DESCRIPTION

ANALYTICAL DEVICE

TECHNICAL FIELD
[0001]
The present invention relates to an analyzer that ionizes and analyzes a

sample.

BACKGROUND ART
[0002]

International Publication W0O2008/129929 discloses a gas analyzer that
uses quadrupole mass spectrometry or the like and includes: an ionizer unit
that ionizes a sample gas; a first ion detection unit and a second ion detection
unit that detect ions from the ionizer unit and are provided on both sides of the
ionizer unit so as to be located at different distances from the ionizer unit; a
filter unit that is provided between the ionizer unit and the first ion detection
unit and selectively passes ions from the ionizer unit; and a calculator
apparatus that uses a first total pressure of the sample gas obtained by the first
ion detection unit and a second total pressure of the sample gas obtained by
the second ion detection unit to correct a partial pressure of a specified
component that is obtained by the first ion detection unit and selected by the
filter pole unit, wherein it is possible, while maintaining the resolution, to carry
out correction even in a region where the measured pressures do not track
changes in the ambient pressure.

[0003]

International Patent Publication W02007/083403 discloses a
guadrupole mass spectrometer in which a table for associating an appropriate
DC bias voltage to each of a plurality of selectable scan speeds is stored in
advance in an auto-tuning data storage unit. In an auto-tuning operation, a
controller determines the DC bias voltage corresponding to each scan speed by
referring to the table and fixes the output of an ion-attracting voltage generator
unit at that voltage. While changing the other applied voltages, such as the

voltage applied to an ion optical system, the controller finds voltage conditions



under which the detection signal is maximized. The optimal conditions for each
scan speed are then found and recorded in auto-tuning result data. During
analysis of a target sample, a DC bias voltage corresponding to a scan speed
specified by the operator is obtained from the table, optimal conditions are
obtained from the auto-tuning result data, and the scan measurement
conditions are determined based on such information. By doing so, it is
possible to prevent deterioration in the detection sensitivity when the scan

measurement is performed at a high scan speed.

DISCLOSURE OF THE INVENTION
[0004]

During automatic adjustment of a mass spectrometer (mass analyzer),
voltagé conditions are found so as to maximize the detection signal. This is to
prevent saturation of a detection signal for high-concentration components.
Accordingly, the detection signal of the low-concentration components is small
and susceptible to a drop in precision.

[0005]

One aspect of the present invention is an analyzer including: an ionizer
unit that ionizes molecules to be analyzed; a filter unit that selectively passes
ions generated by the ionizer unit; and a detection unit that detects ions that
have passed the filter unit. The detection unit includes a plurality of detection
elements disposed in a matrix. The analyzer further includes a first
reconfiguration unit that switches between detection patterns including
detection elements to be enabled for detection out of the plurality of detection
elements. A typical detection unit is a detection unit that measures an ion
current and a typical detection element is a Faraday cup. The detection
elements may be secondary electron multiplier type elements or CCD type
elements. The plurality of detection elements may be laid out in two
dimensions or may be laid out in three dimensions.

[0006]

By reconfiguring a detection pattern composed of a plurality of
detection elements, it is possible to change the sensitivity of the detection units
according to the amount of ions and to select a pattern suited to the path and

conditions via that the type of ions reach the detection unit. Accordingly, it is



possible to provide an analyzer apparatus capable of precisely measuring
components with a high concentration and also capable of precisely measuring
~ components with a low concentration.

[0007]

The ionizer unit may include a plurality of ion sources, and the analyzer
apparatus may include: a monitor that estimates or measures changes in
characteristics of the respective ion sources out of the plurality of ion sources;
and a second reconfiguration unit that reconfigures the ionizer unit. Based on
changes in characteristics of the plurality of ion sources obtained by the
monitor, the second reconfiguration unit reconfigures, among or out of the
plurality of ion sources, at least one of a selection of ion sources to be activated,
connections of the plurality of ion sources to be activated, and supplying of
power to the ion sources to be activated.

[0008]

It is desirable for the ionizer unit to have a stabilized output voltage
and current. However, changes in characteristics due to aging variation, life
span, and the like are unavoidable. Even if the characteristics have changed
due to changes over time and the life span of the ion sources, by using the
second reconfiguration unit to change the ion sources to be activated or
connecting a plurality of ion sources in parallel or in series and in parallel, it is
possible to carry out control to suppress the changes in the characteristics of
the ionizer unit to within a certain range over a long period. Using the second
reconfiguration unit, it is possible to rotate the use of, and/or change the
connections between, a plurality of ion sources (in particular three or more ion
sources) so that the power supplied to the activated ion sources is within a
range where a long life span can be expected.

