Office de la Proprieté Canadian CA 2412657 C 2011/02/15

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 41 2 657
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(22) Date de depot/Filing Date: 2002/11/22 (51) Cl.Int./Int.Cl. HO71J 49/40 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2003/05/22 HO1J 49/42(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2011/02/15 BATEMAN. ROBERT HAROLD GB:
(30) Priorités/Priorities: 2001/11/22 (GB0128017.1); BROWN, JEFF, GB:
2001/12/18 (GB0130229.8); 2002/05/30 (GB0212514.4) GILBERT, ANTHONY JAMES. GB
(73) Proprietaire/Owner:
MICROMASS UK LIMITED, GB
(74) Agent: RIDOUT & MAYBEE LLP
(54) Titre : SPECTROMETRE DE MASSE
(54) Title: MASS SPECTROMETER
1000
500
0
0 20 4() 50 B8O 100
Time (A5)
(57) Abréegée/Abstract:

A mass spectrometer Is disclosed comprising a mass selective ion trap such as a 3D quadrupole field ion trap upstream of a
pusher electrode 1 of an orthogonal acceleration Time of Flight mass analyser. According to a first embodiment bunches of ions
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ABSTRACT
MASS SPECTROMETER

A mass spectrometer 1s disclosed comprising a mass
selective ion trap such as a 3D quadrupole field ion
trap upstream of a pusher electrode 1 of an orthogonal
acceleration Time of Flight mass analyser. According to
a first embodiment bunches of ions are released from the
ion trap and the pusher electrode 1 1s energised after a
delay time which 1s progressively wvaried. According to
a second embodiment 1ons are released from the ion trap
in reverse order of mass to charge ratio with the i1ons
having the largest mass to charge ratio being released
first. By appropriate release of the 1ons from the ion
trap it is possible to ensure that substantially all of
the ions arrive at the pusher electrode 1 at
substantially the same time. According to both
embodiments it i1s possible to achleve a duty cycle

approaching 100% across a large range of mass to charge

ratios.
[Fig. 3)
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MASS SPECTROMETER

The present invention relates to a mass

spectrometer.

The duty cycle of an orthogonal acceleration Time
of Flight ("0aTOF") mass analyser is typically in the
region of 20-303% for i1ons of the maximum mass to charge
ratio and less for ions with lower mass to charge
ratios.

Fig. 1 illustrates part of the geometry of a
conventional orthogonal acceleration Time of Flight mass
analyser. In an orthogonal acceleration Time of Fliaight
mass analyser ions are orthogonally accelerated into a
drift region (not shown) by a pusher electrode 1 having
a length Ll. The distance between the pusher electrode
1 and the ion detector 2 may be defined as being LZ2.
The time taken for ions to pass through the drift
region, be reflected by a reflectron (not shown) and
reach the ion detector 2 is the same as the time it
would have taken for the ions to have travelled the
axial distance L1l+L2 from the centre of the pusher
electrode 1 to the centre of the ion detector 2 had the
ions not been accelerated into the drift region. The
length of the ion detector 2 is normally at least L1 so
as to eliminate losses.

If the Time of Flight mass analyser is designed to

orthogonally accelerate ions having a maximum mass to

charge ratio Mp.x then the cycle time AT between
consecutive energisations of the pusher electrode 1 (and
hence pulses of ions into the drift region) is the time
required for ions of mass to charge ratio equal to Mpax
to travel the axial distance L1+L2Z from the pusher

electrode 1 to the ion detector 2.
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The duty cycle Doy for ions with a mass to charge

ratio M is given by:

P M
> L+L2 M,

For example, 1f Ll is 35 mm and the distance L2 is
90 mm then the duty cycle for ions of maximum mass to
charge value is given by L1/(L1+L2) which equals 28.0%.

Increasing L1 and/or decreasing L2 will in theory
increase the duty cycle. However, increasing L1 would
require a larger and hence more expensive ion detector 2
and this would also place a greater demand on mechanical
alignment including grid flatness. Such an option is

not therefore practical.

On the other hand, reducing L2 would also be
impractical. Reducing L2 per se would shorten the
flight time in the drift region and result in a loss of
resolution. Alternatively, L2 could be reduced and the
flight time kept constant by reducing the energy of the
ions prior to them reaching the pusher electrode 1.
However, this would result in ions which were less
confined and there would be a resulting loss in
transmission.

A person skilled in the art will therefore

appreciate that for mechanical and physical reasons

constraints are placed on the wvalues that Ll and L2 can

take, and this results in a typical maximum duty cycle

in the range 20-30%.

It 1s known to trap and store i1ons upstream of the
pusher electrode 1 in an ion Trap which i1s non-mass
selective i.e. the ion trap does not discriminate on the

basis of mass to charge ratio but either traps all ions
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or releases all ions (by contrast a mass selective ion
trap can release just some ions having specific mass to
charge ratios whilst retaining others). All the ions
trapped within the lon trap are therefore released in a
packet or pulse of ions. Ions with different mass to
charge values travel with different velocities to the
pusher electrode 1 so that only certain ions are present
adjacent the pusher electrode 1 when the pusher
electrode 1 is energised s0 as to orthogonally
accelerate ions into the drift region. Some ions will
still be upstream of the pusher electrode 1 when the
pusher electrode 1 is energised and other others will
have already passed the pusher electrode 1 when the
pusher electrode 1 is energised. Accordingly, only some
of the ions released from the upstream ion trap will
actually be orthogonally accelerated into the drift
region of the Time of Flight mass analyser.

By arranging for the pusher electrode 1 to
orthogonally accelerate 1lons a predetermined time after
ions have been released from the 1ion trap it is possible
to increase the duty cycle for some ions having a
certain mass to charge ratio to approximately 100%.
However, the duty cycle for ions having other mass to
charge ratios may be much less than 1003% and for a wide
range of mass to charge ratios the duty cycle will be
0%.

The dashed line in Fig. 2 illustrates the duty
cycle for an orthogonal acceleration Time of Flight mass
analyser operated in a conventional manner without an
upstream ion trap. The maximum mass to charge ratio is
assume to be 1000, Ll was set to 35mm and the distance

L2 was set to 90mm. The maximum duty cycle is 28% for



10

15

20

25

30

CA 02412657 2002-11-22

- 4§ -

ions of mass to charge ratio 1000 and for lower mass to
charge ratio ions the duty cycle is much less.

The solid line in Fig. 2 illustrates how the duty
cycle for some ions may be enhanced to approximately
100% when a non-mass selective upstream ion trap is
used. In this case i1t is assumed that the distance from
the ion trap to the pusher electrode 1 is 165 mm and
that the pusher electrode 1 is arranged to be energised
at a time after ions are released from the upstream ion
trap such that ions having a mass to charge ratio of 300
are orthogonally accelerated with a resultant duty cycle
of 100%. However, as 1s readily apparent from Fig. 2,
the duty cycle for 1ons having smaller or larger mass to
charge ratios decreases rapldly so that for ions having
a mass to charge ratio S 200 and for ions having a mass
to charge ratio 2 450 the duty cycle is 0%. The known
method of increasing the duty cycle for just some ions
may be of interest if only a certain part of the mass
spectrum is of interest such as for precursor ion
discovery by the method of daughter ion scanning.
However, it is of marginal or no benefit if a full mass
spectrum is required.

It is therefore desired to provide a mass
spectrometer which overcomes at least some of the
disadvantages of the known arrangements.

