LENS FREE COLLI SI ON CELL W TH | MPROVED EFFI Cl ENCY BACKGROUND [ 0001] This
application is in the field of mass spectroneters and, nore 5specifically,
to a mass anal ysi ng spectroneter and nethod for fabricating a lens free
collision cell. Various nmass spectroneters are known in the art. An exanple
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specific to a quadrupol e nass anal yser, however enbodi nents of the
invention may be used in other typgscRbréUNBSS anal ysers, e.g., a hexapole,
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can be varied by the parent ion's |n|t|al velocity, the size and type of
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source, by either colliding them into fragments or reacting them with other molecules. In
20 both cases, a parent ion from the ion source is introduced into a higher-pressure region
for a given time. A specifically selected gas, such as argon, nitrogen, helium, etc., is
injected into the high pressure region of the collision cell, so that the ions will collide with
molecules of the injected gas. The resulting fragment or product daughter ions then exit
the collision cell and are analysed by another mass analyser and further directed to the
25 detector.

[0003] The collision or reaction energy can be varied by the parent ion's initial
velocity, the size and type of the collision gas molecules, and the number of collisions
encountered. The number of collisions is depended on the gas pressure and the
reaction time. [f a parent ion hits a collision gas molecule, its flight path will be altered.

30 For this reason most cell designs are built around multi-pole structures containing an ion

focusing RF field.



[ 0004] The high pressure inside the collision cell needs to be accurately
controlled, while the remaining interior of the nmass spectroneter needs to
be mai ntained in vacuum However, gas may |eak fromthe collision cell into
t he mass spectroneter t hrough the openings for ions entering and exiting
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present ed . Ina first aspect of the present invention,
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havi ng t“D surfaces; a plurality of conductive 20 el enents, each el enent
haV|ng tross-section configured for form ng an el ectrode surface; wherein
al l4gof the elements are attached to one surface of the insulating plate
along their length, whereby the el ectrode surfaces of all of the elenents
define an ion transport tunnel. [O0GYMMARY: second aspect of the present
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30spectrometer conprising:an ion source; a nass anal'yser having rons
ent er i sgleapurpbseiisiteepresedt sehe coedeptsiof tea invemoatin atsmplifiecfarmeasiaan i on
collisi onlugg ltcln threer(%%re/ Idrelgalleg descnptlt eﬂ1at is presented below.
[0007] In a first aspect of the present invention, there is provided an ion collision
cell, comprising: an insulating plate having two surfaces; a plurality of conductive
20 elements, each element having a cross-section configured for forming an electrode
surface; wherein all of the elements are attached to one surface of the insulating plate
along their length, whereby the electrode surfaces of all of the elements define an ion
transport tunneil.
[0008] In a second aspect of the present invention, there is provided ion
25 collision cell assembly, comprising:an insulating plate having two surfaces; and four
elongated conductive elements attached to one surface of the insulating plate along
their length to thereby form an ion transport tunnel, wherein each of the conductive
elements is curved such that the transport tunnel forms a 180 degree turn.
[0009] In a third aspect of the present invention, there is provided amass
30 spectrometer comprising:an ion source; a mass analyser having ions entering at its inlet

and selected ions exiting at its outlet; and an ion collision cell receiving the selected ions



fromthe mass anal yser and facilitating ion collisions with gas nol ecul es,
the collision cell conprising an insulating plate with two surfaces, a
plurality of conductive el enents, each el enent having a cross-section
configured for form ng an el ectrode surface, wherein all of the conductive
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length to the same reference plate. Consequently, all four elements remain aligned to

rcle

the same reference plate. The four elements form a semi-circular channel with semi-
20 circular quad electrodes. The quad electrodes receive electrical potential to form the
field required to maintain the ions at the centre of the channel, i.e., at the centre of the
transport axis of the collision cell. Semi-circular insulators are provided on all sides of
the channel so as to seal the channel over most of its length from the interior of the
mass spectrometer.
25
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Other aspects and features of the invention would be apparent from the
detailed description, which is made with reference to the following drawings. It should
be appreciated that the detailed description and the drawings provides various non-
30 limiting examples of various embodiments of the invention, which is defined by the

appended claims.



