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DESCRIPTION

[0001] The present invention relates to a method for chemical analysis, in which

e a gas flow is ionized in order to form an ionized gas flow that is brought to a flow
channel,

« the ionized gas flow is led to a planar filter structure fitted to the flow channel,

» the ionized gas flow is filtered using the DMS/FAIMS method, in order to remove at least
some of the ions from the ionized gas flow,

a mainly non-ionized gas flow, which is on at least one side of the ionized gas flow, is led to the
filtering area together with the ionized gas flow. The invention also relates to a corresponding
structure.

[0002] Figure 1 shows an idealized diagram of the principle of the known FAIMS (Field
Asymmetric-waveform lon-Mobility Spectrometry) aka DMS (Differential Mobility Spectrometry)
ion-filtering technique. It is used, for example, to separate different types of ions in a gaseous
form. The technique is based on using a high-frequency variable electric field in the ion-filter
structure. The filter structure consists of, for example, a substrate 102 arranged to form a flow
channel 18 and planar filter electrodes 103 arranged on it facing each other.

[0003] The structure permits the passage of only ions 104 that behave in a specific manner in
an electric field and filters other ions 105 by neutralizing them electrically. The neutralization
removes the ions, because the terminal velocity received by the ions in the electric field
depends on the field's strength. In an asymmetrical field, the ions oscillate in the filter at an
asymmetrical velocity, which causes a net transfer of ions towards the electrodes in an
advantageous direction relative to the field. The electrical-field-dependence of the ions is very
small and this difference can be compensated by increasing the DC component CV to the
frequency-changing field, which cancels a specific type of field dependence.

[0004] By arranging the ion-transporting gas flow between two parallel electrodes 103, and
setting an electrical field of the type referred to above between these electrodes, some of the
ions 105 can be removed through the structure thus obtained and the desired passband can
be selected with the aid of the aforementioned compensation voltage. By using an electric field
after the filter in the flow direction to collect the ions 104 that have passed through the filter, it
is possible to determine the quality and/or number (reference number 16 in Figures 1 and 6 -
8) of the ions 104 that have passed through.

[0005] For its part, Figure 2 shows a situation corresponding more to reality in the case of the
behaviour of the ions in the aforementioned filtering technique. The flow profile 101 of the gas
flow shows that the ionized gas flow to be analysed covers the entire cross-section area of the
flow channel 18. As the ions are distributed evenly over the flow channel 18, the filter
electrodes 103 will inevitably also collect ions 104b that it is particularly desired to pass through
the filter. These ions 104b, which are too close to the edge of the flow channel 18, are
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neutralized and thus out of the flow that has passed through the filter. This reduces the signal
obtained from the system comprising the filter, and also the signal-noise ratio.

[0006] Containment gas to achieve ion concentration toward the center of the flow path in
FAIMS is known from WO 2006/060807.

[0007] The present invention is intended to create a method and structure, which will improve
the signal obtained from chemical analysis. The characteristic features of the method
according to the invention are stated in Claim 1 and those of the structure in Claim 6.

[0008] In the invention, a parallel mainly non-ionic gas flow, which is on at least one side of the
ionized gas flow, is led along with the ionized gas flow to the filter structure. The use of the
solution prevents, or at least reduces, the filtering of ions that it is wished to pass through the
filtering. In addition to the measurement signal obtained, the signal-noise ratio of the
measurement signal in chemical analysis is also improved.

[0009] According to one embodiment, the ionized gas flow can be led to the planar filter
structure between a mainly non-ionized gas flow. In this case, the non-ionized gas flow is
formed on both sides of the ionized gas flow, so that the flows create a kind of sandwich
structure. lon filtering implemented using the DMS/FAIMS principle can thus be operated in the
so-called second-order manner.

[0010] According to one embodiment, the ionized gas flow can also be flattened by the mainly
non-ionized gas flow before both are led to the planar filter structure. In this way, the
performance of the filtering can be further improved.

[0011] By means of the invention, it is possible to solve, for example, a problem relating to
planar DMS/FAIMS filtering, in which some of the ions in the air or gas flowing in the flow
channel of the filter structure are so close to the edge of the flow channel that they end up on
the DMS/FAIMS collection electrodes, even though they should not. By using the shield flow
according to the invention, for example on both sides of the ion flow in which one is interested,
as a kind of sandwich structure, only the ions to be filtered end up on the collection electrodes
and are neutralized, whereas the desired ions passing through the filter remain
advantageously in the middle of the flow channel. Thus, stated generally, the invention is the
use of a shield flow as a factor preserving the signal, i.e. improving the signal-noise ratio. The
actual measurement signal can be measured only outside the DMS filter and after it, in one
way or another. The other characteristic features of the invention and other advantages
achieved with the invention, are examined in more extensively in the description portion.