According to an aspect of the present invention
there is provided a mass spectrometer comprising: a mass
selective ion trap; an orthogonal acceleration Time of
Flight mass analyser arranged downstream of the ion
trap, the orthogonal acceleration Time of Flight mass
analyser comprising an electrode for orthogonally
accelerating ions; and a control means for controlling

the mass selective ion trap and the orthogonal
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acceleration Time of Flight mass analyser, wherein in a
mode of operation the control means controls the ion
trap and the orthogonal acceleration Time of Flight mass
analyser so that: (i) at a first time t, ions having mass
to charge ratios within a first range are arranged to be
substantially passed from the ion trap to the oxthogonal
acceleration Time of Flight mass analyser whilst ions
having mass to charge ratios outside of the first range
are not substantially passed to the orthogonal
acceleration Time of Flight mass analyser; (ii) at a
later time t,+At; the electrode is arranged to
orthogonally accelerate ions having mass to charge
ratios within the first range; (iii) at a second later

time t; ions having mass to charge ratios within a second

’range are arranged to be substantially passed from the

ion trap to the orthogonal acceleration Time of Flight

mass analyser whilst ions having mass to charge ratios

outside of the second range are not substantially passed
to the orthogonal acceleration Time of Flight mass
analyser; and (iv) at a later time t,+At, the electrode
is arranged to orthogonally accelerate ions having mass
to charge ratios within the second range, wherein at, #
At,. Accordingly, ions are released from the ion trap
and are orthogonally accelerated after a first delay and
then further 1ons are released from the ion trap and are
orthogonally accelerated after a second different delay
time.

At the first time t; ions having mass to charge
ratios outside of the first range are preferably
substantially retained within the ion trap. Likewise,
at the second time t; ions having mass to charge ratios
outside of the second range are preferably substantially

retained within the ion trap.
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The first range preferably has a minimum mass to
charge ratio Mlmn and a maximum mass to charge ratio
Mln.y and wherein the value Ml,x~Ml,in falls within a
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400-
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000~
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >
1500.

Similarly, the second range preferably has a
minimum mass to charge ratio MZmn and a maximum mass to
charge ratio M24,.,x and wherein the value MZpax~MZ2mn falls
within a range of 1-50, 50-100, 100-~200, 200-300, 300-
400, 400-500, 500-600, 600-700, 700-800, 800-900, 200~
1000, 1000-1100, 1100-1200, 1200-1300, 1300-1400, 1400-
1500 or > 1500.

The control means preferably further controls the
ion trap and the orthogonal acceleration Time of Flight
mass analyser so that: (v) at a third later time ts ions
having mass to charge ratios within a third range are
arranged to be substantially passed from the i1on trap te
the orthogonal acceleration Time of Flight mass analyser
whilst ions having mass to charge ratios outside of the
third range are not substantially passed to the
orthogonal acceleration Time of Flight mass analyser;
and (vi) at a later time t;3;+At; the electrode is arranged
to orthogonally accelerate ions having mass to charge
ratios within the third range, wherein At; # At; # At;.

At the third time ti3; ions having mass to charge
ratios autside of the third range are preferably
substantially retained within the 1on trap.

The third range preferably has a minimum mass to

charge ratio M3mi, and a maximum mass to charge ratio

M3..x and wherein the wvalue M3pax~M3min falls within a

range of 1-50, 50-100, 100-200, 200-300, 300-400, 400-
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500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000-
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >
1500.

The control means preferably further controls the
ion trap and the orthogonal acceleration Time of Flight
mass analyser so that: (vii) at a fourth later time t,
ions having mass to charge ratios withain a fourth range
are arranged to be substantially passed from the ion 
trap to the orthogonal acceleration Time of Flight mass
analyser whilst 1ons having mass to charge ratios
outside of the fourth range are not substantially passed
to the orthogonal acceleration Time of Flight mass
analyser; and (viii) at a later time t +At, the electrode
is arranged to orthogonally accelerate ions having mass
to charge ratios within the fourth range, wherein At; #
At, # Ata # Aty

At the fourth time {4y l1ons having mass to charge
ratios‘outside of the fourth range are preferably
substantially retained within the 1ion trap.

The fourth range preferably has a minimum mass to
charge ratio M4, and a maximum mass to charge ratio
M4..x and wherein the value M4u.x~M4n falls within a
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400-
500, 500-600, 600-700, 700-800, 800-8S00, 900-1000, 1000-
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >
1500. According to various embodiments at least five,
six, seven, eight, nine, ten or more bunches of ions may
be consecutively released from the 1on trap and
orthogonally accelerated after a delay time which
preferably varies in each case.

The mass selective ion trap may be either a 3D
quadrupole field ion trap, a magnetic ("Penning”") ion

trap or a linear quadrupole ion trap.
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The ion trap may comprise in use a gas so that ions
enter the ion trap with energies such that the ions are
collisionally cooled without substantially fragmenting
upon colliding with the gas. Alternatively, lons may be
arranged to enter the ion trap with energies such that
at least 10% of the ions are caused to fragment upon
colliding with the gas i.e. the ion trap also acts as a
collision cell.

Ions may be released from the mass selective 1ion
trap by mass—-selective instability and/or by resonance
ejection. If mass—selective instability is used to
eject ions from the ion trap then the ion trap 1s elther
in a low pass mode or in a high pass mode. As such,
Mlpax and/or M2,..x and/or M3,., and/or M4,,x may in a high
pass mode be at infinity. Likewise, in a low pass mode
Mlpin and/or M2nn and/or M3m, and/or M4nu, may be zero.

If resonance ejection is used to eject ions from the 1ion
trap then the ion trap may be operated in either a low
pass mode, high pass mode or bandpass mode. Other modes
of operation are also possible.

The orthogonal acceleration Time of Flight mass
analyser preferably comprises a drift region and an ion
detector, wherein the electrode 1s arranged to
orthogonally accelerate ions into the drift region.

The mass spectrometer may further comprise an ion
source, a quadrupole mass filter and a gas collislon
cell for collision induced fragmentation of ions.

According to an embodiment the mass spectrometer
may comprise a continuous ion source such as an
Electrospray ion source, an Atmospheric Pressure
Chemical Ionisation ("APCI") ion source, an Electron

Impact ("EI") i1on source, an Atmospheric Pressure Photon

Tonisation ("APPI") ion source, a Chemical Ionisation
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("CI") ion source, a Fast Atom Bombardment ("FAB") 1ion
source, a Liquid Secondary Ions Mass Spectrometry
("LSIMS") ion source, an Inductively Coupled Plasma
("ICP") ion source, a Field Ionisation ("FI"™) 1ion
source, and a Field Desorption ("FD") 1on source.

For operation with a continuous ion source a
further ion trap may be provided which continuously
acquires ions from the ion source and traps them before
releasing bunches of ions for storage in the mass
selective ion trap. The further ion trap may comprise a
linear RF multipole ion trap or a linear RF ring set
(ion tunnel) ion trap. A linear RF ring set (ion
tunnel) 1is preferred since it may have a series of
programmable axial fields. The ion tunnel ion guide can
act therefore not only as an ion guide but the ion
tunnel ion gulde can move i1ons along its length and
retain or store ions at certain positicns along its
length. Hence, in the presence of a bath gas for
collisional damping the ion tunnel ion guide can
continuously receive ions from a ion source and store
them at an appropriate position near the exit. If
required it can also be used for collision induced
fragmentation of those ions. It can then be programmed
to periodically release ions for collection and storage
in the lon trap.

Between each release of ions the mass selective ion
trap may receive a packet of ions from the further ion
trap. The trapping of ions in the ion trap may also be
alded by the presence of a background gas or bath gas
for collisional cooling of the ions. This helps quench
their motion and improves trapping. In this way the

mass selective ion trap may be periodically replenished
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with ions ready for release to the orthogonal

acceleration Time of Flight mass analyser.

An arrangement incorporating two traps enables a
high duty cycle to be obtained for all ions irrespective
of their mass to charge value. A tandem quadrupole Time
of Flight mass spectrometer may be provided comprising
an ion source, an ion gulde, a quadrupole mass filter, a
gas collision cell for collision induced fragmentation,
an 3D guadrupole ion trap, a further ion guide, and an
orthogonal acceleration Time of Flight mass analyser.

It will be apparent that the duty cycle will be
increased compared with conventional arrangements
irrespective of whether the mass spectrometer is
operated in the MS (non-fragmentation) mode or MS/MS
(fragmentation) mode. |

According to another embodiment the mass
spectrometer may comprise a pseudo-continuous ion source
such as a Matrix Assisted Laser Desorption Ionisation
("MALDI") ion source and a drift tube or drift region
arranged so that ions become dispersed. The drift tube
or drift region may also be provided with gas to
collisionally cool ions.

