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Description

[0001] The present invention relates to a mass spec-
trometer and a method of mass spectrometry.

[0002] Various types of mass spectrometers are
known which use a mass analyser which incorporates a
time to digital converter ("TDC") also known as an ion
arrival counter. Time to digital converters are used, for
example, intime of flight mass analysers wherein packets
of ions are ejected into a field-free drift region with es-
sentially the same kinetic energy. In the drift region, ions
with different mass-to-charge ratios in each packet of
ions travel with different velocities and therefore arrive
at an ion detector disposed at the exit of the drift region
at different times. Measurement of the ion transit-time
therefore determines the mass-to-charge ratio of that
particular ion.

[0003] Currently, one of the most commonly employed
ion detectors in time of flight mass spectrometers is a
single ion counting detector in which an ion impacting a
detecting surface produces a pulse of electrons by
means of, for example, an electron multiplier. The pulse
of electrons is typically amplified by an amplifier and a
resultant electrical signal is produced. The electrical sig-
nal produced by the amplifier is used to determine the
transit time of the ion which struck the detector by means
of atimeto digital converterwhichis started once a packet
of ions is first accelerated into the drift region. The ion
detector and associated circuitry is therefore able to de-
tect a single ion impacting onto the detector.

[0004] However, such ion detectors exhibit a certain
dead-time following an ion impact during which time the
detector cannot respond to another ion impact. A typical
detector dead time may be of the order of 1-5 ns. If during
acquisition of a mass spectrum ions arrive during the
detector dead-time then they will consequently fail to be
detected, and this will have a distorting effect on the re-
sultant mass spectra.

[0005] Itis known to use dead time correction software
to correct for distortions in mass spectra. However, soft-
ware correction techniques are only able to provide a
limited degree of correction. Even after the application
of dead time correction software, ion signals resulting in
more than one ion arrival on average per pushout event
at a given mass to charge value will result in saturation
of the ion detector and hence result in a non-linear re-
sponse and inaccurate mass determination.

[0006] This problem is particularly accentuated with
gas chromatography and similar mass spectrometry ap-
plications because of the narrow chromatographic peaks
which are typically presented to the mass spectrometer
which may be, for example, 2 seconds wide at the base.
[0007] Known time of flight mass spectrometers there-
fore suffer from a limited dynamic range especially in
certain particular applications.

[0008] US 5 300 774 discloses a time-of-flight mass
spectrometer with an aperture that can be adjusted to
adjust a tradeoff between sensitivity and resolution.
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[0009] It is therefore desired to provide an improved
mass spectrometer and methods of mass spectrometry.
[0010] According to afirst aspect of the present inven-
tion, there is provided a mass spectrometer as claimed
in claim 1.

[0011] The mass spectrometer according to the inven-
tion enables the dynamic range of the detector to be ex-
tended. In particular, it is possible to alternate between
two or more sensitivity ranges during an acquisition. One
range is tuned to have a high sensitivity. A second range
is adjusted to be at a lower sensitivity than the first range
by a factor of up to x100. Preferably, the difference in
sensitivity between the first and second sensitivity modes
is at least a factor x10, x20, x30, x40, x50, x60, x70, x80,
x90 or x100.

[0012] Exact mass measurements can be made using
a single point lock mass common to both high and low
sensitivity ranges.

[0013] Although in the preferred embodiment the sen-
sitivity is changed by the operation of a z-lens, other em-
bodiments are also contemplated wherein in a more gen-
eral arrangement, the ion optical system between the ion
source and the mass analyser is altered or changed so
that ions passing therethrough are focused/defocused
thereby altering the ion transmission efficiency. It is pos-
sible to change the ion transmission efficiency by a
number of methods, including: (i) altering a y-focusing
lens, which may be an Einzel lens; (i) altering a z-focus-
ing lens, which may be an Einzel lens; (iii) using a stig-
matic focusing lens, preferably having a circular aperture,
which focuses/defocuses an ion beam in both the y- and
z-directions; and (iv) using a dc quadrupole lens which
can focus/defocus in the y-direction and/or the z-direction
as desired.

[0014] Utilising z-focusing is preferred to other ways
of altering the ion transmission efficiency since it has
been found to minimise any change in resolution, mass
position and spectral skew which otherwise seem to be
associated with focussing/deflecting the ion beam in the
y-direction. However, in less preferred embodiments the
ion beam may be altered in the y-direction either instead
of the z-direction or in addition to the z-direction.