[0012] In the following, the invention, which is not restricted to the embodiments disclosed
hereinafter, is described in greater detail with reference to the accompanying figures, in which

Figure 1
shows a schematic diagram of the principle of DMS/FAIMS filtering, in an ideal situation,
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Figure 2
shows a schematic diagram of drawbacks in the operation of a filter according to the
prior art, and the behaviour of ions in it,
Figure 3
shows a rough schematic diagram of the operating principle of the filtering structure
according to the invention, and the behaviour of ions in it,
Figure 4
shows schematically one construction of the filter
Figure 5
shows schematically a second construction of the filter,
Figures 6 and 7
show a few ways of bringing the flows to the filter structure,
Figure 8
shows examples of the dimensions of one filter structure, and
Figures 9a and 9b
show yet a third way to bring the flows to the filter structure.

[0013] In the following, the method according to the invention for chemical analysis is
described with reference to Figures 3 - 7. The term chemical analysis can refer to, for
example, the qualitative and/or quantitative detection from a gas flow of substances or similar
structural units in the gas flow. An aerosol, in which particles are suspended in a gas, can also
be considered to be a gas flow within the context of the invention.

[0014] Figure 3 shows schematically on a very rough level an example of the solution
consistent with the invention and the behaviour of the ions in a filter structure 10. The so-called
second-order solution is based on the idea of taking a planar ionized gas flow 24 to a planar
filtering area 28 at one edge of or in the middle of a flow channel 18. In other words, the
ionized gas flow 24, which is the object of the filtering, is narrower in relation to the height of
the whole flow channel 18.

[0015] A description of the method can start, for example, from the ionization of the gas flow to
be analysed. lonization can take place, for example, outside the flow channel 18, in which case
the ions are brought from the actual source to the flow channel 18 along with the gas flow.
lonization of the gas flow can be performed, for example, in some manner of the prior art that
is, as such known, or is still under development. Some nonlimiting examples are a radioactive
ionizer, a corona charger, the electrospray technique, or some other well-known method. The
distance from the ionizer (not shown) to the entry opening of the flow-channel structure 18 is
set to be relatively short, to reduce losses.

[0016] Next, the ionized gas flow 24 is led to the flow channel 18 forming the filter structure 10.
A parallel, mainly non-ionized gas flow 13 is formed on at least one side of the ionized gas flow
24 inside the actual flow channel 18. In any event, the parallel, mainly non-ionized gas flow 13
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is formed before the ionized gas flow 24 is taken to filtering in the filtering area 28. Thus, in the
invention, the gas flow 24 to be analysed is formed from a part flow that is narrower relative to
the height of the flow channel 18. In this way, a kind of 'shield flow' 13 is created on at least
one side of the ionized gas flow 24, in the flow direction between the gas flow 24 and the wall
12 of the flow channel 18. The use of the shield flow 13 makes it possible, for example, to
reduce the neutralization of the edge ions 25 of the ion flow 24 that is intended for later
analysis.

[0017] Figure 3 shows the flow zones 26, 27 of the gas flows 13, 24 and their flow profiles.
Now the neutral, i.e. mainly non-ionized flows 13 are on both sides relative to the ionized flow
24. Thus the flows 13, 24 form a sandwich structure. Each flow 13, 24 can be separated from
the other by a structure (not shown), which divides the flow channel 18 planarly into parts,
before the filtering area 28.

[0018] Next, the ionized gas flow 24 is led to the filtering area 28 arranged in the flow channel
18, in which the desired ions are filter out of it. The parallel, mainly non-ionized gas flow 13,
which is on at least one side of the ionized gas flow 24, is led to the filtering area 28 along with
the ionized gas flow 24. In this case, the ionized gas flow 24 is led to the filtering area 28 in
between the mainly non-ionized gas flow 13, which is thus on both sides of the ionized gas flow
24,

[0019] Next, the ionized gas flow 24 is filtered using the DMS/FAIMS method to remove at
least some of the ions 105 from the gas flow 24. As such, in terms of the electric fields used in
it, the implementation of the DMS/FAIMS filtering will be obvious to one skilled in the art, and
for this reason will not be dealt with further in this connection. In the filtering, the ions 25
intended to be filtered out of the ionized gas flow 24 arranged in the middle move in the
filtering area 28 through the passage zones 27 formed by the shield flows 13 at the edges of
the flow channel 18 and are neutralized, because their field dependence causes them to move
towards the filter electrodes 33. For its part, the ions 14 of the gas flow 24 passing the filtering
have not time to move to the filter electrodes 33. In the middle of the flow channel 18 there is
an oscillation zone 26 for the passing ions 14, which do not end up on the filtering area's 28
electrodes 33 in the filtering area 28.

