
METHOD FOR MEASURING GASES AND CORRESPONDING ION
MOBILITY SPECTROMETER FIELD OF THE INVENTION 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 ion-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
the measuring chamber. The invention also relates to
an ion mobility spectrometer (IMS) implementing the
method. PRIOR ART Ion mobility spectrometry (IMS ) i s
a method for measuring gaseous impurities i n air
(Eiceman &Karpas , 2005 ) . The mobi l ity of ions i s
measured i n many ways . The most common i s timeof
-flight IMS , or drift IMS . Another known method i s
aspiration IMS . This i s used t o measure the
mobility of both ions and aerosol particles .
Aspiration IMS i s based on the fact that ions move i
n an air flow and most usually with an electric field
that i s most usually perpendicular t o the flow . I f
the electric field i s kept constant , the ions travel
t o different locations on the basis of their
electrical mobility, the mobi l ity being determined
according t o the measurement location . Measurement
can also be made by changing the electric field
relative t o time, i n which case the ions
representing different mobilities are measured at
different times .Application publication US
2007/0023647 A l (Zimmermann) dis closes one ion
mobility spectrometer, in which the sample gas 



is ionized and guided to a narrow point in the
cross-section of the transport-gas flow, before the
measurement electrodes. This is a matter of so-called
second-order aspiration IMS. Ideally, the ionized
sample gas is led to the centre of the flow
crosssection of the transport gas and electric field
as a narrow flow, when all the ions start from the
same transverse distance relative to the consecutive
electrodes. The variables affecting the lateral
movement of the molecules are then the mass and charge
of the molecule. The separation precision of the chan
nels improves significantly compared to the ion flow
from the entire cross-sectional area. The control of
the transport gas and the sample gas to be ionized
complicates the construction, however. The least
disturbance in even one flow component can easily give
rise to a relatively large error. A similar con
struction is disclosed in publication U S 200 6/0054
804Al (Wexler) . Publication WO 2008/008826A2
discloses 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 frequency in the order of 1 Mhz is used,
together with a scanning DC voltage. Such an electrode
arrangement with several phased RF sources combined
with DC scanning is extremely com plicated. In
principle, the sample gas could be led to the centre,
but practical implementation is difficult and for this
reason the publication discloses a model, in which the
sample gas is 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. Figure 1
shows a traditional way of implementing an aspiration
cell. The ions J1 11 come to separate measurement
strips e - e3from 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 imprecision 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 J1n come to an individual measurement strip e
- e2 from the entire area of the flow channel. In the
implementation, the separation of the ions takes place
by altering the filed of the measurement strip. This
method too suffers like the previous one from the
broad arrival distribution of the ions. DESCRIPTION OF
THE INVENTION The present invention is intended to
create a simpler method and device than previously for
measuring gas samples, particu larly to implement
so-called second-order aspiration IMS. The
characteristic features of the method according to the
inven tion are stated in Claim 1 and the
characteristic features of the corresponding IMS
device are stated in Claim b. By means of the
filtering technique according to the invention, the em
is sion flow can be in the centre of the flow
cross-section, in which the velocity profile of the
flow is greatest. The con struction is substantially
simpler that Zimmermann' s device described above. At
its simplest, there can be an absolute 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 channel, the electric
field is static relative to the mobility of the ions.
A slowly changing (less than 100 Hz, more usually 0 -
50 Hz) or absolutely static electric field may be
used, according to the embodiment chosen. For example,
In a period of one second a slowly changing electric
field can be used to 



