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ent or getter material (170) on the internal
surface. The internal surface has a depos-
ition region where matter from plasma
flows may be deposited and the material is
disposed on part or al of the deposition re-
gion. The disposing step may be per-
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formed before a first use and/or intermit-

tently, especialy to refresh a previously
disposed material. Providing such material
serves to trap or collect deposition matter
which might anyway be deposited but in
such a way that subsequent liberation of
that matter isprevented or at least reduced.

It can also serve to cover over or 'bury'
matter deposited up to that point, to effect-
ively prevent or significantly hinder sub-
sequent liberation thereof into the plasma
flow. It may serve to refresh an earlier pro-
vision of material, to help to maintain its
adsorptive/trapping effect.
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MASS SPECTROMETER VACUUM INTERFACE

METHOD AND APPARATUS

Field of the invention

The invention relates to an atnosphere-to-vacuum
interface of a mass spectroneter, and method, for use

principally wth a plasma ion source, such as an inductively

coupl ed, microwave-induced, or laser-induced plasma ion
sour ce. Such an interface can also be referred to as a
pl asma-vacuum interface. The followi ng discussion wll

focus on enbodinments wusing inductively coupled plasma nass
spectronmetry (1 CP- M)

Background of the invention

The general principles of ICP-M5 are well known. | CP-
MS instrunments provide robust and highly sensitive elenental
anal ysis of sanples, down to the parts per trillion (ppt)
range and beyond. Typically, the sanple is a liquid
solution or suspension and is supplied by a nebulizer in the
form of an aerosol in a carrier gas; generally argon or
sonmeti nmes helium The nebulized sanple passes into a plasm
torch, which typically conprises a nunmber of concentric
tubes forming respective channels and is surrounded towards
the downstream end by a helical induction coil. A pl asma
gas, typically argon, flows in the outer channel and an
electric discharge is applied to it, to ionize sonme of the
pl asma gas. A radio frequency electric current is supplied
to the torch coil and the resulting alternating nmagnetic
field causes the free electrons to be accelerated to bring
about further ionization of the plasma gas. Thi s process
continues until a steady plasma state is achieved, at
tenperatures typically between 5,000K and 10, 000K The

carrier gas and nebulized sanple flow through the central
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torch channel and pass into the central region of the
pl asma, where the tenperature is high enough to cause
atom zation and then ionization of the sanple.

The sanple ions in the plasma next need to be forned
into an ion beam for ion separation and detection by the
mass spectroneter, which may be provided by a quadrupole
mass anal yser, a magnetic and/or electric sector analyser, a
time-of-f [ight analyser, or an ion trap analyser, anong
ot hers. This typically involves a nunber of stages of
pressure reduction, extraction of the ions from the plasma
and ion beam formation, and may include a collision/reaction
cell stage for renoving potentially interfering ions.

The first stage of pressure reduction is achieved by
sanmpling the plasma through a first aperture in a vacuum
interface, typically provided by a sanpling cone having an
apertured tip of inner diameter 0.5 to 1.5 mm The sanpl ed
pl asma expands downstream of the sanpling cone, into an
evacuat ed expansion chanber. The central portion of the
expandi ng plasma then passes through a second aperture,
provided by a skinmrer cone, into a second evacuation chanber
having a higher degree of vacuum As the plasma expands
through the skimer cone, its density reduces sufficiently
to allow extraction of the ions to form an ion beam using
strong electric fields generated by ion |enses downstream of
t he skimrer cone. The resulting ion beam may be deflected
and/ or guided onwards towards the nmass spectroneter by one
or nore ion deflectors, ion lenses, and/or ion guides, which
may operate with static or tine-varying fields.

As nmentioned, a collision/reaction cell may be provided
upstream of the mass spectroneter, to renove potentially
interfering ions from the ion beam These are typically

argon-based ions (such as Ar*, Ar,*, ArO*), but may include
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ot hers, such as ionized hydrocarbons, netal oxides or netal
hydr oxi des. The collision/reaction cell pronotes ion-
neutral collisions/reactions, whereby the unwanted nol ecul ar
ions (and Ar*) are preferentially neutralized and punped
away along with other neutral gas conponents, or dissociated
into ions of |lower mass-to-charge ratios (mz) and rejected
in a downstream mz discrimnating stage. us 7, 230,232 and
US 7,119,330 provide exanples of collision/reaction cells
used in |CP-Ms.

The 1CP-M5 instrument should preferably satisfy a

number of analytical requirenents, including high
transm ssion, high stability, low influence from the sanple
matrix (the bulk conposition of the sanple, including, for

exanpl e, water, organic conpounds, acids, dissolved solids,
and salts) in the plasma, and |ow throughput of oxide ions
or doubly charged ions, etc. These paraneters can be highly
dependent wupon the geonetry and construction of both the
sanpling cone and the skimmer cone, as well as subsequent
ion optics.

In view of the increasingly routine use of ICP-MS5 the
t hroughput of the instrunent has beconme one of the nost
i mportant paraneters. The need for maintenance, cleaning
and/or replacenent of parts can reduce the working tinme of
an instrument and thereby affect its throughput. Thi s
parameter depends strongly on nenory effects caused by the
deposition of material from previous sanples, along the
whol e length of the instrunent from sanple input to
detector, but in particular on the glassware of the plasm
torch and on the inner and outer surfaces of the sanpling
cone and of the skinmer cone. The effect on the skimrer
cone becones nore significant in instruments using nore

encl osed or elongated skimer cones, as, for exanmple, in
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Us 7,119,330 and US 7,872,227 and Therno Fisher Scientific
Technical Note Nr. 40705.

It would therefore be desirable to provide a way of
ei ther reducing such deposition, or reducing the effect of
such deposition, on the instrument so that the resulting
| oss of throughput may be reduced. The invention ains to
address the above and other objectives by providing an
i nproved or alternative skimer cone apparatus and nethod.

