1 CURVED HEATED | ON TRANSFER OPTI CS Background 1. Field of the application
[01] This application is in the field of mass spectroneters and, nore
specifically, to a mass anal ysing spectroneter and nethod for fabricating a
curved heated ion transfer optics. 2. Related art [2] Various mass
spectronmeters are known in the art. An exanple of a prior art nulti-pole
mass spectroneter is illustrated in Figure 1. For conveni ence of
description, the nass A r i qur is specific to a
guadr upol e mass anal yszﬁﬁikﬁ&;ﬁgﬁ&@gm%@fﬁQEMnu on may be used
in other types of nmass anal ysers. In the nmass spectroneter of Figure 1, the
sanpl e hnckgrnued ar e delivered, e.g., by injector 105, into an ionization
chanber 110, which ionizes the nol ecules, thereby acting as an ion source
110. | odsFieldaf theapphigatiour ce 110 are focused and transferred to the mass
analyser 25 I
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transfer. the 1ons generated
signal. One pair of rods receives a positive DC signal at zero phase, while the other receives a

negative DC signal at 180 degrees phase (-[U + V cos(wt)]), thereby acting as a band pass
separating the ions according to their mass to charge ratio, generally denoted as m/z. This
relationship is illustrated in Figure 2, wherein the shaded area denotes the band-pass wherein
only ions having a mass to charge ratio (m/z) within the shaded area may pass the mass
analyser. The width of the band pass is controlled by the signal applied to the rods, such that
the narrower the band pass is, the higher the resolution of the mass spectrometer.

[04] By scanning the magnitude of U and V, one can over time allow species of different
mass to charge ratio to pass through the spectrometer, thereby obtaining a spectrum of the ion
species within the sample material. Generally, during the scanning the ratio U/V is kept
constant so as to maintain the same band pass. The ions exiting the mass analyser 125 are
detected by detector 145. As shown, controller 140 controls the power applied to the focusing
optics and the mass analyser 125.

[05] Transfer optics are incorporated in various designs of mass spectrometers, such as the

instrument described above. The function of the transfer optics is to transfer the ions generated



2 in the ion source into the nmass anal yser. The transfer optics can be used
to extract the ions fromthe ion source and focus the ions into a beamthat
is then transferred into the nass anal yser. The transfer optics can al so be
used to bridge the pressure difference Petmeen the pressure inside the ion
source 110 and the pressure inside the mass anal yser 125. [6] As ions exit
the ion source and enter the transport optics, sone ions may be deposited
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According to disclosed enbodi nrents, the ion optics assenbly is forned by
four quiftler Aetordimght therotsistill agieedrigrtimprayie apd elfpitive trgpefepenticshed to t he
sane reference plate. Consequently, all four elenments remain aligned to the
sane refemampy plate. The four elenents forma quarter-circul ar channel

with a rter-ei.rcul ar quad .el ectrode. . The quad el ectrodes receive
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the quad cooler. [10] In a first aspect of the present invention, there is
provi deld PAgseRiSH PEORASport assenmbly, conprising: an insulating plate; a
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wher ebythte ri]c()an (%tﬁ:g tags%gl lyS 1%rff)rzilr(lze(:‘asbyoftou{:sl <|]1|1art%fr-circu1ar profile elements, all of which are
attached to the same reference plate. Consequently, all four elements remain aligned to the
same reference plate. The four elements form a quarter-circular channel with a quarter-circular
quad electrode. The quad electrodes receive electrical potential to form the field required to
focus and maintain the ions at the centre of the channel. Quarter-circular insulators are
provided on all sides of the channel so as to seal the channel over its length to prevent gas
leakage into the interior of the mass spectrometer. A heater is provided at the entrance to the
ion transfer optics, to prevent accumulation of ions on the poles. A thermal break is provided in
the quad, so as to enable maintaining the front of the quad heated and the rest of the quad
cooler.
[10] In a first aspect of the present invention, there is provided an ion transport assembly,
comprising: an insulating plate; a plurality of elongated conductive elements, each element

having a cross-section configured for forming an electrode surface; wherein all of the elements

are attached to the insulating plate along their length, whereby the electrode surfaces of all of



3 the elenments define an ion transport tunnel; and wherein the conductive
el ements further conprise a thermal break formng an inlet portion and a
transport portion of the transport assenbly. [11] In a second aspect of
the present invention, there is provide? an ion transport assenbly,
conprising: an insulating plate; four efongated conductive el enents
attached to the insulating plate along their length to thereby forman ion
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Brief description of the drawings

[14] Other aspects and features 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-limiting examples of various embodiments
of the invention, which is defined by the appended claims.

[15] Figure 1 is a schematic of a quadrupole mass spectrometer which may be adapted for
implementing embodiments of the invention.

[16] Figure 2 is a plot illustrating the ion separation action of the quadrupole mass
spectrometer of Figure 1.

