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(57) ABSTRACT

An electrically conductive heat-blocking plate 11 with an

opening 12 for allowing thermions to pass through 1s pro-
vided between a filament 3, whose temperature can be as high

as 2000° to 3000° C., and an 1onization chamber 2. The
heat-blocking plate 11 1s thermally connected via an alumi-
num block 10 to a heater for maintaining the 1onization cham-
ber 2 within a range temperature from 200° to 300° C., and
also electrically set at a ground potential, which 1s approxi-
mately equal to the potential of the 10on1zation chamber 2. The
heat-blocking plate 11 blocks the radiation heat that the fila-
ment 3 emits when energized. Thus, the wall of the 1on1zation
chamber 2 1s prevented from being locally heated to an abnor-
mally high temperature. As a result, the inner space of the
ionization chamber 2 1s maintained at an approximately uni-
form temperature, and the noise due to the decomposition of
a metallic material by abnormal heating 1s prevented. The
heat-blocking plate 11 also prevents a thermion-accelerating,
clectric field from penetrating through an electron 1njection
port 5 1into the 1onization chamber 2 and impeding the extrac-
tion of 10ns produced within the 1onization chamber 2. Thus,

the 10n extraction etficiency 1s also improved.

15 Claims, 2 Drawing Sheets
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1
MASS SPECTROMETER

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

The present invention relates to a mass spectrometer, and
specifically to the structure of an 1on source for 10nizing
sample molecules.

BACKGROUND ART

A mass spectrometer 1s a device that 1oni1zes molecules or

atoms of a sample, then separates the resultant 1ons according
to their mass-to-charge ratio and detects these 1ons. Various
methods for 10n1zing sample molecules have been developed
to date, and electron 1onization (EI) 1s one of the most gener-
ally used methods. In electron 1onization, sample molecules
are introduced 1nto an 10mzation chamber of a comparatively
small capacity, which is placed under a vacuum atmosphere.
A filament for generating thermions 1s provided outside this
ionization chamber, and thermions thereby generated are
accelerated and injected into the ionization chamber. These
thermions come in contact with the sample molecules to
ionize these molecules within the 1onization chamber. The
ions thus produced within the 1omization chamber are
extracted to the outside by the action of an electric field
created by a voltage applied to 1on-extracting electrodes (e.g.
a lens optical system) provided outside the 1onization cham-
ber (for example, refer to Patent Document 1).
In this type of 10n source, the filament temperature rises to
as high as 2000° to 3000° C., and a portion of the wall of the
ionization chamber located close to the filament rises to a
considerably high temperature due to the radiation heat from
the filament. Normally, the temperature of the 1onization
chamber 1s maintained within a range from 200° to 300° C. by
a heater that 1s thermally 1n contact with the chamber. How-
ever, 11 the a portion of the wall of the 1onization chamber 1s
locally heated as explained earlier until its temperature abnor-
mally rises to a specific level, the metallic material constitut-
ing the wall of the 1on1zation chamber becomes activated and
produces a decomposition product, and this decomposition
product may possibly be mixed with the sample molecules
and create a noise. The local heating 1s also unfavorable that
it produces an uneven temperature distribution within the
ionization chamber, which deteriorates the 1on production
eificiency.

In the normal electron 1oni1zation, a potential difference of
approximately 70V 1s provided between the filament and the
ionization chamber. The application of this potential to the
filament creates an external electric field, which penetrates
into the 1onization chamber and disturbs the electric field
present within the same chamber. This disturbance of the
latter electric field prevents 1ons produced within the 10ni1za-
tion chamber from being extracted to the outside of the 10n-
1ization chamber 1n an intended manner, which causes a
decrease 1n the amount of 10ns to be analyzed and deteriorates
the 10n detection efficiency.

