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ION MOBILITY SPECTROMETER 

FIELD OF THE INVENTION 

0001. The present invention relates generally to the field 
of spectrometry, and more specifically to instruments for 
separating ions in time as a function of ion mobility. 

BACKGROUND 

0002 Ion mobility spectrometers are analytical instru 
ments that are used to investigate properties of charged 
particles. Generally, ion mobility spectrometers separate 
ions in time as a function of ion mobility. It is desirable with 
Such instruments to investigate properties of charged par 
ticles produced from a variety of Sources including, for 
example, but not limited to, complex biological samples. 

SUMMARY 

0003. The present invention may comprise one or more 
of the features recited in the attached claims, and/or one or 
more of the following features and combinations thereof. An 
ion mobility spectrometer may comprise a drift tube defining 
a drift tube inlet configured to receive ions and a drift tube 
outlet. The drift tube may be configured to separate ions in 
time as a function of ion mobility. The drift tube may define 
a first ion activation region between the drift tube inlet and 
the drift tube outlet. The first ion activation region may be 
configured to selectively induce structural changes in at least 
some of the ions. 

0004 The ion mobility spectrometer may further com 
prise a source of buffer gas. The drift tube may be configured 
to receive buffer gas therein from the source of buffer gas. 
The ion mobility spectrometer may further include at least 
one Voltage source coupled to the first ion activation region. 
The at least one Voltage source may be configured to 
selectively establish an electric field in the first ion activa 
tion region that is sufficient to induce structural changes in 
the at least Some of the ions by fragmenting the at least some 
of the ions via collisions with the buffer gas. Alternatively, 
the at least one Voltage source may be configured to selec 
tively establish an electric field in the first ion activation 
region that is sufficient to induce structural changes in the at 
least some of the ions by inducing conformational changes 
in the at least some of the ions via collisions with the buffer 
gas without fragmenting the at least some of the ions. 
0005 The ion mobility spectrometer may further com 
prise an ion Source region configured to Supply ions to the 
drift tube inlet. The ion mobility spectrometer may further 
include an ion gate normally impeding passage of ions from 
the ion source region into the drift tube inlet. The ion gate 
may be responsive to an ion gate control signal to allow 
passage of ions from the ion Source region into the drift tube 
inlet. The ion source region may define a funnel therein. The 
funnel may have one end defining a first opening with a first 
cross-sectional area and an opposite end defining a second 
opening with a second cross-sectional area Smaller than the 
first cross-sectional area. The funnel may be configured to 
receive ions in the first opening and to Supply ions to the drift 
tube inlet via the second opening. The funnel may define a 
cavity between the first and second openings configured to 
radially focus ions between the first and second openings. 
The ion mobility spectrometer may further include a voltage 
Source coupled to the funnel. The Voltage source may be 
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configured to selectively create a second ion activation 
region within the funnel. The second ion activation region 
within the funnel may be configured to induce structural 
changes in at least Some of the ions within the funnel. The 
ion mobility spectrometer may further include an ion gate 
positioned between the second opening of the funnel and the 
drift tube inlet. The ion gate may normally impeding passage 
of ions from the funnel into the drift tube inlet. The ion gate 
may be responsive to an ion gate control signal to allow 
passage of ions from the funnel into the drift tube inlet. The 
ion mobility spectrometer may further include a Voltage 
source coupled to the funnel. The funnel may be responsive 
to Voltage produced by the Voltage source to collect therein 
ions received via the first opening. The ion gate may be 
responsive to the ion gate control signal to allow passage of 
at least some of the ions collected in the funnel into the drift 
tube inlet. The ion source region may be configured to 
receive ions generated externally thereto. Alternatively or 
additionally, the ion source region may be configured to 
generate ions from a sample source. 
0006 The ion mobility spectrometer may further com 
prise an ion gate positioned between the drift tube inlet and 
the drift tube outlet and partitioning the drift tube into a first 
drift tube region between the drift tube inlet and the ion gate 
and a second drift tube region between the ion gate and the 
drift tube outlet. The ion gate may be responsive to a first 
control signal to impede passage of ions from the first drift 
tube region into the second drift tube region and to a second 
control signal to allow passage of ions from the first drift 
tube region into the second drift tube region. The ion 
mobility spectrometer may further comprise a Voltage 
Source configured to produce the first and second control 
signals. The Voltage source may be programmable to pro 
duce the second control signal at a predetermined time 
relative to passage of ions into the first drift tube region to 
thereby allow passage into the second drift tube region only 
of ions having a corresponding predetermined mobility 
range. The drift tube may define a funnel therein between the 
drift tube inlet and the drift tube outlet. The funnel may have 
one end defining a first opening with a first cross-sectional 
area and an opposite end defining a second opening with a 
second cross-sectional area Smaller than the first cross 
sectional area. The funnel may be configured to receive ions 
in the first opening and to Supply ions via the second 
opening. The funnel may define a cavity between the first 
and second openings configured to radially focus ions 
between the first and second openings. The first opening of 
the funnel may be positioned adjacent to the ion gate with 
the ion gate disposed between the first drift tube region and 
the first opening of the funnel and with the second drift tube 
region extending between the second end of the funnel and 
the drift tube outlet. The ion activation region may be 
positioned between the second end of the funnel and the 
second drift tube region. 
0007. The ion mobility spectrometer may further com 
prise a third ion activation region positioned adjacent to the 
drift tube outlet. The third ion activation region may be 
configured to selectively induce structural changes in at least 
some of the ions exiting the drift tube outlet. The ion 
mobility spectrometer may further comprise a source of 
buffer gas. The drift tube may be configured to receive buffer 
gas therein from the source of buffer gas. The ion mobility 
spectrometer may further comprise at least one Voltage 
Source coupled to the third ion activation region and con 
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figured to selectively establish an electric field in the third 
ion activation region Sufficient to induce structural changes 
in the at least some of the ions exiting the drift tube outlet 
by fragmenting the at least some of the ions exiting the drift 
tube outlet via collisions with the buffer gas. Alternatively, 
the at least one Voltage source may be configured to selec 
tively establish an electric field in the third ion activation 
region Sufficient to induce structural changes in the at least 
some of the ions exiting the drift tube outlet by inducing 
conformational changes in the at least Some of the ions 
exiting the drift tube outlet via collisions with the buffer gas 
without fragmenting the at least Some of the ions exiting the 
drift tube outlet. 

0008. The ion mobility spectrometer may further com 
prise an ion detector positioned to detect ions exiting the 
drift tube outlet and produce electrical signals indicative 
thereof. The ion mobility spectrometer may further comprise 
a processor electrically coupled to the ion detector. The 
processor may be configured to process the electrical signals 
produced by the ion detector to determine corresponding ion 
mobility spectral information. 

0009. The ion mobility spectrometer may further com 
prise an ion mass spectrometer positioned to receive ions 
exiting the drift tube outlet. The ion mass spectrometer may 
be configured to separate in time as a function of ion 
mass-to-charge ratio at least Some of the ions exiting the 
drift tube outlet. The ion mobility spectrometer may further 
comprise anion detector positioned to detections exiting the 
ion mass spectrometer and produce electrical signals indica 
tive thereof. The ion mobility spectrometer may further 
comprise a processor electrically coupled to the ion detector. 
The processor may be configured to process the electrical 
signals produced by the ion detector to determine ion 
spectral information as a function of ion mobility and of ion 
mass-to-charge ratio. 

0010. An ion mobility spectrometer may comprise an ion 
Source configured to produce ions, and a drift tube defining 
a drift tube inlet configured to receive ions from the ion 
source and a drift tube outlet. The drift tube may include an 
ion gate positioned between the drift tube inlet and the drift 
tube outlet and partitioning the drift tube into a first drift tube 
region between the drift tube inlet and the ion gate and a 
second drift tube region between the ion gate and the drift 
tube outlet. The ion gate may be responsive to a first control 
signal to impede passage of ions from the first drift tube 
region into the second drift tube region and to a second 
control signal to allow passage of ions from the first drift 
tube region into the second drift tube region. The drift tube 
may be configured to separate ions in time as a function of 
ion mobility between the drift tube inlet and the ion gate and 
also between the gate and the drift tube outlet. The drift tube 
may define an ion activation region configured to selectively 
induce structural changes in at least some of the ions exiting 
the first drift tube region. 
0011. The ion mobility spectrometer may further com 
prise a source of buffer gas. The drift tube may be configured 
to receive buffer gas therein from the source of buffer gas. 
The ion mobility spectrometer may further include at least 
one Voltage source coupled to the ion activation region. The 
at least one Voltage source may be configured to selectively 
establish an electric field in the ion activation region suffi 
cient to induce structural changes in the at least Some of the 
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ions exiting the first drift tube region by fragmenting the at 
least some of the ions exiting the first drift tube region via 
collisions with the buffer gas. Alternatively, the at least one 
Voltage source may be configured to selectively establish an 
electric field in the ion activation region sufficient to induce 
structural changes in the at least Some of the ions exiting the 
first drift tube region by inducing conformational changes in 
the at least some of the ions exiting the first drift tube region 
via collisions with the buffer gas without fragmenting the at 
least some of the ions exiting the first drift tube region. The 
ion source may include a protein solution. The ion source 
may be configured to produce protein ions from the protein 
solution. The ion mobility spectrometer may further include 
an ion detector positioned to detections exiting the drift tube 
outlet. The ion activation region may be positioned adjacent 
to the gate with the ion activation region disposed between 
the gate and the drift tube outlet. 
0012. A method of separating ions in time as a function 
of ion mobility may comprise introducing ions into a first 
drift tube, separating the ions in time as a function of ion 
mobility in the first drift tube, inducing structural changes in 
at least some of the ions exiting the first drift tube, and 
separating in time the ions exiting the first drift tube, after 
inducing structural changes in at least Some of the ions 
exiting the first drift tube, as a function of ion mobility in a 
second drift tube. 

0013 The act of inducing structural changes in at least 
some of the ions exiting the first drift tube may comprise 
exposing the ions exiting the first drift tube to an electric 
field in the presence of a buffer gas, the electric field 
Sufficient to fragment the at least some of the ions via 
collisions with the buffer gas. Alternatively the act of 
inducing structural changes in at least Some of the ions 
exiting the first drift tube may comprise exposing the ions 
exiting the first drift tube to an electric field in the presence 
of a buffer gas, the electric field sufficient to induce confor 
mational changes in the at least some of the ions via 
collisions with the buffer gas without fragmenting the at 
least some of the ions. 

0014. The method may further comprise allowing only 
ions having a predefined ion mobility range to exit the first 
drift tube region. 
0015 The method may further comprise inducing struc 
tural changes in at least some of the ions prior to introducing 
the ions into the drift tube. 

0016. The method may further comprise separating in 
time as a function of ion mass-to-charge ratio at least some 
of the ions exiting the second drift tube. 
0017. The method may further comprise inducing struc 
tural changes in at least Some of the ions exiting the second 
drift tube. The method may further comprise separating in 
time ions exiting the second drift tube, after inducing 
structural changes in at least some of the ions exiting the 
second drift tube, as a function of ion mass-to-charge ratio. 
0018. The first drift tube may comprise a first region of a 
single drift tube and the second drift tube comprises a second 
region of the single drift tube. The act of inducing structural 
changes in at least Some of the ions exiting the first drift tube 
may be carried out in an ion activation region of the single 
drift tube that is positioned between the first and second drift 
tube regions. 
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0019. The method may further include radially focusing 
the ions exiting the first drift tube in a funnel structure prior 
to inducing structural changes in at least some of the ions 
exiting the first drift tube. 
0020. The method may further include radially focusing 
the ions in a funnel structure prior to introducing the ions 
into the first drift tube. 

0021. The method may further include radially focusing 
ions in the second drift tube in a funnel structure prior to 
exiting the second drift tube. 
0022. An ion mobility spectrometer may comprise a drift 
tube defining a drift tube inlet configured to receive ions and 
a drift tube outlet, an ion fragmentation region, a source of 
buffer gas configured to Supply buffer gas to at least the ion 
fragmentation region, a source of doping gas configured to 
Supply pressurized doping gas to at least the ion fragmen 
tation region and at least one Voltage source coupled to the 
ion fragmentation region. The drift tube may be configured 
to separate the ions in time as a function of ion mobility. The 
at least one Voltage source may be configured to selectively 
establish an electric field in the ion fragmentation region that 
is sufficient to fragment at least some of the ions via 
collisions with a mixture of the buffer gas and the doping 
gas. The doping gas may be selected Such that a magnitude 
of the electric field that can be sustained in the ion frag 
mentation withoutbreaking down in the presence of the ions 
and the mixture of the buffer gas and the doping gas is higher 
than the magnitude of the electric field that can be sustained 
in the ion fragmentation region without breaking down in 
the presence of ions and only the buffer gas. 
0023 The ion fragmentation region may be contained 
within the drift tube. Alternatively, the ion fragmentation 
region may be positioned adjacent to the drift tube outlet. 
0024. The ion mobility spectrometer may further include 
anion source configured to Supply ions to the drift tube inlet. 
The ion fragmentation region may be positioned to fragment 
at least some of the ions prior to entrance into the drift tube. 
0.025 The buffer gas may be helium. The doping gas may 
be nitrogen. 
0026. The mixture of the buffer gas and the doping gas 
may consist of approximately 1-5 mole percent of the 
nitrogen gas and approximately 95-99 mole percent of the 
helium gas. 
0027. A method of increasing the magnitude of an elec 

tric field that can be sustained withoutbreaking down in the 
presence of ions and a buffer gas may comprise selecting a 
doping gas to mix with the buffer gas to form a mixture gas 
Such that a magnitude of an electric field that can be 
Sustained withoutbreaking down in the presence of ions and 
the mixture gas is higher than the magnitude of the electric 
field that can be sustained without breaking down in the 
presence of ions and the buffer gas, and mixing the doping 
gas with the buffer gas to form the mixture gas. The buffer 
gas may be helium. The doping gas may be nitrogen. The 
mixture gas may consist of approximately 1-5 mole percent 
of the nitrogen gas and approximately 95-99 mole percent of 
the helium gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a diagram of one illustrative embodiment 
of an ion mobility spectrometer operatively coupled to a 
mass spectrometer. 
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0029 FIG. 2 is a magnified and detailed view of one of 
the drift tube sections of the ion mobility spectrometer of 
FIG 1. 

0030 FIG. 3A is a front elevational view of an electri 
cally conductive ring member used in the construction of the 
drift tube section of FIG. 2. 

0031 FIG. 3B is a front elevational view of an electri 
cally insulating ring member used in the construction of the 
drift tube section of FIG. 2. 

0032 FIG. 3C is a front elevational view of an electri 
cally conductive end ring member used in the construction 
of the drift tube section of FIG. 2. 

0033 FIG. 3D is a rear elevational view of an electrically 
conductive end plate member used in the construction of the 
drift tube section of FIG. 2. 

0034 FIG. 3E is a front elevational view of the electri 
cally conductive end plate member of FIG. 3D. 
0035 FIG. 4 is a cross-sectional view of the drift tube 
section of FIG. 2, viewed along section lines 4-4. 
0.036 FIG. 5 is an end elevational view off the drift tube 
section of FIG. 2. 

0037 FIG. 6 is a front elevational view of a junction ring 
member used to connect together two adjacent drift tube 
sections. 

0038 FIG. 7 is a side elevational view of the junction 
ring member of FIG. 6. 
0.039 FIG. 8 is a magnified view of one of the drift tube 
joining structures of the ion mobility spectrometer of FIG.1. 
0040 FIG. 9A is a cross-sectional view of the drift tube 
joining structure of FIG. 8, viewed along section lines 
9A-9A. 

0041 FIG.9B is a cross-sectional view of the drift tube 
joining structure of FIG. 8, viewed along section lines 
9B-9B. 

0042 FIG. 10 is a magnified and partial cross-sectional 
view of the ion source section of the ion mobility spectrom 
eter of FIG. 1. 