[17] Figure 3 is a schematic illustrating ion transfer optics assembly according to an
embodiment of the invention.

[18] Figures 4a-b are cross-sections of ion transfer optics assemblies according to
embodiments of the invention.

[19] Figure 5 is an exploded view of the ion transport optics assembly according to a

disclosed embodiment.



[ 18] Figures 4a-b are cross-sections of ion transfer optics assenblies
according to enbodi nents of the invention. [19] Figure 5 is an expl oded
view of the ion transport optics assenbly according to a disclosed
enbodiment. 4 [20] Figure 6 is a top e}evation showing a close-up of the
heat ed section of the ion transport optics assenbly according to a

di scl osed enbodi nent. Detailed description [21] The enbodi nents discl osed
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that they can mani pul ate and focus, accel erate or decelerate ions during

t r anspotemperature. In this sense, the assembly is made of an inlet quad 313 and transport quad 311.
The inlet quad 313 is heated by ceramic heater 314, which is powered by power source 344.
The power source 344 may be coupled to a resistive heater attached to the ceramic heater 314.
[24] In this embodiment, the ion transfer optics assembly 315 is formed of four quarter-
circular conductive elements that form the required field for the ion transport. The four
elements are made of conductive material and are attached to a common insulating plate, so
that their alignment is referenced to a single plane. This ensures accurate alignment of the
poles during fabrication, so that the field is well controlled. The inlet quad 313 is electrically
connected to the transport quad 311, such that both quads receive the same electrical power.
Alternatively, the inlet quad and the transport quad may receive different RF and DC potential

biases, such that they can manipulate and focus, accelerate or decelerate ions during transport.



5 [25] Figure 4a is a cross-section along the line A-A of Figure 3. Each
of the el ectrodes 461- 464 of the quad assenbly is nmade of a conductive
quarter-circular element, having a profile that termnates to form one of
the el ectrode faces 467 of the quad. Al four elenments 461-464 are attached
to insulating plate 465, as exenplified by bolts 470. In this manner, al

of the quad el enents have a common reference plane for the alignnent of the
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[30] The quad is forned of four quarter-circular curved poles, all attached
to the @wigopoion. PhiatreniB@ses thheanaoitawxe beictagd eathotwer adjavaetrelgatodes That is,
upper-inner, pol e 562, ~upper-outer pole 563 and l.ower,- oufer | e 4.
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of a cut or sEace between the inlet part and the transport part of each
el ect r d¥eveE1th&BH0 elgitreslest he transport assembly is in vacuum envi ronnent,
the thermal break 512 is evacuated and thereby prevents heat transfer from
the inlet quad 313 to the transport quad 311. A heater heats the inlet quad
SO0 as to prevent ion inpact deposits of ions entering the transport
assenbly. In this enbodi nent the heater conprises a ceramic plate 514, a
resistive heater 573 attached to the ceramic plate 514, and a power source
(not shown in Figure 5) delivering power to the resistive heater via
conductors 576.



[31] As shown in Figures 3-5, the four electrodes forma square ion
transport tunnel, which forns a quarter-circle curve. Four elongated seals
are provided to seal the tunnel throughout its length, |eaving only the
inlet and exit open for gas flow. In this enbodi ment the seals are provided
in the formof tw vertical seals 566 and two horizontal seals 568. Spacers
569 are included in this enbodi nent to support the horizontal seals.
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included in this embodiment to support the horizontal seals. Additionally, plate 571 is
optionally included in this embodiment to cap the arrangement. Gas, generally helium, is
injected into the transport tunnel to cause collision with the ions. Since the tunnel is sealed
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amount of gas leaking from the transport assembly, thereby obviating the need for apertures at

the inlet and exit of the assembly and reducing the load on the vacuum pump.



1. An ion transport assenbly, conprising: an insulating plate; a plurality
of el ongated conductive el enents, each el enent having a cross-section
configured for formng an el ectrode surface; wherein all of the elenents
are attached to the insulating plate aI?ng their | ength, whereby the

el ectrode surfaces of all of the elenents define an ion transport tunnel;
and wherein the conductive elenents further conprise a thermal break
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the plate and form an ion transport tunnel. The four inlet poles are thermally insulated from the
transport poles and are electrically coupled to the transport poles. The heater is coupled to the
inlet poles. Also, in the embodiment disclosed the poles are curved and together form a
transport tunnel that makes a 90 degrees turn. Of course, the poles may be straight or may form
a tunnel that makes a turn of other than 90 degrees.
33] The above description relates to a specific embodiment of the invention; however, the
invention can be implemented using other embodiments to achieve the same improvements and
features.
[34] It should be understood that processes and techniques described herein are not
inherently related to any particular apparatus and may be implemented by any suitable
combination of components. Further, various types of general purpose devices may be used in
accordance with the teachings described herein. It may also prove advantageous to construct
specialized apparatus to perform the method steps described herein.
[35] The present invention has been described in relation to particular examples, which are
intended in all respects to be illustrative rather than restrictive. Those skilled in the art will
appreciate that many different combinations of hardware, software, and firmware will be
suitable for practicing the present invention. Moreover, other implementations of the invention
will be apparent to those skilled in the art from consideration of the specification and practice
of the invention disclosed herein. It is intended that the specification and examples be

considered as exemplary only, with a true scope and spirit of the invention being indicated by

the following claims.