[0009]

The respective ion sources in the plurality of ion sources may include an
emitter that emits electrons and a grid provides a potential difference with
respect to the emitter. The emitter may include a filament and/or a disk
cathode. The second reconfiguration unit may include a unit that independently
reconfigures connections of the emitters and the grids. Normally, as one
example, a filament and a grid are used as a pair to apply a bias voltage. By

making it possible to connect the grids individually to the filaments, it is



possible to use the grids as electrodes for adjusting the magnetic fields inside
the ionizer unit, which makes it possible to improve the distribution of electrons
in the ionizer unit and the circulation of the ionized molecules. The grids can
also function as shields to prevent impurities from adhering to emitters in a
non-activated state, which makes it possible to suppress deterioration of
emitters such as filaments.

[0010]

The monitor may monitor the power supplied to the ion sources, the
temperature of the ion sources, and the like, and may include a unit that
acquires the detection intensity of a tuning gas at the detection unit. Variations
in the characteristics of ion sources can be determined from changes in the
detection intensity of a component whose concentration has been confirmed.
[0011]

The first reconfiguration unit may include a unit that selects or switches
to a detection pattern at timing when the second reconfiguration unit controls
the ionizer unit. When the ion current has changed due to reconfiguration of
the ionizer unit, by selecting or switching the detection pattern of the detection
unit, it is possible to absorb the changes in measurement conditions and carry
out measurement with even higher precision. For example, when the ion
current varies, by selecting a pattern with a small detection area when the ion
current is large or increased and selecting a pattern with a large dete‘ction area
when the ion current is small or decreased, it is possible to prevent situations
where the measurement results become saturated or the measurement results
become buried in noise.

[0012]

The first reconfiguration unit may include a unit that selects or switches
to a detection pattern in accordance with conditions by which the filter unit
selects ions. When carrying out analysis where the concentration of each
component (molecules, chemical substances, compounds) can be predicted to
an extent, high-precision measurement is possible by using a detection pattern
suited to measuring the predicted concentration. Although one example of the
filter unit is a quadrupole filter, it is also possible to use a magnetic sector type,

a double-focusing type, and other ion-transmitting filter such as a time-of-flight



type. The filter may be a Wien filter, a non-vacuum filter such as a FAIMS, or
any combination of the above.
[0013]

Another aspect of the present invention is a control method for an
analyzer, including the following step.

- the second reconfiguration unit setting the ionizer unit so that ions with a
standard concentration in a tuning gas are detected by a detection pattern with
a medium-sized area set by the first reconfiguration unit.

[0014]

By setting the detection unit at a middle range, it is possible to use
detection patterns with different areas for components with a high
concentration and components with a low concentration, and possible to extend
the range of concentrations that can be measured with high precision.

[0015]

The cbntrol method may include the following step.

- the first reconfiguration unit switching, when the second reconfiguration unit
has reconfigured the ionizer unit, between detection patterns so as to
compensate an ion intensity due to reconfiguration of the ionizer unit. Itis
possible to compensate for the variations in the ionization performance with the
reconfiguration of the ionizer unit, by switching between detection patterns on
the detection unit side.

[0016]

The control method may also include the following step.

- detecting ions with selecting or switching to a detection pattern by the first
reconfiguration unit in accordance with conditions of the filter unit for selecting
ions. It is possible to use detection patterns with different areas for high-
concentration components and low-concentration components, and possible to
extend the range of concentrations that can be measured with high precision.
[0017]

Yet another aspect of the present invention is a program (program
product) including the above steps, which can be provided having been

recorded on a suitable recording medium.
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[0018]

[FIG. 1] FIG. 1 is a diagram showing an overview of an analyzer.

[FIG. 2] FIG. 2 is a diagram showing an overview of a different analyzer.
[FIG. 3] FIG. 3 shows an aging variation in an ion source.

[FIG. 4] FIG. 4 shows reconfiguring a detection unit.

[FIG. 5] FIG. 5 is a flowchart showing processing for automatic tuning.

[FIG. 6] FIG. 6 shows other examples of detection patterns.

DETAIL DESCRIPTION
[0019]

FIG. 1 shows one example of a gas analyzer. This analyzer (analyzer
apparatus, analytical deice) 1 is a quadrupole mass spectrometry apparatus (an
analyzer of quadrupo!e mass spectrometry type) and includes an ionizer unit 10
that ionizes a sampled gas 9, a quadrupole filter unit 20 that selectively passes
ionized molecules (i.e., ions), a focusing unit (ion attracting electrode) 30 that
guides ions from the ionizer unit 10 to the filter unit 20, a detection unit
(detector unit) 50 that detects ions that have been filtered by the filter unit 20,
and a control unit 60. The analyzer 1 includes a vacuum chamber 5, with the
ionizer unit 10, the filter unit 20, the focusing unit 30, and the detection unit 50
being housed inside the vacuum chamber 5.