0043 FIG. 11 is a block diagram of one illustrative 
embodiment of the DC voltage source, VS1, of FIG. 10. 
0044 FIG. 12 is a magnified and detailed view of the drift 
tube section of the ion mobility spectrometer of FIG. 1 that 
contains the second gate, funnel and ion activation region. 
0045 FIG. 13 is a block diagram of one illustrative 
embodiment of the DC voltage source, VS2, of FIG. 12. 
0046 FIG. 14 is a magnified and detailed view of the drift 
tube section of the ion mobility spectrometer of FIG. 1 that 
contains the third funnel and ion activation regions. 
0047 FIG. 15 is a block diagram of one illustrative 
embodiment of the DC voltage source, VS3, of FIG. 14. 
0048 FIG. 16 is a block diagram of one illustrative 
embodiment of the DC voltage source, VS4, of FIG. 14. 
0049 FIG. 17A is a plot of ion drift time vs. ion flight 
time illustrating one illustrative operational mode of the 
combination ion mobility spectrometer and mass spectrom 
eter of FIG. 1. 
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0050 FIG. 17B is a plot of ion drift time vs. ion flight 
time illustrating another illustrative operational mode of the 
combination ion mobility spectrometer and mass spectrom 
eter of FIG. 1. 

0051 FIG. 17C is a plot of ion drift time vs. ion flight 
time illustrating yet another illustrative operational mode of 
the combination ion mobility spectrometer and mass spec 
trometer of FIG. 1. 

0.052 FIG. 17D is a plot of ion drift time vs. ion flight 
time illustrating a further illustrative operational mode of the 
combination ion mobility spectrometer and mass spectrom 
eter of FIG. 1. 

0053 FIG. 18 is a diagrammatic illustration of a stand 
alone embodiment of the ion mobility spectrometer of FIG. 
1. 

0054 FIG. 19 includes a series of plots of drift time vs. 
intensity illustrating operation of the ion mobility spectrom 
eter of FIG. 18 under the same operational modes of the 
combination ion mobility spectrometer and mass spectrom 
eter of FIG. 1 that were illustrated in FIGS. 17A-17C. 

0.055 FIG. 20A is a plot of mass-to-charge ratio vs. ion 
intensity illustrating fragmentation of a M+2H" peptide 
ion, under one set of electric field conditions, in the second 
ion activation region of the ion mobility spectrometer of 
FIG 1. 

0056 FIG. 20B is a plot of mass-to-charge ratio vs. ion 
intensity illustrating fragmentation of a M+2H" peptide 
ion, under another set of electric field conditions, in the 
second ion activation region of the ion mobility spectrom 
eter of FIG. 1. 

0057 FIG. 20O is a plot of mass-to-charge ratio vs. ion 
intensity illustrating fragmentation of a M+2H" peptide 
ion, under yet another set of electric field conditions, in the 
second ion activation region of the ion mobility spectrom 
eter of FIG. 1. 

0.058 FIG. 20D is a plot of mass-to-charge ratio vs. ion 
intensity illustrating fragmentation of a M+3H]" peptide 
ion, under one set of electric field conditions, in the second 
ion activation region of the ion mobility spectrometer of 
FIG 1. 

0059 FIG. 20E is a plot of mass-to-charge ratio vs. ion 
intensity illustrating fragmentation of a M+3H" peptide 
ion, under another set of electric field conditions, in the 
second ion activation region of the ion mobility spectrom 
eter of FIG. 1. 

0060 FIG. 20F is a plot of mass-to-charge ratio vs. ion 
intensity illustrating fragmentation of a M+3H" peptide 
ion, under yet another set of electric field conditions, in the 
second ion activation region of the ion mobility spectrom 
eter of FIG. 1. 

0061 FIG. 21 includes a series of plots of drift time vs. 
intensity illustrating characteristic structures of ion fragment 
types produced from selected ions. 

0062 FIG.22A is a plot of drift time vs. mass-to-charge 
ratio illustrating an example distribution of 1 and 2 frag 
ments generated from a distribution of ions that were 
mobility selected by pulsing G2 at time to 
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0063 FIG. 22B is a plot of mass-to-charge ratio vs. 
relative intensity of 2 fragments resulting from dissociation 
ofb" 1° fragment precursor ions of the distribution of FIG. 
22A. 

0064 FIG. 22C is a plot of mass-to-charge ratio vs. 
relative intensity of 20 fragments resulting from dissociation 
ofy," 1° fragment precursor ions of the distribution of FIG. 
22A. 

0065 FIG. 23 includes a series of plots of drift time vs. 
intensity illustrating structural changes induced in a selected 
ion by exposure to various low-energy electric fields in the 
second ion activation region of the ion mobility spectrom 
eter of FIG. 18. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 

0066 For the purposes of promoting an understanding of 
the principles of the invention, reference will now be made 
to a number of illustrative embodiments shown in the 
attached drawings and specific language will be used to 
describe the same. 

0067 Referring now to FIG. 1, one illustrative embodi 
ment of an ion mobility spectrometer (IMS) 10 is shown. In 
the illustrated embodiment, the IMS 10 is shown coupled to 
a mass spectrometer 12 such that an ion outlet of the IMS 10 
Supplies ions to an ion acceleration region of the mass 
spectrometer 12. The IMS 10 includes an ion source coupled 
to a drift tube structure, and is operable, as will be described 
in greater detail hereinafter, to separate in time ions received 
from the ion source region as a function of ion mobility, and 
the mass spectrometer 12 is operable in a conventional 
manner to separate in time ions received from the IMS 10 as 
a function of ion mass-to-charge ratio. The result is a 
two-dimensional spectrum of molecular information; one in 
ion mobility and the other in ion mass-to-charge ratio. The 
mass spectrometer 12 may be conventional in its construc 
tion and may be provided in any of a variety of conventional 
forms including, for example, but not limited to, a linear 
time-of-flight (TOF) mass spectrometer, a reflectron time 
of-flight mass spectrometer, a Fourier Transform Ion Cyclo 
tron Resonance (FTICR) mass spectrometer, or other con 
ventional ion mass spectrometer or analyzer. It will be 
understood, however, that the ion mobility spectrometer 10 
need not be coupled to the mass spectrometer 12, and may 
instead be operable on its own to produce one-dimensional 
information relating only to ion mobility. One embodiment 
of such an analytical instrument will be illustrated and 
described hereinafter with respect to FIG. 18. 
0068 The ion source is illustrated in FIG. 1 as compris 
ing a conventional electrospray ionizer 16 having an inlet 
receiving sample droplets of a solution provided by a 
conventional Syringe 14 that may include a conventional 
Syringe pump, and an outlet in fluid communication with an 
ion source region 18. The electrospray ionizer 16 is operable 
in a known manner to ionize the sample droplets received 
from the syringe 14, and provide the ions in the form of a 
ionized droplets, spray or mist to the ion source region 18. 
The solution may be or contain biomolecules and/or other 
molecules. Examples of biomolecules contained in Solution 
include, but are not limited to, DNA, RNA, one or more 
proteins, peptides, carbohydrates, glycoconjugates and/or 
the like. In alternative embodiments, sample ions may be 
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generated from samples of any type by one or more other 
conventional ion generation structures and techniques, and 
in any case may be Supplied to the ion source chamber 18 
and/or generated within the ion source chamber 18. 
Examples of alternative sample ionization structures and 
techniques include, but are not limited to, laser desorption 
ionization structures and techniques, such as matrix assisted 
laser desorption ionization (MALDI), irradiation of samples 
via other radiation sources, and the like. 
0069. The drift tube structure of the IMS 10 of FIG. 1 is 
illustratively formed by connecting in series any number of 
drift tube sections, each constructed by compressing 
between opposing end plates any number of electrically 
conductive and electrically insulating ring members with an 
electrically insulating ring member positioned between each 
adjacent pair of electrically conductive ring members. In the 
illustrated embodiment, seven such drift tube sections 20 
20, are joined together to define the drift tube structure of the 
IMS 10. Adjacent ends of the first six drift tube sections 
20-20 are joined together by corresponding drift tube 
joining structures 21-21s, and adjacent ends of the last two 
drift tube sections 20 and 20, are joined at an interface with 
a vacuum chamber 22 in which the last drift tube section 20, 
resides. Generally, the ion source region 18 defines a first 
gate, funnel and ion activation region, F1/IA1/G1, and the 
seven drift tube sections 20-20, define, when joined 
together as illustrated in FIG. 1, a first drift tube region, D1, 
a second gate, funnel and ion activation region, G2/F2/IA2, 
a second drift tube region, D2, a third funnel region, F3, and 
a third ion activation region, IA3. An ion inlet of the first 
drift tube section, D1, is coupled to an ion outlet of the ion 
Source region 18, and an ion outlet of D1 is coupled to anion 
inlet of the second gate, funnel and ion activation region 
G2/F2/IA2. An ion outlet of the second gate, funnel and ion 
activation region G2/F2/IA2 is coupled to an inlet of the 
second drift tube region, D2, and an ion outlet of D2 is 
coupled to an ion inlet of the third funnel region, F3. An ion 
outlet of the funnel region, F3, is coupled to an ion inlet of 
the third ion activation region, IA3, which is coupled to a 
conventional split-field region. An ion outlet of split field 
region is coupled, via conventional ion focusing optics 24. 
to the ion acceleration region 26 of the mass spectrometer 12 
which resides in a conventional vacuum chamber 28. 

0070. In the illustrated embodiment, the mass spectrom 
eter 12 is provided in the form of a reflectron time-of-flight 
(TOF) mass spectrometer, and a conventional ion detector 
29 is positioned to detect ions processed by the mass 
spectrometer 12. Another ion detector 30 is positioned 
on-axis with the longitudinal axis of the drift tube structure 
of the IMS 10, and is used to detections exiting the IMS 10. 
The ion detector 30 may illustratively be a conventional 
micro-channel plate (MCP) detector, although other known 
ion detectors may alternatively be used. Moreover, it will be 
appreciated that one or more additional ion detectors may 
alternatively be used in the illustrated embodiment as well as 
with other forms of the mass spectrometer 12. In any case, 
the ion detector 29 and ion detector 30 are electrically 
connected to a conventional processor 32. The processor 32 
may illustratively be or include any one or more of a 
conventional personal computer (PC), laptop or notebook 
computer, hand-held computer device; e.g., personal data 
assistant (PDA), application specific computer, signal ana 
lyZer, or the like, and may include any one or more of a data 
input device; e.g., keyboard, keypad, point-and-click device, 
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etc., a data storage device, a data display device, data 
communication device configured for wired or wireless 
(including internet; e.g., world-wide-web, intranet, infrared, 
radio frequency, blue-tooth, etc.) communication with one 
or more other electronic devices. In any case, the ion 
detectors 29 and 30 are operable in a known manner to 
detect arrival of ions, and to produce electrical signals 
corresponding to the ion arrival times. The processor 32 is 
operable to process the signals provided by the ion detector 
30 and determine therefrom ion drift times through the IMS 
10 and to process the signals provided by the ion detector 29 
and determine therefrom ion flight times through the mass 
spectrometer 12. 
0071. A conventional vacuum pump 47 is illustratively 
coupled via a pair of conduits 49 to the split field region of 
the IMS 10. By operation of the pump 47, the vacuum 
chamber 22 is typically maintained at pressures between 
approximately 3x10-2x10" Torr, although other operat 
ing pressures of the chamber 22 outside of this range are 
contemplated. 

0072 The IMS 10 defines a gas inlet adjacent to the ion 
outlet end of the section 20, which is illustrated in greater 
detail in FIG. 14. In the embodiment illustrated in FIG. 1, a 
first gas source 34 is fluidly coupled to an inlet of a first 
conventional valve 36 having an outlet coupled to a pipe or 
conduit 38. A second gas source 40 may optionally be 
included, and if so is fluidly coupled to an inlet of a second 
conventional valve 42 having an outlet coupled to another 
pipe or conduit 44. The pipes or conduits 38 and 44 are both 
fluidly coupled via another pipe or conduit 46 through the 
chamber 22 to the gas inlet defined by the IMS 10. Illus 
tratively, the first gas source 34 is a buffer gas, and the valve 
36 is controllable to selectively provide the buffer gas to the 
interior of the IMS 10. An example of a suitable buffer gas 
includes, but is not limited to, helium. The second gas source 
40 may illustratively be a doping gas suitable for mixing 
with the buffer gas supplied by the first gas source 34, as will 
be described in greater detail hereinafter. An example of a 
Suitable mixing gas includes, but is not limited to, nitrogen. 
In any case, the valves 36 and 42 may be conventionally 
controlled or may alternatively be programmably controlled 
by the processor 32 as shown in phantom. 
0073. A number of voltage sources control the operation 
of the IMS 10 and the operation of the mass spectrometer 12. 
Operation of the mass spectrometer 12 is conventional, and 
any Voltage sources required for controlling operation of the 
mass spectrometer 12 are therefore not shown in FIG. 1. 
With regard to the IMS 10, a first DC voltage source, VS1, 
and a first radio frequency Voltage source, RF1, are each 
electrically connected to the ion source, which includes the 
sample solution 14, the electrospray ionizer 16 and the ion 
source region 18. A second DC voltage source, VS2, and a 
second radio frequency Voltage source, RF2, are each elec 
trically connected to the second gate, funnel and ion acti 
Vation region, G2/F2/IA2. A programmable delay generator, 
PDG, is electrically connected between the first and second 
DC voltage sources VS1 and VS2, the purpose of which will 
be described hereinafter. A third DC voltage source, VS3, 
and a third radio frequency Voltage source, RF3, are each 
electrically connected to the third funnel region, F3. A fourth 
DC voltage source, VS4, is electrically connected to the 
split-field region at the ion outlet end of the section 207. 
Details relating to exemplary embodiments of each of these 
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Voltage sources will be described hereinafter. In any case, 
any one or more of the voltage sources VS1-VS4 and 
RF1-RF3 may be, and/or may include one or more indi 
vidual Voltage Supplies that are, manually controlled and/or 
programmable to operate at least semi-automatically. Alter 
natively or additionally, any one or more of the Voltage 
sources VS1-VS4 and RF1-RF3 may be, and/or may include 
one or more individual Voltage Supplies that are, electrically 
connected to the processor 32, as shown in phantom in FIG. 
1. So that the processor 32 may control, at least partially, any 
one or more of the voltage sources VS1-VS4 and RF1-RF3 
and/or one or more individual Voltage Supplies included 
therein. 

0074 Referring now to FIGS. 2-5, details relating to one 
complete drift tube section of the drift tube structure com 
prising the IMS 10 is shown. Specifically, FIGS. 2-5 illus 
trate details relating to the section 20 of the first drift tube 
region D1 outlined by the dashed-line block 2 of FIG. 1, 
although it will be understood that the section 20 is gen 
erally representative of any of the other drift tube sections 
20, 20, 20s and 20. Referring particularly to FIG. 2, the 
section 20 comprises a series of electrically conductive ring 
members 50 with electrically insulating ring members 60 
positioned between each adjacent pair of electrically con 
ductive ring members 50. In the exemplary embodiment, the 
drift tube section 20 illustratively includes 16 electrically 
conductive ring members 50 and 17 electrically insulating 
ring members 60, although it should be understood that the 
drift tube section 20 may alternatively include more or 
fewer such ring members 50 and 60. Generally, the lengths 
of the drift tube regions D1 and D2 are defined by the 
number of ring members 50 and 60 and drift tube region end 
sections making up these regions, and the lengths of these 
regions D1 and D2 may accordingly be modified simply by 
including more or fewer ring members 50 and 60 and/or by 
including more or fewer drift tube sections. 
0075) Referring now to FIG. 3A, one illustrative embodi 
ment of one of the electrically conductive drift tube ring 
members 50 is shown. In the illustrated embodiment, the 
electrically conductive drift tube ring member 50 is an 
annular ring member having an outer diameter 52 and a 
Smaller inner diameter 54 defined by an annular passageway 
extending centrally therethrough. A plate region is defined 
between the outer periphery and the inner periphery of the 
ring member 50, and the plate region has a predefined 
thickness. Just inboard of the outer periphery of the plate 
region, the ring member 50 defines therethrough a number 
of equi-angularly spaced holes 55 each having a predefined 
hole diameter 56. In the illustrated embodiment, 16 such 
holes 55 are shown, although it will be understood that the 
ring member 50 may alternatively define more or fewer such 
holes 55 therethrough. In any case, the holes 55 are each 
spaced apart by an angle of “A” relative to a center of the 
ring member 50. Opposing faces of the ring member 50 are, 
in the illustrated embodiment, identical. 
0.076 A pair of posts 53 extend from the outer periphery 
of the ring member 50 at opposite ends of a plane bisecting 
the ring member 50. Each post 53 is positioned midway 
between two adjacent holes 55. The posts 53 have a pre 
defined height 58 and a predefined width 57, and are of the 
same thickness as the plate region of the ring member 50. 
The ring member 50 may illustratively be constructed of 
stainless steel, although other electrically conductive mate 
rials may alternatively or additionally be used. The follow 
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ing Table I provides example dimensional information for 
one specific implementation of the ring members 50. 
although it will be understood that any one or more of the 
example dimensions may be modified to Suit alternate 
implementations of the IMS 10. 

