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(57) ABSTRACT 
A mass spectrometer is disclosed comprising a first ion trap 
or ion guide, a single ion mobility spectrometer or separator 
stage and a second ion trap or ion guide arranged down 
stream of the ion mobility spectrometer or separator. In a 
mode of operation ions from the second ion trap or ion guide 
are passed from the second ion trap or ion guide back 
upstream to the ion mobility spectrometer or separator. 
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MASS SPECTROMETER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/617,050 filed on Feb. 9, 2015, which 
is a continuation of U.S. patent application Ser. No. 12/092, 
601 filed on Aug. 20, 2008 which represents a National 
Stage of International Application No. PCT/GB2006/ 
004202 filed on Nov. 10, 2006 and claims the benefit of U.S. 
Provisional Patent Application Ser. No. 60/737,150 filed on 
Nov. 16, 2005 and United Kingdom Application No. 
0522933.1 filed on Nov. 10, 2005. The entire contents of 
these applications are incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a mass spectrom 
eter and a method of mass spectrometry. 
0003 Mass spectrometry is an established technique for 
identifying and quantifying molecules, including molecules 
of biological interest. It is a primary technique for identify 
ing proteins due to its unparalleled speed, sensitivity and 
specificity. Strategies for the analysis of proteins may 
involve either analysis of the intact protein or more com 
monly digestion of the protein using a specific protease that 
cleaves at predictable residues along the peptide backbone. 
This provides Smaller stretches of peptide sequence that are 
more amenable to analysis via mass spectrometry. 
0004. It is known to perform experiments which involve 
the separation of a complex digest mixture by liquid chro 
matography which is directly interfaced to a tandem mass 
spectrometer using Electrospray Ionisation (ESI). MS and 
MS/MS spectra may be collected throughout the chromato 
graphic separation and this information may be used to 
search databases directly for matching sequences leading to 
identification of the parent protein. 
0005. The known approach can be used to identify pro 
teins that are present at low endogenous concentrations. 
However, Such digest mixtures may contain many hundreds 
if not thousands of components many of which will co-elute 
from the chromatography column. Methods designed for 
analysis of digest mixtures aim to identify as many of the 
peaks as possible within the complex mixture. However, as 
sample complexity increases it becomes increasingly diffi 
cult to select each individual precursor or parent ion for 
Subsequent fragmentation. 
0006. One method of increasing the peak capacity is to 
fragment a large number of parent or precursor ions simul 
taneously and then to record their product or fragment ions. 
Product or fragment ions may be associated with parent or 
precursor ions according to the closeness of alignment of 
their LC elution times. Eventually, however, as the sample 
complexity increases this method may also fail. 
0007 Another approach to the problem of highly com 
plex mixtures is to improve the separation capability. Addi 
tion of a further orthogonal separation stage can be particu 
larly effective, especially if the time requirements for each 
separation process and for the mass spectrometer do not 
overlap. 
0008. One known method which may be used to separate 
ions prior to analysis by mass spectrometry is that of ion 
mobility spectrometry or gas phase electrophoresis. One 
form of an ion mobility spectrometer or separator comprises 
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a drift tube or cell wherein an axial electric field is main 
tained in the presence of a buffer gas. Higher mobility ions 
pass more quickly along the length of the ion mobility 
spectrometer or separator than lower mobility ions. As a 
result ions are separated according to their ion mobility. 
0009. A known ion mobility spectrometer or separator 
may operate at or around atmospheric pressure or under a 
partial vacuum at a pressure down to as low as about 0.01 
mbar. The known ion mobility spectrometer or separator 
operating under a partial vacuum comprises a plurality of 
electrodes having apertures. A DC voltage gradient is main 
tained along the length of the ion mobility spectrometer or 
separator and the electrodes are connected to an AC or RF 
Voltage Supply. This form of ion mobility spectrometer or 
separator is advantageous in that the AC or RF Voltage 
which is applied to the electrodes results in radial confine 
ment of the ions passing through the ion mobility spectrom 
eter or separator. Radial confinement of the ions results in 
higher ion transmission compared with an ion mobility 
spectrometer or separator which does not confine ions 
radially. 
0010. An ion mobility spectrometer or separator is known 
wherein ions are confined radially by an inhomogeneous RF 
field in an ion guide and ions are propelled forward by a 
potential hill or barrier that is progressively applied along 
the axis of the ion guide in the presence of a buffer gas. 
Appropriate selection of the amplitude and velocity of the 
potential hill or barrier which is translated along the length 
of the ion guide and the type and pressure of gas allows ions 
to slip selectively over the potential hill or barrier according 
to their ion mobility. This in turn allows ions having different 
ion mobilities to be transported at different velocities along 
the ion guide and thereby to become temporally separated. 
0011. The additional separation gained by the use of ion 
mobility separation (IMS) or gas phase electrophoresis 
increases the peak capacity of a mass spectrometer. This 
benefit is gained irrespective of whether or not other sepa 
ration techniques such as Liquid Chromatography (LC) are 
also used. Furthermore, the benefit gained by the use of ion 
mobility separation is equally relevant to tandem mass 
spectrometers (MS/MS) in which parent ions may be mass 
analysed and then selected parent ions may be induced to 
fragment by Collision Induced Decomposition and wherein 
the resulting fragment or daughter ions are then mass 
analysed. 
0012. It is desired to provide a mass spectrometer having 
an improved ability to separate ions according to their ion 
mobility. 

SUMMARY OF THE INVENTION 

0013. According to an aspect of the present invention 
there is provided a mass spectrometer comprising: 
0014 a first ion trap or ion guide comprising a plurality 
of electrodes; 
00.15 a device for separating ions according to their ion 
mobility or rate of change of ion mobility with electric field 
strength, the device being arranged downstream of the first 
ion trap or ion guide; and 
0016 a second ion trap or ion guide comprising a plu 
rality of electrodes arranged downstream of the device, 
wherein the second ion trap or ion guide is arranged and 
adapted in a mode of operation to pass or transmit ions from 
the second ion trap or ion guide to the device. 
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0017. According to the preferred embodiment the first ion 
trap or ion guide is preferably arranged and adapted in a 
mode of operation to receive ions which emerge from the 
device. The first ion trap or ion guide is preferably arranged 
and adapted in a mode of operation to receive ions which 
emerge from the device and to pass or transmit at least some 
of the ions, or at least Some fragment, daughter, product or 
adductions derived from the ions, from the first ion trap or 
ion guide to the device. 
0018. The first ion trap or ion guide may comprise a 
multipole rod set or a segmented multipole rod set ion trap 
or ion guide comprising a quadrupole rod set, a hexapole rod 
set, an octapole rod set or a rod set comprising more than 
eight rods. Alternatively, the first ion trap or ion guide may 
comprise an ion tunnel or ion funnel ion trap or ion guide 
comprising a plurality of electrodes or at least 2, 5, 10, 20, 
30, 40, 50, 60, 70, 80, 90 or 100 electrodes having apertures 
through which ions are transmitted in use, wherein at least 
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% 
of the electrodes have apertures which are of substantially 
the same size or area or which have apertures which become 
progressively larger and/or smaller in size or in area. 
According to another embodiment the first ion trap or ion 
guide may comprise a stack or array of planar, plate or mesh 
electrodes, wherein the stack or array of planar, plate or 
mesh electrodes comprises a plurality or at least 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 planar, 
plate or mesh electrodes and wherein at least 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%. 95% or 100% of the planar, 
plate or mesh electrodes are arranged generally in the plane 
in which ions travel in use. According to another embodi 
ment the first ion trap or ion guide may comprise an ion trap 
or ion guide comprising a plurality of groups of electrodes 
arranged axially along the length of the ion trap or ion guide, 
wherein each group of electrodes comprises: (a) a first and 
a second electrode and means for applying a DC voltage or 
potential to the first and second electrodes in order to confine 
ions in a first radial direction within the ion guide; and (b) 
a third and a fourth electrode and means for applying an AC 
or RF voltage to the third and fourth electrodes in order to 
confine ions in a second radial direction within the ion guide. 
The second radial direction is preferably orthogonal to the 
first radial direction. 