Summary of the invention

According to one aspect of the invention, there is
provided a nethod of operating a mass spectroneter vacuum
interface conprising a skimrer apparatus having a skinmer
aperture and downstream ion extraction optics, the nethod
conprising: skimmng an expanding plasma through the skinmmrer
aperture, and separating within the skimer apparatus a
portion of the skinmred plasma adjacent the skinmmer apparatus
from the remainder of the skimed plasma by providing neans
to prevent (i.e., inhibit or inpede) the separated portion
from reaching the ion extraction optics while allow ng the
remai nder to expand towards the ion extraction optics. The
ski mrer apparatus is preferably a skimrer cone having a cone
aperture .

As nentioned above, sone of the material conprised
within the plasma being skimred by the skimrer apparatus may
be deposited on the skinmer apparatus; in particular, on the
internal surface of the skimer apparatus, i.e. surfaces
i ncluding the downstream surface of the skimrer apparatus.
In particular, it has been found that considerable
deposition occurs upon the downstream portion of the skinmmer
apparatus adjacent the skinmer aperture. Such deposited
material can be problematic when subsequent plasmas are

ski mmed through the skimrer apparatus if the material is
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scattered, renoved or otherwise liberated from the skinmer
apparatus surface and is able to pass on through the device
with that plasma, since subsequent analysis may be affected
t her eby. The inventors have realised that ions originating
from such depositions on the skimrer apparatus surface are
initially concentrated in a boundary |ayer of the plasm
flow near the internal surface of the skinmer apparatus
(rather than being spread or dispersed throughout the plasma
expansion in the skinmer apparatus). Accordingly,
separating a portion of the skimmed plasma adjacent the

ski nmer apparatus surface from the remainder of the plasm
inside the skimrer apparatus allows for the renmpval of a

| arge proportion of these deposition ions, to thereby
discrimnate significantly against such ions and offer
reduced nenory effects. By allowing the remai nder of the
plasma to continue to expand towards the downstream ion
extraction optics, interaction and mxing between the
boundary |ayer and the remminder of the plasma can

advant ageously be reduced or mnimzed, wth the aim of
reducing the nunber of previously deposited ions which pass
downstream of the skimer apparatus and into the ion
extraction optics.

As will be understood, in view of the problem of
skimers having material deposited on the inside in use,
this invention ainms to prevent or reduce the extent to which
such deposits can have contact with the plasma expandi ng
towards the ion extraction optics at a later tine and
therefore to make them unable to contribute to the nmenory
effects. That is, enbodinents of the invention either trap
deposition material at the location of deposition, or
separate deposition material that is liberated (by various

processes including interaction with the plasma) from a
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deposition region near or just downstream of the skimer
apparatus orifice, where it could block the orifice or be
reintroduced into the plasma, for renoval or trapping at a
downstream region, further away. At the downstream region,
the material may be deposited with nuch |ess contamni nation
risk to the system it does not disturb (or at |east does so
to a lesser extent) the fields in the ion extraction region;
space constraints are less of an issue, which neans nore
material may be deposited there wthout clogging the system
and, even if the material is |liberated again, the potenti al
for it to stream "backwards"” (i.e., upstream or radially
inwards) to influence measurenents is much reduced.

The portion of the skimed plasma which is susceptible
to becom ng contamnated with material previously deposited
on the internal surface of the skinmer apparatus is renoved
or separated from the remainder of the skimed plasm inside
t he skinmer apparatus. The separation takes place within
the internal volune of the skimrer apparatus itself, so that
the potentially contaminating material can be renoved
upstream of the ion extraction optics, which mght otherw se
draw in undesired, non-sanple ions for downstream processing
and anal ysi s. In this way, the opportunity for such
deposited matter to mx with the skinmed sanple plasm
before extraction is significantly reduced.

As will be appreciated, the expanding plasma which is
ski med by the skimrer apparatus has typically passed
through a sanpler apparatus (e.g., a sanpling cone) first.
The sanpling apparatus is the typical conponent which
interfaces with the plasma source, at atnospheric, or
relatively high, pressure. The pressure of the expanding
plasma arriving at the skinmer apparatus is therefore

reduced; typically to a few nbar .



10

15

20

25

30

WO 2013/087732 PCT/EP2012/075302

According to a further aspect of the invention, there
is provided a skimrer apparatus for a mmss spectroneter
vacuum interface conprising: a skinmmer apparatus having an
internal surface and a skimer aperture for skinmng plasm
t herethrough to provide skinmed plasma downstream of the
ski mer aperture; and a plasma-separation neans disposed on
the internal surface of the skinmmer apparatus for separating
within the skimrer apparatus a portion of the skinmed plasm
adj acent the internal surface of the skinmrer apparatus from
the remmi nder of the skimed plasma while allow ng the
remai nder to expand downstream

The pl asnma-separation neans is disposed or formed on,
or associated with, the internal surface of the skimer
apparatus by being deposited thereon; adhered, attached or
affixed thereto; or otherwi se physically coupled, engaged or
connected thereto. In this way, the passing boundary |ayer
of skinmmed plasma, conprising unwanted previously deposited
matter, is subjected to an adsorbent region within the
ski mer apparatus which acts to renobve matter from the
boundary | ayer. This separation takes place within the
ski mer apparatus itself, so that the potentially
contam nating material can be renoved upstream of the ion
extraction optics, thereby reducing the opportunity for such
deposited matter to mx with and contam nate the skimred
sampl e plasma before extraction.

