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e (57) Abstract: A device (6) for separating ions according to differences in their ion mobility as a function of electric field strength
is disclosed. The device (6) comprises an upper electrode (7a), a lower electrode (7b) and a plurality of intermediate electrodes
(8). An asymmetric voltage waveform is applied to the upper electrode (7a) and a DC compensating voltage is applied to the lower
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MASS SPECTROMETER

The present invention relates to a device for separating

ions according to differences in their ion mobllity as a

grtm

function of electric field strength. The present invention

"

also relates to a mass spectrometer, a method of separating

ions according to differences in their ion mobility as a

function of electric field strength and a method of mass

spectrometry. The preferred embodiment relates to an

asymmetric electric fileld lon mobllity separator or

spectrometer comprising a stacked array of electrodes. Ions

are retained within the device by the application of an AC or

RF voltage to the stacked array of electrodes.

The mobility K of an ion in a gas under the influence of

=

an electric field

can be considered as being independent of

the applied electric field under conditions wherein the energy

gained by the ion from the electric field is negligible

compared with thermal energies. Such conditions are met when

the ratio of the strength of the applied electric field E to

o

the neutral gas number density N of the gas 1s relatively low.

i -
ot

However, if the strength of the electric field is increased or

e

1f the neutral gas number density 1s decreased then the

mobility of an i1on may then be observed as being dependent

upon the ratio of the electric field strength to the neutral

gas number density E/N. The mobility of the ion is observed

as having a dependence as follows:

() 2 A
K ) =K, 1+ 2
NV, AV

(1)

wherein K, 18 the mobility of the ion when the ratio E/N is

relatively low and o (E/N) is a function representing the

dependence of the mobility of the ion as the strength of the

applied electric field increases.

A knowledge of the dependence of the mobility of an ion

with electric field strength prompted development of the first

differential ion mobility analyser by Buryakov et al. as

disclosed in International Journal of Mass Spectrometry and
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Ton Processes 128 (1993) pp 143-148. The differential ion

mobility analyser developed by Buryakov operated Dy separating

)|

jons according to differences in the mobilities of ions under

low and high strength electric fields.

The device developed by Buryakov et al. i1s shown

schematically in Figs. 1A and 1B. The device comprised a pailr

of parallel electrodes 2a,2b. A flow of gas 5 was arranged to

pass between the two electrodes 2a,2b and ions which were to

be separated were arrandged to be entrained in the flow of gas

(Y

5. An asymmetric potential difference or voltage waveform 3

was arranged to be maintained between the electrodes 2a, 2b.

The asymmetric potential difference or voltage waveform 3
nd

which was applied to the electrodes is shown in Fig. 2 =

-

comprised a relatively high positive voltage Vpign for a

relatively short period of time Thiqn followed by a relatively

low negative voltage Vi, for a relatively long period of time

0

Tiow. The asymmetric potential difference or voltage wavelorm

3 was arranged such that the product Viign X Thign €qualled the

product View X Tiow. Consequently, 1f the mobility of an ion

when the electric field was relatively low was the same when

the electric field was relatively high then the average

trajectory of the ion through the device could be expected to

remain substantially parallel to the electrodes 2a,2b. The

ion would therefore be expected to be onwardly transmitted

through the device as shown in Fig. 1A.

e & Y p—

" the mobility of the ion varied with electric field

—r

strength then the ion would then be expected to drift towards

one or other of the electrodes 2a;2b. The ion would therefore

ultimately become lost to the system by hitting one of the

electrodes 2a;2b. This is shown in Fig. 1B. However, by

applying a DC compensation voltage 4 to one of the electrodes

2a:2b the drift of the i1on towards one of the electrodes 2a;2b

e

can be compensated for.

, —

By appropriate setting of the DC

compensation voltage 4 it is possible to arrange for lons

having a specific ion mobility to be onwardly transmitted by

the device whereas other ions will drift towards one of the

electrodes 2a,2b and will become lost to the system.
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Known differential ion mobility analysers do not confine
1ons within the analyser and therefore operate at atmospheric
pressure since at atmospheric pressures the rate of ion
diffusion 1s lower than at sub-atmospheric pressures.
Accordingly, the loss of ions as they pass through the ion
mobility analyser 1s minimized. If the gas pressure were to
be reduced to sub-atmospheric pressures then ion diffusion
would then become an 1mportant loss mechanism and the ion
mobility analyser would suffer from unacceptable losses of
ions.

A disadvantage of known ion mobility analysers is that

since they need to operate at atmospheric pressures then high
voltage RF generators are also reguired in order to provide an
asymmetric waveform which has a high enough peak amplitude in
order to be able to generate an asymmetric voltage waveform
which can enable high-field mobility effects to be observed.

It 1s therefore desired to provide an improved ion
mobilility analyser.

According to an aspect of the present invention there is
provided a device comprising:

one or more first electrodes;

one or more second electrodes;

one or more layers of intermediate electrodes arranged
generally or substantially in a plane in which ions travel in
use, sailid one or more lavers of 1ntermediate electrodes being
arranged between sailid one or more first electrodes and said
one or more second electrodes, wherein each layer of
intermediate electrodes comprises two or more longitudinal
electrodes; and

first voltage means arranged and adapted to apply an
asymmetric voltage waveform to said one or more first

electrodes or to said one or more second electrodes.
The device 1s preferably selected from the group consisting

of: (1) a high field asymmetric waveform ion mobility separator

or spectrometer; (il) an 1on mobility separator or spectrometer;
(111) a gas phase electrophoresis device; (iv) a differential ion
mobility separator, spectrometer or device; (v) a Field
Asymmetric Ion Mobility Spectrometry ("FAIMS") device; (vi) a gas

phase 1on separator
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or spectrometer; (vii) a device for separating ions according

to their mobility; and (viii) a device for separating ions

— ~

ferences or changes of their ion mobility with

according to di:

electric field strength.