[0020]

The ionizer unit 10 includes four ion sources 11a to 11d. The
respective ion sources 11a to 11d include a filament 12 that emits thermal
electrons, a grid (grid electrode) 13, and a repeller (repeller electrode) 14. The
ionizer unit 10 includes a collector (collector electrode) 15 that also measures
the total pressure. Each filament 12 is supplied with a filament voltage Vf that
is positively or negatively biased with respect to the chamber 5, and outputs
thermal electrons by being supplied with the filament current If. A grid voltage
Vg that produces a positive potential difference (bias) Ve with respect to the
filament voltage Vf is supplied to each grid 13, and accelerates the thermal
electrons so as to reach a predetermined ionization energy. An equal voltage
to the filament voltage Vf is supplied to each repeller 14 so that the thermal
electrons are concentrated in the direction of the grid. The emitter that emits

the thermal electrons may be the filament 12 or may be a disk cathode.



[0021]

The control unit 60 is configured using resources such as a circuit board,
a CPU, and a memory. The control unit 60 includes an ionizer apparatus
control unit (ionizer control unit) 61 that controls the ion sources 11a to 11d, a
filter control unit 70 that controls the focusing unit 30 and the quadrupole filter
unit 20, a detector control unit 80 that controls the detection unit 50, and a
central control unit 90 that carries out cooperative control of such control units.
[0022] '

The central control unit (system controller) 90 includes a PID unit 91
that carries out feedback control over the ionizer unit 10 via the ionizer control
unit 61, an analyzer unit 92 that controls the detection unit 50 via the detector
control unit 80 and evaluates the ion current obtained by the detection unit 50,
a tuning unit (automatic tuning unit) 95 that automatically adjusts the

“measurement conditions of the analyzer apparatus 1 using a tuning gas
(calibration gas) 8, and a calibration unit 96 that mainly carries out adjustment
of the magnetic field of the filter 20.

[0023]

As described below, the ionizer control unit 61 includes a function for
reconfiguring the ionizer unit 10 and the detector control unit 80 includes a
function for reconfiguring the detection unit 50. Accordingly, the analyzer
apparatus 1 includes the programmable ionizer unit 10 and the programmable
detection unit 50, optimizes the ionizer unit 10 in accordance with the gas 9
that is the measurement target, the usage state, and the like, and optimizes
the detection unit 50 in accordance with the optimization of the ionizer unit 10
to analyze components (molecules, chemical substances, compounds) included
in the gas 9. The analyzing result of the detection unit 50, that is, the output
of the analyzer unit 92 can be used to monitor the ionizer unit 10, which makes
it possible to further optimize the ionizer unit 10. In this way, the control unit
60 includes a function that carries out closed-loop control of the ionizer unit 10
and the detection unit 50.

[0024]

The ionizer control unit 61 includes a connection circuit 62 that switches

between the plurality of ion sources 11, or more specifically, electrical

connections between the ion sources 11a to 11d, a monitor 63 that measures



or estimates, via the connection circuit 62, variations in characteristic values,
for example, variations in resistance values and variations in power‘
consumption, of the respective ion sources 11a to 11d, a power supplying unit
64 that supplies power to the ion souices 11a to 11d via the connection circuit
62, and a driving control unit (ion driving unit) 65 that controls the selecting or
connecting of the ion sources 11a to 11d based on the measurement results of
the monitor 63. The driving control unit 65 includes a function as a
reconfiguration unit (setond reconfiguration unit) that switches between the
configurations of the ionizer unit 10 to realize a programmable ionizer unit 10.
[0025]

The driving control unit 65 includes a function that reconfigures the
connections of the ion sources 11a to 11d and, based on variations in the
characteristics of the ion sources 11a to 11d, selects one of the ion sources 11a
to 11d and makes the selected ion source active by supplying power, connects
and uses (i.e., activates) a number of ion sources in parallel, connects and uses
a number of ion sources in series, or connects and uses a number of ion
sources in series and in parallel. The driving control unit 65 further includes a
function of controlling the supplying powers to the ion sources 11a to 11d that
have been activated to control (reconfigure) the temperaturés of the emitters
(filaments) 12.

[0026]

FIG. 2 shows a different example of the ionizer unit 10. In the ionizer
unit 10, five ion sources 11a to 11e are disposed in the housing (vacuum
chamber) 5 that has an octagonal cross section, and the connections and
temperatures are controlled (reconfigured) by the ionizer control unit 61.
Accordingly, the ionizer unit 10 is also programmable, and it is possible to use
the five ion sources 11a to 11e individually or in combination.

