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Description

TECHNICAL FIELD

[0001] The present invention relates to a mass spectrometer used in a liquid chromatograph mass spectrometer, gas
chromatograph mass spectrometer, and other mass spectrometers. More precisely, it relates to an ion transport optical
system for transporting an ion or ions into the subsequent stage in a mass spectrometer.

BACKGROUND ART

[0002] In a mass spectrometer, an ion transport optical system, which is called an ion lens or ion guide, is used to
converge ions sent from the previous stage, and in some cases accelerate them, in order to send them to a mass
analyzer such as a quadrupole mass filter in the subsequent stage. One type of such ion transport optical system
conventionally used is a multipole rod type, such as a quadrupole or octapole system. In a quadrupole mass filter which
is often used as a mass analyzer for separating ions in accordance with their mass-to-charge ratio, a pre-filter (which is
also called pre-rods) composed of short quadrupole rod electrodes is provided in some cases in the previous stage of
the main body of the quadrupole rod electrode in order to smoothly introduce ions into the main body. Such a pre-filter
can also be regarded as one kind of an ion transport optical system.
[0003] Fig. 15(a) is a schematic perspective view of a general quadrupole rod type ion guide 710, and Fig. 15(b) is a
plain view of the ion guide in a plane orthogonal to the ion optical axis C. The ion guide 710 is composed of mutually
parallel four columnar (or tube-like) rod electrodes 711 through 714 which are arranged in such a manner as to surround
the ion optical path C. Generally, as illustrated in Fig. 15(b), the same radio-frequency voltage V•cosωt is applied to two
rod electrodes 711 and 713 facing across the ion optical axis C, and a radio-frequency voltage -V•cosωt which has the
same amplitude and reversed phase as the aforementioned radio-frequency voltage V•cosωt is applied to two rod
electrodes 712 and 714 which are placed next to the rod electrodes 711 and 713 in the circumferential direction. The
radio-frequency voltages 6V•cosωt applied as just described form a quadrupole radio-frequency electric field in the
space surrounded by the four rod electrodes 711 through 714. In this electric field, ions can be converged into the vicinity
of the ion optical axis C and transported into the subsequent stage, while being oscillated.
[0004] Fig. 16 is a plain view of an octapole rod type ion guide 720 in a plane orthogonal to the ion optical axis C. In
the octapole rod type, eight columnar or tube-like rod electrodes 721 through 728 are arranged at the same angular
intervals around the ion optical axis C as if they touch an inscribed circle. The radio-frequency voltages applied to each
of the rod electrodes 721 through 728 in this case are also the same as in the case of the quadrupole.
[0005] In a quadrupole or multipole (more than four) rod type ion transport optical system as previously described, the
shape of the radio-frequency electric field formed in the space surrounded by the rod electrodes differs in accordance
with the number of their polar elements. This difference is also accompanied by a change in the ion optical properties
such as an ion beam convergence, ion transmission, ion acceptance, and mass selectivity. Generally, a quadrupole
which has a small number of poles shows a preferable beam convergence and mass selectivity by a collisional cooling
with a neutral molecule; increasing the number of poles deteriorates the beam convergence and mass selectivity dete-
riorate while improving the ion transmission and ion acceptance.
[0006] As just described, in a conventional type ion transport optical system, the ion optical properties differ corre-
sponding to the number of poles. Therefore, the ion transport optical system is generally designed in such a manner
that the appropriate number of poles is selected in accordance with the relationship between the atmosphere (e.g. gas
pressure) in which it is used and the ion optical elements provided in the previous stage and subsequent stage, and that
parameters such as the rod electrode’s radius and length are determined under the condition of the number of poles.
However, the conventional type ion transport optical system has a disadvantage in that the flexibility of the selection of
parameters is little and therefore an ion transport optical system having optimal ion optical propeliies suitable for the
purpose cannot be always used, which may lead to the difficulty in increasing the detection sensitivity and accuracy.
[0007] In recent years, a higher sensitivity, higher accuracy, higher throughput, and other better properties in a mass
spectrometer have been required in order to deal with the growing diversity and complexity of the kind of substances to
be analyzed, the demand for a prompt analysis, and other requests. In order to meet such demands, improvement of
the performance is required also for an ion transport optical system. However, in practice, the performance improvement
based on a conventional multipole rod type configuration has limitations for the aforementioned reasons.
[0008] Moreover, EP 1 592 042 A2 discloses a mass spectrometer according to the preambles of claims 1 to 3.
[0009] Furthermore, US 2001/054688 discloses a mass spectrometer with a multipole rod type ion lens. In a mass
spectrometer, electrode element plates forming a virtual rod electrode have predetermined shapes at rim portions thereof
in an ion optical axis side, and the electrode element plates are held at portions away from the ion optical axis by a
holder, to thereby form a virtual rod multipole ion lens unit. Also, apart from the ion lens unit, there is provided a terminal
unit for applying predetermined voltages to the respective electrode element plates. In the ion lens unit, the electrode
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element plates to which the same potential is applied are respectively connected by immovable short lines to form the
groups. One of the electrode element plates in each group is electrically connected to the terminal unit.
[0010] Additionally, DE 12 78 761 B1 discloses a mass spectrometer having four electrodes in the form of cylindrical
rods, each electrode comprising thin electrode plates and long cylindrical electrode parts.

[Patent Document 1] Japanese Unexamined Patent Application Publication No. 2000-149865
[Patent Document 2] Japanese Unexamined Patent Application Publication No. 2001-351563 5

