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Description

[0001] The present invention relates to a mass spec-
trometer.

[0002] A common problem with known mass spec-

trometers is that the largest ions in a mass spectrum may
originate from chemical species (i.e. background ions)
which are of no interest to the analysis. For example, the
background ions may comprise solvent ions, Gas Chro-
matograph carrier gas ions, Chemical lonisation reagent
gas ions or air peaks from vacuum leaks. These back-
ground ions can give rise to large ion signals which unless
attenuated may saturate the ion detector thereby affect-
ing the integrity of the mass spectra produced and re-
ducing the lifetime of the ion detector.

[0003] It is therefore desired to provide an improved
mass spectrometer.

[0004] According to a first aspect of the present inven-
tion there is provided a mass spectrometer comprising :

an ion source;

an orthogonal acceleration Time of Flight mass an-
alyser comprising an electrode for orthogonally ac-
celeratingions, anion detector and adriftregion ther-
ebetween;

an ion gate upstream of the electrode; and

control means for switching the ion gate between a
first mode and a second mode, the second mode
having a lower ion transmission efficiency than the
firstmode, wherein in a mode of operation the control
means:

(i) switches the ion gate from the first mode to
the second mode at a time T4; and

(i) causes the electrode to inject or orthogonally
accelerate ions into the drift region at a later time
T4+ATy;

wherein AT, is set such that ions having a mass to
charge ratio < a value M1 are not substantially in-
jected or orthogonally accelerated into the drift re-
gion by the electrode.

[0005] An advantage of the preferred embodiment is
that the ion signal from intense low mass to charge ratio
ions can be prevented from reaching the ion detector
reducing the possibility of detector saturation and in-
creasing the lifetime of the detector.

[0006] Preferably, ions having a mass to charge ratio
> a value M1’ are substantially injected or orthogonally
accelerated into said drift region by said electrode with
a first transmission efficiency and ions having a mass to
charge ratio in the range M1-M1’ are substantially inject-
ed or orthogonally accelerated into said drift region by
said electrode with a second transmission efficiency low-
er than said first transmission efficiency, wherein M1 <
M1’

[0007] Preferably, M1’ falls within a range selected
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from the group consisting of: (i) 1-50; (ii) 50-100; (iii)
100-150; (iv) 150-200; (v) 200-250; (vi) 250-300; (vii)
300-350; (viii) 350-400; (ix) 400-450; (x) 450-500; (xi)
500-550; (xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii) 850-900;
(xix) 900-950; (xx) 950-1000; (xxi) 1000-1500; (xxii)
1500-2000; (xxiii) 2000-2500; (xxiv) 2500-3000; and
(xxv) > 3000.

[0008] After the ion gate has been switched from the
first (ON) mode to the second (OFF) mode the pusher
electrode is then energised after a delay time AT, where-
in AT, preferably falls within a range selected from the
group consisting of: (i) 0.1-1 ws; (ii) 1-5 ws; (iii) 5-10 ws;
(iv) 10-15 ws; (v) 15-20 ws; (vi) 20-50 ws; (vii) 50-100 ws;
(viii) 100-500 ws; and (ix) 500-1000 w.s.

[0009] The low mass cut-off M1 preferably falls within
a range selected from the group consisting of: (i) 1-5; (ii)
5-10; (iii) 10-15; (iv) 15-20; (v) 20-25; (vi) 25°-30; (vii)
30-35; (viii) 35-40; (ix) 40-45; (x) 45-50; (xi) 50-55; (xii)
55-60; (xiii) 60-65; (xiv) 65-70; (xv) 70-75; (xvi) 75-100;
(xvii) 100-150; (xviii) 150-200; (xix) 200-250; (xx)
250-300; (xxi) 300-350; (xxii) 350-400; (xxiii) 400-450;
(xxiv) 450-500; (xxv) 500-550; (xxvi) 550-600; (xxvii)
600-650; (xxviii) 650-700; (xxix) 700-750; (xxx) 750-800;
(xxxi) 800-850; (xxxii) 850-900; (xxxiii) 900-950; (xxxiv)
950-1000; and (xxxv) > 1000.

[0010] Further preferably M1 is selected from the
group consisting of: (i) 4; (i) 17; (iii) 18; (iv) 28; (v) 29;
(vi) 40; (vii) 41; (viii) 93; (ix) 139; (x) 185; (xi) 379; and
(xii) 568.

[0011] Preferably, immediately after said control
means has caused said electrode to inject or orthogonally
accelerate ions into said drift region at time T,+AT, said
control means switches said ion gate from said second
mode to said first mode.

[0012] According to a second aspect of the present
invention, there is provided a mass spectrometer com-
prising:

an ion source;

an orthogonal acceleration Time of Flight mass an-
alyser comprising an electrode for orthogonally ac-
celerating ions, an ion detector and a drift.region
therebetween;

an ion gate upstream of the electrode; and

control means for switching the ion gate between a
first mode and a second mode, the second mode
having a lower ion transmission efficiency than the
first mode, wherein in a mode of operation the control
means:

(i) switches the ion gate from the second mode
to the first mode at a time T,; and

(i) causes the electrode to inject or orthogonally
accelerate ions into the driftregion at a later time
Ty+AT,;

wherein AT, is set such that ions having a mass to
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charge ratio > a value M3 are not substantially in-
jected or orthogonally accelerated into the drift re-
gion by the electrode.

[0013] The embodiment enables high mass to charge
ratio ions to be excluded from being orthogonally accel-
erated or otherwise injected into the drift region of the
Time of Flight mass analyser.

[0014] Preferably, ions having a mass to charge ratio
< a value M3’ are substantially injected or orthogonally
accelerated into said drift region by said electrode with
a first transmission efficiency and ions having a mass to
charge ratio in the range M3’-M3 are substantially inject-
ed or orthogonally accelerated into said drift region by
said electrode with a second transmission efficiency low-
er than said first transmission efficiency, wherein M3’ <
M3.

[0015] Preferably, M3’ falls within a range selected
from the group consisting of: (i) 1-50; (ii) 50-100; (iii)
100-150; (iv) 150-200; (v) 200-250; (vi) 250-300; (vii)
300-350; (viii) 350-400; (ix) 400-450; (x) 450-500; (xi)
500-550; (xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii) 850-900;
(xix) 900-950; (xx) 950-1000; (xxi) 1000-1500; (xxii)
1500-2000; (xxiii) 2000-2500; (xxiv) 2500-3000; and
(xxv) > 3000.

[0016] Theion gate is switched from the second (OFF)
mode to the first (ON) mode and then after a delay time
AT, the pusher electrode is energised. AT, preferably
falls within a range selected from the group consisting
of: (i) 0.1-1 ws; (i) 1-5 ws; (iii) 5-10 ws; (iv) 10-15 ws; (v)
15-20 w.s; (vi) 20-50 w.s; (vii) 50-100 ws; (viii) 100-500 ps;
and (ix) 500-1000 ps.

[0017] The high mass to charge ratio cut-off M3 pref-
erably falls within a range selected from the group con-
sisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv) 150-200;
(v) 200-250; (vi) 250-300; (vii) 300-350; (viii) 350-400;
(ix) 400-450; (x) 450-500; (xi) 500-550; (xii) 550-600; (xiii)
600-650; (xiv) 650-700; (xv) 700-750; (xvi) 750-800; (xvii)
800-850; (xviii) 850-900; (xix) 900-950; (xx) 950-1000;
(xxi) 1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

[0018] Preferably, immediately after said control
means has caused said electrode to inject or orthogonally
accelerate ions into said drift region at time T,+AT, said
control means switches said ion gate from said first mode
to said second mode.

[0019] According to a third aspect of the present in-
vention, there is provided a mass spectrometer compris-

ing:

an ion source;

an orthogonal acceleration Time of Flight mass an-
alyser comprising an electrode for orthogonally ac-
celeratingions, anion detector and a drift region ther-
ebetween;

an ion gate upstream of the electrode; and

control means for switching the ion gate between a
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first mode and a second mode, the second mode
having a lower ion transmission efficiency than the
first mode, wherein in a mode of operation the control
means:

(i) switches the ion gate from the second mode
to the first mode at a time T;

(i) switches the ion gate from the first mode to
the second mode at a later time T;+8T5; and
(iii) causes the electrode to inject or orthogonally
accelerate ions into the drift region at a yet later
time T3+0T3+AT3;

wherein 8T and AT are set such that ions having
a mass to charge ratio < a value M1 are not substan-
tially injected or orthogonally accelerated into the
drift region by the electrode and such thations having
a mass to charge ratio > a value M3 are not substan-
tially injected or orthogonally accelerated into the
drift region by the electrode, wherein M1 < M3.

[0020] According to this embodiment only ions within
a certain bandpass are orthogonally accelerated or oth-
erwise injected into the drift region of the Time of Flight
mass analyser. This enables low mass to charge ratio
background ions and high mass to charge ratio back-
ground ions to be filtered out.

