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Description

FIELD OF THE INVENTION

[0001] This invention relates to mass spectrometers
and ion sources therefor. More particularly, this invention
is concerned with pulsed ion sources and the provision
of a transmission device which gives a pulse ion source
many of the characteristics of a continuous source, such
that it extends and improves the application of Time of
Flight Mass Spectrometry (TOFMS) and that it addition-
ally can be used with a wide variety of other spectrome-
ters, in addition to an orthogonal injection time-of-flight
mass spectrometer.

BACKGROUND OF THE INVENTION

[0002] Ion sources for mass spectrometry may be ei-
ther continuous, such as ESI (electrospray ionization)
sources or SIMS (secondary ion mass spectrometry)
sources, or pulsed, such as MALDI (matrix-assisted laser
desorption/ionization sources). Continuous sources
have normally been used to inject ions into most types
of mass spectrometer, such as sector instruments, quad-
rupoles, ion traps and ion cyclotron resonance spectrom-
eters. Recently it has also become possible to inject ions
from continuous sources into time-of-flight (TOF) mass
spectrometers through the use of "orthogonal injection",
whereby the continuous beam is injected orthogonally to
the main TOF axis and is converted to the pulsed beam
required in the TOF technique. This is most efficiently
carried out with the addition of a collisional damping in-
terface between the source and the spectrometer, and
this is described in the following paper, having four au-
thors in common with the present invention (Krutchinsky
A.N., Chernushevich I.V., Spicer V.L., Ens W., Standing
K.G., Journal of the American Society for Mass Spec-
trometry, 1998, 9, 569-579).
[0003] On the other hand, pulsed sources, MALDI
sources for example, have usually been coupled directly
to TOF mass spectrometers, to take advantage of the
discrete or pulse nature of the source. TOF mass spec-
trometers have several advantages over conventional
quadrupole or ion trap mass spectrometers. One advan-
tage is that TOF mass spectrometers can analyze a wider
mass-to-charge range than do quadrupole and ion trap
mass spectrometers. Another advantage is that TOF
mass spectrometers can record all ions simultaneously
without scanning, with higher sensitivity than quadrupole
and ion trap mass spectrometers. In a quadrupole or oth-
er scanning mass spectrometer, only one mass can be
transmitted at a time, leading to a duty cycle which may
typically be 0.1%, which is low (leading to low sensitivity).
A TOF mass spectrometer therefore has a large inherent
advantage in sensitivity.
[0004] However, TOF mass spectrometers encounter
problems with many widely used sources which produce
ions with a range of energies and directions. The prob-

lems are particularly acute when ions produced by the
popular MALDI (matrix-assisted laser desorption/ioniza-
tion) technique are used. In this method, photon pulses
from a laser strike a target and desorb ions whose mass-
es are measured in the mass spectrometer. The target
material is composed of a low concentration of analyte
molecules, which usually exhibit only moderate photon
absorption per molecule, embedded in a solid or liquid
matrix consisting of small, highly-absorbing species. The
sudden influx of energy is absorbed by the matrix mole-
cules, causing them to vaporize and to produce a small
supersonic jet of matrix molecules and ions in which the
analyte molecules are entrained. During this ejection
process, some of the energy absorbed by the matrix is
transferred to the analyte molecules. The analyte mole-
cules are thereby ionized, but without excessive frag-
mentation, at least in the ideal case.
[0005] Because a pulsed laser is normally used, the
ions also appear as pulses, facilitating their convenient
measurement in a time-of-flight spectrometer. However,
the ions acquire a considerable amount of energy in the
supersonic jet, with velocities of the order of 700 m/s,
and they also may lose energy through collisions with
the matrix molecules during acceleration, particularly in
high accelerating fields. These and similar effects lead
to considerable peak broadening and consequent loss
of resolution in a simple linear time-of-flight instrument,
where the ions are extracted from the target nearly par-
allel to the spectrometer axis. A partial solution to the
problem is provided by a reflecting spectrometer, which
partially corrects for the velocity dispersion, but a more
effective technique is the use of delayed extraction, either
by itself or in combination with a reflector. In delayed
extraction, the ions are allowed to drift for a short period
before the accelerating voltage is applied. This technique
partially decouples the ion production process from the
measurement, making the measurement less sensitive
to the detailed pattern of ion desorption and acceleration
in any particular case. Even so, successful operation re-
quires careful control of the laser fluence (i.e. the amount
of power supplied per unit area) and usually some hunting
on the target for a favorable spot. Moreover, the extrac-
tion conditions required for optimum performance have
some mass dependence; this complicates the calibration
procedure and means that the complete range of masses
cannot be observed with optimum resolution at any given
setting. Also, the technique has had limited success in
improving the resolution for ions of masses greater than
about 20,000 Da. Moreover, it is difficult to obtain high
performance MS-MS data in conventional MALDI instru-
ments because ion selection and fragmentation tend to
broaden the fragment peak width. The present inventors
have realized that these problems can be overcome by
abandoning the attempt to maintain the original pulse
width, producing instead a quasi-continuous beam with
superior characteristics, and then pulsing the injection
voltage of the TOF device at an independent repetition
rate.
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[0006] Although coupling to a TOF instrument is used
as an example above, problems also arise in coupling
MALDI and other pulsed sources to other types of mass
spectrometer, such as quadrupole (or other multipole),
ion trap, magnetic sector and FTICRMS (Fourier Trans-
form Ion Cyclotron Resonance Mass Spectrometer). Fur-
ther, it is also desirable to be able to couple MALDI or
other pulsed sources to tandem mass spectrometers,
e.g. a triple quadrupole or a quadrupole TOF hybrid in-
strument, which allows MS/MS of MALDI ions to be ob-
tained. Standard MALDI instruments cannot be config-
ured to carry out high performance MS/MS. The disper-
sion in energy and angle of ions produced by a MALDI
source, or similar source, accentuates the difficulty of ion
injection. Also, because the residence times of ions in
most other types of mass spectrometer are considerably
longer than in TOF instruments, the large space charge
in the pulse can introduce additional problems. These
instruments are all designed to operate with continuous
sources, so conversion of the pulsed source to a quasi-
continuous one solves most of the problems.
[0007] German Patent DE 19511333 (corresponding
to published British application GB 2,299,446A) disclos-
es a mass spectrometer including a continuous, electro-
spray ion source that injects ions into a capillary. The
ions pass through chambers at progressively decreasing
pressures, and pass through a hexapole ion guide to an
ion trap 12. The ion trap 12 serves to confine the ions in
a configuration suitable for outpulsing into the flight tube
of a time-of flight section. There is no teaching or sug-
gestion that a pulse source could be used.
[0008] US 5,373,156 discloses a method and device
for the mass-spectrometric examination of organic ions.
A neodymium YAG laser 1 produces a light pulse lasting
about 10 microseconds. A focal point is produced on one
side of a foil 4, which is covered on the opposite side with
a thin application of the substance under examination.
The ions shaken off the foil are decelerated in a friction
chamber 23 due to collisions with hydrogen atoms acting
as a friction gas and admitted into the friction chamber
23 via inlets 5 and 7. A skimmer 10 feeds the slowed ions
to the skimmer opening, the ions then being carried along
into the next chamber 24. The ions are then directed into
the chamber of the mass spectrometer by the potential
of a skimmer 15. An ion-optical lens 17 delays the ions
and focuses them on the inlet opening of an RF quadru-
pole ion trap 18, where the ions are slowed by a damping
gas and caught. For examination of the ions, the ion trap
is operated with a scanning method in which the ions are
ejected mass-sequentially through holes in an end cap.
The ejected ions are measured with an ion detector 19.
[0009] US 5,689,111 discloses an ion storage time-of-
flight mass spectrometer comprising a continuously op-
erating ion source 10. The ions are introduced into a first
stage pumping region 20, formed into a beam by a
multipole ion guide and collimated and transferred into
the pulsing region 26 of the time-of-flight mass analyzer.
The mass analyzer is operating in an orthogonal injection

mode and employs a pulsed electric field between a re-
peller lens 23 and a draw-out lens 24. The pulsed electric
field establishes the start time for the measurement of
the flight time distribution of the ions arriving at the de-
tector 36, the flight time being related to the mass to
charge ratios of the ions. In the continuous mode em-
bodiment the ions emitted from the ion source 10 are
directly fed through the ion guide into the time-of-flight
mass analyzer. In the storage mode embodiment, on the
other hand, the ions are first stored in the ion guide by
means of a potential well in the longitudinal direction of
the ion guide and then emitted from the ion guide into
the time-of-flight mass analyzer by switching for a short
duration the voltage on the exit electrode 15 thereby cre-
ating a leak of the potential well. After a variable delay
t2 the electric field in region 26 of the mass analyzer is
pulsed for a short period of time by the repeller plate 23
to accelerate the ions perpendicular to their original di-
rection towards the flight tube 35 to be detected for mass
analysis.

BRIEF SUMMARY OF THE PRESENT INVENTION

[0010] Accordingly, it is desirable to provide an appa-
ratus and method enabling a pulse source, such as a
MALDI source, to be coupled to a variety of spectrometer
instruments, in a manner which more completely decou-
ples the spectrometer from the source and provides a
more continuous ion beam with smaller angular and ve-
locity spreads.
[0011] More particularly, it is desirable to provide an
improved TOF mass spectrometer with a pulsed ion
source, in which the energy spread in the ion beam is
reduced, in which the source is more completely decou-
pled from the spectrometer than in existing instruments,
in which problems resulting from ion fragmentation are
reduced, enabling new types of measurement, and in
which the results obtained from the mass spectrometer
and its ease of operation are consequently improved.
[0012] It is also desirable to provide a TOF mass spec-
trometer with both continuous and pulsed sources, for
example both ESI and MALDI sources, so either source
can be selected.
[0013] In accordance with the present invention, there
is provided a mass spectrometer system according to
claim 1.
[0014] As time of flight mass spectrometers require a
pulsed beam, conventional teaching is that a pulsed
source should be coupled maintaining the pulsed char-
acteristics. However, the present inventors have now re-
alised that there are advantages to, in effect converting
a pulsed beam into a continuous, or at least quasi-con-
tinuous, beam, and than back into a pulsed beam. The
advantages are: improvement in beam quality through
collisional damping; decoupling of the ion production
from the mass measurement; ability to measure the
beam current by single-ion counting because it is con-
verted from a few large pulses to many small pulses, for
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example from about 1 Hz. to about 4 kHz., or a factor of
4,000; compatibility with a continuous source, such as
ESI, offering the possibility of running both sources on
one instrument.
[0015] Preferably, the ion source provides the analyte
for ionization by radiation, and there is provided a source
of electromagnetic radiation, more preferably a pulsed
laser, directed at the ion source, for generating radiation
pulses to cause desorption and ionization of analyte mol-
ecules.
[0016] Advantageously, the ion source comprises a
target material composed of a matrix and analyte mole-
cules in the matrix, the matrix comprising a species
adapted to absorb radiation from the radiation source, to
promote desorption and ionization of the analyte mole-
cules.
[0017] Preferably, the transmission device comprises
a multipole rod set. There can be two or more multipole
rod sets and means for supplying different RF and DC
voltages to the rod sets.
[0018] Collisional damping can also be accomplished
in a chamber where no RF field is present providing there
is enough buffer gas pressure. In this case ions with re-
duced velocities can be moved to the exit of the chamber
by gas flow drag or a DC electrostatic field. Combinations
of electrostatic fields, RF fields and gas flow can also be
implemented in a collisional damping chamber.
[0019] Another advantage of the invention is that the
collisional cooling of the ions helps to reduce the amount
of fragmentation of the molecular ions. It is usually de-
sirable to produce a simple mass spectrum containing
only ions representative of molecular species. In typical
MALDI ion sources, therefore, the laser power must be
carefully optimized so that it is close to the threshold of
ionization in order to reduce fragmentation. The inventors
have observed, however, that the presence of a gas
around the sample surface greatly assists in reducing
fragmentation, even at relatively high laser power. Pre-
sumably this is due to the effect of collisions with gas
molecules which remove internal energy from the des-
orbed species before they can fragment. This means that
the laser power can be increased in order to improve the
ion signal strength, without causing excessive decompo-
sition.
[0020] The inventors have observed that the amount
of fragmentation is decreased as the pressure is in-
creased up to at least approximately 1 torr (approx. 130
N/m2). Higher pressures may be even more advanta-
geous, but electric fields may be required to avoid clus-
tering reactions at higher pressure.
[0021] The mass spectrometer system can include a
continuous ion source, and means for selecting one of
the pulsed ion source and the continuous ion source, and
this then provides the characteristics of two separate in-
struments in one instrument. The two ion sources can
comprise a MALDI source and an ESI source.
[0022] Another aspect of the present invention pro-
vides a method according to claim 23.