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0011] The present invention has been achieved to solve the aforementioned problems, and the main objective thereof
is to provide a mass spectrometer capable of improving the detection sensitivity and analysis accuracy by improving the
performance of the ion transport optical system for converging ions coming from the previous stage, accelerating or
decelerating them in some cases, and sending them into the subsequent stage. This object is achieved by a mass
spectrometer according to each of claims 1 to 3. Further advantageous embodiments of the invention are the subject-
matter of the dependent claims. Aspects of the invention are set out below.
[0012] The applicant of the present invention has proposed an ion transport optical system using a virtual rod electrode
as illustrated in Fig. 17 and has put it into practical use as an ion transport optical system also capable of accelerating
ions while taking advantage of a multipole rod type ion guide having a relatively good ion convergence (for example,
refer to Patent Documents 1, 2, and other documents). In this configuration, the rod electrodes 711 through 714 illustrated
in Fig. 15(a) are respectively replaced by four virtual rod electrodes 731 through 734 composed of a plurality of (four in
the example of this figure: however, the number can be any) tabular electrode plain plates 735 arranged along the
direction of the ion optical axis C.
[0013] In this virtual multipole rod type ion transport optical system 730, different voltages can be respectively applied
to the four (or more) electrode plain plates 735 composing one virtual rod electrode 731 through 734. Therefore, for
example, a direct current voltage which increases in a stepwise fashion toward the ion’s traveling direction may be
applied in such a manner as to be superimposed on the radio-frequency voltage to form a direct current electric field
whose action accelerates or, inversely, decelerates ions while they are passing through the space surrounded by the
virtual rod electrodes 731 through 734.
[0014] Up until now, a sufficient analysis has not been performed for the radio-frequency electric field formed in a
virtual multipole rod type ion transport optical system as previously described: it has been simply thought that the radio-
frequency electric field thereby formed should be the same as that created by a normal multiple rod type ion transport
optical system with the same number of polar elements. On the other hand, the inventors of the present patent application
have performed an analysis for the radio-frequency electric field formed in a virtual quadrupole rod type ion transport
optical system and have discovered that, unlike a normal quadrupole rod type ion transport system, the virtual quadrupole
rod type ion transport optical system creates an electric field in which not only a quadrupole electric field but higher-
order multipole field components are abundantly included. Furthermore, the inventors have also discovered that such
high-order multipole field components vary corresponding to the electrode plain plates’ thickness, the intervals between
the electrode plain plates adjacent in the ion optical axis direction, the outer edge shape of the electrode plain plates,
and other factors.
[0015] As previously described, in a multipole field components, ion optical properties such as an ion beam conver-
gence, ion transmission, ion acceptance, and mass selection property vary corresponding to the number of poles. In a
virtual multipole rod type ion transport optical system, a plurality of electrode plain plates compose one virtual rod
electrode, and therefore it is easy to change, among the plurality of electrode plain plates, the plate thickness, the
intervals between the adjacent element plain plates, and outer edge shape. Accordingly, the inventors of the present
patent application have conceived, by appropriately adjusting parameters such as the thickness of an electrode plain
plate and the intervals between the adjacent electrode plain plates in the ion optical axis direction and appropriately
changing the shape of the outer edge facing the ion optical axis of each electrode plain plate, realizing the different ion
optical properties between the ion entrance side and ion exit side, or between the ion entrance and exit sides and their
intermediate section for example, and thereby obtaining an optimal or almost optimal performance in accordance with
the atmosphere in which the virtual multipole rod type ion transport optical system is disposed and with the components
provided in the previous stage and subsequent stage.

MEANS FOR SOLVING THE PROBLEMS

[0016] That is, the first aspect of the present invention achieved to solve the aforementioned problems provides a
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mass spectrometer including a virtual multipole rod type ion transport optical system in which 2N (where N is an integer
equal to or more than two) virtual rod electrodes are placed in such a manner as to surround the ion optical axis, each
of the virtual rod electrodes being composed of M (where M is an integer equal to or more than two) electrode plain
plates separated from each other in the ion optical axis direction, wherein:

the M electrode plain plates composing one virtual rod electrode are arranged in such a manner that the number of
kinds of the interval between electrode plain plates adjacent in the ion optical axis direction is at least more than one.

[0017] The second aspect of the present invention achieved to solve the aforementioned problems provides a mass
spectrometer including a virtual multipole rod type ion transport optical system in which 2N (where N is an integer equal
to or more than two) virtual rod electrodes are placed in such a manner as to surround the ion optical axis, each of the
virtual rod electrodes being composed of M (where M is an integer equal to or more than two) electrode plain plates
separated from each other in the ion optical axis direction, wherein:

the M electrode plain plates composing one virtual rod electrode include an electrode plain plate having a different
plate thickness in the ion optical axis direction.

[0018] The third aspect of the present invention achieved to solve the aforementioned problems provides a mass
spectrometer including a virtual multipole rod type ion transport optical system in which 2N (where N is an integer equal
to or more than two) virtual rod electrodes are placed in such a manner as to surround the ion optical axis, each of the
virtual rod electrodes being composed of M (where M is an integer equal to or more than two) electrode plain plates
separated from each other in the ion optical axis direction, wherein:

the M electrode plain plates composing one virtual rod electrode include a plurality of kinds of plain plates having
a different shape of the outer edge facing the ion optical axis.

[0019] Here, the "different shape of the outer edge" includes not only the case where the shapes of the outer edges
vary such as a semicircle, rectangle, or polygon, but also the case where the shapes of the outer edges are similar, as
in the case of semicircles with a different width or radius of curvature of the outer edge arc.
[0020] In the aforementioned virtual multipole rod type ion transport optical system, the same radio-frequency voltage
(e.g. +V•cosωt) is applied to two virtual rod electrodes facing across the ion optical axis, and radio-frequency voltages
with a mutually inverted phase (e.g. one is +V•cosωt and the other is -V•cosωt) are applied to two virtual rod electrodes
adjacent around the ion optical axis. This forms a radio-frequency electric field in the space surrounded by 2N virtual
rod electrodes. However, an appropriate direct current voltage, other than a radio-frequency voltage, can also be su-
perimposed and aplylied.