appended cl ai ns. [0013] Figure 1 is a schematic of a quadrupol e
mass spectroneter which nay be adapted for inplenenting an enbodi nent of
t he inventi on. [0014] Figure 2 is a schematic illustrating ion nass
anal yser according to an enbodi ment of the invention. 5[0015] Figures 3a-b
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i nvention. [0017] Figure 5 1s a schematic according to another_ enbodi nment
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di scl os ' Vi ollision cell for a mass anal yser. The
di scl osé b%@heéq?gp{eh%slbggn@%@ cost effective to fabricate, yet maintains
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enbodi remcbgding t¢ Bmbodieenisat thaynveatiosed i n any nass 20 spectroneter type
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refigr enggedi@nt he drawings. Figure 2 illustrates parts of a nass

spectroneter relevant to the collision cell. Various ions fromthe ion
source enter nmass anal yser 225 and are separated according to their mass to

charge ratio, niz, such that orbéwggcqeéggg%&%%ﬁ 25having the filtered mz
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exit the mass anal yser 225. The ns then enter the
[0018] The embodiments disclosed herein provide a collision cell for a mass

analyser. The disclosed cell is easier and cost effective to fabricate, yet maintains high
15 alignment of the field poles, and high efficiency pressure management. The
embodiments illustrated and described are for a quadrupole, but it should be
appreciated that is the disclosed features are equally applicable for fabricating other
multi-pole collision cells having, e.g., hexapole, octapole, etc. The collision cell
constructed according to embodiments of the invention may be used in any mass
20 spectrometer type where the ions are made to collide with gas species.

[0019] The details of an embodiment of the invention will now be described with
reference to the drawings. Figure 2 illustrates parts of a mass spectrometer relevant to
the collision cell. Various ions from the ion source enter mass analyser 225 and are
separated according to their mass to charge ratio, m/z, such that only selected ions

25 having the filtered m/z exit the mass analyser 225. The selected ions then enter the
collision cell 260. In this embodiment, no lens is provided between the mass analyser
225 and the collision cell 260. In the collision cell 260 the ions enter an area of injected
gas at increased pressure, i.e., pressure higher than the vacuum environment prevailing
inside the mass analyser. The ions collide with the gas species and ions exit the

30 collision cell 260 and enter the second mass analyser 227. After exiting from the mass

analyser 227 the ions may enter a detector (not shown).



collision cell 260. In this enbodinent, no lens is provided between the
mass anal yser 225 and the collision cell 260. In the collision cell 260 the
ions enter an area of injected gas at increased pressure, i.e., pressure

hi gher than the vacuum environnment prevailing inside the mass anal yser. The
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gas seals are provided to confine the injected gas to the volunme defined by
t he el ¢etarenes planedor therdignmeniofithm quad elaclisdetsustaces. Adissersurea proper

Cross-s o] ' 3a, four elongated seals are provi ded about the
guad e@ﬁ@["tﬂg@'&%‘ a%%%@rtical el ectrodes 366 and two horizontal el ectrodes
368. Toget hqooe Aduitiorssig! i t@eniRisitated eAdadirhent) ghs akal arehmrodidied tof i on
transport. In this manner, the injected gas is confined to within the

tunnel onfing e inieEpdoas tsa\lt@%yduﬁji%d@ﬁin i P tesclerodesd o ArodRd tke s,  as
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ol 11 SiePHEEIRS. ool GNPt DU el GeReIH1p & Sapy el aboit the axis of ion
transport. In this manner, the injected gas is confined to within the tunnel of ion
transport. Also, this eliminates the need for end seals, as was done in the prior art.

20  Since the injected gas is confined to the small space within the ion transport tunnel, very
little gas needs to be injected, so that the injected gas is generally confined to the area
of injection and the pressure gradually lowers towards the edges of the collision cell.