The asymmetric voltage waveform preferably comprises at

[t

least a first voltage component Vyiqn having a first peak

amplitude and at least a second voltage component Vg having a

second peak amplitude, wherein the first peak amplitude is

N

substantially different to the second peak amplitude. The

first peak amplitude may be positive or negative and/or the

second peak amplitude may be positive or negative. The first

peak amplitude and/or the second peak amplitude are preferably

selected from the group consisting of: (i) less than -1000 V;
(1ii) =900 to -800 V; (iii) -800 to -700 V; (iv) -700 to -000
V; (v) —-600 to -500 V; (wvi) -500 to —-400 V; (vii) =400 to =300
V; (wviii) -300 to =200 V; (ix) =200 to -100 V; (x) -100 to -90
V; (xi) -90 to -80 V; (xii) -80 to =70 V; (xiii) -70 to -60 V;
(xiv) =60 to -50 V; (xv) -50 to -40 V; (xvi) -40 to -30 V;
(xvii) -30 to -20 V; (xviii) -20 to -10 V; (xix) -10 to 0 V;
(xx) 0 to 10 V; (xxi) 10 to 20 V; (xxii) 20 to 30 V; (xxiii)
30 to 40 V; (xiv) 40 to 50 V; (xxv) 50 to 60 V; (xxvi) 60 to
70 V; (xxvii) 70 to 80 V; (xxviii) 80 to 90 V; (xxix) 90 to
100 V; (xxx) 100 to 200 V; (xxxi) 200 to 300 V; (xxxii) 300 to
400 V; (xxxiii) 400 to 500 V; (xxxiv) 500 to 600 V; (xxxv) 600
to 700 V; (xxxvi) 700 to 800 V; (xxxvii) 800 to 900 V;
(xxxviii) 900 to 1000 V; and (xxxix) more than 1000 V.

The first voltage component is preferably applilied or

fri

present for a first time period Thign and wherein the second

voltage component is applied or present for a second time

period Tiow. The first time period Tuign may be shorter, longer

or substantially the same as the second time period Tiu-

The first time period Tyijqn and/or the second time period

Tiow are preferably selected from the group consisting of: (1)
< 0.1 us; (ii) 0.1-0.5 wus; (iii) 0.5-1 us; (iv) 1-2 us; (v) 2-
3 us; (vi) 3-4 us; (vii) 4-5 us; (viii) 5-6 us; (ix) 6-7 us;
(x) 7-8 us; (xi) 8-9 us; (xii) 9-10 us; (xiii) 10-11 us; (xiv)
11-12 ps; (xv) 12-13 us; (xvi) 13-14 us; (xvii) 14-15 us;

PCT/GB2006/000504
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(xviii) 15-16 us; (xix) 16-17 us; (xx) 17-18 us; (xxi) 18-19
us; (xxii) 19-20 us; and (xxiii) > 20 us.

According to an embodiment the asymmetric voltage

waveform comprises a waveform selected from the group

consisting of: (i) rectangular; (ii) non-rectangular; (1iidi)

curved; (iv) regular; (v) irregular; (vi) stepped; (vii) saw-

tooth; and (viilii) sinusoidal.

According to the preferred embodiment the device

preferably comprises second voltage means arranded and adapted

to apply a DC compensation voltage to the one or more first

electrodes and/or to the one or more layers of intermediate

electrodes and/or to the one or more second electrodes. The

DC compensation voltage is preferably selected from the group

consisting of: (1) less than -1000 V; (1i) -900 to —-800 V;
(1ii) =800 to =700 V; (iv) -700 to -600 V; (v) —-600 to -2500 V;
(vi) =500 to -400 V; (vii) -400 to -300 V; (viii) —-300 to =200
V; (ix) -200 to -100 V; (x) -100 to —-90 Vv; (x1i) -90 to -80 V;
(xii) -80 to -70 V; (xiii) =70 to -60 V; (xiv) -60 to —-50 V;
(xv) -50 to —-40 V; (xvi) —-40 to -30 V; (xvii) -30 to -20 V;
(xviii) ~-20 to =10 V; (xix) -10 to 0 V; (xx) 0 to 10 V; (xx1i)
10 to 20 V; (xxii) 20 to 30 V; (xxiii) 30 to 40 V; (xiv) 40 to
50 V; (xxv) 50 to 60 V; (xxvi) 60 to 70 V; (xxvili) 70 to 80 V;

(xxviii) 80 to 90 V; (xxix) 90 to 100 V; (xxx) 100 to 200 V;
(xxx1) 200 to 300 V; (xxxiil) 300 to 400 V; (xxxiiil) 400 to 500
V; (xxxiv) 500 to 600 V; (xxxv) 600 to 700 V; (xxxvi) 700 to
800 V; (xxxvil) 800 to 900 V; (xxxviii) 900 to 1000 V; and

(xxxix) more than 1000 V.

g

In a mode of operation the second voltage means is

preferably arranged and adapted to sweep, vary, progressively

vary or swlitch the DC compensation voltage applied to the one

or more first electrodes and/or to the one or more layers of

intermediate electrodes and/or to the one or more second

electrodes. The second voltage means may be arranged and

adapted to sweep, vary, progressively vary or switch the DC

compensation voltage in a generally or substantially stepped,

linear, regular, irregular, periodic or non-—-periodic manner.