The skinmer apparatus is preferably a skinmmer cone
having a cone aperture. The term "cone" is used herein to
refer to any body which conprises at |east a generally
conical portion at its upstream end, whether or not the
remai nder of the body is conical. The term "skimer cone"
is therefore to be understood as a body which perforns a

skimm ng function in a mass spectrometer vacuum interface
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and has a conical form at least at a region of its upstream
or at nosphere/ pl asma-faci ng, si de.

According to a further aspect of the invention, there
is provided a nmethod of operating a mass spectroneter vacuum
interface conprising a skinmer apparatus having a skinmer
aperture and an internal surface, the nmethod conprising:
establishing an outwardly directed flow along the internal
surface of the skimer apparatus. Preferably, a channel -
formng menber is provided wthin the skinmmer apparatus to
establish the outwardly directed flow, which is preferably a
[ am nar fl ow.

As used herein, outwardly directed flow neans a flow
directed generally downstream and/or radially outward from
an axis of the skimer cone apparatus. Hence in enbodi ments
in which the skimer apparatus conprises a cone aperture, an
outwardly directed flow is established both downstream and
radially outward from an axis of the skinmer cone apparatus
as the flow is directed along the internal surface of the
ski nmer appar at us. In other enbodinments in which the
ski mmer apparatus conprises an aperture in a planar surface,
the planar surface being generally perpendicular to an axis
of the skimmer cone apparatus, an outwardly directed flow is
established radially outward from an axis of the skinmer
cone apparatus as the flow is directed along the internal
surface of the skimer apparatus.

According to a further aspect of the invention, there
is provided a nmethod of preparing or operating a nass
spectronmeter vacuum interface conprising a skinmrer apparatus
having a skinmmer aperture and an internal surface of the
ski mrer apparatus, the nethod conprising the step of
di sposing an adsorbent or getter material on the internal

surf ace. Preferably, the internal surface conprises a
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deposition region where matter from previous or present
plasma flows may be deposited and the material is disposed
on at least a part (nore preferably all) of at l|least the
deposition region of the internal surface. The di sposing
step may be perforned intermttently to refresh a previously
di sposed material.

Providing an adsorbent or getter material on the
internal surface has a nunber of beneficial effects.
Firstly, it serves to trap or collect deposition matter

whi ch m ght anyway be deposited but in such a way that

subsequent Iliberation of that matter is prevented or at
| east reduced. Secondly, when providing the material during
operation of the skimrer apparatus, it serves to cover over

or 'bury' matter which has been deposited on the internal
surface of the skimrer apparatus up to that point, to
effectively prevent or at least significantly hinder the
subsequent Iliberation of that matter into the plasma flow
Thirdly, when providing a second or subsequent application
of the material over a previously disposed adsorbent or
getter material, it serves to refresh or rejuvenate the
original provision of material on the internal surface of
the skinmer apparatus, to help to maintain the

adsorpt ive/trapping effect.

According to a further aspect of the invention, there
is provided a skinmer apparatus for a mmss spectromneter
vacuum interface, the skimer apparatus conprising: an
internal surface and a skimmer aperture for skinmmng plasm
t herethrough to provide skinmmed plasma downstream of the
ski mrer aperture; and an adsorbent or getter material
di sposed on the internal surface of the skimer apparatus.

O her preferred features and advantages of the

invention are set out in the description and in the
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dependent clainms which are appended hereto.

Brief description of the draw ngs

The invention may be put into practice in a nunber of
ways and sone enbodiments wll now be described, by way of
non-limting exanple only, with reference to the follow ng
figures, in which:

Figure 1 shows schematically a mass spectroneter device
in accordance with one enbodi ment of the invention;

Figure 2 shows part of a plasma ion source conprising a
ski nmer cone apparatus in accordance wth another enbodi nment
of the invention;

Figure 3 shows a schematic representation of the flow
through a prior art skinmmer cone;

Figure 4 shows a schematic representation of the flow
t hrough a skinmmer cone according to one enbodinent of the
i nvention;

Figure 5 shows a schematic representation of the flow
t hrough a skinmmer cone according to another enbodinent of
the invention; and

Figure 6 shows part of a plasma ion source conprising a
ski mmer cone apparatus in accordance with a further
enbodi nent of the invention.

Description of preferred enbodi nents

Referring to Figure 1, there is schematically shown a
mass spectroneter device 1 in accordance with a first
enbodi ment . A sanple input 10 provides a sanple to be
analysed in a suitable formto a plasma generator 20. The
pl asma generator provides the sanple in an ionised formin a
pl asma, for downstream processing and analysis. The pl asma
is sanmpled and taken into a progressively reduced-pressure
environnment by a sanpling and skimmng interface 30. Beyond

this interface, the plasma is subjected to an ion extraction
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field by ion extraction optics 50, which draws positive ions
from the plasma into an ion beam repelling electrons and
allowi ng neutral conponents to be punped away. The ion beam
is then transported downstream for mass analysis by ion
transport 60, which may conprise static or tinme-varying ion
| enses, optics, deflectors and/or guides. lon transport 60
may also conprise a collision/reaction cell for the renoval
of unwanted, potentially interfering ions in the ion beam
From the ion transport 60, the ion beam passes to a nmass
separator and detector 70 for mmss spectronetric analysis.

The above stages of the mass spectroneter device 1 may
be generally provided as described in the background of the
i nvention section, above; particularly wth enbodi nents
using inductively coupled plasma nmass spectronetry. The
pl asma generator 20 may, however, be alternatively provided
by a mcrowave-induced source or a laser-induced source.