The gas is injected via inlet 372.
[0023] The embodiment of Figure 3a illustrates a quad electrode arrangement,

25  wherein each of the four elements 361-364 has a profile defining one electrode of the
quad. Each electrode is separated from its neighbouring electrode by a distance
indicated as “g” in Figure 3b which shows an alternative embodiment with similar
design. In this embodiment, each of the four elongated seals 366 and 368 is positioned
behind one of the gaps — at a distance indicated as “d”, which is not larger than the gap

30 distance g. Also, each of seals 366 and 368 is in the shape of a thin strip. Each of the

thin strips is inserted between two electrodes in a perpendicular orientation. This



[ 0023] The enbodi ment of Figure 3a illustrates a quad el ectrode

arrangenent, 25 wherein each of the four elenents 361-364 has a profile
defining one el ectrode of the quad. Each electrode is separated fromits
nei ghbouring el ectrode by a distance indicated as "g" in Figure 3b which
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circuit board, upon which all of the electrical connections are made. Either arrangement

rby

eliminates all wiring for the collision cell. The electrical connections to the elements
may be made using pogo pins, also eliminating wiring.
[0026] Figure 4 is an exploded view of the collision cell shown in Figure 2,

25 according to embodiments of the invention. The four poles 461-464 are connected to
insulating plate 465. An inner vertical seal 466i and an outer vertical seal 4660 are
inserted together with horizontal seals 468, so as to form a seal transport tunnel around
the four field generating surfaces of the poles. In this embodiment, an optional cover
plate 470 is provided on top of the assembly.

30 [0027] The above description relates to a specific embodiment of the invention;

however, the invention can be implemented using other embodiments to achieve the



[0026] Figure 4 is an exploded view of the collision cell shown in Figure
2, 25 according to enbodinents of the invention. The four poles 461-464 are
connected to insulating plate 465. An inner vertical seal 466i and an
outer vertical seal 4660 are inserted together with horizontal seals 468,
so as t 1 u noun ating
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Swherein all of the elenments are attached to one surface of the insulating
plate along their I ength, whereby the el ectrode surfaces of all of the
el enents define an ion transport tunnel. 2. The ion collision cell of claim
1, wherein the plurality of elenents conprises four 10el enents. 3. The ion
collision cell of clainms 1 or 2, furtéﬂé‘}l gonprising a plurality of
el ongated seal s provided at the peri of the transport tunnel to
t hereby seal nost of or the entire length of the transport tunnel. 15 4.
The ion collision cell of claim3, wherein the plurality of elongated seals
conpri sk a p‘hmji‘fm ¢allsion Celll.icmnfln)r%ﬂin@t ri ps 5. The ion collision cell of

t el ectrode 20surfaces are

claims 3 or 4, wherein gach qf o a&*? i
separated by a gaﬁ51 !&su‘a Hgtqlua aé'fﬂ? 19°%®ach of the el ongated seals is

posi tioned behind %Iu@émi? @sa@rﬁuhdwe@émahtsaedcﬁbm@ntdnaﬂnd 8rgbds-gEERiner
than length g. 6. The ion collision cell of any one of clains 3 to 5,

further comfiandipHepdsfog By Anealectirfla sWécesnabl i ng gas injection into the
longtransport tunpel.,, glirgfth' Oé]eﬁ%“é SRl t§fon%r§'u % cﬂfthg ﬁééf?ulrfget o 6,

wherei n the insulating nprises a printe CII‘C i on

col i si on cellatecdlong &lem léngfmwmebycﬁmelesimm sodacgs ofalhekiheglemeats i cal
5contact to egch of the elenents. 9. The ion collision cell of any one of

clainms 1 tod@'nﬁﬁ?é}'@f‘ﬁracr}%’ogéHBﬂ%tl ve el enments are curved and forman ion
transport tunnel nmaking 180 degrees turn.

2. The ion collision cell of claim 1, wherein the plurality of elements comprises four

10 elements.

3. The ion collision cell of claims 1 or 2, further comprising a plurality of elongated
seals provided at the periphery of the transport tunnel to thereby seal most of or
the entire length of the transport tunnel.