[0021] Preferably, ions having a mass to charge ratio
M2 are substantially injected or orthogonally accelerated
into said drift region by said electrode with a first trans-
mission efficiency and otherions having amass to charge
ratio in the range M1-M3 are substantially injected or or-
thogonally accelerated into said drift region by said elec-
trode with a second transmission efficiency lower than
said first transmission efficiency, wherein M1 < M2 < M3.
M2 preferably falls within a range selected from the group
consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv)
150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (viii)
350-400; (ix) 400-450; (x) 450-500; (xi) 500-550; (xii)
550-600; (xiii) 600-650; (xiv) 650-700; (xv) 700-750; (xvi)
750-800; (xvii) 800-850; (xviii) 850-900; (xix) 900-950;
(xx) 950-1000; (xxi) 1000-1500; (xxii) 1500-2000; (xxiii)
2000-2500; (xxiv) 2500-3000; and (xxv) > 3000,

[0022] According to another form of the third embodi-
ment, ions having a mass to charge ratio in a range M1’-
M3’ are substantially injected or orthogonally accelerated
into said drift region by said electrode with a first trans-
mission efficiency and ions having a mass to charge ratio
in the range M1-M1’ and M3’-M3 are substantially inject-
ed or orthogonally accelerated into said drift region by
said electrode with a second transmission efficiency low-
er than said first transmission efficiency, wherein M1 <
M1’ < M3 < M3.

[0023] M1’ preferably falls within arange selected from
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (viii)
350-400; (ix) 400-450; (x) 450-500; (xi) 500-550; (xii)
550-600; (xiii) 600-650; (xiv) 650-700; (xv) 700-750; (xvi)
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750-800; (xvii) 800-850; (xviii) 850-900; (xix) 900-950;
(xx) 950-1000; (xxi) 1000-1500; (xxii) 1500-2000; (xxiii)
2000-2500; (xxiv) 2500-3000; and (xxv) > 3000.

[0024] M3’ preferably falls within a range selected from
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (viii)
350-400; (ix) 400-450; (x) 450-500; (xi) 500-550; (xii)
550-600; (xiii) 500-650; (xiv) 650-700; (xv) 700-750; (xvi)
750-800; (xvii) 800-850; (xviii) 850-900; (xix) 900-950;
(xx) 950-1000; (xxi) 1000-1500; (xxii) 1500-2000; (xxiii)
2000-2500; (xxiv) 2500-3000; and (xxv) > 3000.

[0025] The length of time 6T that the ion gate remains
in the first (ON) mode preferably falls within a range se-
lected from the group consisting of: (i) 0.1-1 ws; (ii) 1-5
ws; (iii) 5-10 ws; (iv) 10-15 ws; (v) 15-20 ps; (vi) 20-50
ws; (vii) 50-100 ps; (viii) 100-500 ws; and (ix) 500-1000
WS.

[0026] The delay time AT; preferably falls within a
range selected from the group consisting of: (i) 0.1-1 us;
(i) 1-5 ws; (iii) 5-10 ws; (iv) 10-15 ws; (v) 15-20 ws; (vi)
20-50 ps; (vii) 50-100 ps; (viii) 100-500 ps; and (ix)
500-1000 ps.

[0027] M1 preferably falls within a range selected from
the group consisting of: (i) 1-5; (ii) 5-10; (iii) 10-15; (iv)
15-20; (v) 20-25; (vi) 25-30; (vii) 30-35; (viii) 35-40; (ix)
40-45; (x) 45-50; (xi) 50-55; (xii) 55-60; (xiii) 60-65; (xiv)
65-70; (xv) 70-75; (xvi) 75-100; (xvii) 100-150; (xviii)
150-200; (xix) 200-250; (xx) 250-300; (xxi) 300-350; (xxii)
350-400; (xxiii) 400-450; (xxiv) 450-500; (xxv) 500-550;
(xxvi) 550-600; (xxvii) 600-650; (xxviii) 650-700; (xxix)
700-750; (xxx) 750-800; (xxxi) 800-850; (xxxii) 850-900;
(xxxiii) 900-950; (xxxiv) 950-1000; and (xxxv) > 1000.
[0028] M3 preferably falls within a range selected from
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (viii)
350-400; (ix) 400-450; (x) 450-500; (xi) 500-550; (xii)
550-600; (xiii) 600-650; (xiv) 650-700; (xv) 700-750; (xvi)
750-800; (xvii) 800-850; (xviii) 850-900; (xix) 900-950;
(xx) 950-1000; (xxi) 1000-1500; (xxii) 1500-2000; (xxiii)
2000-2500; (xxiv) 2500-3000; and (xxv) > 3000.

[0029] According to a fourth aspect of the present in-
vention, there is provided a mass spectrometer compris-

ing:

an ion source;

an orthogonal acceleration Time of Flight mass an-
alyser comprising an electrode for orthogonally ac-
celeratingions, anion detector and adriftregion ther-
ebetween,;

an ion gate upstream of said electrode; and

control means for switching said ion gate between a
first mode and a second mode, said second mode
having a lower ion transmission efficiency than said
first mode, wherein in a mode of operation said con-
trol means:

(i) switches said ion gate from said first mode to
said second mode at a time Ty;
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(ii) switches said ion gate from said second
mode to said first mode at a later time T,4+8Ty;
and

(iii) causes said electrode to inject or orthogo-
nally accelerate ions into said drift region at a
yet later time T +0T4+ATy;

wherein 8T, and AT, are set such that ions having
a mass to charge ratio equal to a value M2 are not
substantially injected or orthogonally accelerated in-
to said drift region by said electrode.

[0030] Preferably, M2 falls within a range selected from
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (viii)
350-400; (ix) 400-450; (x) 450-500; (xi) 500-550; (xii)
550-600; (xiii) 600-650; (xiv) 650-700; (xv) 700-750; (xvi)
750-800; (xvii) 800-850; (xviii) 850-900; (xix) 900-950;
(xx) 950-1000; (xxi) 1000-1500; (xxii) 1500-2000; (xxiii)
2000-2500; (xxiv) 2500-3000; and (xxv) > 3000.

[0031] Preferably, ions having a mass to charge ratio
<avalue M1 and ions having a mass to charge ratio > a
value M3 are substantially injected or orthogonally ac-
celerated into said drift region by said electrode with a
first transmission efficiency, and wherein ions having a
mass to charge in the range M1-M3 are substantially in-
jected or orthogonally accelerated into said drift region
by said electrode with a second transmission efficiency
lower than said first transmission efficiency, wherein M1
<M2 <M3.

[0032] According to a fifth aspect of the present inven-
tion, there is provided a mass spectrometer comprising:

an ion source;

an orthogonal acceleration Time of Flight mass an-
alyser comprising an electrode for orthogonally ac-
celeratingions, anion detector and a drift region ther-
ebetween;

an ion gate upstream of said electrode; and

control means for switching said ion gate between a
first mode and a second mode, said second mode
having a lower ion transmission efficiency than said
first mode, wherein in a mode of operation said con-
trol means:

(i) switches said ion gate from said first mode to
said second mode at a time Ty;

(ii) switches said ion gate from said second
mode to said first mode at a later time T,+3T,;
and

(iii) causes said electrode to inject or orthogo-
nally accelerate ions into said drift region at a
yet later time T +0T4+ATy;

wherein 8T, and AT, are set such that ions having
a mass to charge ratio in a range M1’-M3’ are not
substantially injected or orthogonally accelerated in-
to said drift region by said electrode, wherein M1’ <
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M3’

[0033] Preferably, M1’ falls within a range selected
from the group consisting of: (i) 1-50; (i) 50-100; (iii)
100-150; (iv) 150-200; (v) 200-250; (vi) 250-300; (vii)
300-350; (viii) 350-400; (ix) 400-450; (x) 450-500; (xi)
500-550; (xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii) 850-900;
(xix) 900-950; (xx) 950-1000; (xxi) 1000-1500; (xxii)
1500-2000; (xxiii) 2000-2500; (xxiv) 2500-3000; and
(xxv) > 3000.

[0034] Preferably, M3’ falls within a range selected
from the group consisting of: (i) 1-50; (ii) 50-100; (iii)
100-150; (iv) 150-200; (v) 200-250; (vi) 250-300; (vii)
300-350; (viii) 350-400; (ix) 400-450; (x) 450-500; (xi)
500-550; (xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii) 850-900;
(xix) 900-950; (xx) 950-1000; (xxi) 1000-1500; (xxii)
1500-2000; (xxiii) 2000-2500; (xxiv) 2500-3000; and
(xxv) > 3000.

[0035] Preferably, ions having a mass to charge ratio
<avalue M1 and ions having a mass to charge ratio > a
value M3 are substantially injected or orthogonally ac-
celerated into said drift region by said electrode with a
first transmission efficiency and ions having a mass to
charge ratio in the range M1-M1’ and ions having a mass
to charge ratio in the range M3’-M3 are substantially in-
jected or orthogonally accelerated into said drift region
by said electrode with a second transmission efficiency
lower than said first transmission efficiency, wherein M1
<M1 <M3 < M3.

