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IONIZATION CHAMBER HAVING A POTENTIAL-
WELL FOR ION TRAPPING AND ION
COMPRESSION

PRIORITY

[0001] This application claims the benefit of priority to U.S.
Provisional Patent Application No. 62/439,580 filed on December 28, 2016 entitled
“IONIZATION CHAMBER HAVING A POTENTIAL-WELL FOR ION
TRAPPING AND ION COMPRESSION,” which is hereby incorporated by reference

herein in its entirety.
BACKGROUND

[0002] The field of the disclosure relates generally to ion mobility
spectrometer (IMS) systems and, more particularly, to an ionization chamber having a

potential-well for ion trapping and ion compression.

[0003] At least other some known spectrometry detection devices
include ion mobility spectrometer (IMS), such as, for example, an ion trap mobility
spectrometer (ITMS). Many of the known ITMS detection systems include a
collection device that collects particulate, liquid, and/or gaseous samples from an
object of interest. The samples are channeled to an ionization chamber that includes
an ionizing source that ionizes the sample to form positive ions, negative ions, and
free electrons. The ionization chamber in ITMS detection systems is typically a field-
free region. As the ions are generated in the ionization chamber to increase the ion
population therein, a retaining grid, or gate, is maintained at a slightly greater
potential than the electric field in the ionization chamber to induce a retention field
and reduce the potential for ion leakage from the chamber. Thus, the ions are
“trapped” within the ionization chamber or ionization region. An electric field is then
induced across the ionization chamber and, depending on the polarity of the induced
electric field, the positive ions or the negative ions are pulsed from the ionization

chamber, through a high-voltage “kickout pulse,” into a drift region through the
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retaining grid. The ions of the opposite polarity are attracted to the walls of the

ionization chamber and are discharged there.

[0004] In some ITMS detection systems, the drift region includes a
plurality of sequential, annular electrodes. A collector electrode is positioned on the
opposite side of the drift region from the ionization chamber and is held at a ground
potential. For those systems that use negative ions, the annular electrodes are
energized to voltages that are sequentially less negative between the ionization
chamber and the collector electrode, thereby inducing a constant positive field.
Motion is induced in the negative ions from the initial pulse in the ionization chamber
and the ions are channeled through the drift region to the collector electrode. Signals
representative of the ion population at the collector electrode are generated and
transmitted to an analysis system to determine the constituents in the collected

samples.

[0005] The population of ions is pulsed into the drift region from the
ionization chamber typically in the form of an ion disk with a predetermined axial
width value and possibly a trailing ion tail. As the disk of ions traverses the drift
region, high-mobility analytes separate from low-mobility analytes induces expansion
and distortion of the ion disk. The high-mobility analytes form a disk that transits
faster than a disk formed of low-mobility analytes and the disks may overlap as they
are received at the collector electrode. The peaks on the trace thus generated on the
spectral analysis equipment are distorted with poor resolution and are difficult to
analyze. Moreover, in many ITMS detection systems, there is no precise control over
the width of the ion disk injected into the drift region. Fundamentally, this is due to
inconsistent, and sometimes, incomplete clearing out of the ionization chamber due to
non-homogeneity of the electric field induced in the ionization chamber, e.g., low

field regions at the back of the ionization chamber.
SUMMARY

[0006] In one aspect, an ionization chamber is provided. The

ionization chamber includes a vessel, an ionization source, an ion gate, and a mid-ring
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electrode. The vessel defines an ionization region. The vessel includes a first end
axially disposed opposite a second end. The ionization source is located at the first
end and generates ions. The ion gate is located at the second end of the vessel. The
mid-ring electrode is located between the ionization source and the ion gate. During
an ion compression stage, the ionization source is charged to a first ionization source
potential, the ion gate is charged to a first ion gate potential, and the mid-ring
electrode is charged to a first mid-ring potential that is less than the first ionization
source potential and the first ion gate potential. The first mid-ring potential is
configured to generate a potential well proximate the mid-ring electrode. The ions

collect at the potential well.