15 |
4. The ion collision cell of claim 3, wherein the plurality of elongated seals comprise

a plurality of thin flat strips.

5. The ion collision cell of claims 3 or 4, wherein each of two adjacent electrode
20 surfaces are separated by a gap of length g, and wherein each of the elongated
seals is positioned behind a corresponding gap at a distance d of length greater

than length g.

6. The ion collision cell of any one of claims 3 to 5, further comprising a gas

25 injection inlet enabling gas injection into the ion transport tunnel.



1010. The ion collision cell of claim9, wherein the plurality of elenents
conprises four elenents and the el ectrode surfaces define an ion transport
tunnel having a square cross-section. 11. An ion collision cell assenbly,

conprising: 15an insulating plate having two surfaces; and f our

ol ate-dong. THeue iR EERoraE) b5 OF Selfal 5.6 WHEARE Bp A a R Meficr o

each of the qpmshisisi &/ prigfedriieui boar¢.ur ved such that the transport tunnel
forns a 180 degree turn. 20 12. The assenbly of claim11l, wherein the ion
transport tunnel has a square cross- section. 13. The assenbly of clains 11

or 12, é.u”hﬂ-[e fbﬂ'ﬂg{niesﬁ%r{‘ngesﬂj 8fﬂaﬁr1\ 9”%%?’.cégﬁtrﬁggfp:%bséﬁ@ﬁﬂ%ﬂﬁﬂﬁ%ﬂé&ﬁc‘!ﬁe” t wo

of the Conductive ereby sealin ort t hroughout

i t s5l engt h. cbhtacthe eash efitheyelemeatitai m 13, further conprising gas inlet for
injecting gas into the ion transport tunnel. 30 15. A nmass spectroneter
conprising: an ion source; a mass anal yser having ions entering at

its inlgt anghspheaiiRibr 88PNty bR oftlairhs 1281, WheréRdhe conductive

elements are curved and form an ion transport tunnel making 180 degrees turn.

10 10.  The ion collision cell of claim 9, wherein the plurality of elements comprises four
elements and the electrode surfaces define an ion transport tunnel having a

square cross-section.

11.  Anion collision cell assembly, comprising:
15 an insulating plate having two surfaces; and
four elongated conductive elements attached to one surface of the
insulating plate along their length to thereby form an ion transport tunnel, wherein

each of the conductive elements is curved such that the transport tunnel forms a

180 degree turn.
20
12.  The assembly of claim 11, wherein the ion transport tunnel has a square cross-
section.
13.  The assembly of claims 11 or 12, further comprising four elongated seals, each
25 provided between two of the conductive elements, thereby sealing the transport
tunnel throughout its length.
14.  The assembly of claim 13, further comprising gas inlet for injecting gas into the
ion transport tunnel.
30



5an ion collision cell receiving the selected ions fromthe nass anal yser
and facilitating ion collisions with gas nol ecules, the collision cell
conprising an insulating plate with two surfaces, a plurality of conductive
el ements, each el enent havi ng a cross-section configured for form ng an

el ectro&g sur face, V\:hf of .t he conductive elements are attached to

one sur ]mals&es% %&?%pﬁ?'ﬂge along their length, whereby the

el ectrode surfac%ﬁq Rh urc®f the elenents define an ion transport tunnel.

16. The nass spectrometer of claim 15, wherein the plurality of elenents
conpri ses four eI%W@‘-ﬁﬁ@naj}@eihanléomgﬁt%lﬁécﬁtﬂ@ﬁé‘?gﬁnéfse@ thionszxiingl 6,
further corrpgt It; Igaqial.lrallty of el ongated seals provided at the periphery
of the transport g to thereby seal the entire length of the transport

tungel . 2018. The arpion cillisidi odibteeeiviig tHeasatedtéd |witefrem1thtehea9¢ analyséy of