[0023] The gas pressure of the damping gas can be in
the range from about 10-4 Torr (approx. 0.013 N/m2) up
to at least 760 Torr (approx. 1.013 x 105 N/m2). Prefer-
ably, step (3) comprises providing an RF rod set within
the transmission device. Further, a DC field can be pro-
vided between the ion source and the spectrometer to
promote movement of ions towards the spectrometer.
[0024] The method can include providing two or more
rod sets in the ion transmission device, and operating at
least one rod set with a DC offset to enable selection of
ions with a desired mass-to-charge ratio. A potential dif-
ference can be provided between two adjacent rod sets
sufficient to accelerate ions into the downstream rod set,
to cause collisionally induced dissociation in the down-
stream rod set.
[0025] When a pulsed laser is used, for each laser
pulse, a plurality of pulses of ions are delivered into the
time-of-flight mass spectrometer.
[0026] The ions can first pass through one or more
differentially pumped regions that provide a transition
from the pressure at the ion source to pressure in the
spectrometer. The ion source may be at atmospheric
pressure or at least at a pressure substantially higher
than that in downstream quadrupole stages and in the
mass spectrometer. At least one of these regions can be
without any rod set and ion motion towards the mass
spectrometer is then driven by gas flow and/or an elec-
trostatic potential.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0027] For a better understanding of the present inven-
tion and to show more clearly how it may be carried into
effect, reference will now be made, by way of example,
to the accompanying drawings, which show preferred
embodiments of the present invention and in which:

Figure 1 shows a block diagram of a mass spectrom-
eter system;
Figure 2 is a schematic diagram showing a MALDI-
TOF mass spectrometer with orthogonal injection of
the MALDI ions into the spectrometer through a col-
lisional damping interface (quadrupole ion guide) ac-
cording to the present invention;
Figure 3 shows a mass spectrum of a mixture of sev-
eral peptides and proteins leucine-enkephalin-Arg
(Le-R), substance P (Sub P), melittin (ME), CD4 frag-
ment 25-58 (CD4), and insulin (INS)) produced in
the spectrometer of Figure 2;
Figure 4 shows plots of transit times through the in-
terface for different ions;
Figure 5 shows a mass spectrum of substance P;
Figure 6 shows a mass spectrum of a tryptic diges-
tion of citrate synthase;
Figure 7A shows a schematic of part of spectrometer
of Figure 2, showing the collisional interface and in-
dicating applied voltages;
Figures 7B, 7C and 7D show different operating re-
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gimes of the mass spectrometer of Figure 2;
Figures 8A, 8B, 8C, and 8D are mass spectra ob-
tained from substance P recorded in the different
operation regimes, according to Figures 7B, 7C, and
7D;
Figure 9 shows the behaviour of the ion current from
a single target spot as a function of time; and
Figure 10 shows schematically combined ESI and
MALDI sources for a mass spectrometer.
Figure 11 shows a MALDI-QqTOF mass spectrom-
eter utilizing a collisional damping interface including
extra ion manipulation stages which are added be-
tween the interface and the time-of-flight mass spec-
trometer;
Figure 12 shows mass spectra obtained on a MALDI-
QqTOF of Figure 11 in a single MS and MS-MS
modes;
Figure 13 shows an alternative collisional damping
setup for the MALDI-QqTOF mass spectrometer of
Figure 11, where ion velocities are partially damped
in a region without RF fields;
Figure 14 shows an experimental apparatus which
was used to investigate the effect of pressure and
electric field strength on the MALDI ion current; and
Figure 15 is a graph showing the total ion current
produced by MALDI source shown in Figure 14 as
a function of voltage difference applied at different
pressures in the chamber.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0028] The first embodiment shown in Figure 1 is a
block diagram of a general mass spectrometer system.
Here 1 represents any sort of pulsed ion source (for in-
stance MALDI), 2 is a collisional focusing chamber or
region filled with a buffer gas and with a multipole 3 driven
at some RF voltage. This is followed by an optional ma-
nipulation stage 4 and then a mass analyzer 5. The col-
lisional ion guide 3, in accordance with the present in-
vention, spreads the pulsed ion beam in time, and im-
proves its beam quality (i.e. space and velocity distribu-
tions) by damping the initial velocity and focusing the ions
toward the central axis. The beam is then quasi-contin-
uous and may enter an optional manipulation stage 4,
where ions can be subjected to any sort of further ma-
nipulation. Finally the resultant ions are analyzed in the
mass analyzer 5.
[0029] A simple example of further manipulation in
stage 4 is dissociation of the ions by collisions in a gas
cell, so that the resulting daughter ions can be examined
in the mass analyzer. This may be adequate to determine
the molecular structure of a pure analyte. If the analyte
is a complex mixture, stage 4 needs to be more compli-
cated. In a triple quadrupole or a QqTOF instrument (as
disclosed in A. Shevchenko et al, Rapid Commun. Mass
Spectrom. 11, 1015, (1997)), stage 4 would include a
quadrupole mass filter for selection of a parent ion of

interest and a quadrupole collision cell for decomposition
of that ion by collision-induced dissociation (CID). Both
parent and daughter ions are then analyzed in section 5,
which is a quadrupole mass filter in the triple quadrupole,
or a TOF spectrometer with orthogonal injection in the
QqTOF instrument. In both cases stages 1 and 2 would
consist of a pulsed source and a collisional damping ion
guide.
[0030] It will be appreciated that the collisional focusing
chamber 2 is shown with a multipole rod set 3, which
could be any suitable rod set, e.g. a quadrupole, hexapole
or octopole. The particular rod set selected will depend
upon the function to be provided.
[0031] Alternatively, a radio frequency ring guide could
be used for the collisional focusing device, and ion cre-
ation could be performed within the volume defined by
the radio frequency field in order to contain the ions.
[0032] Figure 2 shows a preferred embodiment of a
MALDI-TOF mass spectrometer 10 according to the
present invention. The spectrometer 10 includes a con-
ventional MALDI target probe 11, a shaft seal chamber
12, pumped in known manner, and a target installed in
the target-holing electrode 13. A mixture of the sample
to be investigated and a suitable matrix is applied to the
sample probe following the usual procedure for preparing
MALDI targets. A pulsed laser 14 is focused on the target
surface 15 by lens 16, and passes through a window 17.
The laser beam is indicated at 20, and the laser is run at
a repetition rate of anywhere from below a few Hz to tens
of kHz, more specifically in this embodiment tested at a
rate of 13 Hz. An inlet 18 is provided for nitrogen or other
neutral gas. Each laser shot produces a plume or neutral
and charged molecules. Ions of the sample analyte are
produced and entrained in the plume which expands into
vacuum chamber 30, which contains two quadrupole rod
sets 31 and 32. Chamber 30 is pumped by a pump (not
shown) connected to port 34 to about 70 mTorr (approx.
9.33 N/m2) but the pressure can be varied over a sub-
stantial range by adjusting the flow of gas through a con-
trolled leak valve 18. Pressures of up to 1 atmosphere
(1.013 x 105 N/m2) could also be used in the ion gener-
ation region, by putting the ionization region in a chamber
which is upstream of chamber 30, and providing a small
aperture through which ions are pulled into chamber 30.
Lower pressures could be used, and an important char-
acteristic is the product of pressure and rod length. Thus,
a total length 3 pressure value of at least 10.0 mTorr-
cm (approx. 1.33 N/m2-cm) could be used, although a
value of 22.5 mTorr-cm (approx. 3.0 N/m2-cm), as in U.S.
patent 4,963,736, is preferred. The gas in chamber 30
(typically nitrogen or argon or other suitable gas, prefer-
ably an inert gas) will be referred to as a damping gas or
cooling gas or buffer gas.
[0033] In the embodiment tested, the quadrupole rod
sets 31 and 32 were made of rods 4.45 cm in length and
11 mm in diameter, and were separated by 3 mm, i.e.
the spacing between rods on adjacent corners of the rod
set. The quadrupoles 31 and 32 are driven by a power
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supply which provides operating sine wave frequencies
from 50 Hz to 2 MHz, and output voltages from 0 to 1000
volts peak-to-peak. Typical frequencies are 200 kHz to
1 MHz, and typical voltage amplitudes are 100 to 1000
V peak-to-peak. Both quadrupoles are driven by the
same power supply through a transformer with two sec-
ondary coils. Different amplitudes may be applied to the
quadrupoles by using a different number of turns in the
two secondary coils. D.C. Bias or offset potentials are
applied to the rods of quadrupoles 31 and 32 and to the
various other components by a multiple-output power
supply. The RF quadrupoles 31 and 32, with the damping
gas between their rods can be run in an RF-only mode,
in which case they serve to reduce the axial energy, the
radial energy, and the energy spreads, of the ions which
pass through it, as will be described. This process sub-
stantially spreads the plume of ions out along the ion
path, changing the initial beam, pulsed at about 13 Hz,
into a quasi-continuous beam as described in more detail
below. The first quadrupole 31, can also be run in a mass-
filtering mode by the application of a suitable DC voltage.
The second quadruple 32 can then be used as a collision
cell (and an RF-guide) in collision-induced dissociation
experiments (see below).
[0034] From chamber 30, the ions pass along an ion
path 27 and through a focusing electrode 19 and then
pass through orifice 38, into a vacuum chamber 40
pumped by a pump (not shown) connected to a port 42.
There, the ions are focused by grids 44 through a slot 46
into an ion storage region 48 of a TOF spectrometer gen-
erally indicated at 50.
[0035] In known manner, ions are extracted from the
storage region 48 and are accelerated through a conven-
tional accelerating column 51 which accelerates the ions
to an energy of approximately 4000 electron volts per
charge (4 keV). The ions travel in a direction generally
orthogonal to the ion path 27 between the ion storage
region, through a pair of deflection plates 52. The deflec-
tion plates 52 can serve to adjust the ion trajectories, so
that the ions are then directed toward a conventional elec-
trostatic ion mirror 54, which reflects the ions to a detector
56 at which the ions are detected. The ions are detected
using single-ion counting and recorded with a time-to-
digital converter (TDC). The accelerating column 51,
plates 52, mirror 54 and detector 56 are contained in a
main TOF chamber 58 pumped to about 2 x 10-7 Torr)
(2.67 x 10-3 N/m2) by a pump (not shown) connected to
a port 60.
[0036] The use of orthogonal-injection of MALDI ions
from source 13 into the TOF spectrometer 50 has some
potential advantages over the usual axial injection-ge-
ometry. It serves to decouple the ion production process
from the mass measurement to a greater extent than is
possible in the usual delayed-extraction MALDI. This
means that there is greater freedom to vary the target
conditions without affecting the mass spectrum, and the
plume of ions has more time to expand and cool before
the electric field is applied to inject them into the spec-

trometer. Some improvement in performance might also
be expected because the largest spread in velocities is
along the ejection axis, i.e. the ion path 27, normal to the
target, which in this case is orthogonal to the TOF axis.
However, orthogonal injection of MALDI ions into the
TOF 50 without collisional cooling has several problems
which appear to make the geometry impractical, namely:

(1) The radial energy distribution, while much smaller
than the axial energy is still sufficient to cause sub-
stantial spreading and expansion of the beam as it
leaves the quadrupole rod set 32 and travels toward
the TOF axis. The spatial spread of the beam along
the TOF axis limits the resolution. The effect can be
reduced with collimation but only at a significant sac-
rifice in sensitivity; a collimating slit must be placed
sufficiently far from the TOF axis to avoid distorting
the extraction field, and so the target must be placed
far enough from the collimation slit to produce a rea-
sonably parallel beam;
(2) The axial velocity of the ions, i.e. velocity along
the ion path 27, in the plume is largely independent
of mass which means the energy is mass dependent.
Since the axial energy determines the direction of
the trajectory after acceleration into the TOF spec-
trometer, instrumental acceptance (or acceptance
by the TOF spectrometer) is mass dependent; i.e.
there is mass discrimination. The same effect is ob-
served when ESI ions are injected without collisional
cooling as explained in detail in the prior publication
mentioned above; and
(3) The width of the axial energy distribution is com-
parable in magnitude with the axial energy itself, so
the beam spreads out along its axis by an amount
comparable to the separation between the target and
the TOF axis. The size of the aperture which admits
ions from the storage region into the spectrometer
must clearly be much smaller than this to maintain
a uniform extraction field, particularly if a slit is placed
between the target and the TOF axis. This further
reduces the sensitivity.