Patent Document: Japanese Unexamined Patent Applica-
tion Publication No. 2002-373616

DISCLOSURE OF THE INVENTION

Problem to Be Solved by the Invention

The present mvention has been developed to solve the
alforementioned problems, and 1ts first objective 1s to provide
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2

a mass spectrometer 1n which the influence of the radiation
heat from the filament can be alleviated. The second objective
of the present invention 1s to provide a mass spectrometer
capable of improving the detection sensitivity by efficiently
extracting ions produced in the i1onization chamber to the
outside of the same chamber and using these 1ons for mass
analysis, while alleviating the influence of the radiation heat.

Means for Solving the Problems

To solve the first objective, the present invention provides
amass spectrometer including an 10n source having a filament
for generating thermions by being heated and an 1onization
chamber 1n which sample molecules are 1onized by using the
thermions, the 1onization chamber having an electron 1njec-
tion port through which the thermions are introduced 1nto the
inner space thereof, wherein:

a heat-blocking plate member, in which an opeming for
allowing electrons to pass through 1s formed on an axis con-
necting the filament and the center of the electron injection
port, 1s provided in a space between the filament and the
ionization chamber.

Examples of 1onization methods used 1in the 1on source
include electron 1onization (EI), chemical 1onization (CI) and
negative chemical iomzation (NCI). In El, the thermions
directly react with the sample molecules and 10nize these
molecules, whereas, in CI and NCI, thermions are indirectly
used for 1onization. Specifically, these two techniques use
thermions to 1onize the molecules of a reagent gas, which are
introduced into the 1onization chamber 1n addition to the
sample gas, and the reagent gas 10ns thereby produced react
with the sample molecules to 1onize these molecules.

Eftect of the Invention

In the mass spectrometer according to the present iven-
tion, the heat-blocking plate member shields the iomization
chamber against the radiation heat from the filament and
thereby prevents the wall of the 1onization chamber from
being locally heated by the radiation heat. Thus, the wall
material of the 1oni1zation chamber (normally a metallic mate-
rial) 1s protected from heat decomposition, which would arise
if a portion of the wall was heated to an extremely high
temperature, and the noise that results from the heat decom-
position 1s reduced. Furthermore, the efficiency of producing
ions originating from the sample molecules concerned will
improve since the temperature distribution within the 1oniza-
tion chamber can be easily uniformized.

The temperature of the 1onization chamber 1s normally
maintained at an approximately constant level by a heating
unit that 1s thermally connected to the chamber. In such a case,
it 1s preferable that the heat-blocking plate member be ther-
mally connected to the heating unit for heating the 1omization
chamber.

This configuration 1s effective 1n preventing an excessive
rise in the temperature of the heat-blocking plate member
since the heating unit also controls to some extent the tem-
perature ol heat-blocking plate member. Furthermore, this
configuration suppresses the power consumption of the heat-
ing unit since the heat absorbed by the heat-blocking plate
member can be used for maintaining the temperature of the
ionization chamber.

In the mass spectrometer according to the present iven-
tion, the heat-blocking plate member may be made of an
insulating material from the viewpoint of the heat-blocking
eifect. However, 1t 1s preferable that the heat-blocking plate
member be made of an electrically conductive material. In
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this case, the electrically conductive plate member may be
preferably set at a predetermined potential.

In this configuration, the electrically conductive plate
member alleviates the influence of the thermion-accelerating
clectric field created by a potential difference between the
filament and the 1onization chamber. Thus, the influence of
the electron-accelerating electric field penetrating through
the electron injection port into the iomization chamber 1s
suppressed, so that an 1on-extracting electric field created
within the ionization chamber by a potential difference
between the lens optical system and the 1onization chamber 1s
less disturbed. Therefore, 10ns produced within the 1onization
chamber can be efficiently extracted to the outside of the
ionization chamber and transported through the lens optical
system to the mass analyzer section, such as a quadrupole
mass filter. As a result, the 10on detection efficiency improves.
This 1s advantageous to high-sensitivity analyses.