[0015] At least an order of magnitude increase in the
dynamic range can be achieved with the preferred em-
bodiment. It has been demonstrated that the dynamic
range can be extended from about 3.25 orders of mag-
nitude to about 4.25 orders of magnitude with a GC (gas
chromatography) peak width of about 1.5s at half height.
[0016] Preferably, the ion source is a continuous ion
source. Further preferably, the ion source is selected
from the group comprising: (i) an electron impact ("EI")
ion source; (ii) a chemical ionisation ("CI") ion source;
and (iii) a field ionisation ("FI") ion source. All these ion
sources may be coupled to a gas chromatography (GC)
source. Alternatively, and particularly when using a liquid
chromatography (LC) source either an electrospray or
an atmospheric pressure chemical ionisation ("APCI")
ion source may be used.
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[0017] Preferably, the massanalyser comprises atime
to digital converter.

[0018] Preferably, the mass analyser is selected from
the group comprising: (i) a quadrupole mass analyser;
(i) a magnetic sector mass analyser; (iii) an ion trap mass
analyser; and (iv) a time of flight mass analyser, prefer-
ably an orthogonal acceleration time of flight mass ana-
lyser.

[0019] The mass spectrometer further comprises con-
trol means which may be arranged to alternately or oth-
erwise regularly switch the z-lens, or more generally the
ion optics, back and forth between at least first and sec-
ond modes. In this arrangement, two data streams are
stored as two discrete functions presenting two discrete
data sets. Once the ratio of the high sensitivity to low
sensitivity data has been determined, the data can be
used to yield linear quantitative calibration curves over
four orders of magnitude. Furthermore, the system can
be arranged so that exact mass data can be extracted
from either trace. Therefore, if a particular eluent produc-
es a mass spectral peak which is saturated in the high
sensitivity data set and therefore exhibits poor mass
measurement accuracy, the same mass spectral peak
may be unsaturated and correctly mass measured in the
lower sensitivity trace. By using a combination of both
traces, as a sample elutes exact mass measurements
may be produced over a wide range of sample concen-
tration.

[0020] The relative dwell times in the high and low sen-
sitivity modes may either be the same, or more time may
be spent in the higher sensitivity mode than in the lower
sensitivity mode. For example, the relative time spentin
a high sensitivity mode compared with a low sensitivity
mode may be at least 50:50, 60:40, 70:30, 80:20, or 90:
10. In otherwords, at least 50%, 60%, 70%, 80% or 90%
of the time may be spent in the higher sensitivity mode
compared with the lower sensitivity mode.

[0021] According to an embodiment of the present in-
vention, the control means may be arranged to switch
the z-lens, or more generally the ion optics, from the first
mode to the second mode when the detector is approach-
ing or experiencing saturation and/or to switch the z-lens,
or more generally the ion optics, from the second mode
to the first mode when a higher sensitivity is possible
without the detector substantially saturating in the first
mode. According to the preferred embodiment, low mass
peaks may be ignored in the determination of whether or
not to switch sensitivities and in one embodiment it is
only if mass peaks falling within a specific mass to charge
range (e.g. m/z =50, or 75, or 100) saturate or approach
saturation that the control means switches sensitivity
modes. Additionally/alternatively to ignoring saturation
of low mass peaks and concentrating on mass peaks in
one or more specific mass ranges (which are preferably
predefined, but in less preferred embodiments do not
necessarily need to be), the control means may switch
sensitivity modes based upon whether specific, prefera-
bly predetermined, mass peaks are approaching satura-
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tion or are saturated, or if an improved mass spectrum
including that specific mass peak could be obtained by
switching to a different sensitivity mode.

[0022] Preferably, the mass spectrometer further com-
prises a power supply capable of supplying from -100 to
+100V dc to the z-lens. In one embodiment, the z-lens
may be a three part Einzel lens wherein the front and
rear electrodes are maintained at substantially the same
dc voltage, e.qg. for positive ions around -40V dc, and an
intermediate electrode may be varied, for positive ions,
from approximately -100V dc in the high sensitivity (fo-
cusing) mode anywhere up to approximately +100V dc
in the low sensitivity (defocusing) mode. For example, in
the low sensitivity mode a voltage of -50V dc, +0V dc,
+25V dc, +50V dc or +100V dc may be applied to the
central electrode.

[0023] Preferably, when the z-lens defocuses a beam
of ions passing through the z-lens, the beam of ions is
diverged to have a profile or area which substantially ex-
ceeds the profile or area of an entrance aperture to the
mass analyser by at least a factor x2, x4, x10, x25, x50,
X75, or x100.