[0007] Optionally, said ion gate is further configured to be charged
to the first ion gate potential to prevent the ions from traveling through said ion gate

and from said vessel.

[0008] Optionally, said ionization source is further configured to be
charged to the first ionization source potential to evacuate the ions from the first end

of said vessel.

[0009] Optionally, the first ionization source potential is equal to the

first ion gate potential.

[0010] Optionally, during a release stage: said ionization source is
further configured to be charged to a second ionization source potential that is greater
than the first ionization source potential; said mid-ring electrode is further configured
to be charged to a second mid-ring potential that is greater than the first mid-ring
potential; and said ion gate further configured to be charged to a second ion gate
potential that is less than the second mid-ring potential and the second ionization
source potential, wherein the second mid-ring potential and the second ion gate
potential are configured to cooperate to move a pulse of the ions through said ion gate
and from said second end of said vessel. Optionally, during the release stage, a

difference between the second ionization source potential and the second mid-ring
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potential is less than a difference between the second mid-ring potential and the

second ion gate potential.

[0011] Optionally, said mid-ring electrode is further configured to be
charged to a potential gradient over an axial dimension of said mid-ring electrode.

Optionally, the potential gradient is axially asymmetrical.

[0012] Optionally, said ion gate comprises a conductive grid

disposed between the ionization region and a drift region.

[0013] In another aspect, a method of compressing ions is provided.
The method includes generating ions at an ionization source within an ionization
chamber. The method includes charging a mid-ring electrode to a first mid-ring
potential to generate a potential well relative to a first ionization source potential and
a first ion gate potential, the potential well configured to collect the ions. The method
includes charging an ion gate to the first ion gate potential to prevent the ions from

traveling through the ion gate and into a drift region.

[0014] Optionally, the method further comprises charging the
ionization source to the first ionization source potential, wherein the first ionization
source potential and the first ion gate potential are greater than the first mid-ring
potential. Optionally, the method further comprises: charging the mid-ring electrode
to a second mid-ring potential that is greater than the first mid-ring potential; and
charging the ion gate to a second ion gate potential that is less than the second
ionization source potential and the second mid-ring potential to pulse the ions into the
drift region. Optionally, the second ion gate potential is equal to the first ion gate
potential. Optionally, the second ionization source potential and the second mid-ring
potential are greater than the second ion gate potential, such that a pulse of the ions

travel through the ion gate.

[0015] Optionally, charging the mid-ring electrode to the first mid-
ring potential comprises charging the mid-ring electrode with a potential gradient over

a length of the mid-ring electrode in an axial dimension of the ionization chamber.
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[0016] In yet another aspect, an ion mobility spectrometer (IMS)
device is provided. The IMS device includes a drift tube and an ionization chamber.
The ionization chamber includes an ionization source, an ion gate, and a mid-ring
electrode. The drift tube defines a drift region therein. The ionization chamber defines
an ionization region therein. The ionization source is located at a first end of the
ionization region and is configured to generate ions. The ionization source is
configured to be charged to a first ionization source potential during an ion
compression stage. The ion gate is located adjacent to the drift tube and at a second
end of the ionization region. The ion gate is configured to be charged to a first ion
gate potential during the ion compression stage. The mid-ring electrode is located
between the ionization source and the ion gate. The mid-ring electrode is configured
to be charged, during the ion compression stage, to a first mid-ring potential that is
less than the first ionization source potential and the first ion gate potential. The first
mid-ring potential is configured to generate a potential well, proximate the mid-ring

electrode, where the ions collect during the ion compression stage.

[0017] Optionally, during a release stage: said ionization source is
further configured to be charged to a second ionization source potential that is greater
than the first ionization source potential; said mid-ring electrode is further configured
to be charged to a second mid-ring potential that is greater than the first mid-ring
potential; and said ion gate is further configured to be charged to a second ion gate
potential that is less than the second ionization source potential and the second mid-
ring potential, wherein the second ionization source potential, the second mid-ring
potential, and the second ion gate potential are configured to cooperate to move a

pulse of the ions through said ion gate and into said drift region.