EFFECTS OF THE INVENTION

[0021] According to the aforementioned analysis by the inventors of the present invention, in the case where the plate
thickness of the electrode plain plates is the same, as the interval between the adjacent electrode plain plates becomes
larger, the quadrupole field components become smaller and the higher-order multipole field components increase. In
the case where the intervals between the adjacent electrode plain plates are the same, as the plate thickness of the
electrode plain plates becomes thicker, the quadrupole field components increase. The larger the quadrupole field
components are, the better the ion beam’s convergence is. Therefore it is preferable that the quadrupole field components
increase in the region where the ion’s convergence is significant, or formally in the region adjacent to the ion exit side
for sending ions into the subsequent stage, in an ion transport optical system. On the other hand, the larger the multipole
field components whose order is higher than quadrupole are, the better the ion acceptance is. Therefore, it is preferable
that high-order multipole field components increase in the region where the ion acceptance is significant, or normally in
the region adjacent to the ion injection side for receiving ions coming from the previous stage, in an ion transport optical
system.
[0022] Given these factors, as a preferable embodiment of the first aspect of the present invention, in the virtual
multipole rod type ion transport optical system, the interval between adjacent electrode plain plates may be relatively
large in the ion injection side and the interval between adjacent electrode plain plates may be relatively small at the ion
exit side.
[0023] As a preferable embodiment of the second aspect of the present invention, in the virtual multipole rod type ion
transport optical system, a relatively thin electrode plain plate or plates may be placed at the ion injection side and a
relatively thick electrode plain plate or plates may be placed at the ion exit side.
[0024] With the configuration according to these embodiments, ions coming from the previous stage are effectively
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taken by a high acceptance into the virtual multipole rod type ion transport optical system, and are sent into the subsequent
stage in the state converged in the vicinity of the ion optical axis by a high beam convergence. Therefore, in this virtual
multiple rod type ion transport optical system, ions coming from the component in the previous stage are efficiently taken
and the ions are efficiently introduced into the subsequent component. Accordingly, more ions than ever before can be
mass analyzed and the analysis’ high sensitivity and high accuracy can be achieved.
[0025] In a liquid chromatograph mass spectrometer for example, a multistage differential pumping system is often
used in order to keep the inside of the analysis chamber in a high vacuum state, where a mass separator and ion detector
are provided. In such a configuration, an aperture which communicates the chambers with different gas pressure is
extremely small. The ion transport optical system having a high ion convergence at the ion exit side as previously
described is particularly advantageous in sending ions into the subsequent stage through such an extremely small
aperture.
[0026] Contrary to the aforementioned embodiment, the interval between adjacent electrode plain plates may be
relatively small at the ion injection side and the interval between adjacent electrode plain plates may be relatively large
at the ion exit side. Simultaneously or alternatively, a relatively thick electrode plain plate or plates may be placed at the
ion entrance side, and a relatively thin electrode plain plate or plates may be placed at the ion exit side. In these cases,
ions which are converged in the anterior half section can be sent into the subsequent stage with high passage efficiency.
In addition, the interval between adjacent electrode plain plates and the thickness of each electrode plain plate may be
changed among the ion injection side, ion exit side, and their intermediate section. With such a configuration, for example,
a function of temporarily storing ions in the vicinity of the intermediate portion of the ion transport optical system, i.e. a
function similar to an ion trap, can be realized.
[0027] Moreover, since changing the shape of the outer edge facing the ion optical axis in each electrode plain plate
brings about the same function as realized by changing the electrode plain plates’ thickness or adjacent intervals as
previously described, also with the mass spectrometer according to the third aspect of the present invention, the same
effects as the first and second aspects of the present invention can be accomplished.
[0028] As a concrete embodiment of the mass spectrometer according to the third aspect of the present invention, in
the virtual multipole rod type ion transport optical system, a relatively narrow electrode plain plate or plates may be
placed at the ion injection side and a relatively wide electrode plain plate or plates may be placed at the ion exit side.
Alternatively, in the virtual multipole rod type ion transport optical system, the shape of the outer edge facing the ion
optical axis may be an arc, an electrode plain plate or plates with an arc whose radius of curvature is relatively small
may be placed at the ion injection side and the electrode plain plate or plates with an arc whose radius of curvature is
relatively large may be placed at the ion exit side.
[0029] The virtual multipole rod type ion transport optical system can be widely used at any portion where ions are
required to be transported into the subsequent stage in a mass spectrometer. For example, it may be provided as a pre-
filter in the previous stage of the main body of a quadrupole mass filter.
[0030] Generally, a quadrupole mass filter is provided in an analysis chamber in a high vacuum state (or low gas
pressure). Therefore, with a pre-filter which is provided in this previous stage, the ion beam’s convergence by cooling
can hardly be expected. Even in such a case, with the aforementioned configuration, ions are converged by the action
or the electric field and can be effectively introduced into the main body of the quadrupole mass filter.
[0031] The virtual multipole rod type ion transport optical system may be provided in a collision cell supplied with a
gas for the collision induced dissociation of ions. With this configuration, a precursor ion or ions mass-selected in a
quadrupole mass filter for example in the previous stage are effectively taken to be dissociated by collision induced
dissociation, and product ions produced thereby are converged into the vicinity of the ion optical axis and can be effectively
introduced into a quadrupole mass filter for example in the subsequent stage.
[0032] In the mass spectrometers according to the first through third aspects of the present invention, N can be any
integer equal to or more than 2. However, N may be preferably 2 in order to utilize the ion optical properties by quadrupole
field components, such as a high ion beam convergence and mass selectivity.
[0033] In the mass spectrometers according to the first through third aspects of the present invention, the "M electrode
plain plates separated from each other in the ion optical axis direction" need only to be separated from each other in
the ion optical axis direction within the range in which they affect the multipole radio-frequency electric field formed in
the space around the ion optical axis surrounded by the electrode plain plates, i.e. within a predetermined range from
the ion optical axis in the radial direction. In other words, in the area further than the aforementioned range, the M
electrode plain plates may be mutually attached or connected. Therefore, one columnar conductive rod may be cut to
form M tongue-shaped bodies which correspond to the M electrode plain plates projecting from the circumferential
surface of the columnar body. However, in this case, the M virtual electrode plain plates (or tongue-shaped bodies)
arranged in the ion optical axis direction are electrically connected to each other. Therefore this configuration is inap-
propriate for forming different direct current electric fields in the ion optical axis direction.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

Fig. 1 is a configuration diagram of an example of a virtual quadrupole rod type ion transport optical system.
Fig. 2 is a configuration diagram of another example of a virtual quadrupole rod type ion transport optical system.
Fig. 3 is a configuration diagram of the main portion of a mass spectrometer of an embodiment according to the
present invention.
Fig. 4 is a configuration diagram illustrating an example of a Q-array used as the pre-filter in Fig. 3.
Fig. 5 is a configuration diagram illustrating another example of a Q-array used as the pre-filter in Fig. 3.
Fig. 6 is a configuration diagram illustrating another example of a Q-array used as the pre-filter in Fig. 3.
Fig. 7 is a configuration diagram illustrating another example of a Q-array used as the pre-filter in Fig. 3.
Fig. 8 is a configuration diagram illustrating a modification example of the Q-array illustrated in Fig. 4.
Fig. 9 is a configuration diagram illustrating a modification example of the Q-array illustrated in Fig. 4.
Fig. 10 is a configuration diagram illustrating a modification example of the Q-array illustrated in Fig. 5.
Fig. 11 is a configuration diagram illustrating a modification example of the Q-array illustrated in Fig. 5.
Fig. 12 is a configuration diagram illustrating another example of the Q-array used as the pre-filter in Fig. 3.
Fig. 13 is a configuration diagram illustrating the main portion of an MS/MS mass spectrometer according to another
embodiment of the present invention.
Fig. 14 is a configuration diagram illustrating an example of the Q-array provided in the collision cell in Fig. 13.
Fig. 15 is a schematic configuration diagram of a conventional and general quadrupole rod type ion guide.
Fig. 16 is a schematic configuration diagram of a conventional and general octapole rod type ion guide.
Fig. 17 is a schematic configuration diagram of a conventional virtual quadrupole rod type ion transport optical system.

EXPLANATION OF NUMERALS

[0035]

1 ... Nozzle
2 ... Sampling Cone
3 ... First Ion Lens
4 ... Second Ion Lens
5 ... Analysis Chamber
6 ... Pre-Filter
7 ... Quadrupole Mass Filter
8 ... Ion Detector
10, 20, 30, 40, 50, 70, 80, 90 ... Q-array
111-14M, 311-34M, 411-44M, 511-54M, 811-843, 911-943 ... Electrode Plain plate
30A, 40A, 50A ... Anterior Half Section
30B, 40B, 50B ... Posterior Half Section
60 ... First-Stage Quadruple Mass Filter
61 ... Collision Cell
611 ... Injection Side Aperture
612 ... Exit Side Aperture
63 ... Second-Stage Quadrupole Mass Filter
C ... Ion Optical Axis