[0036] Preferably, M1 falls within arange selected from
the group consisting of: (i) 1-5; (ii) 5-10; (iii) 10-15; (iv)
15-20; (v) 20-25; (vi) 25-30; (vii) 30-35; (viii) 35-40; (ix)
40-45; (x) 45-50; (xi) 50-55; (xii) 55-60; (xiii) 60-65; (xiv)
65-70; (xv) 70-75; (xvi) 75-100; (xvii) 100-150; (xviii)
150-200; (xix) 200-250; (xx) 250-300; (xxi) 300-350; (xxii)
350-400; (xxiii) 400-450; (xxiv) 450-500; (xxv) 500-550;
(xxvi) 550-600; (xxvii) 600-650; (xxviii) 650-700; (xxix)
700-750; (xxx) 750-800; (xxxi) 800-850; (xxxii) 850-900;
(xxxiii) 900-950; (xxxiv) 950-1000; and (xxxv) > 1000.
[0037] Preferably, M3falls withinarange selected from
the group consisting of (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (viii)
350-400; (ix) 400-450; (x) 450-500; (xi) 500-550; (xii)
550-600; (xiii) 600-650; (xiv) 650-700; (xv) 700-750; (xvi)
750-800; (xvii) 800-850; (xviii) 850-900; (xix) 900-950;
(xx) 950-1000; (xxi) 1000-1500; (xxii) 1500-2000; (xxiii)
2000-2500; (xxiv) 2500-3000; and (xxv) > 3000.

[0038] Preferably, the period of time 6T, that the ion
gate is switched to the second (OFF) mode falls within a
range selected from the group consisting of: (i) 0.1-1 us;
(i) 1-5 ps; (iii) 5-10 ws; (iv) 10-15 ws; (v) 15-20 ws; (vi)
20-50 ps; (vii) 50-100 ws; (viii) 100-500 ps; and (ix)
500-1000 ps.

[0039] Preferably, the delay time AT, falls within a
range selected from the group consisting of: (i) 0.1-1 us;
(i) 1-5 ps; (iii) 5-10 ws; (iv) 10-15 ws; (v) 15-20 ws; (vi)
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20-50 ps; (vii) 50-100 ws; (viii) 100-500 ps; and (ix)
500-1000 ps.

[0040] Common to allembodiments the electrode pref-
erably comprises a pusher and/or puller electrode. The
ion gate may comprise one or more electrodes for alter-
ing, deflecting, reflecting, defocusing, attenuating or
blocking a beam of ions. Preferably, in said second mode
said ion transmission efficiency is substantially 0% but
according to a less preferred embodiment in said second
mode said ion transmission efficiency is # x% of the ion
transmission efficiency in said first mode, wherein x falls
within a range selected from the group consisting of: (i)
0.001-0.01; (ii) 0,01-0.1; (iii) 0.1-1; (iv) 1-10; and (v)
10-90.

[0041] Preferably, the electrode is repeatedly ener-
gised with a frequency selected from the group consisting
of: (i) 100-500 Hz; (ii) 0.5-1 kHz; (iii) 1-5 kHz; (iv) 5-10
kHz; (v) 10-20 kHz; (vi) 20-30 kHz; (vii) 30-40 kHz; (viii)
40-50 kHz; (ix) 50-60 kHz; (x) 60-70 kHz; (xi) 70-80 kHz;
(xii) 80-90 kHz; (xiii) 90-100 kHz; (xiv) 100-500 kHz; (xv)
0.5-1 MHz; and (xvi) > 1 MHz.

[0042] The ion source preferably comprises a contin-
uous ion source. For example, the ion source may be
selected from the group consisting of: (i) an Electron Im-
pact ("EI") ion source; (ii) a Chemical lonisation ("CI") ion
source; (i) a Field lonisation ("FI") ion source; (iv) an
Electrospray ion source; (v) an Atmospheric Pressure
Chemical lonisation ("APCT") ion source; (vi) an Induc-
tively Coupled Plasma ("ICP") ion source; (vii) an Atmos-
pheric Pressure Photo lonisation ("APPI") ion source; (vi-
i) a Fast Atom Bombardment ("FAB") ion source; and
(ix) a Liquid Secondary lons Mass Spectrometry
("LSIMS") ion source.

[0043] According to a less preferred embodiment the
ion source is a pseudo-continuous ion source. For ex-
ample, the ion source may be selected from the group
consisting of: (i) a Matrix Assisted Laser Desorption lon-
isation ("MALDI") ion source; and (ii) a Laser Desorption
lonisation ("LDI") ion source. Preferably, an RF ion guide
comprising a collision gas for dispersing a packet of ions
emitted by said ion source is provided.

[0044] The ion source may be coupled to a liquid or
gas chromatography source.

[0045] According to a sixth aspect of the present in-
vention, there is provided a method of mass spectrome-
try, comprising :

switching an ion gate from a first mode to a second
mode at a time T4, said second mode having a lower
ion transmission efficiency than said first mode; and
injecting or orthogonally accelerating ions into a drift
region of an orthogonal acceleration Time of Flight
mass analyser at a later time T4+ATy;

wherein AT, is set such that ions having a mass to
charge ratio < a value M1 are not substantially in-
jected or orthogonally accelerated into said drift re-
gion.
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ion transmission efficiency than said first mode;
switching said ion gate from said second mode to
said first mode at a later time T,+8T,; and

[0046] According to a seventh aspect of the present
invention, there is provided a method of mass spectrom-
etry, comprising:

injecting or orthogonally accelerating ions into a drift

switching an ion gate from a second mode to a first 5 region of an orthogonal acceleration Time of Flight
mode at a time T,, said second mode having a lower mass analyser at a yet later time T4+0T4+ATy;
ion transmission efficiency than said first mode; and wherein 8T, and AT, are set such that ions having
injecting or orthogonally accelerating ions into a drift a mass to charge ratio in a range M1’-M3’ are not
region of an orthogonal acceleration Time of Flight substantially injected or orthogonally accelerated in-
mass analyser at a later time Ty+AT,; 10 to said drift region, wherein M1’ < M3’
wherein AT, is set such that ions having a mass to
charge ratio > a value M3 are not substantially in- [0050] In the present application where reference is
jected or orthogonally accelerated into said drift re- made to ions having a mass to charge ratio this is intend-
gion. ed to mean ions having a mass to charge ratio measured
15 in units of daltons.
[0047] According to an eighth aspect of the present [0051] Various embodiments of the present invention
invention, there is provided a method of mass spectrom- will now be described, by way of example only, and with
etry, comprising: reference to the accompanying drawings in which:
switching an ion gate from a second mode to a first 20 Fig. 1 shows a preferred mass spectrometer;
mode at a time Tj, said second mode having a lower Fig. 2illustrates afirstembodiment wherein relatively
ion transmission efficiency than said first mode; low mass to charge ratio ions are prevented from
switching said ion gate from said first mode to said reaching the ion detector;
second mode at a later time T5+8T5; and Fig. 3 illustrates ions of different mass to charge ra-
injecting or orthogonally accelerating ions into a drift 25 tios adjacent the pusher electrode according to the
region of an orthogonal acceleration Time of Flight first embodiment;
mass analyser at a yet later time T3+8T3+ATj; Fig. 4 shows the relative transmission of ions as a
wherein 8T and AT5 are set such that ions having function of mass to charge ratio according to the first
a mass to charge ratio < a value M1 are not substan- embodiment;
tially injected or orthogonally accelerated into said 30 Fig. 5 illustrates a second embodiment wherein rel-
drift region and such that ions having a mass to atively high mass to charge ratio ions are prevented
charge ratio > a value M3 are not substantially in- from reaching the ion detector;
jected or orthogonally accelerated into said drift re- Fig. 6 shows the relative transmission of ions as a
gion, wherein M1 < M3. function of mass to charge ratio according to the sec-
35 ond embodiment;
[0048] According to a ninth aspect of the present in- Fig. 7 illustrates a third embodiment wherein both
vention, there is provided a method of mass spectrome- relatively low mass to charge ratio ions and relatively
try, comprising: high mass to charge ratio ions are prevented from
reaching the ion detector;
switching an ion gate from a first mode to a second 40 Fig. 8 shows the relative transmission of ions as a
mode at a time T,, said second mode having a lower function of mass to charge ratio according to the third
ion transmission efficiency than said first mode; embodiment;
switching said ion gate from said second mode to Fig. 9 shows the relative transmission of ions as a
said first mode at a later time T,4+3T,; and function of mass to charge ratio according to a var-
injecting or orthogonally accelerating ions into a drift 45 iation of the third embodiment;
region of an orthogonal acceleration Time of Flight Fig. 10 illustrates a fourth embodiment wherein only
mass analyser at a yet later time T4+08T4+ATy; ions having a relatively narrow range of mass to
wherein 6T, and AT, are set such that ions having charge ratios are prevented from reaching the ion
a mass to charge ratio equal to a value M2 are not detector;
substantially injected or orthogonally accelerated in- 50 Fig. 11 shows the relative transmission of ions as a
to said drift region. function of mass to charge ratio according to the
fourth embodiment;
[0049] According to a tenth aspect of the present in- Fig. 12 shows the relative transmission of ions as a
vention, there is provided a method of mass spectrome- function of mass to charge ratio according to a var-
try, comprising: 55 iation of the fourth embodiment;

Fig. 13(a) shows a timing diagram for the first em-
bodiment, Fig. 13(b) shows a timing diagram for the
second embodiment, Fig. 13(c) shows a timing dia-

switching an ion gate from a first mode to a second
mode at a time T,, said second mode having a lower
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gram for the third embodiment, and Fig. 13(d) shows
a timing diagram for the fourth embodiment;

Fig. 14(a) shows a mass spectrum obtained accord-
ing to the first embodiment and Fig. 14(b) shows a
corresponding mass spectrum obtained convention-
ally;

Figs. 15(a) shows the same mass spectrum shown
in Fig. 14(a) but displayed over the reduced mass to
charge ratio range 15-200 daltons, Fig. 15(b) shows
the same mass spectrum shown in Fig. 14(b) but
displayed over the reduced mass to charge ratio
range 15-200 daltons, and Fig. 15(c) shows the the-
oretically calculated relative transmission as a func-
tion of mass to charge ratio according to the first
embodiment; and

Fig. 16(a) shows the same mass spectrum as shown
in Fig. 14(a) and Fig. 15(a) but displayed over the
yet further reduced mass to charge ratio range 15-66
daltons with the intensity magnified by a factor of
280, and Fig. 16(b) shows the same mass spectrum
as shown in Fig. 14(b) and Fig. 15(b) but displayed
over the yet further reduced mass to charge ratio
range 15-66 daltons.