[0024] Preferably, in the first mode at least 85%, 90%,
95%, 96%, 97%, 98%, 99% or substantially 100% of the
ions are arranged to pass through the entrance aperture.
[0025] Preferably, in the second mode less than or
equal to 15%, 10%, 5%, 4%, 3%, 2%, or 1% of the ions
are arranged to pass through the entrance aperture.
[0026] Preferably, the difference in sensitivity between
the first and second mode is at least x10, x20, x30, x40,
x50, x60, x70, x80, x90 or x100.

[0027] According to a second aspect of the present
invention, there is provided a method of mass spectrom-
etry as claimed in claim 20.

[0028] According to one embodiment, the ion optical
systemis arranged and adapted to be operated in atleast
three different sensitivity modes. In yet further embodi-
ments four, five, six etc. up to practically an indefinite
number of sensitivity modes may be provided.

[0029] Various embodiments of the present invention
will now be described, by way of example only, and with
reference to the accompanying drawings in which:

Fig. 1 shows an arrangement of y-focusing lenses
and a z-lens upstream of a mass analyser;

Figs. 2(a) and (b) show side views of a mass spec-
trometer according to a preferred embodiment;

Fig. 3 shows a plan view of a mass spectrometer
coupled to a gas chromatograph; and

Fig. 4 shows experimental data illustrating the ex-
tended dynamic range which is achievable with the
preferred embodiment.

[0030] A preferred embodiment of the present inven-
tion will now be described. Fig. 1 shows an ion source 1,
preferably an electron impact or chemical ionisation ion
source. An ion beam 2 emitted from the ion source 1
travels along an axis commonly referred to as the x-axis.
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The ions in the beam 2 are focused in a first y-direction
as showninthe Figure by y-focusing and collimating lens-
es 3. A z-lens 4, preferably downstream of the y-lens 3,
is arranged to deflect or focus the ions in a second z-
direction which is perpendicular to both the first y-direc-
tion and to the x-axis. The z-lens 4 may comprise a
number of electrodes, and may in one embodiment com-
prise an Einzel lens wherein the front and rear electrodes
are maintained at substantially the same fixed dc voltage,
and the dc voltage applied to an intermediate electrode
may be varied to alter the degree of focusing/defocusing
of an ion beam 2 passing therethrough. An Einzel lens
may also be used for the y-lens 3. In less preferred ar-
rangements, either a z-lens 4 or a y-lens 3 (but not both)
may be provided.

[0031] Figs. 2(a) and (b) show side views of a mass
spectrometer. In Fig. 2(a) the beam of ions 2 emitted from
an ion source 1 is shown passing through the y-focusing
and collimating lens 3. The z-lens 4 operating in a first
(higher sensitivity) mode focuses the beam 2 substan-
tially within the acceptance area and acceptance angle
of an entrance slit 10 of the mass analyser 9 so that a
substantial proportion of the ions (i.e. normal intensity)
subsequently enter the analyser 9 which is positioned
downstream of the entrance slit 10.

[0032] Fig. 2(b) shows the z-lens 4 operating in a sec-
ond (lower sensitivity) mode wherein the z-lens 4 defo-
cuses the beam of ions 2 so that the beam of ions 2 has
a much larger diameter or area than that of the entrance
slit 10 to the mass analyser 9. Accordingly, a much small-
er proportion of the ions (i.e. reduced intensity) will sub-
sequently enter the analyser 9 in this mode of operation
compared with the mode of operation shown in Fig. 2(a)
since a large percentage of the ions will fall outside of
the acceptance area and acceptance angle of the en-
trance slit 10.

[0033] Fig. 3 shows a plan view of a preferred embod-
iment. A removable ion source 1 is shown together with
agas chromatography interface or reentrant tube 7 which
communicates with a gas chromatography oven 6. A lock
mass inlet is typically present but is not shown. A beam
of ions 2 emitted by the ion source 1 passes through lens
stack and collimating plates 3,4 which includes a switch-
able z-lens 4. The z-focusing lens 4 is arranged in a field
free region of the optics and is connected to a fast switch-
ing power supply capable of supplying from -100 to
+100V DC. With positive ions, -100 V dc will focus an ion
beam 2 passing therethrough and a more positive volt-
age, e.g. up to +100V dc, will substantially defocus a
beam of ions 2 passing therethrough and thereby reduce
the intensity of the ions entering the analyser 9.