Specifically, 1t 1s preferable that the electrically conductive
heat-blocking plate member be 1dentical 1n potential to the
ionization chamber. For example, 1f the 1omization chamber 1s
at a ground potential, the heat-blocking plate member should
also be preferably at a ground potential.

This configuration allows almost no electric field to be
present 1n the space between the 1onization chamber and the
heat-blocking plate member, while a strong electric field for
accelerating thermions 1s created in the space between the
heat-blocking plate member and the filament. Thus, the ther-
mions produced by the filament can be efficiently extracted
and accelerated toward the electron mjection port of the 10n-
ization chamber, whereby the 1on production eificiency
within the 1onization chamber 1s further improved.

In a preferable mode of the mass spectrometer according to
the present invention, the heat-blocking plate member 1s
located closer to the filament from the middle point between
the outer wall surface of the 1onmization chamber and the
fllament.

This configuration increases the potential gradient of the
clectric field 1n the space between the filament and the heat-
blocking plate member and thereby gives thermions a greater
magnitude of 1nitial kinetic energy, whereby the thermions

produced by the filament will be more efficiently supplied
into the 1onization chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s an overall configuration diagram of a mass spec-
trometer according to an embodiment of the present mven-
tion.

FIG. 2 1s a vertical sectional view showing the detailed
structure of an 10n source used 1n the mass spectrometer of the
present embodiment.

FIG. 3 1s a top view of the 10n source used 1n the mass
spectrometer of the present embodiment.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

A mass spectrometer according to an embodiment of the
present 1nvention 1s hereinafter described with reference to
the attached drawings. FIG. 1 1s an overall configuration
diagram of the mass spectrometer of the present embodiment,
FIG. 2 1s a vertical sectional view showing the detailed struc-
ture of an 10n source, and FIG. 3 1s a top view of the 10on
source. The 1on source in the mass spectrometer of the present
embodiment 1s an 10n source that performs electron 10niza-
tion.
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In FIG. 1, the vacuum container 20 1s a substantially her-
metically sealed container, which 1s evacuated by a vacuum
pump 21. Contained 1n this container are an 10n source 1, a
lens optical system 23, a quadrupole mass filter 24 and an 10n
detector 235, all being arranged along an 10n optical axis C. A
sample, such as a sample gas coming from the column of a gas
chromatograph (not shown), 1s supplied through an appropri-
ate interface and the mtroduction pipe 22 nto the 1on source
1. The sample molecules contained in the sample gas are
ionized 1n this 10n source 1.

Various kinds of 1ons thus produced are extracted right-
ward from the 1on source 1, then converged by the lens optical
system 23 and mtroduced into the space extending along the
longitudinal axis of the quadrupole mass filter 24 consisting
of four rod electrodes. A voltage consisting of a radio-ire-
quency voltage superposed on a DC voltage 1s applied from a
power source (not shown) to the quadrupole mass filter 24,
and only the 1ons having a mass-to-charge ratio correspond-
ing to the applied voltage can pass through the axially-ex-
tending space and arrive at, and detected by, the 10n detector
25. The other, unnecessary 1ons cannot pass through the axi-
ally-extending space of the quadrupole mass filter 24; they
will be diverged and lost haltway. Accordingly, 1t 1s possible,
for example, to perform a scan operation 1n which the voltage
applied to the quadrupole mass filter 24 1s scanned over a
predetermined range so that the mass-to-charge ratio at which
the 1ons can reach the 1on detector 25 will change over a
predetermined mass range, and create a mass spectrum from
the detection signals obtained by this operation.

With reference to FIGS. 2 and 3 1n addition to FIG. 1, the
structure of the 1on source 1 performing electron 1onization 1s
hereinaiter detailed. The 1onization chamber 2 has a substan-
tially box-shaped body made of a metal such as stainless steel,
to which the sample introduction pipe 22 1s connected.
Sample molecules are supplied through this pipe 22 into the
ionization chamber 2. This chamber 2 has an 10n ejection port
9 on the 10on optical axis C, and 10ns can be extracted through
this port 9 to the outside. The 1onization chamber 2 also has an
clectron mjection port 3 and electron ejection port 6 that are
respectively formed 1n the two walls facing each other across
the 10n optical axis C. A filament 3 1s provided outside the
clectron injection port 5, and another filament that 1s identical
in shape to the filament 3 1s provided as the trap electrode 4
outside the electron ejection port 6.