0019. According to the preferred embodiment the first ion 
trap or ion guide comprises an ion tunnel or ion funnel ion 
trap or ion guide wherein at least 5%, 10%, 15%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 95% or 100% of the electrodes have 
internal diameters or dimensions selected from the group 
consisting of: (i) is 1.0 mm; (ii) s2.0 mm; (iii) s3.0 mm; (iv) 
s4.0 mm; (v) s5.0 mm; (vi)sG.0 mm; (vii) is 7.0 mm; (viii) 
s8.0 mm; (ix) s9.0 mm; (x) s10.0 mm; and (xi) >10.0 mm. 
0020. The first ion trap or ion guide preferably further 
comprises first AC or RF Voltage means arranged and 
adapted to apply an AC or RF voltage to at least 5%, 10%, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% of the 
plurality of electrodes of the first ion trap or ion guide in 
order to confine ions radially within the first ion trap or ion 
guide. The first AC or RF voltage means is preferably 
arranged and adapted to apply an AC or RF voltage having 
an amplitude selected from the group consisting of: (i) <50 
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V peak to peak; (ii) 50-100 V peak to peak; (iii) 100-150 V 
peak to peak; (iv) 150-200 V peak to peak: (v) 200-250 V 
peak to peak: (vi) 250-300 V peak to peak: (vii) 300-350 V 
peak to peak: (viii) 350-400 V peak to peak; (ix) 400-450 V 
peak to peak; (x) 450-500 V peak to peak; and (xi) >500 V 
peak to peak. The first AC or RF voltage means is preferably 
arranged and adapted to apply an AC or RF voltage having 
a frequency selected from the group consisting of: (i) <100 
kHz; (ii) 100-200 kHz; (iii) 200-300 kHz; (iv) 300-400 kHz: 
(v) 400-500 kHz: (vi) 0.5-1.0 MHz: (vii) 1.0-1.5 MHz: (viii) 
1.5-2.0 MHz: (ix) 2.0-2.5 MHz; (x) 2.5-3.0 MHz; (xi) 
3.0-3.5 MHz; (xii) 3.5-4.0 MHz; (xiii) 4.0-4.5 MHz; (xiv) 
4.5-5.0 MHz; (xv) 5.0-5.5 MHz: (xvi) 5.5-6.0 MHz; (xvii) 
6.0-6.5 MHz: (xviii) 6.5-7.0 MHz; (xix) 7.0–7.5 MHz; (xx) 
7.5-8.0 MHz; (xxi) 8.0-8.5 MHz; (xxii) 8.5-9.0 MHz; (xxiii) 
9.0-9.5 MHz; (xxiv) 9.5-10.0 MHz; and (xxv) >10.0 MHz. 
0021. The first ion trap or ion guide is preferably 
arranged and adapted to receive a beam or group of ions and 
to convert or partition the beam or group of ions such that 
a plurality or at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19 or 20 separate packets of ions are 
confined and/or isolated in the first ion trap or ion guide at 
any particular time. Each packet of ions is preferably sepa 
rately confined and/or isolated in a separate real axial 
potential well formed within the first ion trap or ion guide. 
0022. The mass spectrometer preferably further com 
prises means arranged and adapted to urge at least Some ions 
upstream and/or downstream through or along at least 5%, 
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% of the 
axial length of the first ion trap or ion guide in a mode of 
operation. 
0023. According to the preferred embodiment first tran 
sient DC voltage means are provided which are arranged and 
adapted to apply one or more transient DC voltages or 
potentials or one or more transient DC voltage or potential 
waveforms to the electrodes forming the first ion trap or ion 
guide in order to urge at least some ions upstream and/or 
downstream along at least 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%. 95% or 100% of the axial length of the first ion 
trap or ion guide. 
0024. According to a less preferred embodiment AC or 
RF Voltage means may be provided and may be arranged and 
adapted to apply two or more phase-shifted AC or RF 
Voltages to electrodes forming the first ion trap or ion guide 
in order to urge at least some ions upstream and/or down 
stream along at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%. 95% or 100% of the axial length of the first ion trap 
or ion guide. 
0025. The mass spectrometer preferably comprises 
means arranged and adapted in a mode of operation to 
maintain at least a portion of the first ion trap or ion guide 
at a pressure selected from the group consisting of: (i) 
>0.0001 mbar; (ii) >0.001 mbar; (iii) >0.01 mbar; (iv) >0.1 
mbar; (v) >1 mbar; (vi) >10 mbar; (vii) > 1 mbar; (viii) 
0.0001-100 mbar; and (ix) 0.001-10 mbar. 
0026. According to an embodiment first acceleration 
means are preferably provided which are arranged and 
adapted to accelerate ions into the first ion trap or ion guide 
wherein in a mode of operation at least 5%, 10%, 15%, 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95% or 100% of the ions are caused 
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to fragment or react upon entering the first ion trap or ion 
guide. The first acceleration means preferably accelerates 
ions from the ion mobility spectrometer or separator into the 
first ion trap or ion guide. 
0027. A control system is preferably arranged and 
adapted to switch or repeatedly switch the potential differ 
ence through which ions pass prior to entering the first ion 
trap or ion guide between a relatively high fragmentation or 
reaction mode of operation wherein ions are substantially 
fragmented or reacted upon entering the first ion trap or ion 
guide and a relatively low fragmentation or reaction mode of 
operation wherein Substantially fewer ions are fragmented or 
reacted or wherein Substantially no ions are fragmented or 
reacted upon entering the first ion trap or ion guide. In the 
relatively high fragmentation or reaction mode of operation 
ions entering the first ion trap or ion guide are preferably 
accelerated through a potential difference selected from the 
group consisting of: (i) >10 V; (ii) >20 V; (iii) >30 V; (iv) 
>40 V: (v) >50 V: (vi) >60 V. (vii) >70 V: (viii) >80 V: (ix) 
>90 V: (x) >100 V. (xi) >110 V; (xii) >120 V: (xiii) >130 V: 
(xiv) >140 V: (XV) >150 V: (xvi) >160 V: (xvii) >170 V: 
(xviii) >180 V. (xix) >190 V; and (XX) >200 V. In the 
relatively low fragmentation or reaction mode of operation 
ions entering the first ion trap or ion guide are preferably 
accelerated through a potential difference selected from the 
group consisting of: (i) s20 V; (ii) is 15 V; (iii) is 10 V; (iv) 
s5V: and (v) sIV. 
0028. The device which is preferably arranged down 
stream of the first ion trap or ion guide preferably comprises 
an ion mobility spectrometer or separator which is prefer 
ably arranged to separate ions according to their ion mobil 
ity. The device preferably comprises a gas phase electro 
phoresis device. 
0029. The ion mobility spectrometer or separator is pref 
erably arranged to temporally separate ions according to 
their ion mobility which emerge from or which have been 
transmitted or received from the first ion trap or ion guide 
and/or the second ion trap or guide. 
0030 The ion mobility spectrometer or separator may 
comprise either: (i) a drift tube comprising one or more 
electrodes and means for maintaining an axial DC voltage 
gradient or a Substantially constant or linear axial DC 
voltage gradient along at least 5%, 10%, 15%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 95% or 100% of the axial length of the drift 
tube; (ii) a multipole rod set or a segmented multipole rod set 
comprising a quadrupole rod set, a hexapole rod set, an 
octapole rod set or a rod set comprising more than eight 
rods; (iii) an ion tunnel or ion funnel comprising a plurality 
of electrodes or at least 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 
90 or 100 electrodes having apertures through which ions 
are transmitted in use, wherein at least 5%, 10%, 15%, 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95% or 100% of the electrodes have 
apertures which are of Substantially the same size or area or 
which have apertures which become progressively larger 
and/or Smaller in size or in area; (iv) a stack or array of 
planar, plate or mesh electrodes, wherein the stack or array 
of planar, plate or mesh electrodes comprises a plurality or 
at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19 or 20 planar, plate or mesh electrodes wherein at least 
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% 
of the planar, plate or mesh electrodes are arranged generally 
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in the plane in which ions travel in use; or (v) a plurality of 
groups of electrodes arranged axially along the length of the 
ion trap or ion guide, wherein each group of electrodes 
comprises: (a) a first and a second electrode and means for 
applying a DC voltage or potential to the first and second 
electrodes in order to confine ions in a first radial direction 
within the device; and (b) a third and a fourth electrode and 
means for applying an AC or RF Voltage to the third and 
fourth electrodes in order to confine ions in a second radial 
direction (which is preferably orthogonal to the first radial 
direction) within the device. 
0031. According to the preferred embodiment the ion 
mobility spectrometer or separator preferably comprises an 
ion tunnel or ion funnel wherein at least 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95% or 100% of the electrodes 
have internal diameters or dimensions selected from the 
group consisting of: (i) is 1.0 mm; (ii) s2.0 mm; (iii) s3.0 
mm; (iv) sa.0 mm; (v) sis.0 mm; (vi) sG.0 mm; (vii) is 7.0 
mm (viii) s8.0 mm; (ix) s9.0 mm; (x) is 10.0 mm; and (xi) 
>10.0 mm. 
0032. The ion mobility spectrometer or separator prefer 
ably further comprises a second AC or RF voltage means 
arranged and adapted to apply an AC or RF voltage to at 
least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 
100% of the plurality of electrodes of the ion mobility 
spectrometer or separator in order to confine ions radially 
within the ion mobility spectrometer or separator. The 
second AC or RF voltage means is preferably arranged and 
adapted to apply an AC or RF voltage having an amplitude 
selected from the group consisting of: (i) <50 V peak to 
peak; (ii) 50-100 V peak to peak; (iii) 100-150 V peak to 
peak; (iv) 150-200 V peak to peak: (v) 200-250 V peak to 
peak: (vi) 250-300 V peak to peak: (vii) 300-350 V peak to 
peak; (viii) 350-400 V peak to peak: (ix) 400-450 V peak to 
peak; (x) 450-500 V peak to peak; and (xi) >500 V peak to 
peak. The second AC or RF voltage means is preferably 
arranged and adapted to apply an AC or RF voltage having 
a frequency selected from the group consisting of: (i) <100 
kHz; (ii) 100-200 kHz; (iii) 200-300 kHz; (iv) 300-400 kHz: 
(v) 400-500 kHz: (vi) 0.5-1.0 MHz: (vii) 1.0-1.5 MHz: (viii) 
1.5-2.0 MHz: (ix) 2.0-2.5 MHz; (x) 2.5-3.0 MHz; (xi) 
3.0-3.5 MHz; (xii) 3.5-4.0 MHz; (xiii) 4.0-4.5 MHz; (xiv) 
4.5-5.0 MHz; (xv) 5.0-5.5 MHz: (xvi) 5.5-6.0 MHz; (xvii) 
6.0-6.5 MHz: (xviii) 6.5-7.0 MHz; (xix) 7.0–7.5 MHz; (xx) 
7.5-8.0 MHz; (xxi) 8.0-8.5 MHz; (xxii) 8.5-9.0 MHz; (xxiii) 
9.0-9.5 MHz; (xxiv) 9.5-10.0 MHz; and (xxv) >10.0 MHz. 
0033 According to the preferred embodiment the ion 
mobility spectrometer or separator preferably comprises 
second transient DC voltage means arranged and adapted to 
apply one or more transient DC voltages or potentials or one 
or more transient DC voltage or potential waveforms to 
electrodes forming the ion mobility spectrometer or separa 
tor in order to urge at least Some ions upstream and/or 
downstream along at least 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%. 95% or 100% of the axial length of the ion 
mobility spectrometer or separator. 
0034. According to a less preferred embodiment the ion 
mobility spectrometer or separator may comprise AC or RF 
Voltage means arranged and adapted to apply two or more 
phase-shifted AC or RF voltages to electrodes forming the 
ion mobility spectrometer or separator in order to urge at 
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least some ions upstream and/or downstream along at least 
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% 
of the axial length of the ion mobility spectrometer or 
separator. 
0035. The mass spectrometer preferably comprises 
means arranged and adapted in a mode of operation to 
maintain at least a portion or substantially the whole of the 
ion mobility spectrometer or separator at a pressure selected 
from the group consisting of: (i) >0.001 mbar; (ii) >0.01 
mbar; (iii) >0.1 mbar; (iv) >1 mbar; (v) >10 mbar; (vi) >100 
mbar; (vii) 0.001-100 mbar; (viii) 0.01-10 mbar; and (ix) 
0.1-1 mbar. 

0036. According to a less preferred embodiment the 
device arranged downstream of the first ion trap or ion guide 
may comprise a Field Asymmetric Ion Mobility Spectrom 
eter (“FAIMS) device which is arranged to separate ions 
according to their rate of change of ion mobility with electric 
field strength. The Field Asymmetric Ion Mobility Spec 
trometer device may comprise at least a first electrode and 
a second electrode. Ions may be arranged to be received, in 
use, between the first and second electrodes. According to an 
embodiment the FAIMS device may further comprise means 
for applying: (i) an asymmetric periodic Voltage waveform 
to the first and/or second electrodes, wherein the asymmetric 
periodic Voltage waveform has a peak positive Voltage and 
a peak negative Voltage; and (ii) a DC compensation voltage 
to the first and/or second electrodes, wherein the DC com 
pensation voltage preferably acts to counterbalance or coun 
teract a force which would otherwise cause desired ions to 
drift towards the first and/or second electrodes. 

0037 According to an embodiment the second ion trap or 
ion guide may comprise either: (i) a multipole rod set or a 
segmented multipole rod set comprising a quadrupole rod 
set, a hexapole rod set, an octapole rod set or a rod set 
comprising more than eight rods; (ii) an ion tunnel or ion 
funnel comprises a plurality of electrodes or at least 2, 5, 10. 
20, 30, 40, 50, 60, 70, 80, 90 or 100 electrodes having 
apertures through which ions are transmitted in use, wherein 
at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 
100% of the electrodes have apertures which are of sub 
stantially the same size or area or which have apertures 
which become progressively larger and/or Smaller in size or 
in area; (iii) a stack or array of planar, plate or mesh 
electrodes, wherein the stack or array of planar, plate or 
mesh electrodes comprises a plurality or at least 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 planar, 
plate or mesh electrodes arranged generally in the plane in 
which ions travel in use, wherein at least 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%. 95% or 100% of the planar, 
plate or mesh electrodes are arranged generally in the plane 
in which ions travel in use; or (iv) an ion trap or ion guide 
comprising a plurality of groups of electrodes arranged 
axially along the length of the ion trap or ion guide, wherein 
each group of electrodes comprises: (a) a first and a second 
electrode and means for applying a DC voltage or potential 
to the first and second electrodes in order to confine ions in 
a first radial direction within the ion guide; and (b) a third 
and a fourth electrode and means for applying an AC or RF 
voltage to the third and fourth electrodes in order to confine 
ions in a second radial direction (which is preferably 
orthogonal to the first radial direction) within the ion guide. 
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0038 According to an embodiment the second ion trap or 
ion guide preferably comprises an ion tunnel or ion funnel 
wherein at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95% or 100% of the electrodes have internal diameters or 
dimensions selected from the group consisting of: (i) is 1.0 
mm; (ii) s2.0 mm; (iii) s3.0 mm; (iv) s4.0 mm; (v) s5.0 
mm (vi)sG.0 mm; (vii) is 7.0 mm; (viii) s8.0 mm; (ix) s9.0 
mm, (x) is 10.0 mm; and (xi) >10.0 mm. 
0039. The second ion trap or ion guide may further 
comprise third AC or RF Voltage means arranged and 
adapted to apply an AC or RF voltage to at least 5%, 10%, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% of the 
plurality of electrodes of the second ion trap or ion guide in 
order to confine ions radially within the second ion trap or 
ion guide. The third AC or RF voltage means is preferably 
arranged and adapted to apply an AC or RF voltage having 
an amplitude selected from the group consisting of: (i) <50 
V peak to peak; (ii) 50-100 V peak to peak; (iii) 100-150 V 
peak to peak; (iv) 150-200 V peak to peak: (v) 200-250 V 
peak to peak: (vi) 250-300 V peak to peak: (vii) 300-350 V 
peak to peak: (viii) 350-400 V peak to peak; (ix) 400-450 V 
peak to peak; (x) 450-500 V peak to peak; and (xi) >500 V 
peak to peak. The third AC or RF voltage means is prefer 
ably arranged and adapted to apply an AC or RF voltage 
having a frequency selected from the group consisting of: (i) 
<100 kHz; (ii) 100-200 kHz; (iii) 200-300 kHz; (iv) 300-400 
kHz, (v) 400-500 kHz: (vi) 0.5-1.0 MHz: (vii) 1.0-1.5 MHz: 
(viii) 1.5-2.0 MHz: (ix) 2.0-2.5 MHz: (x) 2.5-3.0 MHz; (xi) 
3.0-3.5 MHz; (xii) 3.5-4.0 MHz; (xiii) 4.0-4.5 MHz; (xiv) 
4.5-5.0 MHz; (xv) 5.0-5.5 MHz: (xvi) 5.5-6.0 MHz; (xvii) 
6.0-6.5 MHz: (xviii) 6.5-7.0 MHz; (xix) 7.0–7.5 MHz; (xx) 
7.5-8.0 MHz; (xxi) 8.0-8.5 MHz; (xxii) 8.5-9.0 MHz; (xxiii) 
9.0-9.5 MHz; (xxiv) 9.5-10.0 MHz; and (xxv) >10.0 MHz. 
0040. The second ion trap or ion guide is preferably 
arranged and adapted to receive a beam or group of ions and 
to convert or partition the beam or group of ions such that 
a plurality or at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19 or 20 separate packets of ions are 
confined and/or isolated in the second ion trap or ion guide 
at any particular time. Each packet of ions is preferably 
separately confined and/or isolated in a separate real axial 
potential well formed within the second ion trap or ion 
guide. 
0041 According to an embodiment the mass spectrom 
eter preferably comprises means arranged and adapted to 
urge at least some ions upstream and/or downstream through 
or along at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95% or 100% of the axial length of the second ion trap or ion 
guide in a mode of operation. 
0042. According to an embodiment the mass spectrom 
eter further comprises third transient DC voltage means 
arranged and adapted to apply one or more transient DC 
Voltages or potentials or one or more transient DC Voltage or 
potential waveforms to the electrodes forming the second 
ion trap or ion guide in order to urge at least Some ions 
upstream and/or downstream along at least 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95% or 100% of the axial 
length of the second ion trap or ion guide. 
0043. According to a less preferred embodiment the mass 
spectrometer may further comprise AC or RF voltage means 
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arranged and adapted to apply two or more phase-shifted AC 
or RF Voltages to electrodes forming the second ion trap or 
ion guide in order to urge at least some ions upstream and/or 
downstream along at least 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95% or 100% of the axial length of the second 
ion trap or ion guide. 
0044) The mass spectrometer preferably further com 
prises means arranged and adapted in a mode of operation to 
maintain at least a portion of the second ion trap or ion guide 
at a pressure selected from the group consisting of: (i) 
>0.0001 mbar; (ii) >0.001 mbar; (iii) >0.01 mbar; (iv) >0.1 
mbar, (v) >1 mbar; (vi) >10 mbar; (vii) >1 mbar; (viii) 
0.0001-100 mbar; and (ix) 0.001-10 mbar. 
0045. According to an embodiment the mass spectrom 
eter preferably further comprises second acceleration means 
arranged and adapted to accelerate ions into the second ion 
trap or ion guide wherein in a mode of operation at least 5%, 
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% of the 
ions are caused to fragment or react upon entering the 
second ion trap or ion guide. 
0046. The second acceleration means preferably acceler 
ates ions from the ion mobility spectrometer or separator 
into the second ion trap or ion guide. 
0047. The mass spectrometer preferably comprises a con 