[0034] Initially, the system may be tuned to full (high)
sensitivity. The z-focusing lens voltage may then be var-
ied, preferably manually, until the desired lower sensitiv-
ity is reached. In one arrangement, acquisition then re-
sults in fast switching of the z-lens power supply between
two (or more) pre-determined voltages so as to repeti-
tively switch between high and low sensitivity modes of
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operation. High and low sensitivity spectra may be stored
as separate functions to be post processed. In the pre-
ferred embodiment, the z-lens 4 only switches between
higher and lower sensitivity modes (and vice versa) when
either the detector 13 is being saturated in one mode or
the sensitivity can be improved in another mode without
saturation.

[0035] Downstream of ion optics 3,4 is an automatic
pneumatic isolation valve 8. The beam of ions 2 having
passed through ion optics 3,4 then passes through an
entrance slit or aperture 10 into the analyser 9. Packets
of ions are then injected into the drift region of the pref-
erably orthogonal acceleration time of flight mass ana-
lyser 9 by pusher plate 11. Packets of ions are then pref-
erably reflected by reflectron 12. The ions contained in
a packet are temporally separated in the drift region and
are then detected by detector 13 which preferably incor-
porates a time to digital converter in its associated cir-
cuitry.

[0036] Fig. 4 shows experimental data illustrating that
the dynamic range can be extended from about 3.25 or-
ders of magnitude to about 4.25 orders of magnitude (for
a GC peak width of 1.5s at half height) using a combina-
tion of data from both the high and low sensitivity data
sets. In this particular case, the system was tuned to give
a ratio of approximately 80:1 between the high and low
sensitivity data sets. The experiment allowed equal ac-
quisition time for both data sets by alternating between
the two sensitivity ranges between spectra.

[0037] Standard solutions ranging in concentration
from 10 pg to 100ng of HCB (Hexachlorobenzene) were
injected via the gas chromatograph. The peak area re-
sponse (equivalent to the ion count) for the reconstructed
ion chromatogram of mass to charge ratio 283.8102 was
plotted against the concentration. The results from the
low sensitivity data set were multiplied by x80 before plot-
ting to normalise them to the high sensitivity data set.

Claims
1. A mass spectrometer comprising:

an ion source (1);

a lens (4) downstream of said ion source (1)
wherein in afirst, relatively high sensitivity mode
of operation said lens (4) focuses abeam of ions
(2) and in a second, relatively low sensitivity
mode of operation said lens (4) substantially de-
focuses a beam of ions (2); and

a mass analyser (9) downstream of said lens
(4), said mass analyser (9) comprising an ion
detector (13); and characterised by further
comprising :

control means arranged to switch said lens (4)
from said first, relatively sensitivity mode to said
second, relatively low sensitivity mode upon de-
termining that particular mass peaks in a mass
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spectrum are saturating or approaching satura-
tion and/or mass peaks within a particular mass
range in a mass spectrum are saturating or ap-
proaching saturation.

A mass spectrometer as claimed in claim 1, wherein
said lens (4) comprises a y-focusing lens.

A mass spectrometer as claimed in claim 1 or 2,
wherein said lens (4) comprises a z-focusing lens.

A mass spectrometer as claimed in claim 2 or 3,
wherein said lens (4) comprises an Einzel lens com-
prising a front, intermediate and rear electrode, with
said front and rear electrodes being maintained, in
use, at substantially the same DC voltage and said
intermediate electrode being maintained at a differ-
ent voltage to said front and rear electrodes.

A mass spectrometer as claimed in claim 4, wherein
said front and rear electrodes are maintained, in use,
at between -30 to -50V DC for positive ions, and said
intermediate electrode is switchable from a voltage
in said first high sensitivity mode of < -80V DC to a
voltage = +0V DC in said second low sensitivity
mode.

A mass spectrometer as claimed in any preceding
claim, further comprising a power supply capable of
supplying from -100 to +100V DC to said lens (4).

A mass spectrometer as claimed in claim 1, wherein
said lens (4) is selected from the group consisting
of: (i) a stigmatic focusing lens; and (ii) a DC quad-
rupole lens.

A mass spectrometer as claimed in any preceding
claim, wherein in said second low sensitivity mode
a beam of ions (2) is diverged to have a profile which
substantially exceeds the profile or area of an en-
trance aperture (10) to said mass analyser (9).

A mass spectrometer as claimed in any preceding
claim, wherein in said first high sensitivity mode at
least 85%, 90%, 95%, 96%, 97%, 98%, 99% or sub-
stantially 100% of ions in a beam of ions (2) are ar-
ranged to pass through an entrance aperture (10) to
said mass analyser (9).