BEST MODES FOR CARRYING OUT THE INVENTION

[0036] First, the principle of the virtual multipole rod type ion transport optical system in the mass spectrometer according
to the present invention will be explained. It is assumed that the ion transport optical system to be hereinafter described
has the virtual quadrupole rod configuration illustrated in Fig. 1 (this system will be called a "Q-array"). Fig. 1(a) is a
schematic plain view of the Q-array 10 in a plane orthogonal to the ion optical axis C, and Fig. 1 (b) is a schematic
sectional view of the Q-array cut along the y-axis Fig. 1(a).
[0037] M electrode plain plates 111 through 11M aligned in the direction of the ion optical axis C (or z-axis direction)
at predetermined intervals of d compose a virtual rod (which will be virtually indicated with the numeral 11 although not
shown in the figure), and four virtual rods (11,12,13, and 14) are rotation-symmetrically arranged around the ion optical
axis C at intervals of 90 degrees to compose a quadrupole. In addition, on an x-axis-y-axis plane orthogonal to the ion
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optical axis C, four electrode plain plates (111, 121, 131, and 141, for example) rotation-symmetrically arranged at 90
degrees around the intersection point with the ion optical axis C make one stage, and M planes of this stage arranged
in the z-axis direction compose M stages. Therefore, this Q-array 10 has 43M electrode plain plates in total.
[0038] All of these electrode plain plates are made of a metal plate (or another conductive member equal to metal)
with the plate thickness of t, and have a long shape having the width of 2r, with one end shaped like an arc. Each
electrode plain plate is arranged so that its arc-shaped portion internally touches a circle centering around the ion optical
axis C. This inscribed circle’s radius, i.e. the shortest distance from the ion optical axis C to each electrode plain plate, is R.
[0039] It is known that the potential created by multipole rod electrodes can be generally expressed by the following
multipole expansion: 

where Σ is the summation for n, n is a positive integer expressing the order of the multiple field, and Kn is a multipole
expansion coefficient. Then, letting the electrode plain plate’s width 2r and the inscribed circle’s radius R be a certain
constant value in the configuration illustrated in Fig. 1, multipole expansion coefficients were computed for the cases
where the potential was multipole expanded according to the expression (1), while the adjacent electrode plain plates’
interval d and the electrode plain plate’s thickness t were changed. The calculation result is illustrated in Table 1. In
addition, as a reference, computation values of multipole expansion coefficients for the ion transport optical system using
a normal type of quadrupole rod electrodes as shown in Fig. 8 are illustrated in Table 2.

[0040] Where Kn is a coefficient corresponding to the components of the 2n-pole field. Accordingly, for example, K2
is the expansion coefficient of the components of the quadrupole field, and K6 is the expansion coefficient of the com-
ponents of the dodecapole field. K2, K6, K10, and K14 were selected because these expansion coefficients show a
significant value which cannot be considered as zero. As can be understood by comparing Table 1 with Table 2, Q-array
has larger values for high-order multipole expansion coefficients compared to a general quadrupole rod type. This
signifies that a radio-frequency field formed by a Q-array has not only quadrupole field components, but many high-
order multipole field components, even if it has a quadrupole configuration as shown in Fig. 1. Furthermore, it is understood
that, given the same thickness t of the electrode plain plate, the quadrupole expansion coefficient K2 decreases as the
adjacent electrode plain plates’ interval d increases, and instead high-order multipole expansion coefficients K6, K10,
and K14 increase. Simultaneously, it is understood that, even if the adjacent electrode plain plates’ interval d is the
same, the expansion coefficients clearly change as the electrode plain plate’s thickness t charges.
[0041] The expansion coefficients also change when some other parameters such as the electrode plain plate’s width
2r and the inscribed circle’s radius R are changed. The expansion coefficients’ change due to such a parameters’ change
is minor compared to the degree of the expansion coefficient’s change resulting from the change of the electrode plain
plate’s thickness t or adjacent electrode plain plates’ interval d. However, it can be used together with the electrode plain
plate’s thickness t and adjacent electrode plain plates’ interval d, or it can be singularly used.
[0042] As previously described, a Q-array includes many high-order multipole field components compared to a normal
quadrupole rod type ion transport optical system. What is more, the amount of high-order field components can be
adjusted by changing the parameters such as the electrode plain plate’s thickness t or adjacent electrode plain plates’
interval d. The quadrupole field components whose number of poles is small are superior in the ion beam’s convergence

Table 1

K2 K6 K10 K14

d t=0.5 t=1.0 t=0.5 t=1.0 t-0.5 t=1.0 t-0.5 t=1.0

2 0.843 0.913 0.012 0.026 0.096 -0.009 -0.111 0.111

4 0.697 0.765 0.146 0.175 0.039 -0.085 -0.031 0.237
6 0.625 0.692 0.267 0.314 -0.123 -0.273 0.142 0.439
8 0.593 0.660 0.327 0.381 -0.208 -0.370 0.234 0.554

Table 2

K2 K6 K10 K14

0.994 0.012 -0.002 0.003
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and mass selectivity to higher-order multipole field components. And, high-order multipole field components are superior
in the beam acceptance, ion transmission, and other properties to the quadrupole field components, in spite of being
inferior in the ion beam’s convergence and mass selectivity. In a Q-array, parameters can be changed in one virtual rod,
such as the intervals, thickness, and width of the M electrode plain plates which compose the virtual rod. Therefore, by
varying these parameters (i.e. making them nonconstant) in the ion optical axis C direction, in accordance for example
with the kind of ion optical elements provided in the previous and subsequent stages and an atmosphere condition (e.g.
gas pressure) in which this Q-array is provided, desired ions can be more preferably sent into the subsequent stage.
[0043] As illustrated in Fig. 2 which corresponds to Fig. 1(a), also in the case where the shape of the electrode plain
plates can be simply a rectangle (e.g. 211 through 241) whose one end is not a semicircle, by differentiating the electrode
plain plate’s thickness t and adjacent electrode plain plates’ interval d, the magnitude of multipole field components can
be adjusted in order to further preferably send ions into the subsequent stage. In addition, the shape of the outer edge
of an electrode plain plate facing the ion optical axis C may be appropriately changed along the ion optical axis C, such
as a semicircle, rectangle, or steeple, to change the magnitude of the multipole field components. Since in a Q-array it
is also easy to change the shape of the outer edge for each of the M electrode plain plates composing one virtual rod,
the shape of the outer edge of the electrode plain plates may be changed rather than changing the electrode plain plate’s
thickness t or adjacent electrode plain plates’ interval d.