When a heating current 1s supplied from a heating current
source (not shown) to the filament 3, the temperature of the
fillament 3 rises and thermions are emitted from it. Due to the
action of an electric field to be described later, the emitted
thermions are accelerated toward the trap electrode 4 and pass
through the 1onization chamber 2 along the thermionic cur-
rent axis L, which 1s substantially perpendicular to the 1on
optical axis C. The reason for the use of the trap electrode 4
being 1dentical 1n shape to the filament 3 is to enable the two
filaments to exchange their functions. In addition, a pair of
magnets 7 and 8 are provided outside the filament 3 and the
trap electrode 4, respectively. These magnets 7 and 8 create a
magnetic field within the space between the filament 3 and the
trap electrode 4.

An aluminum block 10 with a high thermal conductivity 1s
closely attached to one face of the 1onization chamber 2 so
that heat can be conducted between them, and a heater 14 1s
attached to a laterally-extending end of the block 10. The heat
generated by the heater 14 can be easily conducted through
the aluminum block 10 to maintain the entirety of the 1oniza-
tion chamber 2 at an approximately constant temperature. A
heat-blocking plate 11, which 1s made of an electrically con-
ductive material (e.g. SUS316 stainless steel ) and shaped like
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an angular “C” character, 1s closely attached to the block 10.
The upper horizontal section of the heat-blocking plate 11
extends between the filament 3 and the 1onization chamber 2,
and the lower horizontal section between the trap electrode 4
and the 1onization chamber 2. The two horizontal sections are
provided with openings 12 and 13, respectively, for allowing
thermions to pass through along the thermionic current axis
L. The upper horizontal section of the heat-blocking plate 11
1s located closer to the filament 3 from the middle point of the
distance between the outer wall surface of the 1onization
chamber and the filament 3.

The aluminum block 10 thermally connects the heat-block-
ing plate 11 to the heater 14, and also electrically connects the
heat-blocking plate 11 to the ionization chamber 2 with
almost no electric resistance. Since the 1oni1zation chamber 2
1s at a ground potential in this embodiment, the heat-blocking
plate 11 can also be regarded as being at a ground potential.

In the previously described configuration, for example, a
voltage of —70[ V] 1s applied to the filament 3, and a voltage of
O[ V] to the trap electrode 4. As 1s evident from the preceding
explanation, the potential of the upper horizontal section of
the heat-blocking plate 11 1s O[ V], and the space between the
filament 3 and the heat-blocking plate 11 is relatively small.
Therefore, a strong electron-accelerating electric field 1s cre-
ated in the space between the filament 3 and the heat-blocking
plate 11 with a potential gradient that acts on an electron to
accelerate 1t from the filament 3 to the 1onization chamber 2.
On the other hand, there 1s basically no electric field in the
space between the heat-blocking plate 11 and the 1omization
chamber 2 except for a faint electric field penetrating through
the opening 12 or leaking from the 1nterior of the 1omization
chamber 2 through the electron 1njection port 3. Therefore,
the thermions generated by the filament 3, which are initially
given a large magnitude of kinetic energy and accelerated
toward the electron injection port 5 of the 1onization chamber
2, will have no additional gain of kinetic energy aiter they
pass through the opening 12. However, the thermions con-
tinue their flight by the previously obtained kinetic energy
and eventually enter the 1onization chamber 2. In this cham-
ber, when a thermion (€7) comes 1n contact with a sample
molecule (M), a molecule ion M™ is produced by the follow-
ing reaction: M+e™—=M" +2¢". The resultant thermions even-
tually exit from the electron ejection port 6 to the outside of
the 1oni1zation chamber 2 and arrive at the trap electrode 4,
thus producing a trap current in the trap electrode 4.