A mass spectrometer as claimed in any preceding
claim, wherein in said second low sensitivity mode
less than or equal to 15%, 10%, 5%, 4%, 3%, 2%,
or 1% of ions in a beam of ions (2) are arranged to
pass through an entrance aperture (10) to said mass
analyser (9).

A mass spectrometer as claimed in any preceding
claim, wherein the difference in sensitivity between
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12.

13.

14.

15.

16.

17.

18.

19.

20.

said first high sensitivity mode and said second low
sensitivity mode is at least a factor x10, x20, x30,
x40, x50, x60, x70, x80, x90 or x100.

A mass spectrometer as claimed in any preceding
claim, wherein said ion source (1) is a continuous
ion source.

Amass spectrometer as claimedinclaim 12, wherein
said ion source (1) is selected from the group con-
sisting of: (i) an Electron Impact ("EI") ion source; (ii)
a Chemical lonisation ("CI") ion source; and (iii) a
Field lonisation ("FI") ion source.

Amass spectrometer as claimedin claim 13, wherein
said ion source (1) is coupled to a gas chromato-
graph.

A mass spectrometeras claimedin claim 12, wherein
said ion source (1) is selected from the group con-
sisting of: (i) an electrospray ion source; and (ii) an
Atmospheric Pressure Chemical lonisation ("APCI")
source.

A mass spectrometer as claimedin claim 15, wherein
said ion source is (1) coupled to a liquid chromato-
graph.

A mass spectrometer as claimed in any preceding
claim, wherein said mass analyser (9) comprises a
Time to Digital Converter.

A mass spectrometer as claimed in any preceding
claim, wherein said mass analyser (9) is selected
from the group consisting of: (i) a quadrupole mass
analyser; (ii) a magnetic sector mass analyser; (iii)
an ion trap mass analyser; (iv) a Time of Flight mass
analyser; and (v) an orthogonal acceleration Time
of Flight mass analyser.

A mass spectrometer as claimed in any preceding
claim, wherein said particular mass range includes
a range having a mass to charge ratio ("m/z") select-
ed from the group consisting of: (i) m/z = 40; (ii) m/z
= 50; (iii) m/z = 60; (iv) m/z = 70; (v) m/z = 80; (vi)
m/z = 90; (vii) m/z = 100; and (viii) m/z = 110.

A method of mass spectrometry comprising:

providing an ion source (1);

providing a lens (4) downstream of said ion
source (1) wherein in a first, relatively high sen-
sitivity mode of operation said lens (4) focuses
a beam of ions (2) and in a second, relatively
low sensitivity mode of operation said lens (4)
substantially defocuses a beam of ions (2); and
providing a mass analyser (9) downstream of
said lens (4), said mass analyser (9) comprising
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an ion detector (13) ; and characterised by
arranging to switch said lens (4) from said first
high sensitivity mode to said second low sensi-
tivity mode upon determining that particular
mass peaks in a mass spectrum are saturating
or approaching saturation and/or mass peaks
within a particular mass range in a mass spec-
trum are saturating or approaching saturation.

Patentanspriche

Massenspektrometer mit:

einer lonenquelle (1);

einer Linse (4) stromabwarts der lonenquelle
(1), wobeidie Linse (4) in einem ersten Betriebs-
modus mitrelativ hoher Sensitivitat einen lonen-
strahl (2) fokussiert und die Linse (4) in einem
zweiten Betriebsmodus mit relativ niedriger
Sensitivitat einen lonenstrahl (2) defokussiert;
und

einem Massenanalysator (9) stromabwaérts der
Linse (4), wobei der Massenanalysator (9) einen
lonendetektor (13) aufweist; und

gekennzeichnet durch

Steuerungsmittel, die angeordnet sind, um die Linse
(4) aus dem ersten Modus mit relativ hoher Sensiti-
vitat in den zweiten Modus mit relativer niedriger
Sensitivitat auf die Bestimmung hin, dass bestimmte
Massenpeaks in einem Massenspektrum gesattigt
werden oder sich einer Sattigung nahern und/oder
Massenpeaks innerhalb eines bestimmten Massen-
bereichs in einem Massenspektrum geséattigt wer-
den oder sich einer Séttigung ndhern, umzuschal-
ten.

Massenspektrometer gemall Anspruch 1, bei dem
die Linse (4) eine y-fokussierende Linse umfasst.

Massenspektrometer gemaf Anspruch 1 oder 2, bei
dem die Linse (4) eine z-fokussierende Linse um-
fasst.