optimize the separation of ions with different
mobility. Theelectric fields of the pre-filter are
long enough in the direc tion 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-filter, the separation
electrodes are located axially in the measuring
chamber, according to the calculated paths. The static
electric field of the emission channel requires
same-potential electrodes on both sides. However, each
electrode of the static electric field can be on the
opposite side of an insulating plate and be
simultaneously a second electrode of the shut-off
channel. With the aid of the ion-filtering technique
according to the invention, considerable measurement
precision is achieved, compared to a detector without
ion filtering. By means of the filtering technique
according to the invention, the emission channel can
be in the centre of the flow cross-section, where the
velocity profile 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 the present invention, the ions
are filtered out of the edges of the flow channel,
from the socalled 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, com pared 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.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. Ions 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 advanta geous, 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 poten tial. 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 the invention can be
summarized as follows: Ions are produced over the
entire height of the flow channel, for example, by
means of a radioactive source. Ions are permit ted to
enter the measuring chamber from a limited area, by
filtering ions from elsewhere out by means of a plate
structure dividing the flow channel, preferably from
the maximum point of the velocity distribution of the
flow. Here, the greater ion density (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 mobility measuring chamber. The ions can b e
guided b y 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 ionizing radiation
from entering the measuring chamber. The construction
permits compact measuring. The construction can b e
exploited in order to implementDMS/FAIMS-type
measurement. The construction can be combined with the
so-called SWEEP-type measurement, when the desired
part of the mobility distribution is picked out of the
secondorder produced ion flow. BRIEF DESCRIPTION OF
FIGURES In the following, the invention is described
with the aid of examples and with reference to the
accompanying drawings, in which Figure 1 shows the
manner of implementing a traditional aspiration cell,
Figure 2 shows the construction of a so-called SWEEP
cell, 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
barrierplate structure of the pre-filter, 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, Figure 8 shows a schematic diagram of the
previous, slightly modified second-order solution,
Figure 9 shows an axonometric view and cross-section
of a practical implementation of an aspiration IMS
cell, Figure 10 shows an axonometric view and
cross-section of a 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.DETAILED
DESCRIPTION The operation of the position-separating
second-order aspira tion IMS is shown as a schematic
diagram in Figure 3a. An ionized gas flow 10 is led
into the measuring channel 12, by means of which a
typically parabolic velocity profile arises in the
channel. From the point of view of the actual
measurement, the central component is a
position-separating cell, in which ions with different
mobilities are collected into different 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 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 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. In a preferred
construction, the cross-sectional surface area of 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. 



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: - Boundary line 13a:
mobility is limited by a DMS or DC emis sion field,
ions with a greater mobility will not pass through.-
Boundary line 13b: ions with a lower mobility emitted
from a DMS or DC field, which pass through and proceed
to the measur ing area for separation. The emission
channel can also be used as a filter in two ways: 1 )
By setting a voltage (field) in the emission channel,
it is possible, with the aid of the emission channel,
to limit the entry to the measuring channel of high
mobilities. The voltage of the emission channel
determines the mobility, above which there is no entry
to the measurement. By altering this voltage in steps,
the measurement accuracy can be significantly im
proved by selecting a suitable emission window. 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 barrierplate construction of the
pre-filter 14. The body of the sensor is marked with
the reference number 4. 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 implemen tation. 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 ions J _n 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 threemeasuring channels e - e3, i.e.
measuring strips, are drawn in the figure, in reality
there can be more of them. The construction in
principle of the pre-filter can be seen in Figure 6 ,
in which E signifies generally an electric field while
the numbers next to the letter refer to the fact that
in a practical arrangement each field can have a
different magni tude. Though in an optimal situation
the centre-most field (E=O) is indeed arranged in such
a way that the field strength in it is zero, or 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 over the entire channel. Figure 7 shows an
insulating pack 20 and a cross-section 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 consists of alternating
insulating and field plates. The ions can be measured
position-independently using a con stant electric
field, or a varying electric field, from one or more
locations. Both are described in publications and in 