The number of electrons captured by the trap electrode 4
depends on the number of electrons emitted from the filament
3. Accordingly, a control circuit (not shown) 1s provided to
control the heating current supplied to the filament 3 so that
the trap current produced by the electrons arriving at the trap
clectrode 4 1s maintained at a predetermined level. This
operation makes the filament 3 generate thermions at an
approximately constant rate, and thereby stabilizes the pro-
duction of 10ns within the 1onization chamber 2. When flying
toward the trap electrode 4, each thermion follows a spiral
path due to the action of the magnetic field created by the
magnets 7 and 8. This spiral path enables the thermion to stay
longer 1n the 1omization chamber 2 and accordingly have a
greater chance of coming 1n contact with sample molecules,
whereby the 1oni1zation efliciency 1s improved.

Meanwhile, a predetermined voltage whose polarity
opposes that of the 1ons 1s applied to the lens optical system
23. A portion of the electric field created by the potential
difference between the lens optical system 23 and the 10n1za-
tion chamber 2 penetrates through the 10n ejection port 9 1nto
the 1oni1zation chamber 2 and acts on the 10ns to extract them
through the 10n ejection port 9 to the outside. Thus, an electric
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field for extracting 10ns through the 10n ejection port 9 to the
outside 1s created within the 1onization chamber 2. Due to this
clectric field, the 1ons produced by the aforementioned reac-
tion are extracted to the outside of the 1oni1zation chamber 2,
and then transported through the lens optical system 23 to the
quadrupole mass filter 24.

When being energized, the filament 3 has a temperature as
high as 2000° to 3000° C., and heats surrounding objects to
considerably high temperatures by radiation heat. However,
in the present embodiment, the wall of the 1on1zation chamber
2 1s prevented from being directly heated by the radiation heat
since the upper horizontal section of the heat-blocking plate
11 1s present between the 1onization chamber 2 and the fila-
ment 3. Accordingly, the ionization chamber 2 will never have
the conventional problem that a portion of its wall 1s abnor-
mally heated, and the mner temperature of the 1onization
chamber 2 will be more uniform by temperature control.
Under these conditions, the metallic material constituting the
ionization chamber 2 will not be decomposed and mixed into
the sample molecules or 10ons. Thus, the amount of noise due
to the decomposition product 1s reduced. The improved uni-
formity of the temperature within the 1onization chamber 2
also leads to a constant production of 10ns under favorable
conditions.

Furthermore, the electrically conductive heat-blocking
plate 11 prevents the situation where the thermion-accelerat-
ing electric field penetrates through the electron 1mjection port
5 1nto the 1omization chamber 2 and thereby disturbs the
1on-extracting electric field within the 1onization chamber 2,
causing a portion of the 10ns to easily diverge from the path to
the 10n ejection port 9 and exit from the electron injection port
5 to the outside or collide with the 1nner surface of the 10n-
1zation chamber 2. As aresult, the efficiency of extracting 10ns
produced within the 1omization chamber 2 will be further
enhanced.

The mventors have conducted an experiment for determin-
ing how the presence of the heat-blocking plate 11 affects the
signal strength of the 10n detector 25, provided that the other
conditions are identical. The result demonstrated that the
signal strength increased by approximately 14% when the
heat-blocking plate 11 was present.

It 1s obvious that the preceding embodiment 1s a mere
example, and any changes, modifications or additions can be
made within the spirit and scope of the present invention.

For example, the heat-blocking plate 11 in the previous
embodiment was 1dentical in potential to the 1onization cham-
ber 2. However, the two potentials do not need to be 1dentical
but may be appropriately set at different levels. As another
modification, the heat-blocking plate 11 may be provided as
an integral part of the box-shaped body of the 1onization
chamber 2.