[0027]

FIG. 3 shows typical characteristics of an ion source. In the ion sources
11, the resistance of the filament 12 increases and the ionization current
decreases as usage time (life time) increases. Accordingly, it is necessary to
increase the filament voltage Vf in order to achieve a predetermined ionization
current. In order to change the bias voltage with respect to the housing 5

and/or to achieve a predetermined ionization voltage Ve, it is necessary to



change the grid voltage Vg in accordance with the variation in the filament
voltage Vf, and in accordance with this, it is necessary to further change the
conditions of the focusing unit 30, which may affects the setting conditions of
the filter unit 20. Accordingly, the range where it is possible to control the
voltage of individual ion sources and keep the ionization current constant is
limited. On the other hand, if the ionization current is not kept constant, the
total pressure will change and the sensitivity of the detection unit 50 will also
vary.

[0028]

There are cases where the jonization voitage Ve is limited to produce
insensitivity to the components of the carrier gas, in such cases it could be
difficult to control the ionization voltage Ve in order to maintain the ionization
current. For example, the ionization energy of helium is 24.58eV, and in cases
where helium is used as a carrier gas, it is desirable to limit the ionization
voltage to 24V or below. Also, during mass spectrometry, the ionization energy
at which a lot of data is obtained is 70eV, so that the ionization voltage is often
controlled to 70V. In addition, in mobile applications, there is a limit on the
power supply voltage and a limit on the consumed current, so that it is
desirable in some cases to limit the ionization voltage. Accordingly, it is
important to keep the ionization current within a predetermined range in
response to aging (changes over time) and the like, while keeping the
ionization voltage constant.

[0029]

The driving control unit 65 of the ionizer contro!l unit 61 includes a
function for monitoring the current characteristics and the usage time of the ion
sources 11 and automatically switching to a different ion source when the
current characteristics (resistance) of the filament 12 that is the emitter of an
jon source 11 have deteriorated beyond a predetermined range due to
operating conditions such as the usage time and operating temperature, or
when such deterioration is expected.

[0030]

The driving control unit 65 further includes a function that controls,

when it has been determined that the current characteristics of all of the ion

sources 11 have fallen below a predetermined range, or the respective
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resistances have exceeded (or become equal to or higher than) a
predetermined value (threshold), the connections of the ion sources 11 to
combine a plurality of the ion sources 11 so that the ionization current is within
a predetermined range, while having the lowest possible effect on the internal
characteristics of the ionizer unit 10. Typically, the filaments 12 of two or more
ion sources are used having been connected in parallel. To adjust the voltage,
it Is also possible to connect and use the filaments 12 of a plurality of ion
sources in series or to use filaments 12 that have been connected in series and
in parallel.

[0031]

Due to the driving control unit 65 reconfiguring the connections
between the emitters 12 of the plurality of ion sources 11, even when sufficient
performance is not obtained by the performance of the individual emitters 12
(even if the emitters having reached a limit due of their normal life span), it is
possible to achieve sufficient performance as the ionizer unit 10 by connecting
a plurality of emitters 12 in parallel to activate a plurality of the ion sources 11.
By activating a plurality of ion sources 11 with sufficient performance, it is
possible to maintain the ionization performance of the ionizer unit 10 at a high
level and to set ionization conditions that are suited to measurement of trace
components. Also, operating the ionizer unit 10 in a state where the filament
current has been intentionally reduced by activating a plurality of ion sources
11 and increasing the life spans of the ion sources 11.

[0032]

The driving control unit 65 further includes a function for applying
specific voltages separately to the filaments 12 and the grids 13 of the ion
sources 11a to 11d. As one example, by applying the same voltage as the
repeller 14 to the grids 13 of non-operating ion sources 11, dirtying of the
filaments 12 of non-operating ion sources 11 by gas components is suppressed.
It is also possible, by applying the same potential as the grids 13 of the
operating ion sources 11, or a similar potential, to the grids 13 of the non-
operating ion sources 11, to control the distribution of thermal electrons inside
the ionizer unit 10.

[0033]
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FIG. 4 shows the detection unit (detector unit) 50 and the detector
control unit 80 that have been extracted. The detector control unit 80 adjusts
the sensitivity of the detection unit 50 by feconﬁguring the detection pattern of
the detection unit 50. The detection unit 50 'includes a plurality of ion collector
elements (detection elements, detector element) 51 that detect ions in the
form of ion currents that flow due to contact with ions that have passed the
filter unit 20. A typical example of an ion collector element is a Faraday cup.
The elements 51 may also be secondary electron multiplier tubes (electron
multipliers), CCDs, or the like
[0034]

In the detection unit 50, 144 elements 51 are laid out in two
dimensions to form a matrix with 12 vertical elements and 12 horizontal
elements. The layout of the elements 51 may be a matrix with equal humbers
of horizontal and vertical elements or may be a matrix with different numbers
of horizontal and vertical elements, may be a layout on a two-dimensional
plane, or may be a layout on a three-dimensional plane so that the elements
are equidistant from the end of the filter 20. The number of elements 51 that
construct the detection unit 50 is not limited to 144 and may be a larger
number or a smaller number.