According to another embodiment the mass
spectrometer may comprise a pulsed ion source such as 2a
Matrix Assisted Laser Desorption Ionisation ("MALDI")
ion source or a Laser Desorption Ionisation icon source.

Although a further ion trap is preferably provided
upstream of the mass selective ion trap when a
continuous ion source is provided, a further ion trap
may be provided irrespective of the type of ion source
being used. In a mode of operation the axial electric

field along the further ion trap may be varied either

temporally and/or spatially. In a mode of operation
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ions may be urged along the further ion trap by an axial
electric field which varies along the length of the
further ion trap. In a mode of operation at least a
portion of the further ion trap may act as an AC or RF-
only ion guide with a constant axial electric field. 1In
a mode of operation at least a portion of the further
ion trap may retain or store ions within one or more
locations along the length of the further ion trap.

According to a particularly preferred embodiment
the further ion trap may comprise an AC or RF ion tunnel
ion trap comprising at least 4 electrodes having similar
sized apertures through which ions are transmitted in
use. The ion trap may comprise at least 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, €0, 65, 70,
75, 80, 85, 90, 95 or 100 such electrodes according to
other embodiments.

According to less preferred embodiments the further
ion trap may comprise a linear quadrupole ion trap, a
linear hexapole, octopole or higher order multipole ion
trap, a 3D guadrupole field ion trap or a magnetic
("Penning") ion trap. The further ion trap may Or may
not therefore be mass selective 1itself.

The further ion trap preferably substantially
continuously receives ions at one end.

The further ion trap may comprise in use a gas so
that ions are arranged to either enter the further ion
trap with energies such that the 1ons are collisionally
cooled without substantially fragmenting upon colliding
with the gas. Alternatively, 1ons may be arranged to
enter the further ion trap with energies such that at
least 10% of the 1ons are caused to fragment upon
colliding with the gas i.e. the further i1on trap acts as

a collision cell.
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The further ion trap preferably periodically

releases ions and passes at least some of the ions to

the mass selective ion trap.

According to another aspect of the present
invention, there is provided a mass spectrometer
comprising: a 3D quadrupole ion trap; an orthogonal
acceleration Time of Flight mass analyser arranged
downstream of the 3D gquadrupole ion trap, the orthogonal
acceleration Time of Flight mass analyser comprising an
electrode for orthogonally accelerating ions; and
control means for controlling the ion trap and the
electrode, wherein the control means causes: (i) a first
packet of ions having mass to charge ratios within a
first range to be released from the ion trap and then
the electrode to orthogonally accelerate the first
packet of lons after a first delay time:; and (ii) a
second packet of 1ons having mass to charge ratios
within a second (different) range to be released from
the i1on trap and then the electrode to orthogonally
accelerate the second packet of ions after a second
(different) delay time.

The control means preferably further causes: (iii)
a third packet of ions having mass to charge ratios
within a third (different) range to be released from the
ion trap and then the electrode to orthogonally
accelerate the third packet of ions after a third
(different) delay time; and (iv) a fourth packet of ions
having mass to charge ratios within a fourth (different)
range to be released from the ion trap and then the
electrode to orthogonally accelerate the fourth packet
of 1ons after a fourth (different) delay time.

The first, second, third and fourth ranges are

preferably all different and the first, second, third
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and fourth delay times are preferably all different.
Preferably, at least the upper mass cut-off and/or the
lower mass cut-off of the first, second, third and
fourth ranges are different. The width of the first,
second, third and fourth ranges may or may not be the
same. According to other embodiments at least S, 6, 7,
8, 9, 10 or more than 10 packets of ions may be released
and orthogonally accelerated.

According to another aspect of the present
invention there is provided a method of mass
spectrometry comprising: ejecting ions having mass to
charge ratios within a first range from a mass selective

ion trap whilst 1ons having mass to charge ratios
outside of the first range are retained within the ion
trap:; orthogonally accelerating ions having mass to
charge ratios within the first range after a first delay
time; ejecting ions having mass t0 charge ratios within
a second (different) range from a mass selective ion
trap whilst ions having mass to charge ratios outside of
the second range are retained within the ion trap; and
orthogonally accelerating ions having mass to charge
ratios within the second range after a second delay time
different from the first delay time.

According to another aspect of the present
invention there 1i1s provided a mass spectrometer
comprising a mass selective ion trap upstream of an
electrode for orthogonally accelerating ions, wherein in
a mode of operation a first packet of ions 1s released
from the ion trap and the electrode is energised after a
first predetermined delay time, a second packet ¢of ions
is released from the ion trap and the electrode 1is
energised after a second predetermined delay time, a

third packet of ions is released from the 1on trap and
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the electrode is energised after a third predetermined
delay time, and a fourth packet of ions 1is released from
the ion trap and the electrode is energised after a
fourth predetermined delay time, wherein the first,
second, third and fourth delay times are all different.
According to another aspect of the present
invention, there is provided a mass spectrometer
comprising: a mass selective ion trap; and an orthogonal
acceleration Time of Flight mass analyser having an
electrode for orthogonally accelerating ions into a
drift region; wherein multiple packets of ions are
progressively released from the mass selective ion trap
and are sequentially or serially ejected into the drift
region after different delay times. The ions are
progressively released according to their mass to charge
ratios i.e. the ions are released in a mass to charge

ratio selective manner.

According to another aspect of the present
invention, there 1i1s provided a method of mass
spectrometry comprising: progressively releasing
multiple packets of ions from a mass selective ion trap
so that the packets of 1ons are sequentially or serially
ejected into a drift region of an orthogonal
acceleration Time of Flight mass analyser by an
electrode after different delay times. The ions are
progressively released according to their mass to charge

ratios i.e. the i1ons are released in a mass to charge

ratio selective manner.
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According to another aspect of the present
invention thexe is provided a mass spectrometer
comprising: a mass selective ion trap; an orthogonal
acceleration Time of Flight mass analyser arranged
downstream of the ilon trap, the orthogonal acceleration
Time of Flight mass analyser comprising an electrode for
orthogonally accelerating ions; and a control means for
controlling the mass selective ion trap and the
orthogonal acceleration Time of Flight mass analyser,
wherein in a mode of operation the control means
controls the ion trap and the orthogonal acceleration
Time of Flight mass analyser so that: (i) at a first
time t; ions having mass to charge ratios within a first
range are arranged to be substantially passed from the
ion trap to the orthogonal acceleration Time of Flight
mass analyser whilst ions having mass to charge ratios
outside of the first range are not substantially passed
Lo the orthogonal acceleration Time of Flight mass
analyser; (11i) at a second later time t; after t, ions
having mass to charge ratios within a second range are
arranged to be substantially passed from the ion trap to
the orthogonal acceleration Time of Flight mass analyser
whilst ions having mass to charge ratios outside of the
second range are not substantially passed to the
orthogonal acceleration Time of Flight mass analyser:
and (1ii1) at a later time t,uwan after t, and t, the
electrode is arranged to orthogonally accelerate ions
having mass to charge ratios within the first and second
ranges. The electrode is not energised in the time
after t; and prior to tpusn.

According to a preferred embodiment ions are

released from the mass selective ion trap in a pulsed

manner as a humber of discrete packets of ions.
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However, according to another émbodiment the mass
selective characteristics of the mass selective ion trap
may be continuously varied. Therefore, reference in the
claims to ions having mass to charge ratios within a
first range being released at a first time t; and ions
having mass to charge ratios within a second range etc.
being released at a second etc. time t; should be
construed as covering embodiments wherein the mass
selective characteristics of the mass selective ion trap
afe varied in a stepped' manner and embodiments wherein
the mass selective characteristics of the mass selective
ion trap are variled in a substantially continuous
manner. Embodiments are also contemplated wherein the
mass selective characteristics of the ion trap may be
varied in a stepped manner for a portion of an operating
cycle and in a continuous manner for another portion of
the operating cycle.

At the first time t; ions having mass to charge
ratios outside of the first range are preferably
substantially retained within the ion trap. Likewise,
at the second time t; ions having mass to charge ratios
outside of the second range are preferably substantially
retained within the ion trap.