patents. The second-order solution 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 control. These
measures are intended to maximize the flow signal
brought by the ions being measured.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 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. Above is a schematic diagram
of a electromechanical secondorder 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, the broken line inside the tube shows the
radiation source schematically. Immediately after
formation, the different polarities are separated 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 slightly away from the centre part. The
intention is to exploit the high velocity of the
centre part of the flow channel over a wide area.
Implementing ionization as close as possible to the
measurement of mobility maximizes the number of ions
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 barrier fields and emission
channel 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)
. In addition to the above manners of implementation,
a secondorder construction can also be implemented as
a so-called DMSconstruction, in which a filter
intended to create the second order is utilized, in
order to create an asymmetric high-fre quency field
with a great strength. The DMS measurement princi ple
is, as such, known, but the way of implementing it in
a 5 second-order manner is new. A more detailed view
of the sensor component 20 of the ionmobility
spectrometer is shown in Figure 9 , in which the
sensor component is cross-sectioned longitudinally at
the measuring 10 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 board, in which there is the rest of the
electronics of 15 the device. The sensor component
comprises a layered construc tion, in which the lowest
is a support plate 22, with on top of it in order are:
a lower measuring plate 21, a channel plate 23, an
upper measuring plate 24, and a thicker connector
plate 26. 20 The sample gas is brought from the
connection Lin' to the ionization chamber 18, in which
there is the chosen radiation source 8 (not shown) .
The ionized sample gas is led through an intermediate
connection 19 to an elongated measuring chamber 25 12,
the operation of which will be explained later. From
the measuring chamber 12, the sample gas is removed to
the connec tion out' - either to the surrounding air,
or, in closed 



sampling, back to its starting point. 30 In the known
manner, in the measuring chamber 12 there are
measuring strips (e l r e2, e3) each as an electrode
pair (e.g., e1+ and e ), the voltage of which is kept
constant and the current in which is measured. 35 In
this figure, the ion pre-filter 14 is not shown in
crosssection and thus protrudes from the section plane
of the restof the construction. At the same 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, i.e.
generally the centre-most plates, are earthed. The
voltage is led to the plates from the other side (not
shown) . A second, more simplified embodiment of the
ion-mobility spec trometer is shown in Figure 10, in
which the sensor component 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 lin' , - measuring chamber 12, -
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 - 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
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 of each circuit
board. Part channels are formed between the necks 16',
of which in this case there are three. The centremost
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 channel, or outside the
insulation. The electrodes of theemission channel can
be separate or common i n pairs on each side with the
nearest electrodes of the shut-off channel . The
layered construction can naturally be formed i n many
other ways . The central features of the construction
are the channel spaces and the electrodes . The
measuring chamber 12 narrows after the pre-filter 14 t
o become a channel 12 ' that i s even narrower than
the emission channel a . In the channel 12 ' , there
are separator electrodes as above (not shown) and its
height i s about 20% (generally 10 - 30 %) of the
height of the pr e- f i l ter, the width remaining the
same . This construction has been proven t o 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 measuring channel 12 ' . The ions can then be
guided precisely into the narrow part at the smaller
cros s-section of the measuring channel and distance
separation i s obtained precisely . The separation
works well at a low voltage, because the transverse
distance i s small (0, 2 - 1 mm, preferably 0, 4 - 0,
7 mm) . Generally, using one or two shut-off channels
the emission flow containing the ions can be guided
precisely t o the selected point of the smaller
cross-section . Figure 11 shows i n a simplified form
yet another embodiment . In the measuring chamber of
even thickness there i s a pre-filter, 



