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| ON MOBI LI TY SPECTROMETER W TH | MPROVED DRI FT REG ON AND METHOD' FORSRBKI NG
SAME 5 Background An lonic Mbility Spectrometer (IMS) is a device
primarily used for detecting atons and nolecules in a given sanple of gas.
The theory behind ion nmobility spectronetry is that every ionized atom or
nol ecul e has a uni que size, shape and mass 10 to-charge ratio, so that when

an electric orIOiﬁMﬂBHJI'DYC&PEGI'IﬂhﬂMEd‘ER WITH $MPROVED'DRIFTO! ecul e,
constrai ned by collisions with the host it will travel at a certain

velocity. This vel -BRGIQMAND MEJH F&Mi MAKENG BAMEype of atom or
mol ecul e can be identified. The IMS of the prior art is essentially a

cyl i nder operating at atnospheric 15 pressure. Sanple gas enters the
cylinder at one end, is charged, then is noved through the cylinder by an
el ectric fi , and nmeasured at the opposite end. The portion of the

cyli nder V\/ngf‘ o as enters is called the ion nolecule reaction region.
This section, known as the drift region, is separated fromthe rest of the

cylinder by a control ﬂld The control grid is a series of parallel wres
e
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to detect over the background_signals
the cylinder by a.ngelectnc field, gand measured at the opposite end. The portien of the

cylinder where the gas enters is called the ion molecule reaction region. This section,
known as the drift region, is separated from the rest of the cylinder by a control grid. The
control grid is a series of parallel wires with alternating charge. The grid thereby keeps

20 most charged particles effectively contained in the ion molecule reaction region until they
are lost by contacting a surface.

A series of metal rings along the cylinder, referred to as guard rings, provide a
series of electric fields, which create an electrical gradient through the center of the
cylinder. This field is what propels the ions though the drift gas within the IMS cylinder

25 when the control grid is opened. The length of time it then takes ion to reach the
collector electrode at the opposite end can be precisely measured in terms of
milliseconds. Since each ion has a unique size, shape and mass-to-charge ratio, the
length of time through the IMS is unique to each particle. A specific c:)mpound can be
determined in terms of parts per million.

30 The detection of gasses in the parts per million, however, is a sensitive process.
The less concentrated a particle is, the harder it its to detect over the background signals,
referred to as noise. Also, if a pﬁﬁculm ionized atom or ionized molecule has a flight
time through the IMS that is similar to a more abundant gas, its signal can be lost if the

resolution of the system is not accurate enough.
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referred to as noise. Also, if a particular ionized atom or |onrﬂéé "
nol ecul e has a flight time through the IMSthat is simlar to a nore
abundant gas, its signal can be lost if the resolution of the systemis
not accurate enough. 1 02 MAP The may to correct this problemis to repeat
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travel at an angle rather than a straight line. Further, sonme of the ions
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a sharper pe
reach the collector electrode as they travel at an angle rather than a straight line. Further,

some of the ions drift to such an extent that they hit the grid mounting device or other
20 obstruction and are totally lost for signal measuring purposes.
Attempts have been made to correct this problem. One such solution is to block,
or otherwise not read, the ions that are not traveling in the linear zone. This ensures a
more uniform flight time of the measured ions, and creates a sharper peak. However, a
large number of the ions are blocked from being read by the collector, and this lowers the
25 signal to noise ratio, since the area of the outer les linear drift region is substantially
larger than the surface area of the inner linear drift region.
What is needed is a way of improving the electric field linearity so that like ions
passing through the drift region exhibit the same time of flight and thereby the signal

resolution can be improved without sacrificing the signal to noise ratio.

30
Summary of the Invention
It is an object of the present invention to provide an IMS with improved linearity
35 of ions traveling in the drift region in order to improve resolution.
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In yet another embodiment of the invention, the extension of the guard ring into
drift region is accomplished by a series of protrusions, like spikes, rather than a uniform
disc.