Massenspektrometer gemaf Anspruch 2 oder 3, bei
dem die Linse (4) eine Einzel-Linse mit einer vorde-
ren, mittleren und hinteren Elektrode umfasst, wobei
die vordere und die hintere Elektrode wéhrend der
Verwendung im wesentlichen auf derselben Gleich-
spannung gehalten werden und die mittlere Elektro-
de auf einer anderen Spannung als die vordere und
hintere Elektrode gehalten wird.

Massenspektrometer gemafR Anspruch 4, bei dem
die vordere und hintere Elektrode bei der Verwen-
dung fir positive lonen zwischen -30 und -50V
Gleichspannung gehalten werden und die mittlere
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10.

11.

12.

13.

14.

10

Elektrode von einer Spannung im ersten Modus mit
hoher Sensitivitdt von s-80V Gleichspannungin eine
Spannung = 0V Gleichspannung im zweiten Modus
mit niedriger Sensitivitat umschaltbar ist.

Massenspektrometer gemaf einem der vorstehen-
den Anspriiche, ferner mit einer Energieversorgung,
die in der Lage ist, die Linse (4) mit eine Spannung
von -100 bis +100V Gleichspannung zu versorgen.

Massenspektrometer gemaf Anspruch 1, bei dem
die Linse (4) aus der Gruppe ausgewahlt ist, die be-
steht aus: (i) einer stigmatischen Fokussierungslin-
se; und (ii) einer Gleichstrom-Quadrupollinse.

Massenspektrometer gemaf3 einem der vorstehen-
den Anspriiche, bei dem ein lonenstrahl (2) in dem
zweiten Modus mit niedriger Sensitivitat divergiert
wird, um ein Profil aufzuweisen, welches im wesent-
lichen Uber das Profil oder den Bereich einer Ein-
tritts6ffnung (10) zu dem Massenanalysator (9) hin-
ausgeht.

Massenspektrometer gemaf einem der vorstehen-
den Anspriiche, bei dem in dem ersten Modus mit
hoher Sensitivitat wenigstens 85%, 90%, 95%, 96%,
97%, 98%, 99% oder im wesentlichen 100% der lo-
nen in einem lonenstrahl (2) ausgerichtet werden,
um durch eine Eintrittséffnung (10) zu dem Massen-
analysator (9) zu passieren.

Massenspektrometer gemaf3 einem der vorstehen-
den Anspriiche, bei dem im zweiten Modus mit nied-
riger Sensitivitat weniger als oder gleich 15%, 10%,
5%, 4%, 3%, 2% oder 1% der lonen in einem lonen-
strahl (2) ausgerichtet werden, um durch eine Ein-
trittséffnung (10) zu dem Massenanalysator (9) zu
passieren.

Massenspektrometer gemaf einem der vorstehen-
den Anspriiche, bei dem der Unterschied in der Sen-
sitivitdt zwischen dem ersten Modus mit hoher Sen-
sitivitdt und dem zweiten Modus mit niedriger Sen-
sitivitdt wenigstens ein Faktor x10, x20, x30, x40,
x50, x60, x70, x80, x90 oder x100 ist.

Massenspektrometer gemaf einem der vorstehen-
den Anspriche, bei dem lonenquelle (1) eine konti-
nuierliche lonenquelle ist.

Massenspektrometer gemaf Anspruch 12, bei dem
die lonenquelle (1) ausgewahlt ist aus der Gruppe,
die bestehtaus: (i) einer ElektronenstoR("EI")-lonen-
quelle; (i) einer Chemische-lonisations("Cl")-lonen-
quelle; und (iii) einer Feldionisations("FI")-lonen-
quelle.

Massenspektrometer gemaf Anspruch 13, bei dem
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die lonenquelle (1) mit einem Gaschromatographen
verbunden ist.

Massenspektrometer gemaf Anspruch 12, bei dem
die lonenquelle (1) ausgewahlt ist aus der Gruppe,
die besteht aus: (i) einer Elektrosprayionenquelle;
und (ii) einer Quelle fiir chemische lonisation bei At-
mosphéarendruck ("APCI").

Massenspektrometer gemaf Anspruch 15, bei dem
die lonenquelle (1) mit einem Fliissigkeitschromato-
graphen verbunden ist.

Massenspektrometer gemaf einem der vorstehen-
den Anspriiche, bei dem der Massenanalysator (9)
einen Zeit-zu-Digital-Konverter aufweist.