[0035]

The detector control unit 80 includes a reconfiguration unit (first
reconfiguration unit, configuration driver) 83 that activates the detection
elements 51 that are to be enabled (used) for detection out of (among) the
plurality of detection elements 51. The reconfiguration unit 83 selects one of a
plurality of detection patterns 88, for example patterns 88A, 88B, and 88C
stored in a configuration buffer 87 included in a tuning database 89 to switch or
change the pattern 88 including the elements 51 to be enabled or activated in
the detection unit 50. Accordingly, the reconfiguration unit 83 provides a
programmable detection unit 50 whose detection area (detection sensitivity)
and spatial detection sensitivity in a two-dimensional or three-dimension space
(detection positions) are variable.

[0036]
The detector control unit 80 further includes a sampling unit 81 that

regularly samples detection results (ion currents) of the elements 51 that have
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been activated in accordance with the pattern 88 and an analog-digital
convertor (ADC) that digitizés the values of all of the elements that have been
sampled. The sampling unit 81 may sample the detection results of all 144
elements 51, and then integrate the detection values of the elements 51
included in the pattern 88 selected by the reconfiguration driver 83 from all of
the elements 51 and output as the detection result (ion current). The detection
result that has been digitized by the ADC 82 is outputted to the analyzer 92 of
the system controller 90. The detection result may be outputted wirelessly or
via wires via the system controller 90, or directly from the ADC 82, to an
external server or the like that collects data.

[0037]

As one example, on acquiring information that the ionizer control unit
61 has switched to a new ion source 11, the reconfiguration unit 83 first selects
the pattern 88A (5x5) with the smallest area, and when a predetermined time
has passed, then selects the pattern 88B (7x7) with the next largest area, and
when more time has passed, then selects the pattern 88C (12x12) with a yet
larger area, with integrated values of the elements 51 included in such patterns
being outputted as the detection results (ion currents). As the timing for
switching the patterns 88, in place of time, or in addition to time, it is possible
to make a determination based on the result of monitoring the characteristic
values of the ion sources 11 and/or the values of the ion currents obtained for
the respective patterns 88.

[0038]

The reconfiguration unit 83 may also switch between the patterns 88
based on the result of automatic tuning carried out by the tuning unit 95. Such
automatic tuning may be carried out as a result of regularly monitoring various
parameters of the analyzer apparatus 1 or according to an external instruction
or cause. Tuning is also carried out automatically when carrying out calibration.
[0039]

In tuning, in place of the measurement gas 9, gas for calibration
purposes (i.e., tuning gas) 8 whose components and concentration are
confirmed is measured by the analyzer apparatus 1 at a predetermined interval,
the characteristics of the ionizer unit 10 and the characteristics of the detection

unit 50 are determined and the various parameters of the ionizer unit 10 are
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tuned. Tuning includes optimization of gas flow, optimization of the conditions
of the filter unit 20 and the like, and may inciude reconfiguration of the ionizer
unit 10 and the detection unit 50, respectively.

[0040]

FIG. 5 shows an overview of an automatic tuning process by way of a
flowchart. Note that although not illustrated in the flowchart, measurement of
the tuning gas 8 is carried out from time to time during tuning. In step 101,
once the timing at which automatic tuning is to be carried out has been judged,
in step 102, the tuning unit 95 optimizes the configuration of the ionizer unit 10.
Based on characteristics information of the ion sources 11 that has been
accumulated and stocked in advance in the database 89, the tuning unit 95 is
capable of predicting changes in characteristics, the remaining life time, and
the like of the selected ion sources 11 from the operating time of such ion
sources 11. The tuning unit 95 is also capable of obtaining changes in the
characteristics of the ion sources 11 from the monitoring results of the monitor
63 during operation. The tuning unit 95 is also capable of verifying changes in
the characteristics of the selected ion sources 11 from the measurement results
of the tuning gas 8 whose components and concentration have been proved.
[0041]

Based on changes in the characteristics of the ion sources 11, the
tuning unit 95 changes the configuration of the ionizer unit 10, that is, such as
the selection, connections, ionization currents and other operating conditions,
and the like of the plurality of ion sources to an optimal configuration with
targeting such as maintaining the ionization performance in a predetermined
range and extending the lifetime of the ion sources 11 as much of possible.
The tuning unit 95 reconfigures the ionizer unit 10 via the driving control unit
65 of the ionizer control unit 61.

[0042]

In step 103, if the tuning unit 95 has determined that a desired
sensitivity (measurement sensitivity) has been obtained by the optimized
jonizer unit 10 or the measurement results for the tuning gas 8 are favorable,
the tuning ends and measurement is restarted in step 107.