[0037] In delayed extraction MALDI in the usual axial
geometry, i.e. not the orthogonal configuration shown,
acceptance is nearly complete, and while the largest ve-
locity spread is along the TOF axis, the well-defined tar-
get-plane perpendicular to the TOF axis allows a combi-
nation of time-lag focusing (delayed extraction with opti-
mized values of delay and applied voltage) and electro-
static focusing (optimized value of the reflector voltage)
in an ion mirror to produce resolution well above 10,000
in some cases.
[0038] Experiments carried out by the present inven-
tors suggest that competitive resolution could not be ob-
tained with an acceptable signal using orthogonal injec-
tion, unless collisional cooling according to the present
invention is employed. Moreover, some disadvantages
of delayed-extraction MALDI -- the dependence of opti-
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mum extraction conditions on mass, and the more com-
plex calibration required -- are still present in orthogonal
injection MALDI without cooling although to a lesser ex-
tent than with axial injection.
[0039] The introduction of an RF quadrupole or other
multipole with collisional cooling of the ions between the
MALDI target and the orthogonal injection geometry
avoids the problems described above while offering ad-
ditional advantages. These are detailed below with ref-
erence to the remaining figures.
[0040] By reducing the radial energies of the ions, an
approximately parallel beam can be produced, greatly
reducing the losses that result from collimation before
the ions enter the storage region. This allows the use of
a larger entrance aperture to the TOF spectrometer 50,
further reducing losses. By reducing the axial energies
of the ions, and then reaccelerating them to a uniform
energy, the mass discrimination mentioned above is not
present.
[0041] The uniform energy distributions of the ions af-
ter cooling remove any mass dependence on the opti-
mum extraction conditions and allow the simple quadratic
relation between TOF and mass to be used for calibration
with two calibrant peaks. Figure 3 shows a spectrum of
an equimolar mixture of several peptides and proteins
from mass 726 to 5734 Da in an α-cyano-4-hydroxy cin-
namic acid matrix. The spectrum was acquired in a single
run and shows uniform mass resolution (M/ΔMFWHM) of
about 5000 throughout the mass range. Using a simple
external calibration with substance P and melittin, the
mass determination for each of the molecular ions is ac-
curate within about 30 ppm. Here, the peaks for the var-
ious substances are identified as: peak 60 for Leucine-
enkephalin; peak 61 for substance P; peak 62 for Melittin;
peak 63 for CD4 fragment 25-28; and peak 64 for insulin.
All peaks are identified both on the overall spectrum and
as an enlarged partial spectrum. The resolution demon-
strated in Figure 3 is rather close to the resolution ob-
tainable with the same instrument using an ESI source.
In the present embodiment, the entrance orifice was
made slightly larger than normally used in ESI, approxi-
mately 1 mm diameter as compared to a normal diameter
of around 1/3 mm, to make adjustments easier in the
preliminary experiments. This does not appear to have
been necessary so it is reasonable to expect improved
resolution if a smaller orifice is used. Resolution up to
10,000 has been obtained with ESI ions in the same in-
strument and in the MALDI-QqTOF instrument described
below.
[0042] The decreasing relative intensity of the molec-
ular ions with mass is to some extent a reflection of the
decreasing detection efficiency with increasing mass.
Detection efficiency depends strongly on velocity, which
decreases with mass for singly-charged ions at a given
energy. In this embodiment the energy of singly-charged
ions is only about 5 keV (compared to 30 keV in typical
MALDI experiments), so the detection efficiency limits
the practical range of application to less than about 6000

Da. The relative intensities of the molecular ion peaks in
Fig. 3 is consistent with that observed from the same
sample when analyzed in a conventional MALDI exper-
iment using 5 kV acceleration. The detection efficiency
in the present embodiment can be increased by increas-
ing the voltage which accelerates the ions into the spec-
trometer, or by increasing the voltage on the detector.
[0043] As mentioned above, the collisional cooling
spreads the ions out along the ion beam axis changing
the initial beam pulsed at 13 Hz into a quasi-continuous
beam. This is illustrated in Figure 4 which shows the
count rate as a function of time after the laser pulse; i.e.
the distribution of transit times through the ion guide. The
width of the time distribution is on the order of 20 ms
which represents an increase in the time spread by a
factor of at least 107 as each laser pulse is about 2 ns
long. It will be appreciated that it is not necessary to pro-
duce a time distribution of the order of 20 ms; for example
the quasi-continuous pulse could be as short as 0.1 ms.
Dispersion along the axis is a disadvantage in orthogo-
nal-injection MALDI without cooling, but with the present
invention, since optimum extraction conditions do not de-
pend on the time delay after the laser shot, multiple in-
jection pulses into the TOF storage region 48 can be
used for each laser shot. In the present embodiment, 256
injection pulses into the TOF storage region 48 were used
for every laser shot. The losses are then determined by
the duty cycle of the instrument which in this case is about
20%. The duty cycle is the percentage of the time that
ions can be injected from the storage region into the TOF
spectrometer; here, it effectively means the fraction of
the time, the TOF storage region 48 is available to accept
ions. A quasi-continuous beam is in fact an advantage
in this mode of operation. Approximately 104 to 106 ions
are ejected from the target probe with every laser shot
at a repetition rate of 13 Hz, but as a result of spreading
along the beam axis or ion path 27 (and some losses)
approximately 2 to 5 ions are injected into the instrument
with every injection pulse less than one ion on average
of a particular species. This allows single-ion counting to
be used with a TDC (Time to Digital Converter), which
makes the combination of high timing resolution (0.5 ns)
and high repetition rate (essential for maximum duty cy-
cle) technically much simpler than using a transient re-
corder which is necessary in conventional MALDI exper-
iments. In addition, the use of single-ion counting elimi-
nates problems with detector shadowing from intense
matrix peaks, and problems with peak saturation which
require attention in conventional MALDI because of the
strong dependence of the signal on laser fluence and the
shot-to-shot variation. Finally, single-ion counting places
much more modest demands on the detector and ampli-
fier time resolution because the electronic reduction and
digitization of the pulse is quite insensitive to the detector
pulse shape.
[0044] In Figure 4, four graphs are shown of the count
rate against time, for leucine-enkephalin shown at 70,
substance P shown at 72, Melittin shown at 74 and insulin
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shown at 76. Additionally, for each of these substances,
graphs or spectra 71, 73, 75 and 77, are inserted showing
normal TOF spectra, similar to Figure 3.
[0045] Assuming 104 ions of a single molecular ion
species are produced with each laser shot, the transmis-
sion efficiency of the RF-quadrupole is in the range of 10
%. Taking account of the duty cycle, about 2 % of the
ions produced at the target are detected in the mass
spectrometer. This represents significant losses com-
pared to the conventional axial MALDI experiment in
which transmission is probably 50% or more. However,
from the point of view of data rate, the losses can be
compensated to a large extent by the higher repetition
rate and higher fluence of the laser. In these experiments,
the repetition rate was 13 Hz, but can easily be increased
to 20 Hz with the current laser, or in principle up to at
least 100 Hz before the counting system becomes satu-
rated. In contrast, the usual MALDI experiment is run at
about 1 or 2 Hz. The laser fluence in a conventional MAL-
DI experiment must be kept close to threshold to achieve
the best performance, the threshold being the minimum
energy necessary to cause vaporization of the sample
to produce a useful signal using a conventional transient
recording with analog to digital conversion. In the present
invention, the laser fluence can be increased to the flu-
ence at which the ion production process saturates. As
the quadrupole serves to smooth out the ion burst pro-
duced by the laser, a short intense burst of ions can be
accepted. From the point of view of absolute sensitivity,
it seems that the independence of the spectrum on laser
conditions (see below) allows more efficient usage of the
sample deposited on the target. Using fluence several
times higher than threshold produces ions until the matrix
is completely removed from the target probe. Figure 5
shows that the practical sensitivity achieved with sub-
stance P is in the same range as that obtainable with
conventional MALDI. Five femtomoles of substance P
were applied to the target using 4HCCA as the matrix.
The left hand side of the spectrum is indicated at 80, and
the right hand side is shown enlarged by a factor of 44
as indicated at 81. A portion of this spectrum is shown
enlarged at 82 showing the molecular ion (MH+).
[0046] Figure 6 shows the spectrum 85 obtained from
a tryptic digest of citrate synthase again showing the uni-
form mass resolution over the mass range; the inset 86
shows the spectrum obtained from 20 fmoles applied to
the target.
[0047] These results indicate that the performance of
the invention for peptides is comparable to conventional
MALDI experiments but with the advantage of a mass-
independent calibration, and a simple calibration proce-
dure. However, the most important advantages result
from the nearly complete decoupling of the ion production
from the mass measurement. In a conventional MALDI
experiment, the location of the laser spot on the target
and the laser fluence and location must be carefully se-
lected for optimum performance, and these conditions
are typically different for different matrices and even for

different target preparation methods. The situation was
improved with the introduction of delayed extraction but
even so, many commercial instruments have implement-
ed software to adjust laser fluence, detector gain, and
laser position, and to reject shots in which saturation oc-
curs. None of these techniques are necessary with the
present invention. The performance obtained shows no
dependence on target or laser conditions. The laser is
simply set to maximum fluence (several times the usual
threshold) and left while the target is moved to a fresh
position occasionally. This means that alternative targets
can easily be tried (including insulating targets), and al-
ternative lasers with different wavelengths or pulse
widths can be used.
[0048] The decoupling of the ion production from the
mass measurement also provides an opportunity to per-
form various manipulations of the ions after ejection but
before mass measurement. One example is parent ion
selection and subsequent fragmentation (MS/MS). This
is most suitably done with an additional quadrupole mass
filter as described below, but even in the present embod-
iment of Figure 2, some selectivity and fragmentation is
possible.
[0049] Figures 7A, 7B and 7C show three different
modes of operation of the instrument shown in Figure 2.
The reference numerals of Figure 2 are provided along
the z axis to indicate correspondence between potential
level and the different elements of the apparatus. Volt-
ages for the quadrupole sections 31, 32 are indicated
respectively at U1 (t) and U2 (t).
[0050] Figure 7A shows the simple collisional ion guide
mode that was used in obtaining the results shown in
Figures 4-6. Here the same amplitudes of RF voltage
and no DC offset voltages are applied to different sections
of the quadrupole. Potential differences in the longitudi-
nal direction are kept small to minimize fragmentation
due to CID.
[0051] Figure 7B shows a mass filtering mode, which
is analogous to the same filtering mode implemented in
conventional quadrupole mass filters. Here a DC offset
voltage V is added to the first section of the quadrupole
to select an ion of interest, while the second section again
acts as an ordinary ion guide since there is no CID be-
cause of the small potential difference between the sec-
tions. The amplitude of the voltage applied in the second
quadrupole section 32 is only one third of the voltage
applied in the first section 31.
[0052] Figure 7C is an MS-MS mode which differs from
the mode of Figure 7B by a higher potential difference
between the quadrupole sections 31,32, so ions are ac-
celerated in that region and enter the second section with
high kinetic energy, the additional energy being indicated
as Δ collision energy. In that case the second section
acts as an collision cell and parent ions are decomposed
there by collisions with the buffer gas (CID). Again, the
amplitude of the RF voltage in the second section is only
one third of the amplitude of the RF voltage in the first
section, which allows daughter ions much lighter than
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the parent ions to have stable trajectories and to be trans-
mitted through the second quadrupole.
[0053] Figure 8 shows examples of the spectra ob-
tained in the different modes illustrated in Figure 7, and
in particular gives an example of possible beam manip-
ulation. All the spectra were acquired using the same
initial sample.
[0054] Figure 8A is a mass spectrum where ions were
cooled in a collisional focusing ion guide (the mode of
Figure 7A).
[0055] Figure 8B is an example where ions of interest
were selected in the first quadrupole 31 and cooled in
the second quadrupole 32 section (the mode of Figure
7B). Once ions of interest have been selected, they can
be used for fragmentation in CID to obtain detailed infor-
mation on composition and structure.
[0056] Figure 8C presents an MS/MS spectrum of sub-
stance P obtained in this way. Molecular ions of sub-
stance P are selected in the first quadrupole section and
fragmented by collisions in the second quadrupole sec-
tion (according to the mode of Figure 7C). The potential
difference, Δ collision energy, between the first and sec-
ond quadrupoles was 100V. The intensities of the frag-
ment ions were small in comparison with intensity of the
primary ion so the region inside dotted lines is expanded
by a factor of 56. Figure 8D shows the spectrum obtained
in the same mode but where the potential difference be-
tween the quadrupoles 31, 32 was 150 V. In this case,
more fragment ions are observed and the parent ion peak
is substantially reduced.
[0057] Figure 9 shows how long a signal from the same
spot on a MALDI target can last. In this experiment, a
given spot was irradiated by a series of shots from the
laser, running at 13 Hz. The laser intensity was two or
three times the "threshold" intensity. On average the
sample lasted for about one minute. The shape of the
curve suggests that the laser shots dig deeper and deep-
er into the sample until it is exhausted. At that point the
laser irradiates the metallic substate, so no signal is ob-
served.
[0058] In the past it has not been possible to use both
continuous sources, such as electrospray ionization
(ESI), and pulsed sources, such as MALDI, in the same
instrument, which would have significant advantages. To
the inventors’ knowledge, the only successful ESI-TOF
instruments to date have been the orthogonal injection
spectrometers (by the present inventors, Dodonov, and
now the commercial machines by PerSeptive and oth-
ers), so it appears that orthogonal injection is necessary
for ESI-TOF, with or without collisional damping, al-
though the former improves the situation, as detailed in
Krutchinsky A.N., Chernushevich I.V., Spicer V.L., Ens
W., Standing K.G., Journal of the American Society for
Mass Spectrometry, 1998, 9, 569-579. Up to now, at-
tempts to put MALDI on an orthogonal injection instru-
ment have been without collisional damping (for example
by the present inventors and by Guilhaus’ and both gave
unpromising results). The present invention enables two