The previous embodiment was an application of the
present invention to an El 1on source. The present invention
can be applied to a CI or NCI 10n source, which indirectly use
thermions 1n the 1onmization process. For a CI or NCI 10n
source, areagent gas supply pipe for introducing a reagent gas
into the 1onization chamber 2 should be added to the previous
embodiment, and the sizes of the electron injection port 5,
clectron ejection port 6, 10n ejection port 9 and other elements
should be appropriately modified. In some cases, the volume
of the 1onmization chamber 2 may be appropriately changed.
The 1on production conditions, such as the vacuum degree or
temperature 1n the vacuum container 20, can also be appro-
priately changed 11 necessary.

The invention claimed 1s:

1. A mass spectrometer including an ion source having a
filament for generating thermions by being heated and an
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ionization chamber 1n which sample molecules are 1onized by
using the thermions, the 1onization chamber having an elec-
tron 1njection port through which the thermions are intro-
duced into an inner space thereof, wherein:

a heat-blocking plate member, in which an opening for
allowing electrons to pass through 1s formed on an axis
connecting the filament and a center of the electron
injection port, 1s provided 1n a space between the fila-
ment and the 1omization chamber.

2. The mass spectrometer according to claim 1, wherein the
heat-blocking plate member 1s thermally connected to a heat-
ing unit for heating the 1onization chamber

3. The mass spectrometer according to claim 1, wherein the
heat-blocking plate member 1s made of an electrically con-
ductive materal.

4. The mass spectrometer according to claim 3, wherein the
clectrically conductive heat-blocking plate member 1s 1den-
tical 1n potential to the 1onization chamber.

5. The mass spectrometer according to claim 1, wherein the
heat-blocking plate member 1s located closer to the filament
from a middle point between an outer wall surface of the
ionization chamber and the filament.

6. The mass spectrometer according to claim 2, wherein the
heat-blocking plate member 1s made of an electrically con-
ductive materal.

7. The mass spectrometer according to claim 6, wherein the
clectrically conductive heat-blocking plate member 1s 1den-
tical in potential to the 1onization chamber.

8. The mass spectrometer according to claim 2, wherein the
heat-blocking plate member 1s located closer to the filament
from a middle point between an outer wall surface of the
ionization chamber and the filament.

9. The mass spectrometer according to claim 3, wherein the
heat-blocking plate member 1s located closer to the filament
from a middle point between an outer wall surface of the
ionization chamber and the filament.

10. The mass spectrometer according to claim 4, wherein
the heat-blocking plate member 1s located closer to the fila-
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ment from a middle point between an outer wall surface of the
ionization chamber and the filament.

11. The mass spectrometer according to claim 6, wherein
the heat-blocking plate member 1s located closer to the fila-
ment from a middle point between an outer wall surface of the
ionization chamber and the filament.

12. The mass spectrometer according to claim 7, wherein
the heat-blocking plate member 1s located closer to the fila-
ment from a middle point between an outer wall surface of the
ionization chamber and the filament.

13. The mass spectrometer according to claim 7, wherein
the heating unit includes a conductive member attached to the
ionization chamber, and the conductive member thermally
connects the heat-blocking plate member to a heater of the
heating unit and also electrically connects the heat-blocking
plate member to the 1onization chamber.

14. The mass spectrometer according to claim 12, wherein
the heating unit includes a conductive member attached to the
ionization chamber, and the conductive member thermally
connects the heat-blocking plate member to a heater of the
heating unit and also electrically connects the heat-blocking
plate member to the 1onization chamber.

15. A method of using a mass spectrometer, cOmprising:

generating thevmions using a heated filament,

passing the thevmions through an opening in a heat block-

ing member; and

ionizing sample molecules in an ionization chamber using

the thermions, the ionization chamber having an elec-
tron injection port through which the thermions are
introduced into an inner space thereof,

the opening in the heat blocking member being formed on

an axis connecting the filament and a center of the elec-

tron injection port, and the heat blocking member being
provided in a space between the filament and the ioniza-
tion chamber.
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