trol system arranged and adapted to Switch or repeatedly 
switch the potential difference through which ions pass prior 
to entering the second ion trap or ion guide between a 
relatively high fragmentation or reaction mode of operation 
wherein ions are Substantially fragmented or reacted upon 
entering the second ion trap or ion guide and a relatively low 
fragmentation or reaction mode of operation wherein Sub 
stantially fewer ions are fragmented or reacted or wherein 
Substantially no ions are fragmented or reacted upon enter 
ing the second ion trap or ion guide. In the relatively high 
fragmentation or reaction mode of operation ions entering 
the second ion trap or ion guide are preferably accelerated 
through a potential difference selected from the group con 
sisting of: (i) >10 V; (ii) >20 V; (iii) >30 V; (iv) >40 V; (v) 
>50 V. (vi) >60 V: (vii) >70 V: (viii) >80 V: (ix) >90 V; (x) 
>100 V. (xi) >110 V: (xii) >120 V: (xiii) >130 V: (xiv) >140 
V; (xv) >150 V; (xvi) >160V; (xvii) >170 V: (xviii) >180 V: 
(xix) >190 V; and (XX) >200 V. In the relatively low 
fragmentation or reaction mode of operation ions entering 
the second ion trap or ion guide are preferably accelerated 
through a potential difference selected from the group con 
sisting of: (i) s20V; (ii) is 15 V; (iii) is 10 V; (iv) s5V: and (v) 
sIV. 
0048. According to an embodiment the mass spectrom 
eter preferably further comprises an ion gate or deflection 
system arranged upstream and/or downstream of the device 
arranged downstream of the first ion trap or ion guide. The 
ion gate or deflection system preferably attenuates ions 
exiting the device which have an undesired transit time 
through the device or an undesired ion mobility, mass to 
charge ratio or rate of change of ion mobility with electric 
field strength. 
0049. A first mass filter or mass analyser may be arranged 
upstream and/or downstream of the first ion trap or ion 
guide. The first mass filter or mass analyser is preferably 
selected from the group consisting of: (i) a quadrupole rod 
set mass filter or mass analyser, (ii) a Time of Flight mass 
filter or mass analyser, (iii) a Wein filter, and (iv) a magnetic 
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sector mass filter or mass analyser. In a mode of operation 
the first mass filter or mass analyser may be operated in a 
Substantially non-resolving or ion guiding mode of opera 
tion. In another mode of operation the first mass filter or 
mass analyser may be scanned or a mass to charge ratio 
transmission window of the first mass filter or mass analyser 
may be varied with time. 
0050. A second mass filter or mass analyser may be 
arranged upstream and/or downstream of the second ion trap 
or ion guide. The second mass filter or mass analyser is 
preferably selected from the group consisting of: (i) a 
quadrupole rod set mass filter or mass analyser, (ii) a Time 
of Flight mass filter or mass analyser; (iii) a Wein filter; and 
(iv) a magnetic sector mass filter or analyser. In a mode of 
operation the second mass filter or mass analyser may be 
operated in a Substantially non-resolving or ion guiding 
mode of operation. In another mode of operation the second 
mass filter or mass analyser is preferably scanned or a mass 
to charge ratio transmission window of the second mass 
filter or mass analyser is preferably varied with time. 
0051. According to an embodiment in a mode of opera 
tion the first mass filter or mass analyser and/or the second 
mass filter or mass analyser may be scanned or a mass to 
charge ratio transmission window of the first mass filter or 
mass analyser and/or the second mass filter or mass analyser 
may be varied with time preferably in synchronism with the 
operation of the device or the ion mobility or rate of change 
of ion mobility with electric field strength of ions emerging 
from and/or being transmitted to the device. 
0.052 According to an embodiment in a mode of opera 
tion the first mass filter or mass analyser is preferably 
scanned or a mass to charge ratio transmission window of 
the first mass filter or mass analyser is preferably varied with 
time in Synchronism with the operation of the second mass 
filter or mass analyser. 
0053. The mass spectrometer may comprise a collision, 
fragmentation or reaction device arranged and adapted to 
fragment ions by Collision Induced Dissociation (“CID). 
0054 According to a less preferred embodiment the mass 
spectrometer may comprise a collision, fragmentation or 
reaction device selected from the group consisting of: (i) a 
Surface Induced Dissociation (“SID) fragmentation device: 
(ii) an Electron Transfer Dissociation fragmentation device; 
(iii) an Electron Capture Dissociation fragmentation device; 
(iv) an Electron Collision or Impact Dissociation fragmen 
tation device; (v) a Photo Induced Dissociation (“PID') 
fragmentation device; (vi) a Laser Induced Dissociation 
fragmentation device; (vii) an infrared radiation induced 
dissociation device; (viii) an ultraviolet radiation induced 
dissociation device; (ix) a nozzle-skimmer interface frag 
mentation device; (X) an in-source fragmentation device; 
(xi) an ion-source Collision Induced Dissociation fragmen 
tation device; (xii) a thermal or temperature source frag 
mentation device; (xiii) an electric field induced fragmen 
tation device; (xiv) a magnetic field induced fragmentation 
device; (XV) an enzyme digestion or enzyme degradation 
fragmentation device; (Xvi) an ion-ion reaction fragmenta 
tion device; (Xvii) an ion-molecule reaction fragmentation 
device; (Xviii) an ion-atom reaction fragmentation device; 
(XiX) an ion-metastable ion reaction fragmentation device; 
(XX) an ion-metastable molecule reaction fragmentation 
device; (XXi) an ion-metastable atom reaction fragmentation 
device; (XXii) an ion-ion reaction device for reacting ions to 
form adduct or productions; (XXiii) an ion-molecule reaction 
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device for reacting ions to form adduct or product ions; 
(XXiv) an ion-atom reaction device for reacting ions to form 
adduct or productions; (XXV) an ion-metastable ion reaction 
device for reacting ions to form adduct or product ions; 
(XXvi) an ion-metastable molecule reaction device for react 
ing ions to form adduct or product ions; and (XXVii) an 
ion-metastable atom reaction device for reacting ions to 
form adduct or productions. 
0055 According to an embodiment the collision, frag 
mentation or reaction device preferably forms at least part of 
the first ion trap or ion guide and/or the device and/or the 
second ion trap or ion guide. According to an alternative 
embodiment the collision, fragmentation or reaction device 
may be arranged upstream and/or downstream of the first ion 
trap or ion guide and/or the device and/or the second ion trap 
or ion guide. 
0056. The mass spectrometer preferably comprises an ion 
Source. The ion source is preferably selected from the group 
consisting of: (i) an Electrospray ionisation (ESI) ion 
source; (ii) an Atmospheric Pressure Photo Ionisation 
(APPI) ion source; (iii) an Atmospheric Pressure Chemi 
cal Ionisation (APCI) ion source; (iv) a Matrix Assisted 
Laser Desorption Ionisation ("MALDI) ion source: (v) a 
Laser Desorption Ionisation (“LDI) ion source: (vi) an 
Atmospheric Pressure Ionisation (API) ion source: (vii) a 
Desorption Ionisation On Silicon (“DIOS) ion source: (viii) 
an Electron Impact (“EI) ion source: (ix) a Chemical 
Ionisation (“CI) ion source: (x) a Field Ionisation (“FI) ion 
source: (xi) a Field Desorption (“FD) ion source; (xii) an 
Inductively Coupled Plasma (“ICP) ion source; (xiii) a Fast 
Atom Bombardment (FAB) ion source; (xiv) a Liquid 
Secondary Ion Mass Spectrometry (“LSIMS) ion source: 
(XV) a Desorption Electrospray Ionisation (“DESI) ion 
source: (xvi) a Nickel-63 radioactive ion source: (xvii) an 
Atmospheric Pressure Matrix Assisted Laser Desorption 
Ionisation (AP-MALDI) ion source; and (xviii) a Ther 
mospray ion source. 
0057 The ion source may comprise a pulsed or continu 
ous ion Source. 
0058. The mass spectrometer preferably further com 
prises separation means for separating molecules from a 
mixture of other molecules prior to being ionised. The 
separation means is preferably selected from the group 
consisting of: (i) High Performance Liquid Chromatography 
(HPLC); (ii) anion exchange; (iii) anion exchange chro 
matography; (iv) cation exchange; (V) cation exchange chro 
matography; (vi) ion pair reversed-phase chromatography; 
(vii) chromatography: (vii) single dimensional electropho 
resis; (ix) multi-dimensional electrophoresis; (X) size exclu 
sion; (xi) affinity; (xii) reverse phase chromatography; (xiii) 
Capillary Electrophoresis Chromatography (“CEC); (xiv) 
electrophoresis; (XV) ion mobility separation; (xvi) Field 
Asymmetric Ion Mobility Separation (“FAIMS); and (xvi) 
capillary electrophoresis. 
0059. According to an embodiment the ion source is 
provided with an eluent over a period of time. The eluent is 
preferably separated from a mixture by means of liquid 
chromatography or capillary electrophoresis. According to a 
less preferred embodiment the ion source may be provided 
with an eluent over a period of time wherein the eluent has 
been separated from a mixture by means of gas chromatog 
raphy. 
0060. The mass spectrometer preferably further com 
prises a mass analyser. The mass analyser is preferably 
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arranged downstream of the second ion trap or ion guide. 
The mass analyser is preferably selected from the group 
consisting of: (i) a quadrupole mass analyser, (ii) a 2D or 
linear quadrupole mass analyser, (iii) a Paul or 3D quadru 
pole mass analyser; (iv) a Penning trap mass analyser, (v) an 
ion trap mass analyser, (vi) a magnetic sector mass analyser, 
(vii) Ion Cyclotron Resonance (“ICR) mass analyser (viii) 
a Fourier Transform Ion Cyclotron Resonance (“FTICR) 
mass analyser, (ix) an electrostatic or orbitrap mass analy 
ser; (x) a Fourier Transform electrostatic or orbitrap mass 
analyser, (xi) a Fourier Transform mass analyser, (xii) a 
Time of Flight mass analyser, (xiii) an orthogonal accelera 
tion Time of Flight mass analyser, (xiv) an axial acceleration 
Time of Flight mass analyser, and (XV) a quadrupole rod set 
mass filter or mass analyser. 
0061 According to an aspect of the present invention 
there is provided a method of mass spectrometry compris 
ing: 
0062 providing a first ion trap or ion guide: 
0063 separating ions according to their ion mobility or 
rate of change of ion mobility with electric field strength in 
a device, the device being arranged downstream of the first 
ion trap or ion guide; 
0064 providing a second ion trap or ion guide arranged 
downstream of the device; and 
0065 passing or transmitting ions from the second ion 
trap or ion guide to the device. 
0066. According to an aspect of the present invention 
there is provided a mass spectrometer comprising: 
0067 a device for separating ions according to their ion 
mobility or rate of change of ion mobility with electric field 
strength; 
0068 wherein in a mode of operation at a first time ions 
are passed in a first direction through the device and wherein 
at a second later time ions are passed in second direction 
through the device, wherein the second direction is different 
or opposed to the first direction. 
0069. According to an aspect of the present invention 
there is provided a method of mass spectrometry compris 
ing: 
0070 separating ions according to their ion mobility or 
rate of change of ion mobility with electric field strength in 
a device; and 
0071 passing ions at a first time in a first direction 
through the device and passing ions at a second later time in 
a second direction through the device, wherein the second 
direction is different or opposed to the first direction. 
0072 According to an aspect of the present invention 
there is provided a mass spectrometer comprising: 
0073 a device for separating ions according to their ion 
mobility or rate of change of ion mobility with electric field 
strength; 
0074 an ion trap or ion guide which is arranged to 
receive ions emerging from the device and which are being 
transmitted in a first direction; and 
0075 acceleration means arranged and adapted to cause 
ions emerging from the device to be fragmented or to react 
upon entering the ion trap or ion guide so that a plurality of 
fragment, daughter, product or adductions are formed; 
0076 wherein in a mode of operation at least some of the 
plurality of fragment, daughter, product or adductions are 
transmitted or passed from the ion trap or ion guide to the 
device in a second direction which is different from or 
opposed to the first direction. 
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0077 According to an aspect of the present invention 
there is provided a method of mass spectrometry compris 
ing: 
0078 separating ions according to their ion mobility or 
rate of change of ion mobility with electric field strength in 
a device; and 
0079 providing an ion trap or ion guide which is 
arranged to receive ions emerging from the device and 
which are being transmitted in a first direction; 
0080 accelerating ions emerging from the device so that 
the ions are fragmented or react upon entering the ion trap 
or ion guide so that a plurality of fragment, daughter, 
product or adductions are formed; and 
0081 transmitting or passing at least some of the plural 