[0018] Optionally, during the release stage, a difference between the
second ionization source potential and the second mid-ring potential is less than a

difference between the second mid-ring potential and the second ion gate potential.

[0019] Optionally, said mid-ring electrode is further configured to be

charged to a potential gradient over an axial dimension of said mid-ring electrode.
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[0020] Optionally, said ion gate is further configured to be charged
to the first ion gate potential to prevent the ions from traveling through said ion gate

and into said drift region.

[0021] Optionally, said ionization source is further configured to be
charged to the first ionization source potential to evacuate the ions from the first end

of said ionization region.
[0022] Optionally, said ion gate comprises a Bradbury-Nielson gate.

[0023] The aforementioned and other embodiments of the present
specification shall be described in greater depth in the drawings and detailed

description provided below.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other features, aspects, and advantages of the
present disclosure will become better understood when the following detailed
description is read with reference to the accompanying drawings in which like

characters represent like parts throughout the drawings, wherein:

[0025] FIG. 1 is a perspective diagram of an exemplary ion mobility

spectrometry device;

[0026] FIG. 2 is a cross-sectional diagram of the ion mobility

spectrometry device shown in FIG. 1;

[0027] FIG. 3 is a potential diagram of the ionization chamber shown

in FIGs. 1 and 2 during a compression stage;

[0028] FIG. 4 is a potential diagram of the ionization chamber shown

in FIGs. 1 and 2 during a release stage; and

[0029] FIG. 5 is a flow diagram of an exemplary method of

compressing ions in the ionization chamber shown in FIGs. 1 and 2.
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[0030] Unless otherwise indicated, the drawings provided herein are
meant to illustrate features of embodiments of this disclosure. These features are
believed to be applicable in a wide variety of systems comprising one or more
embodiments of this disclosure. As such, the drawings are not meant to include all
conventional features known by those of ordinary skill in the art to be required for the

practice of the embodiments disclosed herein.
DETAILED DESCRIPTION

[0031] In the following specification and the claims, a number of

terms are referenced that have the following meanings.

[0032] The singular forms “a”, “an”, and “the” include plural

2 2

references unless the context clearly dictates otherwise.

[0033] “Optional” or “optionally” means that the subsequently
described event or circumstance may or may not occur, and that the description

includes instances where the event occurs and instances where it does not.

[0034] Approximating language, as used herein throughout the
specification and claims, may be applied to modify any quantitative representation
that could permissibly vary without resulting in a change in the basic function to
which it is related. Accordingly, a value modified by a term or terms, such as
“about”, “approximately”, and “substantially”, are not to be limited to the precise
value specified. In at least some instances, the approximating language may
correspond to the precision of an instrument for measuring the value. Here and
throughout the specification and claims, range limitations may be combined and/or
interchanged. Such ranges are identified and include all the sub-ranges contained

therein unless context or language indicates otherwise.

[0035] The present specification is directed towards multiple
embodiments. The following disclosure is provided in order to enable a person having
ordinary skill in the art to practice the invention. Language used in this specification

should not be interpreted as a general disavowal of any one specific embodiment or
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used to limit the claims beyond the meaning of the terms used therein. The general
principles defined herein may be applied to other embodiments and applications
without departing from the spirit and scope of the invention. Also, the terminology
and phraseology used is for the purpose of describing exemplary embodiments and
should not be considered limiting. Thus, the present invention is to be accorded the
widest scope encompassing numerous alternatives, modifications and equivalents
consistent with the principles and features disclosed. For purpose of clarity, details
relating to technical material that is known in the technical fields related to the
invention have not been described in detail so as not to unnecessarily obscure the

present invention.

[0036] In the description and claims of the application, each of the
words "comprise" "include" and "have", and forms thereof, are not necessarily limited
to members in a list with which the words may be associated. It should be noted
herein that any feature or component described in association with a specific
embodiment may be used and implemented with any other embodiment unless clearly

indicated otherwise.