[0052] Various embodiments of the present invention
will now be described in more detail with reference to Fig.
1. lons emitted by an ion source 1 pass to an electrostatic
device 2 arranged upstream of an acceleration chamber
3 of an orthogonal acceleration Tine of Flight mass an-
alyser. The electrostatic device 2 may comprise a single
deflection electrode or more preferably a pair of elec-
trodes arranged preferably in parallel and further prefer-
ably connected to a voltage supply. The electrostatic de-
vice 2 is preferably used to alter, deflect, reflect, defocus,
attenuate or block an ion beam incident upon the device
2.

[0053] In one embodiment the electrostatic device 2
does not have any attenuating voltage applied to the de-
vice 2 when the device 2 is ON. When the device 2 is
OFF a voltage is applied to device 2 in order to deflect
ions. The electrostatic device 2 acts as an ion gate 2
allowing ions to be transmitted in a first (ON) mode. In a
second (OFF) mode the ion gate 2 substantially reduces,
preferably prevents, ions from being onwardly transmit-
ted to the Time of Flight mass analyser.

[0054] Theion gate 2 is preferably positioned in a field
free region of ion transfer optics between the ion source
1 and the orthogonal acceleration pusher electrode 4
which forms part of an orthogonal acceleration Time of
Flight mass analyser. The orthogonal acceleration Time
of Flight mass analyser comprises a pusher electrode 4,
adriftregion 5, an optional reflectron 6 and anion detector
7. The voltage supply to the ion gate 2 is preferably ca-
pable of being switched ON/OFF in approximately 100
ns.

[0055] According to the first embodiment the ion gate
2 is set to be ON for the majority of a Cycle T so as to
transmit ions. In order to discriminate against ions with
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low mass to charge ratios the ion gate 2 is switched to
be OFF for preferably a relatively short period of time
AT4. A short time AT, after the ion gate 2 has been
switched OFF a pusher voltage is applied to the orthog-
onal acceleration pusher electrode 4. As soon as the
pusher voltage is applied the ion gate 2 is preferably
switched back to ON. The ion gate 2 preferably remains
ON until the beginning of the next cycle T, when it is
again switched OFF. This cycle of switching the ion gate
2 ON/OFF may be repeated many times during one ex-
perimental run.

[0056] Fig. 2 shows a schematic representation of a
mode of operation of the mass spectrometer according
to the first embodiment. It is assumed that a continuous
ionbeam s arriving at the ion gate 2. The ions transmitted
by the ion gate 2 continue to the region adjacent the push-
er electrode 4. The distance from the ion gate 2 to the
pusher electrode 4 may be defined as L1, the length of
the pusher electrode may be defined as L2 and the dis-
tance from the pusher electrode 4 to the ion detector 7
may be defined as L3. For ease of illustration only, the
ion detector 7 is shown as being the same length L2 as
the pusher electrode 4 although this is not relevant to the
principle of operation.

[0057] Low mass to charge ratio ions having a mass
to charge ratio < M1 have passed the pusher electrode
4 before it is energised whereas ions having a mass to
charge ratio > M1 are disposed opposite the pusher elec-
trode 4 and hence are orthogonally accelerated by the
pusher electrode 4 into the drift region 5 of the Time of
Flight mass analyser. lons having a mass to charge ratio
> M1’ are orthogonally accelerated with a relative trans-
mission of 100% and ions having a mass to charge ratio
in the range M1-M1’ are orthogonally accelerated with a
relative transmission between 0% and 100%. The rela-
tive transmission is shown and explained in more detail
in relation to Fig. 4.

[0058] In an orthogonal acceleration Time of Flight
mass spectrometer the acceleration of ions into the drift
region 5 of the Time of Flight mass analyser is orthogonal
to the axial direction of the ion beam and hence the axial
component of velocity of the ions remains unchanged.
Therefore, the time taken for ions to pass through the
drift region 5 of the Time of Flight mass analyser to the
ion detector 7 is the same as the time it would have taken
for the ions to have travelled the axial distance L2+L3
from the end of the pusher electrode 4 closest to the ion
gate 2to theion detector 7 had they not been accelerated
into the drift region 5.

[0059] If the maximum mass to charge ratio of ions
arranged to be analysed by the mass analyser is M55
then the cycle time T, between consecutive pulses of
ions into the drift region 5 is the time required for ions of
mass to charge ratio M, ,, to travel the distance L2+L3
from the pusher electrode 4 to the ion detector 7. In ad-
dition to showing the positions of ions having mass to
charge ratios equal to M1 and M1’ at the time the pusher
electrode 4 is about to be energised, Fig. 2 also shows
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the position of ions having a mass to charge ratio M54
atthe time the voltage is about to be applied to the pusher
electrode 4. The ions are orthogonally accelerated in the
drift region 5 after a delay time AT, since the ion gate 2
was switched from ON to OFF.

[0060] lons of mass to charge ratio equal to M1 have
travelled the distance L1+L2 since the ion gate 2 was
switched OFF and therefore ions having amassto charge
ratio < M1 will not be transmitted into the drift region 5 of
the Time of Flight mass analyser. lons having a mass to
charge ratio M1’ have travelled the distance L1 since the
ion gate 2 was switched OFF and these ions will be trans-
mitted into the Time of Flight mass analyser with arelative
transmission of 100%.

[0061] Ifthe ions have an energy of zeV electron volts,
distances are in metres, and AT, is in us, then the value
of M1 in daltons is given by:

_ VAT ?
T 5184 (L1 + L2)?

and the value of M1’ in daltons is given by:

_ VAT
5184L1

hence:

2
wr=an (1422
L)

[0062] The relative transmission Tr of ions into the drift
region 5 is equal to the relative proportion of the space
opposite the pusher electrode 4 occupied by ions of mass
to charge ratio M. Accordingly:

L1+L2~L
L2

Tr =

or

1
=]~—(L~11
Tr=1 LZ( )

where L is the distance travelled by ions with mass to
charge M:
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L= -A—Ti —K—
2 \M
hence:
Ir =1—-—1—. £1f£ - Ll
' L2{ 72 VM
[0063] Fig. 3 is similar to Fig. 2 and shows the dispo-

sition of ions having various different mass to charge ra-
tios at the time T,+AT, when the pusher electrode 4 is
energised. lons having a mass to charge ratio < M1 are
not orthogonally accelerated, ions having a mass to
charge ratio in the range M1-M1’ are orthogonally accel-
erated with a relative transmission < 100% and ions hav-
ing a mass to charge ratio > M1’ are orthogonally accel-
erated with a relative transmission of 100%.

[0064] Fig. 4 shows the relative transmission as a func-
tion of mass to charge ratio according to the first embod-
iment for an ion energy of 90 eV, delay time AT, of 6 ps
and wherein L1 was 110 mm, L2 was 30 mm, L3 was
114 mm. M,,,,, was set to 1500 daltons. For these values
M1 equals 32 daltons and M1’ equals 52 daltons. Ac-
cordingly, ions having a mass to charge ratio <32 daltons
are not orthogonally accelerated whereas ions having a
mass to charge ratio > 52 daltons are orthogonally ac-
celerated with 100% relative transmission. lons having
a mass to charge ratio between 32 and 52 daltons are
orthogonally accelerated with a relative transmission be-
tween 0% and 100%.

[0065] Any ions present with a mass to charge ratio
value equal to M,,,,, will have a 100% relative transmis-
sion provided that the distance L1 is not greater than the
distance L3. Fig. 2 shows that ions with a mass to charge
ratio equal to M,,, from a first cycle A are separated
from ions having the same mass to charge from a second
subsequent cycle B by a small gap. This gap is due to
the effect of the ion gate 2 from the previous cycle A and
corresponds with the period of time when no ions are
transmitted by the ion gate 2. Fig. 2 shows where this
gap will exist at the time the pusher voltage is about to
be applied to the pusher electrode 4. As can be seen,
this gap starts a distance L1 before the ion detector 7
and accordingly if L1 is greater than L3 then the gap could
appear in the region adjacent the pusher electrode 4.
This would lead to a small reduction in transmission de-
pending on the relative values of the parameters L1, L2,
L3, AT, and T,. Any potential loss in transmission can
be avoided if L1 is not greater than L3 and hence pref-
erably the distance L1 is arranged to be less than L3.
[0066] According to the first embodiment ions having
a relatively low mass to charge ratio are substantially
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prevented from being orthogonally accelerated in the drift
region 5 of the Time of Flight mass analyser. This is par-
ticularly advantageous in a number of different situations.
For example, with an Electron Impact ("EI") ion source
He* ions (m/z = 4) from the carrier gas for the Gas Chro-
matograph or N,* ions (m/z = 28) from air may be par-
ticularly intense and can advantageously be excluded
according to this embodiment.