[0020] Figures 4 - 7 show, in a roughly simplified form, some schematic structural solutions for
implementing a filter structure 10 for chemical analysis, as cross-sections of the flow channel
18 in its longitudinal, i.e. flow direction. The structure 10 includes a flow-channel arrangement
18 for the ionized gas flow 24. The gas flow 24 is arranged to be filtered in the structure 10
using the DMS/FAIMS method in a planar filtering area 28 fitted to the flow channel 18. The
filtering area 28 includes two DMS/FAIMS electrodes 33, which can be controlled in a manner
that is, as such, known, using known control means (not shown). The structure 10 includes
means 11 for creating a mainly non-ionized gas flow 13 on at least one side of the ionized gas
flow 24.

[0021] In the embodiment shown in Figure 4, the means 11 include a structure 11 dividing the
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gas flow 18 into parts before the filtering area 28. By means of the structure 11, several
narrower flow channels, whose height is only part of the height of the entire flow channel 18,
are formed in the flow channel 18. By means of the structure 11, the ionized gas flow 24
intended to be analysed can be arranged in the middle of the flow channel 18, with the mainly
non-ionized, i.e. neutral gas flows 13 on both sides relative to it. By means of the channel
structure 11, the neutral, i.e. shield-flows 13 are kept separate from the ionized flow 24 in the
middle.

[0022] In the embodiments of Figures 4 - 7, the structure 10 includes two longitudinal walls 11
in the direction of the flow channel 18 fitted to the flow channel 18. The walls 11 too are planar.

[0023] The mainly non-ionized gas flow 13 and the ionized gas flow 24 are combined with
each other before they are led to the filtering area 28. For this purpose a small gap 19 is
arranged to remain that is free of the dividing structures 11, between the structure 11 dividing
the flow channel 18 into parts and the filtering area 28. Of course, the non-ionized gas flow 13
and the ionized gas flow 24 can be combined with each other already when they are brought to
the flow channel 18, but they may then mix with each other detrimentally before the filtering
area 28 to such an extent as to impair the result of the filtering.

[0024] Figures 5 - 7 show a second embodiment of the filter structure 10. In it the mainly non-
ionized gas flow 13 is used to flatten the ionized gas flow 24 on both sides, when they are led
to the filtering area 28. One way to implement this is to arrange a throttle structure 15 in the
filtering area 28 in order to flatten the ionized gas flow 24 using the mainly non-ionized gas flow
13. The structure 15 is now implemented by means of a material layer fitted over the entire
length of the filtering area 28, which reduces the height of the flow channel 18 in the filtering
area 28. The structure 15 is in a substrate 12 on opposite edges of the flow channel 18. For
their part, the DMS/FAIMS electrodes 33 are now on the surfaces of the material layer 15
opposite each other.

[0025] The structure-free gap 19 remaining between the divider structure 11 and the filtering
area 28 now permits the side flows 13 to turn and the combined flow 24* will fit to go to the
filtering area 28. The flattening of the effective flow 24 in the middle, achieved by the turning of
the side flows 13, improves performance. The entry-side edge 15a of the throttle structure 15
is vertical. Optimally, however, these shapes can be slightly curved or bevelled, so that the
sharp corners will not cause problems.

[0026] Figures 6 and 7 show schematic examples of how the flows 13, 24 can be brought to
the filter structure 10 and thus also to the flow channel 18. In addition, the figure shows
schematically the analyser 16 that comes after the filter structure 10. The gas flows 13, 24 can
be brought to the structure 10 from different sides of it, or even from the same side, depending
on the implementation.

[0027] In the structure of Figure 6, the mainly non-ionized gas flow 13 is formed by bringing a
neutral shield-gas flow 13 to the flow channel 18. If the filter structure 10 is examined in its
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typical operating attitude, in which the electrodes 33 are on the upper and lower surface of the
flow channel 18, the ionised flow 24 is brought to the filter structure 10 from its end, without no
change in direction. The neutral flows 13 are brought to the filter structure 10 from above it and
below it. The embodiment of Figure 7 shows an example of the embodiment, in which a narrow
ion flow 24 is created by neutralizing the side flows 13. Now the gas flows to be brought to the
filter structure 10 can all be the same ionized gas flow 24' brought from the ionizer and, for
example, led from above to the filter structure 10 in its typical operating attitude. In this case,
the mainly non-ionized gas flow 13 is formed by neutralizing part of the gas flow 24' only once
it is in the flow channel 18. To neutralize the side flows 13, the structure 11 dividing the flow
channel 18 into parts is fitted with electrode means 38 by means of which are arranged to
neutralize part of the ionized gas flow 24' brought to the flow channel 18, to create mainly non-
ionized gas flows 13. This embodiment has the advantage of simple implementation. When
creating an ionized flow 24 and a neutral flow 13 with the aid of the structure 10, there is no
need at all for 'clean’ flows as shields and for bringing to the structure 10.