7. The assenbly of any one of the preceding clains, wherein the conductive
el ements conprise four curved elenents formng an ion transport tunne
maki ng a 90 degrees turn. 8. The assenbly of any one of the preceding
claims, further conprising a heater for,heating the inlet portion. 9. The
assenbly of any one of the preceding clainms , wherein the insulating plate
conprises electrical contacts to the conductive elenents. 9 10. An ion
transpoR% aaseﬁghy .conprising: an insulating plate; four elongated
conduct iWhatds glaimed i3t t ached to the insulating plate along their length to
thereby forman ion transport tunnel, wherein each of the conductive
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wherein t : l1ve. el enents further conprise a thermal break form ng an
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Cross-section. .
con?lgured for forming an electrode surface;

wherein all of the elements are attached to the insulating plate along their length, whereby
the electrode surfaces of all of the elements define an ion transport tunnel; and
wherein the conductive elements further comprise a thermal break forming an inlet portion

and a transport portion of the transport assembly.
2. The assembly of claim 1, wherein the plurality of elements comprises four elements.

3. The assembly of claim 1 or claim 2, 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.

4. The assembly of claim 3, wherein the plurality of elongated seals comprise a plurality of

thin flat strips over the length of the conductive elements.

5. The assembly of claim 3 or claim 4, wherein each of two adjacent electrode 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 assembly of any one of claims 1 to 5, further comprising a gas injection inlet enabling

gas injection into the ion transport tunnel.

7. The assembly of any one of the preceding claims, wherein the conductive elements

comprise four curved elements forming an ion transport tunnel making a 90 degrees turn.

8. The assembly of any one of the preceding claims, further comprising a heater for heating

the inlet portion.

9. The assembly of any one of the preceding claims , wherein the insulating plate comprises

electrical contacts to the conductive elements.



12. The assenbly of claim 10 or claim 11, wherein each of the conductive
el ements conprises a curved el enent, whereby the conductive elenents forma
curved transport tunnel making a 90 degrees turn. 13. The assenbly of any
one of clainms 10 to 12, further conpris;ng a heater for heating the inlet
section. 14. The assenbly of any one of”clains 10 to 13, further conprising
four elongated seals, each provided between two of the conductive el enents,

thereby1§gghq&gu&g5m&5@@§nggmhgggﬁé:throughout its length. 15. The
assenbly of any one of clai'ns 10 to 14, further conprising a gas inlet for
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for a mass.spectr ter,, conprising: an.jnsulatj te, four .t t
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inlet portion and a transport portion of the transport assembly.

11. The assembly of claim 10, wherein the ion transport tunnel has a square cross-section.

12. The assembly of claim 10 or claim 11, wherein each of the conductive elements comprises
a curved element, whereby the conductive elements form a curved transport tunnel making

a 90 degrees turn.

13. The assembly of any one of claims 10 to 12, further comprising a heater for heating the

inlet section.

14. The assembly of any one of claims 10 to 13, further comprising four elongated seals, each
provided between two of the conductive elements, thereby sealing the transport tunnel

throughout its length.

15. The assembly of any one of claims 10 to 14, further comprising a gas inlet for injecting gas

into the ion transport tunnel.

16. An ion transport assembly for a mass spectrometer, comprising:
an insulating plate;
four transport poles attached to the plate and forming an ion transport tunnel;
four inlet poles thermally insulated from the transport poles and electrically coupled to the
transport poles; and

a heater coupled to the inlet poles.

17. The assembly of claim 16, further comprising four elongated seals, each seal provided

between two of the transport poles so as to seal the transport tunnel over its length.



10 18. A nethod for fabricating an ion transport assenbly, conprising:
obtaining an insulating plate; attaching to the insulating plate four
transport poles; electrically connecting four inlet poles to the transport
pol es, while providing a thermal break hetween the inlet poles and the
transport poles; and coupling a heater 0o the inl et poles. 19. The met hod
of claim18, further conprising inserting each of four elongated seals
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its length
obtammg an insulating plate;

attaching to the insulating plate four transport poles;
electrically connecting four inlet poles to the transport poles, while providing a thermal
break between the inlet poles and the transport poles; and

coupling a heater to the inlet poles.

19. The method of claim 18, further comprising inserting each of four elongated seals between

two of the transport poles so as to seal the transport tunnel over its length.