TABLE I 

Drift Tube Ring Member 50 Dimension Units 

outer diameter 52 12.7 cm 
inner diameter 54 6.985 cm 
ring member thickness O.15875 cm 
diameter 56 of the holes 55 
position of holes 55 relative to 
the ring member 50 
angle “A 
height 58 of the posts 53 
width 57 of the posts 53 

clearance for 0.9525 cm (3/8 inch) rod 
11.43 cm diameter B.C. 

22.5 degrees 
1.27 cm 
O.15875 cm 

0.077 Referring now to FIG.3B, one illustrative embodi 
ment of the electrically insulating drift tube ring members 60 
is shown. In the illustrated embodiment, the electrically 
insulating drift tube ring member 60 is an annular ring 
member having an outer diameter 62 and a smaller inner 
diameter 64 defined by an annular passageway extending 
centrally therethrough. A plate region is defined between the 
outer periphery and the inner periphery of the ring member 
60, and the plate region has a predefined thickness. Just 
inboard of the outer periphery of the plate region, the ring 
member 60 defines therethrough a number of equi-angularly 
spaced holes 65 each having a predefined hole diameter 66. 
In the illustrated embodiment, 16 such holes 65 are shown 
that align with the 16 holes 55 of the example ring member 
50 illustrated in FIG. 3A when the ring members 50 and 60 
are juxtaposed, although it will be understood that the ring 
Member 60 may alternatively define more or fewer such 
holes 65 therethrough. In any case, the holes 65 are each 
spaced apart by an angle of “A” relative to a center of the 
ring member 60. 
0078. A pair of channels 68, each having a predefined 
depth 69, extend into the outer periphery of the ring member 
60 at opposite ends of a plane bisecting the ring member 60. 
Each channel 68 is positioned midway between two adjacent 
holes 65, and each channel 68 aligns with a corresponding 
one of the posts 53 extending from the outer periphery of the 
ring member 50 when the ring members 50 and 60 are 
juxtaposed such that the posts 53 are centered relative to a 
width 68a of each of the channels 68. The ring member 60 
further defines an annular channel 61 about the plate region 
inboard of its inner periphery. The annular channel 61 
defines a channel width 63 and an inner diameter 67. The 
annular channel 61 is sized to receive therein an annular 
sealing ring, or O-ring (not shown in FIG. 3B). Opposing 
faces of the ring member 60 are, in the illustrated embodi 
ment, identical. 

0079 The electrically insulating ring member 60 may 
illustratively be constructed of Delrin Racetal resin although 
other electrically insulating materials may alternatively or 
additionally be used. The following Table II provides 
example dimensional information for one specific imple 
mentation of the ring members 60, although it will be 
understood that any one or more of the example dimensions 
may be modified to suit alternate implementations of the 
IMS 10. 
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TABLE II 

Drift Tube Ring Member 60 Dimension Units 

outer diameter 62 12.7 cm 
inner diameter 64 8.255 cm 
ring member thickness 1.27 cm 
diameter 66 of the holes 55 clearance for 0.9525 cm 

(% inch) rod 
position of holes 65 relative to the ring 11.43 cm diameter B.C. 
member 60 
angle “A 22.5 degrees 
depth 69 of the channel 68 O.508 cm 
width 68a of the channel 68 O.889 cm 
width 63 of the annular channel 61 sized to receive and hold 

therein a 0.3175 cm 
(1/8 inch) thick flexible O-ring 

inner diameter 67 of the annular channel 8.89 cm 
61 

0080 Referring again to FIG. 2, the section 20 further 
includes a pair of electrically conductive drift tube end ring 
members 70 each positioned adjacent to the last electrically 
insulating ring member 60 at each end of the section 20, 
followed by a pair of electrically conductive drift tube end 
plate members 80 each positioned adjacent to corresponding 
ones of the drift tube end ring member 70. 
0081 Referring now to FIG. 3C, one illustrative embodi 
ment of one of the electrically conductive drift tube ring 
members 70 is shown. In the illustrated embodiment, the 
electrically conductive drift tube end ring member 70 is an 
annular ring member having an outer diameter 72 and a 
Smaller inner diameter 74 defined by an annular passageway 
extending centrally therethrough. A plate region is defined 
between the outer periphery and the inner periphery of the 
ring member 70, and the plate region has a predefined 
thickness. Between the outer periphery and the inner periph 
ery of the ring member 70, the plate region defines there 
through a number of equi-angularly spaced holes 75 each 
having a predefined hole diameter 76. In the illustrated 
embodiment, 16 such holes 75 are shown that align with the 
16 holes 55 and 65 of the example ring members 50 and 60 
illustrated in FIGS. 3A and 3B respectively when the ring 
members 70 are juxtaposed with the last ring members 60 at 
the ends of the drift tube section 20, although it will be 
understood that the ring member 70 may alternatively define 
more or fewer such holes 75 therethrough. In any case, the 
holes 75 are each spaced apart by an angle of “A” relative 
to a center of the ring member 70. Just inboard of the outer 
periphery of the plate region, the ring member 70 further 
defines therethrough a number of equi-angularly spaced and 
alternating holes 78 and 79, each having predefined hole 
diameters. In the illustrated embodiment, 16 Such holes are 
shown in an alternating pattern of holes 78 and 79 although 
it will be understood that the ring member 70 may alterna 
tively define more or fewer such holes therethrough. In any 
case, adjacent pairs of the holes 78 and 79 are each spaced 
apart by an angle of “A” relative to a center of the ring 
member 70. Opposing faces of the ring member 70 are, in 
the illustrated embodiment, identical. The ring member 70 
may illustratively be constructed of stainless steel, although 
other electrically conductive materials may alternatively or 
additionally be used. The following Table III provides 
example dimensional information for one specific imple 
mentation of the ring members 70, although it will be 
understood that any one or more of the example dimensions 
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may be modified to suit alternate implementations of the 
IMS 10. 

TABLE III 

Drift Tube End Ring Member 70 Dimension/Units 

outer diameter 72 15.24 cm 
inner diameter 74 6.985 cm 
ring member thickness O.15875 cm 
diameter 76 of the holes 55 
position of holes 75 relative 
to the ring member 70 
angle “A 
diameter of the holes 78 
position of holes 78 relative 
to the end ring member 70 
diameter of holes 79 
position of holes 79 relative 
to the end ring 
member 70 

clearance for 0.9525 cm (3/8 inch) rod 
11.43 cm diameter B.C. 

22.5 degrees 
clearance for 0.635 cm (1/4 inch) rod 
14.478 cm diameter B.C. 

clearance for #32 screw 
14.478 cm diameter B.C. 

0082) Referring now to FIGS. 3D and 3E, one illustrative 
embodiment of one of the electrically conductive drift tube 
end plate members 80 is shown. In the illustrated embodi 
ment, the electrically conductive drift tube end plate member 
80 is an annular plate member having an outer diameter 82 
and a smaller inner diameter 84 defined by an annular 
passageway extending centrally therethrough. A plate region 
is defined between the outer periphery and the inner periph 
ery of the plate member 80, and the plate region has a 
predefined thickness. Between the outer periphery and the 
inner periphery of the plate member 80, the plate region 
defines therethrough a number of equi-angularly spaced 
holes 85 each having a predefined hole diameter 86. In the 
illustrated embodiment, 16 such holes 85 are shown that 
align with the 16 holes 55, 65 and 75 of the example ring 
members 50, 60 and 70 illustrated in FIGS. 3A-3C respec 
tively when the end plate members 80 are juxtaposed with 
the end ring members 70 at the ends of the drift tube section 
20, although it will be understood that the plate member 80 
may alternatively define more or fewer such holes 85 
therethrough. In any case, the holes 85 are each spaced apart 
by an angle of “A” relative to a center of the plate member 
80. Just inboard of the outer periphery of the plate region, 
the plate member 80 further defines therethrough a number 
of equi-angularly spaced and alternating holes 88 and 89, 
each having predefined hole diameters. In the illustrated 
embodiment, 16 Such holes are shown in an alternating 
pattern of holes 88 and 89 although it will be understood that 
the plate member 80 may alternatively define more or fewer 
Such holes therethrough. In any case, adjacent pairs of the 
holes 88 and 89 are each spaced apart by an angle of “A” 
relative to a center of the plate member 80. 
0083) Opposing faces of the plate member 80 are, in the 
illustrated embodiment, not identical. Rather one face of the 
plate member 80, i.e., the face illustrated in FIG. 3D, is 
juxtaposed with a corresponding one of the end ring mem 
bers 70, whereas the opposite face of the plate member, i.e., 
the face illustrated in FIG. 3E, is configured differently. 
More specifically, each hole 85 extending through the plate 
region is surrounded on the face illustrated in FIG. 3E with 
a channel 83 having an outer diameter 87 and a predefined 
depth. In the illustrated embodiment, the channels 83 are 
configured to receive therein correspondingly sized nuts 
configured to engage compression rods extending through 
the drift tube section 20 as will be described more fully 
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hereinafter. The end plate member 80 may illustratively be 
constructed of stainless steel, although other electrically 
conductive materials may alternatively or additionally be 
used. The following Table IV provides example dimensional 
information for one specific implementation of the end plate 
members 80, although it will be understood that any one or 
more of the example dimensions may be modified to Suit 
alternate implementations of the IMS 10. 

TABLE IV 

Drift Tube End Plate Member 80 Dimension Units 

outer diameter 82 5.24 cm 
inner diameter 84 0.16 cm 
ring member thickness O.3175 cm 
diameter 86 of the holes 85 clearance for 0.9525 cm 

(% inch) rod 
position of holes 85 relative to the end 1.43 cm diameter B.C. 
plate member 80 
angle “A 
diameter of the holes 88 

22.5 degrees 
clearance for 0.635 cm 
(1/4 inch) rod 

position of holes 88 relative to the end 4.478 cm diameter B.C. 
plate member 80 
diameter of the holes 89 
position of holes 89 relative to the end 
plate member 80 
diameter 87 of the channels 83 

clearance for #32 screw 
4.478 cm diameter B.C. 

clearance for 0.9525 cm 
(% inch) threaded nut 
centered over hole 85 
O.15875 cm depth of the channels 83 

0084. Referring again to FIG. 2, a number of rods 90 
extend through a corresponding number of aligned holes 55. 
65, 75 and 85 of the series of juxtaposed rings 50, 60, 70 and 
plates 80 respectively. Correspondingly sized nuts 92 are 
configured to engage opposite ends of each rod 90, and the 
nuts 92 are configured to be advanced onto the opposite ends 
of the rods 90 to thereby compress the rings 50, 60, 70 and 
plates 80 together. In the illustrated embodiment, as most 
clearly illustrated in FIGS. 2 and 5, eight such rods 90 
extend through every other set of aligned holes 55, 65, 75 
and 85 of the rings 50, 60, 70 and plates 80, and 16 
correspondingly sized nuts 92 engage opposite ends of the 
rods 90. At least the opposite ends of the rods 90 are 
threaded, and the nuts 92 are correspondingly threaded so 
that they may be advanced onto the rods 90. The rods 90 are 
sized in length so that the nuts 92, when fully advanced onto 
the rods 90 so that the rings 50, 60, 70 and plates 80 are 
sufficiently compressed to form an airtight seal between the 
rings 50, 60 and 70, are received within the channels 83 
surrounding the holes 85 in the end plates 80 with the ends 
of the rods 90 flush with or slightly recessed within the 
opposite ends of the nuts 90. It will be understood, however, 
that more or fewer rods 90 and corresponding nuts 92 may 
be used to compress the rings 50, 60, 70 and end plates 80 
together to form the drift tube section 20. In any case, the 
rods and nuts 90 are illustratively formed of electrically 
insulating materials, one example of which is, but should not 
be limited to, nylon. Those skilled in the art will recognize 
that other Suitable electrically insulating materials may be 
used for the rods 90 and/or nuts 92. 

0085. As illustrated in FIG. 2, a string of equal-valued 
resistors, R., are connected in series with each other, and each 
resistor, R, is connected between the posts 53 of adjacent 
rings 50 and also between the posts 53 of the last rings 50 
and the adjacent end rings 70 or end plates 80. Unless 
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otherwise noted herein, the resistor string comprising the 
series connection of resistors, R., extends the entire length of 
the IMS 10 from the first ring 50 in the first drift tube, D1, 
to the last ring 50 of the third funnel section, F3. Although 
not shown in an assembly view, the channels 68 formed in 
the electrically insulating rings 60 align between the posts 
53 in the drift tube section 20 to facilitate electrical con 
nection access to the posts 53. 
0086) Referring now to FIG. 4, a cross-section of the drift 
tube section 20 is shown as viewed along section lines 4-4 
of FIG. 2. In this figure, a sealing ring 95 is received in each 
of the annular channels 61 formed in both faces of each 
electrically insulating ring member 60. The sealing ring 95 
may illustratively be a flexible O-ring formed of a suitable 
material that facilitates an air-tight seal between both faces 
of each electrically insulating member 60 and an adjacent 
ring member 50 or 70 when the ring members 50, 60, 70 and 
plate members 80 are compressed by the rods 90 and nuts 92 
as previously described. Examples of materials that may be 
used to form the sealing rings 95 include, but are not limited 
to, rubber, nylon, flexible polymer material, and the like. 
Alternatively, the sealing rings 95 may be formed from one 
or more Suitable rigid and/or semi-rigid material. In any 
case, the sealing rings 95 and ring members 50, 60 and 70 
cooperate, when compressed by the rods 90 and nuts 92, to 
form an air-tight chamber within the drift tube section 20 
between each end ring member 70. 
0087. The drift tube sections 20-20, of the IMS 10 are 
joined together via electrically insulating junction plate 
members 100 that cooperate with the end plate members 80 
of each drift tube section and also with the drift tube end 
rings 70 of each section to form an air-tight connection 
between each section. Referring to FIGS. 6 and 7, one 
illustrative embodiment of one of the electrically insulating 
junction plate members 100 is shown. In the illustrated 
embodiment, the electrically insulating junction plate mem 
ber 100 is an annular ring member having an outer diameter 
102 and a smaller inner diameter 104 defined by an annular 
passageway extending centrally therethrough. A stepped 
plate region 110 is defined between the outer periphery and 
the inner periphery of the plate member 100. An annular 
outer plate region extends between the outer periphery of the 
plate member 100 and the stepped plate region 110, and the 
outer plate region has a predefined thickness 120. The 
stepped plate region 110 is likewise annular in shape and 
extends between the outer plate region and the inner periph 
ery of the plate member 100. The stepped plate region 110 
has a thickness 122 that is greater than the thickness 120 of 
the outer plate region. The thickness of the stepped plate 
region 110 is selected so that the faces of the stepped plate 
region 110 are juxtaposed with the faces of the drift tube end 
ring members 70 when the junction plate member 100 is 
compressed between the ends of two drift tube sections. 
0088 Just inboard of the outer periphery of the plate 
member 100, the outer plate region defines therethrough a 
number of equi-angularly spaced holes 105 each having a 
predefined hole diameter 106. In the illustrated embodiment, 
16 such holes 105 are shown that align with the 16 holes 85 
of the end plate members 80 illustrated in FIGS. 3D, 3E and 
5 when the plate members 80 and 100 are juxtaposed, 
although it will be understood that the junction plate mem 
ber 100 may alternatively define more or fewer such holes 
105 therethrough. In any case, the holes 105 are each spaced 
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apart by an angle of “A” relative to a center of the plate 
member 100. Just inboard of the outer periphery of the outer 
plate region, the plate member 100 further defines there 
through a number of equi-angularly spaced holes 108 having 
predefined hole diameters. In the illustrated embodiment, 16 
such holes are shown although it will be understood that the 
plate member 100 may alternatively define more or fewer 
such holes 108 therethrough. In any case, the holes 108 are 
each spaced apart by an angle of 'A' relative to a center of 
the plate member 100. 
0089. The plate member 100 further defines an annular 
channel 114 in and about the stepped plate region 110 
inboard of the inner periphery of the plate member 100. The 
annular channel 114 defines a channel width 116 and an 
inner diameter 118. The annular channel 114 is sized to 
receive therein an annular sealing ring, or O-ring (not shown 
in FIGS. 6 and 7), such as a flexible O-ring 95 as described 
hereinabove. Opposing faces of the junction plate member 
100 are, in the illustrated embodiment, identical. 
0090 The electrically insulating junction plate member 
100 may illustratively be constructed of Delrin Racetal resin 
although other electrically insulating materials may alterna 
tively or additionally be used. The following Table V 
provides example dimensional information for one specific 
implementation of the junction plate members 100, although 
it will be understood that any one or more of the example 
dimensions may be modified to Suit alternate implementa 
tions of the IMS 10. 