20
Brief Description of the Drawings

Fig 1 shows a linear cross section of an IMS as per the prior art.
25 Fig 2A and 2B shows the three-dimensional shape of the external region of an IMS.
Fig 3 shows a partial linear cross section of an IMS as per the prior art with the drift
region and linear region indicated, as well as examples of the flight path of ions in these
regions. _
Fig 4 shows a linear cross section of an IMS bearing one embodiment of the current
30 invention.
Fig 5 shows a partial linear cross section of an IMS bearing one embodiment of the
current invention with the drift region and linear region indicated, as well as examples of
the flight path of ions in these regions.
Fig 6A and 6B shows graphs contrasting the time of flight of example ions in an IMS as

35 per the prior art versus the current invention.
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One end of the cylinder thus formed is the ion molecule reaction region 2, in
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which a desired gas sample is injected and the atoms and molecules thereof are charged.
15 The ion molecule reaction region is separated from the rest of the cylinder by a control
grid 3, which is made up of a series of closely spaced parallel wires with an alternating
charge. This control grid effectively keeps charged particles contained in the ion
molecule reaction region 2 until they are released in microsecond intervals.
The charged atoms and molecules, ions, are then pulled through the IMS by the
20 electrical field gradient supplied by the guard rings 1. Milliseconds later they reach the
ion collector 4, which registers their impact, thereby measuring the time of flight of the
ion through the IMS. Also contained in the IMS in close proximity to the ion collector 4,
often no more than half a millimeter apart, is the screen grid 5, which is mounted on the
screen grid mounting device 6. The ions pass through the screen grid right before
25 impacting with the ion collector 4.
The,;eﬁterlinef 7 is a theoretical line that passes through the exact center of the
IMS. The centerline -7 is shown again in figure 2A, which is a three-dimensional
rendering of the IMS. Originally the internal space of an time. of flight mass
spectrometer was evacuated so that ions would travel through a vacuum. However, the
30 IMS is filled with a uniform gas at atmospheric pressure. The flight times of ions
through a gas filled IMS are different than those through a vacuum, but the fingerprint is
still unique, and concentrations can still be measured accurately in this manner without
the excess difficulty of maintaining a vacuum. Figure 2B is a cut-away of the objects

shown in Figure ZA.
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Figure 5 shows the flight path of example ions in the lmproved IMS. Ions in the
drift region still experience some drift, but as shown in Figure 6A, a projected
20 improvement of up to 20% can be expected in some instances. In figure 6A, deita Y
represents a the drift away from center and the ion number is a theoretical ion sampled at
a consistent interval out from the centerline, with ion 1 being at the centerline and ion 28
being the furthest measurable ion out. The top graph in circles represents ions in an IMS
. as per the prior art, and the lower graph with improved delta Y, represents ions traveling
25 - through an IMS as per the embodiment of the invention shown in figure 6A. The further
thém jons are. from the centerline the greater the improvement on the delta Y is. It is
important to consider here that the number of actual ions represented by the ions in figure
6A go up as the distance out from the centerline is increased. Figure 6B shows a similar

graph where the drift is shown in time of flight (TOF).
30 Figure 7 is an example of a signal readout taken by an IMS. This example graph
shows how a smaller peak can be lost next to a larger peak if the signals are not sharp

enough.
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2. An ion mobility spectrometer according to claim 1 wherein a said second metal

ring is located mid way through at least two of said metal rings.

20 3. An ion mobility spectrometer according to claim 2 wherein said second metal

rings have different inner diameters.

4. An ion mobility spectrometer according to claim 2 wherein said second metal
rings have different widths.
25
5. An ion mobility spectrometer according to claim 1 wherein a said second metal
ring is located mid way through all of said metal rings.
6.  An ion mobility spectrometer according to claim 5 wherein said second metal
30 rings have different inner diameters.
7. An ion mobility spectrometer according to claim 5 wherein said second metal

rings have different widths.
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through at [ eSandyipge $9d cenfeg romiangpthes thysa uRifpemeitplesai d second netal ring
has a smaller inner dianmeter and smaller wwdth than said netal rings,

wher eby said second netal ring extends further into said center 15 region
than said net@l rifyien mpobilky spegHomespi acerding e elaim frivhereingaidseennd guetad riskai m |
wherein a sal GoRQaBNdid IR erfdl 1 the shARY RfledhithntBY of A 8H0By Yooh Fika! 1O
of said netal rings. 20 3. ﬁ% i 6h Nob| Ity spectroneter according to claim
2 wherein saimhgsecond netal rings have different inner dianeters. 4. An
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11.  Anion mobility spectrometer according to claim 6 wherein said second metal ring
closest to said control grid has the largest inner diameter of all of said metal rings, and
the diameter of each of said second metal rings is smaller than the closer said second

15 metal ring is to said ion collector.