el ongat ed seal s corrprl se a ﬁl urality of thin fIa Q’ég The mass
spect r onet erangk fagilitating ion caflisiogs W\Hb9§$ H‘Qi%%tﬂe%ft |'§E]na h‘for@P'é%‘Pg@@e

surfaces are, &ﬂgﬁﬁ@%@e Rmhﬁwggsg;r%%ﬁgeggmam o@%en&gar\@ SeRRfs, achhe

25el ongat ed sea position I'nd"a co respondi ng gap at 'a di stance d
of length gr@erhent hzm\ang Iaemgsmsgcticﬁﬂcomlwreduﬁm fepeinigranrelestrodé sarfacene of

clainms 17 to 19, r co S|n as |n inl et enabljng gas

i njection i rW'?)er?We 8 t?‘P NBS{‘YG £ S af%i't%*h%ﬂbo ?8?@%%9* ing an

i ongcol I'i si gRs 9&ting ﬁ%&?ﬁ’ﬁ:‘n}g théﬁf”l@fgtﬁ'\NBere(kﬁf)thQlé‘lé’dtfbd'é@s@fbde@%ﬂaﬁtdf'ﬂge plate
having two surfaces taining a plurality of elongated conductive

el enent s, eMmen@ﬂﬁfmeﬁmmndgarssmgngbcu on configured for formng an
el ect rode surface; and

16.  The mass spectrometer of claim 15, wherein the plurality of elements comprises
four elements.
15
17.  The mass spectrometer of claims 15 or 16, further comprising a plurality of
elongated seals provided at the periphery of the transport tunnel to thereby seal

the entire length of the transport tunnel.

20 18. The mass spectrometer of claim 17, wherein the plurality of elongated seals

comprise a plurality of thin fiat strips.

19.  The mass spectrometer of claims 17 or 18, wherein each of two adjacent
electrode surfaces are separated by a gap of length g, and wherein each of the
25 elongated seals is positioned behind a corresponding gap at a distance d of

length greater than length g.

20. The mass spectrometer of any one of claims 17 to 19, further comprising a gas

injection inlet enabling gas injection into the ion transport tunnel.

10



(c) attaching the plurality of elongated conductive elenents to one surface
of the insulating plate along the I ength of the conductive el enents, such
that the el ectrode surfaces of all of the elenents define an ion transport
tunnel . 1022. The nethod of claim 21, further conprising inserting each of
four elongated seals between two of the conductive elenents so as to sea
the transport tunnel over its length. 23. An ion collision cel

subst argi.al 14 mhb@wfﬁbﬁéaﬂr% se o ediRgoncein aseérablneemppisimgd 15as
illustrated by Figures 2 to 5. 24. An ion collision cell assenbly

subst ant i al 1) as didpigingan siselatingn/atedpving Ve sHEReRRie to and as

i1 lustrated Fi . r Lad |y as
her ei nbef oré%esc&ﬂ%@@gﬁf %)ﬁ"rfg@ygo(r?eenced%tt%@gﬁ%agcg&léﬁq%@téﬁgsf ggeﬁ%@b%@r es 2to
5. 26. A net hod f dravirapaiceeds-serctiam ¢opfigamdd fos ferminglan elosteodsd yudadestamat i al |y

as herei nbefore described with reference to and as illustrated by Figures 2
to 5. (c) attaching t%e plurality of elongated conguct?ve elements to one sﬁrfacg&

the insulating plate along the length of the conductive elements, such that

the electrode surfaces of all of the elements define an ion transport tunnel.

10 22. The method of claim 21, further comprising inserting each of four elongated seals
between two of the conductive elements so as to seal the transport tunnel over

its length.

23.  Anion collision cell substantially as hereinbefore described with reference to and

15 as illustrated by Figures 2 to 5.

24.  Anion collision cell assembly substantially as hereinbefore described with

reference to and as illustrated by Figures 2 to 5.

20 25. A mass spectrometer substantially as hereinbefore described with reference to

and as illustrated by Figures 2 to 5.

26. A method for fabricating an ion collision cell assembly substantially as

hereinbefore described with reference to and as illustrated by Figures 2 to 5.

11