[0067] With a Chemical lonisation ("CI") ion source us-
ing methane as the reagent gas C,Hs* ions (m/z = 29),
CHg* ions (m/z = 17) and C3Hg* ions (m/z = 41) may be
particularly intense and can advantageously be excluded
according to this embodiment. Similarly, when using am-
monia as the reagent gas NH,* ions (m/z = 18) may be
particularly intense and can advantageously be excluded
according to this embodiment.

[0068] The preferred embodiment is also suitable for
use with other types of ion source. For example, with an
ICP ion source Ar* ions (m/z = 40) may be particularly
intense and can be advantageously excluded according
to this embodiment.

[0069] With a Matrix Assisted Laser Desorption loni-
sation (AMALDI=) ion source there are numerous differ-
ent background ions which may be generated due to the
various matrices used. For examples, ions having a mass
to charge ratio of 379 and 568 which correspond with the
dimer and trimer of the matrix alpha cyano-4-hydroxycin-
namic acid can be particularly intense. Similarly, ions
having a mass to charge ratio of 139 are observed when
using 2,5, dihydroxybenzoic acid (DHB) as the MALDI
matrix. These ions can be advantageously excluded ac-
cording to either the first embodiment or according to one
of the further embodiments described in more detail be-
low.

[0070] With a Liquid Secondary lon Mass Spectrome-
try (ALSIMS=) or Fast Atom Bombardment (AFAB=) ion
source using glycerol as the matrix C3HgO3* ions (m/z =
93) and CgH4;04" ions (m/z = 185) can be particularly
intense and may be advantageously excluded according
to the firstembodiment or one of the further embodiments
described in more detail below.

[0071] A second embodiment wherein relatively high
mass to charge ratio ions may be excluded will now be
described in relation to Fig. 5. Some ion sources have a
continuum of background ions extending to quite high
mass to charge ratios and the background ions may in
some circumstances have higher mass to charge ratios
than those of the analyte ions being analysed. Such high
mass to charge ratio ions may be of sufficient intensity
to cause a problem with an orthogonal acceleration Time
of Flight mass spectrometer. Itis normally necessary with
an orthogonal acceleration Time of Flight mass analyser
to wait until the ions having the highest mass to charge
ratios arrive at the ion detector 7 before the pusher elec-
trode 4 is energised again to orthogonally accelerate the
next bunch of ions into the drift region 5. Otherwise, high
mass to charge ratio ions from a first bunch of ions may
arrive at the ion detector 7 together with low mass to
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charge ratio ions from a subsequent second bunch of
ions. These high mass to charge ratio ions would there-
fore contribute noise and would present artefact peaks
within the resulting mass spectrum.

[0072] Also, where background ions extend to much
higher mass to charge ratios than the mass to charge
ratio of the analyte ions this may make it necessary to
wait for relatively long periods of time between pusher
electrode pulses thereby reducing the duty cycle and
hence lowering the sensitivity of the mass spectrometer.
Accordingly, providing a high mass cut-off mode may be
particularly advantageous in that this will eliminate noise
and possible artefact peaks whilst maintaining the high-
est possible duty cycle and sensitivity.

[0073] According to the second embodiment the ion
gate 2 is set to be OFF for the majority of a cycle so as
to preventions being transmitted. In order to discriminate
against ions with relatively high mass to charge ratios
the ion gate 2 is switched to be ON for preferably a rel-
atively short period of time AT,. A short time AT, after
the ion gate 2 has been switched ON a pusher voltage
is applied to the orthogonal acceleration pusher electrode
4. As soon as the pusher voltage is applied to the pusher
electrode 4 the ion gate 2 is preferably switched OFF.
Theion gate 2 preferably remains OFF until the beginning
of the next cycle T, when it is again switched ON. This
cycle of switching the ion gate 2 ON/OFF may be repeat-
ed many times during one experimental run.

[0074] lons of mass to charge ratio M3’ are those ions
that have just travelled the axial distance L1+L2 since
theion gate 2 was switched ON. Accordingly, ions having
amass to charge ratio < M3’ are orthogonally accelerated
with a relative transmission of 100%.

[0075] Ifthe ions have an energy of zeV electron volts,
distances are in metres, and AT, is in s, then the value
of M3’ in daltons is given by:

_ VaR?
5184 (L1+ L2)*

\i

and the value of M3 in daltons is given by:

VAT
M3=—"
5184.L1°
hence :
2
M3 =M3'.(l +EJ
L1
[0076] The relative transmission Tr of ions into the drift
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region 5 is equal to the relative proportion of the space
opposite the pusher electrode 4 occupied by ions of mass
to charge ratio M, therefore:

or

1
Tr=—IL-L1
Tr=—{ )

where L is the distance travelled by ions with mass to
charge M. Accordingly :

1 = AT, - } 14
72 M
hence:
AT,
Tr=-1—. —-—2—"—‘/- YA
L2172 YM
[0077] Fig. 6 shows the relative transmission as a func-

tion of mass to charge ratio according to the second em-
bodiment for an ion energy of 40 eV, delay time AT, of
15 ws and wherein L1 was 60 mm, L2 was 30 mm and
L3 was 60 mm. M, was set to 800 daltons. For these
values M3’ equals 214 daltons and M3 equals 480 dal-
tons. Accordingly, ions having a mass to charge ratio <
214 daltons are orthogonally accelerated with a relative
transmission of 100% whereas ions having a mass to
charge ratio > 480 daltons are not orthogonally acceler-
ated. lons having a mass to charge ratio between 214
and 480 daltons are orthogonally accelerated with a rel-
ative transmission between 0% and 100%.

[0078] The ability to be able to filter out relatively high
mass to charge ratio ions is particularly advantageous
with Gas Chromatograph ("GC") Mass Spectrometry
where it is normally required to only analyse relatively
low mass to charge ratio analyte ions, for example ions
in the mass range 100-200 daltons. GC mass spectrom-
eters can suffer from "bleed" peaks from the GC column
as high as 600-1000 daltons and it can therefore be nec-
essary to have to wait until these ions arrive before firing
the next pulse. Such an approach is obviously inefficient.
This wait can be eliminated by the use of the high mass
cut-off method according to the second embodiment.
[0079] Fast Atom Bombardment ("FAB") and Liquid
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Secondary lons Mass Spectrometry ("LSIMS") ion sourc-
es are notorious for giving a high level of background
ions having very high mass to charge ratios (e.g. > 3000
daltons). The second embodiment is therefore particu-
larly suitable for use with FAB and LSIMS ion sources.
[0080] A third embodiment relating to bandpass trans-
mission mode of operation wherein both relatively high
mass to charge ratio ions and relatively low mass to
charge ratio ions are removed will now be described in
relation to Fig. 7.

[0081] According to the third embodiment the ion gate
2 is set to be OFF for the majority of a cycle T so as to
prevent ions being transmitted. In order to orthogonally
accelerate only ions within a bandpass range of mass to
charge ratios the ion gate 2 is switched to be ON for
preferably a relatively short period of time 8T5. A short
time AT5 after the ion gate 2 has been switched back
from ON to OFF a pusher voltage is applied to the or-
thogonal acceleration pusher electrode 4. As soon as the
pusher voltage is applied the ion gate 2 preferably re-
mains switched OFF. The ion gate 2 preferably remains
OFF until the beginning of the next cycle T, when it is
again switched ON for a relatively short period of time.
This cycle of switching the ion gate 2 ON/OFF may be
repeated many times during one experimental run.
[0082] lons of mass to charge ratio M1 are those ions
that have just travelled the axial distance L1+L2 since
the ion gate 2 was switched from ON to OFF. Accordingly,
ions having a mass to charge ratio < M1 are not orthog-
onally accelerated. Similarly, ions having a mass to
charge ratio > M3 are not orthogonally accelerated. lons
having a mass to charge ratio M2 are orthogonally ac-
celerated with a relative transmission of 100% and other
ions having a mass to charge ratio within the range M1-
M3 are orthogonally accelerated with a relative transmis-
sion between 0% and 100%.

[0083] Fig. 8 shows the relative transmission as a func-
tion of mass to charge ratio according to the third em-
bodimentforanionenergy of40 eV, 6T5 of 3.25 us, delay
time AT5 of 6.5 ps and wherein L1 was 60 mm, L2 was
30 mm and L3 was 60 mm. M,,,,, was set to 800 daltons.
For these values M1 equals 40 daltons, M2 equals 90
daltons and M3 equals 204 daltons. Accordingly, ions
having a mass to charge ratio < 40 daltons are not or-
thogonally accelerated and similarly ions having a mass
to charge ratio > 204 daltons are not orthogonally accel-
erated. lons having a mass to charge ratio between 90
and 204 daltons are orthogonally accelerated with a rel-
ative transmission between 0% and 100%.