The device preferably further comprises means arranged so

as to provide a stream of gas which flows, 1in use, through the
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device and wherein at least some ions are arranged to be

onwardly transmitted axially through the device by being

entrained in the stream of gas.

According to the preferred

first electrodes comprises a first array of electrodes.

PCT/GB2006/000504

embodiment the one or more

The

first array of electrodes preferably comprilse at least Z, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 1e¢, 17, 18, 19, 20

or more than 20 electrodes.

The device preferably further comprises further voltage

means arranged and adapted to apply one or more voltages oOr

potentials or one or more voltage or potential waveforms to
the

or accelerate at least some ions through and/or along at least

force

first array of electrodes in orxrder to urge, propel,

ph—

a portion of the axial length of

potentis

The further

adapted to apply

“orms to The

wave]

' propel,

force or

along at least a

30%,
90%,

35%, 40%,
95% or 100%
The

further

1ls or one or more transient

45%,

the device.

voltage means is preferably arranged and

one or more transient DC voltages or

DC voltage or potential

first array of electrodes in order to urge,

accelerate at least some ions through and/or
109, 15%, 20%, 25%,
70%, 75%, 80%, 85%,

the device.

portion or at least 5%,
50%, 55%, 60%, 65%,

p—

the axial length of

gr——
i
o =ipn

voltage means may be arranged and adapted ToO

apply one or more substantially consta

nt DC voltages or

potentials to the first array of

electrodes in order to urge,

propel,

force or accelerate at least some ions through and/or

along at least a portion or at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%,
90%, 95% or 100% of the axial length of the device.

The further voltage means may be arranged and adapted to

first

apply two or more phase-shifted AC or RF voltages to the

array of electrodes in order to urge, propel, force or

accelerate at least some ions through and/or along at least a

portion or at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100%
of the axial length of the device.

The first array of electrodes may comprise: (i) a printed

circuit board, printed wiring board or etched wiring board;
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(1i) a plurality of conductive traces applied or laminated

onto a non-conductive substrate; (iii) a plurality of copper

or metallic electrodes arranged on a substrate; (1iv) a screen

printed, photoengraved, etched or milled printed circuit

r—
—

5 board; (v) a plurality of electrodes arranged on a paper

L

substrate impregnated with phenolic resin; (vi) a plurality o:

clectrodes arranged on a fibreglass mat ilmpregnated within an

prem,

epoxy resin; (vii) a plurality of electrodes arranged on a

plastic substrate; or (viii) a plurality of electrodes

1.0 arranged on a substrate.
Preferably, at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 89%, 90%, 95% or

100% of the first electrodes have an axial centre to centre

spacing selected from the group consisting of: (1) < 1 mm;
15 (1i) 1~2 mm; (iii) 2-3 mm; (iv) 3-4 mm; (v) 4-5 mm; (vi) 5-6
mm; (vii) 6-7 mm; (viii) 7-8 mm; (ix) 8-9 mm; (x) 9-10 mm;

(x1) 10-11 mm; (xii) 11-12 mm; (xiii) 12-13 mm; (xiv) 13-14

mm; (xv) 14-15 mm; (xvi) 15-16 mm; (xvii) 16-17 mm; (xviii)

17-18 mm; (xix) 18-19 mm; (xx) 19-20 mm; and (xx1i) > 20 mm.
20 Preferably, at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or

100% of the first electrodes have an axial length selected

from the group consisting of: (i) < 1 mm; (il) 1-2 mm; (1id1)
2-3 mm; (iv) 3-4 mm; (v) 4-5 mm; (vi) 5-6 mm; (vii) 6-7 mm;

25 (viii) 7-8 mm; (ix) 8-9 mm; (x) 9-10 mm; (xi) 10-11 mm; (xXii)
11-12 mm; (xiii) 12-13 mm; (xiv) 13-14 mm; (xv) 14-15 mm;
(xvi) 15-16 mm; (xvii) 16-17 mm; (xviii) 17-18 mm; (xix) 18-19
mm; (xx) 19-20 mm; and (xxi) > 20 mm.

Preferably, at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,

30 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or

100% of the first electrodes have a width selected from the

group consisting of: (i) < 1 mm; (ii) 1-2 mm; (111) 2-3 mm;
(iv) 3=4 mm; (v) 4-5 mm; (vi) 5-6 mm; (vii) 6-7 mm; (viii) 7-8
mm; (ix) 8-9 mm; (x) 9-10 mm; (xi) 10~-11 mm; (xii) 11-12 mm;
35 (xiii) 12-13 mm; (xiv) 13-14 mm; (xv) 14-15 mm; (xXvi) 15-16
mm;  (xvii) 16-17 mm; (xviii) 17-18 mm; (xix) 18-19 mm; (xx)

19-20 mm; and (xxi) > 20 mm.
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electrodes preferably have a thickness selected

< 0.01 mm; 0.01-0.1 mm;

consisting of: (1) (ii)

(iii) 0.1-0.2 mm; (iv) 0.2-0.3 mm; (V) 0.3-0.4 mm; (vi) 0.4~
0.5 tam; (wvii) 0.5-0.6 mm; (viii) 0.6-0.7 mm; (ix) 0.7-0.8 mm;
(x) 0.8-0.9 mm; (xi) 0.9-1.0 mmj; (xii) 1-2 mm; (xXiii) 2Z2-3 mm;
(xiv) 3-4 mm; (xv) 4-5 mm; and (xvi) > 5 mm.

According to an embodiment at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, /0%, 75%, 80%,
85%, 90%, 95% or 100% of the first electrodes are biased, 1in

use, at a

the mean or average voltage or potentlal of

or potential is preferably selected

first bias

211 of the intermediate electrodes.