i n which the length of the shut-off channel plates l
ba i s i n inverse accordance with the velocity
profile, i . e . the length of the plates diminishes
towards the emission channel . The plates of the
emission channel a are , i n addition, slightly
protruding relative t o the rest of the plate pack.
This i s used t o direct the shape of the electric
field and the flow profile . Separation takes place i
n the same way as describe above . I n the embodiment
described above, 1 - 3 litres per minute, preferably
about 2 l/min i s typically used as the flow velocity
of the of the sample gas .CLAIMS 1 . Method for
measuring gaseous substances, which method com prises
the stages: - ionization of the sample gas in a gas
flow (10), leading of the ionized gas flow through an
elon gated ion-mobility measuring chamber (12) ,
separation of ions (J1-J with differing ion mobili
ties in the measuring chamber (12) with the aid of a
transverse electric field and at least one
measurement-electrode pair {e l r e2, e3) arranged on
the wall of the measuring chamber, characterized in
that at a chosen distance in the flow direction before
the measuring electrodes (e , e2, e3), the gas flow is
divided into at least two part-flows for the pre-f
iltering (14) of the ions, in which one of the
part-flows at the chosen point is re ferred to as the
emission flow (a) , the other partflows being referred
to as shut-off flows, and when the ions (Ji_n) 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 (Ji_n), and - at least the
selected ions in the emission flow (a) are permitted
to enter the separation (14) after the said pre-f
iltering (14), with the aid of a 0-field arranged in
the emission flow (a) . 2 . Method according to Claim
1 , characterized in that there are at least three
part-flows and the said emission flow (a) is at
essentially the maximum point of the velocity
distribution of the gas flow.3. Method according t o
Claim 1 or 2, characterized i n that the part flows
are created by means of part channels , the lengths of
which diminish from the edges towards the emission
flow . 4. Method according t o Claim 1 or 2,
characterized i n that , after the pre-filtering, the
gas flow i s directed t o a subst an tially smaller
cross-section, i n which the emission flow (a )
containing the ions i s guided by at least one
non-ionized shutoff flow t o a precisely defined point
i n the said smaller cross-section. 5. Method
according t o any of Claims 1 - 4, characterized i n
that , before the pre-filtering, the ions are
separated from each other on the basis of different
polarities . 6 . Ion-mobility spectrometer for
measuring gaseous substances, in which the
ion-mobility spectrometer includes a measuring chamber
(12), means for creating a gas flow and guiding it
through the measuring chamber (12) , means (18) for
ionizing the gas flow before the measuring chamber
(12), means for creating a transverse measuring
electri cal field over a chosen length of the
measuring chamber (12) and at least one
measuring-electrode pair (e l e2, e3) on the wall of
the measuring cham 



ber (12), means for measuring the ion flow from each
measuring-electrode pair (e l r e2 r e3),
characterized in that the measuring chamber includes a
pre-filter arranged in the flow direction before the
measuring-electrode pairs (e l f e2, e3) for di viding
the measuring chamber in the cross-section into at
least two separate parallel part channels in order to
create part flows, one part channelbeing the emission
channel (a) , the others being shut-off channels, and
means for creating a static electric field (EO - E6)
relating to the mobility of the ions, and collection
electrodes (16) in each shut-off channel for
collecting away the part flows of these part channels,
one electrically passive part channel forming the said
emission channel (a) at a chosen point of the
cross-section, permitting the ions to travel as
undisturbedly as possible through it. 7 . Ion-mobility
spectrometer according to Claim 6 , character ized in
that the selected 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 1 , charac terized in that the
part channels are formed using several thin metal
plates (16), which divide the measuring chamber into
narrow parts over a selected length. 9 . Ion-mobility
spectrometer according to Claim 6 or 7 , charac
terized in that the pre-filter (14) comprises 3 - 11,
prefera bly 5 - 9 part channels. 10. Ion-mobility
spectrometer according to Claim 6 or 7 , which is
assembled from a plate pack formed of plates (22, 21,
22, 



23, 23, 24, 26) on top of each other, in which plates
openings are formed on top of each other in order to
create the measuring chamber (12) and other channel
spaces, characterized in that the part channels of the
pre-filter (14) are formed by necks (16') penetrating
the measuring chamber (12) in selected plates, there
being openings at a corresponding location in the
plates between them.11. Ion-mobility spectrometer
according to any of Claims 6 - 9 , characterized in
that it includes additional electrodes with a voltage
source, located before the pre-filter, for separating
from each other ions with different polarities, by
means of an electric field. 12. Ion-mobility
spectrometer according to Claim 11, character ized in
that the collector electrodes (16) of the pre-filter
are each part of a circuit board, from which the said
plate (22, 21, 22, 23, 23, 24, 26) are made. 