TABLE V 

Junction Plate Member 100 Dimension Units 

outer diameter 102 15.24 cm 
inner diameter 104 8.255 cm 
plate member thickness 120 O.635 cm 
stepped region thickness 122 1.27 cm 
diameter 106 of the holes 105 clearance for 0.9525 cm 

(3/8 inch) nut (1.7 cm 
dia.) 

position of holes 105 relative to the 11.43 cm diameter B.C. 
junction plate member 100 
angle “A 
diameter of the holes 108 

22.5 degrees 
clearance for 0.635 cm rod 
or post 

position of holes 108 relative to the 14.478 cm diameter B.C. 
junction plate member 100 
width 116 of the annular channel 114 sized to receive and 

hold therein a 0.3175 cm 
(1/8 inch) 
thick flexible O-ring 

inner diameter 118 of the annular channel 8.89 cm 
114 

0091 Referring now to FIGS. 8, 9A and 9B, details 
relating to the connection of two adjacent drift tube sections, 
using the electrically insulating junction plate member 100 
of FIGS. 6 and 7, is shown. Specifically, FIGS. 8, 9A and 9B 
illustrate details relating to the drift tube connection struc 
ture 21s, outlined by the dashed-line block 8 of FIG. 1, that 
connects the drift tube sections 20s and 20, although it will 
be understood that the drift tube connection structure 21s is 
generally representative of any of the other drift tube con 
nection structures 21-21. Referring particularly to FIG. 8, 
the drift tube connection structure section 21s comprises the 
drift tube end ring 70 and the drift tube end plate 80 of the 
drift tube section 20s, the drift tube end ring 70 and the drift 
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tube end plate 80 of the drift tube section 20 and the 
junction plate 100 positioned between the drift tube sections 
20s and 20. 
0092. As described hereinabove with respect to FIGS. 2 
and 5, the compression rods 90 in the illustrated example 
extend through every other sets of aligned holes 55, 65, 75 
and 85 of the rings 50, 60, 70 and plate 80. For drift tube 
sections that will be connected together as shown in FIGS. 
8, 9A and 9B, the rods 90 extend through one set of eight 
holes 55, 65, 75 and 85 in one drift tube section 20 or 20, 
and the rods 90 extend through the other set of eighthoes 55. 
65, 75 and 85 in the other drift tube section 20 or 20. When 
the two drift tube sections 20s and 20 are joined together 
with the junction plate 100 positioned therebetween as 
illustrated in FIGS. 8, 9A and 9B, 16 rods 90 and nuts 92 
therefore extend through each of the 16 holes 105 in the 
junction plate 100; eight from one direction and eight from 
the other. As most clearly shown in FIG.9B, the rods 90 and 
nuts 92 extend into the channels 83 defined in each of the 
drift tube end plates 80 when two drift tube sections 20s and 
20 are brought together. 
0093. With the junction plate 100 in place, the two drift 
tube sections 20s and 20 are secured together by a number 
of fixation members 125 extending through the holes 78 
and/or 79, 88 and/or 89 and 108 defined through the ring 70, 
end plate 80 and junction plate 100 respectively. A sealing 
ring 95 is received in each of the annular channels 114 
formed in both faces of the electrically insulating junction 
plate member 100. The sealing ring 95 may illustratively be 
a flexible O-ring formed of a suitable material that facilitates 
an air-tight seal between the two faces of the electrically 
insulating junction plate member 100 and corresponding 
faces of the adjacent ring members 70 when the ring 
members 70 and plate members 80 and 100 are compressed 
together by the fixation members 125. Examples of mate 
rials that may be used to form the sealing rings 95 include, 
but are not limited to, rubber, nylon, flexible polymer 
material, and the like. Alternatively, the sealing rings 95 may 
be formed from one or more Suitable rigid and/or semi-rigid 
material. In any case, the sealing rings 95, ring members 70 
and plate member 100 cooperate, when compressed by the 
fixation members 125, to form an air-tight seal between the 
chambers defined by the drift tube sections 20s and 20. 
0094) Referring now to FIG. 10, a partial cross-sectional 
view of one illustrative embodiment of the ion source 
portion of the IMS 10 of FIG. 1 is shown. In the illustrated 
embodiment, the ion source includes a conventional elec 
trospray ionizer 16 having an inlet receiving sample droplets 
of a solution provided by a needle 150 of a conventional 
Syringe 14, and an outlet, in the form of a capillary 152, in 
fluid communication with an ion source region 18. The 
capillary 152 may illustratively be a conventional pull-tip 
capillary having an inner diameter of, e.g., 75 Lim, and an 
outer diameter of, e.g., 360 um. A PEEK microtee may be 
used in the electrospray assembly to couple the tip of the 
capillary 152, an electrically conductive wire and the syringe 
14. As described hereinabove, the electrospray ionizer 16 is 
operable in a known manner to ionize the sample droplets 
received from the syringe 14, and provide the ions in the 
form of a ionized droplets, spray or mist to the ion source 
region 18. The Syringe 14 may include a conventional pump, 
and solution flow rates may be, for example, but should not 
be limited to, 0.25 uL/min. The solution may be or contain 
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biomolecules and/or other molecules, examples of which are 
described hereinabove. In alternative embodiments, sample 
ions may be generated from one or more samples of any type 
by one or more other conventional ion generation structures 
and techniques, examples of which are described herein 
above, and in any case may be supplied to the ion Source 
chamber 18 and/or generated within the ion source chamber 
18. 

0.095. In the illustrated embodiment, the ion source 
region 18 includes a chamber 154 defined between a pair of 
side walls 156 and 158, a front wall 160 and a back wall 162. 
The electrospray ionizer 16 is mounted to the front wall 160, 
and the capillary 152 of the ionizer 16 extends through the 
front wall 160 into the chamber 154. The back end of a 
funnel and ion activation structure, F1/IA1, is mounted to 
the rear wall 162, and a front end of the funnel and ion 
activation structure, F1/IA1, extends from the rear wall 162 
into the chamber 154. The funnel and ion activation struc 
ture, F1/IA1, defines an ion passageway therethrough, and 
the front end of the funnel and ion activation structure, 
F1/IA1, is positioned within the chamber 154 so that an 
entrance to the ion passageway of F1/IA1 is approximately 
centered with the longitudinal axis of the capillary 154. 
0096. The funnel and ion activation structure, F1/IA1, is 
illustratively formed by compressing together a number of 
alternating electrically conductive and electrically insulating 
ring members, or lenses, similarly as described hereinabove 
with respect to FIGS. 2-9B. The resulting funnel and ion 
activation structure, F1/IA1, is generally defined between a 
first or front lens 164 and a last or back lens 166. In one 
exemplary embodiment, the funnel and ion activation struc 
ture, F1/IA1, is formed by compressing together 96 concen 
tric brass electrodes, e.g., 0.5 mm thick, that are each 
electrically isolated by Teflon R fluoropolymer resin ring 
members, e.g., 0.76 mm thick. The first 36 concentric 
electrodes, or lenses, maintain a constant inner diameter, 
e.g., 25.4 mm, followed by 34 lenses with linearly decreas 
ing inner diameters, e.g., from 25.4 mm to 2.1 mm. The last 
section of the funnel and ion activation structure, F1/IA1, 
comprises 26 lenses having inner diameters that increase 
linearly, e.g., from 2.82 mm to 20.45 mm. An electrically 
insulating ring member is positioned between the back 
funnel lens 166 and a gate lens (G1) 168, and another 
electrically insulating ring member is positioned between 
the gate lens 168 and the first ring or lens 170 of the first drift 
tube region, D1. The second and third rings or lenses 172 
and 174 are also identified in FIG. 10. In the exemplary 
embodiment, the gate lens 168 and the first lens of D1170 are 
both brass lenses, e.g., 20.45 mm inner diameter. The gate 
lens 168 also includes a nickel mesh grid, e.g., 90% ion 
transmittance, over its face. Illustratively, a number of rods 
and nuts may be used to mount the funnel and ion activation 
structure, F1/IA1, to the rear wall 162, as described here 
inabove with respect to FIGS. 2-5, although such a mounting 
structure is not shown in FIG. 10 in favor of promoting 
clarity of the other illustrated components. 
0097. The ion source region illustrated in FIG. 10 is 
controlled by a number of Voltage sources. For example, a 
DC voltage source 180 (VS1) supplies a number of DC 
Voltages to the ion source region and to the first drift region, 
D1, and a radio frequency voltage source 190 (RF1) supplies 
a number of radio frequency (RF) voltages to the funnel and 
ion activation structure, F1/IA1. In the illustrated embodi 
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ment, the DC voltage source has a source needle output, SN. 
which is electrically connected to the needle 150 of the 
sample solution. A funnel 1 front lens output, F1F, is 
electrically connected to the first lens 164 of the funnel and 
ion activation structure, F1/IA1, to the electrospray ionizer 
16 (and the capillary 152) and to the front wall 160 of the 
chamber 154. Alternatively, the first lens 164 may be biased 
differently than the ionizer 16, capillary 152 and front wall 
160 to create an electric field between the end of the 
capillary 152 and the first lens 164 that may enhance or 
facilitate directing of ions from the capillary 152 into the 
funnel an ion activation structure, F1/IA1. In any case, a 
funnel 1 back lens output, F1B, is electrically connected to 
the last or back lens 166 of the funnel and ion activation 
structure, F1/IA1, a gate 1, G1, output is electrically con 
nected to the gate lens 168, and a drift region 1 front lens 
output, D1F, is electrically connected to the first lens 170 of 
the first drift tube region, D1. The gate 1 output, G1, is also 
electrically connected to the programmable delay generator, 
PDG, illustrated in FIG. 1. The RF voltage source 190 is a 
conventional RF voltage source, and produces two RF 
Voltages, (p and (p. The RF voltage (p is supplied through 
series capacitors, C, to every other lens of the funnel and ion 
activation structure, F1/IA1, beginning with the first lens 
164, and the RF voltage p is supplied through series 
capacitors, C, to the remaining lenses of the funnel and ion 
activation structure, F1/IA1. The Voltages (p and (p are, in 
the illustrated embodiment, 180 degrees out of phase with 
each other, and in one exemplary embodiment the RF 
voltage source 190 produces (p and p voltages of 50-70 
V at 450 kHz, although the RF voltage source 190 may 
alternatively be configured to produce other Voltages at other 
frequencies and/or with other phase relationships to Suit 
alternate implementations of the IMS 10. In any case, a 
chain of resistors, RF, is connected across the funnel and 
ion activation structure, F1/IA1, with each resistor RF 
being electrically connected between adjacent lenses of 
F1/IA1. The chain or resistors, R, connected across the drift 
tube sections 20-20, as described hereinabove, begins with 
the first lens 170 of D1, and continues to the end of the drift 
tube section 20, unless otherwise noted herein. In one 
exemplary embodiment, R=5 MS2, 1%, R=1 MS2, 0.1% 
and C=1000 pF, 10%, although other values of these com 
ponents may alternatively be used. 

0.098 Referring now to FIG. 11, one illustrative embodi 
ment of the DC voltage source 180 (VS1) is shown. In the 
illustrated embodiment, the DC voltage source 180 includes 
a number of individual DC voltage sources and a voltage 
pulsing Source. All Such sources are conventional in their 
construction and operation. A first DC voltage source, DC1, 
has a positive output defining the sample needle Voltage, SN. 
and a negative output electrically connected to the positive 
output of another DC voltage Supply, DC2, and also defining 
the funnel 1 front lens output voltage, F1F. The negative 
output of DC2 is electrically connected to the positive output 
of another DC voltage Supply, DC2, and this connection also 
defines the funnel 1 back lens output voltage, F1B. The 
negative output of DC3 is electrically connected to the 
positive output of another DC voltage supply, DC4, and the 
negative output of DC4 is electrically connected to the 
positive output of yet another DC voltage supply, DC5. This 
connection also defines the drift region front lens output 
voltage, D1F. The negative output of DC5 is connected to a 
ground or other reference potential. The positive output of 
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DC4 is also electrically connected to a negative output of 
another DC voltage source, DC6, and to a common input, 
COM, of a voltage pulsing source, P1. The positive output 
of DC6 is electrically connected to a V+input of P1, and the 
output, OUT, of P1 defines the gate 1 output voltage, G1. 
The following Table VI provides example voltage values 
and/or ranges typical for one specific implementation of the 
DC voltage source 180, although it will be understood that 
any one or more of the example values and/or ranges may be 
modified to suit alternate implementations of the IMS 10. 

TABLE VI 

DC Voltage Source 180 Voltage Values/Ranges 

DC1 (SN) 1.8-2.2 kvolts 
DC2 (F1F) 135-200 volts 
DC3 (F1B) 30–70 volts 
DC4 15 volts typical 
DC5 (D1F) 2285 typical 
DC6 60-110 volts 
P1 (G1) pulse between DC6 and DC4 

0099] The DC voltage source 180 and the RF voltage 
source 190 may be controlled to accomplish a number of 
operational goals. For example, DC voltage source 180 and 
the RF voltage source 190 may be controlled to collect and 
accumulate ions produced by the electrospray ionizer 16 in 
the funnel and ion activation region F1/IA1. To do this using 
the example DC source voltages illustrated in Table VI, i.e., 
with DC5=D1F=2285 volts, DC1 is controlled to produce a 
DC voltage at SN that is approximately 2.2 kVolts relative to 
D1F, DC3 is controlled to produce a DC voltage at F1B that 
is approximately 65 volts relative to D1F, DC2 is controlled 
to produce an electric field between the first lens 164 and the 
last lens 166 of the funnel and ion activation structure, 
F1/IA1, of approximately 11 volts/cm (typical), and DC6 
and P1 are controlled to produce a DC voltage at G1 that is 
approximately 85 volts relative to D1F. When it is desirable 
to "gate' (e.g., inject or allow entrance of) ions accumulated 
in F1/IA1 into the first drift tube region, D1, P1 is controlled 
to drop the bias voltage, G1, on the gate lens 168 by 
approximately 60 volts; e.g., to 15 volts. Ion activation, as 
this term will be defined hereinafter, can also be made to 
selectively occur within F1/IA1 by suitably controlling the 
magnitude of the electric field within F1/IA1 via control of 
the amplitude of the RF voltage source 190 and/or one or 
more of the individual voltage sources of the DC voltage 
Source 180. 