EMBODIMENTS

[0044] Next, a mass spectrometer which is an embodiment of the mass spectrometer according to the present invention
will be described with reference to the figures. Fig. 3 is a configuration diagram of the main portion of the mass spectrometer
of the present embodiment.
[0045] This mass spectrometer is an atmospheric pressure ionization mass spectrometer in which an electrospray
ion source is used as an ion source. A liquid chromatograph is provided in the previous stage, and a sample liquid whose
components have been separated in the column of the liquid chromatograph is introduced into a nozzle 1. The sample
liquid is supplied with biased charges from the nozzle 1 and eventually atomized (or electro sprayed) into a space at
substantially atmospheric pressure. When the solvent contained in the droplets of the sprayed liquid vaporizes, a variety
of components included in the sample are ionized and sent into the subsequent stage through a sampling cone 2. These
ions are converged, and accelerated in some cases, while passing through the first ion lens 3 and the second ion lens
4 to be introduced into an analysis chamber 5 in which a high vacuum atmosphere is maintained.
[0046] In this analysis chamber 5, a quadrupole mass filter 7 is provided which is composed of four rod electrodes for
selectively allowing an ion having a specific mass (mass-to-charge ratio m/z, to be exact) to pass through. A pre-filter
6 is provided Immediately before the quadrupole mass filter 7, so that ions are effectively introduced into the space
surrounded by the four rod electrodes of the quadrupole mass filter 7. The ions which have passed through the quadrupole
mass filter 7 are introduced into an ion detector 8, which produces a detection signal in accordance with the amount of
the received ions.
[0047] A conventionally used pre-filter consists of a quadrupole system composed of rod electrodes (which are called
pre-rods) shorter than the rod electrodes of the quadrupole mass filter 7. However, in the mass spectrometer according
to the present embodiment, a Q-array based on the aforementioned principle is used as the pre-filter 6.
[0048] Fig. 4 is a diagram illustrating an example of a Q-array used as the pre-filter 6. This Q-array 30 has the same
arrangement of the electrode plain plates (e.g. 311 through 341) in the x-axis-y-axis plane orthogonal to the ion optical
axis C as Fig. 1(a), Also, the shape of all electrode plain plates (i.e. electrode’s width 2r) and thickness t is the same as
illustrated in Fig. 1. Therefore, for all the electrode plain plates, the electrode’s width 2r and thickness t are the same.
On the other hand, the interval of the adjacent electrode plain plates in the ion optical axis C direction is not constant
but composes the two following sections: the anterior half section 30A in which the interval is d1 and the posterior half
section 30B in which the interval is d2 which is narrower than d1. That is, in one virtual rod electrode, two different
intervals d1 and d2 of the adjacent electrode plain plates exist.
[0049] As previously described, with large intervals between adjacent electrodes, high-order multipole field components
are increased compared to the case of small intervals and accordingly the ion’s acceptance is increased. In the mass
spectrometer according to the present embodiment, ions sent into the analysis chamber 5 from the intermediate vacuum
chamber which is provided in the previous stage of the analysis chamber 5 travel while spreading in an approximately
conic shape. However, by maintaining a high level of ion acceptance within the anterior half section 30A of the Q-array
30, ions can be effectively received. Since the ion’s transmission is improved with larger high-order multipole field
components, the ions which have been effectively received can be efficiently sent into the posterior half section 30B.
[0050] On the other hand, in the posterior half section 30B of the Q-array 30, the interval between the adjacent
electrodes is narrower than that of the anterior half section 30A, and the quadrupole field components is relatively large.
Therefore, the ion’s convergence is improved and the ion stream tends to converge around the ion optical axis C. That
is, in the configuration illustrated in Fig. 4, ions which have been sent from the previous stage can be effectively taken
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by a high acceptance into the space surrounded by four virtual rods, and the ion beam’s spread can be narrowed while
ions are traveling, so that they can be delivered to be effectively injected into the quadrupole mass filter 7 in the next
stage. Accordingly, a larger amount of target ions can be injected into the quadrupole mass filter 7 compared to the case
where a simple quadrupole pre-rod is used as before. Consequently, the amount of ions which are selected in the
quadrupole mass filter 7 and reach the ion detector 8 is also increased, which improves the mass analysis’ sensitivity
and accuracy.
[0051] Fig. 5 is a diagram illustrating another example of a Q-array used as the pre-filter 6. In this Q-array 40, one
virtual rod electrode includes two kinds of electrode plain plates’ thickness of t1 and t2, while the adjacent electrode
plain plate’s interval d is constant. That is, in the anterior half section 40A, the electrode plain plates have a smaller
thickness of t1, and in the posterior half section 40B, the electrode plain plate’s thickness is t2 which is larger than t1.
[0052] As is understood from the previously illustrated Table 1, using thicker electrode plain plates increases the
quadrupole field components and accordingly improves the ions’ convergence than using thinner plates. Therefore,
when ions which have been injected into the Q-array 40 enter the posterior half section 40B, the ions tend to converge
around the ion optical axis C. Accordingly, a larger amount of target ions can be injected into the quadrupole mass filter
7 compared to the case where a simple quadrupole pre-rod is used as before. This improves the mass analysis’ sensitivity
and accuracy.
[0053] Fig. 6 is a diagram illustrating still another example of a Q-array used as the pre-filter 6. In this Q-array 80,
although the interval between the adjacent electrode plain plates and the thickness of each electrode plain plate are
constant in one virtual rod electrode, the width of each electrode plain plate, i.e. the shape of the outer edge facing the
ion optical axis C in a broad sense, is different. That is, the width of the four electrode plain plates 811, 821, 831 and
841 at the ion injection side is the narrowest, and the electrode plain plates’ width gets broader toward the ion exit side.
This brings about the same effect as the configurations of Figs. 4 and 5. In this example, since the shape of the outer
edge facing the ion optical axis C is a semicircle, the width difference is identical to the difference of the radius of curvature
of the semicircle’s arc.
[0054] Fig. 7 is a diagram illustrating yet another example of a Q-array used as the pre-filter 6. In this Q-array 90,
although the interval between the adjacent electrode plain plates and the thickness of each electrode plain plate are
constant in one virtual rod electrode, the shape of the outer edge facing the ion optical axis C is different among the
electrode plain plates. That is, the shape of the outer edge of the four electrode plain plates 911, 921, 931 and 941 at
the ion injection side is a steeple, the shape of the outer edge of the four electrode plain plates 912, 922, 932 and 942,
which are in the rear of the plates 911, 921, 931 and 941 is a semicircle, and the shape of the outer edge of the four
electrode plain plates 913, 923, 933 and 943 at the ion exit side is rectangular. This brings about the same effect as the
configurations of Figs. 4 through 6.
[0055] The Q-arrays having the aforementioned configurations of Figs. 4 through 7 place a significance on the ions’
convergence particularly at the ion exit side. These are especially useful for an atmospheric pressure ionization mass
spectrometer having a configuration of a multistage differential pumping system as illustrated in Fig. 3, because in the
configuration of such a multistage differential pumping system, the apertures formed on the walls partitioning the adjacent
vacuum chambers are so tiny that it is necessary to converge the ions as close to the ion optical axis C as possible in
order to improve the passage efficiency of the ions through the apertures. In the meantime, in the case where ions sent
from this Q-array are accepted in a relatively large area, the ions’ convergence at the ion exit side is not very significant:
rather than that, a greater significance may be put on the ions’ transmission to improve the entire ion transport efficiency.
[0056] For such a purpose, the configurations of Q-arrays 30’ and 40’ illustrated in Figs. 8 and 10 for example may
be preferable. In the Q-array 30’ illustrated in Fig. 8, contrary to the Q-array 30 illustrated in Fig. 4, the intervals between
the electrode plain plates adjacent in the ion optical axis C direction in the anterior half section 30A are set to be d2 and
the intervals in the posterior half section 30B are set to be d1 which is wider than d2. That is, also in this case, one virtual