The first range preferably has a minimum mass to
charge ratio Mlm. and a maximum mass to charge ratio
Mlpax. The value Mlp.x-Mln, preferably falls within a
range ot 1-50, 50-100, 100-200, 200-300, 300-400, 400-
500, 500-600, 600-700, 700-800, 800-900, 3S00-1000, 1000-
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >
1500.

Similarly, the second range has a minimum mass to
charge ratio MZp, and a maximum mass to charge ratio

M2max. The value MZp.x~M2mn preferably falls within a
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range of 1-50, 50-100, 100-200, 200-300, 300-~400, 400-
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000-
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >

1500.
Preferably, Mlpax > M2pax and/or Mlun > M2mi. 1.e. the

upper mass cut-off in the first range is preferably
greater than the upper mass cut-off in the second range
and/or the lower mass cut-off in the first range is
preferably greater than the lower mass cut-off in the
second range.

The control means preferably further controls the
ion trap and the orthogonal acceleration Time of Flight
mass analyser so that: (iv) at a third later time ta,
after t; and t; but prior to tous ions having mass to
charge ratios within a third range are arranged to be
substantially passed from the ion trap to the orthogonal
acceleration Time of Flight mass analyser whilst ions
having mass to charge ratios outside of the third range
are not substantially passed to the orthogonal
acceleration Time of Flight mass analyser; and wherein
at The time tpuwsn the electrode is arranged to
orthogonally accelerate ions having mass to charge
ratios within the first, second and third ranges.

At the third time t; ions having mass to charge
ratios outside of the third range are preferably
substantially retained within the ion trap.

The third range preferably has a minimum mass to
charge ratio M3mn and a maximum mass to charge ratio
M3nax. The value M3yex~M3nmin pPreferably falls within a
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400-
500, 500~600, 600-700, 700-800, 800-900, 900-1000, 1000~
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >
1500.
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Preferably, M2p.x > M3pax and/or M2nin > M3min-

The control means preferably further controls the
ion trap and the orthogonal acceleration Time of Flight
mass analyser so that: (v) at a fourth later time t,
after t;, t; and t3 but prior to tpysn ions having mass to
charge ratios within a fourth range are arranged to be
substantially passed from the 1on trap to the orthogonal
acceleration Time of Flight mass analyser whilst ions
having mass to charge ratios outside of the fourth range
are not substantially passed to the orthogonal
acceleration Time of Flight mass analyser; and wherein
at the time tpuen the electrode is arranged to
orthogonally accelerate ions having mass to charge
ratios within the first, second, third and fourth
ranges.

At the fourth time t, ions having mass to charge
ratios outside of the fourth range are preferably
substantially retained within the ion trap.

The fourth range preferably has a minimum mass to

charge ratio M4,a. and a maximum mass to charge ratio

Mdwax. The value Mép.x~M4nin preferably falls within a

range of 1-50, 50-100, 100-200, 200-300, 300-400, 400-
500, 500~-600, 600-700, 700-800, B800-900, 900-1000, 1000-
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or >
1500.

Preferably, M3pay > M4p.x and/or M3pun > Mdpin. The
electrode 1s not energised after time t, and prior to
Cpush -

Ions may be released from the mass selective ion
Crap by mass-selective instability and/or by resonance
ejection. If mass-selective instability is used to
eject ions from the ion trap then the ion trap is either

1n a low pass mode or in a high pass mode. 2As such,
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Mlpax and/or M2pmax and/or M3p.x and/or Md;,. may in a high
pass mode be at infinity. Likewise, in a low pass mode
Mlpia and/or M2,., and/or M3,un and/or M4n,in may be zero.

If resonance ejection 1s used to eject ions from the ion
trap then the ion trap may be operated in either a low
pass mode, high pass mode or bandpass mode. Other modes
of operation are also possible.

According to another aspect of the present
invention there 1s provided a mass spectrometer
comprising: a 3D quadrupole jon trap; an orthogonal
acceleration Time of Flight mass analyser arranged
downstream of the 3D quadrupole ion trap, the orthogonal
acceleration Time of Flight mass analyser comprising an
electrode for orthogonally accelerating ions; and
control means for controlling the ion trap and the
electrode, wherein the control means causes: (i) at a
first time t), a first packet of ions having mass to
charge ratlos within a first range to be released from
the 1on trap; and (ii) at a second later time t, after £t
a second packet of ions having mass to charge ratios
within a second (different) range to be released from
the lon trap; and then (iii) at a later time Lpousn after
t: and t: the electrode to orthogonally accelerate the
first and second packets of ions. The electrode is not

energised after time t; and prior to tyus.

Preferably, the control means further causes: (1v)
at a tame t; after t, and t, but prior to tpuen a third
packet of ions having mass to charge ratios within a
third (different) range to be released from the ion
trap; and (v) at a time t( after t;, t, and tas but prior
Lo Tpusn a fourth packet of ions having mass to charge
ratios within a fourth (different) range to be released

from the ion trap.
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Preferably, the first, second, third and fourth
ranges are all different. Preferably, at least the
upper mass cut-off and/or the lower mass cut-off of the
first, second, third and fourth ranges are different.
The width of the first, second, third and fourth ranges
may or may not be the same.

Preferably, the first range has a maximum mass to
charge ratio Mlmx, the second range has a maximum mass
to charge ratio MZmx, the third range has a maximum mass
to charge ratlio M3max, the fourth range has a maximum
mass to charge ratio Mdédp,x, and wherein Mlpex > M2pax >
M3pax > Mépax. Alternatively, in the case of mass-
selective instability Mln.x, M2max, M3pax, Mépax etc. may
all be at infinity.

Preferably, the first range has a minimum mass to
charge ratio Mlny,, the second range has a minimum mass
to charge ratio M2y, the third range has a minimum mass
to charge ratio M3mn, the fourth range has a minimum
mass to charge ratio M4p,x, and wherein Mlpn > MZ2ma >
M3min > Mdpn. Alternatively, in the case of mass-
selective instability Mlmin, M2min, M3min, Mdnin etc. may
all be at zero.

According to another aspect of the present
invention, there 1s provided a method of mass
spectrometry comprising: ejecting ions having mass to
charge ratios within a first range from a mass selective
ion trap whilst lons having mass to charge ratios
outside of the first range are retained within the ion
trap; then ejecting i1ons having mass to charge ratios
within a second range from the mass selective ion trap
whilst i1ons having mass to charge ratios outside of the
second range are retained within the ion trap; and then

orthogonally accelerating ions having mass to charge
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ratios within the first and second ranges, wherein the
first and second ranges are different.

According to another aspect of the present
invention, there is provided a method of mass
spectrometry comprising releasing multiple packets of
ions from a mass selective ion trap upstream of an
electrode for orthogonally accelerating ions, wherein
the multiple packets of ions are arranged to arrive at
the electrode at substantially the same time. The ions
are released according to their mass to charge ratios
i.e. the ions are released in a mass to charge ratio
selective manner.

According to another aspect of the present
invention, there is provided a mass spectrometer
comprising a mass selective ion trap upstream of an
electrode for orthogonally accelerating ions, wherein in
a mode of operation multiple packets of ions are
released from the 1on trap so that the multiple packets
of ions arrive at the electrode at substantially the
same time. The 1ons are released according to their
mass to charge ratios i.e. the ions are released in a
mass to charge ratio selective manner.

According to another aspect of the present
invention there i1s provided a method of mass
spectrometry comprising substantially continuously
releasing ions from a mass selective ion trap upstream
of an electrode for orthogonally accelerating ions,
wherein the i1ons are arranged to arrive at the electrode
at substantially the same time. The ions are released
according to their mass to charge ratios.

According to another aspect of the present
invention there 1s provided a mass spectrometer

comprising a mass selective ion trap upstream of an
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electrode for orthogonally accelerating i1ons, wherein in
a mode of operation ions are substantially continuously
released from the ion trap so that the i1ons arrive at

the electrode at substantially the same time.