[0037] Embodiments of the IMS systems described herein provide an
ionization chamber having one or more mid-ring electrodes. More specifically, the
mid-ring electrode is charged to a low potential to generate a potential well within the
ionization chamber. The potential well operates to collect ions during a compression
stage such that, during a release stage, a higher-density pulse of ions is released into a
drift region in which detection is carried out. The potential well is further configured
to be charged relative to a potential of the ionization source and a potential of the ion
gate. The potentials of the ionization source, mid-ring electrode, and the ion gate
cooperate to move ions away from the ionization source during compression and
release. The potentials of the ionization source, mid-ring electrode, and the ion gate
further cooperate to collect the ions near the ion gate in a higher-density than in a
field-free ionization region. The potentials of the mid-ring electrode and the ion gate
are configured to increase the density of ions during compression without allowing

ions to travel through the ion gate into the drift region. The increased density of ions
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results in a high-density pulse of ions released into the drift region, thus increasing the

ion signal and improving detection performance.

[0038] FIG. 1 is a perspective diagram of an exemplary IMS device
100. IMS device 100 includes an ionization chamber 102, within which an ionization
region 104 is defined, coupled to a drift tube 106, within which a drift region 108 is
defined. Ionization chamber 102 generally includes a vessel within which an
ionization source 110 is located, at a first end of ionization chamber 102, and within
which an ion gate 112 is located, at a second end of ionization chamber 102.
Ionization chamber 102 includes a mid-ring electrode 114 located between ionization

source 110 and ion gate 112.

[0039] During a compression stage, ionization source 110 generates
ions 116 that are mixed with a sample 118 that is injected into ionization chamber
102. During a release stage, a pulse of ions 120 is released through ion gate 112 and

into drift region 108.

[0040] Ion gate 112, in certain embodiments, includes a conductive
grid or mesh material that is charged as an electrode. Such an embodiment having a
conductive grid is referred to as an ion trap mobility spectrometer (ITMS) device. In
alternative embodiments, ion gate 112 includes a Bradbury-Nielson gate. The
Bradbury-Nielson gate includes two sets of alternating wires that are charged to an
equal potential during the release stage. The potential of the two sets of alternating
wires 1s less than the potential of ionization source 110 and higher than the potential
of drift region 104 during the release stage. During ion compression, the potential of
one set of alternating wires is offset relative to the potential of the second set of
alternating wires. Such potentials prevent ions near the gate from traveling through
ion gate 112 and into drift region 104 by causing the ions to collide with the sets of
alternating wires. During the ion compression stage, the first mid-ring potential is less

than the first ionization source potential and the first ion gate two wires’ potential.

[0041] FIG. 2 is a cross-sectional diagram of ITMS device 100,
shown in FIG. 1. FIG. 2 illustrates ionization chamber 102 and drift region 108.
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During the compression stage, ions 116 are generated by ionization source 110 and
mixed with sample 118 in ionization region 104. Mid-ring electrode 114 is charged to
a lower potential than ionization source 110 and ion gate 112 to generate a potential
well within ionization region 104. Ions 116 collect in the potential wells in a narrow
band near ion gate 112. During the release stage, pulse 120 of ions 116 travels

through ion gate 112 and into drift region 108.

[0042] Drift tube 106 includes a series of electrodes 202, 204, 206,
208, 210, and 212 axially disposed along the length of drift tube 106. Electrodes 202,
204, 206, 208, 210, and 212 are charged to respective potentials to generate a flow of
pulse 120 of ions 116 from ion gate 112 through drift region 108.

[0043] FIGs. 3 and 4 are potential diagrams of ionization chamber
102, shown in FIGs. 1 and 2. FIG. 3 is a potential diagram during the compression
stage, and FIG. 4 is a potential diagram during the release stage. The potential
diagrams of FIGs. 3 and 4 illustrate potentials at ionization source 110, ion gate 112,

mid-ring electrode 114, and drift region 108.