DC voltage or potential with respect to

=

at least some ox

The first DC bias voltage

from the group consisting

of: (i) less than -10V; (ii) -9 to -8V; (111) -8 to -7V; (1iv)
-7 to =-6V; (v) -6 to =5V; (vi) -5 to ~-4Vv; (vil) ~4 to -3V;
(viii) -3 to -2V; (ix) -2 to -1V; (x) -1 to 0V; (xi) 0 to 1V;
(xii) 1 to 2V; (xiii) 2 to 3V; (xiv) 3 to 4V; (xv) 4 to 5V;
(xvi) 5 to 6V; (xvii) 6 to 7V; (xviii) 7 to 8V; (xix) 8 to 9V;
(xx) 9 to 10V; and (xxi) more than 10V.

The one or more First electrodes may be supplied in a
mode of operation with either: (i) a DC only voltage; (11) an
AC or RF only voltage; or (iii) a DC voltage and an AC or RF

voltage.

The one O

r more second electrodes preferably comprise &

-

second array o:

= gsecond electrodes. The second array of

electrodes pre:
s, 10, 11, 12,
electrodes.

According

preferably

and adapted to

"erably comprises at least 2, 3, 4, 5, 6, 7, 8,

13, 14, 15, 16, 17, 18, 19, 20 or more than 20

to the preferred embodiment the device

further comprises further voltage means arranged

apply one or more voltages or potentials or one

or more voltage or potential waveforms to the second array of

electrodes in order to urge, propel,

force or accelerate at

[

least some ions through and/or along at least a portion of the
axial length of the device.

The

apply one or more transient

further voltage means 1s arranged and adapted to

DC voltages or potentials or one

or more transient DC voltage or potential waveforms to the
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second array of electrodes in order to urge, propel, force or

accelerate at least some ions through and/or along at least a

portion or at least 5%, 10%, 135%, 205%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 20%, 95% or 1003
of the axial length of the device.

According to an embodiment the further voltage means is

arranged and adapted to apply one or more substantially

constant DC voltages or potentials to the second array o:

N

electrodes in order to urge, propel, force or accelerate at

least some ions through and/or along at least a portion or at
least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% of the axial
length of the device.

According to an embodiment the further voltage means 1is

arranged and adapted to apply two or more phase-shifted AC or

RF voltages to the second array of electrodes in order to

urge, propel, force or accelerate at least some lons through

and/or along at least a portion or at least 5%, 10%, 15%, 20%,
25% 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95% or 100% of the axial length of the device.

—

The second array of electrodes preferably comprises: (i)

a printed circuit board, printed wiring board or etched wiring

]

board; (ii) a plurality of conductive traces applied or

laminated onto a non-conductive substrate; (iii) a plurality

p—

of copper or metallic electrodes arranged on a substrate; (1v)

a screen printed, photoengraved, etched or milled printed

circuit board; (v) a plurality of electrodes arranged on &

e

paper substrate impregnated with phenolic resin; (vi) a

plurality of electrodes arranged on a fibreglass mat

impregnated within an epoxy resin; (vil) a plurality of

electrodes arranged on a plastic substrate; or (viili) a

plurality of electrodes arranged on a substrate.

Preferably, at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or

100% of the second electrodes have an axial centre to centre

spacing selected from the group consisting of: (i) < 1 mm;

(11) 1-2 mm; (1ii) 2-3 mm; (iv) 3—-4 mm; (v) 4-5 mm; (vi) 5-6

mm; (vii) 6-7 mm; (viii) 7-8 mm; (ix) 8-9 mm; (x) 9-10 mm;
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10-11 mm; (x11i1)
14-15 mm;
18-19 mm; (XX)
Preferably, at least 5%, 10%, 15%, 2073,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
100% of the second electrodes have an axial
(i)

4-5 mm;

11-12 mm;
15-16 mm;
19-20 mm; and

(xi) (x11)

mm; (XV) (xXvi)

17-18 mm;

(X1xX)

< 1 mm; (1

from the group conslsting of:

(V)

8—9 mm;

(vi)
()} 9-10 mm;
13-14

2=3 mm; (1v) 3—4 mm;

(1x) (X1
12-13 mm;

16-=17 mm;

(viii) 7-8 mm;
11-12 mm;
15-16 mm;
19-20 mm; and
at least 5%,

60%, 65%,

(xiii) (xiv) mm;

(xvi) (xviil) (xvilii) 17-

> 20 mm.
10%, 15%,
70%, 75%,;

(xXx1)

mm;  (XX)

Preferably,
45%, 50%, 55%,

40%, 80%,

100% of the second electrodes have a width selected

12-13 mm;

(xvii) 16-17 mm;

5-6 mm;

20%,

PCT/GB2006/000504

(xiv) 13-14
(xviii)

> 20 mm.
25%, 30%, 35%,
85%, 920%, 95%

length selected

(XxX1)

ONS

i) 1-2 mm; (1i1)

(vii) 6-7 mm;
) 10-11 mm; (X1di)
14-15

(x1x)

XV) mm;

18 mm; 18-19
25%,
85%,

395%,

90%, 995% or

from the

group consisting of: (1) < 1 mm; (ii) 1-2 mm; (iii) 2-3 mm;
(iv) 3~4 mm; (v) 4-5 mm; (vi) 5-6 mm; (vii) 6-7 mm; (viii) 7-8
mm; (ix) 8-9 mm; (x) 9-10 mm; (x1) 10-11 mm; (xii) 11-12 mm;
(xiii) 12-13 mm; (xiv) 13-14 mm; (xv) 14~15 mm; (xvi) 15-16
mm; (xvii) 16-17 mm; (xviii) 17-18 mm; (x1x) 18-19 mm; (%)
19-20 mm; and (xxi) > 20 mm.