[0028] In both structures, the flows 24, 13 after the divider structure 11 arranged in the flow
channel 18 are combined to form a single flow 24', so that the ionization flow 24 remains as its
own narrow band relative to the cross-section of the channel 18, for example in the centre of
the channel 18. A flow arrangement like that of the second order can be implemented inside
the DMS/FAIMS filter 10, when neutralization of the passage mobility will be reduced and the
signal-noise ratio will improve. In a structure according to the invention like that of the second
order, the flows can be arranged as shown in the figures and in such a way as to preserve the
ionization zone 26, unless it is separately disturbed.

[0029] Figures 6 and 7 show schematically the flight 24a of ions in an analyser 16 in an electric
field set for measurement. This does not affect the flow profile, as the concentration is non-
existent relative to the mass flow. A measurement field is created, or measurement is
performed, using electrodes 16a and these have a counter electrode 16b. Using the
electrodes, for example a mobility analysis of the ions is made, i.e. different mobilities are
directed to different electrodes by using either a permanent electric field, or by varying the
magnitude of the electric field in such a way as to change the so-called boundary mobility
coming to the electrode.

[0030] Figure 8 shows a further few examples of the dimensions, or dimension ratios of the
structure 10. The length Lpys of the DMS electrodes 33, i.e. of the area 28, in the flow
direction, i.e. the longitudinal direction of the structure 10, can be, for example 10 - 80 mm.
The height D of the flow channel 18 can be, for example, 1 - 10 mm. The thickness W of the
throttle structures 15 of the whole height H of the flow channel 18 can be, for example, 25 -
75%. The height S of the sub-flow channels formed by the divider structures 11 can be, for
example, 0.1 - 2 mm. The ratio between the height D of the flow channel 18 and the sub-
channels can be D > 3S, but, however, preferably D < 10S.

[0031] The thickness W of the throttle structures 15 in the area of the DMS/FAIMS electrodes
33 can be 50 - 90% of the height S of the side-flow channels. The throttle plates 15 narrow the
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filter area 28 on the entry side, which flattens the combined flow 24* after the divider structures
1.

[0032] Figures 9a and 9b show yet another, outwith the scope of the invention, of bringing the
flows 13, 24 to the filter structure 10. Figure 9b shows a cross-section of the filter structure 10
of Figure 9a, seen from the end, from the entry point of the gas flows 13, 24 to the structure
10. In this embodiment, the flows 13, 24 are brought to the filter structure 10 from the side, if
the filter structure 10 is examined in its typical operating attitude, when the electrodes 33 are in
the upper and lower walls 12 of the flow channel 18. The particular advantage of this
embodiment is in the manufacture of the filter structure 10, especially when the parts of the
piece 10 are made using injection moulding, or some other method that permits the entire set
of channels to be made from a single part. When the gas flows 13, 24 are brought to the filter
structure 10 in this way, the gas-flow connections can be easily arranged in the filter structure
10.

[0033] The ionized gas flow 24 is brought from one side of the filter structure 10 to the sub-
channel delimited by the wall structures 11 fitted to the flow channel 18. The non-ionized shield
flows 13 are, for their part, brought to the filter structure 10 from the opposite side, to the under
channels delimited by the wall structures 11 fitted to the flow channel 18 and the outer wall 12
of the flow channel 18. One other way would be to bring all the flows 13, 24 from the same side
of the structure 10.

[0034] The side flows 13 are arranged in such a way that a middle flow 24 forms the narrow
and flattened part in the middle of the channel 18. According to one embodiment, the flows 13,
24 can be of the same magnitude (the same mass flow) in the same-sized sub-channels.
However, one measure of the quality of the device 10 can be the narrowness (the narrower the
better) of the flow 24 in the middle, relative to the total flow. The height of the side channels
can be altered with the mass flows, in such a way that the flow velocities in the different
channels are more or less the same. In that case, turbulence and spreading of the middle flow
24 will not take place when the flows 13, 24 combine. The use of single-size channels can be
an optimum, in which the same mass flow produces the same velocities in all the single-size
channels. Channels of different sizes are not, however, excluded, as in the practice device the
large side-flow channels can, in some cases, be a significant advantage. The ratio of the flow
quantities of the middle channel and the side channels can be 1:2, or even 1:200. In other
words, 200 litres per minute would flow from the side channels, while 1 litre per minute would
flow from the middle, but in that case, the dimensions should, of course, be quite large.