[0044] Referring to FIG. 3, mid-ring electrode 114 is charged to be at
a lower potential than ionization source 110 and ion gate 112. The low potential of
mid-ring electrode 114 generates a potential well 302 in which generated ions collect.
More specifically, the potential of ionization source 110 relative to potential well 302
results in ions moving away from ionization source 110 toward ion gate 112. The
potential of ion gate 112 relative to potential well 302 results in the ions collecting
near ion gate 112, but far enough from ion gate 112 that ions do not travel, or “leak,”
through ion gate 112 into drift region 108. The potential difference between potential
well 302 and ionization source 110 and the potential difference between potential well
302 and ion gate 112 may range from ten volts to several hundred volts, depending on
the specific implementation. Generally, as the depth of potential well 302 increases,
the so too does the ion concentration. However, the potentials at which ionization
source 110, ion gate 112, and mid-ring electrode 114 are charged should be optimized
to achieve a high concentration of ions in potential well 302 while still ensuring the

ions have sufficient energy to be “kicked out” of potential well 302 during the release

-10-
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stage. Moreover, the potentials of ionization source 110 relative to ion gate 112 may
be equal or offset, depending on the specific implementation. In certain embodiments,
the potential of mid-ring electrode 114 is maintained at a potential gradient along the
axial dimension of ionization region 104. The potential gradient, in certain
embodiments, is symmetrical in the axial dimension, for example, forming a potential
trough at an axial mid-point of potential well 302. In other embodiments, the potential
gradient is asymmetrical in the axial dimension, for example, forming a potential
trough nearer ion gate 112 relative to the axial mid-point. Potential well 302 collects a
high-density population of ions near ion gate 112. In such embodiments, mid-ring
electrode 114 may be composed of a semiconductor material to control the potential

gradient.

[0045] Referring to FIG. 4, which illustrates potentials of ionization
chamber 102 during the release stage, ionization source 110 and mid-ring electrode
114 are charged to a higher potential than ion gate 112 and drift region 108. In certain
embodiments, potentials of ionization source 110 and mid-ring electrode are equal or
offset with respect to each other, while still at a higher potential than ion gate 112. In
certain embodiments, the potential of ion gate 112 is equal during both the
compression stage and the release stage. Generally, such potential enable a pulse of
ions to move from ionization chamber 104, through ion gate 112, and into drift region
108. The release of a pulse of ions through ion gate 112 is enabled by lowering the
potential of ion gate 112, or “pulsing” ion gate 112, for a pulse duration, after which
the potential of ion gate 112 is increased to resume trapping ions in ionization region
104. The potential of ionization source 110, in certain embodiments, is greater than
the potential of mid-ring electrode 114. In alternative embodiments, ionization source
110 and mid-ring electrode 114 are charged to an equal potential or slightly offset.
For example, ionization source 110 may be offset by plus-or-minus 10 volts relative
to mid-ring electrode 114. Such offset, or the potential difference between ionization
source 110 and mid-ring electrode 114, is less than the potential difference between
mid-ring electrode 114 and ion gate 112. Such potentials ensure ions move from

ionization region 104 into drift region 108 during the release stage.

-11-
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[0046] Referring again to FIGs. 3 and 4, the high-density population
of ions in potential well 302 during the compression stage enables a high
concentration of ions to pulse through ion gate 112 during the release stage. Thus, a
high-density pulse of ions travels from ion gate 112 and through drift region 108,

improving the ion signal and further improving detection performance.

[0047] FIG. 5 is a flow diagram of an exemplary method 500 of
compressing ions ionization chamber 102, shown in FIGs. 1 and 2. Method 500
begins at a start step 510. Method 500 includes generating 520 ions 116 using
ionization source 110 within ionization chamber 102. Mid-ring electrode 114 is
charged 530 to a first mid-ring potential to generate potential well 302 relative to a
first ionization source potential of ionization source 110 and a first ion gate potential
of ion gate 112. Potential well 302 is configured to collect ions 116. Ion gate 112 is
charged 540 to the first ion gate potential to prevent ions 116 from traveling through
ion gate 112 and into drift region 108.