The second electrodes preferably have a thickness
selected from the group consisting of: (i) < 0.01 mm; (1i1)

0.01-0.1 mm; (1i1i) 0.1-0.2 mm;

(iv) 0.2-0.3 mm; (v) 0.3-0.4

mam ; 0.6-0.7 mm;

0.7-0.8 mm;

(vi) 0.4-0.5 mm; 0.5-0.6 mm;
(x)
2—3 mm;
According to an embodiment at least 5%, 10%, 15%, 20%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
90%, 95% or 100%

(viidi) (1x)

0.9-1.0 mm;

(vii)

0.8-0.9 mm; (xi) (x11) 1-2 mm;

3-4 mm;

(x3iii) (xiv) (xv) 4-5 mm; and (xvi) > 5 mm.

25%,

85%, 1n

use, at a second bilas

of the second electrodes are blased,

DC voltage or potentic

0

the mean or average voltage or potential o:
all of

the intermedialte electrodes.

voltage or potential is preferably selected

The second

1l with respect to

at least some orxr

DC bilas

from the group

consisting of: (i) less than -10V; (ii) -9 to -8V; (1i1i) -8 to
-7V; (iv) -7 to =-6V; (v) -6 to -5V; (vi) -5 to -4V; (vii) -4

to -3V; (viii) -3 to -~-2V; (ix) -2 to ~-1Vv; (x) -1 to 0V; (xi) O
to 1V; (xii) 1 to 2V; (xiii) 2 to 3V; (xiv) 3 to 4V; (xv) 4 to
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5V; (xvi) 5 to 6V; (xvii) 6 to 7V; (xviii) 7 to 8V; (xix) 8 to
9V; (xx) 9 to 10V; and (xxi) more than 10V.

The one or more second electrodes are preferably supplied
in a mode of operation with either: (1) a DC only voltage;
(11) an AC or RF only voltage; or (111) a DC and an AC or RF
voltage.

The one or more layers of i1ntermediate electrodes
preferably comprise one or more layers of planar, plate or
mesh electrodes.

At least some or all of the longitudinal electrodes
preferably have a centre to centre separation 1in a width
direction of the device selected from the group consisting of:
(1) < 1 mm; (i1i) 1-2 mm; (11i) 2-3 mm; (1v) 3-4 mm; (v) 4-5
mm; (vi) 5-6 mm; (vii) 6-7 mm; (viii) 7-8 mm; {(ix) 8-9 mm; (x)
9-10 mm; (xi) 10-11 mm; (xi1i) 11-12 mm; (x1ii) 12-13 mm; (xiVv)
13-14 mm; (xv) 14-15 mm; {(xvi) 15-16 mm; (xvii) 16-17 mm;
(xviii) 17-18 mm; (xix) 18-19 mm; (xx) 19-20 mm; and (xxi) >
20 mm,

At least some or all of the longitudinal electrodes
preferably have an axial length selected from the group
consisting of: (1) < 10 mm; (11i) 10-20 mm; (111) 20-30 mm;
(1v) 30-40 mm; (v) 40-50 mm; (vi) 50-60 mm; (vii) 60-70 mm;
(viii) 70-80 mm; (1x) 80-90 mm; (x) 90-100 mm; (x1) 100-110
mm; (xii) 110-120 mm; (x111) 120-130 mm; (xiv) 130-140 mm;
(xv) 140-150 mm; (xvi) 150-160 mm; (xvii) 160-170 mm; (xviii)
170-180 mm; (xix) 180-190 mm; (xx) 190-200 mm; and {(xxi) > 200
mm.

At least some or all of the longitudinal electrodes
preferably have a width selected from the group consisting of:
(1) < 1 mm; (ii) 1-2 mm; (111) 2-3 mm; (iv) 3-4 mm; (v) 4-5
mm; {(vi) 5-6 mm; (vii) 6-7 mm; (viii) 7-8 mm; (1x) 8-9 mm; (x)
9-10 mm; (xi) 10-11 mm; (xii) 11-12 mm; (x111) 12-13 mm; (xiv)
13-14 mm; (xv) 14-15 mm; (xvi) 15-16 mm; (xvii) 16-17 mm;
(xviii) 17-18 mm; (xix) 18-19 mm; (xx)} 19-20 mm; and (xxi) >

20 mm.
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Preferably, at least some or all of the longitudinal

electrodes have a thickness selected from the group consisting
of: (i) < 0.01 mm; (ii) 0.01-0.1 mm; (iii) 0.1-0.2 mm; (1V)
0.2-0.3 mm; (v) 0.3-0.4 mm; (vi) 0.4-0.5 mm; (vii) 0.5-0.6 mm;
(viii) 0.6-0.7 mm; (ix) 0.7-0.8 mm; (x) 0.8-0.9 mm; (xi) 0.9~

1.0 mm; (xii) 1-2 mm; (xiii) 2-3 mm; (xiv) 3-4 mm; (XVv) 4-3

mm; and (xvi) > 5 mm.

The two or more longitudinal electrodes in a layer are

preferably substantially co-planar. The two or more

longitudinal electrodes in a layer are preferably supplied, in

use, with substantially the same phase of a two-phase oI

multi-phase AC or RF voltage or signal.

Adjacent or neighbouring layers of longitudinal

electrodes are preferably supplied, in use, with substantially

p—
—

opposite or different phases of a two-phase or multi-phase AC

or RF wvoltage or signal.