rod electrode includes two different kinds of interval of adjacent electrode plain plates, i.e. d1 and d2. In the Q-array 40’
illustrated in Fig. 10, contrary to the Q-array 40 illustrated in Fig. 5, the thickness of each electrode plain plate in the
anterior half section 40A is set to be t2 and the thickness of each electrode plain plate in the posterior half section 40B
is set to be t1 which is larger than t2. That is, also in this case, one virtual rod electrode includes the electrode plain
plates whose plate thickness is different.
[0057] With the configurations of the Q-arrays 30’ and 40’, the ions’ acceptance is relatively narrow in the anterior half
sections 30A and 40A. However, this is not disadvantageous if the injected ions are already converged in the vicinity of
the ion optical axis C. After reaching the posterior half section 30B or 40B, the ions can be sent into the subsequent
stage with relatively high transmission.
[0058] Not only changing the interval between the adjacent electrode plain plates and the thickness of the electrode
plain plates simply between the anterior half section and posterior half section, but a more complex combination may
be taken to add another function to a Q-array. The Q-array 30" illustrated in Fig. 9 is divided in the ion optical axis C
direction into an anterior section 30A, intermediate section 30C, and posterior section 30B. The interval between adjacent
electrode plain plates is set to be relatively narrow d2 in the anterior section 30A at the ion injection side and in the
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posterior section 30B at the ion exit side, and in the intermediate section 30C, the interval between adjacent electrode
plain plates is set to be relatively wide d1. With such a configuration, since the ion acceptance in the intermediate section
30C is relatively large, ions that have been injected are easy to be temporarily stored in this intermediate section 30C.
Therefore, ions produced in a certain time range can be temporarily stored in this Q-array 30", and subsequently the
stored ions can be collectively introduced into an ion trap or other components.
[0059] In order to fulfill the same function as this, the configuration of the Q-array 40" illustrated in Fig. 11 may be
adopted. That is, in the Q-array 40" illustrated in Fig. 11, the electrode plain plates have a relatively large thickness of
t2 in the anterior section 40A at the ion injection side and in the posterior section 40B at the ion exit side, whereas, in
the intermediate section 40C, the electrode plain plates have a relatively small thickness of t1.
[0060] In each of the Q-arrays 30, 30’, 30", 40, 40’, 40", 80, and 90 of the various aforementioned embodiments, a
plurality of electrode plain plates composing one virtual rod electrode are completely separated in the direction of the
ion optical axis C. However, since the effect thereof is achieved by the change of potential by a multipole radio-frequency
electric field, the plurality of electrode plain plates may be connected at such portions that do not substantially affect the
formation of the multipole radio-frequency electric field. As one of its examples, the Q-array 70 having the configuration
illustrated in Fig. 12 can be adopted. Fig. 12(a) is a schematic plain view of the Q-array 70 in a plane orthogonal to the
ion optical axis C, and Fig. 12(b) is a schematic sectional view of the array cut along the y-axis in Fig. 12(a).
[0061] One columnar metal (or other conductive material) rod is cut to form an electrode block (e.g. 71) including M
tongue-shaped bodies (e.g. 711 through 71M) having an interspace therebetween and adjacent in the ion optical C
direction. Four electrode blocks 71 through 74 are arranged around the ion optical axis C to form the Q-array 70. M
tongue-shaped bodies 711 through 71M substantially function as electrode plain plates, and with regard to a multipole
radio-frequency electric field, those bodies can produce almost the same state as can be created by a structure in which
the electrode plain plates are completely separated as Fig. 4 or the like. However, in this structure, since M tongue-
shaped bodies arranged in the ion optical axis C direction have the same electric potential, it is not possible to apply
different direct current voltages to the electrode plain plates adjacent in the ion optical axis C direction so as to realize
a direct current-like potential gradient.
[0062] In the aforementioned embodiments, a Q-array which is characteristic of the present invention is used as the
pre-filter 6 of the quadrupole mass filter 7. However, it is evident that the Q-array can be used for another ion transport
optical system having a function of converging and transporting ions.
[0063] Fig. 13 is a schematic configuration diagram of an MS/MS mass spectrometer which is another embodiment
of the present invention. In Fig. 13, the same components as illustrated in Fig. 1 are indicated with the same numerals
and the explanations are omitted. This mass spectrometer includes a first-stage quadrupole mass filter 60, collision cell
61 and second-stage quadrupole mass filter 63, which are arranged in the order of the ions’ progression inside the
analysis chamber 5. The collision cell 61 contains one of the previously described Q-arrays. In the analysis chamber 5,
although ions having a variety of masses are introduced into the first-stage quadrupole mass filter 60, only a target ion
(or precursor ion) having a specific mass (mass-to-charge ratio m/z, to be exact) selectively passes the first-stage
quadrupole mass filter 60 to be sent into the collision cell 61 in the subsequent stage, while other ions are dispersed
along the way.
[0064] A predetermined collision-induced dissociation (CID) gas such as Ar gas is introduced into the collision cell 61.
While passing through the electric field formed by the Q-array 50 provided inside the collision cell 61, the target ion is
dissociated if it collides with the CID gas, so that a variety of product ions are produced. Such a variety of product ions
and the target ions that have not been dissociated exit from the collision cell 61 and are introduced into the second-
stage quadrupole mass filter 63. Only product ions having a specific mass selectively pass through the second-stage
quadrupole mass filter. 63 and are sent into the detector 8, while other ions are dispersed along the way.
[0065] As just described, only the product ions having a specific mass reach the ion detector 8, which produces the
detection signal in accordance with the amount of these ions. By varying the voltage applied to the second-stage
quadrupole mass filter 63, the mass of the product ion selected in this quadrupole mass filter 63 can be scanned. In
addition, by changing the voltage applied to the first-stage quadrupole mass filter 60, the mass of the ion, i.e. precursor
ion, selected in the quadrupole mass filter 60 can be changed.
[0066] Fig. 14 illustrates the configuration of the Q-array 50 provided in the collision cell 61. The Q-array 50 provided
between the injection side aperture 611 and the exit side aperture 612, both of which are bored at the collision cell 61,
has two kinds of electrode plain plates’ interval of d1 and d2 and two kinds of thickness of t1 and t2 in one virtual rod
electrode. In the anterior half portion 50A, the electrode plain plates’ thickness is t1 and the electrodes’ interval is d1. In
the posterior half portion 50B, the electrode plain plates’ thickness is t2 which is thicker than t1 and the electrodes’
interval is d2 which is narrower than d2. Therefore, this Q-array 50 functions like a combination of the Q-array 30 illustrated
in Fig. 4 and the Q-array 40 illustrated in Fig. 5: the multipole field components’ action is stronger in the anterior half
portion 50A, and the quadrupole field’s action is stronger in the posterior half portion.
[0067] That is, in the anterior half portion 50A, precursor ions are collected with high ion acceptance, and product ions
generated from these precursor ions are sent into the posterior half portion 50B with high transmission. In the posterior
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half portion 50B, the product ions are converged in the vicinity of the ion optical axis C to effectively pass through the
exit side aperture 612, and sent into the second-stage quadrupole mass filter 63. This can increase the signal intensity
of product ions for example.
[0068] As previously described, the virtual multipole ion transport optical system, which characterizes the mass spec-
trometer according to the present invention, can appropriately adjust high-order multipole field components at the ion
entrance side and ion exit side for example in one ion optical system. Therefore, it is possible to send ions into an ion
optical element in the subsequent stage with higher efficiency compared to conventional multipole ion transport optical
systems or virtual multipole ion transport optical systems.
[0069] It should be noted that each of the aforementioned embodiments is merely an an changes, modifications,
example of the present invention, an changes, modifications, or additions can be made within the scope of the claims.