0100 Generally, the gate, G1, as well as any ion gate 
described herein, may be selectively controlled to accom 
plish any of a number of functions. For example, when it is 
desirable to allow ions transmit ions through the gate, G1. 
the Voltage on the gate, G1, is held at its low potential. 
Conversely, when it is desirable to inhibit the flow of ions 
through the gate, G1, the Voltage on the gate, G1, is held at 
its high potential. When it is desirable to selectively allow 
passage of ions through the gate, G1, the Voltage on the gate, 
G1, is pulsed from its high potential to its low potential for 
a suitable duration. It will further be understood that the 
Voltage and electric field values and/or ranges indicated 
above and herein are provided only by way of example, and 
that this disclosure contemplates other values and/or ranges 
of operation with respect to such parameters. 
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0101 Referring now to FIG. 12, one illustrative embodi 
ment of the drift tube section 204 is shown. The drift tube 
section 204 contains the end of the first drift tube region, D1, 
the second ion gate, funnel and activation region, G2/F2/IA2 
and the beginning of the second drift tube region, D2. The 
second ion gate, funnel and ion activation structure, G2/F2/ 
IA2, is illustratively formed by compressing together a 
number of alternating electrically conductive and electri 
cally insulating ring members, or lenses, similarly as 
described hereinabove with respect to FIGS. 2-9B. The 
resulting second ion gate and funnel, G2/F2 is generally 
defined between a first or front lens 200 and a last or back 
lens 202, and the second ion activation region 206 (IA2), is 
generally defined between the back lens 202 of the second 
gate and funnel, G2/F2, and the first or front lens 204 of the 
second drift tube region, D2. 
0102) The ion gate of the second ion gate and funnel, 
G2/F2, is defined by the first and second lenses 200, 201 and 
the electrically insulating ring member positioned between 
the lenses 200 and 201. The first and second lenses are each, 
e.g., 0.07 cm, thick, e.g., 14 cm outer diameter, and e.g., 7 
cm inner diameter, annular stainless Steel ring members, 
each having a grid attached thereto, and the electrically 
insulating ring member positioned between the lenses 200 
and 201 is an annular, e.g., 0.32 cm, Delrin R) acetal resin 
Spacer. 

0103) The funnel structure of the second ion gate and 
funnel, G2/F2, is defined by a series of alternating electri 
cally conductive ring members and electrically insulating 
ring members. In one exemplary embodiment, the funnel 
structure of the second ion gate and funnel, G2/F2, is formed 
by compressing together 31 concentric stainless steel elec 
trodes, e.g., 0.07 cm thick and 14 cm outer diameter, that are 
each electrically isolated by Delrin Racetal resin ring mem 
bers, e.g., 0.32 mm thick, each configured to receive, e.g., 
0.24 cm, flexible O-rings on each side to provide a vacuum 
seal between all of the ring members. The 31 concentric 
stainless steel electrodes have inner diameters that decrease 
linearly from, e.g., 7 cm to 0.56 cm. 

0.104) The drift tube section 20 of FIG. 12 is controlled 
by a number of Voltage sources. For example, a DC voltage 
source 208 (VS2) supplies a number of DC voltages to the 
first drift tube region, D1, the second ion gate and funnel, 
G2/F2, to the second ion activation region, 206, and to the 
second drift tube region, D2. A radio frequency Voltage 
source 210 (RF2) supplies a number of radio frequency (RF) 
Voltages to the second ion gate and funnel structure, G2/F2. 
In the illustrated embodiment, the DC voltage source 208 
has a funnel 2 front lens output, F2F, that is electrically 
connected to the first lens 200 of the second ion gate and 
funnel structure, G2/F2, a gate 2 output, G2, that is electri 
cally connected to the second lens 201 of the second ion gate 
and funnel structure, G2/F2, a funnel 2 back lens output, 
F2B, that is electrically connected to the last or back lens 
202 of the second ion gate and funnel structure, G2/F2, and 
a second drift tube front lens output, D2F, that is electrically 
connected to the first or front lens 204 of the second drift 
tube region, D2. The DC voltage source 208 also has an 
input receiving a programmable delay signal, PDS, pro 
duced by the programmable delay generator, PDG (see FIG. 
1). The RF voltage source 210 is a conventional RF voltage 
Source, and produces two RF Voltages, (p and (p. The RF 
Voltage (p is Supplied through series capacitors, C, to every 
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other lens of the second ion gate and funnel structure, G2/F2, 
and the RF voltage (p is supplied through series capacitors, 
C. to the remaining lenses of the second ion gate and funnel 
structure, G2/F2. Generally, the (p and (p. Voltages are 
applied to the second ion gate and funnel structure, G2/F2 
beginning with the lens following the second gate lens 201 
and ending with the lens positioned just prior to the last or 
back lens 202. As with the RF voltage source 190, the 
Voltages (p and (p are, in the illustrated embodiment, 180 
degrees out of phase with each other, and in one exemplary 
embodiment the RF voltage source 210 produces (p and (p. 
voltages of approximately 100 V at 480 kHz, although the 
RF voltage source 210 may alternatively be configured to 
produce other Voltages at other frequencies and/or with other 
phase relationships to Suit alternate implementations of the 
IMS 10. In any case, the chain of resistors, R, that is 
connected across the electrically conductive ring members 
of the first drift tube region, D1, is continued across each of 
the electrically conductive ring members of the second ion 
gate, funnel and ion activation region, G2/F2/IA2, and also 
across the electrically conductive ring members of the 
second drift tube region, D2, with two exceptions. Specifi 
cally, the second lens 201 of the second ion gate is skipped, 
i.e., not connected, in the resistor chain, and no resistor is 
connected across the second ion activation region 206, i.e., 
between the electrically conductive ring members 202 and 
204. In one exemplary embodiment, R=5 MS2, 1%, as 
described hereinabove, and C=500 pF, 10%, although other 
values of these components may alternatively be used. 

0105 Referring now to FIG. 13, one illustrative embodi 
ment of the DC voltage source 208 (VS2) is shown. In the 
illustrated embodiment, the DC voltage source 208 includes 
a number of individual DC voltage sources and a voltage 
pulsing source. All Such sources are conventional in their 
construction and operation. A first DC voltage source, DC8, 
has a positive output defining the funnel 2 front lens output, 
F2F, and a negative output electrically connected to a ground 
reference. Another voltage source, DC11, has a positive 
output that defines the second drift tube front lens voltage, 
D2F, and is also electrically connected to a negative output 
of yet another voltage source, DC12. The negative output of 
the voltage source, DC11, is electrically connected to the 
ground reference, and the positive output of the Voltage 
source, DC12, defines the funnel 2 back lens voltage, F2B. 
The positive output of the voltage source DC8 is electrically 
connected to the positive output of another Voltage source, 
DC9. The negative output of the voltage source, DC9, is 
electrically connected to the negative output of another 
voltage source, DC10, and also to a common input (COM) 
of a Voltage pulsing source, P2. The pulse delay signal, PDS, 
supplied by the pulse delay generator, PDG. (see FIG. 1) is 
electrically connected to a pulse delay input, PD, of the 
Voltage pulsing source, P2. The positive output of the 
voltage source DC10 is electrically connected to a V+input 
of the voltage pulsing source P2, and the output, OUT, of the 
Voltage pulsing source P2 defines the gate 2 output Voltage, 
G2. The following Table VII provides example voltage 
values and/or ranges typical for one specific implementation 
of the DC voltage source 208, although it will be understood 
that any one or more of the example values and/or ranges 
may be modified to suit alternate implementations of the 
IMS 10. 
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TABLE VII 

DC Voltage Source 208 Voltage Values/Ranges 

DC8 (F2F) 1240 volts typical 
DC9 5-10 volts 
DC10 20 volts typical 
DC11 (D2F) 1061 volts typical 
DC12 (F2B) 5-200 volts 
P2 (G2) pulse between 0 and -20 volts typical 

0106) The DC voltage source 180 and the RF voltage 
source 190 may be controlled to accomplish a number of 
operational goals. For example, the DC voltage source, 
DC8, is controlled to maintain a desired electric field, e.g., 
approximately 12 volts/cm, through the first drift tube 
region, D1. Likewise, the DC voltage sources, DC8, DC9, 
DC10, DC11 and DC12 are controlled to maintain a desired 
electric field, e.g., approximately 14 volts/cm, through the 
second ion gate, funnel and ion activation region, G2/F2/IA2 
under non-gating and non-ion activation operation. When it 
is desirable to "gate' (e.g., allow passage of) ions from the 
first drift tube region, D1, into the second drift tube region, 
D2, the Voltage pulsing source P2 is responsive to the pulse 
delay signal, PDS, Supplied by the pulse delay generator, 
PDG, to drop the bias voltage, G2, on the gate lens 201 by 
approximately 20 volts. The pulse delay generator, PDG, is, 
in the illustrated embodiment, a conventional programmable 
pulse generator, e.g., model DG535, Stanford Research 
Systems, Inc., that is responsive to pulsed activation of the 
first gate Voltage, G1, to produce the pulse delay signal, 
PDS, after a programmable delay period. Via suitable choice 
of the delay period, ions having only a predefined mobility 
or range of mobilities may be passed from the first drift 
region, D1, to the second drift region, D2. Alternatively, the 
processor 32 may be programmed to control timing of the 
G2 pulse. In either case, this process of controlling the G2 
to allow passage from D1 to D2 only of ions having a 
predefined mobility or range of mobilities may be referred to 
hereinafter as “mobility selection.” Ion activation, as this 
term will be defined hereinafter, can be made to selectively 
occur within the second ion activation region 206 by suit 
ably controlling the magnitude of the electric field within the 
region 206 via control of the amplitude of the DC voltage 
source, DC 12, relative to the amplitude of the DC voltage 
source, DC11. In this embodiment, the electrically conduc 
tive ring member 204 that defines the first lens of the second 
ion drift region, D2, contains a grid to prevent RF fields, 
resulting from the RF voltages produced by the RF voltage 
source 210, from extending into the second drift tube region, 
D2. It will be appreciated that the RF voltage source 210 
and/or another suitable RF voltage source may alternatively 
be electrically connected across the ion activation region 
206 to create an RF electric field within the ion activation 
region 206 that is suitable for ion activation, as this term will 
be described hereinafter. It will also be appreciated that the 
second ion gate, 200, 201, may alternatively be positioned at 
or near the end of the second funnel region, e.g., at or near 
the last or back lens 202 of the second funnel structure. 

0.107 Referring now to FIG. 14, one illustrative embodi 
ment of the drift tube section 20, is shown. The drift tube 
section 20, contains the end of the second drift tube region, 
D2, and the third funnel structure, F3. The third activation 
region, IA3, is mounted to the ion outlet end of the third 
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funnel structure, F3. The third funnel structure, F3, is 
illustratively formed in the same manner as G2/F2/IA2, i.e., 
by compressing together a number of alternating electrically 
conductive and electrically insulating ring members, or 
lenses, similarly as described hereinabove with respect to 
FIGS. 2-9B. The resulting third funnel structure, F3, is 
generally defined between a first or front lens 220 and a last 
or back lens 222, and in one exemplary embodiment the 
third funnel structure, F3, is formed by compressing together 
31 concentric stainless steel electrodes, e.g., 0.07 cm thick 
and 14 cm outer diameter, that are each electrically isolated 
by Delrin Racetal resin ring members, e.g., 0.32 mm thick, 
each configured to receive, e.g., 0.24 cm, flexible O-rings on 
each side to provide a vacuum seal between all of the ring 
members. The 31 concentric stainless steel electrodes have 
inner diameters that decrease linearly from, e.g., 7 cm to 
0.56 cm. The front lens 220 and the last or back lens 222 are 
covered by a grid, e.g., 90% ion transmittance, to prevent RF 
fields within F3 to extend into the third ion activation region, 
IA3. 

0108. The second drift tube region, D2, and the third 
funnel structure, F3, are controlled by a number of voltage 
sources. For example, a DC voltage source 224 (VS3) 
supplies a number of DC voltages to the D2 and F3 regions, 
and a radio frequency Voltage source 226 (RF3) Supplies a 
number of radio frequency (RF) voltages to the third ion 
funnel structure, F3. In the illustrated embodiment, the DC 
voltage source 224 has a funnel 3 front lens output, F3F, 
which is electrically connected to the first lens 220 of the 
third funnel structure, F3, which is also the last or back lens 
of the second ion drift region, D2. A funnel 3 back lens 
output, F3B, is electrically connected to the last or back lens 
222 of the third funnel structure, F3. The RF voltage source 
226 is a conventional RF voltage source, and produces two 
RF Voltages, (p and (p. The RF voltage (p is Supplied 
through series capacitors, C, to every other lens of the third 
funnel structure, F3, and the RF voltage (p is supplied 
through series capacitors, C, to the remaining lenses of the 
third funnel structure, F3. Generally, the (p and (p. Voltages 
are applied to the third funnel structure, F3 beginning with 
the first or front lens 220 and ending with the lens prior to 
the last or back lens 222. As with the RF voltage sources 190 
and 210, the Voltages (p and (p are, in the illustrated 
embodiment, 180 degrees out of phase with each other, and 
in one exemplary embodiment the RF voltage source 226 
produces (p and (p. Voltages of approximately 70 V at 450 
kHz, although the RF voltage source 226 may alternatively 
be configured to produce other Voltages at other frequencies 
and/or with other phase relationships to Suit alternate imple 
mentations of the IMS 10. In any case, the chain of resistors, 
R, that is connected across the electrically conductive ring 
members of the first and second drift tube regions, D1 and 
D2, is continued across each of the electrically conductive 
ring members of the third ion funnel structure, F3. In one 
exemplary embodiment, R=5 MS2, 1%, as described here 
inabove, and C=500 pF, 10%, although other values of these 
components may alternatively be used. 
0109 Referring now to FIG. 15, one illustrative embodi 
ment of the DC voltage source 224 (VS3) is shown. In the 
illustrated embodiment, the DC voltage source 224 includes 
two individual DC voltage sources, which are conventional 
in their construction and operation. A first DC voltage 
source, DC14, has a positive output defining the funnel 3 
front lens output, F3F, and a negative output electrically 
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connected to a ground reference. The second DC voltage 
source, DC15, has a positive output defining the funnel 3 
back lens output, F3B, and a negative output electrically 
connected to the ground reference. The following Table VIII 
provides example Voltage values and/or ranges typical for 
one specific implementation of the DC voltage source 224, 
although it will be understood that any one or more of the 
example values and/or ranges may be modified to Suit 
alternate implementations of the IMS 10. 