According to another aspect of the present
invention, there is provided a mass spectrometer
comprising: a mass selective ion trap; and an orthogonal
acceleration Time of Flight mass analyser having an
electrode for orthogonally accelerating ions into a
drift region; wherein i1in a first mode of operation
multiple packets of ions are progressively released from
the mass selective ion trap and are sequentially or
serially ejected into the drift region after different
delay times and wherein in a second mode of operation
multiple packets of ions are released so that the

multiple packets of ions arrive at the electrode at

substantially the same time.

According to another aspect of the present

invention there i1s provided a method of mass
spectrometry comprising: progressively releasing
multiple packets of ions from a mass selective ion trap
so that the packets of lons are sequentially or serially
ejected into a drift region of an orthogonal
acceleration Time of Flight mass analyser by an
electrode after different delay times; and then
releasing multiple packets of ions from the mass
selective i1on trap so that the multiple packets of ions
arrive at the electrode at substantially the same time.

As will be appreciated from above, two distinct
main embodiments are contemplated. According to the
first main embodiment ions having mass to charge values
within a specific range are ejected from a mass

selective ion trap such as a 3D quadrupole field ion
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trap upstream of the pusher electrode. Ions not falling
within the specific range of mass to charge values
preferably remain trapped within the ion trap.

The ion trap stores ions and can be controlled to
eject either only those 1ons having a specific discrete
mass to charge ratio, ions having mass to charge ratios
within a specific range (bandpass transmission), ions
having a mass to charge ratios greater than a specific
value (highpass transmission), ions having a mass to
charge ratios smaller than a specific value (lowpass
transmission), or ions having mass to charge ratios
greater than a specific value together with ions having
mass to charge ratios smaller than another specific
value (bandpass filtering).

The range of the mass to charge ratios of the ions
released from the mass selective ion trap and the delay
time thereafter when the pusher electrode orthogonally
accelerates the 1ons in the region of the pusher
electrode can be arranged so that preferably nearly all
of the 1ons released from the ion trap are orthogonally
accelerated. Therefore, it is possible to achieve a
duty cycle of approximately 100% across a large mass
range.

Ions wnhnich are not released from the ion trap when
a first bunch of i1ons is released are preferably
retained in the ion trap and are preferably released in
subsequent pulses from the ion trap. For each cycle,
ions with a different band or range of mass to charge
vélues are released. Eventually, substantially all of
the i1ons are preferably released from the ion trap.
Since substantially all of the ions released from the
ion trap are orthogonally accelerated into the drift

region of the Time of Flight mass analyser, the duty
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cycle for ions of all mass to charge values may approach
100%. This represents a significant advance in the art.

According to a second main embodiment of the
present invention ions are stored in a mass selective
ion trap and are then released, preferably sequentially,
in reverse ordexr of mass to charge ratio. Ions with the
highest mass to charge ratios are released first and
ions with the lowest mass to charge ratios are released
last.

Ions with high mass to charge ratios travel more
slowly and so by releasing these ions first they have a
head start over ions with lower mass to charge ratios.
The ions may be accelerated to a constant energy by
applying an appropriate voltage to the ion trap and may
then be allowed to travel along a field free drift
region. By appropriate design of the mass scan law of
the 3D quadrupole field ion trap or other mass selective
ion trap, ions may be ejected from the ion trap such
that all ions irrespective of their mass to charge
ratios arrive at the pusher electrode at substantially
Lhe same time and with the same energy. This enables
the duty cycle for ions of all mass to charge values to
be raised to approximately 100% and again represents a
significant advance in the art.

Where reference is made in the present application
Lo a mass selective ion trap it should be understood
that the ion trap is selective about the mass to charge
ratios of the ions released from the ion trap unlike a
non-mass selective ion trap wherein when ions are
released from the ion trap they are released

irrespective of and independent of their mass to charge

ratio.
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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 illustrates part of the geometry of a
conventional orthogonal acceleration Time of Flight mass
analyser;

Fig. 2 illustrates how the duty cycle varies with
mass to charge ratio for a conventlional arrangement
without an upstream ion trap and for a known arrangement
having a non-mass selective upstream ion trap;

Fig. 3 shows the time at which ions having mass to

charge ratios within the range 1-1500 need to be
released from a mass selective ion trap in order that
the ions reach the pusher electrode at substantially the
same time according to the second main embodiment;

Fig. 4 1illustrates a known 3D quadrupole field ion

trap; and
Fig. 5 shows a stability diagram for the known 3D

quadrupole field ion trap.

A first main embodiment of the present invention
comprises a mass selective ion trap such as a 3D
quadrupole i1on trap. A first bunch of ions having mass
to charge ratios within a first range are released at a
time t; and then after a delay time At, the electrode of
the orthogonal acceleration Time of Flight mass analyser
1s energised so that the i1ons released from the ion trap
are orthogonally accelerated into the drift region of
the orthogonal acceleration Time of Flight mass
analyser. Then a second bunch of 1ons having different
mass to charge ratios are released from the ion trap and
the electrode is energised after a second different
delay time At;. This process 1is preferably repeated

nultiple e.g. three, four, five, six, seven, eight,
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nine, ten or more than ten times until eventually ions
having mass to charge ratios across the whole desired
range are released from the ion trap. Advantageously,
very few of the ions released from the lon trap are lost
(i.e. are not orthogonally accelerated into the drift
region), and hence the duty cycle is correspondingly
very high across the whole mass range.

The second main embodiment differs from the first
main embodiment in that multiple bunches of ions are
released from the ion trap but the mass to charge ratios
of the ions released and the timing of the release of
the ions is such that substantially all of the ions
released from the ion trap arrive at the pusher
electrode at substantially the same time and are
orthogonally accelerated into the drift region by a
single energisation of the pusher/puller electrode.

Tons may be released elther in a stepped or a
substantially continuous manner. Although the approach
of the second main embodiment is different to that of
the first main embodiment the effect is the same, namely
that very few ions are lost and the duty cycle is
correspondingly very high.

If the drift length from the exit of the mass
selective ion trap upstream of the pusher electrode 1 to
the centre of the pusher electrode 1 is L, then the
distance L may be subdivided into two or more regions of
lengths L1, L2 etc. and the ion drift energy in each
region may be defined as V1, V2 etc. The flight time Tl

for ions having a mass to charge of 1 1is:

Ll L2
Til=qa | ~—=+—==+...
(-JVI JV?2 )

If T1 is in us, L i1n meters and V in Volts then the

constant "a" equals /2.
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If the maximum mass to charge ratio of ions to be
detected and recorded is Mp.x then in order for all ions
to arrive at the pusher electrode at the same time
according to the second embodiment, the mass to charge

ratio M of ions released from the i1on trap should vary

as a function of time T according to:

2
M:-Mm—z.ﬂ::. [%){%—)

If the distance L is divided into two regions, a f
first region L1 of length 80 mm wherein the ion drift
energy V1 in this region is arranged to be 10 eV, and a

second region L2 of length 90 mm wherein the ion drift

energy V2 in this region 1is arranged to be 40 eV then

T1, the flight time for ions having a mass to charge

ratio equal to 1, will be 2.846 us.

If Mpax €quals 1500, then assuming that ions with
mass to charge 1500 are released at time zero then ions
having mass to charge ratios < 1500 should be released
from the ion trap at a subsequent time as shown i1n Fig.

3. As can be seen, ions of low mass to charge ratios

should be released approximately 80-100 ps after i1ons of

mass to charge ratio 1500. If this 1s achieved then
substantially all of the ions released from the ion trap
will arrive at the pusher electrode at substantially the
same time, and hence the pusher electrode in a single
energisation will orthogonally accelerate substantially
all of the ions released from the ion trap. The ion
trap may substantially continuously track a mass scan

law similar to that shown in Fig. 3 or the ion trap may

follow a mass release law which has a stepped profile.
A 3D guadrupcle field ion trap is shown in Fig. 4

and the stability diagram for the lon trap 1s shown 1in

Fig. 5. There are numerous ways 1n whlch gquadrupole
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field ion traps may be scanned or thelr mass selective

characteristics otherwise set or varied so as to eject
ions sequentially. Methods of ejecting ions from mass

selective ion traps tend to fall into two categories.