[0084] A variation of the third embodiment is contem-
plated wherein the range ofions orthogonally accelerated
with 100% relative transmission is increased. This can
be achieved by increasing the time 8T5 that the ion gate
2 is ON. This is illustrated further with reference to Fig.
9 which shows the relative transmission as a function of
mass to charge ratio according to the variation of the third
embodiment for an ion energy of 40 eV, 3T; of 8.5 us,
delay time AT3 of 6.5 us and wherein L1 was 60 mm, L2
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was 30 mm and L3 was 60 mm. M,,,,, was set to 800
daltons. For these values M1 equals 40 daltons, M7’
equals 90 daltons, M3’ equals 214 daltons and M3 equals
480 daltons. Accordingly, ions having a mass to charge
ratio < 40 daltons are not orthogonally accelerated and
similarly ions having a mass to charge ratio > 480 daltons
are not orthogonally accelerated. lons having a mass to
charge ratio between 90 and 214 daltons are orthogo-
nally accelerated with a relative transmission of 100%
and ions having a mass to charge ratio between 40 and
90 daltons and between 214 and 480 daltons are orthog-
onally accelerated with a relative transmission between
0% and 100%.

[0085] A mass spectrometer according to the third em-
bodiment may be used to filter out both relatively low
mass to charge ratio ions and relatively high mass to
charge ratio ions as discussed above in relation to the
first and second embodiments.

[0086] A fourth embodiment relating to bandpass filter
mode of operation wherein only ions falling with a specific
relatively narrow range of mass to charge ratios are re-
moved will now be described in relation to Fig. 10.
[0087] According tothefourthembodimenttheiongate
2 is set to be ON for the majority of a cycle T so as to
transmitions. In order to orthogonally accelerate ions but
not those falling within a specific range of mass to charge
ratios the ion gate 2 is switched to be OFF for preferably
arelatively short period of time 8T,4. A short time AT, after
the ion gate 2 has been switched back from OFF to ON
apusher voltage is applied to the orthogonal acceleration
pusher electrode 4. As soon as the pusher voltage is
applied the ion gate 2 preferably remains switched ON.
The ion gate 2 preferably remains ON until the beginning
of the next cycle T, when it is again switched OFF. This
cycle of switching the ion gate 2 ON/OFF may be repeat-
ed many times during one experimental run.

[0088] lons of mass to charge ratio M1 are those ions
that have just travelled the axial distance L1+L2 since
the ion gate 2 was switched from OFF to ON. Accordingly,
ions having a mass to charge ratio <M1 are orthogonally
accelerated with a relative transmission of 100%. lons
having a mass to charge ratio > M3 are present from the
previous cycle and are also orthogonally accelerated with
a relative transmission of 100%. lons having a mass to
charge ratio M2 are not orthogonally accelerated and oth-
er ions having a mass to charge ratio within the range
M1-M3 are orthogonally accelerated with a relative trans-
mission between 0% and 100%.

[0089] Fig. 11 shows the relative transmission as a
function of mass to charge ratio according to the fourth
embodiment for an ion energy of 40 eV, 6T5 of 3.25 ps,
delay time AT5 of 6.5 ws and wherein L1 was 60 mm, L2
was 30 mm and L3 was 60 mm. M, was set to 800
daltons. For these values M1 equals 40 daltons, M2
equals 90 daltons and M3 equals 204 daltons. Accord-
ingly, ions having a mass to charge ratio < 40 daltons are
orthogonally accelerated with 100% relative transmis-
sion and similarly ions having a mass to charge ratio >
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204 daltons are orthogonally accelerated with 100% rel-
ative transmission. lons having a mass to charge ratio
between 90 and 204 daltons are orthogonally accelerat-
ed with a relative transmission between 0% and 100%,
and ions having a mass to charge ratio of 90 daltons are
not orthogonally accelerated.

[0090] A variation of the fourth embodiment is contem-
plated wherein the range of ions not orthogonally accel-
erated is increased. This can be achieved by increasing
the time that the ion gate 2 is closed. This is illustrated
further with reference to Fig. 12 which shows the relative
transmission as a function of mass to charge ratio ac-
cording to the variation of the fourth embodiment for an
ion energy of 40 eV, 6T5 of 8.5 us, delay time AT; of 6.5
ws and wherein L1 was 60 mm, L2 was 30 mm and L3
was 60 mm. M, was set to 800 daltons. For these val-
ues M1 equals 40 daltons, M1’ equals 90 daltons, M3
equals 214 daltons and M3 equals 480 daltons. Accord-
ingly, ions having a mass to charge ratio <40 daltons are
orthogonally accelerated with 100% relative transmis-
sion and similarly ions having a mass to charge ratio >
480 daltons are orthogonally accelerated with 100% rel-
ative transmission. lons having a mass to charge ratio
between 90 and 214 daltons are not orthogonally accel-
erated and ions having a mass to charge ratio between
40 and 90 daltons and between 214 and 480 daltons are
orthogonally accelerated with a relative transmission be-
tween 0% and 100%.

[0091] The mass spectrometer according to the fourth
embodiment may be used, for example, with an ICP ion
source. An ICP ion source is used for analysis of ele-
ments but normally gives rise to a very intense peak at
mass to charge ratio 40 due to Ar* ions from the argon
plasma support gas. Therefore, since it may be desired
to analyse both relatively low mass atomic ions such as
elements from lithium at mass to charge ratio 6 to sulphur
atmassto charge ratio 32 and relatively high mass atomic
ions such as elements from scandium at mass to charge
ratio 45 to uranium and beyond on an orthogonal accel-
eration Time of Flight mass spectrometer then it would
be highly beneficial to use the bandpass filtering mode
of operation according to the fourth embodiment wherein
the intense argon ions at mass to charge ratio 40 can be
effectively filtered out.

[0092] Fig. 13(a) shows a timing diagram for the first
embodiment. The ion gate 2 is switched from ON to OFF
at time T, and then after a delay time AT, the pusher
electrode is energised (shown by an arrow) and imme-
diately thereafter the ion gate 2 is switched back from
OFF to ON, and remains ON for the rest of the cycle T.
[0093] Fig. 13(b) shows a timing diagram for the sec-
ond embodiment. The ion gate 2 is switched from OFF
to ON at time T, and then after a delay time AT, the
pusher electrode is energised (shown by an arrow) and
immediately thereafter the ion gate 2 is switched back
from ON to OFF, and remains OFF for the rest of the
cycle T...

[0094] Fig. 13(c) shows a timing diagram for the third
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embodiment. The ion gate 2 is switched from OFF to ON
at time T and remains ON for a time 8T3. At time T+
8T 3 the ion gate 2 is switched back from ON to OFF and
then after a delay time AT5 the pusher electrode is ener-
gised (shown by an arrow). The ion gate 2 remains OFF
for the rest of the cycle T..

[0095] Fig. 13(d) shows a timing diagram for the fourth
embodiment. The ion gate 2 is switched from ON to OFF
at time T, and remains OFF for a time 8T,. At time T4+
dT, the ion gate 2 is switched back from OFF to ON and
then after a delay time AT, the pusher electrode is ener-
gised (shown by an arrow). The ion gate 2 remains ON
for the rest of the cycle T..

[0096] Fig. 14 shows data obtained using an Electron
Impact ("EI") ion source and the calibration compound
Heptacosa (PFTBA) which was continuously introduced
into an orthogonal acceleration Time of Flight mass spec-
trometer via a septum inlet. Fig. 14(a) shows a mass
spectrum obtained when using low mass cut-off accord-
ing to the first embodiment when L1 was 104 mm, L2
was 30 mm and L3 was 71 mm. The ion energy was 43
eV and the delay time AT, was 9.0 ps. Anion gate voltage
of +9V was used. From these values M1 was calculated
to be 37 daltons and M1’ was calculated to be 62 daltons.
Fig. 14(b) shows a mass spectrum of Heptacosa (PFT-
BA) obtained conventionally.

[0097] Fig. 15(a) shows the same mass spectrum
shown in Fig. 14(a) but displayed over the reduced mass
to charge range 15-200 daltons. Fig. 15(b) shows the
same mass spectrum shown in Fig. 14(b) but displayed
over the reduced mass to charge range 15-200 daltons.
Fig. 15(c) shows the theoretically calculated relative
transmission as a function of mass to charge ratio ac-
cording to the first embodiment. M1 and M1’ are indicated
by dotted lines on each diagram. It will be observed that
there is no loss of intensity for ions of mass to charge
ratio > M1’ (62 daltons) in the mass spectrum obtained
according to the preferred embodiment compared with
the mass spectrum obtained according to a conventional
arrangement.

[0098] Fig. 16(a) shows the same mass spectrum as
shown in Fig. 14(a) and Fig. 15(a) but displayed over the
yet further reduced mass to charge range 15-66 daltons
with the intensity magnified by a factor of 280. Fig. 16(b)
shows the same mass spectrum as shown in Fig. 14(b)
and Fig. 15(b) but displayed over the yet further reduced
mass to charge range 15-66 daltons. These Figures il-
lustrate the complete absence of ions having a mass to
charge ratio < M1.