TABLE VIII 

DC Voltage Source 224 Voltage Values/Ranges 

DC14 (F3F) 
DC15 (F3B) 

237.5 volts typical 
22.5 volts typical 

0110. The DC voltage source 224 and the RF voltage 
source 226 may be controlled to accomplish a number of 
operational goals. For example, the DC voltage source, 
DC14, is controlled to maintain a desired electric field, e.g., 
approximately 12 volts/cm, through the second drift tube 
region, D2. Likewise, the DC voltage sources, DC14 and 
DC15 are controlled to maintain a desired electric field, e.g., 
approximately 17.5 volts/cm, through the third ion funnel 
structure, F3. The RF voltage source 226 is controlled to 
focus ions through the third funnel structure, F3, with 
maximum ion throughput. It will also be appreciated that 
although the third funnel structure, F3, is not shown or 
described as including an associated third ion gate structure, 
the third funnel structure, F3, may alternatively be modified 
to include Such a third ion gate structure. Such a third ion 
gate structure may be identical or similar to the second ion 
gate, 200, 201 described hereinabove with respect to FIG. 
12, or may alternatively be positioned at or near the end of 
the third funnel structure, e.g., at or near the last or back lens 
222 of the third funnel structure, F3. In any case, such a third 
ion gate could be operated similarly to the second ion gate 
in that another programmable delay generator could be 
electrically connected between the gate 2 output, G2, of the 
DC voltage source 210 (VS2) and another voltage pulsing 
source contained within the DC voltage source 224. Via 
Suitable programming of this second programmable delay 
generator, the third ion gate could be controlled to allow 
passage out of the second drift tube region, D2, only ions 
having a predefined mobility or mobility range. Alterna 
tively, the processor 32 could control the timing of control 
of the third ion gate. In either case, mobility selection could 
therefore take place not only at the second ion gate, but also 
at the third if such a third ion gate is provided. 
0111. A conventional split-field region is mounted to the 
end of the second drift tube, D1, and has a conical lens 230 
centered over the last lens 222 of the third funnel structure, 
F3, with the larger, ion inlet end of the conical lens 230 
positioned adjacent to the lens 222. A beryllium-copper 
(BeCu) lens 232 is positioned at the smaller, ion outlet end 
of the conical lens 230, and a skimmer cone 234 has its 
smaller, ion inlet end positioned adjacent to the BeCu lens 
232 and its larger, ion outlet end opening away from the 
funnel structure, F3. The third ion activation region, IA3, is 
defined between the last lens 222 of the third funnel struc 
ture, F3, and the BeCu lens 232, and labeled in FIG. 14 as 
the region 228. The vacuum lines 49 and the buffer gas line 
46 illustratively mate with the split-field region as illustrated 
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in FIG. 14. The gas conduit 46 allows a buffer gas, e.g., 
GAS1 or GAS2, or a mixture of a buffer gas and a doping 
gas, e.g., GAS1 and GAS2, to enter and fill the cavity of the 
IMS 10 formed by the drift tube sections 20-20. 
0112 A number of voltages produced by another voltage 
source 236 (VS4) are used to control operation of the 
split-field region. Referring to FIG. 16, one illustrative 
embodiment of the DC voltage source 236 (VS4) is shown. 
In the illustrated embodiment, the DC voltage source 236 
includes three individual DC voltage sources, which are 
conventional in their construction and operation. A first DC 
Voltage source, DC16, has a positive output defining an 
inverted cone voltage, IC, which is Supplied to the conical 
lens 230, and a negative output electrically connected to a 
ground reference. A second DC voltage source, DC17, has 
a positive output defining a lens Voltage, L, that is Supplied 
to the BeCU lens 232, and a negative output electrically 
connected to the ground reference. The third DC voltage 
Source, DC18, has a positive output defining a skimmer cone 
Voltage, SC, that is Supplied to the skimmer cone 234, and 
a negative output electrically connected to the ground ref 
erence. The following Table IX provides example voltage 
values and/or ranges typical for one specific implementation 
of the DC voltage source 236, although it will be understood 
that any one or more of the example values and/or ranges 
may be modified to suit alternate implementations of the 
IMS 10. 

TABLE IX 

DC 
Voltage Source 236 Voltage Values (NACT) Voltage Ranges (ACT) 

DC16 (IC) 22.5-250 volts 1-10 W & DC15 
DC17 (L) 14.8–194.8 volts 1-300 W & DC16 
DC18 (SC) 14.5 volts S-20 W & DC17 

0113 Ion activation, as this term will be defined herein 
after, can be made to selectively occur within the third ion 
activation region, IA3, by Suitably controlling the magnitude 
of the electric field within the region 228 via control of the 
amplitudes of the DC voltage sources DC15 (VS3) and 
DC16 (VS4). Generally, example voltage values of DC16 
DC18 for non-ion activation conditions (NACT) are illus 
trated in the middle column of Table IX. Example voltage 
values of these sources for ion activation conditions (ACT) 
are, in contrast, illustrated in the right-most column of Table 
IX, in the illustrated embodiment, may be controlled to 
selectively induce ion activation, as this term will be 
described hereinafter, within the third ion activation region, 
IA3. 

0114. The exemplary dimensional information, electrical 
component value information and Voltage source informa 
tion set forth in Tables I-IX and accompanying text above 
refers to a two-stage IMS 10, i.e., an IMS having two drift 
tube regions D1 and D2. The two-stages of the IMS 10, i.e., 
the two drift tube regions D1 and D2, are separated by a gate, 
funnel and ion activation region, G2/F2/IA2 with a funnel, 
ion activation and gate region, F1/IA1/G1 Supplying ions to 
the first drift tube region, D1, and with another funnel, F3. 
and ion activation region, IA3, positioned adjacent to the ion 
outlet of the IMS 10. The lengths of these various regions of 
the IMS 10 in this exemplary embodiment are summarized 
in Table X below, although it will be understood that any one 

May 24, 2007 

or more of the example lengths may be modified to Suit 
alternate implementations of the IMS 10. 

TABLE X 

Region of IMS 10 Length 

D1 87.1 cm 
G2.F2 IA2 12.7 cm 
D2 68.7 cm 
F3 12.24 cm 

0115 The foregoing structure of the IMS 10 provides for 
a continuous-cavity IMS 10 that allows the entire instrument 
10 to be filled with a buffer gas or mixture of gases. It will 
be understood, however, that the IMS 10 may alternatively 
be configured to operate the drift tube regions, D1 and D2, 
with different buffer gases or gas mixtures and/or to operate 
the drift tube regions, D1 and D2, at different pressures, and 
modifications to the IMS 10 to accomplish either of both of 
these goals would be a mechanical step for a skilled artisan. 
The structure of the IMS 10 is also scalable, making it 
possible to add or remove additional funnel/drift tube/ion 
activation assemblies, creating, for example, a system of 
multiple drift tube regions in series. 
0116. The ion funnels, F1, F2 and F3, provide for radial 
focusing of the ions to thereby allow high ion transmission 
through long drift tube regions. Generally, when the DC field 
in the funnel is at or above the field used in the adjacent drift 
tube regions, D1 and D2, high resolution mobility separa 
tions can be obtained. Simulations of ion trajectories, ulti 
lizing a three-dimensional field array, have been conducted 
and generally demonstrate that as ions travel through a drift 
tube, e.g., D1 or D2, they diffuse radially outwardly into a 
sizeable cloud. When such ion clouds pass through a funnel 
structure of the type illustrated and described herein, e.g., 
F1, F2 and F3, the diffuse clouds collapse radially inwardly 
and are transmitted efficiently into the next drift tube region. 
The simulations also indicate that if the DC fields in the 
funnel structures, F1, F2 or F3, are higher than in the 
adjacent drift tube regions, D1 and D2, it is possible to 
transmit nearly 100% of the ions through the funnel struc 
tures, F1, F2 or F3. Alternatively, if the DC fields in the 
funnel structures, F1, F2 or F3, is below a critical value, ions 
become increasingly trapped in the funnels. This latter 
feature makes possible additional operational modes of the 
IMS 10. For example, combined with a gate that is located 
at the ion entrance end of a funnel, e.g., the second ion gate 
and second funnel structure G2/F2 illustrated and described 
herein, either of the funnel structures, F2 or F3, may be used 
to trap and therefore accumulate mobility-selected ions from 
multiple ion packets. 

0.117) The term “ion activation' has been used herein to 
identify a process that may be made to selectively occur 
within any of the ion activation regions, IA1, IA2 and/or 
IA3. As used herein, “ion activation' is the process of 
inducing structural changes in at least Some ions resulting 
from collisions of the ions with the buffer gas or gas mixture 
in the presence of a high electric field. The high electric field 
may be an AC electric field, as is the case in IA1 as described 
hereinabove with respect to FIGS. 10 and 11, and/or may be 
a high DC electric field, as is the case in IA2 and IA3 as 
described hereinabove with respect to FIGS. 12-16. In any 
case, the induced structural changes in the ions may take 
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either of two forms. In the presence of sufficiently high 
electric fields, high energy collisions of ions with the buffer 
gas or gas mixture result in fragmentation of at least some 
of the ions, and ion activation under Sufficiently high electric 
field conditions thus corresponds to ion fragmentation. In 
the presence of elevated electric fields that are not suffi 
ciently high to result in ion fragmentation, collisions of ions 
with the buffer gas or gas mixture result in conformational 
changes, i.e., changes in the shape, of at least Some of the 
ions. Ion activation, under electric field conditions that are 
Sufficiently high but not high enough to result in ion frag 
mentation, thus corresponds to ion conformational changes. 
In either case, the structural changes induced in at least some 
of the ions results in different ion mobilities and/or mass 
to-charge ratios, which can be discerned when the structur 
ally changed ions pass through a Subsequent drift tube 
region and/or mass spectrometer. 
0118. It will be appreciated that the various voltage 
sources, VS1-VS4 and RF1-RF3, may be controlled to 
accomplish various goals within the different regions of the 
illustrated embodiment of the IMS 10. For example, the 
various voltage sources, VS1-VS4 and RF1-RF3, may be 
controlled to selectively gate (allow entrance of) ions from 
the ion source into D1, to selectively induce ion activation 
within the first funnel and ion activation region, F1/IA1, to 
selectively gate ions having only a predefined ion mobility 
or mobility range from D1 into D2, to selectively induce ion 
activation between D1 and D2, and/or to selectively induce 
ion activation between D2 and the ion detector 30 (and also 
between D2 and the mass spectrometer 12). Referring now 
to FIGS. 17A-17D, examples of four specific operational 
modes of the IMS 10 are provided, although it will be 
understood that other operational modes are possible with 
the IMS 10 as just described. 
0119 Operational Mode A: measurement of standard 
nested IMS-MS distributions. Operational mode A of the 
IMS 10 involves acquisition of nested IMS-MS data, and is 
illustrated in FIG. 17A. In this mode of operation, ions are 
electrosprayed into the source region 18 of the IMS 10 via 
the electrospray ionizer 16, and enter the first funnel and ion 
activation region, F1/IA1, where they are accumulated. 
Illustratively, accumulation times may vary from, e.g., 20 to 
200 ms. The RF voltage 190 is controlled to focus the 
accumulated ions, but not to induce ion activation. The 
Voltage pulsing source, P1, is then controlled to deliver 
short, e.g., 50-100 us, pulses to the first gate lens 168 to 
thereby gate (allow entrance of) ions into the first drift tube 
region, D1. Ion accumulation within, and release from, 
F1/IA1 is accomplished by raising and lowering the G1 
voltage with respect to the drift voltage applied to the first 
lens 170 of the first drift tube region, D1. The same pulse 
used on the first gate lens 168 to gate ions into D1 also 
activates a synchronized Voltage pulsing source (not shown) 
associated with the mass spectrometer 12. As the ion mixture 
drifts through D1, individual ion components separate in 
time based on differences in their mobilities. Also, as 
described hereinabove, the mixture of ions is radially 
focused as it passes through the funnel structures F2 and F3. 
Ions that exit the second drift tube region, D2, are focused 
by the third funnel, F3 into the mass spectrometer 12. In the 
example shown in FIG. 17A, the result is a conventional 
nested drift time and time-of-flight dataset having four 
discernible peaks, 300, 302, 304 and 306. This operational 
mode may be used for several purposes including, but not 
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limited to, determining the drift times of ions in each drift 
tube region, D1 and D2, determining the delay time for 
Subsequention mobility selection, and determining collision 
cross sections for precursor ions. 

0120 Operational Mode B: selection of a predefined ion 
mobility or range of ion mobilities. By selectively applying 
a synchronized delay pulse 308 to G2, as shown by example 
in FIG. 17B, it is possible to transmit only ions with a 
specific mobility or range of mobilities from the first drift 
tube region, D1, into the second drift tube region, D2. With 
a suitable delay between the pulses applied to G1 and to G2. 
FIG. 17B demonstrates selection of ions having mobilities 
around the peak 302 of FIG. 17A. In such cases where only 
a single ion structure is present the resultant drift time and 
time-of-flight distribution will contain only a single narrow 
peak, e.g., peak 302. However, if more than one component 
is present, it is possible that the mobility-selected ions may 
separate again in D2. This would be the case, for example, 
if a distribution of structures was selected that was inter 
converting slowly (i.e. on the timescales of the measure 
ment). It is also possible that features that are in D1 may be 
resolvable upon separation in D2. The resolution differences 
between D1 and D2 can be enhanced by varying the lengths 
of D1 and D2. For example, a drift region in D2 that is four 
times longer than the drift region of D1 should have twice 
the resolving power (assuming identical drift tube fields). 
On the other hand, a high resolution selection could be 
obtained by using a D1 region that is much longer than D2. 

0121 Operational Mode C: activation of mobility-se 
lected ions. As noted hereinabove, ion activation may be 
induced in the ion activation region, IA2. Ions are activated 
in this region by increasing the Voltage between the two drift 
ring members 202 and 204 that make up IA2. As ions 
accelerate in this region, they gain energy through collisions 
with the buffer gas orgas mixture. The ion activation process 
appears to be highly tunable and reproducible, and under 
high-energy, e.g. Suitably high electric field, conditions it is 
possible to induce extensive ion fragmentation as illustrated 
in FIG. 17C. Alternatively, the IA2 region can be operated 
under relatively low-energy activation conditions that 
induce a conformational changes in the ions without causing 
fragmentation, as described hereinabove. A hypothetical 
distribution illustrating this operational mode under high 
energy conditions is shown in FIG. 17C, where the mobility 
selected ion distribution 302 has been fragmented into 
fragment ion components 302, and 310-320. The frag 
mented ion component 302 represents what it left of the 
original ion distribution 302 after fragmentation, and the 
fragment ion components 310-320 represent the various 
fragments of the original ion distribution 302. Generally, the 
various fragment components 310-320 from multiply charge 
precursor ions may have ion mobilities and/or ion mass-to 
charge ratios that are different than those of the original ion 
distribution 302. Subsequent separation in the second drift 
tube region, D2, and in the mass spectrometer 12 allow the 
fragments to be discriminated in the resultant drift time and 
time-of-flight distribution. New conformations that are pro 
duced at low-activation energies may also have ion mobili 
ties and/or ion mass-to-charge ratios that are different than 
those of the original ion distribution 302. Those having 
higher ion mobilities correspond to ions that have become 
more compact (e.g., an unfolded structure that collapses) 
upon activation, and those having lower ion mobilities 
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correspond to ions that have larger cross sections (e.g., 
folded States that upon activation unfold) upon activation. 

0122 Operational Mode D: parallel dissociation of frag 
ment ions that were formed from mobility-selected precur 
sors. As noted hereinabove, ion activation may also be 
induced in the ion activation region, IA3, and this may be 
selectively carried out with or without prior mobility selec 
tion via control of G2 and/or ion activation in the ion 
activation regions IA1 and/or IA2. A hypothetical distribu 
tion illustrating this operational mode under high-energy 
conditions in IA3 is shown in FIG. 17D, where the mobility 
selected ion distribution 302 has been fragmented in IA2 
into fragment ion components 302, and 310-320 and the 
ion fragments 302 and 310-310 have been further frag 
mented in IA3 into ion fragment sets 310 A, 312- . . . 
318,320. In this case, fragments that are generated at 
IA3 are not further separated in time as a function of ion 
mobility, and fragments generated from a common precursor 
therefore have identical drift times. However, since the 
fragment ions generated at IA3 do Subsequently pass 
through the mass spectrometer 12, the fragment ions 310. A 
312. . . .318,320 are separated in time as a function 
of ion mass-to-charge ratio. This operational mode may 
accordingly be referred to as parallel collision induced 
dissociation or some form thereof. 