The AC or RF voltage or signal supplied, in use, to the

longitudinal electrodes preferably has a frequency selected

from the group consisting of: (i) < 100 kHz; (ii) 100-200 kHz;
(iii) 200-300 kHz; (iv) 300-400 kHz; (v) 400-500 kHz; (vi1)
0.5-1.0 MHz; (vii) 1.0-1.5 MHz; (viii) 1.5-2.0 MHz; (ix) 2.0-
2.5 MHz; (x) 2.5-3.0 MHz; (xi) 3.0-3.5 MHz; (xii) 3.5-4.0 MHz;
(xiii) 4.0-4.5 MHz; (xiv) 4.5-5.0 MHz; (xv) 5.0-5.5 MHz; (xVvi)
5.5~6.0 MHz; (xvii) 6.0-6.5 MHz; (xviii) 6.5-7.0 MHz; (xXix)
7.0~7.5 MHz; (xx) 7.5-8.0 MHz; (xxi) 8.0-8.5 MHz; (xxil) 8.5-
9.0 MHz; (xxiii) 9.0-9.5 MHz; (xxiv) 9.5-10.0 MHz; and (xxv) >
10.0 MHz.

The amplitude of the AC or RF voltage or signal

preferably supplied, in use, to the longitudinal electrodes is

selected from the group consisting of: (i) < 50V peak to peak;

7

(1ii) 50~-100V peak to peak; (iii) 100-150V peak to peak; (iv)
150-200V peak to peak; (v) 200-250V peak to peak; (vi) 250-
300V peak to peak; (vii) .300-350V peak to peak; (viii) 350-
400V peak to peak; (ix) 400-450V peak to peak; (x) 450-500V
peak to peak; and (xi) > 500V peak to peak.

Preferably, at least 5%, 10%, 15%, 20%, 25%, 30%, 35%
40%, 45%, 50%, 55%, 60%, 6°5%, 70%, 75%, 80%, 85%, 920%, 95% or
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100% of the intermediate electrodes are supplied with an AC or

RE voltage or signal.

Preferably, at least 5%, 10%, 15%, 20%, 25%, 30%, 39%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or

100% of the layers of intermediate electrodes are arranged

substantially parallel to

Preferably, at least 5%,

40%, 45%,
100% of

substantially planar or

50%, 55%, 60%,

plane of the electrodes.

one another.

10%, 15%, 20%, 25%, 30%, 35%,
65%, 70%, 75%, 80%, 85%, 90%, 95% or

the layers of intermediate electrodes are

flat and the device curves in the

Preferably, at least 5%, 10%, 15%;, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or
100% of the layers of intermediate electrodes are

substantially non-planar or non-flat such that the electrodes

curve along their axial length.

Preferably,
45%, 50%, 535%,

40%, 60%,

at least 5%,
65%,

10%,
70%,

15%,
715%,

20%,
30%,

29%,
895%,

30%,
90%,

35%,

05% or

100% of the layers of intermediate electrodes are arranged

substantially equidistant
Preferably,
45%, 50%, 55%,

40%, 60%,

at least 5%,
60%,

from one another.
10%, 15%, 20%,
70%, 75%, 80%,

25%,
85%,

100% of the layers of intermediate electrodes are spaced apart

from one another by a distance selected

(1)

or equal to 4.5 mm;

consisting of:

(1i1)

less than or equal to 3.5

(vi)

2 mm; (viiil)
equal to 1 mm;
than or egual to 0.0 mm;

(xiii) less than or equal
(2v)

to 0.1 mm; and

The device preferably has either a

non—linear,

The device may have

a first axis and an exit

less than or equal to 5 mm;

less than or egual to 2.5 mm;
less than or equal to 1.5 mm;

(x) less than or equal to 0.3 mm;

from which ions emerge

from the group
less ths

less than or equal to 4 mm;

(V)

(11) n

[

(1v)

nm ; less than or equal to 3 mm;

(vii) less than or equal to

(1x) less than or

(x1) less
(xii) less than or eqgual to 0.4 mm;

to 0.2 mm; (xiv) less than or equal

less than or equal to 0.25 mm.

substantially linear,

regular, non-regular or curved ion guiding regilon.

an entrance

for receiving ions along

from the

device along a second axis, wherein the second axls makes an
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angle 6 to the first axis, and wherein 6 falls within the range

selected from the group consisting of: (i) < 10°; (ii) 10-20°;
(iii) 20-30° (iv) 30-407; (V) 40-50°; (vi) 50-60°; (wvii) 60-
70°; (viii) 70-80°; (ix) 80-90°; (x) 90-100° (xi) 100-110%

5 (xii) 110-120° (xiii) 120-130°; (xiv) 130-140°; (xV) 140~150°;
(xvi) 150-160° (xvii) 160-170° (xviii) 170-180° and (xix)
180°.

The device preferably comprises an ion guiding region

g

arranged between an ion entrance of the device and an ilon exit

10 of the device, and wherein the ion guiding region 1s

substantially linear, non-linear, regular, non-regular,

I

curved, "S"-shaped or has one, two or more than two poilints o:

inflexion.

The device may have one, two, three or more than three

15 separate entrances for receiving ions and one, two, three or

more than three separate exits from which ions may emerge from

the device.

The device preferably has an entrance having a first

cross—sectional profile and a first cross-sectional area and

2.0 an exit having a second cross-sectional profile and a second

cross—sectional area. The first cross-sectional profile may

be different to the second cross-sectional profile and/or the

first cross-sectional area may be different to the second

cross—sectional area.

25 The first cross-sectional profile and/or the second

cross—sectional profile may have a substantially cilrcular,

oval, rectangular or square cross—section.