[0043]
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If it is determined in step 103 that a desired sensitivity has not been
obtained, in step 104, the detection unit 50 is reconfigured and/or the program
that reconfigures the detection unit 50 during measurement is changed. By
changing the detection sensitivity of the detection unit 50, it is possible to
obtain linear measurement results in a range that cannot be covered by
reconfiguring the ionizer unit 10. As one example, in a case where it is possible
to suppress variations in the ionization currents over the lifetimes of the ion
sources 11 to a range of around £20% by reconfiguring the jonizer unit 10, the
tuning unit 95 reconfigures the detection unit 50 by selecting patterns 88 that
compensate for variations in ionization intensity due to the changes in the
ionization currents. By carrying optimization from time to time by tuning the
jonizer unit 10 and the detection unit 50, as a whole it is possible to provide the
analyzer apparatus 1 that outputs linear detection results over a long time.
This means that it is possible to provide an analyzer apparatus (measurement
apparatus) 1 that has a long life and high measurement sensitivity.

[0044]

In step 104, when tuning the reconfiguration program of the detection
unit 50, the tuning unit 95 sets the ionizer unit 10 using the driving control unit
(ion driver) 65 so that ions (molecules, components) with a standard
concentration included in the tuning gas 8 are detected using the detection
pattern 88 with a medium-sized area set by the reconfiguration driver 83 of the
detector control unit 80. In addition, the tuning unit 95 carries out
programming of the reconfiguration driver 83 to be in conjunction with the
conditions with which the filter unit 20 select ions so that a detection pattern 88
with a small area is selected when ions with a high concentration are selected
and a detection pattern 88 with a large area is selected when ions with a low
concentration are selected, and verifies whether it is possible with the detection
patterns 88 of respectively different areas to detect the ions that are the
detection target with an appropriate sensibility. The program 86 that
reconfigures the detection patterns 88 can be stored in the tuning database 89.
[0045]

The tuning gas 8 includes components that are expected to be typically
included in the gas 9 that is the measurement target with the expected

concentrations, and by programming detection patterns 88 for the respective
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components (ions) in advance using the tuning gas 8, it is possible to reduce
how dependent the measurement sensitivity of the sample gas 9 is on
concentration. That is, since it is possible with the programmable detection
unit 50 to measure components with a high concentration with a relatively low
sensitivity and to measure components with a low concentration with a
relatively high sensitivity, it is possible to suppress fluctuations in the
measurement precision between different components.

[0046]

In step 105, if the tuning unit 95 has determined that it is possible to
measure the various components of the tuning gas 8 with appropriate
sensitivity or the measurement results for various components of the tuning
gas 8 are favorable, the tuning ends and in step 107 the measurement is
restarted using the program 86 obtained by the tuning.

[0047]

When the conditions of the ionizer unit 10 are fixed, it might not be
possible to sufficiently follow variations in concentrations of the respective
components of the tuning gas 8 within the measurement range of the detection
unit 50 (“turndown ratio”) even if the detection unit is adjusted by switching
between the detection patterns 88. On determining in step 105 that the
sensitivity of the detection unit 50 cannot be sufficiently adjusted by
programming the detection unit 50 itself, in step 106 the tuning unit 95 makes
further settings for cooperative control where the ionizer unit 10 is reconfigured
in cooperation with reconfiguration of the detection unit 50. On the cooperative
control, the tuning unit 95 generates a program (ionizer/detector cooperative
control program) 85 that carries out cooperative control over reconfiguration of
the detection unit 50 and reconfiguration of the ionizer unit 10.

[0048]

When in step 106, the cooperative control program 85 has been
generated and confirmed and tuning has ended, in step 107 measurement
using the program 85 obtained by the tuning is recommenced. With the
cooperative control program 85, the reconfiguration unit (first reconfiguration
unit) 83 of the detector control unit 80 selects or switches between the
detection patterns 88 in keeping with the conditions with which the filter unit

20 selects ions, thereby dynamically reconfiguring the detection unit 50.
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Together with this, the driving control unit (second reconfiguration unit) 65 of
the ionizer control unit 61 also controls the connections and/or driving currents
of the ionizer unit 10 in accordance with the conditions with which the filter unit
20 selects ions, thereby dynamically reconfiguring the ionizer unit 10.

[0049]

The series of processes for auto tuning can be provided as firmware
incorporated in the memory 99 of the analyzer apparatus 1. The processes can
also be provided as a program that runs on a host, for example, a personal
computer, that controls the analyzer 1, and if the analyzer 1 is connected to a
network, the processes can be provided as a program that controls the analyzer
1 via the network.

[0050]

The tuning program 98 may be executed together with the calibration
program 97 that includes adjustment of the magnetic field of the filter unit 20,
may be executed periodically, and may be automatically executed when the
temporal variation in the measurement results of the detection unit 50 exceed
a predetermined range. When an appropriate operating time relating to the
lifetime of the ion sources 11 has elapsed, the calibration program'97 may be
performed for changing the ion current and the like to check for deterioration in
performance and/or for simulating the performance of the analyzer 1.