Claims

1. A mass spectrometer including a virtual multipole rod type ion transport optical system in which 2N, where N is an
integer equal to or more than two, virtual rod electrodes are placed in such a manner as to surround an ion optical
axis, each of the virtual rod electrodes being composed of M, where M is an integer more than two, electrode plain
plates separated from each other in the ion optical axis direction, characterized in that:

the M electrode plain plates composing one virtual rod electrode are arranged in such a manner that a number
of kinds of an interval between electrode plain plates adjacent in the ion optical axis direction is at least more
than one and an interval between adjacent electrode plain plates at an ion injection side is larger than an interval
between adjacent electrode plain plates at an ion exit side.

2. A mass spectrometer including a virtual multipole rod type ion transport optical system in which 2N, where N is an
integer equal to or more than two, virtual rod electrodes are placed in such a manner as to surround an ion optical
axis, each of the virtual rod electrodes being composed of M, where M is an integer more than two, electrode plain
plates separated from each other in the ion optical axis direction, wherein:

the M electrode plain plates composing one virtual rod electrode include an electrode plain plate having a
different plate thickness in the ion optical axis direction, characterized in that a plurality of electrode plain
plates at an ion injection side is thinner than an electrode plain plate at an ion exit side.

3. A mass spectrometer including a virtual multipole rod type ion transport optical system in which 2N, where N is an
integer equal to or more than two, virtual rod electrodes are placed in such a manner as to surround an ion optical
axis, each of the virtual rod electrodes being composed of M, where M is an integer equal to or more than two,
electrode plain plates separated from each other in the ion optical axis direction, where the M electrode plain plates
composing one virtual rod electrode include a plurality of kinds of plain plates having a different shape of an outer
edge facing the ion optical axis direction characterized in that a width of an electrode plain plate at an ion injection
side is narrower than an electrode plain plate at an ion exit side.

4. The mass spectrometer according to claim 3, wherein, in the virtual multipole rod type ion transport optical system,
a shape of the outer edge facing the ion optical axis is an arc, an electrode plain plate with an arc whose radius of
curvature at an ion injection side is smaller than a radius of curvature of an arc of an electrode plain plate at an ion
exit side.

5. The mass spectrometer according to any one of claims 1 through 4, wherein the virtual multipole rod type ion
transport optical system is provided as a pre-filter in a previous stage of a main body of a quadrupole mass filter.

6. The mass spectrometer according to any one of claims 1 through 4, wherein the virtual multipole rod type ion
transport optical system is provided in a collision cell supplied with a gas for collision induced dissociation of ions.

7. The mass spectrometer according to any one of claims 1 through 4, wherein the N is two.

8. The mass spectrometer according to any one of claims 1 through 4, wherein each of the M electrode plain plates
separated from each other in the ion optical axis direction is composed of a tongue-shaped body projecting in the
ion optical axis direction from one columnar body.
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9. The mass spectrometer according to claim 1, wherein, in the virtual multipole rod type ion transport optical system,
an interval between adjacent electrode plain plates at an ion injection section and at an ion exit section are smaller
than an interval between adjacent electrode plain plates at an intermediate section.

10. The mass spectrometer according to claim 2, wherein, in the virtual multipole rod type ion transport optical system,
an electrode plain plate at an ion injection section and an electrode plain plate at an ion exit section are thicker than
an electrode plain plate at an intermediate section.

Patentansprüche

1. Massenspektroskop mit einem virtuellen optischen Multipolstab-Ionentransportsystem, in dem 2N, virtuelle Stabe-
lektroden, wobei N eine ganze Zahl gleich oder größer als zwei ist, in der Weise angeordnet sind, dass sie eine
optische Ionenachse umgeben, wobei jede der virtuellen Stabelektroden aus M, wobei M eine ganze Zahl größer
als zwei ist, ebenen Elektrodenplatten aufgebaut ist, die in Richtung der optischen Ionenachse voneinander getrennt
sind, dadurch gekennzeichnet, dass:

die M ebenen Elektrodenplatten, die eine virtuelle Stabelektrode aufbauen, in einer derartigen Weise angeordnet
sind, dass eine Anzahl von Arten eines Intervalls zwischen ebenen Elektrodenplatten, die in Richtung der
optischen Ionenachse benachbart sind, mindestens mehr als eins ist, und ein Intervall zwischen benachbarten
ebenen Elektrodenplatten an einer Ioneninjektionsseite größer als ein Intervall zwischen benachbarten ebenen
Elektrodenplatten an einer Ionenaustrittsseite ist.

2. Massenspektroskop mit einem virtuellen optischen Multipolstab-Ionentransportsystem, in dem 2N, wobei N eine
ganze Zahl gleich oder größer als zwei ist, virtuelle Stabelektroden in der Weise angeordnet sind, dass sie eine
optische Ionenachse umgeben, wobei jede der virtuellen Stabelektroden aus M, wobei M eine ganze Zahl größer
als zwei ist, ebenen Elektrodenplatten aufgebaut ist, die in Richtung der optischen Ionenachse voneinander getrennt
sind, wobei:

die M ebenen Elektrodenplatten, die eine virtuelle Stabelektrode aufbauen, eine ebene Elektrodenplatte bein-
halten, die in Richtung der optischen Ionenachse eine andere Plattendicke aufweist, dadurch gekennzeichnet,
dass mehrere ebene Elektrodenplatten an einer Ioneninjektionsseite dünner sind als eine ebene Elektroden-
platte an einer Ionenaustrittsseite.

3. Massenspektroskop mit einem virtuellen optischen Multipolstab-Ionentransportsystem, in dem 2N, wobei N eine
ganze Zahl gleich oder größer als zwei ist, virtuelle Stabelektroden in der Weise angeordnet sind, dass sie eine
optische Ionenachse umgeben, wobei jede der virtuellen Stabelektroden aus M, wobei M eine ganze Zahl gleich
oder größer als zwei ist, ebenen Elektrodenplatten aufgebaut ist, die in Richtung der optischen Ionenachse vonein-
ander getrennt sind, wobei
die M ebenen Elektrodenplatten, die eine virtuelle Stabelektrode aufbauen, mehrere Arten einfacher Platten mit
einer anderen Gestalt eines äußeren Randes enthalten, der der optischen Ionenachsenrichtung zugewandt ist,
dadurch gekennzeichnet, dass eine Breite einer ebenen Elektrodenplatte an einer Ioneninjektionsseite schmaler
ist als eine ebene Elektrodenplatte an einer Ionenaustrittsseite.

4. Massenspektroskop nach Anspruch 3, wobei in dem virtuellen optischen Multipolstab-Ionentransportsystem eine
Gestalt des äußeren Randes, der der optischen Ionenachse zugewandt ist, bogenförmig ist, wobei eine ebene
Elektrodenplatte mit einem Bogen, dessen Krümmungsradius an einer Ioneninjektionsseite kleiner als ein Krüm-
mungsradius eines Bogens einer ebene Elektrodenplatte an einer Ionenaustrittsseite ist.