In this enbodi nent, downstream of the entrance to the
skimmng interface but before the ion extraction optics 50,
there is provided a plasma separator 40, for separating
within the skimmng interface the plasma passing downstream
t her eof . Sone of the material conprised in a plasm
expanding past the skinmmng interface can be deposited on
the skimmng interface itself. This may include sanple ions
as well as material from the sanmple matrix and the plasma
gener at or. During analysis of one sanple, deposited
material from the analysis of a previous sanple (or previous
sanples) may be |liberated or escape from the skinmm ng
interface surface, typically as a result of particle
bonbardnent of the deposited material by the plasma and
other matter flowing through the interface, or possibly by
el ectron bonbardnent from electrons |iberated downstream of

t he skimmer apparatus. The inventors have found that the
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ions released from previous depositions (the deposition

ions) tend at least initially to be concentrated in a
boundary |ayer of the plasma flow with the skinmmng
interface surface. As such, the plasma separator 40 is
provided within the skimmng interface itself to separate
the plasma expanding downstream of the skinmng interface,
so that a portion adjacent the skinmmng interface can be
processed differently from the remainder of the skinmed
plasma inside the skinmmng interface, which is allowed to
continue to expand towards the ion extraction optics 50. I'n
particular, the separated portion of the plasma is renoved
at boundary |ayer renoval 42, so that any deposition ions
conprised in that portion may not be taken up by the ion
extraction optics 50 and interfere with downstream analysis.
The renoval of the boundary |ayer portion of the plasma flow
provides a significant discrimnation against the deposition
ions, so that menory effects in the skimmng interface may
advant ageously be reduced.

The plasma separator 40 may be arranged to cause a
boundary |ayer portion of the plasma flow to be redirected
away from the remainder of the plasma flow in the skinmng
interface which continues to expand towards the ion
extraction optics 50. Alternatively, the plasma separator
40 may be arranged to collect matter in the boundary |ayer
portion of the plasma flow, or at |east the deposition ions
conprised within that portion, to prevent further progress
of the collected material downstream O her nmethods and
apparatus for plasma separation wll be apparent to the
skilled person in view of the present disclosure.

Referring to figure 2, there is shown a vacuum
interface portion of a plasma ion source in accordance wth

a second enbodi ment of the invention. This figure shows an
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enbodi mrent in which a boundary |ayer portion of the plasm
flow is redirected away from the remainder of the plasm
flow. Specifically, there is shown a sanpling cone 131, a
ski mer cone 133, and an extraction |ens 150. Sanpling cone
131 has a conical external surface and a conical internal
(downstrean) surface and provides a sanpling aperture 132 at
the intersection between the surfaces.

The skimrer cone 133 has a first, generally conical
portion and a second, generally cylindrical portion. The
conical portion has a conical external surface and a conical
internal (downstream or back side) surface 135, at the
intersection of which is provided a skimrer aperture 134.
The conical portion nerges into the generally cylindrical
portion (the external surface of the skimrer cone may in
some enbodi nents remain conical) . The generally cylindrical
portion has a generally cylindrical recess forned therein,
to receive a generally ring-like nenber 140 in spaced
relation thereto. The internal surface of the skimer cone
133 at the generally cylindrical recess portion
substantially conmplenments the surface profile of the ring-
i ke nmenber 140. A channel 141 is formed between the recess
and the ring-like nenber 140, to provide a separate flow
path for gas passing through the skimer cone 133.

Downstream of the skinmer cone 133, the ion extraction
lens 150 is configured to draw out sanple ions from the
plasma into an ion beam along axis A, for downstream
anal ysis, as shown by arrows 128. The channel 141 opens out
at a downstream end of the skimrer cone 133, to be punped by
a suitably arranged vacuum punp. The location of the
downstream channel opening is advantageously arranged
towards or at a peripheral region of the extraction |I|ens

150, to reduce or prevent ions exiting the channel 141 from
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being drawn through the extraction lens 150 by its
extraction field.

In operation, a plasma 122 from an upstream plasma
generator is sanpled through the sanpling aperture 132 of
the sanpler cone 131. The sampled plasma forns a plasma
expansion 124, which is then skinmred through the skimer
aperture 134 of the skimer cone 133. The skimred plasnma
expansion 126, sonetines referred to as a secondary plasma
expansion, is shown downstream of the skimrer aperture 134.
As the plasma in the expansion 126 approaches the downstream
end of the skinmmer cone 133, the plasma becones increasingly
rarefied. The ion extraction |ens 150 produces an
extraction field which results in the formation of a stable
double layer in the plasma, defining the plasma boundary or
pl asma edge, from which sanple ions are extracted and
focused by the extraction |lens 150.

As di scussed above, material from the skimred or
secondary plasma expansion 126 may be deposited on the
internal skimer surface 135. The build up of depositions
over tinme leads to a general requirenent for routine
cl eaning and/or replacenent of the skinmer cone (and the
sanpling cone) in a plasma ion source nass spectroneter. In
the nmeantinme, previously deposited material nmay be I|iberated
or released into the plasma expansion 126, typically as a
result of particle bonbardnment from ions, gas or electrons
within the plasma expansion, thereby introducing contam nant
ions into the plasnma. Such nenory effects can potentially
interfere with the analysis of the present sanple, which is
of course undesirable.

The inventors have found that these deposition ions,
once released, tend to be carried or swept along - and

therefore concentrated in - the flow of expanding plasm
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generally immediately adjacent the internal skimrer surface
135; that is, in a boundary I|ayer of the plasma expansion
with that surface inside the skinmer cone. The inventors
have therefore recognised that removing this boundary |ayer
woul d be advantageous, since it could also renove a
significant proportion of the deposition ions from the

pl asma expansi on.

As indicated by arrows 142a-c, the boundary |ayer of
the plasma is separated from the remainder of the plasma
expansion wthin the skinmer cone 133 by being diverted into
the channel 141 formed between the skimer cone 133 and the
ring-1ike menber 140. The separated portion of the plasm
passes along the channel 141 to its downstream opening away
from the region in which the extraction field of the ion
extraction lens 150 is effective. The separated portion of
the plasma may be punped away from the channel opening by a
vacuum punp; preferably, the vacuum punp which is
conventionally enployed to provide pressure reduction
downstream of the skinmng interface in a plasma ion source
mass spectroneter. Alternatively to being punped away, sone
of the deposition material exiting the channel opening could
be deposited on downstream conponents, such as the ion
extraction lens 150, but is in any case substantially
prevented from becom ng subject to the extraction field of
the ion extraction |ens 150.

