direction before the
measuring electrodes, the gas flow is divided into at least two part-flows for the pre-filtering of the ions,
in which one of the part-flows at the chosen point is referred to as the emission flow, the other
part-flowsibeing«etesrted tooas shutefiflows, anaewben theions are-éieredsauicof thesaiddonized gas
flow from gagh.of the shid-off flgws. with the aid of a static electric field relative to the mobility of the
ions, and at least the selected ions in the emission flow are permitted to enter the separation after the

said pre-filtering \With /& :ia ot OHfeld HFdTgéd i e 2nfiasSioh . 2. Method according to Claim
1, characterized s ddtrthers arehat [eastithrde past-flows and the Faiccemissiog flowdis iatressentially

the maximum paiptafthe velogity gisthbution.of:the gas flow. 15 3. Method according to Claim 1 or 2,
characterized in that the part fI0\¥s are createq?]byc{yggns,of art channels, the lengths of which
oW

12 § Matod ERorliRy td Eigfn Tor 25°

diminish from thé StiGes toWards the Eifission How:
characterized in T¥ats afterIheprsnhrering the Fasflow b diected to-arsubsstantiatly srialier
cross-section, insykich theemissioadloyw eontainingdhedens isguidad by ableast one-neR-ionized

shutoff flow to a gﬁecci%ealywdaelf&neodfp%ikrl]t in the said smgllhlg%g%s,s-%%ction

& measuring aracterized in. that
at a chesen distance in the flow direction before the
measuring electrodes, the gasg flow is divided into at least
two part-flows for the pre-filtering of the ioms, in which

- one of the part-£flows at the chosen point is referred to as
the emission flow, the other part-flows being referred to
as shut-off flows, and

- when the ions are filtered out of the said ionized gas flow
from each of the shut-off flows with the aid of a static
electric field relative to the mobility of the ions, and

- at least the selected ions in the emission flow are
permitted, to enter the separation after the said pre-
filtering, with the aid of a 0¢-field arranged in the

emission flow.

2. Method according to Claim 1, characterized in that there
are at least three part-flowg and the said emission flow is
at essentially the maximum point of the velocity

distribution of the gas flow.



5. Method according to any of Claims 1 - 4, characterized in that, before the pre-filtering, the ions are
separated from each other on the basis of different polarities. G.lon-mobility spectrometer for
measuring gaseous substances, in which the ion-Fobility spectrometer includes a measuring
chamber, means for creating a gas flow and guiding it through the measuring chamber, means for

fonizing the gas flaw hefoLe the Amegsuing shiaber, means Jor CIeRY A ANSYSIRg Megsuring

electrical field over a chosen length of the measuring chamberand-atteastone measuring-electrode
pair on th83Wall 6f e R uRRG A REmbBEr 1hdaRAs %r RiFaSURRGR@YBN ffov frofrekiRA ©f
measuringfelettrode paiskcharacterize cedothat theamdastuing ehamtiemintludes a pre-filter arranged
in the flow direction before the measuring-electrode pairs for dividing the measuring chamber in the

cross-section intg athlegst two separate parallel, Rart channels in order to create part flows, one part
channeIfB Method accorging to Clai 1 or 2, characterized in that,

after the pre-filtering, the gas flow 1s directed to a

substantially smaller cross-gection, in which the emission flow
containing the ions is guided by at least one non-ionized shut-
off flow to a precisely defined point in the said smaller cross-

gection.

5. Method according to any of Claims 1 - 4, characterized in

that, befcre the pre-filtering, the iomg are separated from each

other on the basis of different polarities.

6. Ion-mobility spectrometer for measuring gaseous substances,

in which the icn-mobility spectrometer includes

- a measuring chamber,

- means for creating a gas flow and guiding it through the
measuring chamber,

- means for ionizing the gas flow before the measuring
chamber,

- means for creating a transverse measuring electrical field
over a chosen length of the measuring chamber and at least
one measuring-electrode pair on the wall of the measuring
chamber,

- means for measuring the dion flow from each measuring-
electrode pair,

characterized in that the measuring chamber includes

- a pre-filter arranged in the flow direction brefore the
measuring-electrecde pairs for dividing the wmeasuring
chamber in the cross-section into at least two geparate
parallel part channels 1in order to create part £lows, one

part channel



being the emission channel, the others being shut-off channels, and means for creating a static electric
field relating to the mobility of the ions, and collection electrodes in each shut-off channel for collecting
away the part flows of these part channels, one eléctrically passive part channel forming the said
emission channel at a chosen point of the cross-section, permitting the ions to travel as undisturbedly
as possible throygh jt, 7Ign-mobilityspegtrometeraceordingtoClaimg, chagagterized,in thag fhe selected
part channels are at least three, the emission channel being located between the shut-off channels.
8lon-mobility spECFBRTEtEr aBE6rding to Claim 6 or 7, characterized in that the part channels are
formed using seweralghificmetatpiatesy which divide Hiemeasurifgechamberintomarowparts over a

selected length. @, lon-rpobility spectromgter ageerding toLlaim,6 o thasacterized inthat the
pre-filter comprises 3 - 11, prefera%lzf; 9 part channels. 10. lon-mobility spectrometer according to

Claim 6 or 7, which'is 85&entBlad Piate'Batk T65iMEd 5 ibtes B 1815 0F eachdther’in which
plates openings Brefermedtorr gt each other in order to create the measuring chamber and other
channel spaces,gharactedzed i that thespartcharnels ofthepresfilterarg formed by peeks
penetrating the rgeflssuj(ing cggrgl%%rlin sglecteccj}pcljgiées, thglr% tbeigg o&?gingrsoatsq cgé@fgonding
location in the plarFes Petween them. 17 1% Ion-mof}lli@ spectrometer accordslng 70 any of Claims 6 -
9, characterizedBfi%Rat it includes adefPnEP eletdteiesdFitHaYbRagebssUice 2R cafFF belsre the
pre-filter, for sepatatingdram each other ions with different polarities, by means of an electric field.

7. Ien~mokbility gpectrometer according to Claim &,

characterized in that the sgelected part channels are at

least three, the emission channel being located between the

shut-off channels.

8. Ion-mobility spectrometer according to Claim 6 or 7,

characterized iIn that the part channels are formed using

several thin metal plates, which divide the measuring

chamber into narrow parts over a selected length.

9. Ton-mobility spectrometer according to Claim & or 7,
characterized in that the pre-filter comprises 3 - 11,
preferably 5 - 9 part channels.

&

10. ITon-mobility spectrometer according to Claim 6 or 7, which

is assembled from a plate pack formed of plates on top of
each other, in which plates openings are formed on top of
each other in order to create the measuring chamber and

other channel spaces, characterized in that the part

channels of the pre-filter are formed by necks penetrating
the measuring chamber in selected plates, there being
openings at a corresgponding lcocation in the plates between
them.



12. lon-mobilityspectrometeraccordingtoClaim11, characterized in that the collector electrodes of the

pre-filter are each part of a circuit board, from which the said plate are made.
1

11. Icn-mobility spectrometer according to any of Claims 6 - 9,

characterized in that it includes additional electrodeg with a

voltage scurce, located before the pre-filter, for sgeparating
from each other ions with different polaritieg, by means of an

electric field.

12. Ion-mobility gpectrometer accerding to Claim 11,

characterized in that the collector electrodes of the pre-filter

are each part of a circuilt board, from which the said plate are

made .