[0048] In certain embodiments, during the compression stage,
ionization source 110 is charged to the first ionization source potential, where the first
ionization source potential and the first ion gate potential are greater than the first
mid-ring potential. Further, in certain embodiments, during the release stage, mid-ring
electrode 114 is charged to a second mid-ring potential that is greater than the first
mid-ring potential. Also during the release stage, ion gate 112 is charged to a second
ion gate potential that is less than the first ion gate potential to pulse ions 116 into

drift region 108. Method 500 terminates at an end step 550.

[0049] An exemplary technical effect of the methods, systems, and
apparatus described herein includes at least one of’ (a) generating a potential well into
which ions collect before being pulsed into a drift region; (b) increasing an ion density
in the potential well region during compression and in the pulse during release; (c)
improving ion signal intensity for the pulse of ions during detection; (d) charging a
mid-ring electrode within the ionization chamber with a potential gradient; (e)
charging the ionization source, the mid-ring electrode, and the ion gate during

compression to move ions away from the ionization source; (f) charging the ionization

-12-
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source, the mid-ring electrode, and the ion gate during compression to move ions
toward the ion gate; and (g) charging the mid-ring electrode and the ion gate during

compression to prevent ions from traveling through the ion gate.

[0050] Exemplary embodiments of methods, systems, and apparatus
for dual source ionizers are not limited to the specific embodiments described herein,
but rather, components of systems and/or steps of the methods may be utilized
independently and separately from other components and/or steps described herein.
For example, the methods may also be used in combination with other non-
conventional ion trap mobility spectrometers, and are not limited to practice with only
the systems and methods as described herein. Rather, the exemplary embodiment can
be implemented and utilized in connection with many other applications, equipment,
and systems that may benefit from increased efficiency, reduced operational cost, and

reduced capital expenditure.

[0051] Although specific features of various embodiments of the
disclosure may be shown in some drawings and not in others, this is for convenience
only. In accordance with the principles of the disclosure, any feature of a drawing
may be referenced and/or claimed in combination with any feature of any other

drawing.

[0052] This written description uses examples to disclose the
embodiments, including the best mode, and also to enable any person skilled in the art
to practice the embodiments, including making and using any devices or systems and
performing any incorporated methods. The patentable scope of the disclosure is
defined by the claims, and may include other examples that occur to those skilled in
the art. Such other examples are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the

literal language of the claims.

-13-
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WHAT IS CLAIMED IS:
1. An ionization chamber, comprising:

a vessel within which an ionization region is defined, said vessel

comprising a first end axially disposed opposite a second end,;

an ionization source located at said vessel’s first end and configured to
generate ions, said ionization source configured to be charged to a first ionization

source potential during an ion compression stage;

an ion gate located at said second end and configured to be charged to

a first ion gate potential during the ion compression stage; and

a mid-ring electrode located between said ionization source and said
ion gate, said mid-ring electrode configured to be charged, during the ion compression
stage, to a first mid-ring potential that is less than the first source potential and the
first ion gate potential, the first mid-ring potential configured to generate a potential

well, proximate said mid-ring electrode.

2. The ionization chamber of Claim 1, wherein said ion gate is
further configured to be charged to the first ion gate potential to prevent the ions from

traveling through said ion gate and from said vessel.

3. The ionization chamber of Claim 1, wherein said ionization
source is further configured to be charged to the first ionization source potential to

evacuate the ions from the first end of said vessel.

4. The ionization chamber of Claim 1, wherein the first ionization

source potential is equal to the first ion gate potential.

5. The ionization chamber of Claim 1, wherein, during a release

stage:

said ionization source is further configured to be charged to a second

ionization source potential that is greater than the first ionization source potential;

-14-
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said mid-ring electrode is further configured to be charged to a second

mid-ring potential that is greater than the first mid-ring potential; and

said ion gate further configured to be charged to a second ion gate
potential that is less than the second mid-ring potential and the second ionization
source potential, wherein the second mid-ring potential and the second ion gate
potential are configured to cooperate to move a pulse of the ions through said ion gate

and from said second end of said vessel.