[0035] It must be understood that the above description and the related figures are only
intended to illustrate the present invention. The invention is thus in no way restricted to only the
embodiments disclosed or stated in the Claims, but many different variations and adaptations
of the invention, which are possible within the scope on the inventive idea defined in the
accompanying Claims, will be obvious to one skilled in the art.
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PATENTKRAV

1. Fremgangsmade til kemisk analyse i hvilken

- en gasstrgm er ioniseret for at danne en ioniseret gasstrgm (247, 24) der til-
fgres en stromningskanal (18),

- den ioniserede gasstrgm (24) ledes til et filtreringsomrade (28) tilpasset til
strgmningskanalen (18),

- den ioniserede gasstrgm (24) filtreres ved anvendelse af DSM/FAIMS-
metoden for at fjerne 1 det mindste nogle af ionerne (25, 105) fra den ionise-
rede gasstrgm (24), en overvejende ikke-ioniseret gasstrgm (13), der er pa
mindst en side af den ioniserede gasstrgm (24), ledes til filtreringsomradet
(28) sammen med den ioniserede gasstrom (24),

kendetegnet ved, at

- en del af den ioniserede gasstrgm (24°) er neutraliseret indeni strgmnings-
kanalen (18) for at danne n@vnte overvejende ikke-ioniserede gasstrgm (13),

- hvor nevnte overvejende ikke-ioniserede gasstrgm (13) er parallel.

2. Fremgangsmade ifglge krav 1, kendetegnet ved at den ioniserede gasstrgm (24)

ledes til filtreringsomradet (28) mellem den overvejende ikke-ioniserede gasstrgm

(13).

3. Fremgangsmade ifglge krav 1 eller 2, kendetegnet ved, at den overvejende ikke-

ioniserede gasstrgm (13) og den ioniserede gasstrgm (24) er forenet med hinanden fgr

de ledes til filtreringsomradet (28).

4. Fremgangsmade ifplge ethvert af kravene 1-3, kendetegnet ved, at den ioniserede

gasstrgm (24) er mast af den overvejende ikke-ioniserede gasstrgm (13), néar de ledes

til filtreringsomradet (28).

5. Fremgangsmade ifglge ethvert af kravene 1-4, kendetegnet ved, at mindst en del af

gasstrommen (13, 24) ledes fra siderne ind i filtreringsstrukturen (10), nar den er i

driftsattitude.
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6. Struktur til kemiske analyse, der omfatter et stromningskanal arrangement (18) for
en ioniseret gasstrgm (24), der er arrangeret til at blive filtreret ved anvendelse af
DMS/FAIMS-metoden i et plant filtreringsomrade (28) tilpasset til strgmningskanalen
(18), hvor strukturen omfatter organer til at danne en overvejende ikke-ioniseret gas-
strgm (13) ved mindst en side af den 1oniserede gasstrgm (24), hvilke organer inklude-
rer en struktur (11), der deler strgmningskanalen (18) 1 dele 1 midten af hvilke den
ioniserede gasstrgm (24) kan arrangeres med den overvejende ikke-ioniserede gas-

strgm (13) pa begge sider kendetegnet ved, at nevnte struktur (11), der deler strgm-

ningskanalen (18) 1 dele, inkluderer elektrodeorganer (38) arrangeret til at neutralisere
dele af den 1oniserede gasstrgm (24°) ledt til strgmningskanalen (18) for at danne den

overvejende ikke-ioniserede gasstrgm (13).

7. Struktur ifplge krav 6, kendetegnet ved, at et mellemrum (19) er arrangeret til at

forblive mellem strukturen (11), der deler strgmningskanalen (18) 1 dele, og filtrer-

ringsomradet (28).

8. Struktur ifglge krav 6 eller 7, kendetegnet ved, at filtreringsomradet (28) inklude-

rer en struktur (15) til at mase den ioniserede gasstrgm (24) ved hjalp af den overve-

Jende ikke-ioniserede gasstrgm (13).

9. Struktur ifglge ethvert af kravene 6-8, kendetegnet ved, at mindst en del af gas-

strommene (13, 14, 247) er arrangeret til at blive ledt fra siderne ind 1 filterstrukturen

(10) nar den er i driftsattituden.
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