[0099] Although the present invention has been de-
scribed with reference to preferred embodiments, it will
be understood by those skilled in the art that various
changes in form and detail may be made without depart-
ing from the scope of the invention as set forth in the
accompanying claims.
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Claims

1.

A mass spectrometer comprising:

an ion source;

an orthogonal acceleration Time of Flight mass
analyser comprising an electrode for orthogo-
nally accelerating ions, an ion detector and a
drift region therebetween;

an ion gate upstream of said electrode; and
control means for switching said ion gate be-
tween a first mode and a second mode, said
second mode having a lower ion transmission
efficiency than said first mode, wherein in a
mode of operation said control means:

(i) switches said ion gate from said second
mode to said first mode at a time T,; and
(i) causes said electrode to inject or orthog-
onally accelerate ions into said drift region
at a later time T,+AT,;

wherein AT, is set such that ions having a mass
to charge ratio > a value M3 are not substantially
injected or orthogonally accelerated into said
drift region by said electrode.

A mass spectrometer as claimed in claim 1, wherein
ions having a mass to charge ratio < a value M3’ are
substantially injected or orthogonally accelerated in-
to said drift region by said electrode with a first trans-
mission efficiency and ions having a mass to charge
ratio in the range M3’-M3 are substantially injected
or orthogonally accelerated into said drift region by
said electrode with a second transmission efficiency
lower than said first transmission efficiency, wherein
M3’ < M3.

A mass spectrometer as claimed in claim 2, wherein
M3’ falls within a range selected from the group con-
sisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv)
150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (vi-
i) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in claim 1, 2 or 3,
wherein AT, falls within a range selected from the
group consisting of: (i) 0.1-1 ws; (ii) 1-5 ws; (iii) 5-10
ws; (iv) 10-15 ws; (v) 15-20 ps; (vi) 20-50 ws; (vii)
50-100 ps; (viii) 100-500 ps; and (ix) 500-1000 ps.

A mass spectrometer as claimed in any preceding
claim, wherein M3 falls within a range selected from
the group consisting of: (i) 1-50; (ii) 50-100; (iii)
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100-150; (iv) 150-200; (v) 200-250; (vi) 250-300; (vii)
300-350; (viii) 350-400; (ix) 400-450; (x) 450-500;
(xi) 500-550; (xii) 550-600; (xiii) 600-650; (xiv)
650-700; (xv) 700-750; (xvi) 750-800; (xvii) 800-850;
(xviii) 850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in any preceding
claim, wherein immediately after said control means
has caused said electrode to inject or orthogonally
accelerate ions into said drift region at time T,+AT,
said control means switches said ion gate from said
first mode to said second mode.

A mass spectrometer comprising:

an ion source;

an orthogonal acceleration Time of Flight mass
analyser comprising an electrode for orthogo-
nally accelerating ions, an ion detector and a
drift region therebetween;

an ion gate upstream of said electrode; and
control means for switching said ion gate be-
tween a first mode and a second mode, said
second mode having a lower ion transmission
efficiency than said first mode, wherein in a
mode of operation said control means:

(i) switches said ion gate from said second
mode to said first mode at a time T;

(i) switches said ion gate from said first
mode to said second mode at a later time
T3+8T5; and

(iii) causes said electrode to inject or orthog-
onally accelerate ions into said drift region
at a yet later time T3+3T3+ATj;

wherein 8T and AT are set such that ions hav-
ing a mass to charge ratio < a value M1 are not
substantially injected or orthogonally accelerat-
ed into said drift region by said electrode and
such that ions having a mass to charge ratio >
a value M3 are not substantially injected or or-
thogonally accelerated into said drift region by
said electrode, wherein M1 < M3.

A mass spectrometer as claimed in claim 7, wherein
ions having a mass to charge ratio M2 are substan-
tially injected or orthogonally accelerated into said
drift region by said electrode with a first transmission
efficiency and other ions having a mass to charge
ratio in the range M1-M3 are substantially injected
or orthogonally accelerated into said drift region by
said electrode with a second transmission efficiency
lower than said first transmission efficiency, wherein
M1 < M2 < M3.
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A mass spectrometer as claimed in claim 8, wherein
M2 falls within a range selected from the group con-
sisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv)
150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (vi-
i) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in claim 7, wherein
ions having a mass to charge ratio in a range M1’-
M3’ are substantially injected or orthogonally accel-
erated into said drift region by said electrode with a
first transmission efficiency and ions having a mass
to charge ratio in the range M1-M1’ and M3’-M3 are
substantially injected or orthogonally accelerated in-
to said drift region by said electrode with a second
transmission efficiency lower than said first trans-
mission efficiency, wherein M1 < M1’ < M3’ < M3.

A mass spectrometer as claimedin claim 10, wherein
M1’ falls within a range selected from the group con-
sisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv)
150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (vi-
i) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in claim 10 or 11,
wherein M3’ falls within a range selected from the
group Consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350;
(viii) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in any of claims
7-12, wherein 8T5 falls within a range selected from
the group consisting of: (i) 0.1-1 ws; (i) 1-5 ws; (iii)
5-10 ws; (iv) 10-15 ps; (v) 15-20 ps; (vi) 20-50 ws;
(vii) 50-100 ps; (viii) 100-500 ws; and (ix) 500-1000
WS.

A mass spectrometer as claimed in any of claims
7-13, wherein AT falls within a range selected from
the group consisting of: (i) 0.1-1 ws; (i) 1-5 ws; (iii)
5-10 ps; (iv) 10-15 ws; (v) 15-20 ws; (vi) 20-50 ws;
(vii) 50-100 ps; (viii) 100-500 ws; and (ix) 500-1000
WS.
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15. A mass spectrometer as claimed in any of claims

7-14, wherein M1 falls within a range selected from
the group consisting of: (i) 1-5; (ii) 5-10; (iii) 10-15;
(iv) 15-20; (v) 20-25; (vi) 25-30; (vii) 30-35; (viii)
35-40; (ix) 40-45; (x) 45-50; (xi) 50-55; (xii) 55-60;
(xiii) 60-65; (xiv) 65-70; (xv) 70-75; (xvi) 75-100; (xvii)
100-150; (xviii) 150-200; (xix) 200-250; (xx) 250-300;
(xxi) 300-350; (xxii) 350-400; (xxiii) .400-450; (xxiv)
450-500; (xxv) 500-550; (xxvi) 550-600; (xxvii)
600-650; (xxviii) 650-700; (xxix) 700-750; (xxx)
750-800; (xxxi) 800-850; (xxxii) 850-900; (xxxiii)
900-950; (xxxiv) 950-1000; and (xxxv) > 1000.

16. A mass spectrometer as claimed in any of claims

7-15, wherein M3 falls within a range selected from
the group consisting of: (i) 1-50; (ii) 50-100; (iii)
100-150; (iv) 150-200; (v) 200-250; (vi) 250-300; (vii)
300-350; (viii) 350-400; (ix) 400-450; (x) 450-500;
(xi) 500-550; (xii) 550-600; (xiii) 600-650; (xiv)
650-700; (xv) 700-750; (xvi) 750-800; (xvii) 800-850;
(xviii) 850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

17. A mass spectrometer comprising:

an ion source;

an orthogonal acceleration Time of Flight mass
analyser comprising an electrode for orthogo-
nally accelerating ions, an ion detector and a
drift region therebetween;

an ion gate upstream of said electrode; and
control means for switching said ion gate be-
tween a first mode and a second mode, said
second mode having a lower ion transmission
efficiency than said first mode, wherein in a
mode of operation said control means:

(i) switches said ion gate from said first
mode to said second mode at a time Ty;
(i) switches said ion gate from said second
mode to said first mode at a later time
T4+0Ty4; and

(iii) causes said electrode to inject or orthog-
onally accelerate ions into said drift region
at a yet later time T,+3T4+ATy;

wherein 8T, and AT, are set such that ions hav-
ing a mass to charge ratio equal to a value M2
are not substantially injected or orthogonally ac-
celerated into said drift region by said electrode.

18. Amass spectrometerasclaimedinclaim 17, wherein

M2 falls within a range selected from the group con-
sisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv)
150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (vi-
i) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
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19.

26
700-750; (xvi) 750-800; (xvi) 800-850; (xviil)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)

1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in claim 17 or 18,
wherein ions having a mass to charge ratio < a value
M1 and ions having a mass to charge ratio > a value
M3 are substantially injected or orthogonally accel-
erated into said drift region by said electrode with a
firsttransmission efficiency, and wherein ions having
a mass to charge in the range M1-M3 are substan-
tially injected or orthogonally accelerated into said
drift region by said electrode with a second trans-
mission efficiency lower than said first transmission
efficiency, wherein M1 < M2 < M3.