such sources to be available in one instrument. Here, the
MALDI probe 11 in Figure 2 can be replaced by an ESI
source to enable measurement of ESI spectra in the in-
strument. The instrument would then be essentially the
same as the one illustrated in the paper Krutchinsky A.N.,
Loboda A.V., Spicer V.L., Dworschak R., Ens W., Stand-
ing K.G., Rapid Commun. Mass Spectrom. 1998,12,
508-518. This change could of course be carried out by
actually taking off one source and replacing it by the oth-
er, but a number of more convenient arrangements can
be provided.
[0059] For instance Figure 10 shows a further embod-
iment where the electrospray ion source 94a is attached
to the input of a collisional damping interface 92, including
a quadrupole, or other multipole, rod set 93. A MALDI
ion source 94b is introduced on a probe 95 that enters
from the side, and can be displaced in and out; for this
purpose, a shaft end 96 is slidingly and sealingly fitted
into the housing of the collisional interface 92. The MALDI
ion source 94b is similar to the one shown in Figure 2
except in this case the sample is deposited onto a flat
surface machined on the side of the probe shaft 95, in-
stead of onto the end of a cylindrical probe. The sample
is irradiated by a laser with corresponding optics, gener-
ally indicated at 97, and ions are transmitted to a spec-
trometer indicated at 98. When the ESI source (940) is
operating, shaft 96 is pulled out far enough to clear the
path of the ESI ions. When the MALDI ion source 94b is
operating the shaft 96 is inserted back so the MALDI
target 94b is in the central position.
[0060] Presently, MALDI and ESI techniques are often
considered to be complementary methods for biochem-
ical analysis, so many biochemical or pharmaceutical
laboratories have two instruments in use. Obviously there
are significant benefits of combining both ion sources in
one instrument, as in the embodiments above. In partic-
ular, the cost of a combined instrument is expected to be
little more than half the cost of two separate instruments.
In addition, similar procedures for ion manipulation, de-
tection and mass calibration could be used, since the ion
production is largely decoupled from the ion measure-
ment. This would simplify the analysis and processing of
the separate spectra and their comparison.
[0061] The ability the use both MALDI and ESI sources
on a single instrument is not restricted to the spectrom-
eter shown in Figure 1, but is applicable to any mass
spectrometer with a collisional damping interface. In par-
ticular it is applicable to the QqTOF instrument discussed
above and described in more detail below.
[0062] While specific embodiments of the invention
have been described, it will be appreciated that a number
of variations are possible within the scope of the present
invention. Thus, the apparatus could include a single
multipole rod set as shown in Figure 1, or two rod sets
as shown in Figure 2. While quadrupole rod sets are pre-
ferred, other rod sets, such as hexapole and octopole
are possible, and the rod set can be selected based on
the known characteristics of the different rod sets. Addi-
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tionally, it is possible that three or more rod sets could
be provided. Further, while Figure 2 shows the two rod
sets, 31 and 32 provided in a common chamber, the rod
sets could, in known manner, be provided in separate
chambers operating at different pressures, to enable dif-
ferent operations to be preformed. Thus, to perform con-
ventional mass selection, there could be one chamber
operating at a very low pressure so that there is little or
no collisional activity between the ions and the damping
gas. Further, the pressure of the gas could be varied,
between different chambers, to meet the requirements
for collisional damping, where a relatively large number
of collisions are desired as opposed to collision induced
fragmentation, where excessive collisions are not desir-
able.
[0063] Reference will now be made to Figure 11. For
simplicity and brevity, components common with the ap-
paratus or spectrometer of Figure 2 are given the same
reference numeral, and a description of these compo-
nents is not repeated.
[0064] Here, the MALDI target is provided at 100 and
generates an ion beam indicated at 102. The MALDI tar-
get 100 is located in a differentially pumped chamber 104
connected to a pump as indicated at 106 in known man-
ner. A first rod set Q0 is located in the chamber 104. An
aperture and an interquad aperture plate 108 provides
communication through to a main chamber 110. Again,
in known manner a pump connection is provided at 112.
[0065] Within the main chamber 110, there is a short
rod set 111, sometimes referred to as "stubbies", provid-
ed for the purpose collimating the beam. A first quadru-
pole rod set in the chamber 110 is indicated at Q1 and a
second rod set at Q2.
[0066] The rod set Q2 is located in a collision cell 114
provided with a connection, indicated at 116, for a colli-
sion gas.
[0067] On leaving the collision cell 114, ions pass
through a grid and then an aperture into the storage re-
gion 48 of the TOF instrument, again indicated at 50.
Here, a TOF instrument 50 is provided with a liner 118
around the flight region.
[0068] Here, the differentially pumped chamber 104 is
maintained at pressure of around 10-2 torr. The main
chamber 110 is maintained at a pressure of around 10-5

torr, while the collision cell 114 is maintained at a pres-
sure of around 10-2 torr. In known manner, the pressure
in the collision cell 114 can be controlled by controlling
the supply of nitrogen to it through connection 116.
[0069] Here, collisional damping of ions generating
from the MALDI target 100 is accomplished by the rela-
tively high pressure in the differentially pumped chamber
104. Ions then pass through into the quadrupole rod set
Q1, which can be operated to mass select a desired ion.
[0070] The mass selected ion is then passed to the
collision cell 114, and the rod set Q2; potentials are such
that ions enter the rod set Q2 with sufficient energy to
effect collision induced dissociation. The fragment ions
generated by this CID are then passed into the TOF in-

strument 50 for analysis.
[0071] Typical spectra obtained in a MALDI-QqTOF in-
strument are presented in Figure 12. The spectrum
shown in Fig. 12a was obtained when Q1 was operated
in a wide band mode, so all ions produced in the MALDI
ion source were delivered to the TOF mass analyzer.
Three peaks (121, 122, 123) in Fig 12a correspond to
ions of leucine-enkephalin, substance P and mellitin re-
spectively. When Q1 is operated in selection mode, the
spectrum shown in Fig 12b is observed. Here Q1 was
set to select only ions of substance P (peak 122) located
at m/z around 1347.7. Note that no other peaks or back-
ground were observed in the mass spectrum, as condi-
tions in Q1 prevented transmission of other ions. Figure
12c shows the result of selection at substance P (peak
122) and collisional induced dissociation of the sub-
stance P ions. In this case Q1 was set to selection mode
as in Fig 12b but the potential difference between Q0 and
Q2 was increased to promote CID. The peaks observed
in the lower mass region are fragments of the substance
P ions.
[0072] Referring now to Figure 13, again, like compo-
nents are given the same reference numerals as in Fig-
ures 11 and 2.
[0073] In Figure 13, the MALDI source is indicated at
130 and the ion beam at 132. Here, a sampling cone 134
was placed between the MALDI source 130 and the rod
set Q0. This effectively separates the differentially
pumped region into a first differentially pumped region
136 and a second differentially pumped region 138.
These differentially pumped regions 136, 138 are provid-
ed with respective connections 137 and 139 to pumps.
[0074] As before, a short set of rods or stubbies 140
together with a rod set Q1 are provided in a chamber
here indicated at 142.
[0075] The alternative collisional damping setup of Fig-
ure 13 has been implemented in MALDI-QqTOF instru-
ment but can be used with any configuration of collisional
RF ion guides such as the simpler geometry described
earlier and shown in Figure 2. In the Figure 13 configu-
ration, some collisional damping is accomplished in the
first region or chamber 136 where almost no RF field is
present. Nitrogen is supplied to this chamber 136, as in
Figure 2, and is also supplied to the chamber 104 in Fig-
ure 11; this is comparable to Figure 2, although the ni-
trogen connection is not shown in these later figures. The
pressure in this first differentially pumped region or cham-
ber 136 is typically higher than in the second differentially
pump chamber 138 and ions are dragged towards the
entrance of Q0 by the combination of a DC field and the
gas flow. In spite of the higher pressure, no significant
change in the spectrum was observed. The signal Inten-
sity in this configuration was essentially the same as in
the configuration shown in Fig 11, provided the diameter
of the cone opening was larger than 1mm. With a smaller
diameter opening, the signal intensity drops down, pre-
sumably because the size of the opening becomes small-
er than the diameter of the ion beam.
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[0076] Figure 14 shows an apparatus used to study
the effect of pressure and electric field on the intensity
of the signal produced by MALDI. MALDI ions are gen-
erated at a target 150 by a pulsed UV-laser beam 152.
The laser beam 152 passed through a lens 154 and a
window 156, as in the spectrometer configurations de-
scribed above. The window 156 is provided i n a chamber
158, whose internal pressure can be varied in known
manner (connections for pumps, etc. are not shown). A
potential difference U between the target 150 and a col-
lector electrode 162 is provided by a power supply 160.
[0077] Thus, ions generated at the target 150 travel,
as indicated at 164, to the collector electrode 162. An
approximately homogeneous electric field is established
in the region between the target 150 and the collector
electrode 162. The field strength is proportional to the
applied potential difference U. The distance between the
target and collector was about 3 mm. The laser was op-
erated at 20 Hz and the total ion current was measured
using an amplifier 166.
[0078] Figure 15 shows the dependence of the total
ion current produced by MALDI at different pressures
inside the chamber 158 as a function of the voltage ap-
plied between the target 150 and the collector electrode
162 shown in Fig. 14. It is apparent that ion yield decreas-
es with increasing pressure, and there is a significant
drop in yield between 14 and 47 Torr. However, the drop
in yield can be recovered by raising the electric field
strength.
[0079] These results indicate that the MALDI tech-
nique can be used at any desirable pressure, even out
of the range in which RF collisional multipoles can be
implemented. Collisional damping of the ions can be ac-
complished at least partially in the region with no RF field
adjacent to the sample target. The inventors believe that
similar dependence of pressure and electric field can be
observed in some other pulsed ion sources and these
ionization techniques can be also used with collisional
damping at higher pressures.

Claims

1. A mass spectrometer system (10) comprising:

an ion source (1; 11, 14, 15), for providing ana-
lyte ions;
a mass spectrometer (50);
an ion path (27) extending between the ion
source (1; 11, 14, 15) and the mass spectrom-
eter (50); and
an ion transmission device located in said ion
path (27) and having a damping gas in at least
a portion of the ion path (27); characterized in
that the ion source comprises a pulsed ion
source (1; 11, 14, 15), whereby ions are sub-
jected to collisional damping and there is effect-
ed conversion of pulses of ions from the ion

source into a quasi-continuous beam of ions
(102; 132);

wherein the mass spectrometer comprises an or-
thogonal time of flight mass spectrometer whereby
the quasi-continuous beam of ions (102; 132) enters
the orthogonal time of flight mass spectrometer and
is pulsed, to convert the quasi-continuous beam of
ions (102; 132) back into pulses of ions.

2. A mass spectrometer system (10) as claimed in
claim 1, wherein the damping gas has a pressure in
the range of from about 0.013 N/m2 (10-4 Torr) up to
about 1.013 X 105 N/m2 (760 Torr).