Massenspektrometer gemaf einem der vorstehen-
den Anspriiche, bei dem der Massenanalysator (9)
ausgewahlt ist aus der Gruppe, die besteht aus: (i)
einem Quadrupol-Massenanalysator; (ii) einem Ma-
gnetsektor-Massenanalysator; (iii) einem lonenfal-
len-Massenanalysator; (iv) einem Flugzeit-Massen-
analysator; und (v) einem Orthogonalbeschleuni-
gungs-Flugzeit-Massenanalysator.

Massenspektrometer gemaf einem der vorstehen-
den Anspriiche, bei dem der spezielle Massenbe-
reich einen Bereich mit einem Masse-Ladungs-Ver-
haltnis ("m/z") einschlie3t, das ausgewahlt ist aus
der Gruppe, die besteht aus: (i) m/z = 40; (i) m/z =
50; (iii) m/z = 60; (iv) m/z = 70; (v) m/z = 80; (vi) m/z
> 90; (vii) m/z = 100; und (viii) m/z = 110.

Massenspektrometrie-Verfahren umfassend:

Bereitstellen einer lonenquelle (1);
Bereitstellen einer Linse (4) stromabwarts der
lonenquelle (1), wobei die Linse (4) in einem er-
sten Betriebsmodus mit relativ hoher Sensitivitéat
einen lonenstrahl fokussiert und die Linse (4) in
einem zweiten Betriebsmodus mit relativ nied-
riger Sensitivitat einen lonenstrahl im wesentli-
chen defokussiert; und

Bereitstellen eines Massenanalysators (9)
stromabwarts der Linse (4), wobei der Massen-
analysator (9) einen lonendetektor (13) auf-
weist; und

gekennzeichnet durch

Einrichten bzw. Vorsehen, die Linse (4) aus dem er-
sten Modus mit hoher Sensitivitatin den zweiten Mo-
dus mit niedriger Sensitivitat zu schalten auf die Be-
stimmung hin, dass bestimmte Massenpeaks in ei-
nem Massenspektrum gesattigt werden oder sich ei-
ner Sattigung nahern und/oder Massenpeaks inner-
halb eines bestimmten Massenbereichs in einem
Massenspektrum gesattigt werden oder sich einer
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Sattigung nahern.

Revendications

1.

Spectrométre de masse comprenant :

une source d’'ions (1) ;

une lentille (4) en aval de ladite source d'ions
(1) ou, dans un premier mode de fonctionne-
ment de sensibilité relativement élevée, ladite
lentille (4) focalise un faisceau d’'ions (2), etdans
un second mode de fonctionnement de sensibi-
lité relativement limitée, ladite lentille (4) défo-
calise substantiellement un faisceau d’ions (2) ;
et

un analyseur de masse (9) en aval de ladite len-
tille (4), ledit analyseur de masse (9) compre-
nant un détecteur ionique (13);

et caractérisé en ce qu’ il comprend en outre :

un moyen de contrdle disposé pour com-
muter ladite lentille (4) dudit premier mode
de sensibilité relativement élevée audit se-
cond mode de sensibilité relativement limi-
tée lorsqu’'on détermine que des pics de
masse particuliers dans un spectre de mas-
se saturent ou approchent de la saturation
et/ou que des pics de masse a l'intérieur
d’'une gamme de masses particuliére dans
un spectre de masse saturent ou appro-
chent de la saturation.

Spectromeétre de masse selon la revendication 1,
dans lequel ladite lentille (4) comprend une lentille
de focalisation en y.

Spectromeétre de masse selon la revendication 1 ou
2, dans lequel ladite lentille (4) comprend une lentille
de focalisation en z.

Spectrométre de masse selon la revendication 2 ou
3, dans lequel ladite lentille (4) comprend une lentille
Einzel comprenant une électrode avant, intermédiai-
re etarriére, lesdites électrodes avant et arriere étant
maintenues, en cours d'utilisation, a substantielle-
ment la méme tension en c.c. et ladite électrode in-
termédiaire étant maintenue a une tension différente
de celle desdites électrodes avant et arriere.

Spectromeétre de masse selon la revendication 4,
dans lequel lesdites électrodes avant et arriére sont
maintenues, en cours d’utilisation, a entre -30 et -
50 V c.c. pour des ions positifs, et ladite électrode
intermédiaire est commutable d’une tension dans le-
dit premier mode de sensibilité élevée <-80V c.c. a
une tension = +0 V c.c. dans ledit second mode de
sensibilité limitée.
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15.
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Spectromeétre de masse selon I'une quelconque des
revendications précédentes, comprenant en outre
une alimentation capable de fournir de -100 a +100
V c.c. & ladite lentille (4).