0123. As briefly described hereinabove with respect to 
FIG. 1, the present disclosure contemplates embodiments of 
the IMS 10 that do not include the mass spectrometer 12. An 
illustrative embodiment of one such ion mobility spectrom 
eter (IMS) 350 is shown in FIG. 18. The IMS350 illustrated 
in FIG. 18 is identical in many respects to the IMS 10 
illustrated and described herein with respect to FIGS. 1-17D, 
and like numbers and alphanumeric identifiers are used to 
identify like components. Like the IMS 10, the IMS 350 
includes an ion source, followed by a first ion drift tube 
region, D1, followed by a gate, funnel and ion activation 
region, G2/F2/IA2, followed by a second ion drift tube 
region, D2, followed by another funnel, F3, and an ion 
activation region, IA3. The ion outlet of the ion activation 
region IA3 is coupled to a vacuum chamber 352, and a 
conventional vacuum pump 354 is used to control the 
vacuum level within the chamber 352 and, in turn, within the 
IMS 350. The ion detector 30 resides within the vacuum 
chamber 352, and is electrically connected to the processor 
32 as previously described. The gas passageway or conduit 
46 may receive a buffer gas or other gas mixture via one or 
more Suitable gas sources such as illustrated in FIG. 1, 
although such structure is omitted from FIG. 18 for clarity 
of illustration. It will be understood that the IMS 350 further 
includes a number of DC and RF voltage source configured 
to control operation thereof as described hereinabove, 
although such structure is likewise omitted from FIG. 18 for 
clarity of illustration. The IMS 350 is operable as described 
hereinabove with respect to the IMS 10, with the exception 
that the ion spectral information produced by the processor 
32 will necessarily be in one dimension only, i.e., ion drift 
time, since the instrument depicted in FIG. 18 does not 
include a mass spectrometer or other ion separation instru 
ment. In this regard, drift time vs. ion intensity plots 400, 
402 and 404 are illustrated in FIG. 19 for the three opera 
tional modes, A, B and C respectively, of the instrument 
depicted in FIG. 1 that are illustrated in FIGS. 17A, 17B and 
17C respectively. 
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0.124. The ion intensity plot 400 of FIG. 19 illustrates 
IMS data for operational mode “A” shown in FIG. 17A and 
described hereinabove. In this mode of operation, ions are 
electrosprayed into the source region 18 of the IMS 350 via 
the electrospray ionizer 16, and enter the first funnel and ion 
activation region, F1/IA1, where they are accumulated. The 
RF voltage 190 is controlled to focus the accumulated ions, 
but not to induce ion activation. The Voltage pulsing source, 
P1, is then controlled to deliver short pulses to the first gate 
lens 168 to thereby gate (allow entrance of) ions into the first 
drift tube region, D1. Ion accumulation within, and release 
from, F1/IA1 is accomplished by raising and lowering the 
G1 voltage with respect to the drift voltage applied to the 
first lens 170 of the first drift tube region, D1. As the ion 
mixture drifts through D1, individual ion components sepa 
rate in time based on differences in their mobilities. Also, as 
described hereinabove, the mixture of ions is radially 
focused as it passes through the funnel structures F2 and F3. 
Ions that exit the second drift tube region, D2, are focused 
by the third funnel, F3 into the mass spectrometer 12. The 
resulting spectrum 400 contains a number of ion mobility 
peaks, A-E. 
0.125. The ion intensity plot 402 of FIG. 19 illustrates 
IMS data for operational mode “B” shown in FIG. 17B and 
described hereinabove. As previously described, a synchro 
nized delay pulse may be selectively applied to G2 to 
transmit only ions with a specific mobility or range of 
mobilities from the first drift tube region, D1, into the second 
drift tube region, D2. In the illustrated example, the delay 
was chosen to selections having mobilities around the peak 
“C”, and the resulting spectrum 402 therefore contains only 
the single narrow peak, e.g., peak “C.” 
0126 The ion intensity plot 404 of FIG. 19 illustrates 
IMS data for operational mode “C” shown in FIG. 17C and 
described hereinabove. As previously described, the ion 
activation region, IA2, may be controlled to induce ion 
fragmentation. In the illustrated example, ions having 
mobilities around the peak “C” were selected, as described 
in mode “B” above, and these selected ions were then 
fragmented in IA2. As the fragmented ions drift through the 
second ion drift region, D2, the fragments separate accord 
ing to their ion mobilities. In the illustrated example, the 
resulting spectrum 404 therefore contains discernible drift 
times of the various fragments of the mobility-selected ions 
that were fragmented in IA2. While the ion mobility instru 
ment 350 illustrated in FIG. 18 is capable of operation 
according to operational mode "D' illustrated and described 
herein, a plot of this mode is not included in FIG. 19 since 
ions fragmented in IA3 would not be discernible in a 
one-dimensional drift time plot because Such fragmented 
ions have no further opportunity to separate in the instru 
ment 350. 

0127. It has been described hereinabove with respect to 
FIGS. 12 and 13, and with respect to at least some of the 
various example operational modes of the IMS 10 and 350, 
that ion activation may be selectively induced in any of the 
ion activation regions IA1, IA2 and IA3. By way of 
example, FIGS. 20A-20F show mass spectra for several 
different electric field conditions that have been experimen 
tally used to activate M+2H" and M+3H]." ions in the 
second ion activation region 206 (IA2) of the IMS 10. In 
general, higher-charge state ions can be activated at lower 
electric fields within IA2206, a result that can be explained 
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by considering that the activation energy scales with the 
charge state. The degree of fragmentation for ions of any 
charge state can be tuned over a Substantial range, as 
illustrated in FIGS. 20A-20F. FIG. 20A, for example, illus 
trates a mass spectra 410 for M+2H" ions exposed to an 
electric field within the ion activation region 206 (FIG. 12) 
established by a voltage differential between the electrically 
conductive ring members 202 and 204 of approximately 6.0 
volts. FIG. 20B illustrates a mass spectra 412 for M+2H 
ions exposed to an electric field within the ion activation 
region 206 established by a voltage differential between the 
electrically conductive ring members 202 and 204 of 
approximately 206 volts, and FIG. 20O illustrates a mass 
spectra 414 for M+2H" ions exposed to an electric field 
within the ion activation region 206 established by a voltage 
differential between the electrically conductive ring mem 
bers 202 and 204 of approximately 246 volts. FIGS. 20A 
20C illustrate that as the electric field increases in the ion 
activation region 206, by increasing the Voltage differential 
between the ring members 202 and 204, fragmentation of 
M+2H" ions likewise increases. FIGS. 20D, 20E and 20F, 
in contrast, illustrate mass spectra 416, 418 and 420 respec 
tively for M+3H" ions exposed to an electric field within 
the ion activation region 206 established by a voltage 
differential between the electrically conductive ring mem 
bers 202 and 204 of approximately 6.0 volts, approximately 
106 volts and approximately 126 volts respectively. As with 
the M+2H" ions, FIGS. 20D-20F illustrate that as the 
electric field increases in the ion activation region 206, by 
increasing the Voltage differential between the ring members 
202 and 204, fragmentation of M+3H" ions likewise 
increases. For any specific set of conditions, fragmentation 
patterns have been found to be highly reproducible. 

0128 Information about mobilities and structures of frag 
ment ions are of interest for a number of fundamental 
reasons, examples of which include, but should not be 
limited to, understanding dissociation mechanisms and 
applied uses, e.g., fragmention mobilities provide additional 
constraints for assignment. By way of example, FIG. 21 
shows ion mobility distributions for six different fragments 
of either y-type ions, e.g., mobility distributions 430, 432 
and 438, or b-type ions, e.g., mobility distributions 434, 436 
and 440. The distributions 430, 432 and 438 for y-type ions 
each show a single sharp peak, whereas the distributions 
434, 436 and 440 for b-type ions each show evidence of two 
peaks. It can be concluded from FIG. 21 that b-type ion 
fragments must exist as at least two different conformations. 
It bears pointing out that, within experimental uncertainty, 
e.g., about +10%, the ratio of the two peaks observed in 
b-type ion fragments appears to be the same, regardless of 
how the ion fragments are produced (i.e., the distributions 
appear to be similar at different IA2 activation Voltages and 
the same distributions are obtained when fragmentation is 
initiated from M+2H" precursors). This suggests that the 
structures and populations are not influenced by how the 
dissociation transition state is approached; rather the distri 
bution appears to stabilize both populations after dissocia 
tion. It should also be noted that if the peak differences 
associated with b- and y-type ions (or other ions) are 
intrinsic to these fragments, the mobility dimension should 
provide for the ability to assign an m/z, peak to a specific 
fragment type. The ability to distinguish a specific ion type 
from its mobility (or peak appearance) could greatly facili 
tate the use of fragmentation data for de novo sequencing. 
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0129. It was described hereinabove that the third ion 
activation region, IA3, may be controlled to activate ions 
generally by disassociating (e.g., fragmenting) ions in the 
presence of a Sufficiently high electric field or by inducing 
conformational changes in ions in the presence of an electric 
field that is high enough to induce Such changes but not so 
high as to induce fragmentation. With respect to the example 
operational mode D, which was illustrated in FIG. 17D, it 
was described that IA3 may be used more specifically to 
activate fragments of ion mobility-selected ions that were 
fragmented in IA2 and that have been subsequently resolved 
(i.e., separated in time according to ion mobility) in D2. This 
process may be alternatively identified herein as the gen 
eration of secondary, e.g., 2, fragments from mobility 
selected and resolved primary, e.g., 10, ion fragments. A 
further example demonstrating the generation of Such 20 
fragment ions is shown in FIGS. 22A, 22B and 22C. FIG. 
22A represents a drift time (ion mobility) vs. time-of-flight 
(ion mass-to-charge ratio) distribution 450 of 1° fragments 
generated from a distribution of ions that were mobility 
selected by pulsing G2 at time to. Secondary or 2 fragments 
generated from the 1 fragments are also shown in FIG.22A. 
The 2 fragments of FIG. 22A along the vertical lines “a” 
and “b' are reproduced in FIGS. 22B and 22C respectively. 
It is possible to group the 2 fragments with the appropriate 
10 fragment precursor because they have coincident D2 drift 
times. FIGS. 22B and 22C show example mass spectra for 
dissociation of the b" and y," 1 fragment precursors 
respectively. As discussed hereinabove with respect to IA2, 
fragmentation in the IA3 region is highly tunable and 
reproducible. 

0.130 Thus far, graphical examples of ion activation that 
have been provided herein have demonstrated ion disasso 
ciated or fragmentation capabilities of the ion activation 
regions IA2 and IA3. Another type of ion activation that may 
occur in any of the ion activation regions IA1-IA3 at lower 
electric fields than those used to disassociate ions was 
described hereinabove as induced ion structural or confor 
mational changes. To demonstrate this type of analysis, FIG. 
23 shows a total drift time (D1 and D2) distribution 460 of 
an IM+7H protein ion, e.g., Ubiquitin, and a mobility 
selected distribution 462 of the same protein ion with no 
activation in the IA2 region. With no ion activation in the 
IA2 region, the distribution 462 of the M+7H protein ion 
Suggests that it typically exists in a compact conformation. 
With the IA2 region controlled to a low energy ion activation 
state, e.g., 70.7 volt differential between the electrically 
conductive rings 202 and 204, a structural change is 
observed, and the drift time distribution 464 indicates that 
the M+7H" protein ion exists, under such conditions, in a 
partially folded state. In contrast, with the IA2 region 
controlled to another low energy ion activation state, e.g., 
105.7 volt differential between the electrically conductive 
rings 202 and 204, another structural change is observed, 
and the drift time distribution 466 indicates that the M+7H) 
'"protein ion exists, under these conditions, in an elongated 
state. FIG. 20 thus Suggests that under the low-energy 
activation conditions employed, no fragmentation of the 
IM+7H protein ion is observed, although different struc 
tural changes in the M+7H7" protein ion are clearly 
observed. At -70 V activation, for example, the compact 
state 462 can be transformed into a new distribution of states 
464. Some of these may be slightly more compact than the 
initial structure, but a majority of the states appear to occur 
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in partially-folded states. Applying ~106 V to the IA2 region 
results in a distribution 466 that favors elongated structures. 
0131) A buffer gas, e.g., helium, is conventionally used to 

fill a chamber in which ion fragmentation is to be induced. 
However, limitations exist in obtaining sufficiently high 
electric fields in Such ion fragmentation regions filled with 
conventional buffer gases because electrical breakdown of 
such electric fields typically occur at or below the desired 
field magnitudes. Consequently, the desired electric field 
magnitudes for ion fragmentation cannot be sustained in the 
presence of conventional buffer gases. 
0132) It was described hereinabove with respect to FIG. 
1, and also throughout this document, that the IMS 10 and/or 
IMS 350 may be filled with a buffer gas or a gas mixture. By 
mixing a doping gas with a conventional buffer gas, and 
providing the mixture gas to an ion fragmentation region, a 
higher electric field can be sustained than could otherwise be 
Sustained using the buffer gas alone. Thus, when the Voltage 
Source coupled to the ion fragmentation region IA1, IA2 or 
IA3 in the IMS 10 or 350 is controlled to establish an electric 
field in the ion fragmentation region IA1, IA2 or IA3 that is 
Sufficiently high to fragment ions via collisions with the 
mixture of the buffer gas, e.g., Gas1, and the doping gas, 
e.g., Gas2, this field can be Sustained without breaking 
down. Generally, the doping gas is selected Such that the 
magnitude of the electric field that can be sustained in the 
ion fragmentation region, IA1, IA2 and/or IA3, without 
breaking down in the presence of the ions and the mixture 
of the buffer gas and the doping gas is higher than the 
magnitude of the electric field that can be sustained in the 
ion fragmentation region, IA1, IA2 and/or IA3, without 
breaking down in the presence of ions and only the buffer 
gas. With the ion analysis instruments illustrated and 
described herein, it has been found that a mixture gas, 
between approximately 1 mTorr-5 Torr, consisting of 
approximately 1-5 mole percent of the doping gas and 99-95 
mole percent of the buffer gas allows a corresponding 
increase in the magnitude of the electric field established in 
the ion activation region, IA1, IA2 and/or IA3, without 
breaking down, by a factor of 2-3, thereby increasing the 
fragmentation efficiency of high mass-to-charge ratio ions. 
One example of a suitable buffer gas is Helium, and a 
Suitable choice for a corresponding doping gas is Nitrogen, 
although other combinations of buffer and doping gases are 
contemplated. 

0133). It should now be apparent that the IMS 10 and 350 
may be controlled to operate in any of a number of different 
modes via corresponding control of the various Voltage 
Sources. In perhaps the simplest case, which corresponds to 
Operational Mode A described hereinabove, ions are accu 
mulated in the F1/IA1, and the gate, G1, is then controlled 
to release ions into the first drift tube region, D1, where they 
separate in time as a function of ion mobility. The gate, G2. 
is controlled to allow all ions to pass therethrough, so that 
the ions exiting D1 pass directly into the second drift tube 
region, D2, where they continue to separate in time as a 
function of ion mobility. In this mode, none of the ion 
activation regions IA1, IA2 and IA3 are active, so no ion 
activation occurs in any of these regions. In perhaps the most 
complicated case, in contrast, all three ion activation regions 
are active so that ion activation, e.g., either high-energy 
fragmentation or lower-energy induced structural changes, 
occurs in IA1, IA2 and in IA3, and the gate, G2, to the 
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second drift tube region, D2, is controlled to selectively 
allow passage therethrough only of ions having a selected 
ion mobility or ion mobility range. In this mode, ions are 
accumulated and activated in F1/IA1, and the activated ions 
then pass into the first drift tube region, D1, when the gate, 
G1, is controlled to release the activated ions from F1/IA1. 
The activated ions separate in time as a function of ion 
mobility in the first drift tube region, D1, and the gate, G2. 
is controlled to allow passage therethrough only of ions 
having a selected ion mobility or ion mobility range. The 
mobility-selected, activated ions are then again activated in 
IA2, and the resulting twice-activated ions separate in time 
as a function of ion mobility in the second drift tube region, 
D2. The twice-activated and time-separated ions are then 
again activated in IA3 before exiting the IMS 10 or 350. 
0.134. The various ion activation regions IA1, IA2 and 
IA3, along with the ion gates, G1 and G2, may be controlled 
in various combinations, and the electric fields induced in 
any active ion activation region IA1, IA2 and IA3 may be 
appropriately selected, to operate the IMS 10 or IMS350 in 
intermediate modes between the two just described. As an 
example of one specific intermediate mode, the IMS 10 or 
350 may be controlled to accumulate and fragment ions in 
F1/IA1. The gate, G1, may then be controlled to release the 
fragmented ions into the first drift tube region where they 
separate in time as a function of ion mobility. The gate, G2. 
is then controlled to allow passage therethrough only of an 
ion fragment or fragments having a selected ion mobility or 
ion mobility range. The second ion activation region, IA2, is 
controlled to fragment the mobility-selected ion fragment or 
fragments, which then separate as a function of ion mobility 
in the second drift tube, D2, before exiting the IMS 10 or 
350. 