ity of fragment, daughter, product or adductions from the 
ion trap or ion guide to the device in a second direction 
which is different from or opposed to the first direction. 
0082. According to another aspect of the present inven 
tion there is provided a mass spectrometer comprising: 
0083) a first ion trap or ion guide: 
0084 a device for separating ions according to their ion 
mobility or rate of change of ion mobility with electric field 
strength, the device being arranged downstream of the first 
ion trap or ion guide; 
0085 a second ion trap or ion guide arranged down 
stream of the first ion trap or guide; 
I0086 wherein in a mode of operation ions are passed 
from the first ion trap or ion guide to the device and onwards 
to the second ion trap or ion guide whereupon at least some 
of the ions or at least Some fragment, daughter, product or 
adductions derived from the ions are then passed from the 
second ion trap or ion guide to the device and onwards to the 
first ion trap or ion guide. 
0087. According to another aspect of the present inven 
tion there is provided a method of mass spectrometry 
comprising: 
0088 providing a first ion trap or ion guide: 
0089 providing a device for separating ions according to 
their ion mobility or rate of change of ion mobility with 
electric field strength, the device being arranged down 
stream of the first ion trap or ion guide; 
0090 providing a second ion trap or ion guide arranged 
downstream of the first ion trap or guide; and 
0091 passing ions from the first ion trap or ion guide to 
the device and onwards to the second ion trap or ion guide; 
and then 
0092 passing at least some of the ions or at least some 
fragment, daughter, product or adductions derived from the 
ions from the second ion trap or ion guide to the device and 
onwards to the first ion trap or ion guide. 
0093. According to the preferred embodiment a mass 
spectrometer is provided which comprises only a relatively 
few stages. However, the mass spectrometer is preferably 
nonetheless capable of performing relatively complex 
experiments which conventionally would require a mass 
spectrometer comprising a greater number of stages to 
perform. For example, a mass spectrometer according to an 
embodiment of the present invention comprising LC-IMS 
MS stages is preferably able to perform similar experiments 
to those which may be performed using a conventional mass 
spectrometer comprising LC-IMS-IMS-MS or LC-IMS 
CID-IMS-MS stages. 
0094. A mass spectrometer according to the preferred 
embodiment preferably comprising a single ion mobility 
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separation stage is preferably also able to perform particu 
larly complex experiments which would conventionally 
require a mass spectrometer comprising, for example, LC 
IMS-CID-IMS-CID-MS stages to perform wherein second 
generation fragment or daughter ions are produced and are 
Subsequently mass analysed. 
0.095 The conventional approach to designing a mass 
spectrometer has been to provide multiple ion mobility 
separation and ion fragmentation stages in series. Ions pass 
sequentially through multiple stages from one stage of the 
mass spectrometer to the next. The number of ion mobility 
separation and ion fragmentation stages which need to be 
provided is determined by the desired capability of the mass 
spectrometer. The conventional approach leads to a mass 
spectrometer comprising a large number of discrete stages 
and which is relatively lengthy and complex. The mass 
spectrometer design is relatively inflexible and the range of 
experiments that can be performed by Such a conventional 
mass spectrometer is limited by the number and arrangement 
of the various stages. A conventional mass spectrometer 
comprising a single ion fragmentation stage is not, for 
example, able to produce second generation fragment or 
daughter ions. In addition when only part of the capability 
of a mass spectrometer is utilised (e.g. an LC-IMS-MS 
analysis is required using a mass spectrometer comprising 
LC-IMS-CID-IMS-MS stages) then the extra stages are 
unnecessary and can compromise performance. For 
example, the elution profile of an ion species leaving a first 
ion mobility separation region may not be able to be 
measured directly since the ions may have to pass through 
an additional ion mobility separation region before reaching 
an ion detector. Conventional mass spectrometers compris 
ing numerous multiple stages in series also require a more 
complex calibration procedure and this can lead to less 
certainty in the results. 
0096. A mass spectrometer according to the preferred 
embodiment preferably enables a more compact and Sub 
stantially more flexible mass spectrometer to be provided. A 
particularly preferred aspect of the present invention is that 
ions in a mode of operation are passed back upstream at least 
once through a single ion mobility separation stage or 
section. 
0097. According to an embodiment a mass spectrometer 
is preferably provided comprising an ionisation source and 
an ion mobility spectrometer or separator comprising an RF 
ion guide wherein ions are confined near to the central axis. 
Ions are preferably propelled along the length of the ion 
mobility spectrometer or separator from one end to the other 
end in either direction. The mass spectrometer preferably 
further comprises an ion detector. 
0098. In a preferred embodiment ions are preferably 
propelled along the axis of the ion mobility spectrometer or 
separator first in one direction (e.g. downstream) and then 
preferably in the opposite or reverse direction (e.g. 
upstream). The ions are preferably separated according to 
their ion mobility in at least one pass through the length of 
the ion mobility spectrometer or separator. Each time ions 
are passed along or through the length of the ion mobility 
spectrometer or separator the ions may or may not be 
separated according to their ion mobility. 
0099. In one embodiment the ion mobility spectrometer 
or separator may comprise a drift tube comprising an RF ion 
guide wherein an axial DC voltage gradient is preferably 
maintained along the length of the ion guide. The direction 
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of the axial DC voltage gradient may preferably be reversed 
when it is desired to cause ions to separate according to their 
ion mobility in the reverse direction. 
0100. In another embodiment the ion mobility spectrom 
eter or separator may comprise an RF ion guide wherein one 
or more transient DC potentials or voltages or DC potential 
or voltage waveforms are applied to the electrodes of the ion 
guide. The one or more transient DC voltages or potentials 
or DC voltage or potential waveforms are preferably initially 
applied to the electrodes of the ion guide so that ions are 
urged in a first (e.g. downstream) direction. The one or more 
transient DC voltages or potentials or DC voltage or poten 
tial waveforms may then be applied to the electrodes of the 
ion guide so as to urge ions in a second opposite direction 
(e.g. upstream). 
0101. According to the preferred embodiment ions may 
be trapped in at least one region, ion trap or ion guide. For 
example, a first ion trap may be located upstream of an ion 
mobility spectrometer or separator. A second ion trap may be 
located downstream of the ion mobility spectrometer or 
separator. Ions are preferably accumulated and trapped in 
either the first ion trap and/or the second ion trap before the 
ions are then preferably released and passed through the ion 
mobility spectrometer or separator. In an embodiment ions 
are preferably trapped in the first ion trap or ion guide and/or 
the second ion trap or ion guide such that one or more groups 
of ions are spatially separated along the central axis of the 
ion trap and Such that the ions are fractionated or provided 
in separate packets of ions which preferably remain isolated 
from each other. One or more of the isolated packets of ions 
may then be retained within the ion trap whilst one or more 
other packets of ions may be discarded from the ion trap. 
0102. In one embodimentions are preferably fragmented. 
Ions may be fragmented in a region or ion trap arranged 
either upstream and/or downstream of the ion mobility 
spectrometer or separator. Ions may also be fragmented 
either before or after they have passed through the ion 
mobility spectrometer or separator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0103 Various embodiments of the present invention will 
now be described, by way of example only, and with 
reference to the accompanying drawings in which: 
0104 FIG. 1 shows an embodiment of the present inven 
tion wherein a first ion trap is provided upstream of an ion 
mobility spectrometer or separator and a second ion trap is 
provided downstream of the ion mobility spectrometer or 
separator to receive ions which emerge from the ion mobility 
spectrometer or separator; 
0105 FIG. 2 shows an ion mobility spectrum of a group 
of ions and their associated drift time through an ion 
mobility spectrometer or separator; 
0106 FIG. 3A shows the ion mobility spectrum as shown 
in FIG. 2 and indicates three drift time regions, FIG. 3B 
shows a mass spectrum of ions observed between drifts 
times O and time T1, FIG. 3C shows a mass spectrum of ions 
observed between drift times T1 and T2 and FIG. 3D shows 
a mass spectrum of ions observed Subsequent to drift time 
T2: 
0107 FIG. 4 shows an embodiment of the present inven 
tion wherein two additional electrode assemblies are pro 
vided and wherein the second ion trap or ion guide is located 
in a separate vacuum chamber, 
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(0.108 FIG. 5 illustrates a preferred mode of operation 
wherein parent or precursor ions are separated according to 
their ion mobility and are then fragmented upon entering a 
second downstream ion trap, and wherein selected groups of 
resulting fragment or daughter ions are passed upstream 
through the ion mobility spectrometer or separator to be 
trapped in a first ion trap, whereupon the fragment or 
daughter ions are then passed downstream through the ion 
mobility spectrometer or separator and are separated accord 
ing to their ion mobility; 
0109 FIG. 6 shows a further embodiment of the present 
invention wherein the first ion trap, the ion mobility spec 
trometer or separator and the second ion trap are each 
provided in separate vacuum chambers; and 
0110 FIG. 7 illustrates a preferred mode of operation 
wherein parent or precursor ions are separated according to 
their ion mobility and are then fragmented into first genera 
tion fragment ions upon entering a second downstream ion 
trap, and wherein a selected group of first generation frag 
ment ions is passed upstream through the ion mobility 
spectrometer or separator whereupon the first generation 
fragment ions are separated according to their ion mobility 
and wherein the first generation fragment ions are then 
fragmented into second generation fragment ions upon 
entering a first upstream ion trap. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0111 A preferred embodiment of the present invention 
will now be described with reference to FIG. 1. FIG. 1 shows 
a schematic arrangement of a mass spectrometer according 
to an embodiment of the present invention comprising anion 
Source 1 and a first ion trap 2 or means of collecting, storing 
and releasing ions 2 arranged downstream of the ion source 
1. An ion mobility spectrometer or separator 3 is preferably 
arranged downstream of the first ion trap 2. A second ion 
guide or ion trap 4 is preferably arranged downstream of the 
ion mobility spectrometer or separator 3. The second ion 
guide or ion trap 4 preferably comprises a second means of 
collecting, storing and releasing ions. A mass analyser 5 is 
preferably arranged downstream of the second ion or ion 
trap 4 and the ion mobility separator or spectrometer 3. 
0112 The ion source 1 may comprise a pulsed ion source 
Such as a Laser Desorption Ionisation (“LDI) ion source, a 
Matrix Assisted Laser Desorption/Ionisation ("MALDI) 
ion source or a Desorption/Ionisation on Silicon (“DIOS) 
ion source. Alternatively, the ion source 1 may comprise a 
continuous ion source 2 such as an Electrospray Ionisation 
(“ESI) ion source, an Atmospheric Pressure Chemical 
Ionisation (APCI) ion source, an Electron Impact (“EI”) 
ion source, an Atmospheric Pressure Photon Ionisation 
(“APPI) ion source, a Desorption Electrospray Ionisation 
("DESI) ion source, an Atmospheric Pressure MALDI 
(“AP-MALDI) ion source, a Chemical Ionisation (“CI) 
ion source, a Fast Atom Bombardment (FAB) ion source, 
a Liquid Secondary Ion Mass Spectrometry (“LSIMS) ion 
source, a Field Ionisation (“FI) ion source or a Field 
Desorption (“FD) ion source. Other continuous or pseudo 
continuous ion sources may also be used. 
0113. A differential pumping aperture 6 is preferably 
provided between the ion source 1 and the first ion trap or 
ion guide 2. A differential pumping aperture is also prefer 
ably provided between the second ion trap or ion guide 4 and 
the mass analyser 5. According to an embodiment the first 
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ion trap or ion guide 2, the ion mobility spectrometer or 
separator 3 and the second ion trap or ion guide 4 are 
provided in the same vacuum chamber. 
0114. A mass filter (not shown) such as a quadrupole rod 
set mass filter, a Wein filter, a Time of Flight mass analyser 
or a magnetic sector mass analyser may optionally be 
provided between the ion source 1 and the first ion trap or 
ion guide 2. The mass filter may be arranged in a mode of 
operation to select certain parent or precursor ions for 
onward transmission to the first ion trap or ion guide 2 and 
to attenuate other ions. 
0115 Ions are preferably collected and stored in the first 
ion trap or ion guide 2. The first ion trap or ion guide 2 is 
preferably maintained at a pressure between 10 mbar and 
100 mbar, further preferably between 10 and 10 mbar. The 
first ion trap or ion guide 2 preferably comprises an RF ion 
guide wherein ions are confined close to the central axis 
when undergoing collisions with background gas molecules. 
0116. The first ion trap or ion guide 2 preferably com 
prises a stacked ring or ion tunnel RF ion guide comprising 
a plurality of electrodes having apertures through which ions 
are preferably transmitted in use. Opposite phases of an AC 
or RF voltage are preferably applied to neighbouring or 
adjacent ring electrodes so that ions are preferably radially 
confined within the first ion trap or ion guide 2 by a radial 
pseudo-potential well. One or more transient DC potentials 
or Voltages or DC potential or Voltage waveforms are 
preferably applied or superimposed to the electrodes form 
ing the first ion trap or ion guide 2 so that in a mode of 
operation ions are preferably urged along the length of the 
first ion guide or ion trap 2. Ions are preferably trapped in 
discrete real axial potential wells which are preferably 
formed within the first ion guide or ion trap 2 and which are 
preferably translated or moved along the length of the first 
ion guide or ion trap 2. 
0117. According to another embodiment the first ion trap 
or ion guide may comprise a sandwich plate RF ion trap or 
ion guide comprising a plurality of electrodes arranged 
generally in the plane of ion transmission. AC or RF 
Voltages and optionally DC voltages may be applied to the 
electrodes of the ion trap or ion guide in order to confine ions 
radially within the ion trap or ion guide. 
0118. The first ion trap or ion guide 2 may alternatively 
comprise an ion funnel ion guide comprising a plurality of 
electrodes each having an aperture through which ions are 
transmitted in use. The diameter or size of the apertures of 
the electrodes preferably taper in one direction along the 
length of the ion funnel ion guide. 
0119. According to another embodiment the first ion 
guide or ion trap 2 may comprise a quadrupole, hexapole, 
octapole or higher order multipole rod set ion guide. The first 
ion trap or ion guide 2 may be segmented axially into a 
plurality of axial segments. 
0120. The first ion trap or ion guide 2 is preferably 
arranged to store ions received from the ion source 1 and to 
release ions in one or more pulses into the ion mobility 
spectrometer or separator 3 which is preferably arranged 
downstream of the first ion trap or ion guide 2. A plate or 
electrode may be provided (not shown) at the exit of the first 
ion trap or ion guide 2. The plate or electrode may be 
maintained at a potential Such that a potential barrier is 
preferably created which preferably prevents ions from 
exiting the first ion trap or ion guide 2. For positive ions the 
plate or exit electrode may be maintained at a potential of 
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approximately +10 V with respect to the DC potential at 
which the other electrodes forming the first ion trap or ion 
guide 2 are maintained in order to preventions from exiting 
the first ion guide or ion trap 2. If the potential on the plate 
or electrode at the exit of the first ion guide or ion trap 2 is 
momentarily lowered to 0 V, or less than 0 V, with respect 
to the potential at which the other electrodes forming the first 
ion trap or ion guide 2 are maintained, then ions will 
preferably be released from the first ion guide or ion trap 2 
in a pulse into or towards the ion mobility spectrometer or 
separator 3. 
I0121 According to an embodiment the first ion trap or 
ion guide 2 preferably comprises a plurality of electrodes 
wherein the apertures of the electrodes are preferably all the 
same size. In other embodiments at least 60%, 65%, 70%, 
75%, 80%, 85%, 90% or 95% of the electrodes may have 
apertures which are substantially the same size. Adjacent 
electrodes are preferably connected to opposite phases of an 
AC or RF supply so that a radial pseudo-potential well is 
created which acts to confine ions radially within the first ion 
trap or ion guide 2. 
0.122 One or more transient DC potentials or voltages or 
DC potential or voltage waveforms are preferably superim 
posed onto the electrodes forming the first ion trap or ion 
guide 2 in a mode of operation. The one or more transient 
DC voltages or potentials or DC potential or voltage wave 
forms are preferably applied to the electrodes of the first ion 
trap or ion guide 2 so that one or more real potential barriers 
are formed or created along the length of the first ion trap or 
ion guide 2. The one or more transient DC voltages or 
potentials or DC potential or voltage waveforms are pref 
erably progressively applied to a Succession of electrodes of 
the first ion trap or ion guide 2 Such that the one or more real 
potential barriers preferably move along or are translated 
along the axis of the first ion trap or ion guide 2. Ions may 
in a mode of operation be propelled or urged in a down 
stream direction towards the ion mobility spectrometer or 
separator 3 and the mass analyser 5. In another mode of 
operation ions may be urged in an opposite direction i.e. 
upstream towards the ion source 1. 
I0123. The first ion trap or ion guide 2 is preferably 
provided in a vacuum chamber that is preferably maintained, 
in use, at a pressure within the range 0.001-10 mbar. The gas 
pressure within the first ion trap or ion guide 2 is preferably 
Sufficient to impose collisional damping of ion motion but is 
preferably not sufficient so as to impose excessive Viscous 
drag upon the movement of ions. The amplitude and average 
velocity of the one or more potential barriers which are 
preferably translated along the length of the first ion trap or 
ion guide 2 in a mode of operation is preferably set Such that 
ions are preferably unable to slip over the one or more 
potential hills or barriers. Ions are therefore preferably 
transported ahead of each potential barrier which is trans 
lated along the length of the first ion trap or ion guide 2 
regardless of the mass, mass to charge ratio or ion mobility 
of the ion. 