The separation and renoval of the boundary |ayer of the
secondary plasma expansion 126 should preferably take place
downstream of the region in which nost of the deposition
occurs, which is usually the first few mllinmetres or so of
the internal surface 135 of the skinmer cone 133. I'n
addition, the separation and renoval should preferably take

pl ace upstream of the plasma boundary, wunder all operating
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conditions (e.g., for all sanples and for all voltages on
the extraction optics), to reduce or prevent ions
originating from the depositions from being drawmn into the
ion extraction optics and subsequently detected.

In an alternative arrangenent, the generally ring-like
menber 140 may be provided with one or nobre openings or
channel s which extend through the body of the nenber. In
this way, the boundary |ayer of plasma may be diverted into

the channel 141, as shown by arrows 142a, then be vented

through the openings in the nenber. The menber 140 may be
di rensi oned such that a channel is still formed between it
and the skinmer cone recess, as shown by arrows 142b, in

addition to the openings through the body of the nenber
itself. Al ternatively, the menber 140 may be dinensioned to
be accommmpdated within the skimrer cone recess w thout
providing such internediate channel, so that only the
openi ngs therethrough provide venting. Alternatively or
additionally, the venting channel nay be formed between one
or nmore troughs formed in the external surface of the
generally ring-like menber 140 and the skimrer cone recess.
As shown in the enbodinment of figure 2, the internal
surface 135 of the skimrer cone 133 has a conical portion,
at the downstream end of which is provided an annular wall
which is generally transverse to the axis A. At the
radially outer edge of the annular wall, there is provided a
further wall, which has a reduced angle to axis A conpared
to that of the internal surface 135 of the skinmer cone 133;
in one enbodiment, such as that shown in figure 2, the
further wall is generally cylindrical and generally coaxi al
with axis A. The further and annular walls together form
the recess in which the ring-like menber 140 is disposed.

Preferably, the inner (hollow) dianmeter of the ring-Ilike
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menber 140 is greater than the dianmeter of the downstream
end of the conical internal surface of the skimer cone 133.
This allows for the secondary plasm expansion 126 to expand
through the skimmer cone 133, in particular wthout
encountering any direct obstructions, such as baffles or the
like .

However, a discrete, step-wise reduction of the cone
angle (i.e., the angle of the surface of the generally
conical, internal region of the skinmer cone 133, conprising
the internal surface 135 and the internal surface of the

menber 140) interferes with free-jet expansion of the

ski nmed pl asna. This leads to the formation of a shock wave
downstream of channel 141 - i.e., after the change in angle
of the internal region - but still wthin menber 140. The

position of this shock wave is dependent on the internal

di aneter of the skimer cone aperture 134, the skimer cone
geonetry, etc., and it could change with tine as the skimer
cone beconmes contam nat ed. Nevert hel ess, the shock wave
remains confined to the inner volune of nmenber 140 and
therefore the extraction conditions for ions from the plasm
remain generally the same, thus ensuring high stability of
the interface.

Preferably, the angle a of the conical portion of the
internal surface 135 of the skimmer cone 133 to the axis A
is between 15° and 30°; nost preferably, 23.5° (the external
conical surface of the skimer cone 133 nmay also lie within
a range of angles relative to the axis A, but is nost
preferably 40°) . The angle [ between the internal surface
of the ring-like nenber 140 and the axis A preferably lies
in the range -of/2<f<a (so between -15° and +30°); nost
preferably 30.

Conventi onal ski mer cones tend to have a coni cal
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internal surface throughout. In the enbodiment of figure 2,
taking the conical portion of the skimer cone 133 and the
region within the ring-like menber 140 to be the effective
expansion region, it can be seen that the expansion region
is no longer conical throughout, but that there is a change
in angle of o-fB. Such a change in angle may result in a
Shockwave being fornmed by the plasma expansion in the
skimer interface. This is not considered to present a
problem if the width of the channel 141 is sufficient to
allow for any vortices formed near the internal surface 135
of the skimer cone to be punped away, w thout disruption to
the flow of the plasma expansion generally along the axis A.
Under these conditions, and as discussed above, the angles a
and B do not need to be the sane.

Preferably, the inner dianeter of the sanpling cone
aperture 132 is from 0.5 to 1.5 mm nost preferably 1 mm
Preferably, the inner dianeter d of the skimer cone
aperture 134 is 0.25 mmto 1.0 mm nost preferably 0.5 mm
This aperture 134 may extend longitudinally to form a
cylindrical channel up to 1 mm | ong. Preferably, the wdth
of the channel 141 is one to two tinmes the inner dianeter d,
and therefore lies in the range from 0.3 to 1mm nost
preferably 0.5 mm Preferably, the distance from the tip of
the skimrer cone 133 (i.e., the aperture 134) to the channel
141 is in the range of 14 to 20 times d*tan(a), or between 1
and 6 nm nost preferably 3.5 mm Preferably, the distance
from the tip of the skimer cone 133 (i.e., the aperture
134) to the downstream end of ring-like menber 140 is in the
range of 25 to 40 times d*tan(a), or between 2 and 12 mm
nmost preferably 7.5 mm

It will be appreciated that, while the enbodinent of

figure 2 shows the channel 141 as a radially fully open
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channel, this could be replaced with a nunber of individual
channels distributed around the internal surface of the
ski mer cone.

