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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 odONMﬂBEIBYc&I’E@I&hGME@ER WITH SMPROVEDDRIF Tl 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
cyIind%r wth o as enters is called the ion nolecule reaction region.
This section, known as the drift region, is separated fromthe rest of the
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and mass-t oidefirifiege rati o, the Iength of tlne through the I'Ms is uni que to
each particle. p fi ound.can be  dete ned in te rts per
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known as the drift region, is separated from the rest the cylmder 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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tens, hundreds or even thousands of tinmes, and it is called signal
averaging. By doing this a signal can becone readily apparent over
background noi se, even at very |low concentrations. However, if the system
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have been nmade to correct this probl'em One such solution is to block, or
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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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It is an obj ect -of the present invention to provide an IMS with |m@mg;d2,,,
linearity 35 of ions traveling in the drift region in order to inprove 2ld
resolution. 2 The guard rings of an I MS provide the electric field, which
propel the ions through the IM5. Proximty of ions to the guard rings
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fl'ight path of 1ons int regl ons ear Cross sectron
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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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current invention with the drift region and |inear region indi calﬂe&,ﬁ%% vt
well as exanples of the flight path of ions in these regions. Fig 6A and
6B shows graphs. contrasting the tine of flight of exanple ions in an IMS as
35 per the prior art versus the current invention. 3 Fig 7 shows an exanpl e
of a readoutFiof./. gcr)lwé VS, De aifl ed Descri E#J{ison of the Drawings 5 Figure 1
shows a |ineaf 'Srosy*s¥EMPsY &ffe*’é“’t‘v%i I MS as per the prior art.
Essentially, an IMS is a hollow cylinder formed by stacking nmultiple rings,
referred to as guard rings 1. These guard rings charged at various |levels
so that they provide an electrical field gradient through the center of

the | MS. TheDguiddDédcrigtion bEtHeta®@ddsy 10 nmade out of stainless steel, and
are separated from each other by sonme insulating nmeans. Snall beads of
sapphire are good for this purpose. The series of guard rings are then
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field gradient ppl.ied. by the quard rings 1. MIliseconds |ater they reach
the ion coIﬁha%ﬁ%rtgﬁ?%?é?mrwg?g‘rcﬁshei r inpact, thereby measuring the
~time of flight ofOrehend éfode ichligied thusermhddSis ¥ s mOREAE Re@ribM rdeltd 2NB i n

cl ose proximt,¥ tg thg ion col|lector 4, often no nore than half a
millimeter aplrh 2 dedref gas samplels igjested and dippiomsiaad molasulesthsreof pre chargedsen

grid mount i nchedey inffectie réiiGioh QSorPRSSpArREOHER th&sS6( BE eylg{deﬂb%wmu&ef ore
25 inpacting with the ion collector 4. The centerline 7 is a theoreti cal
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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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tinmes 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

mai ntai ning a vacuum Figure 2B is a cut-away of the objects shown in
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rati o. Figure 4 shows one enbodi nent o current.invention ens.i ons
of the guard CoHdﬁd‘é‘%"'éﬁpéFreF‘hEmBPﬁ‘qgt eﬁoﬁo(ﬂﬁg{t}‘elu sb@ragﬁ)mm%%%mrove t he
electrigfi elc@uée@a‘lcme?mr@%ﬂﬁﬁ@lgn!ﬂ‘tbh@@érduﬁ”pedl ng the fli ght path of the

ions. In this figure all of the guard rin s have exte i ons gelxt% %ﬁ f.or
the guard ring th&isyrof AROWS QR emRediEsRk of §iie Gimepinvepfga. t‘é‘ﬁ’sqnﬂ g2 dsest

to the coll equ% 28 LnfX LNt ;ggﬁmf(%tt 1Ia§e35d)|aﬂa @mfnlaec thel didctrice@id h th}éa;reg@hl ons
ment may not have extensions _in all of the guard rings, and