The device may be arranged and adapted to be coupled to

an ion-optical component selected from the group consisting

)

30 of: (i) an ion-optical component having a substantially

circular, square, rectangular or elliptical cross-sectional

profile; (ii) a quadrupole mass filter/analyser having a

substantially circular or elliptical cross-sectional profile;

(iii) an orthogonal acceleration Time of Flight mass analyser

35 having a substantially square or rectangular cross-sectional

profile; (iv) a magnetic sector analyser having a

substantially rectangular cross-sectional profile; (v) a

Fourier Transform Ion Cyclotron Resonance ("FTICR") mass
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analyvser having a substantially circular or elliptical cross-

sectional profile; (vi) a 2D (linear) quadrupole ion trap

having a substantially circular or elliptical cross-—sectlonal

profile; and (vii) a 3D (Paul) quadrupole ion trap having a

substantially circular or elliptical cross—sectional profile.
The device may comprise an ion guiding region arranged

hetween an entrance and an exit, and wherein the ion guiding

region either: (i) varies in size and/or shape along the

' d

length of the ion guiding reglon; oOr (i) has a width and/or

height which progressively tapers or enlarges in size.

The device is preferably maintained, in use, at a

pressure selected from the group consisting of: (i) > 0.0001
mbar; (ii) > 0.001 mbar; (iii) > 0.01 mbar; (iv) > 0.1 mbar;
(v) > 1 mbar; (vi) > 10 mbaxr; (vii) > 100 mbar; (viii) > 1000
mbar; (ix) 0.0001-0.001 mbar; (x) 0.001-0.01 mbar; (x1) 0.01-
0.1 mbar; (xii) 0.1-1 mbar; (xiii) 1-10 mbar; (xiv) 10-100
mbar; and (xv) 100-1000 mbar.

The device is preferably maintained, 1in use, at a

pressure selected from the group consisting of: (1) < 0.0001
mbar; (ii) < 0.001 mbar; (iii) < 0.0l mbar; (iv) < 0.1 mbar;
(v) < 1 mbar; (vi) < 10 mbar; (vii) < 100 mbar; and (viil) <
1000 mbar.

The device may be arranged and adapted to receive a

substantially continuous beam of ions and 1s arranged and

gt

adapted to release or eject lons as a plurality of packets or

bunches of i1ons.

The device may be arranged and adapted to convert a

substantially continuous beam of ions into a pulsed or

discontinuous beam of ions.

-

In a mode of operation the device may be arranged to

operate as an ion guide and to onwardly transmit ions wilthout

separating ions according to their mobility.

In a mode of operation the device may be arranged to

operate as a collision, fragmentation or reaction device.

The collision, fragmentation or reaction device may

comprise a Collision Induced Dissociation ("CID") colllsion or

fragmentation device.
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The colllision, fragmentation or reaction device may be

selected from the group consisting of: (i) a Surface Induced
Dissociation ("SID") fragmentation device; (ii) an Electron

Transfer Dissociation fragmentation device; (iii) an Electron

Capture Dissociation fragmentation device; (1v) an Electron

Collision or
Photo Induced

Impact Dissociation fragmentation device; (v) a

Dissociation ("PID") fragmentation device; (vi)

a Laser Induced Dissociation fragmentation device; (vii) an

infrared radiation induced dissociation device; (viii) an

ultraviolet radiation induced dissociation device; (1x) a

nozzle-skimmer interface fragmentation device; (x) an in-

source fragmentation device; (x1) an ion-source Collision

Induced Dissociation fragmentation device; (xii) a thermal or

Cemperature source fragmentation device; (xiii) an electric

field induced

fragmentation device; (xiv) a magnetic field

induced fragmentation device; (xv) an enzyme digestion or

enzyme degrad

ation fragmentation device; (xvi) an ion-ion

reaction fragmentation device; (xvii) an ion-molecule reaction

fragmentation

fragmentation

fragmentation

fragmentation

fragmentation

reacting ions

molecule reaction device for reacting ions to

product ions;

ions to form

—

device;

Xviil) an lon-atom reaction

device; X) an ilon-metastable ion reaction

X
X

ul
X) an lon-metastable molecule reaction

device; (xxi) an ion-metastable atom reaction

(
(
device; (
(
(

device; (xxii) an ion-ion reaction device for

to form adduct or product ions; (xxiii) an ion-

form adduct or

(XX1v) an jon-atom reaction device for reacting

-

dduct or product ions; (xxv) an ion-metastable

lon reaction device for reacting ions to form adduct or

product ions;

device for re

=

(2¥v1) an ion-metastable molecule reaction

cting lons to form adduct or product ions; and

(¥¥Xv1l) an ion-metastable atom reaction device for reacting

1ons to form

dduct or product ions.

e
-

The device preferably further comprises a plurality of
insulator layers interspersed or interleaved between the one

Oor more layers of intermediate electrodes.

At least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,

25%, ©60%, 65%

f

10%, 73%, 80%, 85%, 90%, 95% or 100% of the one
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or more lavers of intermediate electrodes are preferably

arranged on or are deposited on the insulator layers.

According to another aspect of the present invention

there is provided a mass spectrometer comprising one Or more

dewvices as described above.