0135) It will be understood that while the ion mobility 
spectrometers 10 and 350 have been illustrated and 
described herein as being two-stage instruments, i.e., two 
drift tubes, D1 and D2, arranged in series, the present 
disclosure contemplates that additional drift tube sections 
may be added to form an N-stage ion mobility spectrometer, 
wherein N may be any positive integer. Moreover, any of the 
'N' Stages may include any one or combination of an ion 
funnel structure, an ion gate and an ion activation region. 
The number of different operational modes that will be 
available with any such instrument will accordingly increase 
Substantially with each stage added. 
0.136 While the invention has been illustrated and 
described in detail in the foregoing drawings and descrip 
tion, the same is to be considered as illustrative and not 
restrictive in character, it being understood that only illus 
trative embodiments thereofhave been shown and described 
and that all changes and modifications that come within the 
spirit of the invention are desired to be protected. 

What is claimed is: 
1. An ion mobility spectrometer comprising a drift tube 

defining a drift tube inlet configured to receive ions and a 
drift tube outlet, the drift tube configured to separate ions in 
time as a function of ion mobility, the drift tube defining a 
first ion activation region between the drift tube inlet and the 
drift tube outlet, the first ion activation region configured to 
selectively induce structural changes in at least some of the 
1O.S. 
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2. The ion mobility spectrometer of claim 1 further 
comprising a source of buffer gas, 

wherein the drift tube is configured to receive buffer gas 
therein from the source of buffer gas. 

3. The ion mobility spectrometer of claim 2 further 
including at least one Voltage source coupled to the first ion 
activation region, the at least one Voltage source configured 
to selectively establish an electric field in the first ion 
activation region that is Sufficient to induce structural 
changes in the at least Some of the ions by fragmenting the 
at least some of the ions via collisions with the buffer gas. 

4. The ion mobility spectrometer of claim 2 further 
including at least one Voltage source coupled to the first ion 
activation region, the at least one Voltage source configured 
to selectively establish an electric field in the first ion 
activation region that is Sufficient to induce structural 
changes in the at least some of the ions by inducing 
conformational changes in the at least some of the ions via 
collisions with the buffer gas without fragmenting the at 
least some of the ions. 

5. The ion mobility spectrometer of claim 1 further 
comprising an ion source region configured to Supply ions to 
the drift tube inlet. 

6. The ion mobility spectrometer of claim 5 further 
including an ion gate normally impeding passage of ions 
from the ion source region into the drift tube inlet, the ion 
gate responsive to an ion gate control signal to allow passage 
of ions from the ion source region into the drift tube inlet. 

7. The ion mobility spectrometer of claim 5 wherein the 
ion source region defines a funnel therein, the funnel having 
one end defining a first opening with a first cross-sectional 
area and an opposite end defining a second opening with a 
second cross-sectional area Smaller than the first cross 
sectional area, the funnel configured to receive ions in the 
first opening and to supply ions to the drift tube inlet via the 
second opening, the funnel defining a cavity between the 
first and second openings configured to radially focus ions 
between the first and second openings. 

8. The ion mobility spectrometer of claim 7 further 
including a Voltage source coupled to the funnel, the Voltage 
Source configured to selectively create a second ion activa 
tion region within the funnel, the second ion activation 
region within the funnel configured to induce structural 
changes in at least some of the ions within the funnel. 

9. The ion mobility spectrometer of claim 7 further 
including an ion gate positioned between the second opening 
of the funnel and the drift tube inlet, the ion gate normally 
impeding passage of ions from the funnel into the drift tube 
inlet, the ion gate responsive to an ion gate control signal to 
allow passage of ions from the funnel into the drift tube inlet. 

10. The ion mobility spectrometer of claim 9 further 
including a Voltage source coupled to the funnel, the funnel 
responsive to Voltage produced by the Voltage source to 
collect therein ions received via the first opening, 

wherein the ion gate is responsive to the ion gate control 
signal to allow passage of at least Some of the ions 
collected in the funnel into the drift tube inlet. 

11. The ion mobility spectrometer of claim 5 wherein the 
ion Source region is configured to receive ions generated 
externally thereto. 

12. The ion mobility spectrometer of claim 5 wherein the 
ion source region is configured to generate ions from a 
sample source. 
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13. The ion mobility spectrometer of claim 1 further 
comprising an ion gate positioned between the drift tube 
inlet and the drift tube outlet and partitioning the drift tube 
into a first drift tube region between the drift tube inlet and 
the ion gate and a second drift tube region between the ion 
gate and the drift tube outlet, the ion gate responsive to a first 
control signal to impede passage of ions from the first drift 
tube region into the second drift tube region and to a second 
control signal to allow passage of ions from the first drift 
tube region into the second drift tube region. 

14. The ion mobility spectrometer of claim 13 further 
comprising a Voltage source configured to produce the first 
and second control signals, the Voltage source program 
mable to produce the second control signal at a predeter 
mined time relative to passage of ions into the first drift tube 
region to thereby allow passage into the second drift tube 
region only of ions having a corresponding predetermined 
mobility range. 

15. The ion mobility spectrometer of claim 13 wherein the 
drift tube defines a funnel therein between the drift tube inlet 
and the drift tube outlet, the funnel having one end defining 
a first opening with a first cross-sectional area and an 
opposite end defining a second opening with a second 
cross-sectional area Smaller than the first cross-sectional 
area, the funnel configured to receive ions in the first 
opening and to Supply ions via the second opening, the 
funnel defining a cavity between the first and second open 
ings configured to radially focus ions between the first and 
Second openings. 

16. The ion mobility spectrometer of claim 15 wherein the 
first opening of the funnel is positioned adjacent to the ion 
gate with the ion gate disposed between the first drift tube 
region and the first opening of the funnel and with the 
second drift tube region extending between the second end 
of the funnel and the drift tube outlet. 

17. The ion mobility spectrometer of claim 16 wherein the 
ion activation region is positioned between the second end 
of the funnel and the second drift tube region. 

18. The ion mobility spectrometer of claim 1 further 
comprising a third ion activation region positioned adjacent 
to the drift tube outlet, the third ion activation region 
configured to selectively induce structural changes in at least 
some of the ions exiting the drift tube outlet. 

19. The ion mobility spectrometer of claim 18 further 
comprising a source of buffer gas, 

wherein the drift tube is configured to receive buffer gas 
therein from the source of buffer gas. 

20. The ion mobility spectrometer of claim 19 further 
comprising at least one Voltage source coupled to the third 
ion activation region and configured to selectively establish 
an electric field in the third ion activation region sufficient to 
induce structural changes in the at least some of the ions 
exiting the drift tube outlet by fragmenting the at least some 
of the ions exiting the drift tube outlet via collisions with the 
buffer gas. 

21. The ion mobility spectrometer of claim 19 further 
comprising at least one Voltage source coupled to the third 
ion activation region and configured to selectively establish 
an electric field in the third ion activation region sufficient to 
induce structural changes in the at least some of the ions 
exiting the drift tube outlet by inducing conformational 
changes in the at least Some of the ions exiting the drift tube 
outlet via collisions with the buffer gas without fragmenting 
the at least some of the ions exiting the drift tube outlet. 
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22. The ion mobility spectrometer of claim 1 further 
comprising an ion detector positioned to detections exiting 
the drift tube outlet and produce electrical signals indicative 
thereof. 

23. The ion mobility spectrometer of claim 22 further 
comprising a processor electrically coupled to the ion detec 
tor, the processor configured to process the electrical signals 
produced by the ion detector to determine corresponding ion 
mobility spectral information. 

24. The ion mobility spectrometer of claim 1 further 
comprising an ion mass spectrometer positioned to receive 
ions exiting the drift tube outlet, the ion mass spectrometer 
configured to separate in time as a function of ion mass-to 
charge ratio at least Some of the ions exiting the drift tube 
outlet. 

25. The ion mobility spectrometer of claim 24 further 
comprising an ion detector positioned to detections exiting 
the ion mass spectrometer and produce electrical signals 
indicative thereof. 

26. The ion mobility spectrometer of claim 25 further 
comprising a processor electrically coupled to the ion detec 
tor, the processor configured to process the electrical signals 
produced by the ion detector to determine ion spectral 
information as a function of ion mobility and of ion mass 
to-charge ratio. 

27. An ion mobility spectrometer comprising: 
an ion source configured to produce ions, and 
a drift tube defining a drift tube inlet configured to receive 

ions from the ion source and a drift tube outlet, the drift 
tube including an ion gate positioned between the drift 
tube inlet and the drift tube outlet and partitioning the 
drift tube into a first drift tube region between the drift 
tube inlet and the ion gate and a second drift tube region 
between the ion gate and the drift tube outlet, the ion 
gate responsive to a first control signal to impede 
passage of ions from the first drift tube region into the 
second drift tube region and to a second control signal 
to allow passage of ions from the first drift tube region 
into the second drift tube region, the drift tube config 
ured to separate ions in time as a function of ion 
mobility between the drift tube inlet and the ion gate 
and also between the gate and the drift tube outlet, the 
drift tube defining an ion activation region configured 
to selectively induce structural changes in at least some 
of the ions exiting the first drift tube region. 

28. The ion mobility spectrometer of claim 27 further 
comprising a source of buffer gas, 

wherein the drift tube is configured to receive buffer gas 
therein from the source of buffer gas. 

29. The ion mobility spectrometer of claim 28 further 
including at least one Voltage source coupled to the ion 
activation region, the at least one Voltage source configured 
to selectively establish an electric field in the ion activation 
region Sufficient to induce structural changes in the at least 
some of the ions exiting the first drift tube region by 
fragmenting the at least Some of the ions exiting the first drift 
tube region via collisions with the buffer gas. 

30. The ion mobility spectrometer of claim 28 further 
including at least one Voltage source coupled to the ion 
activation region, the at least one Voltage source configured 
to selectively establish an electric field in the ion activation 
region Sufficient to induce structural changes in the at least 
some of the ions exiting the first drift tube region by 
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inducing conformational changes in the at least Some of the 
ions exiting the first drift tube region via collisions with the 
buffer gas without fragmenting the at least some of the ions 
exiting the first drift tube region. 

31. The ion mobility spectrometer of claim 27 wherein the 
ion source includes a protein solution, 

and wherein the ion Source is configured to produce 
protein ions from the protein Solution. 

32. The ion mobility spectrometer of claim 27 further 
including an ion detector positioned to detect ions exiting 
the drift tube outlet. 

33. The ion mobility spectrometer of claim 27 wherein the 
ion activation region is positioned adjacent to the gate with 
the ion activation region disposed between the gate and the 
drift tube outlet. 

34. A method of separating ions in time as a function of 
ion mobility, the method comprising: 

introducing ions into a first drift tube, 
separating the ions in time as a function of ion mobility in 

the first drift tube, 

inducing structural changes in at least some of the ions 
exiting the first drift tube, and 

separating in time the ions exiting the first drift tube, after 
inducing structural changes in at least Some of the ions 
exiting the first drift tube, as a function of ion mobility 
in a second drift tube. 

35. The method of claim 34 wherein the act of inducing 
structural changes in at least some of the ions exiting the first 
drift tube comprises exposing the ions exiting the first drift 
tube to an electric field in the presence of a buffer gas, the 
electric field sufficient to fragment the at least some of the 
ions via collisions with the buffer gas. 

36. The method of claim 34 wherein the act of inducing 
structural changes in at least some of the ions exiting the first 
drift tube comprises exposing the ions exiting the first drift 
tube to an electric field in the presence of a buffer gas, the 
electric field Sufficient to induce conformational changes in 
the at least some of the ions via collisions with the buffer gas 
without fragmenting the at least Some of the ions. 

37. The method of claim 34 further comprising allowing 
only ions having a predefined ion mobility range to exit the 
first drift tube region. 

38. The method of claim 34 further comprising inducing 
structural changes in at least some of the ions prior to 
introducing the ions into the drift tube. 

39. The method of claim 34 further comprising separating 
in time as a function of ion mass-to-charge ratio at least 
some of the ions exiting the second drift tube. 

40. The method of claim 34 further comprising inducing 
structural changes in at least some of the ions exiting the 
second drift tube. 

41. The method of claim 40 further comprising separating 
in time ions exiting the second drift tube, after inducing 
structural changes in at least some of the ions exiting the 
second drift tube, as a function of ion mass-to-charge ratio. 

42. The method of claim 34 wherein the first drift tube 
comprises a first region of a single drift tube and the second 
drift tube comprises a second region of the single drift tube, 

and wherein the act of inducing structural changes in at 
least some of the ions exiting the first drift tube is 
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carried out in an ion activation region of the single drift 
tube that is positioned between the first and second drift 
tube regions. 

43. The method of claim 34 further including radially 
focusing the ions exiting the first drift tube in a funnel 
structure prior to inducing structural changes in at least some 
of the ions exiting the first drift tube. 

44. The method of claim 34 further including radially 
focusing the ions in a funnel structure prior to introducing 
the ions into the first drift tube. 

45. The method of claim 34 further including radially 
focusing ions in the second drift tube in a funnel structure 
prior to exiting the second drift tube. 

46. An ion mobility spectrometer comprising: 
a drift tube defining a drift tube inlet configured to receive 

ions and a drift tube outlet, the drift tube configured to 
separate the ions in time as a function of ion mobility, 

an ion fragmentation region, 
a source of buffer gas configured to Supply buffer gas to 

at least the ion fragmentation region, 
a source of doping gas configured to Supply doping gas to 

at least the ion fragmentation region, and 
at least one voltage source coupled to the ion fragmen 

tation region, the at least one Voltage source configured 
to selectively establish an electric field in the ion 
fragmentation region that is Sufficient to fragment at 
least some of the ions via collisions with a mixture of 
the buffer gas and the doping gas, 

wherein the doping gas is selected Such that a magnitude 
of the electric field that can be sustained in the ion 
fragmentation without breaking down in the presence 
of the ions and the mixture of the buffer gas and the 
doping gas is higher than the magnitude of the electric 
field that can be Sustained in the ion fragmentation 
region without breaking down in the presence of ions 
and only the buffer gas. 

47. The ion mobility spectrometer of claim 46 wherein the 
ion fragmentation region is contained within the drift tube. 

May 24, 2007 

48. The ion mobility spectrometer of claim 46 wherein the 
ion fragmentation region is positioned adjacent to the drift 
tube outlet. 

49. The ion mobility spectrometer of claim 46 further 
including an ion source configured to Supply ions to the drift 
tube inlet, 

wherein the ion fragmentation region is positioned to 
fragment at least Some of the ions prior to entrance into 
the drift tube. 

50. The ion mobility spectrometer of claim 46 wherein the 
buffer gas is helium. 

51. The ion mobility spectrometer of claim 50 wherein the 
doping gas is nitrogen. 

52. The ion mobility spectrometer of claim 51 wherein the 
mixture of the buffer gas and the doping gas consists of 
approximately 1-5 mole percent of the nitrogen gas and 
approximately 95-99 mole percent of the helium gas. 

53. A method of increasing the magnitude of an electric 
field that can be sustained without breaking down in the 
presence of ions and a buffer gas, the method comprising: 

selecting a doping gas to mix with the buffer gas to form 
a mixture gas such that a magnitude of an electric field 
that can be Sustained without breaking down in the 
presence of ions and the mixture gas is higher than the 
magnitude of the electric field that can be sustained 
without breaking down in the presence of ions and the 
buffer gas, and 

mixing the doping gas with the buffer gas to form the 
mixture gas. 

54. The method of claim 53 wherein the buffer gas is 
helium. 

55. The method of claim 54 wherein the doping gas is 
nitrogen. 

56. The method of claim 55 wherein the mixture gas 
consists of approximately 1-5 mole percent of the nitrogen 
gas and approximately 95-99 mole percent of the helium 
gaS. 