0.124. The ion mobility spectrometer or separator 3 which 
is preferably provided downstream of the first ion guide or 
ion trap preferably comprises a device which in a mode of 
operation causes ions to become temporally separated 
according to their ion mobility. The ion mobility spectrom 
eter or separator 3 may comprise one of several different 
forms. 
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0.125. The ion mobility spectrometer or separator 3 may 
comprise a drift tube wherein a number of guard rings are 
distributed within the drift tube. The guard rings are pref 
erably interconnected by equivalent valued resistors and are 
preferably connected to a DC voltage source. A linear DC 
Voltage gradient is preferably generated or maintained along 
the length of the drift tube. According to this embodiment 
ions may not be confined radially within the ion mobility 
spectrometer or separator 3. 
0126. According to another embodiment the ion mobility 
spectrometer or separator 3 may comprise a plurality of ring, 
annular or plate electrodes. The electrodes preferably each 
have an aperture therein through which ions are preferably 
transmitted in use. The apertures are preferably all the same 
size and are preferably circular. In other embodiments at 
least 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% of the 
electrodes preferably have apertures that are substantially 
the same size or area. 
0127. The ion mobility spectrometer or separator 3 may 
comprise a plurality of electrodes arranged in a discrete 
vacuum chamber. The ion mobility spectrometer or separa 
tor 3 preferably has a length of between 100 mm and 200 
mm. The ion mobility spectrometer or separator 3 is pref 
erably provided in a vacuum chamber that is preferably 
maintained, in use, at a pressure within the range 0.1-10 
mbar. 
0128. Alternate electrodes forming the ion mobility spec 
trometer or separator 3 are preferably coupled to opposite 
phases of an AC or RF voltage supply so that ions are 
preferably confined radially within the ion mobility spec 
trometer or separator in a radial pseudo-potential well. The 
AC or RF voltage supply preferably has a frequency within 
the range 0.1-3.0 MHz, preferably 0.3-2.0 MHz, further 
preferably 0.5-1.5 MHz. 
0129. According to an embodiment the electrodes com 
prising the ion mobility spectrometer or separator 3 may be 
interconnected via resistors to a DC voltage Supply which 
may, for example, comprise a 400 V supply. The resistors 
interconnecting the electrodes forming the ion mobility 
spectrometer or separator 3 may be substantially equal in 
value so that a linear axial DC voltage gradient is preferably 
maintained along the length of the ion mobility spectrometer 
or separator 3. 
0130. According to an embodiment the DC voltage gra 
dient maintained along the length of the ion mobility spec 
trometer or separator 3 may have a linear, non-linear, 
continuous or stepped profile. The DC voltage gradient may 
according to an embodiment be arranged in a mode of 
operation so as to propel, drive, force or urge ions in a 
downstream direction towards the mass analyser 5. The 
direction of the DC voltage gradient may be switched, or 
reversed in use, so that ions may be urged in a mode of 
operation in the opposite direction e.g. in an upstream 
direction towards the ion source 1. The AC or RF voltage 
which is preferably applied to the electrodes forming the ion 
mobility spectrometer or separator 3 is preferably superim 
posed upon the DC voltage applied to the electrodes and 
preferably serves to cause ions to be confined radially within 
the ion mobility spectrometer or separator 3 within a radial 
pseudo-potential well. 
0131. According to a preferred embodiment the ion 
mobility spectrometer or separator 3 preferably comprises 
an ion guide comprising a plurality of electrodes each 
having an aperture through which ions are transmitted. One 
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or more transient DC voltages or potentials or one or more 
transient DC voltage or potential waveforms are preferably 
applied to the electrodes. The apertures of the electrodes 
forming the ion mobility spectrometer or separator 3 are 
preferably all the same size. In other embodiments at least 
60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% of the 
electrodes have apertures that are Substantially the same 
size. Adjacent electrodes are preferably connected to the 
opposite phases of an AC or RF Supply so that ions are 
confined radially within the ion mobility spectrometer or 
separator. 
0.132. The one or more transient DC voltages or poten 

tials or one or more transient DC voltage or potential 
waveforms which are preferably applied to the electrodes of 
the ion mobility spectrometer or separator 3 preferably cause 
one or more real potential hills or barriers to be created 
which are then preferably translated or moved along the axis 
of the ion mobility spectrometer or separator 3. The one or 
more transient DC voltages or potentials or DC voltage or 
potential waveforms are preferably progressively applied to 
a succession of electrodes of the ion mobility spectrometer 
or separator 3 in Such a way that one or more real potential 
hills or barriers preferably move along or are translated 
along the axis or length of the ion mobility spectrometer or 
separator 3. In a mode of operation ions are preferably 
driven or urged downstream towards the mass analyser 5. In 
another mode of operation ions are preferably driven or 
urged in a reverse direction upstream towards the ion Source 
1 