3. A mass spectrometer system (10) as claimed in
claim 1 or 2, wherein the damping gas is provided
adjacent the pulsed ion source (1; 11, 14, 15) and
has a pressure sufficient to effect reduction of the
energy spread of ions emitted from said ion source.

4. A mass spectrometer system (10) as claimed in
claim 1, 2 or 3, wherein the ion transmission device
includes an RF ion guide (3; 31, 32; 93) and the
damping gas is provided in the RF ion guide (3; 31,
32; 93).

5. A mass spectrometer system (10) as claimed in
claim 4, wherein the RF ion guide is an RF multipole
rod set (3; 31 32; 93) and wherein the product of the
pressure of the damping gas within the RF multipole
rod set (3; 31, 32; 93) times the length of the rods of
the RF multipole rod set (3; 31, 32; 93) is at least
1.33 N/m2-cm (10.0 mTorr-cm).

6. A mass spectrometer system as claimed in claim 4
or 5, wherein the RF ion guide and the damping gas
are provided adjacent the pulsed ion source.

7. A mass spectrometer system (10) as claimed in
claim 1, 2, 3, 4 or 6, which includes at least one of
an RF multipole rod set (3; 31, 32; 93) and a ring set,
with the ion path (27) extending through, and the
damping gas being provided in, at least one of the
RF multipole rod set (3; 31, 32; 93) and the RF ring
set, when present.

8. A mass spectrometer system as claimed in claim 1,
wherein the length of said portion of the ion path (27)
with the damping gas and the pressure of the damp-
ing gas are sufficient to convert pulses of ions into
said quasi-continuous beam of ions (102; 132).

9. A mass spectrometer system (10) as claimed in any
preceding claim, which includes a first differential
pressure chamber (136), with the pulsed ion source
(1; 11, 14, 15) being provided in the first differential
pressure chamber (136).
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10. A mass spectrometer system (10) as claimed in any
one of claims 1 to 8, which includes a first differential
pressure chamber (136), with the pulsed ion source
(1; 11, 14, 15) being provided in the first differential
pressure chamber (136), a second differential pres-
sure chamber (138) located between the first differ-
ential pressure chamber (136) and the mass spec-
trometer (50), and a skimmer (134) between the first
(136) and second (138) differential pressure cham-
bers for maintaining a pressure differential between
the first and second differential pressure chambers
(136; 138).

11. A mass spectrometer system (10) as claimed in
claim 9, wherein the first differential pressure cham-
ber (30, 104, 136) includes an RF multipole rod set
(3; 31, 32; 93) configured to act as an ion guide.

12. A mass spectrometer system (10) as claimed in
claim 10, wherein the second differential pressure
chamber (138) includes an RF multipole rod set (Q0)
configured to act as an ion guide.

13. A mass spectrometer system (10) as claimed in any
one of claims 1-7, which includes a mass analyzer
(31, Q1) and a collision cell (32; 114), provided be-
fore the mass spectrometer (50) and in the ion path
(27), the mass analyzer (31, Q1) including a
multipole rod set (31, Q1) configured to select a pre-
cursor ion, and the collision cell (32; 114) being pro-
vided with a damping gas in use, for causing frag-
mentation of selected precursor ions, to form frag-
ment ions for analysis in the mass spectrometer (50).

14. A mass spectrometer system (10) as claimed in
claim 13, wherein the collision cell (114) is provided
as a separate chamber from the mass analyzer (Q1).

15. A mass spectrometer system (10) as claimed in any
preceding claim, wherein the pulsed ion source (1;
11, 14, 15) comprises a surface (15) containing an-
alyte molecules and a pulsed laser (14) directed at
the surface (15), for providing laser pulses to cause
ionization of the analyte molecules.

16. A mass spectrometer system (10) as claimed in
claim 15, wherein said surface (15) contains a target
material composed of a matrix and analyte mole-
cules in the matrix, the matrix comprising a species
which absorbs radiation from the pulsed laser (14),
to promote desorption and ionization of the analyte
molecules.

17. A mass spectrometer system (10) as claimed in any
preceding claim, which additionally includes a con-
tinuous ion source (94a) and means for selecting
one of the continuous ion source (94a) and the
pulsed ion source (94b).

18. A mass spectrometer system (10) as claimed in
claim 17, which includes at least one of: a plurality
of pulsed ion sources (94b); and a plurality of con-
tinuous ion sources (94a), wherein the means for
selecting enables selection of any of the continuous
and pulsed ion sources.

19. A mass spectrometer system (10) as claimed in
claim 1, which includes selection means for effecting
mass selection of a precursor ion and a collision cell
for effecting collision induced dissociation of precur-
sor ions to form fragment ions, said selection means
and said collision cell being located in the ion path
(27) before the mass spectrometer (50).

20. A mass spectrometer system (10) as claimed in
claim 19, wherein the selection means comprises an
ion trap for effecting both mass selection of a pre-
cursor ion and collision induced dissociation.

21. A mass spectrometer system (10) as claimed in
claim 19, wherein collision induced dissociation is
effected by one of ultraviolet or infrared radiation or
by surface induced dissociation.

22. A mass spectrometer system (10) as claimed in any
one of the preceding claims, wherein there is also
effected at least one of:

a reduction in the energy spread of ions emitted
from said ion source;
at least partial suppression of unwanted frag-
mentation of analyte ions; and
spreading ions spatially and temporally along
the ion path.

23. A method of generating ions from an ion source and
delivering the ions along an ion path (27) extending
through an ion transmission device to a time of flight
mass spectrometer (50), for analysis, characterized
in that the method comprises the steps of:

(1) providing a pulsed ion source (1; 11, 14, 15)
as the ion source;
(2) generating pulses of ions from the pulsed ion
source (1; 11, 14, 15);
(3) providing the ion transmission device with a
damping gas in at least a portion of the ion path
(27), to effect collisional damping of ion motion
and to effect conversion of pulses of ions from
the ion source into a quasi-continuous beam of
ions (102; 132);
(4) arranging the ion path (27) orthogonally rel-
ative to the axis of the time of flight mass spec-
trometer (50);
(5) passing the quasi-continuous beam of ions
(102; 132) substantially continuously into the
time of flight mass spectrometer (50); and puls-
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ing the ions in the time of flight mass spectrom-
eter (50) to effect mass analysis.

24. A method as claimed in claim 23, wherein the gas is
provided at a pressure in a range of from approxi-
mately 0.013 N/m2 (10-4 Torr) up to about 1.013 x
105 N/m2 (760 Torr).

25. A method as claimed in claim 23 or 24, which com-
prises providing damping gas adjacent the ion
source (1; 11, 14, 15), and having a pressure suffi-
cient to effect a reduction in the energy spread of
ions emitted from said ion source (1; 11, 14, 15).

26. A method as claimed in claim 23, 24 or 25, wherein
the gas pressure is such that ions emitted from the
ion source (1; 11, 14, 15) are sufficiently damped, to
reduce substantially unwanted fragmentation of
ions.

27. A method as claimed in any one of claims 23 to 26,
which includes providing an RF ion guide (3; 31, 32;
93) along the ion path (27) and providing a gas pres-
sure in the RF ion guide.

28. A method as claimed in claim 27, wherein said RF
ion guide is an RF multipole rod set and said gas
pressure is such that the multiple of the length of the
RF ion guide (3; 31, 32; 93) times the gas pressure
is at least 1.33 N/m2-cm (10.0 mTorr-cm).

29. A method as claimed in any one of claims 23 to 28,
which includes passing the ions along the ion path
(27) through at least one of an RF multipole rod set
(3; 31, 32; 93) and an RF ring set.

30. A method as claimed in claim 23, which further com-
prises: providing the length of the said portion of the
ion path (27) provided with the damping gas and a
pressure for the damping gas such that the ion pulses
are converted into said quasi-continuous beam.

31. A method as claimed in any one of claims 23 to 30,
which includes providing a differential pressure re-
gion (104) extending from the ion source (1; 11, 14,
15) and including an RF ion guide comprising a
multipole rod set (3; 31, 32; 93), the method including
maintaining a desired pressure in the differential
pressure region (104), and operating the ion guide
to collect and guide ions along the ion path (27).

32. A method as claimed in claim 31, which includes:
providing a first differential pressure region (136) im-
mediately adjacent the ion source (130); providing
the ion guide (Q0) in a second differential pressure
region (138) adjacent the first differential pressure
region (136) and providing a skimmer (134) separat-
ing the first and second differential pressure regions

(136; 138); and causing ions generated by an ion
source (130) to travel along the ion path (132) from
the first differential pressure region (136) to the sec-
ond differential pressure region (138) by at least one
of gas flow and an electrostatic potential.

33. A method as claimed in any one of claims 23 to 29,
which includes providing a mass analyzer including
a multipole rod set (31, Q1) and a collision cell (32,
114) including a multipole rod set (32, Q2), the meth-
od including passing ions through the mass analyser
to select precursor ions, passing the precursor ions
into the collision cell (32, 114) to cause collision in-
duced dissociation, thereby forming fragment ions,
and subsequently passing the fragment ions into the
mass spectrometer (50) for mass analysis.

34. A method as claimed in claim 33, which includes
passing the ions from the collision cell (114) orthog-
onally into said time of flight device (50), and pulsing
ions in the time of flight device (50) to effect mass
analysis.

35. A method as claimed in claim 33, which includes
passing the ions through a further mass filter includ-
ing a quadrupole rod set for selecting a mass-to-
charge ratio for detection, and detecting the selected
ions.

36. A method as claimed in any one of claims 23 to 35,
which includes generating ions by providing a source
of analyte molecules and irradiating the source of
analyte molecules with a pulsed laser beam (20),
thereby generating pulses of ions.

37. A method as claimed in claim 23, 29 or 35, which
includes generating ions at the pulsed ion source by
providing a source of analyte molecules and irradi-
ating the source of analyte molecules with a pulsed
laser beam, thereby generating pulses of ions, and
injecting pulses of ions into the time-of-flight mass
spectrometer at a rate substantially greater than the
rate of generation of the laser pulses, whereby each
pulse of ions from the pulsed ion source provides a
plurality of injection pulses for the time-of-flight mass
spectrometer.

38. A method as claimed in claim 36 or 37, which in-
cludes providing the analyte molecules in a target
material (15; 50) comprising a matrix of a species
adapted to absorb radiation from the laser (14) and
the analyte molecules, the method comprising irra-
diating the matrix with the pulsed laser (14), whereby
the species absorbs laser radiation to cause desorp-
tion and ionization of the analyte molecules.

39. A method as claimed in any one of claims 23 to 38,
which includes further providing a continuous ion
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source (94a), and selecting one of the first-men-
tioned ion source (94b), for pulsed ions, and the con-
tinuous ion source (94a), to produce ions.

40. A method as claimed in claim 39, which includes
further providing at least one of: a plurality of pulsed
ion sources (94b); and a plurality of continuous ion
sources (94a), the method further comprising select-
ing any one of the continuous and pulsed ion sources
for providing ions.

41. A method as claimed in claim 23, which includes
prior to passing the ions into the mass spectrometer
(50), selecting a precursor ion and effecting collision
induced dissociation of the precursor ions to form
fragment ions, and subsequently passing the frag-
ment ions into the mass spectrometer (50) for mass
analysis.

42. A method as claimed in claim 41, which includes
effecting mass selection of a precursor ion and col-
lision induced dissociation in a single device.

43. A method as claimed in claim 41, which includes
effecting collision induced dissociation by one of ul-
traviolet or infrared radiation or by surface induced
dissociation.

44. A method as claimed in any one of claims 23 to 43,
wherein there is effected at least one of:

a reduction in the energy spread of ions emitted
from said ion source;
at least partial suppression of unwanted frag-
mentation of analyte ions; and
spreading ions spatially and temporally along
the ion path.

Patentansprüche

1. Massenspektrometer-System (10) umfassend:

eine Ionenquelle (1; 11, 14, 15) zum Bereitstel-
len von zu analysierenden Ionen;
einen Massenspektrometer (50),
eine Ionenbahn (27), die sich zwischen der Io-
nenquelle (1; 11, 14, 15) und dem Massenspek-
trometer (50) erstreckt, und
eine Ionentransmissionsvorrichtung, die in der
Ionenbahn (27) angeordnet ist und ein Dämp-
fungsgas in wenigstens einem Abschnitt der Io-
nenbahn (27) aufweist;

dadurch gekennzeichnet, dass die Ionenquelle ei-
ne gepulste Ionenquelle (1; 11, 14, 15) umfasst, wo-
bei die Ionen einer Kollisionsdämpfung unterworfen
sind und eine Umwandlung von Ionenpulsen aus der

Ionenquelle in einen quasi-kontinuierlichen Ionen-
strahl (102; 132) bewirkt wird;
wobei das Massenspektrometer ein orthogonales
Flugzeit-Massenspektrometer umfasst, bei dem der
quasi-kontinuierliche Ionenstrahl (102; 132) in das
orthogonale Flugzeit-Massenspektrometer eintritt
und gepulst ist, um den quasi-kontinuierlichen Io-
nenstrahl (102; 132) in Ionenpulse zurückzuwan-
deln.