Spectromeétre de masse selon la revendication 1,
danslequel ladite lentille (4) est choisie dans le grou-
pe constitué par: (i) une lentille focalisante
stigmatique ; et (ii) une lentille quadripolaire en c.c.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel dans ledit
second mode de sensibilité limitée on fait diverger
un faisceau d'ions (2) pour qu'il posséde un profil qui
dépasse substantiellement le profil ou la surface
d’'une ouverture d’entrée (10) vers ledit analyseur de
masse (9).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel dans ledit
premier mode de sensibilité élevée au moins 85 %,
90 %, 95 %, 96 %, 97 %, 98 %, 99 % ou substan-
tiellement 100 % des ions dans un faisceau d'ions
(2) sont disposés pour traverser une ouverture d'en-
trée (10) vers ledit analyseur de masse (9).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel dans ledit
second mode de sensibilité limitée moins de ou
I'équivalent de 15 %, 10 %, 5 %, 4 %, 3 %, 2 % ou
1 % des ions dans un faisceau d’ions (2) sont dis-
posés pour traverser une ouverture d'entrée (10)
vers ledit analyseur de masse (9).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel la différen-
ce de sensibilité entre ledit premier mode de sensi-
bilité élevée et ledit second mode de sensibilité limi-
tée est au moins un facteur x10, x20, x30, x40, x50,
X60, x70, x80, x90 ou x100.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ladite sour-
ce d’ions (1) est une source d'ions continue.

Spectromeétre de masse selon la revendication 12,
dans lequel ladite source d’ions (1) est choisie dans
le groupe constitué par : (i) une source d’ions a im-
pact électronique ("EI") ; (ii) une source d'ions a io-
nisation chimique ("CI") ; et (iii) une source d’ions a
ionisation par champ ("FI").

Spectromeétre de masse selon la revendication 13,
dans lequel ladite source d'ions (1) est couplée a un
chromatographe en phase gazeuse.

Spectromeétre de masse selon la revendication 12,
dans lequel ladite source d’ions (1) est choisie dans
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16.

17.

18.

19.

20.
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le groupe constitué par: (i) une source d'ions a
électronébulisation ; et (ii) une source a ionisation
chimique a pression atmosphérique ("APCI").

Spectrométre de masse selon la revendication 15,
dans lequel ladite source d'ions (1) est couplée a un
chromatographe en phase liquide.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit ana-
lyseur de masse (9) comprend un convertisseur
temps-numérique.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit ana-
lyseur de masse (9) est choisi dans le groupe cons-
titué par : (i) un analyseur de masse quadripolaire ;
(i) un analyseur de masse a secteur magnétique ;
(iii) un analyseur de masse a piége ionique ; (iv) un
analyseur de masse a temps de vol ; et (v) un ana-
lyseur de masse a temps de vol a accélération or-
thogonale.

Spectromeétre de masse selon 'une quelconque des
revendications précédentes, dans lequel ladite gam-
me de masses particuliére inclut une gamme ayant
un rapport masse sur charge ("m/z") choisi dans le
groupe constitué par : (i) m/z =40 ; (i) m/z = 50 ; (iii)
m/z=60; (ivym/z=70; (v)m/z=80; (viim/z=90;
(vii) m/z =2 100 ; et (viii) m/z = 110.

Procédé de spectrométrie de masse comprenant :

la fourniture d’'une source d’ions (1) ;

la fourniture d'une lentille (4) en aval de ladite
source d'ions (1) ou, dans un premier mode de
fonctionnement de sensibilité relativement éle-
vée, ladite lentille (4) focalise un faisceau d'ions
(2), etdans un second mode de fonctionnement
de sensibilité relativement limitée, ladite lentille
(4) défocalise substantiellement un faisceau
d'ions (2) ; et

lafourniture d’'un analyseur de masse (9) en aval
de ladite lentille (4), ledit analyseur de masse
(9) comprenant un détecteur ionique (13);

et caractérisé par

une disposition pour commuter ladite lentille (4)
dudit premier mode de sensibilité élevée audit
second mode de sensibilité limitée lorsqu’on dé-
termine que des pics de masse particuliers dans
un spectre de masse saturent ou approchent de
la saturation et/ou que des pics de masse a I'in-
térieur d'une gamme de masses particuliére
dans un spectre de masse saturent ou appro-
chent de la saturation.
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