I0133. The ion mobility spectrometer or separator 3 is 
preferably provided in a vacuum chamber that is preferably 
maintained, in use, at a pressure within the range 0.1-10 
mbar. The presence of gas within the ion mobility spectrom 
eter or separator 3 preferably imposes a viscous drag upon 
the movement of ions. The amplitude and average Velocity 
of the one or more real potential hills or barriers which are 
preferably formed and translated along the length of the ion 
mobility spectrometer or separator 3 is preferably arranged 
to be such that some ions will slip over the one or more 
potential hills or barriers as they are translated along the 
length of the ion mobility spectrometer or separator 3. The 
lower the mobility of an ion the more likely it is that the ion 
will slip over a potential hill or barrier which is being 
translated along the length of the ion mobility spectrometer 
or separator 3. As a result ions having different ion mobili 
ties will preferably be transported at different velocities or 
rates along and through the length of the ion mobility 
spectrometer or separator 3 and will therefore preferably be 
separated according to their ion mobility. 
I0134. The typical drift times of ions through the preferred 
ion mobility spectrometer or separator 3 may be of the order 
of 2-50 ms. According to a preferred embodiment ions may 
take between 5 and 20 ms to pass through or along the length 
of the ion mobility spectrometer or separator 3. 
0.135 According to the preferred embodiment ions pref 
erably exit the ion mobility spectrometer or separator 3 and 
then preferably pass to or are received by a second ion trap 
or ion guide 4 which is preferably arranged downstream of 
the ion mobility spectrometer or separator 3. The second ion 
trap or ion guide 4 is preferably substantially similar to the 
first ion trap or ion guide 2 arranged upstream of the ion 
mobility spectrometer or separator 3. The second ion trap or 
ion guide 4 preferably comprises a stacked ring or ion tunnel 
RF ion guide comprising a plurality of electrodes having 
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apertures through which ions are transmitted in use. Oppo 
site phases of an AC or RF voltage are preferably applied to 
neighbouring electrodes of the second ion trap or ion guide 
4 so that ions are preferably confined radially within the 
second ion trap or ion guide 4 within a radial pseudo 
potential well. 
0136. One or more transient DC voltages or potentials or 
DC voltage or potential waveforms are preferably applied to 
the electrodes of the second ion trap or ion guide 4 in order 
to urge ions along the length of the second ion guide or ion 
trap 4. Ions are preferably trapped in discrete real axial 
potential wells within the second ion trap or ion guide 4. In 
a mode of operation the real axial potential wells may be 
translated in a downstream direction towards the mass 
analyser 5. In another mode of operation the real axial 
potential wells formed within the second ion trap or ion 
guide 4 may be translated in a reverse direction so that ions 
are preferably translated in an upstream direction and pass to 
the ion mobility spectrometer or separator 3. In this mode of 
operation the ion mobility spectrometer or separator then 
preferably passes the ions back further upstream to the first 
ion guide or ion trap 2. 
0.137 According to a less preferred embodiment the 
second ion trap or ion guide 4 may comprise an alternative 
form of ion guide Such as an AC or RF ion guide or ion trap 
comprising a plurality of planar, plate or mesh electrodes 
arranged generally in the plane of ion travel. AC or RF 
Voltages and optionally DC voltages may be applied to the 
electrodes of the ion guide or ion trap in order to confine ions 
radially within the ion trap or ion guide. 
0.138. Other embodiments are contemplated wherein the 
second ion trap or ion guide 4 may comprise an ion funnel 
ion guide comprising a plurality of electrodes having aper 
tures. The diameter or size of the apertures preferably tapers 
in size along the length of the ion trap or ion guide. 
0.139. According to another embodiment the second ion 
trap or ion guide 4 may comprise a quadrupole, hexapole, 
octapole or other higher order multipole rod set ion guide. 
The second ion trap or ion guide 4 may be axially segmented 
into a plurality of axial segments. 
0140. The apertures of the electrodes forming the second 
ion trap or ion guide 4 are preferably all the same size. In 
other embodiments at least 60%, 65%, 70%, 75%, 80%, 
85%, 90% or 95% of the electrodes have apertures which are 
Substantially the same size. The second ion trap or ion guide 
4 is preferably provided in a vacuum chamber that is 
preferably maintained, in use, at a pressure within the range 
0.001-10 mbar. 
0141. The second ion trap or ion guide 4 may, in a mode 
of operation, be arranged to store ions and may then release 
ions in pulses or packets. A plate or electrode (not shown) 
may be arranged at the exit of the second ion trap or ion 
guide 4. The plate or electrode may be maintained at a 
potential such that a potential barrier is preferably created 
which substantially prevents ions from exiting the second 
ion trap or ion guide 4. If the potential on the plate or 
electrode at the exit of the second ion trap or ion guide 4 is 
momentarily lowered then ions may be released in a pulse 
from the second ion trap or ion guide 4. 
0142. According to the preferred embodiment a mass 
analyser 5 is preferably arranged downstream of the second 
ion guide or ion trap 4. The mass analyser 5 preferably 
comprises an orthogonal acceleration Time of Flight mass 
analyser. Alternatively, the mass analyser 5 may comprise an 

Jun. 29, 2017 

axial acceleration Time of Flight mass analyser, a quadru 
pole rod set mass filter or mass analyser, a 3D quadrupole 
ion trap, a linear quadrupole ion trap, a magnetic sector mass 
analyser, an Ion Cyclotron Resonance mass analyser or an 
orbitrap mass analyser. The mass analyser 5 may also 
comprise variations of the aforementioned types of mass 
analyser which employ Fourier Transforms of mass depen 
dant resonance frequencies and any combination thereof. 
0.143 According to an embodiment of the present inven 
tion ions are preferably produced in the ion source 1 
upstream of the first trap or ion guide 2. The ions are then 
preferably accumulated and stored in the first ion trap or ion 
guide 2. A group of ions is then preferably periodically 
released from the first ion trap or ion guide 2 and the ions 
preferably pass into the ion mobility spectrometer or sepa 
rator 3. The ion mobility spectrometer or separator 3 is 
preferably arranged to receive the group of ions and pref 
erably separates the ions according to their ion mobility. The 
ions preferably progress along the central axis of the ion 
mobility spectrometer or separator 3 and are temporally 
separated according to their ion mobility. 
014.4 FIG. 2 shows an ion mobility spectrum of a number 
of fragment ions which resulted from the fragmentation of 
the doubly protonated ion (M+2H) having a mass to charge 
ratio 785.8 and which was derived from the peptide Glu 
Fibrinopeptide B. As can be seen from FIG. 2, ions having 
relatively low mass to charge ratios take a relatively short 
period time to drift or pass along or through the ion mobility 
spectrometer or separator 3 whereas ions having a relatively 
high mass to charge ratio take a Substantially longer time to 
drift or pass along or through the ion mobility spectrometer 
or separator 3. 
0145 The ions exiting the ion mobility spectrometer or 
separator 3 are preferably received by or into the second ion 
trap or ion guide 4. The second ion trap or ion guide 4 is 
preferably arranged to collect and isolate one or more 
components, fractions or packets of ions which have been 
separated by the ion mobility spectrometer or separator 3 
and which preferably emerge from the ion mobility spec 
trometer or separator 3 at different times. The second ion 
trap or ion guide 4 preferably comprises an ion guide 
comprising a plurality of electrodes having apertures and 
wherein one or more transient DC voltages or potentials or 
DC voltage or potential waveforms is applied to the elec 
trodes in a mode of operation. The one or more transient DC 
Voltages or potentials or DC voltage or potential waveforms 
applied to the electrodes of the second ion trap or ion guide 
4 is preferably synchronised with the release of ions from the 
first ion trap or ion guide 2. Preferably, some or all of the 
ions that have been separated by the ion mobility spectrom 
eter or separator 3 according to their ion mobility are 
received by the second ion trap or guide 4 and separate 
packets of ions are preferably trapped within separate por 
tions, sections or axial trapping regions formed within the 
second ion trap or ion guide 4. For example, ions that arrive 
at the second ion trap or ion guide 4 before a certain first drift 
time T1 may be arranged to be collected or trapped within 
a first series of real axial potential wells formed or created 
within the second ion trap or ion guide 4. Ions that arrive at 
the second ion trap or ion guide 4 after the first drift time T1 
and before a second later drift time T2 may be arranged to 
be collected or trapped within a second different series of 
real axial potential wells formed or created within the 
second ion trap or ion guide 4. Ions that arrive at the second 
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ion trap or ion guide 4 after the second drift time T2 may be 
arranged to be collected or trapped within a third yet further 
different series of real axial potential wells formed or created 
within the second ion trap or ion guide 4. 
0146 FIGS. 3A-3D illustrate the different components, 
fractions or packets of ions which emerge from the ion 
mobility spectrometer or separator 3 at different times. FIG. 
3A shows an ion spectrum of the various different fragment 
ions as illustrated in FIG. 2 and indicates two drift times T1 
and T2. FIG. 3B shows a mass spectrum of ions which 
emerge from the ion mobility spectrometer or separator 3 
between drift times 0 and T1 and which have relatively low 
mass to charge ratios. FIG. 3C shows a mass spectrum of 
ions which emerge from the ion mobility spectrometer or 
separator 3 between drift times T1 and T2 and which have 
intermediate mass to charge ratios. FIG. 3D shows a mass 
spectrum of ions which emerge from the ion mobility 
spectrometer or separator 3 subsequent to drift time T2 and 
which have relatively high mass to charge ratios. It will be 
appreciated that ions of interest having a specific drift time 
through the ion mobility spectrometer or separator 3 are 
preferably arranged to be collected and trapped in one or 
more specific real axial potential well(s) formed or created 
within the second ion trap or ion guide 4. The ions are 
preferably isolated from other ions which have different drift 
times through the ion mobility spectrometer or separator 3. 
0147 Once ions have been received and trapped within a 
series of separate real axial potential wells formed or created 
within the second ion trap or ion guide 4, the transient DC 
voltages or potentials which are preferably applied to the 
electrodes of the ion mobility spectrometer or separator 3 
may then be applied in the opposite direction so as to urge 
ions in the opposite direction i.e. the real axial potential 
wells may be translated in an upstream direction back 
towards the ion source 1. The axial potential wells formed 
within the second ion trap or ion guide 4 are preferably also 
translated in the opposite direction i.e. in a direction back 
towards the ion source 1. 