t he extensi o%lﬂmylrm@dlrkgrthﬁlﬁlﬂﬁhé@ﬁﬁhcﬂf thes oBRd T iy Baye Rl of it B d e et he
flight path o xtc%x}ggg:) eg‘aérp??? &‘E ﬁ‘&gs*“ﬁ&‘wﬁ’%l Wi ﬂleoéb?mbﬁgﬁd}e T}Qréxfténsfoggl on

still experi ence So own I n ure 6A, a projected

i mprovenent oflosag tb ahGslkectan Zb@xenqbeethbédﬁﬁqat ciduidt waions . VaratiensgfrBise A,
deItaYrepre ntsathed Bxd & a

t heoreti cal g@y af haé’ 8@3@% ﬁgﬁé%aﬁﬁgﬁ%&ﬁ%%)f%@em rline,

with ion | bmrmglfaﬁnbﬂ‘acﬂﬂmgdeﬂgune and ion 28 being the furthest
measur abl e i on out in.circle ents i as
per the prior art, ‘%‘Hﬁlgtsh‘é‘gﬁ g’&gﬁ&é tBr?f\?ﬁrﬂa? g %‘3 Iﬁgﬁovgdq@{sré%rg éiglgts

ions traveli %@5@1&[ Qb hegRriédd®> someparift} ba: esbxhowneint Fighret AA, ianpmwidctedn
shown in figure 6A. The further
20 improvement of up to 20% can be expected in some instances. In figure 6A, delta 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.

35
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the ions are. fromthe centerline the greater the inprovenent onUthé‘ﬁ%lé%;
Yis. It is inportant to consider here that the nunber of actual ions
represented by the ions in figure 6A go up as the distance out fromthe
centerline is increased. Figure 6B shows a simlar graph where the drift
is shown in tinme of flight (TOF). 30 Figure 7 is an exanple of a signal
readout taken by an IMS. This exanple graph shows how a smal |l er peak can
be lost next to a larger peak if the signals are not sharp enough. 35 5 0
MAR NO5 What Whatdd daimedis:s: | An ion nDbiIity spectrometer conprising: a
series of netal rin ngs having an inner and outer
5 di aneter and a \ﬁng%mog‘gnydspﬁetfor?e ?rlcﬁrgn rl?lﬁém ng a cylinder wwth two ends
and a center reglaos&ne:saf Gnesa 1 iirggs, eichnef aehd rmamgsmmsdsdvﬂigngl Tatmeelamttoniecal
field gr dlen throu d <& nt er reg e end o
o d sorses. GRatTAR A RO H PSR Eb BoRbe Hotateranithe el e Far of

nmetal ri ngs apHes |s§1& sErisGf aRnl Figgs @oviding L8 e&ﬂﬁmﬂﬁxelcﬁ@ﬁdﬁeﬂﬂl&oﬁ@ﬂﬁi&heﬁ&f al
ring, having an inner and outer dianeter and a width, is |ocated raid way
through at | &%&P%one of said netal rings; wherein said second netal ring

_..has a smal | er |nngrcogg@@ﬁagfmﬁ@[dgm(i%ey\bﬁﬁaﬂ ddggn said netal rings,
wher eby said second nmetal ring extends further into said center 15 region

than sai d netal riahéer coflectpmatiagendobpaid serics o meiab ABESAPPatEsad sgtreloridh ai m |
wher ei nja saiggsecond metal ring is located md way through at |east two
of said netal rings. 20 3. An ion nobility spectroneter according to claim
2 wherein said seeblegst opt second inpighritganavidg i emenandj autes diagictemarda Yidth, is An

ion mobility @19&? &g%gﬁrﬁé‘&@é&%co&’sﬁ&ﬁfc& gnégnerel n said second netal
e

‘rings have di ren
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

15 region than said metal rings.