6. The ionization chamber of Claim 5, wherein, during the release
stage, a difference between the second ionization source potential and the second mid-
ring potential is less than a difference between the second mid-ring potential and the

second ion gate potential.

7. The ionization chamber of Claim 1, wherein said mid-ring
electrode is further configured to be charged to a potential gradient over an axial

dimension of said mid-ring electrode.

8. The ionization chamber of Claim 7, wherein the potential

gradient is axially asymmetrical.

9. The ionization chamber of Claim 1, wherein said ion gate

comprises a conductive grid disposed between the ionization region and a drift region.
10. A method of compressing ions, said method comprising:
generating ions at an ionization source within an ionization chamber;

charging a mid-ring electrode to a first mid-ring potential to generate a
potential well relative to a first ionization source potential and a first ion gate

potential, the potential well configured to collect the ions; and

charging an ion gate to the first ion gate potential to prevent the ions

from traveling through the ion gate and into a drift region.
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11. The method of Claim 10 further comprising charging the
ionization source to the first ionization source potential, wherein the first ionization
source potential and the first ion gate potential are greater than the first mid-ring

potential.
12. The method of Claim 11 further comprising:

charging the mid-ring electrode to a second mid-ring potential that is

greater than the first mid-ring potential; and

charging the ion gate to a second ion gate potential that is less than the
second ionization source potential and the second mid-ring potential to pulse the ions

into the drift region.

13. The method of Claim 12, wherein the second ion gate potential

is equal to the first ion gate potential.

14. The method of Claim 12, wherein the second ionization source
potential and the second mid-ring potential are greater than the second ion gate

potential, such that a pulse of the ions travel through the ion gate.

15. The method of Claim 10, wherein charging the mid-ring
electrode to the first mid-ring potential comprises charging the mid-ring electrode
with a potential gradient over a length of the mid-ring electrode in an axial dimension

of the ionization chamber.
16. An ion mobility spectrometer (IMS) device, comprising:
a drift tube defining a drift region therein; and

an ionization chamber defining an ionization region therein, said

ionization chamber comprising:

an ionization source located at a first end of said ionization region and
configured to generate ions, said ionization source configured to be charged to a first

ionization source potential during an ion compression stage;
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an ion gate located adjacent to said drift tube and at a second end of
said ionization region, said ion gate configured to be charged to a first ion gate

potential during the ion compression stage; and

a mid-ring electrode located between said ionization source and said
ion gate, said mid-ring electrode configured to be charged, during the ion compression
stage, to a first mid-ring potential that is less than the first ionization source potential
and the first ion gate potential, the first mid-ring potential configured to generate a
potential well, proximate said mid-ring electrode, where the ions collect during the

ion compression stage.
17. The IMS device of Claim 16, wherein, during a release stage:

said ionization source is further configured to be charged to a second

ionization source potential that is greater than the first ionization source potential;

said mid-ring electrode is further configured to be charged to a second

mid-ring potential that is greater than the first mid-ring potential; and

said ion gate is further configured to be charged to a second ion gate
potential that is less than the second ionization source potential and the second mid-
ring potential, wherein the second ionization source potential, the second mid-ring
potential, and the second ion gate potential are configured to cooperate to move a

pulse of the ions through said ion gate and into said drift region.

18. The IMS device of Claim 17, wherein, during the release stage,
a difference between the second ionization source potential and the second mid-ring
potential is less than a difference between the second mid-ring potential and the

second ion gate potential.

19. The IMS device of Claim 16, wherein said mid-ring electrode
is further configured to be charged to a potential gradient over an axial dimension of

said mid-ring electrode.
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20. The IMS device of Claim 16, wherein said ion gate is further
configured to be charged to the first ion gate potential to prevent the ions from

traveling through said ion gate and into said drift region.

21. The IMS device of Claim 16, wherein said ionization source is
further configured to be charged to the first ionization source potential to evacuate the

ions from the first end of said ionization region.

22. The IMS device of Claim 16, wherein said ion gate comprises a

Bradbury-Nielson gate.
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