0148. According to an embodimentions trapped in one or 
more axial potential wells within the second ion trap or ion 
guide 4 which are not of potential interest may be discarded 
by, for example, temporarily removing the AC or RF voltage 
applied to the electrodes adjacent the one or more axial 
potential wells in question so that the ions within these one 
or more axial potential wells are now no longer confined 
radially. The ions are therefore allowed to disperse and are 
effectively lost. Alternatively, ions which are not of interest 
may be allowed to pass back into the ion mobility spec 
trometer or separator 3 but may then be discarded within the 
ion mobility spectrometer or separator 3. Ions may be 
discarded within the ion mobility spectrometer or separator 
3 by temporarily removing the AC or RF voltage applied to 
some of the electrodes of the ion mobility spectrometer or 
separator 3 or a section of the ion mobility spectrometer or 
separator 3 so that ions which are not of interest are no 
longer confined radially within the ion mobility spectrom 
eter or separator 3. These ions are then allowed to disperse 
and are effectively lost. Other alternative means by which 
the ions may be discarded either within the ion mobility 
spectrometer or separator 3 and/or the first ion trap or ion 
guide 2 and/or the second ion trap or ion guide 4 are also 
contemplated. 
0149 According to an embodiment a first group of ions 
which are of potential interest and which are trapped in an 
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axial potential well within the second ion trap or ion guide 
4 are preferably released from the second ion trap or ion 
guide 4 in an upstream direction towards the ion mobility 
spectrometer or separator 3. The ions are preferably 
arranged to pass through the ion mobility spectrometer or 
separator 3 which in a mode of operation may be arranged 
to operate in anion guide only mode of operation so that ions 
are onwardly transmitted through the ion mobility spectrom 
eter or separator 3 without being separated according to their 
ion mobility. Once the ions have passed through the ion 
mobility spectrometer or separator 3 the ions are then 
preferably collected or trapped in one or more real axial 
potential wells which are preferably formed or created 
within the first ion trap or ion guide 2. A second group of 
ions trapped in the next axial potential well within the 
second ion trap or ion guide 4 may then preferably be 
released from the second ion trap or ion guide and this group 
of ions may then preferably be arranged to pass in an 
upstream direction into the ion mobility spectrometer or 
separator 3. The second group of ions may then also 
preferably be arranged to pass through the ion mobility 
spectrometer or separator 3 without being separated accord 
ing to their ion mobility. The second group of ions is then 
preferably collected and trapped in one or more separate real 
axial potential wells formed or created within the first ion 
trap or ion guide 2. The process may be repeated multiple 
times so that multiple packets of ions are preferably trans 
ferred from the second ion trap or ion guide to the first ion 
trap or ion guide 2 via the ion mobility spectrometer or 
separator 3. Packets of ions may then preferably be released 
in turn from the first ion trap or ion guide 2 such that ions 
preferably pass back through the ion mobility spectrometer 
or separator 3 and are preferably further separated according 
to their ion mobility. 
0150. According to a preferred aspect of the present 
invention ions may be passed back and forth through the ion 
mobility spectrometer or separator 3 a plurality of times as 
required. Once ions have been Sufficiently separated accord 
ing to their ion mobility the ions are then preferably 
onwardly transmitted or transported by the second ion trap 
or ion guide 4 (which preferably operates in a non-trapping 
or ion guide only mode of operation) to the mass analyser 5. 
0151. According to an embodiment the potential differ 
ence which is preferably maintained between the ion mobil 
ity spectrometer or separator 3 and the second ion guide or 
ion trap 4 may in a mode of operation be increased with time 
Such that ions are induced to fragment in an optimum 
manner as they are accelerated out of the exit of the ion 
mobility spectrometer or separator 3 and into the second ion 
trap or guide 4. In this mode of operation the ions are 
preferably caused to fragment or react upon entering the 
second ion guide or ion trap 4. The resulting fragment or 
daughter ions are preferably trapped in one or more real 
axial potential wells formed or created within the second ion 
trap or guide 4. Fragment or daughter ions which correspond 
to different parent or precursor ions which emerged from the 
ion mobility spectrometer or separator 3 at different times 
are preferably collected and isolated in separate real axial 
potential wells within the second ion trap or ion guide 4. 
0152 Once all parent or precursor ions have emerged 
from the ion mobility spectrometer or separator 3 and have 
been fragmented into a plurality of fragment or daughter 
ions, then all the fragment or daughter ions corresponding to 
a particular parent or precursor ion may then preferably be 
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separated according to their ion mobility by passing the 
group of fragment or daughter ions in the reverse direction 
back upstream to the ion mobility spectrometer or separator 
3. The fragment or daughter ions are then preferably sepa 
rated according to their ion mobility as they pass upstream 
through the ion mobility spectrometer or separator 3 towards 
the first ion trap or ion guide 2. Alternatively, the fragment 
or daughter ions may simply be transported or guided 
through the ion mobility spectrometer or separator 3 without 
being separated according to their ion mobility i.e. the ion 
mobility spectrometer or separator 3 may be operated in an 
ion guiding only mode of operation. 
0153. The process of separating ions into ion mobility 
fractions, fragmenting the ions which emerge from the ion 
mobility spectrometer or separator 3 and trapping and iso 
lating one or more fractions of fragment or daughter ions 
may be repeated a number of times. As a result second, third, 
fourth and higher generation fragment, daughter, product or 
adductions may be produced by varying the number passes 
of ions through the ion mobility spectrometer or separator 3 
and varying the number of fragmentation cycles. At the end 
of each cycle of operation ions exiting the ion mobility 
spectrometer or separator 3 are preferably transported by the 
second ion trap or ion guide 4 to the mass analyser 5 for 
Subsequent mass analysis. 
0154 Another embodiment of the present invention is 
shown in FIG. 4. According to this embodiment an electrode 
assembly 7 is preferably provided between the first ion trap 
or ion guide 2 and the ion mobility spectrometer or separator 
3. An electrode assembly 7 is also preferably provided 
between the ion mobility spectrometer or separator 3 and the 
second ion trap or ion guide 4. 
(O155 One or both of the electrode assemblies 7 prefer 
ably function as a deflection system to divertions away from 
the central axis so that ions are then effectively lost to the 
system. According to another embodiment one or both of the 
electrode assemblies 7 may function as an ion gate which 
allows ions to pass through the ion gate in a mode of 
operation and which preferably prevent ions from passing 
through the ion gate in another mode of operation. The ion 
gate may function by applying a Suitable potential to the 
electrode assembly 7 so that a potential barrier exists which 
Substantially prevents ions from passing beyond the poten 
tial barrier. The potential barrier can then be removed for a 
controlled period of time to allow certain ions to pass 
therethrough. 
0156. One or both of the electrode assemblies 7 are 
preferably capable of being switched quickly between the 
two modes of operation. One or both of the electrode 
assemblies 7 can preferably be switched quickly enough to 
allow only some ions which have been separated according 
to their ion mobility by the ion mobility spectrometer or 
separator 3 to pass and to prevent or attenuate other ions 
which are emerging from the ion mobility spectrometer or 
separator 3. With reference back to FIG. 3, an electrode 
assembly 7 provided downstream of the ion mobility spec 
trometer or separator 3 may, for example, be arranged to 
have a zero or 0% transmission efficiency between drift 
times 0 to T1 in order to block or attenuate ions which 
emerge from the ion mobility spectrometer or separator 3 
during these times. The electrode assembly 7 may then be 
switched so as to have a full or 100% transmission efficiency 
between drift times T1 and T2 in order to transmit all ions 
which emerge from the ion mobility spectrometer or sepa 
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rator 3 between these two times. The electrode assembly 7 
may then be switched back to have a zero or 0% transmis 
sion efficiency for the remainder of the ion mobility sepa 
ration cycle in order to block or attenuate ions which emerge 
from the ion mobility spectrometer or separator 3 after drift 
time T2. As a result the second ion trap or ion guide 4 will 
only receive and trap ions which were transmitted through 
the ion mobility spectrometer or separator 3 between drift 
times T1 and T2 and which therefore have intermediate mass 
to charge ratios. 
0157 An electrode assembly 7 may also be placed at the 
entrance of the ion mobility spectrometer or separator 3 as 
shown in FIG. 4. This enables drift time selection to be 
performed when ions are transmitted back upstream through 
the ion mobility spectrometer separator 3 towards the first 
ion trap or ion guide 2. Various alternative systems of 
removing or attenuating ions as they emerge from the ion 
mobility spectrometer or separator 3 prior to entering into 
the first ion trap or ion guide 2 and/or the second ion trap or 
ion guide 4 are also contemplated. 
0158. According to an embodiment a further differential 
pumping aperture 6 may be provided between the ion 
mobility spectrometer or separator 3 and the second ion trap 
or ion guide 4 as shown in FIG. 4. The further differential 
pumping aperture 6 in combination with the differential 
pumping aperture 6 arranged between the second ion trap or 
ion guide 4 and the mass analyser 5 preferably allows the 
second ion trap or ion guide 4 to be maintained at a 
substantially lower pressure than that of the ion mobility 
spectrometer or separator 3. According to an embodiment 
the ion mobility spectrometer or separator 3 may be main 
tained at a pressure in the range 0.1 mbar to 10 mbar. The 
second ion trap or ion guide 4 may, in contrast, be main 
tained at a relatively lower pressure in the range 0.001 to 0.1 
mbar. By maintaining the second ion trap or ion guide 4 at 
a lower pressure than that of the ion mobility spectrometer 
or separator 3 the second ion trap or ion guide 4 may be used 
more effectively to induce fragmentation of ions by Colli 
sion Induced Decomposition than if it were maintained at 
the same relatively high pressure as the ion mobility spec 
trometer or separator 3. The mass analyser 5 is preferably 
maintained at a relatively low pressure-10 mbar. 
0159. The ion mobility spectrometer or separator 3 may 
in a mode of operation be arranged to operate as an ion guide 
So as to transmit ions either upstream towards the first ion 
trap or ion guide 2 or downstream towards the second ion 
trap or ion guide 4 without Substantially separating the ions 
according to their ion mobility. This may according to one 
embodiment be achieved by, for example, lowering the gas 
pressure within the ion mobility spectrometer or separator 3 
to a pressure of 0.01 mbar or less. 
0160 According to an embodiment one or more transient 
DC voltages or potentials or DC potential or voltage wave 
forms may be applied to the electrodes of the ion mobility 
spectrometer or separator 3 in order to cause a plurality of 
real axial potential wells or barriers to be created which 
preferably act to transport or translate ions along the length 
of the ion mobility spectrometer or separator 3 without 
causing the ions to be separated according to their ion 
mobility. According to this mode of operation the amplitude 
of the one or more transient DC voltages or potentials or 
potential or voltage waveforms which is preferably applied 
to the electrodes of the ion mobility spectrometer or sepa 
rator 3 is preferably increased so that ions are no longer able 
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to slip over the crest of the one or more potential hills as they 
are translated along the length of the ion mobility spectrom 
eter or separator 3. Additionally or alternatively the velocity 
or rate at which the one or more transient DC potentials or 
Voltages or DC potential or Voltage waveforms are applied 
to the electrodes of the ion mobility spectrometer or sepa 
rator 3 may be reduced. 
0161 In an embodiment the ion mobility spectrometer or 
separator 3 may be switched between a mode of operation 
wherein ions are separated according to their ion mobility 
and a mode of operation wherein ions are not substantially 
separated according to their ion mobility. This may be 
achieved by a combination of Switching the gas pressure 
and/or altering the amplitude of the one or more transient 
DC voltages or potentials applied to the electrodes and/or by 
altering the velocity or rate at which the one or more 
transient DC voltages or potentials are applied to the elec 
trodes of the ion mobility spectrometer or separator 3. 
0162 FIG. 5 illustrates a mode of operation wherein ions 
travel back and forth through the ion mobility spectrometer 
or separator 3 and wherein ions are also fragmented. Ions are 
preferably separated according to their ion mobility during 
Some passes through the ion mobility spectrometer or sepa 
rator 3 but are preferably not separated according to their ion 
mobility during other passes through the ion mobility spec 
trometer or separator 3. 
0163 The particular mode of operation shown in FIG. 5 
will now be described in more detail. As shown in step (a) 
of FIG. 5, parent or precursor ions are preferably held 
initially within the first ion trap or ion guide 2. The parent 
or precursor ions are then preferably released from the first 
ion trap or ion guide 2 and preferably pass to the ion mobility 
spectrometer or separator 3. The parent or precursor ions are 
then preferably separated according to their ion mobility as 
the parent or precursor ions pass downstream through the 
ion mobility spectrometer or separator 3 as shown in step 
(b). The parent or precursor ions are then preferably accel 
erated as they reach the exit of the ion mobility spectrometer 
or separator 3 out from the ion mobility spectrometer or 
separator 3 and into the second ion trap or ion guide 4 Such 
that the parent or precursor ions are preferably caused to 
fragment into first generation fragment ions upon entering 
the second ion trap or ion guide 4. The resulting first 
generation fragment, daughter, product or adduct ions are 
then preferably collected and isolated in a plurality of 
separate real axial potential wells which are preferably 
created within the second ion trap or ion guide 4 as shown 
in step (c). According to an embodiment all the first gen 
eration fragment ions resulting from the fragmentation of a 
particular parent or precursor ion are preferably trapped 
within the same real axial potential well within the second 
ion guide or ion trap 4. Fragment or daughter ions resulting 
from the fragmentation of other parent or precursor ions 
which Subsequently emerge from the ion mobility spectrom 
eter or separator 3 are preferably trapped in separate or 
different real axial potential wells created within the second 
ion guide or ion trap 4. 
0164. Once all the parent or precursor ions emerging 
from the ion mobility spectrometer or separator 3 have been 
fragmented upon entering the second ion guide or ion trap 4 
and the resulting fragment or daughter ions have been 
trapped in separate real axial potential wells which are 
preferably translated downstream along the length of the 
second ion trap or ion guide 4, the real axial potential wells 
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containing the separate packets of fragment ions within the 
second ion trap or ion guide 4 are preferably held stationary. 
Ions within one or more of the real axial potential wells may 
then be discarded as shown in step (d). The axial potential 
wells comprising the remaining packets of fragmentions are 
then preferably translated in an upstream direction along the 
length of the second ion trap or ion guide 4. The packets of 
ions are then preferably released from the second ion guide 
or ion trap 4 as a series of packets of ions. The packets of 
ions are then preferably transported in an upstream direction 
through the ion mobility spectrometer or separator 3 as 
shown in steps (e) and (f) towards the first ion trap or ion 
guide 2. As the fragment ions are transmitted back through 
the ion mobility spectrometer or separator 3 the fragment 
ions are preferably not separated according to their ion 
mobility as they pass upstream through the ion mobility 
spectrometer or separator 3. Instead, the ion mobility spec 
trometer or separator 3 is preferably operated in an ion 
guiding only mode of operation. Each packet of fragment 
ions is preferably trapped in a separate real axial potential 
well which is preferably translated along the length of the 
ion mobility spectrometer or separator 3. The various sepa 
rate packets of fragmentions are then preferably received by 
the first ion trap or ion guide 2 and the fragment ions are 
preferably retained or isolated in separate real axial potential 
wells which are preferably formed or created within the first 
ion trap or ion guide 2 as shown in step (g). 
0.165. The real axial potential wells or trapping regions 
provided in the first ion trap or ion guide 2 are then 
preferably moved or translated back downstream such that a 
first packet of fragment ions in a first axial potential well in 
the first ion trap or ion guide 2 is preferably released back 
into or towards the ion mobility spectrometer or separator 3. 
The first packet of fragment, daughter, product or adduct 
ions is then preferably separated according to their ion 
mobility as the fragment or daughter ions pass downstream 
through the ion mobility spectrometer or separator 3 towards 
the second ion trap or ion guide 4 as shown in step (h). 
0166 The fragment, daughter, product or adductions are 
preferably separated according to their ion mobility and 
preferably exit the ion mobility spectrometer or separator 3 
and enter the second ion trap or ion guide 4. The ions are 
then preferably escorted or pass through the second ion trap 
or ion guide 4 and preferably pass to the mass analyser 5 for 
Subsequent mass analysis. A second packet of fragment, 
daughter, product or adductions is then preferably released 
from the first ion trap or ion guide 2 into the ion mobility 
spectrometer or separator 3. The second packet of fragment, 
daughter, product or adductions is then preferably separated 
according to their ion mobility as the fragment or daughter 
ions pass downstream through the ion mobility spectrometer 
or separator 3 towards the second ion trap or ion guide 4. 
The fragment, daughter, product or adduct ions are then 
preferably received by the second ion trap or ion guide 4 and 
are preferably onwardly transmitted to the mass analyser 5. 
0.167 FIG. 6 shows a similar embodiment to that shown 
in FIG. 4 except that an additional stage of differential 
pumping 6 is preferably provided between the first ion trap 
or ion guide 2 and the ion mobility spectrometer or separator 
3. This allows the first ion trap or ion guide 2 to be 
maintained at a relatively lower pressure than that of the ion 
mobility spectrometer or separator 3. The ion mobility 
spectrometer or separator 3 may, for example, be maintained 
at a pressure in the range 0.1 mbar to 10 mbar whereas the 
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first ion trap or ion guide 2 may preferably be maintained at 
a relatively lower pressure in the range of 0.001 to 0.1 mbar. 
Similarly, the second ion trap or ion guide 4 may also be 
maintained at a pressure in the range of 0.001 to 0.1 mbar 
which is also preferably lower than the pressure at which the 
ion mobility spectrometer or separator 3 is maintained. This 
preferably allows the first ion trap or ion guide 2 to be used 
more effectively to fragment ions by Collision Induced 
Decomposition than if the first ion trap or ion guide 2 were 
maintained at the same pressure as that of the ion mobility 
spectrometer or separator 3. Accordingly, ions may be 
induced to fragment in either the first ion trap or ion guide 
2 and/or the second ion trap or ion guide 4. 
0168 FIG. 7 illustrates a mode of operation wherein ions 
are preferably fragmented in the first ion trap or ion guide 2 
in addition to being fragmented in the second ion trap or ion 
guide 4. According to this embodiment parent or precursor 
ions are preferably released from the first ion trap or ion 
guide 2 and preferably pass into the ion mobility spectrom 
eter or separator 3 as shown in step (a). The parent and 
precursor ions are then preferably separated according to 
their ion mobility as the parent or precursor ions pass 
downstream through the ion mobility spectrometer or sepa 
rator 3 as shown in step (b). The parent or precursor ions 
exiting the ion mobility spectrometer or separator 3 are then 
preferably accelerated out of the ion mobility spectrometer 
or separator into the second ion trap or ion guide 4. This 
preferably causes the parent or precursor ions to fragment 
into first generation fragment ions upon entering the second 
ion trap or ion guide 4. Separate groups of first generation 
fragment ions are preferably collected and kept isolated in 
separate real axial potential wells which are preferably 
formed within the second ion trap or ion guide 4. The 
various groups of first generation fragment ions are prefer 
ably kept isolated from one another and the DC voltages or 
potentials which are preferably applied to the electrodes of 
the second ion trap or ion guide 4 are preferably held 
stationary so that the axial potential wells within the second 
ion trap or ion guide 4 are no longer translated downstream 
towards the mass analyser 5. One or more groups of first 
generation fragmentions trapped within the real axial poten 
tial wells formed or created within the second ion trap or ion 
guide 4 may then be discarded as shown in step (d). A first 
group of first generation fragment, daughter, product or 
adduct ions is then preferably released back into the ion 
mobility spectrometer or separator 3 as shown in step (e). 
0169. The first group of first generation fragment, daugh 