2. Massenspektrometer-System (10) nach Anspruch
1, wobei das Dämpfungsgas einen Druck in einem
Bereich von etwa 0,013 N/m2 (10-4 Torr) bis zu etwa
1,013 3 105 N/m2 (760 Torr) aufweist.

3. Massenspektrometer-System (10) nach Anspruch 1
oder 2, wobei das Dämpfungsgas neben der gepuls-
ten Ionenquelle (1; 11, 14, 15) bereitgestellt ist und
einen Druck, der ausreicht, um eine Verminderung
der Energiestreuung von aus der Ionenquelle emit-
tierten Ionen zu bewirken, aufweist.

4. Massenspektrometer-System (10) nach Anspruch
1, 2 oder 3, wobei die Ionentransmissionsvorrich-
tung eine RF-Ionenleitvorrichtung (3; 31, 32; 93) ein-
schließt und das Dämpfungsgas in der RF-Ionenleit-
vorrichtung (3; 31, 32; 93) bereitgestellt ist.

5. Massenspektrometer-System (10) nach Anspruch
4, wobei die RF-Ionenleitvorrichtung ein RF-Multi-
pol-Stabsatz (3; 31, 32; 93) ist und wobei das Produkt
aus dem Druck des Dämpfungsgases innerhalb des
RF-Multipol-Stabsatzes (3; 31, 32, 93) mal der Län-
ge der Stäbe des RF-Multipol-Stabsatzes (3; 31, 32;
93) wenigstens 1,33 N/m2-cm (10,0 mTorr-cm) be-
trägt.

6. Massenspektrometer-System nach Anspruch 4 oder
5, wobei die RF-Ionenleitvorrichtung und das Dämp-
fungsgas neben der gepulsten Ionenquelle bereit-
gestellt sind.

7. Massenspektrometer-System (10) nach Anspruch
1, 2, 3, 4 oder 6, das wenigstens einen RF-Multipol-
Stabsatz (3; 31, 32; 93) und einen Ringsatz mit der
hindurchgehenden Ionenbahn (27) einschließt, und
wobei das Dämpfungsgas in wenigstens einem RF-
Multipol-Stabsatz (3; 31, 32; 93) und dem RF-Ring-
satz bereitgestellt ist, falls vorhanden.

8. Massenspektrometer-System nach Anspruch 1, wo-
bei die Länge des Abschnitts der Ionenbahn (27) mit
dem Dämpfungsgas und der Druck des Dämpfungs-
gases ausreichen, um Ionenpulse in einen quasi-
kontinuierlichen Ionenstrahl (102; 132) umzuwan-
deln.

9. Massenspektrometer-System (10) nach einem der
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vorstehenden Ansprüche, das eine erste Differenz-
druckkammer (136) einschließt, wobei die gepulste
Ionenquelle (1; 11, 14, 15) in der ersten Differenz-
druckkammer (136) bereitgestellt ist.

10. Massenspektrometer-System (10) nach einem der
Ansprüche 1 bis 8, umfassend eine erste Differenz-
druckkammer (136), wobei die gepulste Ionenquelle
(1; 11, 14, 15) in einer ersten Differenzdruckkammer
(136) bereitgestellt ist, eine zweite Diffenzdruckkam-
mer (138), die zwischen der ersten Differenzdruck-
kammer (136) und dem Massenspektrometer (50)
angeordnet ist, und einen Skimmer (134) zwischen
der ersten (136) und zweiten (138) Differenzdruck-
kammer zur Aufrechterhaltung einer Druckdifferenz
zwischen der ersten und zweiten Differenzdruck-
kammer (136; 138).

11. Massenspektrometer-System (10) nach Anspruch
9, wobei die erste Differenzdruckkammer (30, 104,
136) einen RF-Multipol-Stabsatz (3; 31, 32; 93), der
als lonenleitvorrichtung konfiguriert ist, einschließt.

12. Massenspektrometer-System (10) nach Anspruch
10, wobei die zweite Differenzdruckkammer (138)
einen RF-Multipol-Stabsatz (Q0), der als lonenleit-
vorrichtung konfiguriert ist, einschließt.

13. Massenspektrometer-System (10) nach einem der
Ansprüche 1 bis 7, umfassend einen Massenanaly-
sator (31, Q1) und eine Kollisionszelle (32; 114), die
vor dem Massenspektrometer (50) und in der Ionen-
bahn (27) bereitgestellt sind, wobei der Massenana-
lysator (31, Q1) einen Multipol- Stabsatz (31, Q1),
der zur Auswahl eines Vorläuferions konfiguriert ist,
einschließt, und in der Kollisionszelle (32; 114) ein
gebräuchliches Dämpfungsgas bereitgestellt ist, um
eine Fragmentierung von ausgewählten Vorläuferio-
nen zu bewirken, um Fragmentionen zur Analyse im
Massenspektrometer (50) zu bilden.

14. Massenspektrometer-System (10) nach Anspruch
13, wobei die Kollisionszelle (114) als eine vom Mas-
senanalysator (Q1) getrennte Kammer bereitgestellt
ist.

15. Massenspektrometer-System (10) nach einem der
vorstehenden Ansprüche, wobei die gepulste Ionen-
quelle (1; 11, 14, 15) eine Oberfläche (15), die zu
analysierende Moleküle enthält, und einen auf die
Oberfläche (15) gerichteten gepulsten Laser (14)
zum Bereitstellen von Laserpulsen umfasst, um eine
Ionisierung der zu analysierenden Moleküle zu be-
wirken.

16. Massenspektrometer-System (10) nach Anspruch
15, wobei die Oberfläche (15) ein Targetmaterial ent-
hält, das aus einer Matrix und zu analysierenden Mo-

lekülen in der Matrix zusammengesetzt ist, wobei
die Matrix eine Spezies, die Strahlung aus dem ge-
pulsten Laser (14) absorbiert, umfasst, um die De-
sorption und Ionisierung der zu analysierenden Mo-
leküle zu fördern.

17. Massenspektrometer-System (10) nach einem der
vorstehenden Ansprüche, das zusätzlich eine kon-
tinuierliche Ionenquelle (94a) und Mittel zum Aus-
wählen einer kontinuierlichen Ionenquelle (94a) oder
der gepulsten Ionenquelle (94b) einschließt.

18. Massenspektrometer-System (10) nach Anspruch
17, das wenigstens eines der Folgenden einschließt:
eine Vielzahl von gepulsten lonenquellen (94b) und
eine Vielzahl von kontinuierlichen lonenquellen
(94a), wobei das Mittel zum Auswählen die Auswahl
jeder der kontinuierlichen und gepulsten Ionenquel-
len ermöglicht.

19. Massenspektrometer-System (10) nach Anspruch
1, das ein Auswahlmittel zum Bewirken einer Mas-
senauswahl eines Vorläuferions und eine Kollisions-
zelle zum Bewirken einer Kollisions-induzierten Dis-
soziation von Vorläuferionen zur Bildung von Frag-
mentionen einschließt, wobei das Auswahlmittel und
die Kollisionszelle in der Ionenbahn (27) vor dem
Massenspektrometer (50) angeordnet sind.

20. Massenspektrometer-System (10) nach Anspruch
19, wobei das Auswahlmittel eine Ionenfalle zum Be-
wirken sowohl der Massenauswahl eines Vorläuferi-
ons als auch der Kollisions-induzierten Dissoziation
umfasst.

21. Massenspektrometer-System (10) nach Anspruch
19, wobei die Kollisions-induzierte Dissoziation
durch Ultraviolett- oder Infrarot-Strahlung oder durch
Oberflächeninduzierte Dissoziation bewirkt ist.

22. Massenspektrometer-System (10) nach einem der
vorstehenden Ansprüche, wobei auch wenigstens
eines der Folgenden bewirkt ist;
Verminderung der Energiestreuung von aus der Io-
nenquelle emittierten Ionen;
zumindest eine teilweise Unterdrückung von uner-
wünschter Fragmentierung von zu analysierenden
Ionen; und
räumliches und zeitliches Streuen von Ionen entlang
der Ionenbahn.

23. Verfahren zur Erzeugung von Ionen aus einer Ionen-
quelle und Abgeben der Ionen entlang einer Ionen-
bahn (27), die sich durch eine Ionentransmissions-
vorrichtung zu einem Flugzeit-Massenspektrometer
(50) erstreckt, zur Analyse,
dadurch gekennzeichnet, dass das Verfahren fol-
gende Schritte umfasst:
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(1) Bereitstellen einer gepulsten Ionenquelle (1;
11, 14, 15) als die Ionenquelle,
(2) Erzeugen von Ionenpulsen aus der gepuls-
ten Ionenquelle (1; 11, 14,15),
(3) Versorgen der Ionentransmissionsvorrich-
tung mit einem Dämpfungsgas in wenigstens ei-
nem Abschnitt der Ionenbahn (27), um eine Kol-
lisionsdämpfung der Ionenbewegung zu bewir-
ken und um eine Umwandlung von Ionenpulsen
aus der Ionenquelle in einen quasi-kontinuierli-
chen Ionenstrahl (102; 132) zu bewirken,
(4) Anordnen der Ionenbahn (27), orthogonal
zur Achse des Flugzeit-Massenspektrometers
(50);
(5) Passieren des quasi-kontinuierlichen Ionen-
strahls (102; 132) im Wesentlichen kontinuier-
lich in das Flugzeit-Massenspektrometer (50);
und Pulsen der Ionen im Flugzeit-Massenspek-
trometer (50), um eine Massenanalyse zu be-
wirken.

24. Verfahren nach Anspruch 23, wobei das Gas mit ei-
nem Druck in einem Bereich von etwa 0,013 N/m2

(10-4 Torr) bis zu etwa 1,013 3 105 N/m2 (760 Torr)
bereitgestellt wird.

25. Verfahren nach Anspruch 23 oder 24, das das Be-
reitstellen von Dämpfungsgas neben der Ionenquel-
le (1; 11, 14, 15) umfasst, welches einen Druck auf-
weist, der ausreicht, um eine Verminderung der En-
ergiestreuung von aus der Ionenquelle (1; 11, 14,
15) emittierten Ionen zu bewirken.

26. Verfahren nach Anspruch 23, 24 oder 25, wobei der
Gasdruck so ist, dass aus der Ionenquelle (1; 11,
14, 15) emittierte Ionen ausreichend gedämpft wer-
den, um eine wesentlich unerwünschte Fragmentie-
rung von Ionenzu vermindern.

27. Verfahren nach einem der Ansprüche 23 bis 26, das
das Bereitstellen einer RF-Ionenleitvorrichtung (3;
31, 32; 93) entlang der Ionenbahn (27) und das Be-
reitstellen eines Gasdrucks in der RF-Ionenleitvor-
richtung einschließt.

28. Verfahren nach Anspruch 27, wobei die RF-Ionen-
leitvorrichtung ein RF-Multipol-Stabsatz ist und der
Gasdruck so ist, dass das Vielfache der Länge der
RF-Ionenleitvorrichtung (3; 31, 32; 93) mal dem Gas-
druck wenigstens 1,33 N/m2-cm (10,0 mTorr-cm) be-
trägt.

29. Verfahren nach einem der Ansprüche 23 bis 28, das
das Passieren der Ionen entlang der Ionenbahn (27)
durch wenigstens einen RF-Multipol-Stabsatz (3; 31,
32; 93) und einen RF-Ringsatz einschließt.

30. Verfahren nach Anspruch 23, das weiter umfasst:

Bereitstellen der Länge des Abschnitts der lonen-
bahn (27), in dem das Dämpfungsgas und ein Druck
des Dämpfungsgases in einer Weise bereitgestellt
werden, dass die Ionenpulse in einen quasi-kontinu-
ierlichen Strahl umgewandelt werden.

31. Verfahren nach einem der Ansprüche 23 bis 30, das
das Bereitstellen eines Differenzdruck-Bereichs
(104), der sich von der Ionenquelle (1; 11, 14, 15)
aus erstreckt und Einschließen einer RF-Ionenleit-
vorrichtung, die einen Multipol-Stabsatz (3; 31, 32;
93) umfasst, einschließt, wobei das Verfahren ein
Aufrechterhalten eines gewünschten Drucks im Dif-
ferenzdruck-Bereich (104) und ein Betreiben der lo-
nenleitvorrichtung zum Sammeln und Leiten der Io-
nen entlang der Ionenbahn (27) einschließt.