A further advantage of providing the channel 141, or a
plurality of channels, is that this may allow for the
regul ation of heat flows along the skinmer cone. For
exanple, the channel 141 m ght approach the outer surface of
the skinmmer cone 133 so closely from the inside that heat
flow from the skimmer tip to the downstream base may be
reduced.

The channel 141 does not need to have circular
symetry. For exanple, the function of boundary |ayer
removal could be inplenmented by having a nunber of small
pumping holes (like a "pepper-pot"), a nunber of slots, or
using porous material, etc. Also, while venting of the
boundary |ayer is advantageous for reducing nenory effects,
other functions could also be achieved using parts of the
same construction. For exanple, while sone of the punping
holes may be used for punping away gas, others could be used
for replacing renmoved gas with other gas; for exanple,
reaction gases for bringing about ion-nolecule reactions
(e.g., helium hydrogen, &etc.) or for focusing the plasma
jet expansion closer to the axis A and thus inproving
efficiency of ion extraction. In the former case, the
reaction gas may be supplied from a dedicated gas supply,
which could also be so for the latter case, or it could
alternatively be sourced from the previous pressure region.

Preferably, such gas inlet is located slightly
downstream from punping holes, so that reaction gas may be
well mxed up in the shock wave downstream Unl i ke
US 7,119,330 or US 7,872,227, such early introduction of

reaction gas prior to shock wave allows to elimnate the
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need for an enclosed chanber with elevated pressure; that
is, with this arrangenent, there is no need to confine the
pl asma expansion, so no need for a fully or partially
enclosed collision chanber. One further use for such gas
inlets is to provide a 'backwards' flow of gas through the
skimrer for cleaning purposes, especially when not
processing a sanple plasna.

Preferably, the ring-like menber 140 is electrically
neutral (relative to the skinmer cone 133, with which it is
typically in conductive contact), so that it has no effect
on, and is not affected by, the extraction field generated
by the ion extraction optics 150. This is advantageous in
helping to minimse the effect of the ion extraction optics
on the ring-like nenber 140, with respect to its function of
form ng the channel (s) through which deposition ions may be
renmoved .

As di scussed above, any deposited matter which is
liberated is at least initially concentrated in a boundary
layer with the internal surface of the skimer cone. I'n
operation, providing the ring-like nenber to create a
channel in the skinmer cone establishes a lamnar flow over
the internal surface of the skimer cone. The |am nar flow
is aradially outward flow, from the entrance aperture of
the skimrer cone towards the channel. This lam nar flow
provides a nechanism for carrying away |iberated material in
the boundary |ayer which has been previously deposited on
the internal surface.

However, a further advantage provided by this mechani sm
is a reduction in the deposition of material on the internal
surface in the first place. The inventors understand that
the deposition of material on the internal surface of a

conventional skimer cone is at least partly due to a zone
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of turbulent flow and/or a zone of relative "stillness" or
"silence" within the skimmer cone, the turbulent fIlow
typically including a back-flow of material at or near the
internal surface, away from the axis. A schematic
representation of this is shown in figure 3. This figure
shows a skinmer cone 33 and ion extraction optics 51, with a
generally axial/paraxial flow of sanmple plasma 35
t her ebet ween. Along the downstream internal surface of the
ski mmer cone 33, sone of the flow which does not pass
through the ion extraction optics 51 nmay be turbulent flow
37 or relatively dead flow 39. Deposition of matter onto
the internal surface is understood to arise at least in part
because the matter in these flows 37, 39 remains near the
internal surface of the skimrer cone for a relatively
extended period of tine.

Figure 4 shows a schematic representation of the flows
with a skinmer cone according to an enbodiment of the
i nventi on. In this enbodi nent, a skinmmer cone 133, ion
extraction optics 150, and a channel-form ng nenber 144 are
provi ded. It will be noted that skinmer cone 133 and the
channel -formng menber 144 are of different forns from the
enbodi ment of figure 2. Here, the internal surface of the
ski mmer cone 133 renains conical throughout and the channel -
formng nmenber 144 is ring-like with conical inner and outer
profiles at its upstream end. As will be appreciated, the
function of the channel-formng nmenber is to divide the
region within the skimer apparatus into a central region
through which it is desired to pass sanple plasma and an
outwardly extending channel region adjacent the internal
surface of the skimer apparatus through which it is desired
to pass liberated deposition nmatter.

The formation of a channel gives rise to a radially
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outward |amnar flow 145, This flow 145 carries away
liberated material, as explained above. However, wth the

lam nar flow 145, the zones of turbulent flow and/or
relatively dead flow have been renoved, or at |east

di spl aced further downstream on the internal surface of the
ski mmer cone (depending on how far the channel-form ng
menber extends downstream and on its geonetry) . The |am nar
flow results in the opportunity for material to be deposited
on the internal surface of the skimer cone being renoved or
significantly reduced, especially close to or just
downstream of the cone entrance aperture. This in turn
reduces the chances of deposited material being |iberated
from this region and mxing with the sanple plasna.

This lamnar flow may extend downstream over the first
0.1 mMm 0.2 mm O.5mMm 1 mm 2 mMmmor 5 mm from the skimer
cone entrance aperture. This distance my be adjusted by
changing the location of the channel-formng nenber wthin
the skimmer cone and/or by adjusting the degree of punping
of the vacuum punp in the region. It will be appreciated
that the skimer cone geonetry, the channel-form ng nenber
geonetry and the punping/flow rates may be optimsed by the
skilled person.