[0051]

FIG. 6 shows a number of other examples of detection patterns that
can be selected by the detection unit 50. In FIG. 6, the elements 51 that have
been diagonally shaded are the activated elements 51. For a component with a
low concentration, a pattern that is concentrated in the center like the pattern
88D may be desirable, there are cases where a mesh pattern like the pattern
88E may be desirable to average out the intensity. For a component for which
the sensitivity is too high, precision may be improved with a pattern, like the
pattern 88F, that integrates the results of regions with low sensitivity. There
are also cases were a pattern that has been appropriately thinned out, like the
pattern 88G, is effective. The detection patterns 88 that can be programmed in
the detection unit 50 are not limited to such patterns.

[0052]
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The detection pattern 88 is not limited to correcting (compensating for)
the tuning of the ionizer unit 10 and can also be used to tune the measurement
results (i.e., the output of the detection unit 50). As one example, when, as
the result of measuring specified molecules or atoms at the filter unit 20, the
sensitivity is too high and the results will become saturated, it is possible to
adjust the measurement values to within the measurement range by using a
pattern with a smaller area. The opposite is also possible. The detection
sensitivity of detection elements 51 such as Faraday cups may also deteriorate
due to aging. Accordingly, by changing the positions of the elements 51 that
are activated according to the usage time, it is possible to automatically change
the area and maintain linearity for the sensitivity of the detection unit 50 over a
long time.

[0053]

Respective patterns 88 that are suited to measuring various
components (ions) may be found in advance via simulations, experimentation,
or the like by specifying combinations of the type of filter unit 20 (such as
guadrupole, FAIMS, or Wien filter) and the ionized molecules and/or atoms
(chemical substances). In a state where the sampling conditions, the
conditions of the ionizer unit 10, and also the conditions of the filter unit 20 are
fixed or stable, the pattern 88 may change randomly or according to a specified
algorithm so as to automatically select a pattern that is appropriate for
measurement with such conditions and chemical substances. It is also possible
to use a pattern 88 that has been decided as suitable for measurement of the
certain component (the chemical substance to be measured) included in the
gas 9 that is the measurement target, as one element for specifying the
chemical substances to be measured. Also, by comparing a standard pattern
88 that is suited to measurement of the calibration gas 8 whose components
and concentration have been specified and a pattern 88 decided during
measurement, it is possible to determine the characteristics of the analyzer
apparatus 1 and to determine the state of variation due to aging.

[0054]

The analyzer 1 that includes the programmable ionizer unit 10 and

detection unit 50 is superior as an analyzer apparatus incorporated in a

portable appliance. When the analyzer 1 is incorporated in an appliance driven
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by a battery, such as a wearable or mobile appliance, there are cases where
the battery capacity depends on the usage environment, such as the charging
state, so that the power and/or voltage that can be consumed by the
incorporated analyzer 1 will vary and/or be limited. As one example, in cases
where there is no variation in the components and concentration of the gas 9
measured by the installed analyzer 1, it is possible to reduce the power
consumption during monitoring by selecting a pattern 88 with low sensibility
and continuing measuring. During monitoring, when variation in the
components and concentration of the gas 9 has been observed or is expected
due to some cause or event, it is possible to temporarily select a pattern 88
that has high sensitivity and to reconfigure the analyzer 1 in a state where the
power consumption increases but the measurement sensitivity is high.

[0055]

In this way, it is possible to flexibly change the overall measurement
sensitivity of the analyzer 1. As one example, by selecting a state with high
sensitivity when hazardous materials are detected or there is the risk of
hazardous materials being present, it is possible to determine whether danger
is present at lower concentrations and with faster timing.

[0056]

In the analyzer 1, separate to patterns 88 used in analysis at some
timing, information on all of the elements 51 of the detection unit 50 can be
stored continuously in the memory of the analyzer 1, a server that is connected
by an appropriate communication means, or in the cloud. In the same way as
an event recorder, it is possible to regularly judge what is going on by
observing the measurement results of limited patterns 88 and, when some
event has occurred, to carry out more detailed analysis by analyzing all data
that has been stored in the cloud or the like.

[0057]

The analyzer described in the above explanation is one example of the
present invention, but the analyzer apparatus may be mobile terminal including
an analysis function, an appliance that is a control appliance for controlling
plant equipment or the like and includes an analysis function, or may be a
transport means such as a vehicle including an analysis function. Also,

although not specifically mentioned in the present specification, other details
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and features may be moadified, changed, added to, or amended within a range
covered by the gist of the present invention, with the resulting appliances also

being included in the scope of the patent claims.
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CLAIMS

[Claim 1]

An analyzer comprising:

an ionizer unit that ionizes molecules to be analyzed;

a filter unit that selectively passes ions generated by the ionizer unit;

a detection unit that detects ions that have passed the filter unit and
includes a plurality of detection elements disposed in a matrix, and

a first reconfiguration unit that switches detection patterns including
detection elements to be enable for detection out of the plurality of detection

elements to patterns with different detection areas.