32. Verfahren nach Anspruch 31, das einschließt: Be-
reitstellen eines ersten Differenzdruck-Bereichs
(136) unmittelbar neben der Ionenquelle (130), Be-
reitstellen der Ionenleitvorrichtung (Q0) in einem
zweiten Differenzdruck-Bereich (138) neben dem
ersten Differenzdruck-Bereich (136) und Bereitstel-
len eines Skimmers (134), der den ersten und den
zweiten Differenzdruck-Bereich (136; 138) trennt,
und Bewirken, dass von einer Ionenquelle (130) er-
zeugte Ionen entlang der Ionenbahn (132) von dem
ersten Differenzdruck-Bereich (136) zu dem zweiten
Differenzdruck-Bereich (138) mittels wenigstens ei-
nes Gasstroms und eines elektrostatischen Poten-
tials wandern.

33. Verfahren nach einem der Ansprüche 23 bis 29, das
das Bereitstellen eines Massenanalysators ein-
schließt, der einen Multipol-Stabsatz (31, Q1) und
eine Kollisionszelle (32, 114), die einen Multipol-
Stabsatz (32, Q2) einschließt, umfasst, , wobei das
Verfahren ein Passieren der Ionen durch den Mas-
senanalysator zum Auswählen von Vorläuferionen,
ein Passieren der Vorläuferionen in die Kollisions-
zelle (32, 114) zum Bewirken von Kollisions-indu-
zierter Dissoziation, wodurch Fragmentionen gebil-
det werden, und anschließend ein Passieren der
Fragmentionen in das Massenspektrometer (50) zur
Massenanalyse, einschließt.

34. Verfahren nach Anspruch 33, das das Passieren der
Ionen aus der Kollisionszelle (114) orthogonal in be-
sagte Flugzeitvorrichtung (50) und Pulsen der Ionen
in der Flugzeitvorrichtung (50), um eine Massena-
nalyse zu bewirken, einschließt.

35. Verfahren nach Anspruch 33, das das Passieren der
Ionen durch ein weiteres Massenfilter, das einen
Quadrupol-Stabsatz zum Auswählen eines Masse-
zu-Ladung-Verhältnisses zum Nachweis ein-
schließt, und Nachweisen der ausgewählten Ionen
umfasst.
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36. Verfahren nach einem der Ansprüche 23 bis 35, das
das Erzeugen von Ionen durch Bereitstellen einer
Quelle von zu analysierenden Molekülen und Be-
strahlen der Quelle von zu analysierenden Molekü-
len mit einem gepulsten Laserstrahl (20) einschließt,
wodurch Ionenpulse erzeugt werden.

37. Verfahren nach Anspruch 23, 29 oder 35, das das
Erzeugen von Ionen in der gepulsten Ionenquelle
durch Bereitstellen einer Quelle von zu analysieren-
den Molekülen und Bestrahlen der Quelle von zu
analysierenden Molekülen mit einem gepulsten La-
serstrahl, wodurch man Ionenpulse erzeugt, und In-
jizieren von Ionenpulsen in das Flugzeit-Massen-
spektrometer mit einer Rate, die wesentlich größer
als die der Erzeugungsrate der Laserpulse ist, ein-
schließt, wobei jeder Ionenpuls aus der gepulsten
Ionenquelle eine Vielzahl von Injektionspulsen für
das Flugzeit-Massenspektrometer bereitstellt.

38. Verfahren nach Anspruch 36 oder 37, das das Be-
reitstellen der zu analysierenden Moleküle in einem
Targetmaterial (15; 50), das eine Matrix einer Spe-
zies, die zur Absorption von Strahlung aus dem La-
ser (14) angepasst ist, und die zu analysierenden
Moleküle umfasst, einschließt, wobei das Verfahren
ein Bestrahlen der Matrix mit dem gepulsten Laser
(14) umfasst, wodurch die Spezies die Laserstrah-
lung absorbiert, um eine Desorption und Ionisierung
der zu analysierenden Moleküle zu bewirken.

39. Verfahren nach einem der Ansprüche 23 bis 38, das
ferner ein Bereitstellen einer kontinuierlichen Ionen-
quelle (94a) und Auswählen einer der vorerwähnten
Ionenquelle (94b) für gepulste Ionen und der konti-
nuierlichen Ionenquelle (94a) einschließt, um Ionen
zu erzeugen.

40. Verfahren nach Anspruch 39, das ferner ein Bereit-
stellen wenigstens eines der Folgenden einschließt:
eine Vielzahl von gepulsten Ionenquellen (94b) und
eine Vielzahl von kontinuierlichen Ionenquellen
(94a), wobei das Verfahren ferner ein Auswählen
einer der kontinuierlichen oder gepulsten Ionenquel-
len zum Bereitstellen von Ionen umfasst.

41. Verfahren nach Anspruch 23, das vor dem Passieren
der Ionen in das Massenspektrometer (50) ein Aus-
wählen eines Vorläuferions und das Bewirken von
Kollisions-induzierter Dissoziation der Vorläuferio-
nen zum Bilden von Fragmentionen und anschlie-
ßendem Passieren der Fragmentionen in das Mas-
senspektrometer (50) zur Massenanalyse ein-
schließt.

42. Verfahren nach Anspruch 41, das das Bewirken ei-
ner Massenauswahl eines Vorläuferions und das
Bewirken von Kollisions-induzierter Dissoziation in

einer einzigen Vorrichtung einschließt.

43. Verfahren nach Anspruch 41, das das Bewirken von
Kollisions-induzierter Dissoziation durch Ultravio-
lett- oder Infrarot-Strahlung oder durch Oberflächen-
induzierte Dissoziation einschließt.

44. Verfahren nach einem der Ansprüche 23 bis 43, wo-
bei wenigstens eines der Folgenden bewirkt wird:

Verminderung der Energiestreuung von aus der
Ionenquelle emittierten Ionen;
zumindest teilweises Unterdrücken von uner-
wünschter Fragmentierung von zu analysieren-
den Ionen; und
räumliches und zeitliches Streuen von Ionen
entlang der Ionenbahn.

Revendications

1. Système de spectromètre de masse (10)
comportant :

une source ionique (1 ; 11, 14, 15), pour délivrer
des ions d’analyte ;
un spectromètre de masse (50) ;
un trajet ionique (27) s’étendant entre la source
ionique (1 ; 11, 14, 15) et le spectromètre de
masse (50) ; et
un dispositif de transmission d’ions situé dans
ledit trajet ionique (27) et ayant un gaz d’amor-
tissement dans au moins une partie du trajet io-
nique (27) ; caractérisé en ce que la source
ionique comporte une source ionique pulsée (1 ;
11, 14, 15), de sorte que des ions sont soumis
à un amortissement par collision et qu’est effec-
tuée une conversion d’impulsions d’ions prove-
nant de la source ionique en un faisceau d’ions
quasi-continu (102 ; 132) ;

dans lequel le spectromètre de masse comporte un
spectromètre de masse à temps de vol orthogonal
de sorte que le faisceau d’ions quasi-continu (102 ;
132) entre dans le spectromètre de masse à temps
de vol orthogonal et est pulsé, pour convertir le fais-
ceau quasi-continu d’ions (102 ; 132) à nouveau en
impulsions d’ions.

2. Système de spectromètre de masse (10) selon la
revendication 1, dans lequel le gaz d’amortissement
a une pression dans la plage d’environ 0,013 N/m2

(10-4 Torr) à environ 1,013 3 105 N/m2 (760 Torr).

3. Système de spectromètre de masse (10) selon la
revendication 1 ou 2, dans lequel le gaz d’amortis-
sement est délivré adjacent à la source ionique pul-
sée (1 ; 11, 14, 15) et a une pression suffisante pour
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réaliser une réduction de l’étalement d’énergie
d’ions émis par ladite source ionique.

4. Système de spectromètre de masse (10) selon la
revendication 1, 2 ou 3, dans lequel le dispositif de
transmission d’ions comporte un guide d’ions RF (3 ;
31, 32; 93 et le gaz d’amortissement est délivré dans
le guide d’ions RF (3 ; 31, 32 ; 93).

5. Système de spectromètre de masse (10) selon la
revendication 4, dans lequel le guide d’ions RF est
un ensemble de tiges multipolaires RF (3 ; 31, 32 ;
93) et dans lequel le produit de la pression du gaz
d’amortissement dans l’ensemble de tiges multipo-
laires RF (3 ; 31, 32 ; 93) multipliée par la longueur
des tiges de l’ensemble de tiges multipolaires RF
(3 ; 31, 32 ; 93) est d’au moins 1,33 N/m2 - cm (10,0
mTorr - cm).

6. Système de spectromètre de masse selon la reven-
dication 4 ou 5, dans lequel le guide d’ions RF et le
gaz d’amortissement sont agencés de manière ad-
jacente à la source ionique pulsée.

7. Système de spectromètre de masse (10) selon la
revendication 1, 2, 3, 4 ou 6, qui comporte au moins
un ensemble parmi un ensemble de tiges multipo-
laires RF (3 ; 31, 32 ; 93) et un ensemble d’anneaux,
le trajet ionique (27) s’étendant à travers, et le gaz
d’amortissement étant agencé à l’intérieur, d’au
moins un ensemble parmi l’ensemble de tiges mul-
tipolaires RF (3 ; 31, 32 ; 93) et l’ensemble d’an-
neaux RF, lorsque présent.

8. Système de spectromètre de masse selon la reven-
dication 1, dans lequel la longueur de ladite partie
du trajet ionique (27) ayant le gaz d’amortissement
et la pression du gaz d’amortissement sont suffisan-
tes pour convertir des impulsions d’ions en faisceaux
d’ions quasi-continus (102 ; 132).

9. Système de spectromètre de masse (10) selon l’une
quelconque des revendications précédentes, qui
comporte une première chambre de pression diffé-
rentielle (136), la source ionique pulsée (1 ; 11, 14,
15) étant agencée dans la première chambre de
pression différentielle (136).

10. Système de spectromètre de masse (10) selon l’une
quelconque des revendications 1 à 8, qui comporte
une première chambre de pression différentielle
(136), la source ionique pulsée (1 ; 11, 14, 15) étant
agencée dans la première chambre de pression dif-
férentielle (136), une seconde chambre de pression
différentielle (138) située entre la première chambre
de pression différentielle (136) et le spectromètre de
masse (50), et un écumeur (134) entre les première
(136) et seconde (138) chambres de pression diffé-

rentielle pour maintenir une pression différentielle
entre les première et seconde chambres de pression
différentielle (136 ; 138).

11. Système de spectromètre de masse (10) selon la
revendication 9, dans lequel la première chambre
de pression différentielle (30, 104, 136) comporte un
ensemble de tiges multipolaires RF (3 ; 31, 32 ; 93)
configuré pour agir en tant que guide d’ions.

12. Système de spectromètre de masse (10) selon la
revendication 10, dans lequel la seconde chambre
de pression différentielle (138) comporte un ensem-
ble de tiges multipolaires RF (Q0) configuré pour agir
en tant que guide d’ions.

13. Système de spectromètre de masse (10) selon l’une
quelconque des revendications 1 à 7, qui comporte
un analyseur de masse (31, Q1) et une cellule de
collision (32 ; 114), agencés avant le spectromètre
de masse (50) et dans le trajet ionique (27), l’analy-
seur de masse (31, Q1) comportant un ensemble de
tiges multipolaires (31, Q1) configuré pour sélection-
ner un ion précurseur, et la cellule de collision (32 ;
114) étant munie d’un gaz d’amortissement en utili-
sation, pour provoquer une fragmentation d’ions pré-
curseurs sélectionnés, pour former des ions frag-
mentés pour une analyse dans le spectromètre de
masse (50).

14. Système de spectromètre de masse (10) selon la
revendication 13, dans lequel la cellule de collision
(114) est fournie sous forme d’une chambre séparée
de l’analyseur de masse (Q1).

15. Système de spectromètre de masse (10) selon l’une
quelconque des revendications précédentes, dans
lequel la source ionique pulsée (1 ; 11, 14, 15) com-
porte une surface (15) contenant des molécules
d’analyte et un laser pulsé (14) dirigé sur la surface
(15), pour délivrer des impulsions laser afin de pro-
voquer une ionisation des molécules d’analyte.