20. A mass spectrometer comprising:

an ion source;

an orthogonal acceleration Time of Flight mass
analyser comprising an electrode for orthogo-
nally accelerating ions, an ion detector and a
drift region therebetween;

an ion gate upstream of said electrode; and
control means for switching said ion gate be-
tween a first mode and a second mode, said
second mode having a lower ion transmission
efficiency than said first mode, wherein in a
mode of operation said control means:

(i) switches said ion gate from said first
mode to said second mode at a time Ty;
(i) switches said ion gate from said second
mode to said first mode at a later time
T4+6T,4; and

(iii) causes said electrode to inject or orthog-
onally accelerate ions into said drift region
at a yet later time T, +3T4+ATy;

wherein 8T, and AT, are set such that ions hav-
ing a mass to charge ratio in a range M1’-M3’
are not substantially injected or orthogonally ac-
celerated into said drift region by said electrode,
wherein M1’ < M3'.

21. Amass spectrometeras claimedin claim 20, wherein

M1’ falls within a range selected from the group con-
sisting of: (i) 1-50; (ii) 50-100; (iii) 100-150; (iv)
150-200; (v) 200-250; (vi) 250-300; (vii) 300-350; (vi-
if) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

22. A mass spectrometer as claimed in claim 20 or 21,
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wherein M3’ falls within a range selected from the
group consisting of: (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350;
(viii) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in claim 20, 21 or
22, wherein ions having a mass to charge ratio < a
value M1 and ions having a mass to charge ratio >
a value M3 are substantially injected or orthogonally
accelerated into said drift region by said electrode
with a first transmission efficiency and ions having a
mass to charge ratio in the range M1-M1’ and ions
having a mass to charge ratio in the range M3’-M3
are substantially injected or orthogonally accelerat-
ed into said drift region by said electrode with a sec-
ond transmission efficiency lower than said first
transmission efficiency, wherein M1 < M1’ < M3’ <
M3.

A mass spectrometer as claimed in claim 19 or 23,
wherein M1 falls within a range selected from the
group consisting of: (i) 1-5; (ii) 5-10; (iii) 10-15; (iv)
15-20; (v) 20-25; (vi) 25-30; (vii) 30-35; (viii) 35-40;
(ix) 40-45; (x) 45-50; (xi) 50-55; (xii) 55-60; (xiii)
60-65; (xiv) 65-70; (xv) 70-75; (xvi) 75-100; (xvii)
100-150; (xviii) 150-200; (xix) 200-250; (xx) 250-300;
(xxi) 300-350; (xxii) 350-400; (xxiii) 400-450; (xxiv)
450-500; (xxv) 500-550; (xxvi) 550-600; (xxvii)
600-650; (xxviii) 650-700; (xxix) 700-750; (xxx)
750-800; (xxxi) 800-350; (xxxii) 850-900; (xxxiii)
900-950; (xxxiv) 950-1000; and (xxxv) > 1000.

A mass spectrometer as claimed in claim 19, 23 or
24, wherein M3 falls within a range selected from the
group consisting of (i) 1-50; (ii) 50-100; (iii) 100-150;
(iv) 150-200; (v) 200-250; (vi) 250-300; (vii) 300-350;
(viii) 350-400; (ix) 400-450; (x) 450-500; (xi) 500-550;
(xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv)
700-750; (xvi) 750-800; (xvii) 800-850; (xviii)
850-900; (xix) 900-950; (xx) 950-1000; (xxi)
1000-1500; (xxii) 1500-2000; (xxiii) 2000-2500; (xx-
iv) 2500-3000; and (xxv) > 3000.

A mass spectrometer as claimed in any of claims
17-25, wherein 8T, falls within a range selected from
the group consisting of: (i) 0.1-1 ws; (ii) 1-5 ws; (iii)
5-10 ws; (iv) 10-15 ps; (v) 15-20 ps; (vi) 20-50 ps;
(vii) 50-100 ps; (viii) 100-500 ps; and (ix) 500-1000
WS.

A mass spectrometer as claimed in any of claims
17-26, wherein AT, falls within a range selected from
the group consisting of: (i) 0.1-1 ws; (ii) 1-5 ws; (iii)
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5-10 ws; (iv) 10-15 ps; (v) 15-20 ps; (vi) 20-50 ws;
(vii) 50-100 ps; (viii) 100-500 ps; and (ix) 500-1000
WS.

A mass spectrometer as claimed in any preceding
claim, wherein said electrode comprises a pusher
and/or puller electrode.

A mass spectrometer as claimed in any preceding
claim, wherein said ion gate comprises one or more
electrodes for altering, deflecting, reflecting, defo-
cusing, attenuating or blocking a beam of ions.

A mass spectrometer as claimed in any preceding
claim, wherein in said second mode said ion trans-
mission efficiency is substantially 0%.

A mass spectrometer as claimed in any of claims
1-29, wherein in said second mode said ion trans-
mission efficiency is # x% of the ion transmission
efficiency in said first mode, wherein x falls within a
range selected from the group consisting of: (i)
0.001-0.01; (ii) 0.01-0.1; (iii) 0.1-1; (iv) 1-10; and (v)
10-90.

A mass spectrometer as claimed in any preceding
claim, wherein said electrode is repeatedly ener-
gised with a frequency selected from the group con-
sisting of: (i) 100-500 Hz; (ii) 0.5-1 kHz; (iii) 1-5 kHz;
(iv) 5-10 kHz; (v) 10-20 kHz; (vi) 20-30 kHz; (vii)
30-40 kHz; (viii) 40-50 kHz; (ix) 50-60 kHz; (x) 60-70
kHz; (xi) 70-80 kHz; (xii) 80-90 kHz; (xiii) 90-100 kHz;
(xiv) 100-500 kHz; (xv) 0.5-1 MHz; and (xvi) > 1 MHz.

A mass spectrometer as claimed in any preceding
claim, wherein said ion source comprises a contin-
uous ion source.

A mass spectrometer as claimedin claim 33, wherein
said ion source is selected from the group consisting
of: (i) an Electron Impact ("EI") ion source; (i) a
Chemical lonisation ("CI") ion source; (iii) a Field lon-
isation ("FI") ion source; (iv) an Electrospray ion
source; (v) an Atmospheric Pressure Chemical lon-
isation ("APCI") ion source; (vi) an Inductively Cou-
pled Plasma ("ICP") ion source; (vii) an Atmospheric
Pressure Photo lonisation ("APPI") ion source; (viii)
a Fast Atom Bombardment ("FAB") ion source; and
(ix) a Liquid Secondary lons Mass Spectrometry
("LSIMS") ion source.

A mass spectrometer as claimed in any of claims
1-32, wherein said ion source is a pseudo-continu-
ous ion source.

A mass spectrometer as claimedin claim 35, wherein
said ion source is selected from the group consisting
of: (i) a Matrix Assisted Laser Desorption lonisation
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("MALDI") ion source; and (ii) a Laser Desorption
lonisation ("LDI") ion source.

A mass spectrometer as claimed in claim 36, further
comprising an RF ion guide comprising a collision
gas for dispersing a packet of ions emitted by said
ion source.

A mass spectrometer as claimed in any preceding
claim, wherein said ion source is coupled to a liquid
chromatography source.

A mass spectrometer as claimed in any of claims
1-37, wherein said ion source is coupled to a gas
chromatography source.

A method of mass spectrometry, comprising:

switching an ion gate from a second mode to a
firstmode atatime T,, said second mode having
alowerion transmission efficiency than said first
mode; and

injecting or orthogonally accelerating ions into a
drift region of an orthogonal acceleration Time
of Flight mass analyser at a later time T,+AT);
wherein AT, is set such that ions having a mass
to charge ratio > a value M3 are not substantially
injected or orthogonally accelerated into said
drift region.

A method of mass spectrometry, comprising:

switching an ion gate from a second mode to a
firstmode at a time T3, said second mode having
alower ion transmission efficiency than said first
mode;

switching said ion gate from said first mode to
said second mode at a later time T3+3T5; and
injecting or orthogonally accelerating ions into a
drift region of an orthogonal acceleration Time
of Flight mass analyser at a yet later time
T3+0T3+ATg;

wherein 8T3 and AT are set such that ions hav-
ing a mass to charge ratio < a value M1 are not
substantially injected or orthogonally accelerat-
ed into said drift region and such thations having
a mass to charge ratio > a value M3 are not
substantially injected or orthogonally accelerat-
ed into said drift region, wherein M1 < M3.

A method of mass spectrometry, comprising:

switching an ion gate from a first mode to a sec-
ond mode atatime T,, said second mode having
alowerion transmission efficiency than said first
mode;

switching said ion gate from said second mode
to said first mode at a later time T,+38T,; and
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injecting or orthogonally accelerating ions into a
drift region of an orthogonal acceleration Time
of Flight mass analyser at a yet later time
T4+0T4+ATy;

wherein 8T, and AT, are set such that ions hav-
ing a mass to charge ratio equal to a value M2
are not substantially injected or orthogonally ac-
celerated into said drift region.

43. A method of mass spectrometry, comprising:

switching an ion gate from a first mode to a sec-
ond mode atatime T,, said second mode having
alower ion transmission efficiency than said first
mode;

switching said ion gate from said second mode
to said first mode at a later time T,+6T,; and
injecting or orthogonally accelerating ions into a
drift region of an orthogonal acceleration Time
of Flight mass analyser at a yet later time
T4+0T4+ATy;

wherein 8T, and AT, are set such that ions hav-
ing a mass to charge ratio in a range M1’-M3’
are not substantially injected or orthogonally ac-
celerated into said drift region, wherein M1’ <
M3'.
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