ter, product or adduct ions is then preferably separated 
according to their ion mobility as the first generation frag 
ment, daughter, product or adductions pass upstream back 
through the ion mobility spectrometer or separator 3. The 
first generation fragment, daughter, product or adductions 
are then preferably accelerated out from the ion mobility 
spectrometer or separator 3 and into the first ion trap or ion 
guide 2. This preferably causes the first generation fragment, 
daughter, product or adduct ions to be further fragmented 
into second generation fragment, daughter, product or 
adduct ions. The second generation fragment, daughter, 
product or adductions are preferably collected and stored in 
separate real axial potential wells formed within the first ion 
trap or ion guide 2. The second generation fragment or 
daughter ions resulting from the fragmentation of each first 
generation fragment or daughter ions are preferably trapped 
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or isolated in separate real axial potential wells created 
within the first ion trap or ion guide 2. 
0170 A first group of second generation fragment, 
daughter, product or adductions is then preferably released 
back into the ion mobility spectrometer or separator 3 as 
shown in step (h). The second generation fragment, daugh 
ter, product or adduct ions are then preferably separated 
according to their ion mobility as they pass downstream 
through the ion mobility spectrometer or separator 3 and are 
preferably received by the second ion trap or ion guide 4. 
The separated second generation fragment, daughter, prod 
uct or adductions are then preferably escorted or translated 
through the second ion trap or ion guide 4 to the mass 
analyser 5 for Subsequent mass analysis. Second and further 
packets of second generation fragment, daughter, product or 
adduct ions may then be released into the ion mobility 
spectrometer or separator 3 and may be separated according 
to their ion mobility. 
0171 It is clear that a mass spectrometer as illustrated, 
for example, in FIG. 6 wherein ions may pass through the 
ion mobility spectrometer or separator 3 in different direc 
tions either with or without being separated according to 
their ion mobility permits a large number of different per 
mutations and combinations of sequences of operations to be 
carried out. Furthermore, ions may be induced to fragment 
upon exiting the ion mobility spectrometer or separator 3 at 
either the downstream and/or the upstream end of the ion 
mobility spectrometer or separator 3. As a result ions may be 
fragmented to a subsequent generation of fragment, daugh 
ter, product or adduct ions upon each passage of ions 
through the ion mobility spectrometer or separator 3 as and 
when required. 
0172 According to other less preferred embodiments 
ions may be fragmented by means other than by high energy 
collisions with gas molecules. For example, fragmentation 
techniques such as photo-dissociation, Electron Capture 
Dissociation (ECD), Electron Transfer Dissociation (ETD) 
and Surface Induced Decomposition (SID) may be used in 
order to fragment ions. 
0173 According to another embodiment when ions leave 
the ion mobility spectrometer or separator 3 the ions may 
instead be only partially energised by collisions with gas 
molecules Such that instead of causing ions to be frag 
mented, the internal energy of the ions is preferably raised 
causing the ions to unfold or partially unfold without frag 
menting. The ions may therefore becaused to change shape, 
structure or conformation. This may be achieved by raising 
the kinetic energy of the ions leaving the ion mobility 
spectrometer or separator 3 to a level that promotes an 
increase in internal energy without inducing fragmentation. 
The resulting change in cross section and hence ion mobility 
may then be measured or determined by passing the ions 
through the ion mobility spectrometer or separator 3 and 
determining any change in the transit time of the ions 
through the ion mobility spectrometer or separator 3. 
0.174. According to another less preferred embodiment a 
Field Asymmetric Ion Mobility Spectrometer or FAIMS 
device may be provided instead of or in addition to an ion 
mobility spectrometer or separator 3. The Field Asymmetric 
Ion Mobility Spectrometer device is preferably arranged to 
separate ions according to their rate of change of ion 
mobility with electric field strength. 
0.175. Although the present invention has been described 
with reference to preferred embodiments, it will be under 
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stood by those skilled in the art that various changes in form 
and detail may be made without departing from the scope of 
the present invention as set forth in the accompanying 
claims. 

1-71. (canceled) 
72. A mass spectrometer comprising: 
a first ion trap or ion guide; 
a first device for separating ions according to their ion 

mobility or rate of change of ion mobility with electric 
field strength; and 

a mass analyser, 
wherein said first ion trap or ion guide is arranged to pass 

ions to said device, and wherein said device is arranged 
So that ions pass through said device multiple times 
before being passed onwards to said mass analyser. 

73. (canceled) 
74. A mass spectrometer as claimed in claim 72, wherein 

ions are caused to pass through said first device multiple 
times in a first direction. 

75. A mass spectrometer as claimed in claim 74, wherein 
ions are caused to separate according to their ion mobility or 
rate of change of ion mobility with electric field strength 
each time they pass through said first device in said first 
direction. 

76. A mass spectrometer as claimed in claim 72, com 
prising a control system arranged to vary the number of 
passes of ions through said first device during a cycle of 
operation. 

77. A mass spectrometer as claimed in claim 72, com 
prising a Voltage source for maintaining an axial DC voltage 
gradient along an axial length of said first device. 

78. A mass spectrometer as claimed in claim 77, com 
prising a transient DC voltage means arranged and adapted 
to apply one or more transient DC voltages or one or more 
transient DC voltage waveforms for urging ions against said 
axial DC Voltage gradient. 

79. A mass spectrometer as claimed in claim 72, com 
prising a second ion trap or ion guide arranged downstream 
of said first device. 

80. A mass spectrometer as claimed in claim 72, com 
prising an ion fragmentation or reaction region disposed 
upstream or downstream of said first device and arranged so 
that ions are passed from said first device to said ion 
fragmentation or reactive device, and wherein fragment, 
daughter, product or adductions derived from said ions are 
passed onwards to said first device. 

81. A mass spectrometer comprising: 
a first device for separating ions according to their ion 

mobility or rate of change of ion mobility with electric 
field strength; and 

one or more ion guiding or ion trapping regions, 
wherein said one or more ion guiding or ion trapping 

regions are arranged to receive ions which emerge from 
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said first device, to pass or transmit at least some of said 
ions onwards, and to then pass ions from said one or 
more ion guiding or ion trapping regions to said first 
device. 

82. A mass spectrometer as claimed in claim 81, com 
prising a first ion trap or ion guide arranged upstream of said 
first device. 

83. A mass spectrometer as claimed in claim 81, com 
prising a second ion trap or ion guide arranged downstream 
of said first device. 

84. A mass spectrometer as claimed in claim 81, wherein 
ions are caused to pass through said first device multiple 
times so that ions undergo multiple separations according to 
their ion mobility or rate of change of ion mobility with 
electric field strength. 

85. A mass spectrometer as claimed in claim 81, wherein 
ions are caused to pass through said first device multiple 
times in a first direction. 

86. A mass spectrometer as claimed in claim 85, wherein 
ions are caused to separate according to their ion mobility or 
rate of change of ion mobility with electric field strength in 
said first direction. 

87. A mass spectrometer as claimed in claim 81, com 
prising a control system arranged to vary the number of 
passes of ions through said first device during a cycle of 
operation. 

88. A mass spectrometer as claimed in claim 87, further 
comprising a mass analyser, wherein at the end of each cycle 
of operation, said control system causes ions to be trans 
mitted from said first device or from said one or more ion 
guiding or ion trapping regions to said mass analyser for 
Subsequent mass analysis. 

89. A mass spectrometer as claimed in claim 81, com 
prising a Voltage source for maintaining an axial DC voltage 
gradient along an axial length of said first device. 

90. A mass spectrometer as claimed in claim 89, com 
prising a transient DC voltage means arranged and adapted 
to apply one or more transient DC voltages or one or more 
transient DC voltage waveforms for urging ions against said 
axial DC Voltage gradient. 

91. A mass spectrometer as claimed in claim 81, wherein 
said one or more ion guiding or ion trapping regions 
comprise an ion fragmentation or reaction device, wherein 
ions are passed from said first device to said ion fragmen 
tation or reaction device, and wherein fragment, daughter, 
product or adductions derived from said ions are passed 
onwards to said first device. 

92. A mass spectrometer as claimed in claim 81, wherein 
ions are separated according to their ion mobility in said first 
device. 