16. Système de spectromètre de masse (10) selon la
revendication 15, dans lequel ladite surface (15) con-
tient un matériau cible composé d’une matrice et de
molécules d’analyte dans la matrice, la matrice com-
portant une espèce qui absorbe un rayonnement
provenant du laser pulsé (14), pour favoriser la dé-
sorption et la ionisation des molécules d’analyte.

17. Système de spectromètre de masse (10) selon l’une
quelconque des revendications précédentes, qui
comporte de plus une source ionique continue (94a)
et des moyens pour sélectionner une source parmi
la source ionique continue (94a) et la source ionique
puisée (94b).
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18. Système de spectromètre de masse (10) selon la
revendication 17, qui comporte au moins une source
parmi une pluralité de sources ioniques pulsées
(94b) ; et une pluralité de sources ioniques continues
(94a), dans lequel les moyens de sélection permet-
tent la sélection de l’une quelconque des sources
ioniques continues et pulsées.

19. Système de spectromètre de masse (10) selon la
revendication 1, qui comporte des moyens de sélec-
tion pour effectuer une sélection de masse d’un ion
précurseur et une cellule de collision pour effectuer
une dissociation induite par collision d’ions précur-
seurs pour former des ions fragmentés, lesdits
moyens de sélection et ladite cellule de collision
étant situés dans le trajet ionique (27) avant le spec-
tromètre de masse (50).

20. Système de spectromètre de masse (10) selon la
revendication 19, dans lequel les moyens de sélec-
tion comportent un piège à ions pour effectuer à la
fois une sélection de masse d’un ion précurseur et
une dissociation induite par collision.

21. Système de spectromètre de masse (10) selon la
revendication 19, dans lequel la dissociation induite
par collision est effectuée par un rayonnement ultra-
violet ou un rayonnement infrarouge ou par une dis-
sociation induite par surface.

22. Système de spectromètre de masse (10) selon l’une
quelconque des revendications précédentes, dans
lequel on a également effectué au moins une étape
suivante :

une réduction de l’étalement d’énergie d’ions
émis par ladite source ionique ;
au moins une atténuation partielle d’une frag-
mentation non voulue d’ions à analyser ; et
un étalement d’ions spatialement et temporelle-
ment le long du trajet ionique.

23. Procédé pour générer des ions à partir d’une source
ionique et délivrer les ions le long d’un trajet ionique
(27) s’étendant à travers un dispositif de transmis-
sion d’ions dans un spectromètre de masse (50),
pour une analyse, caractérisé en ce que le procédé
comporte les étapes consistant à :

(1) fournir une source ionique pulsée (1 ; 11, 14,
15) en tant que source ionique ;
(2) générer des impulsions d’ions à partir de la
source ionique pulsée (1 ; 11, 14, 15) ;
(3) munir le dispositif de transmission d’ions d’un
gaz d’amortissement dans au moins une partie
du trajet ionique (27), pour effectuer un amor-
tissement par collision de mouvement d’ions et
pour effectuer une conversion d’impulsions

d’ions provenant de la source ionique en un fais-
ceau d’ions quasi continu (102 ; 132) ;
(4) agencer le trajet ionique (27) orthogonale-
ment à l’axe du spectromètre de masse à temps
de vol (50) ;
(5) faire passer le faisceau d’ions quasi continu
(102 ; 132) de manière sensiblement continue
dans le spectromètre de masse à temps de vol
(50) ; et délivrer des impulsions d’ions dans le
spectromètre de masse à temps de vol (50) pour
effectuer une analyse de masse.

24. Procédé selon la revendication 23, dans lequel le
gaz est délivré à une pression dans la plage d’ap-
proximativement 0,013 N/m2 (10-4 Torr) jusqu’à en-
viron 1,013 3 105 N/m2 (760 Torr).

25. Procédé selon la revendication 23 ou 24, qui com-
porte la fourniture d’un gaz d’amortissement adja-
cent à la source ionique (1 ; 11, 14, 15), et ayant une
pression suffisante pour effectuer une réduction de
l’étalement d’énergie d’ions émis par ladite source
ionique (1 ; 11, 14, 15).

26. Procédé selon la revendication 23, 24 ou 25, dans
lequel la pression gazeuse est telle que des ions
émis par la source ionique (1 ; 11, 14, 15) sont suf-
fisamment amortis, pour réduire essentiellement
une fragmentation non voulue d’ions.

27. Procédé selon l’une quelconque des revendications
23 à 26, qui comporte la fourniture d’un guide d’ions
RF (3 ; 31, 32 ; 93) le long du trajet ionique (27) et
l’application d’une pression gazeuse dans le guide
d’ions RF.

28. Procédé selon la revendication 27, dans lequel ledit
le guide d’ions RF est un ensemble de tiges multi-
polaires RF et ladite pression gazeuse est telle que
la multiplication de la longueur du guide d’ions RF
(3 ; 31, 32 ; 93) par la pression gazeuse est d’au
moins 1,33 N/m2 - cm (10,0 mTorr - cm).

29. Procédé selon l’une quelconque des revendications
23 à 28, qui comporte le passage des ions le long
du trajet ionique (27) à travers au moins un ensemble
parmi un ensemble de tiges multipolaires RF (3 ; 31,
32 ; 93) et un ensemble d’anneaux RF.

30. Procédé selon la revendication 23, qui comporte de
plus : la fourniture de la longueur de ladite partie du
trajet ionique (27) ayant le gaz d’amortissement et
une pression pour le gaz d’amortissement de sorte
que les impulsions ioniques sont converties en ledit
faisceau quasi continu.

31. Procédé selon l’une quelconque des revendications
23 à 30, qui inclut la fourniture d’une région de pres-
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sion différentielle (104) s’étendant depuis la source
ionique (1 ; 11, 14, 15) et comportant un guide d’ions
RF comportant un ensemble de tiges multipolaires
(3 ; 31, 32 ; 93), le procédé incluant le maintien d’une
pression voulue dans la région de pression différen-
tielle (104) et l’actionnement du guide d’ions pour
collecter et guider des ions le long du trajet ionique
(27).

32. Procédé selon la revendication 31, qui inclut : la four-
niture d’une première région de pression différentiel-
le (136) immédiatement adjacente à la source ioni-
que (130) ; la fourniture du guide d’ions (Q0) dans
une seconde région de pression différentielle (138)
adjacente à la première région de pression différen-
tielle (136) et la fourniture d’un écumeur (134) sépa-
rant les première et seconde régions de pression
différentielle (136 ; 138) ; et le fait d’amener des ions
générés par une source ionique (130) à se déplacer
le long du trajet ionique (132) depuis la première
région de pression différentielle (136) vers la secon-
de région de pression différentielle (138) par au
moins un parmi un écoulement gazeux et un poten-
tiel électrostatique.

33. Procédé selon l’une quelconque des revendications
23 à 29, qui inclut la fourniture d’un analyseur de
masse incluant un ensemble de tiges multipolaires
(31, Q1) et une cellule de collision (32, 114) incluant
un ensemble de tiges multipolaires (32, Q2), le pro-
cédé incluant le passage d’ions à travers l’analyseur
de masse pour sélectionner des ions précurseurs,
le passage des ions précurseurs dans la cellule de
collision (32, 114) pour provoquer une dissociation
induite par collision, de manière à former des ions
fragmentés, et le passage ultérieur des ions frag-
mentés dans le spectromètre de masse (50) pour
une analyse de masse.

34. Procédé selon la revendication 33, qui inclut le pas-
sage des ions à partir de la cellule de collision (114)
orthogonalement dans ledit dispositif à temps de vol
(50) et l’impulsion d’ions dans le dispositif à temps
de vol (50) pour effectuer une analyse de masse.

35. Procédé selon la revendication 33, qui inclut le pas-
sage des ions à travers un filtre de masse supplé-
mentaire incluant un ensemble de tiges quadrupo-
laires pour sélectionner un rapport masse-charge
pour une détection, et la détection des ions sélec-
tionnés.

36. Procédé selon l’une quelconque des revendications
23 à 35, qui inclut la génération d’ions en fournissant
une source de molécules d’analyte et l’irradiation de
la source de molécules d’analyte à l’aide d’un fais-
ceau laser pulsé (20) de manière à générer des im-
pulsions d’ions.

37. Procédé selon la revendication 23, 29 ou 35, qui in-
clut la génération d’ions à la source ionique pulsée
en fournissant une source de molécules d’analyte et
en irradiant la source de molécules d’analyte à l’aide
d’un faisceau laser pulsé, de manière à générer des
impulsions d’ions, et l’injection d’impulsions d’ions
dans le spectromètre de masse à temps de vol à une
vitesse sensiblement supérieure à la vitesse de gé-
nération des impulsions lasers, de sorte que chaque
impulsion d’ions provenant de la source ionique pul-
sée fournit une pluralité d’impulsions d’injection pour
le spectromètre de masse à temps de vol.

38. Procédé selon la revendication 36 ou 37, qui inclut
la fourniture des molécules à analyser dans un ma-
tériau cible (15 ; 50) comportant une matrice d’es-
pèce adaptée pour absorber un rayonnement pro-
venant du laser (14) et les molécules à analyser, le
procédé comportant l’irradiation de la matrice à l’aide
du laser pulsé (14), de sorte que l’espèce absorbe
un rayonnement laser pour provoquer une désorp-
tion et une ionisation des molécules à analyser.

39. Procédé selon l’une quelconque des revendications
23 à 38, qui inclut de plus la fourniture d’une source
ionique continue (94a) et la sélection d’une source
parmi la source ionique mentionnée en premier
(94b), pour des ions pulsés, et la source ionique con-
tinue (94a), pour produire des ions.

40. Procédé selon la revendication 39, qui inclut de plus
la fourniture d’au moins une source parmi une plu-
ralité de sources ioniques pulsées (94b) ; et une plu-
ralité de sources ioniques continues (94a), le procé-
dé comportant de plus la sélection de l’une quelcon-
que des sources ioniques continues et pulsées pour
délivrer des ions.

41. Procédé selon la revendication 23, qui inclut, avant
le passage des ions dans le spectromètre de masse
(50), la sélection d’un ion précurseur et la réalisation
d’une dissociation induite par collision des ions pré-
curseurs pour former des ions fragmentés, et le pas-
sage ultérieur des ions fragmentés dans le spectro-
mètre de masse (50) pour une analyse de masse.

42. Procédé selon la revendication 41, qui inclut la réa-
lisation d’une sélection de masse d’un ion précurseur
et d’une dissociation induite par collision dans un
dispositif unique.

43. Procédé selon la revendication 41, qui inclut la réa-
lisation d’une dissociation induite par collision par un
rayonnement ultraviolet ou un rayonnement infra-
rouge ou par une dissociation induite de surface.

44. Procédé selon l’une quelconque des revendications
23 à 43, dans lequel on a effectué au moins une
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étape suivante :

une réduction de l’étalement d’énergie des ions
émis par ladite source ionique ;
une atténuation au moins partielle de fragmen-
tation non voulue d’ions à analyser ; et
un étalement d’ions spatialement et temporelle-
ment le long du trajet ionique.

39 40 



EP 1 050 061 B2

23



EP 1 050 061 B2

24



EP 1 050 061 B2

25



EP 1 050 061 B2

26



EP 1 050 061 B2

27



EP 1 050 061 B2

28



EP 1 050 061 B2

29



EP 1 050 061 B2

30



EP 1 050 061 B2

31



EP 1 050 061 B2

32



EP 1 050 061 B2

33



EP 1 050 061 B2

34



EP 1 050 061 B2

35



EP 1 050 061 B2

36



EP 1 050 061 B2

37



EP 1 050 061 B2

38

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• DE 19511333 [0007]
• GB 2299446 A [0007]
• US 5373156 A [0008]

• US 5689111 A [0009]
• US 4963736 A [0032]

Non-patent literature cited in the description

• KRUTCHINSKY A.N. ; CHERNUSHEVICH I.V. ;
SPICER V.L. ; ENS W. ; STANDING K.G. Journal of
the American Society for Mass Spectrometry, 1998,
vol. 9, 569-579 [0002] [0058]

• A. SHEVCHENKO et al. Rapid Commun. Mass
Spectrom., 1997, vol. 11, 1015 [0029]

• KRUTCHINSKY A.N. ; LOBODA A.V. ; SPICER
V.L. ; DWORSCHAK R. ; ENS W. ; STANDING K.G.
Rapid Commun. Mass Spectrom, 1998, vol. 12,
508-518 [0058]


	bibliography
	description
	claims
	drawings
	cited references