Figure 5 shows a further enbodinment of the invention,
in which the channel-formng nenber is provided by two cones
146a, 146b, separated in the axial direction within the
ski mmer cone 133. A first channel 147a is thereby forned
between the internal surface of the skinmer cone and the
first channel-formng nenber 146a and a second channel 147b
is formed between the first channel-form ng nenber 146a and
the second channel-form ng nenber 146b. The second channel
provides a second lamnar flow for additional renoval of

undesired material.
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Referring to figure 6, there is shown an alternative
arrangenent for the skimrer cone apparatus, in accordance
with a third enbodiment of the invention. This figure shows
an enbodiment in which the plasma separator is arranged to
collect material from the boundary [|ayer portion of the
plasma flow, or at |east the deposition ions conprised
within that portion, wthin the skimmer cone. The portion
of the instrunent shown in figure 6 is generally the same as
that shown in figure 2, so like itenms are referred to with
the sane reference nunerals. In the enbodinment of figure s,
the plasma separator is provided by a collector nechanism
instead of a diverter mechanism Specifically, skimrer cone
160 has a generally conical internal surface 162 and at or
towards a downstream end there is distributed an adsorbent
material 170. A porous material, such as netal (preferably,
titanium getter, especially when applied by titanium
sublimation or sputtering) , evaporable or non-evaporable
getters, glass or ceramcs, is preferably used as the
adsorbent material. O her suitable materials include
zeolites, possibly with a getter material, getter-covered
sponges, alum nium sponge, and, if operated in the absence
of oxygen, even carbon or activated carbon. As will be
appreciated, the adsorbent material 170 may be di sposed on
the internal surface 162 in a nunber of ways, depending in
particular on the type of material enployed. The materi al
may form a layer or coating on the internal surface; for
example, by sintering, chemcal or physical vapour
deposition, or other chem cal or electrochem cal techniques.
Alternatively, the material may be nmechanically adhered,
affixed or bonded to the internal surface.

Simlar to the previous enbodinent, a plasma 122 is

sanpl ed through sanpler cone 131 and fornms a plasma
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expansion 124 downstream thereof. The plasma is then
ski mred by skinmmer cone 160 and forms a skimmed or secondary
pl asma expansion 126 downstream thereof. lon extraction
optics 150 generate an extraction field which draws out ions
from the plasma to form an ion beam for subsequent analysis.
Material depositions from previous sanple analyses can
build up on the internal surface 162 of the skinmmer cone
160, leading to the problem of nmenory effects. The rel ease
of previously deposited or deposition ions from this region
is understood to be concentrated in a plasma boundary |ayer
of the skimmed or secondary plasma expansion 126. The
deposition material conprised within the boundary therefore
encounter the adsorbent material 170 and is collected onto
or into it, thereby renoving the deposition material from
the plasma expansion inside the skinmer cone. This is shown
schematically by arrows 172. The remaining plasma is
allonwed to expand throughout the skinmrer cone 160 and the
sanple ions comprised in that remainder are then extracted
by the ion extraction optics 150 for onward transni ssion
t hrough the instrunent

One of the mechanisns for renmoval of the deposited

material is accelerated diffusion; e.g., through porous
material |like zeolites or other nano-structured nmterials
made from nmetal, glass or ceramcs. This diffusion is

facilitated by the elevated tenperature of the skimer cone
in operation.

In one enbodinment, the working life of the collector
nmeans (or the time before the skimrer apparatus needs to be
cleaned or replaced) nmay be extended by refreshing or
rejuvenating the collector nechanism intermttently, between
sanmpl e anal yses. That is, the internal surface of the

ski mrer apparatus where the collector material is provided
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to catch |iberated deposited matter may be covered wth

fresh collector material at given intervals. The additional
covering is preferably a thin film of material, either as a
nonol ayer or approaching nonol ayer thicknesses. The

covering material is preferably applied by sputtering or by

sublimation, by applying local heating to one or nore

filaments, rods or pellets of the material inside the
ski nmer apparatus, or by the mechanical introduction of the
latter into the expanding plasma. Such application is

preferably performed during a non-sanple phase, or between
anal yses, such as during the uptake tinme of a sanple or
during a cleaning phase. Many getter /adsorbent materials
may be used for this, but titanium is especially suited for
this purpose, because it does not react with argon, which is
typically used as the carrier gas and/or plasma gas in ICP
sour ces. The above technique is known in vacuum technol ogy,
but it is not known to have been applied for the reduction
of menory effects in this way.

This covering |ayer has two beneficial effects.
Firstly, it serves to cover over or 'bury' any material
whi ch has been deposited on the internal surface of the
ski mer apparatus, to effectively prevent or at |east
significantly hinder the subsequent |[|iberation of that
material into the plasma flow Secondly, it serves to
refresh or rejuvenate the original provision of adsorbent or
getter material on the internal surface of the skinmmer
apparatus, to help to maintain the adsorpt ive/trapping
effect .

VWil e the enbodinment of figure 6 describes the
provision of an adsorbent or getter material 170 at or
towards a downstream end of the internal surface of the

ski mmer cone, other enbodinents of the invention
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alternat ively or additionally have an adsorbent or getter
material provided further upstream on the internal surface
of the skimrer cone, close to or adjacent the skinmrer cone
entrance aperture. I ndeed, an adsorbent or getter material
may be provided on the entirety of the back side (internal
surface) of the skinmer cone. It can be seen that providing
such material close to the entrance aperture can have
significant advantages, since it may be effective to trap or
collect matter which would be deposited there and prevent or
at least hinder it from being liberated in the first place
(and therefore needing to be removed downstream

I ndeed, in one aspect of the invention, at |least a
first region of the internal surface of a skinmmer apparatus
is covered with an adsorbent or getter material. The first
region conprises at least a part, or all, of the deposition
region where matter from previous or present plasma flows
may be deposited. The covering or layer of material may be
applied prior to first use of the skimrer apparatus and/or
intermttently during operation of the skinmer apparatus.