5. Massenspektroskop nach einem beliebigen der Ansprüche 1 bis 4, wobei das virtuelle optische Multipolstab-Ionen-
transportsystem als ein Vorfilter in einer herkömmlichen Stufe eines Grundkörpers eines Quadrupol-Massenfilters
vorgesehen ist.

6. Massenspektroskop nach einem beliebigen der Ansprüche 1 bis 4, wobei das virtuelle optische Multipolstab-Ionen-
transportsystem in einer Kollisionszelle vorgesehen ist, der mit Blick auf eine durch Kollision herbeigeführte Disso-
ziation von Ionen ein Gas zugeführt ist.

7. Massenspektroskop nach einem beliebigen der Ansprüche 1 bis 4, wobei N gleich zwei ist.
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8. Massenspektroskop nach einem beliebigen der Ansprüche 1 bis 4, wobei jede der M ebenen Elektrodenplatten, die
in Richtung der optischen Ionenachse voneinander getrennt sind, aus einem zungenförmigen Körper aufgebaut
sind, der von einem säulenartigen Körper in Richtung der optischen Ionenachse vorragt.

9. Massenspektroskop nach Anspruch 1, wobei in dem virtuellen optischen Multipolstab-Ionentransportsystem ein
Intervall zwischen benachbarten ebenen Elektrodenplatten an einem Ioneninjektionsabschnitt und an einem Ionen-
austrittsabschnitt kleiner ist, als ein Intervall zwischen benachbarten ebenen Elektrodenplatten in einem Zwischen-
abschnitt.

10. Massenspektroskop nach Anspruch 2, wobei in dem virtuellen optischen Multipolstab-Ionentransportsystem eine
ebene Elektrodenplatte an einem loneninjektionsabschnitt und eine ebene Elektrodenplatte an einem Ionenaustritt-
sabschnitt dicker sind als eine ebene Elektrodenplatte in einem Zwischenabschnitt.

Revendications

1. Spectromètre de masse incluant un système optique de transport d’ions du type à tige multipolaire virtuelle dans
lequel 2N, où N est un entier égal ou supérieur à deux, électrodes à tige virtuelle sont placées de telle sorte qu’elles
entourent un axe optique des ions, chacune des électrodes à tige virtuelle étant composée de M, où M est un entier
supérieur à deux, plaques pleines d’électrode séparées les unes des autres dans la direction d’axe optique des
ions, caractérisé en ce que :

les M plaques pleines d’électrode qui composent une électrode à tige virtuelle sont agencées de telle sorte
qu’un nombre de sortes d’un intervalle entre des plaques pleines d’électrode adjacentes dans la direction d’axe
optique des ions soit au moins supérieur à l’unité et de telle sorte qu’un intervalle entre des plaques pleines
d’électrode adjacentes au niveau d’un côté d’injection d’ions soit plus grand qu’un intervalle entre des plaques
pleines d’électrode adjacentes au niveau d’un côté de sortie d’ions.

2. Spectromètre de masse incluant un système optique de transport d’ions du type à tige multipolaire virtuelle dans
lequel 2N, où N est un entier égal ou supérieur à deux, électrodes à tige virtuelle sont placées de telle sorte qu’elles
entourent un axe optique des ions, chacune des électrodes à tige virtuelle étant composée de M, où M est un entier
supérieur à deux, plaques pleines d’électrode séparées les unes des autres dans la direction d’axe optique des
ions, caractérisé en ce que :

les M plaques pleines d’électrode qui composent une électrode à tige virtuelle incluent une plaque pleine
d’électrode qui présente une épaisseur de plaque différente dans la direction d’axe optique des ions, caractérisé
en ce que :

les plaques pleines d’électrode d’une pluralité de plaques pleines d’électrode au niveau d’un côté d’injection
d’ions sont plus minces qu’une plaque pleine d’électrode au niveau d’un côté de sortie d’ions.

3. Spectromètre de masse incluant un système optique de transport d’ions du type à tige multipolaire virtuelle dans
lequel 2N, où N est un entier égal ou supérieur à deux, électrodes à tige virtuelle sont placées de telle sorte qu’elles
entourent un axe optique des ions, chacune des électrodes à tige virtuelle étant composée de M, où M est un entier
supérieur à deux, plaques pleines d’électrode séparées les unes des autres dans la direction d’axe optique des
ions, dans lequel les M plaques pleines d’électrode qui composent une électrode à tige virtuelle incluent une pluralité
de sortes de plaques pleines présentant une forme différente d’un bord externe qui fait face à la direction d’axe
optique des ions, caractérisé en ce que :

une largeur d’une plaque pleine d’électrode au niveau d’un côté d’injection d’ions est plus étroite que celle d’une
plaque pleine d’électrode au niveau d’un côté de sortie d’ions.

4. Spectromètre de masse selon la revendication 3, dans lequel, dans le système optique de transport d’ions du type
à tige multipolaire virtuelle, une forme du bord externe qui fait face à l’axe optique des ions est un arc, une plaque
pleine d’électrode présentant un arc dont un rayon de courbure au niveau d’un côté d’injection d’ions est plus petit
qu’un rayon de courbure d’un arc d’une plaque pleine d’électrode au niveau d’un côté de sortie d’ions.

5. Spectromètre de masse selon l’une quelconque des revendications 1 à 4, dans lequel le système optique de transport
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d’ions du type à tige multipolaire virtuelle est prévu en tant que préfiltre au niveau d’un étage précédent d’un corps
principal d’un filtre de masse quadripolaire.

6. Spectromètre de masse selon l’une quelconque des revendications 1 à 4, dans lequel le système optique de transport
d’ions du type à tige multipolaire virtuelle est prévu dans une cellule de collision alimentée par un gaz pour une
dissociation d’ions induite par collision.

7. Spectromètre de masse selon l’une quelconque des revendications 1 à 4, dans lequel N est égal à deux.

8. Spectromètre de masse selon l’une quelconque des revendications 1 à 4, dans lequel chacune des M plaques
pleines d’électrode séparées les unes des autres dans la direction d’axe optique des ions est composée d’un corps
en forme de languette faisant saillie dans la direction d’axe optique des ions depuis un corps colonnaire.

9. Spectromètre de masse selon la revendication 1, dans lequel, dans le système optique de transport d’ions du type
à tige multipolaire virtuelle, des intervalles entre des plaques pleines d’électrode adjacentes au niveau d’une section
d’injection d’ions et au niveau d’une section de sortie d’ions sont plus petits qu’un intervalle entre des plaques pleines
d’électrode adjacentes au niveau d’une section intermédiaire.

10. Spectromètre de masse selon la revendication 2, dans lequel, dans le système optique de transport d’ions du type
à tige multipolaire virtuelle, une plaque pleine d’électrode au niveau d’une section d’injection d’ions et une plaque
pleine d’électrode au niveau d’une section de sortie d’ions sont plus épaisses qu’une plaque pleine d’électrode au
niveau d’une section intermédiaire.
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