A first approach is to use mass selective
instability wherein the RF voltage and/or DC voltage may
be scanned to sequentially move ions to regimes of
unstable motion which results in the ions being no
longer confined within the ion trap. Mass selective
instability has either a highpass or a lowpass
characteristic. It will be apprecilated that the upper
mass cut-off (for lowpass operation) or the Jlower mass
cut-off (for highpass operation) can be progressively
varied 1f desired.

A second approach is to use resonance ejection
wherein an ancillary AC voltage (or "tickle" voltage)
may be applied so as to resonantly excite and eventually
eject ions of a specific mass to charge ratio. The RF
voltage or AC frequency may be scanned or otherwise
varied so as to sequentially eject ions of different

mass to charge ratios.

Rescnance ejection allows ions of certain mass to
charge ratios to be ejected whilst retaining ions with
higher and lower mass to charge ratios. An ancillary AC
voltage with a frequency equal to Cthe frequency of axial
secular motion of ions with the selected mass to charge
ratios may be applied to the end caps of the 3D
quadrupole field ion trap. The frequency of axial
secular motion is £/2B,, where f is the frequency of the
RF voltage. These 1ons will then be resonantly ejected
from the ion trap in the axial direction. The range of
mass to charge values to be ejected can be increased by

sweeping the RF voltage with a fixed AC frequency, or by
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sweeping the AC frequency at a fixed RF voltage.
Alternatively, a number of AC frequencies may be
simultaneously applied to eject 10ns with a range of
mass to charge values.

In order to release ions 1in reverse order of mass
to charge ratio according to the second main embodiment
it is redquired to scan down in mass to charge ratio
relatively quickly. In order to release ions in the
axlal direction in reverse order using mass selective
instability it is necessary to scan such that ions
sequentially cross the B.=0 boundary of the stability
regime. This can be achieved by progressively applying
a reverse DC voltage between the centre ring and the end

caps or by scanning both this DC voltage and the RF
voltage.

Alternatively, a small DC dipole may be applied
between the end caps so that ions with the smallest B,
values are displaced towards the negative cap. As this
voltage 1s increased ions having high mass to charge
ratios will initially be ejected followed by ions having
relatively low mass to charge ratios. This method has
the advantage of ejecting ions in one axial direction
only.

The mass scan law of the mass selective ion trap
and the timing of the pusher electrode in relation to
the release of lons from the ion trap may preferably
take 1nto account the effects of any time lag between
arriving at conditions for ejection of ions of a
particular mass to charge ratio and the actual ejection
of those ions. Such a time lag may be of the order of
several tens of us. Preferably, this lag is taken into
account when setting the delay time between scanning the

ion trap and applying the pusher pulse to the orthogonal
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acceleration Time of Flight mass analyser. The scan law
of the applied voltages may also be adjusted to correct

for this time lag and to ensure that i1ons exit the trap

according to the required scan law.

Resonance ejection may also be used to eject ions
in reverse ordex of mass to charge ratio according to
the second main embodiment. However, resonance ejection
is less preferred in view of the time required to
resonantly eject ions, and the limited time available in
which to scan the ion trap. A full scan is preferably
required in less than 1 ms.

It 1s contemplated that a combination of mass
selective instabllity and resonance ejection may be used
in order to eject i1ons from the 3D ion trap according to
both main embodiments.

Ions may potentially be ejected from the ion trap
with quite high energies e.g. many tens of electron-
volts or more depending on the method of scanning. The
lon energies may also vary with mass depending upon the
method of scanning. Since it is desired that all the
lons arrive at the orthogonal acceleration region with
approximately the same ion energies, the DC potential of
the lon trap may preferably be scanned in synchronism
with the i1ons leaving the ion trap. The correction to
lon energy could be made at any position between the ion
trap and the pusher electrode. However, it is
preferable that the correction is made at the point
where the ions leave the ion trap and before the drift
region so that the required mass scan law will remain
similar to that in the example given above.

After each scan the mass selective ion trap may be
empty of ions. The ion trap can be refilled with ions

from a further upstream ion trap as explained above.
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The ion trap may then repeat the cycle and sequentially
eject the ions according to above scan law.

The pusher voltage is preferably applied to the
pusher electrode 1 of the orthogonal acceleration Time
of Flight mass spectrometer in synchronism with the
scanning of the ion trap and with the required time
delay having preferably taken into account any time lag
effects.

A further embodiment is contemplated which combines
the first and second embodiments. For example, the ion
trap could be scanned 1in reverse order of mass over a
selected range of masses according to the second
embodiment followed by scanning cover another selected
range of masses according to the first embodiment in the
following cycle or vice versa.

Although a further ion trap may be provided
upstream of the mass selective ion trap, the provision
of a further ion trap is optional. For example,
operation with a pulsed ion source such as laser
ablation or Matrix Assisted Laser Desorption Ionisation
("MALDI") i10on source would not necessarily require two
ion traps in order to maximise the duty cycle. The
process of mass selective release of i1ons and sampling
with an orthogonal acceleration Time of Flight mass
analyser could be completed within the time period
between pulses. Accordingly, all the ions over the full
mass range of interest could be mass analysed prior to
the ion source being reenergised and hence it would not
be necessary to store ions from the source in a further
ion trap.

In order to illustrate this further it may be
assumed for sake of illustration only that the mass to

charge ratio range of interest is from 400-3500. Ions
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having mass to charge ratios falling within a specific
range may be ejected from the ion trap and accelerated
to an energy of 40 eV before travelling a distance of 10
cm to the centre of the orthogonal acceleration region
of the orthogonal acceleration Time of Flight mass
analyser. It is assumed that the ejected ions have an
energy spread of *4 eV about a mean energy of 40 eV.
Furthermore, i1t may be assumed the length of the
orthogonal acceleration region is 3 cm such that the
range of path lengths is *1.5 cm about a mean 10 cm
path length for acceptance of ions into the orthogonal
acceleration Time of Flight mass analyser. Finally, it
is assumed that the ions within the selected range of
mass to charge ratios are ejected over a period of 2 us.
It will be seen from the calculations below that the
full mass range of interest can be covered in a sequence
of just eight mass selective ejections summarised in the
table below.

For each stage in the sequence the delay time
between ion ejection and the orthogonal acceleration
pulse i1s gaven. It 1s assumed that the distance between
the centre of the orthogonal acceleration region and the
jon detector is 10 cm which equals that between the ion
trap and the orthogonal acceleration region. The Time
of Flight time will therefore be equal to the delay
time. Finally, it has been assumed that the time for
ion ejection from the ion trap 1s 20 us and the overhead
time required for data handling, programming of

electronic power supplies, etc. between each stage in

the sequence 1s 250 us.
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Ion Lowest Highest

gjection mass for mass for

time

(Rsec)

30.5 637 836 5 | 250 331
832 = 1111 ‘ 250 340
A

In this example it can be seen that the overall
time required for the full sequence of eight stages of
ion ejection is only 2.8 ms. For MALDI the laser
repetition rate is currently typically 20 Hz. Hence,
the time between laser shots 1s 50 ms and so the
complete seguence of eight mass selective ejection
stages can easily be fitted into the time between laser
pulses.

It is likely that as advances are made the laser
repetition rate for MAILDI may increase to e.g. 100 or
200 Hz. However, even at 200 Hz the time between laser

~shots will only be 5 ms which still allows sufficient
time for the sequence of eight mass selective ejection
stages. Hence, for pulsed ion sources such as MALDI,
the i1ion sampling duty cycle for the orthogonal
acceleration Time of Flight mass analyser can be
increased to approximately 100% with the use of just a
single mass selective 1on trap.