Wil e the above enbodinents have been described wth
the various conponents being generally concentrically
arranged about axis A or equivalent, this need not be the
case. There is no requirenent for the sanpling cone, the
ski mrer cone, the channel (s), or lens(es) to be axially
symmetric; the same effect could be achieved for other cross
sectional arrangenents. For exanple, rather than making the
enbodi ments of figures 2, 4, 5 and/or 6 rotationally
synmetric about the axis A, the arrangenents could be
extended along a direction normal to the plane of the
drawings (so that the sane cross section would be provided
over a range of distances into and out of the plane of the

drawings), wth the effect that the "cones", for exanple,
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form slots or "elliptical cones" instead. Al t hough the
preferred dinmensions might be different in such an
arrangenent, the concept of the invention remains
applicable, as the skilled person wll readily appreciate.
As discussed, while the invention has been principally
described with reference to enbodinents enploying
i nductively coupled plasma nass spectrometry (ICP-MS), the
invention finds application wth a nunber of ion sources.
For exanple, enbodinments my be inplenented wth atnospheric
pressure ion sources where there are diaphragnms (skimers,
apertured plates, electrodes, lenses etc.) present in
regions of high sanple flow flux, such as ion sources for
plasma ionisation, including argon I1CP, helium I|CP,
m crowave-i nduced plasma, and |aser-induced plasma, and for
el ectrospray ionisation and atnospheric pressure chenical
i oni sati on. Exanpl es include those in US 5,756,994 and
usS 7, 915, 580. Enbodi ments may also be inplemented with ion
sources using |aser desorption, preferably MALD (matrix-
assisted |aser desorption/ionisation) at atnospheric
pressure, at reduced pressures, or at vacuum pressures.
O her variations, nodifications and enbodinents wll be
apparent to the skilled person and are intended to form part

of the invention.
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CLAI VS :

1. A nethod of preparing or operating a mass spectroneter
vacuum interface conprising a skimrer apparatus having a
skimer aperture and an internal surface of the skimer
apparatus, the nmethod conprising the step of disposing an

adsorbent or getter material on the internal surface

2. The nethod of claim 1, wherein the internal surface
conprises a deposition region where matter from previous or
present plasma flows may be deposited and the material is
di sposed on at least a part of at l|least the deposition

region of the internal surface.

3. The nethod of claim 1 or 2, wherein the disposing step

is performed before a first use of the skimmer apparatus.

4. The method of any of the preceding clainms, wherein the
di sposing step is perfornmed after at least a first use of

t he skimer apparatus.

5. The nethod of claim 3 or 4, wherein the disposing step
is performed intermittently to refresh a previously disposed

mat eri al

6. The method of any of the preceding clainms, wherein the

material is provided as a thin film

7. The nmethod of claim e, wherein the thin film has a

nonol ayer, or approachi ng nonol ayer, thickness.
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8. The method of any of the preceding clainms, wherein the
material is disposed by sputtering or sublimation thereof

onto the internal surface.

9. The nethod of claim s, wherein the material is disposed
by applying local heating to one or nore filanents, rods or

pellets of the material inside the skinmer apparatus

10. The method of any of clains 1 to 7, wherein the
material is disposed by nechanical introduction of the

material into the expanding plasna.

11. The method of any of the preceding clainms, wherein the

material is titanium

12. The method of any of clains 1 to 10, wherein the
material conprises one or nore of a netal, preferably
titanium glass, evaporable getters, non-evaporable getters,
ceramics material, zeolites, zeolites with a getter
material, getter-covered sponge, alum nium sponge, and

carbon or activated carbon.

13. The method of any of the preceding clainms, further
conprising the steps of:

ski mm ng an expanding plasma through the skimer
aperture, and

separating within the skinmmer apparatus a portion of
the skimed plasma adjacent the skimrer apparatus from the
remai nder of the skimmed plasma by collection of the portion

by the adsorbent or getter material.

14. A nmethod of performng plasma mass spectronetry
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conprising the nmethod steps of any of the preceding clains.

15. A skimrer apparatus for a mass spectroneter vacuum
interface, the skimer apparatus conprising:

an internal surface and a skimer aperture for skinmng
pl asma therethrough to provide skimed plasma downstream of
t he skimer aperture; and

an adsorbent or getter material disposed on the

internal surface of the skinmer apparatus.

16. The apparatus of claim 15 wherein the internal surface
conprises a deposition region where matter from previous or
present plasma flows may be deposited and the material is

di sposed on at least a part of at |east the deposition

region of the internal surface.

17. The apparatus of claim 15 or 16, wherein the adsorbent
or getter material is disposed on the internal surface of an

unused skinmer apparatus.

18. The apparatus of any of clainms 15 to 17, wherein the
adsorbent or getter material is disposed on the internal

surface of a used skinmer apparatus.

19. The apparatus of claim 18, further conprising nmeans for
di sposing an adsorbent or getter material on the internal
surface intermttently to refresh a previously disposed

mat eri al

20. The apparatus of any of clainms 15 to 19, wherein the

material is a thin film
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21. The apparatus of claim 20, wherein the thin film has a

nonol ayer, or approachi ng nonol ayer, thickness.

22. The apparatus of any of clains 15 to 21, wherein the

material is titanium

23. The apparatus of any of clains 15 to 21, wherein the
material conprises one or nore of a netal, preferably
titanium glass, evaporable getters, non-evaporable getters,
ceramics material, zeolites, zeolites with a getter
material, getter-covered sponge, alum nium sponge, and

carbon or activated carbon.

24. A plasma mass spectrometer conprising the skimer

apparatus of any of clains 15 to 23.

25. A nethod substantially as herein described wth

reference to any of figures 1 to 2 and 4 to 6.

26. A skimmer apparatus or a plasma nass spectroneter
substantially as herein described with reference to any of

figures 1 to 2 and 4 to 6.
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