12. A method for making an ion mobility spectrometer consisting of the steps of
forming:
a series of metal rings, each of said metal rings having an inner and outer
20 diameter and a width, said metal rings form a cylinder with two ends and a center region,
| said series of metal rings provide an electric field gradient through said center region;
a control grid at one end of said series of metal rings;
a screen grid at an end of said series of metal rings opposite said control grid;
a grid collector at the same end as said screen grid; and
25 at least one second metal ring, having an inner and outer diameter and a width, is
located mid way through at least one of said metal rings;
wherein said second metal ring has a smaller inner diameter and smaller width
than said metal rings, whereby said second metal ring extends further into said center
region than said metal rings.
30
13. A guard ring having a ring shape, a width, a center, an inner diameter and an outer
diameter, wherein the improvement comprises an extension of the guard ring from the
inner diameter to the center having a width less than said guard ring, wherein a second

inner diameter is formed having a diameter smaller then the inner diameter of said guard
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7. An ion nobility spectronmeter according to claim5 wherein saL&Zgégﬁ%é&ﬁ
.metal rings have different wwdths. 6 AR 2055 8. An ion nobility
spectroneter according to claiml| wherein said second netal ring has an
inner dianeter that forns a star rather than a circle, whereby a series of
projections extends into said center region rather than a uniformcircle.
9. An ion nobility spectroneter according to claim®6 wherein said second

metal ri ndgingcMGeEdy the exineiondiagdhe gppairanss of Hewathsr iessrteqd HASHIIoR%r of
all of sai | .. Jings. 10. An ion nobility spectroneter according
to clain15$ﬁg%§g?%dgﬁgagtl'aid second 10 netal rings is mdway through the
metal ring closest to said ion collector. 11. An ion nobility spectroneter
according to claim wherein said second netal ring. closest to,said

control grlifd ha%g't'*ﬁg ggese %fmgeﬁhaa?’%@gf aSFms’i’lagbrfne%g’iaHleﬁ?éta%ﬁi AWOWEE, and
the di amet@im@lr, aattdeiffths ahpr&RERAC coRpabes! & RGGesi 6f pﬁ?daeﬁs Floah tid énet oser
said second 15 netal ring is to said ion collector. 12. A nethod for

nmaki ng an diametendf said guasp aog tovasdethesenter of said geard ting, whetpia the praestionhg: a
series of net i Ngs,,.ea sajd netal rings having an inner and outer
20 di anet é%pné)ﬁhﬂé'% d’tdﬁ?w‘é%llsggen%e gr' rings forma cylinder with two ends and
a center region, said series of netal rings provide an electric field
gradi ent through said center region; a control grid at one end of said
series of netal rings; a screen grid at an end of said series of netal
ringg opposite said control grid; a grid collector at the sane end as said
screen grid; and 25 at | east one second netal ring, having an inner and
outer diameter and a width, is |ocated md way through at |east one of
tsaid nmetal rings; wherein said second netal ring has a smaller inner

di aneter and smaller width than said netal rings, whereby said second
nmetal ring extends further into said center



region than said netal rings. 30 13. A guard ring having a ringd! 2nlip8, 253
wi dth, a center, an inner dianeter and an outer dianeter, wherein the

i mprovenent conprises an extension of the guard ring fromthe inner
dianeter to the center having a width less than said guard ring, wherein a
second inner dianete s formed havin i r I n e inner

di amet er &PNs ¥ORI g#dngcF?gﬁgTﬁﬁeﬁégg ?Hgog§§éﬁspgn ﬁﬁ?ﬁgﬁa%%garance of
a washer PFEEPPéE the mddle of said guard ring. 14. A guard
ring having a ring shape, a w dth, 3 g i#&é an inner diameter and an outer
5 dianeter, wherein the inprovenent B ﬁﬁ Ls a series of projections from
the inner dianeter of said guard ring towards the center of said guard
ring, wherein the projections do not fully extend towards the center. 10 8

| ON MOBI LI TY SPECPROMBIER mmrmmmm@nmﬁm aNemfiEht petitiougior
NAKI NG SAME, ABSTRA
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region. An inproved guard ring with an extension into the non-linear drift
r egl on. dnft reglon

(Fig. 4)