[Claim 2]

The analyzer according to claim 1, _

wherein the ionizer unit includes a plurality of ion sources, and

the analyzer further comprises:

a monitor that estimates or measures changes in characteristics of the
plurality of ion sources respectively; and

a second reconfiguration unit that reconfigures, based on the changes
in characteristics, among the plurality of ion sources, at least one of a selectioh
of ion sources to be activated, connections of ion sources to be activated, and

supplying of power to ion sources to be activated.

[Claim 3]

The analyzer according to claim 2,

wherein respective ion sources in the plurality of ion sources include an
emitter that emits electrons and a grid that provides a potential difference with
respect to the emitter, and

the second reconfiguration unit includes a unit that independently

reconfigures connections of the emitters and the grids.

[Claim 4]
The analyzer according to claim 2 or 3,

wherein the ionizer unit includes at least three ion sources.
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[Claim 5]
The analyzer according to any one of claims 2 to 4,
wherein the monitor includes a unit that acquires a detection intensity

of a tuning gas at the detection unit.

[Claim 6]

The analyzer according to any one of claims 2 to 5,

wherein the first reconfiguration unit includes a unit that selects or
switches to a detection pattern at timing when the second reconfiguration unit

‘controls the ionizer unit.

[Claim 7]

The analyzer according to any one of claims 1 to 6,

wherein the first reconfiguration unit includes a unit that selects or
switches to a detection pattern in accordance with conditions by which the filter

unit selects ions.

[Claim 8]
The analyzer according to any one of claims 1 to 7,

wherein the plurality of detection elements are laid out in two dimensions.

[Claim 9]

A control method of an analyzer,

wherein the analyzer includes: an ionizer unit that ionizes molecules to
be analyzed;

a filter unit that selectively passes ions generated by the ionizer unit;
and a detection unit that detects ions that have passed the filter unit; and

a detection unit that detects ions that have passed the filter unit,

wherein the detection unit includes a plurality of detection elements
disposed in a matrix,

the ionizer unit includes a plurality of ion sources,

the analyzer further includes:
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a first reconfiguration unit that switches detection patterns including
detection elements to be enabled for detection out of the plurality of detection
elements to different patterns for setting a large detection area, a medium
detection area and a small detection area respectively; and

a second reconfiguration unit that reconfigures, based on changes in
characteristics of the plurality of ion sources, among the plurality of ion sources,
at least one of a selection of ion sources to be activated, connections of ion
sources to be activated, and supplying of power to ion sources to be activated,
and

the control method comprises setting the ionizer unit by the second
reconfiguration unit using a tuning gas that includes ions with a high
concentration, ions with a low concentration and ions with a standard
concentration therebetween, so that ions with the standard concentration in the
tuning gas are detected by a detection pattern with a medium-sized area set by

the first reconfiguration unit.

[Claim 10]

The control method according to claim 9,

further comprising switching, by the first reconfiguration unit, when the
second reconfiguration unit has reconfigured the ionizer unit, between detection
patterns so as to compensate ion intensity due to reconfiguration of the ionizer

unit.

[Claim 11]

The control method according to claim 9 or 10,

further comprising detecting ions with selecting or switching to a
detection pattern by the first reconfiguration unit in accordance with conditions

of the filter unit for selecting the ions.

[Claim 12]
A control program for an analyzer,
wherein the analyzer includes:

an ionizer unit that ionizes molecules to be analyzed,;
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a filter unit that sevlectively passes ions generated by the ionizer unit;
and

a detection unit that detects ions that have passed the filter unit,

wherein the detection unit includes a plurality of detection elements
disposed in a matrix,

the ionizer unit includes a plurality of ion sources,

and the analyzer further includes:

a first reconfiguration unit that switches detection patterns including
detection elements to be enabled for detection out of the plurality of detection
elements to different patterns for setting a large detection area, a medium
detection area and a small detection area respectively; and

a second reconfiguration unit that reconfigures, based on changes in
characteristics of the plurality of ion sources, among the plurality of ion souces,
at least one of a selection of ion sources to be activated, connections of ion
sources to be activated, and supplying of power to the ion sources to be
activated,

the program comprising setting the ionizer unit by the second
reconfiguration unit using a tuning gas that includes ions with a high
concentration, ions with a low concentration and ions with a standard
concentration therebetween, so that ions with the standard concentration in the
tuning gas are detected by a detection pattern with a medium-sized area set by

the first reconfiguration unit.

[Claim 13]

The analyzer according to any one of claims 1 to 8,

wherein the first reconfiguration unit changes the detection patterns to
different patterns for setting a large detection area, a medium detection area

and a small detection area respectively.
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