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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5. An ion nobility spectroneter according to claiml wherein a @Méifé%@g%gd
nmetal ring is |ocated md way through all of said netal rings. 6. An ion
nobility spectronmeter according to claimb5 wherein said second netal 30
rings have different inner dianmeters. 7. An ion nobility spectroneter
according to gl aim5 wherein said second netal  rings have different.
widths. 6 AR 2055 4% ORMOHHY MRASITPMET acpRrdinednelpiat | aBesrdridgesand ares! ming
wherein sai d [5€6Q ifheM@hMbtef thRFortESst@tathBitBin A& WaEreb PN Alerfe® b BroRctiindl
rather than a circle, whereby a series of projections extends into said
center regi orFNeRHEO $AEENET IhggRIBFLAL} waifegln ciEle; on nobi I ity spectronet er
according to claim6 wherein said second netal ring closest to said screen
grid has the smallest inner dianmeter of all of said second netal rings.
10. An idn nobil i tAn igpaabilyaresrometercaordmstiocleimb whereigtreidseernd metab ringai d
second 10 ”ectln?gestrtbrkgﬁl écEeeﬁ‘_ Wasttﬁg Qtﬂﬂﬂ:stt ﬂﬁer‘@l&ﬂée o181 8% Pﬁ@%&c L rr?e%llq 1on
collector. 11. An 1on nobility spectroneter according to c alm e wherein
said second mintgal ring closest to said control grid has the |argest inner
di aneter of all of said netal rings, and the dianeter of each of said
second netal rings is smaller than the closer said second 15 netal ring is
to said ion cHll ectmion m@bilik spedtiome:tdraiccoradag ng ciim i2owhergibione tof saipaeddnanet er
consisting of the.steps.of forning: a series of tal rings, each of said
roral 1 0gs o ARy drtieP e S8 drSdo sbTigholeditar e sai o ot a
rings forma cylinder wwth two ends and a center region, said series of
metal rings provide an electric field gradient through sajd center region;
a control grid-at ‘YhienggIEy spegirometer sceurding togpin 6 whirgin.sald seeqnd seta £ipd ot

an end of saidb®arth88idbnti@tgd Hak MeSIaRRRAFhd: Aiahitked of ANToF Shid Hidetl ringd Aai d
collector at the sanme end as said screen gri

. : rid; and 25 at |east one second
netal ring, HAvidiRgeies of sady ofswd sreprd metah magelr waienthgp ghencloses said seqpndd ni d

way thrpigh ahedigastis \Gidibn @it 2l rings; wherein said second netal
ring has a smaller i nner dianeter and smaller width than said netal rings,

~whereby said second netal ring extends further into said center

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




region than said metal rings. 30 13. A guard ring having a ring.%ﬁ%ﬁ@ﬁ 4959
.width, a center, an inner dianeter and an outer dianeter, wherein the

i mprovenent conprises an extension of the guard ring fromthe inner

di aneter to the center having a width |l ess than said guard ring, wherein a -
second inner dianeter is formed having a dianeter smaller then the inner

di aneter of said guard 7 ring, whereby the extension has the appearance of
a washer iringe™hetebyi the #xiepsioRtss ithe appRamnce %2 washgr gipgred lingyly mio the guard
ring havi rdeR%d ﬁgﬁf wi dth, a center, an inner diameter and an outer
5 dianete?gdacé#g%nig e f#grovenent conprises a series of projections from
the inner dianeter of said guard ring towards the center of said guard
ring, wherein the projections .do,not ful extend towards the center. 10 8
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MAKI NG SAME, ARSTRéeleithé Qfpri@Rident YompaSds' RBHAN ofvbidjeckibhy envad thd BaRf i ty
of ion flight path through ‘the non-linear drift region by enhanced
electric fdiz_eh@emfesatdogt@xé dng toradethegeaierof saidyguard riog: Waerpigrihe preseations i f t
;gg:gz: A%okﬂfﬁﬂ%%%ngﬁ%ggaﬁﬁt g%néa an extension into the non-linear drift
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