Although the present invention has been described

with reference to preferred embodiments and other
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arrangements, it will be understood by those skilled in
the art that various changes in form and detail may be
made without departing from the scope of the invention

as set forth in the accompanying claims.
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Claims

1. A mass spectrometer comprising:
a mass selective 1on trap;
~an orthogonal acceleration Time of Flight mass

—

analyser arranged downstream of said ion trap, said

orthogonal acceleration Time of Flight mass analyser

comprising an electrode for orthogonally accelerating
1ons; and
a control means for controlling said mass selective

fr—

1on trap and sald orthogonal acceleration Time of Flight

mass analyser, wherein in a mode of operation said
control means controls said 1lon trap and said orthogonal
acceleration Time of Flight mass analyser so that:

(1) at a first time t; ions having mass to charge
ratios within a first range are arranged to be
substantlially passed from said ion trap to said

orthogonal acceleration Time of Flight mass analyser

whilst ions having mass to charge ratios outside of said

first range are not substantially passed to said

F

orthogonal acceleration Time of Flight mass analyser;

(11) at a second later time t, after t; ions having
mass to charge ratios within a second range are arranged
to be substantially passed from said ion trap to said
orthogonal acceleration Time of Flight mass analyser

grv

whilst ions having mass to charge ratios outside of said

second range are not substantially passed to said

orthogonal acceleration Time of Flight mass analyser;
and
(111) at a later time tyusn after t; and t, said

electrode 1s arranged to orthogonally accelerate ions
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having mass to charge ratios within said first and

second ranges.

2. A mass spectrometer as claimed 1in claim 1, wherein

at said first time t; ions having mass to charge ratios

outside of said first range are substantially retained

within said ion trap.

3. A mass spectrometer as claimed in claim 1 or 2,
wherein at said second time t, i1ons having mass to
charge ratios outside of said second range are

substantially retained within said 1on trap.

4 . A mass spectrometer as claimed in claim 1, 2 or 3,
wherein said first range has a minimum mass to charge

ratio Mlpi, and a maximum mass to charge ratio Mlpax-

5. A mass spectrometer as claimed in claim 4, whereln
the value M1.x—Mlpin falls within a range selected from
the group consisting of: (1) 1-50; (11) 50-100; (111)
100-200; (iv) 200-300; (v) 300-400; (vi) 400-500; (viz1)
500-600; (viii) ©600-700; (1x) 700-800; (x) 800-900; (x1)
900-1000; (xii) 1000-1100; (xii1i) 1100-1200; (xiv) 1200-
1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500.

0. A mass spectrometer as claimed 1n any one of claims
1 to 5, wherein said second range has a minimum mass to
charge ratio MZpin and a maximum mass to charge ratio

M2 nax -

7. A mass spectrometer as claimed in claim 6, whereiln

the value MZp.x—MZnin falls within a range selected from

the group consisting of: (1) 1-50; (i1) 50-100; (iii)
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100-200; (1v) 200-300; (v) 300-400; (vi) 400-500; (vii)
500-600; (viii) o0600-700; (1x) 700-800; (x) 800-900; (x1)
900-1000; (x11) 1000-1100; (x11i1) 1100-1200; (xiv) 1200-

1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500.

8 . A mass spectrometer as claimed 1n claim 6 or 7,

wherein Mlpix > MZ2pax Oor Mlpin > MZ2hin.

9. A mass spectrometer as claimed 1n any one of claims
1 to 8, wherein said control means further controls said
ion trap and said orthogonal acceleration Time of Flight
mass analyser so that:

(1v) at a third later time ts3 after t; and t, but
prior to tpush 10ns having mass to charge ratios within a
third range are arranged to be substantially passed from
sald 1on trap to said orthogonal acceleration Time of

Flight mass analyser whilst ions having mass to charge

ratios outside of said third range are not substantially

passed to said orthogonal acceleration Time of Flight

mass analyser; and

wherein at said time t,,sn sald electrode is

arranged to orthogonally accelerate ions having mass to

charge ratios within said first, second and third

ranges.

10. A mass spectrometer as claimed in claim 9, wherein
at said third time t3 ions having mass to charge ratios

outside of said third range are substantially retained

wilthin said 1on trap.

11. A mass spectrometer as claimed in claim 9 or 10,
wherein said third range has a minimum mass to charge

rati1o M3pin and a maximum mass to charge ratio M3pax.
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12. A mass spectrometer as claimed in claim 11, whereiln

the value M3,.x-M3nin falls within a range selected from
the group consisting of: (1) 1-50;, (i1) 50-100; (111)
100-200; (iv) 200-300; (v) 300-400; (vai) 400-500; (wvi1i)
500-600; (wviii) 600-700; (ix) 700-800; (x) 800-900; (x1)
900-1000;, (xii) 1000-1100; (x11i1i) 1100-1200; (xiv) 1200-

1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500.

13. A mass spectrometer as claimed 1n claim 11 or 12,

wherein MZp.x > M3pax O MZpin > M3nin-

14. A mass spectrometer as claimed in any of claims 9-
13, wherein said control means further controls said 1on
trap and sald orthogonal acceleration Time of Flight
mass analyser so that:

(v) at a fourth later time t4, after t;, t, and ti;
but prior to tyusn 1ons having mass to charge ratios

within a fourth range are arranged to be substantially

passed from said 1on trap to said orthogonal

acceleration Time of Flight mass analyser whilst 1ons

having mass to charge ratios outside of said fourth
range are not substantially passed to said orthogonal

acceleration Time of Flight mass analyser; and

whereln at said time tpu,sn sald electrode 1is

arranged to orthogonally accelerate i1ons having mass to

charge ratios within said first, second, third and

fourth ranges.

15. A mass spectrometer as claimed in claim 14, wherein
at said fourth time t4; i1ons having mass to charge ratios

outside of said fourth range are substantially retained

within said i1on trap.
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16. A mass spectrometer as claimed 1n claim 14 or 15,
wherein said fourth range has a minimum mass to charge

ratio M4,;, and a maximum mass to charge ratio Md4pax.

17. A mass spectrometer as claimed in claim 16, wherein

the value M4pax—M4npin falls within a range selected from
the group consisting of: (i) 1-50; (ii) 50-100; (i1i1)
100-200; (iv) 200-300; (wv) 300-400; (vi) 400-500; (vii)
500-600; (viii) ©00-700; (ix) 700-800; (x) 800-900; (x1)
900-1000; (xi1) 1000-1100; (xi11i) 1100-1200; (xiv) 1200-
1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500.

18. A mass spectrometer as claimed 1n claim 16 or 17,

Wherein M3max > M4max Or M3m1n > M4min.

P

19. A mass spectrometer as claimed in any one of claims

1 to 18, wherein sald 1on trap 1s selected from the
group consisting of: (1) a 3D quadrupole ion trap; (ii)
a magnetic ("Penning") ion trap; and (i1ii) a linear
quadrupole 1on trap.

it

20. A mass spectrometer as claimed in any one of claims

1 to 19, wherein sald 1on trap comprises 1n use a gas
and ions are arranged to either: (i) enter said ion trap

with energies such that said ions are collisionally

cooled without substantially fragmenting upon colliding
with said gas; or (11) enter said 1on trap with energies
such that at least 10% of salid ions are caused to

fragment upon colliding with saild gas.
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21. A mass spectrometer as clalmed 1n any one of claims

1l to 20, wherein 1lons are released from said i1on trap by

mass—selective instability.

22. A mass spectrometer as claimed in claim 21, whereiln

Mlpax OF MZpax OY M3pax Or Mépax are at infinity.

23. A mass spectrometer as claimed in claim 21, wherein

Mlpin ©Or MZ24in Or M3pin Or M4,;, are zero.

24. A mass spectrometer as clalmed 1n any one of claims

1 to 23, wherein 1ons are released from said 1on trap by

resonance ejection.

25. A mass spectrometer as claimed 1n any one of claims
1l to 24, wherein said orthogonal acceleration Time of
Flight mass analyser comprises a drift region and an 1ion
detector, wherein said electrode 1s arranged to

orthogonally accelerate 1ons into said drift region.

26. A mass spectrometer as claimed 1n any one of claims
l to 25, further comprising:
an lon source;

a quadrupole mass filter; and

a gas collision cell for collision i1nduced

fragmentation of 1ons.

27. A mass spectrometer as claimed in any one of claims

1 to 26, further comprising a continuous ion source.

28. A mass spectrometer as claimed in claim 27, wherein
salid continuous 1ion source 1s selected from the group

consisting of: (1) an Electrospray 1on source; (ii) an
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Atmospheric Pressure Chemical Ionisation ("APCI"™) 1ion
source; (iii) an Electron Impact ("EI") ion source;

(1v) an Atmospheric Pressure Photon Ionisation ("APPI")

ion source; (v) a Chemical Ionisation ("CI") 1on source;
(vi) a Fast Atom Bombardment ("FAB") 1i1on source; (vii) a
Liquld Secondary Ions Mass Spectrometry ("LSIMS") 1on

source; (viii) an Inductively Coupled Plasma ("ICP") 1ion

source; (ix) a Field Ionisation ("FI") 1on source; (x) a

Field Desorption ("FD") ion source.

29. A mass spectrometer as claimed in any of claims 1-

26, further comprising a pseudo-continuous 1on source.

30. A mass spectrometer as claimed in claim 29, wherein
said pseudo-continuous 10n source comprises a Matrix
Assisted Laser Desorption Ionisation ("MALDI") ion
source and a drift tube or drift region arranged so that

1ons become dispersed.
31. A mass spectrometer as claimed 1n claim 30, wherein
a gas 1s arranged 1in saild drift tube or drift region to

collisionally cool said ions.

32. A mass spectrometer as claimed in any of claims 1-

26, further comprising a pulsed ion source.

33. A mass spectrometer as claimed 1n claim 32, wherein

salid pulsed 1on source 1s selected from the group
consisting of: (1) a Matrix Assisted Laser Desorption

Tonisation ("MALDI") 1on source; and (ii) a Laser

Desorption Ionisation ("LDI") i1on source.
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34. A mass spectrometer as claimed in any one of claims
1 to 33, further comprising a further 1on trap upstream

of said 1on trap.

35. A mass spectrometer as claimed i1n claim 34, whereln

in a mode of operation the axial electric field along

sald further i1on trap 1s varied.

36. A mass spectrometer as claimed 1n claim 35, whereiln
sald axial electric field is varied temporally or

spatially.

37. A mass spectrometer as claimed in claim 34, 35 or

36, wherein in a mode of operation ions are urged along

said further ion trap by an axial electric field which

varies along the length of said further 1on trap.

-~

38. A mass spectrometer as claimed in any of claims 34-

37, wherein in a mode of operation at least a portion of
said further ion trap acts as an AC or RF-only 1ion guide

with a constant axial electric field.

39. A mass spectrometer as claimed 1n any of claims 34-

38, wherein in a mode of operation at least a portion of

said further ion trap retains or stores ions within one
or more locations along the length of said further 1ion

trap.

40. A mass spectrometer as claimed 1in any of claims 34-
39, wherein said further ion trap comprises an AC or RF
ion tunnel ion trap comprising at least 4 electrodes
having similar sized apertures through which ions are

transmitted 1n use.
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41. A mass spectrometer as claimed in clalm 34, wherein
sald further ion trap 1s selected from the group
consisting of: (i) a linear quadrupole 1ion trap; (1i1) a
linear hexapole, octopole or higher order multipole 1on
trap; (i1i1ii) a 3D quadrupcle ion trap; and (iv) a

magnetic ("Penning") 1ion trap.

42. A mass spectrometer as claimed in any of claims 34-
41, wherein said further ion trap substantially

continuously receives 1ons at one end.

43. A mass spectrometer as claimed in any of claims 34-
42, wherein said further ion trap comprises in use a gas
and ions are arranged to either: (1) enter said further
ion trap with energies such that said lons are
collisionally cooled without substantially fragmenting
upon colliding with said gas; or (11) enter saild further
ion trap with energies such that at least 10% of said
ions are caused to fragment upon colliding with said

gas.

44. A mass spectrometer as claimed in any of claims 34-

43, wherein said further 1ion trap periodically releases

[~

ions and passes at least some of said ions to said 1ion

trap.

45. A mass spectrometer comprising:

a 3D quadrupole i1on trap;
an orthogonal acceleration Time of Flight mass
analyser arranged downstream of said 3D quadrupole ion

trap, said orthogonal acceleration Time of Flight mass
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analyser comprising an electrode for orthogonally
accelerating ions; and
control means for controlling said ion trap and
sald electrode, wherein said control means causes:

(1) at a first time t; a first packet of ions

having mass to charge ratios within a first range to be
released from said i1on trap; and
(11) at a second later time t, after t; a second
packet of 1ons having mass to charge ratios within a
second range to be released from said ion trap; and then
(111) at a later time t,,sn after t; and t, said
electrode to orthogonally accelerate said first and

second packets of ions.

40. A mass spectrometer as claimed in claim 45, wherein
sald control means further causes:

(iv) at a time t3 after t; and t; but prior to tpusn
a third packet of ions having mass to charge ratios
within a third range to be released from said ion trap;
and

(v) at a time t, after t;, t, and t3; but prior to
tpush @ fourth packet of ions having mass to charge
ratios within a fourth range to be released from said

ion trap.

47. A mass spectrometer as claimed in claim 46, wherein
said first, second, third and fourth ranges are all

different.

48. A mass spectrometer as claimed in claim 46 or 47,
wherein said first range has a maximum mass to charge
ratio Mlp.x, said second range has a maximum mass to

charge ratio MZp.x, said third range has a maximum mass
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to charge ratio M3pax, salid fourth range has a maximum

mass to charge ratio M4p.x, and wherein Mlpax > MZpax >

M3max > M4max .

49. A mass spectrometer as claimed 1in claim 46 or 47,
wherein said first range has a maximum mass to charge
ratio Mlpax, Sald second range has a maximum mass to
charge ratio M2Zpax, Said third range has a maximum mass
to charge ratio M3pax, sald fourth range has a maximum
mass to charge ratio M4p.x, and wherein Mlpax = M2pax =

M3max = Mépax = <.

50. A mass spectrometer as claimed in claim 46, 47 or
48, wherein said first range has a minimum mass to
charge ratio Mlpin, said second range has a minimum mass
to charge ratio M2uin, said third range has a minimum
mass to charge ratio M34in, said fourth range has a
minimum mass to charge ratio M4,.x, and wherein Mlg, >

Mzmln > M3mln > M4mj_nn

51. A mass spectrometer as claimed in claim 46, 47 or
48, wherein said first range has a minimum mass to
charge ratio Mlpin, sailid second range has a minimum mass

to charge ratio MZpin, sald third range has a minimum

mass to charge ratio M3pin, said fourth range has a
minimum mass to charge ratio M4,.x, and wherein Mlpin =

M2pin = M3min = Mdpin = 0.

52. A method of mass spectrometry comprising:

providing a mass selective ion trap;

providing an orthogonal acceleration Time of Flight
mass analyser arranged downstream of said ion trap, said

orthogonal acceleration Time of Flight mass analyser
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comprising an electrode for orthogonally accelerating
ions;

at a first time t; ejecting ions having mass to

charge ratios within a first range from the mass
selective 1on trap whilst ions having mass to charge
ratios outside of said first range are retained within
said ion trap; then

at a second later time t, after t; ejecting ions
having mass to charge ratios within a second range from
the mass selective ion trap whilst ions having mass to
charge ratios outside of said second range are retained
within said ion trap; and then

at a later time tyusy after t; and t, controlling the
electrode to orthogonally accelerate ions having mass to
charge ratios within said first and second ranges,

wherein said first and second ranges are different.

03. A mass spectrometer comprising:
a mass selective ion trap; and

an orthogonal acceleration Time of Flight mass

analyser having an electrode for orthogonally
accelerating ions into a drift region;

wherein in a first mode of operation multiple
packets of i1ons are progressively released from said
mass selective ion trap and are sequentially or serially
ejected into said drift region after different delay
times and wherein in a second mode of operation multiple
packets of ions are released so that said multiple

packets of 1ons arrive at said electrode at

substantially the same time.

o4. A method of mass spectrometry comprising:
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progressively releasing multiple packets of ions
from a mass selective ion trap so that said packets of
10ns are sequentially or serially ejected into a drift
reglon of an orthogonal acceleration Time of Flight mass

analyser by an electrode after different delay times;

and then

releasing multiple packets of ions from said mass

selective 1on trap so that said multiple packets of ions

arrive at said electrode at substantially the same time.
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