The mass spectrometer preferably further comprises an ion

source. The ion source is preferably selected from the group

t 1)

consisting of:

(1) an Electrospray ionisation ("ESI") ion

source; (ii) an Atmospheric Pressure Photo Ionisation ("APPI")

ion source; (iii) an Atmospheric Pressure Chemical Ionisation

("APCI") ion source; (iv) a Matrix Assisted Laser Desorption

Tonisation ("MALDI"™) ion source; (v) a Laser Desorption

Tonisation ("LDI") ion source; (vi) an Atmospheric Pressure

onisation ("API") ion source; (vii) a Desorption Ionisation

on Silicon ("DIOS") 1on source; (viii) an Electron Impact

("EI") ion source; (ix) a Chemilcal Ionisation ("CI") ion

-

source; (x) a Field Ionisation ("FI") 1lon source; (xi) a Field

Desorption ("FD") ion source; (xil) an Inductively Coupled

Plasma ("ICP") ion source; (xiii) a Fast Atom Bombardment

("FAB") ion source; (xiv) a Liquid Secondary lon Mass

Spectrometry ("LSIMS") ion source; (xv) a Desorption

Electrospray Ionisation ("DESI"™) ion source; (xvi) a Nickel-63

radioactive ion source; (xvii) an Atmospheric Pressure Matrix

Assisted Laser Desorption Ionisation ion source; and (xvili) a

Thermospray lon source.

The ion source may comprise a pulsed or continuous ion

SOouUurce.

The mass spectrometer preferably further comprises a mass

analyser arranged downstream of the device. The mass analyser

is preferably selected from the group consisting of: (i) a

quadrupole mass analyser; (ii) a 2D or linear guadrupole mass

L

analyser; (iii) a Paul or 3D gquadrupole mass analyser; (iv) e

Penning trap mass analyser; (v) an ion trap mass analyser;

(vi) a magnetic sector mass analyser; (vii) Ion Cyclotron

Resonance ("ICR") mass analyser; (vill) &

Fourier Transform

| Sl

e

Ton Cyclotron Resonance ("FTICR") mass analyser; (1X) an

electrostatic or orbitrap mass analyser; (x) a Fourler

Transform electrostatic or orbitrap mass analyser; (X1) 3

L
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Fourier Transform mass analyser; (xii) a Time of Flight mass
analyser; (xiili) an axial acceleration Time of Flight mass
analyser; and (xiv) an orthogonal acceleration Time of Flight
mass analyser.

The mass spectrometer preferably further comprises one or
more mass or mass to charge ratio filters and/or mass
analysers arranged upstream and/or downstream of the device.
The one or more mass or mass to charge ratio filters and/or
mass analysers are preferably selected from the group
consisting of: (i) a quadrupole mass filter or analyser; (ii)
a Wien filter; (111) a magnetic sector mass filter or
analyser; (iv) a velocity filter; (v) an ion gate; and (vi) an
orthogonal acceleration Time of Flight mass analyser.

According to another aspect of the present invention
there 1s provided a method of separating ions comprising:

providing a device comprising one or more first
electrodes, one or more second electrodes and one Or more
lavers of 1ntermediate electrodes arranged generally or
substantially in the plane in which i1ons travel, the one or
more lavers of 1ntermediate electrodes being arranged between
the one or more first electrodes and the one or more second
electrodes, wherein each laver of intermediate electrodes
comprises two or more longitudinal electrodes; and

applyving an asymmetric voltage waveform to the one or
more first electrodes or the one or more second electrodes.

According to another aspect of the present i1nvention
there is provided a method of mass spectrometry comprising a
method of separating i1ons as described above.

According to another aspect of the present invention
there is provided a device comprising:

one or more first electrodes;

one or more second electrodes; and

first voltage means arranged and adapted to apply an
asymmetric voltage waveform to the one or more first
electrodes or to the one or more second electrodes;

wherein the device is arranged and adapted to be

maintained, 1in use, at a pressure selected from the group
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consisting of: (1) < 0.0001 mbar; (i1i) 0.0001-0.001 mbar;
(1i1) 0.001-0.01 mbar; (iv) 0.01-0.1 mbar; (v) 0.1-1 mbar;
(vii) 1-10 mbar; and (viii) 10-100 mbar.

According to another aspect of the present invention
there is provided a mass spectrometer comprising a device as
described above.

According to another aspect of the present i1nvention
there is provided a method of separating 10ons comprising:

providing a device comprising one or more first
electrodes and one or more second electrodes;

applying an asymmetric voltage waveform to the one or
more first electrodes or to the one or more second electrodes;
and

maintaining the device at a pressure selected from the
group consisting of: (i) < 0.0001 mbar; (11) 0.0001-0.001
mbar; (iii) 0.001-0.01 mbar; (iv) 0.01-0.1 mbar; (v) 0.1-1
mbar; (vii) 1-10 mbar; and (viii) 10-100 mbar.

According to another aspect of the present invention
there is provided a method of mass spectrometry comprising a
method as described above.

The preferred embodiment relates to a device wherein an
asymmetric voltage waveform is preferably applied to one or
more electrodes of the device. The applied asymmetric voltage
is arranged preferably to cause ions to be separated according
to differences in the mobility of ions under relatively high
and low strength electric fields. The preferred device can
advantageously be operated at sub-ambient pressures and a
relatively low voltage RF generator can be used 1n order to
generate the asymmetric voltage waveform which 1s preferably
applied to at least one of the electrodes.

According to an embodiment the device may be operated at
a pressure in the range 107 to 100 mbar. According to a

particularly preferred embodiment the device may be operated

at a pressure in the range 10 to 10 mbar.
The RF generator may according to an embodiment comprise

a relatively low voltage RF generator which preferably

provides a voltage waveform having a maximum or peak amplitude

of < 100V (or > - 100 V).
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Tons are preferably radially confined within the

preferred device by an inhomogeneous AC or RF electric field.

The inhomogeneous AC or RF electric field is preferably

achieved by applying an AC or RF voltage to at least some of

5 the intermediate electrodes so that ions are confined radially

within the preferred device.

Various embodiments of the present invention together

with other arrangements given for illustrative purposes only

will now be described, by way of example only, and with

10 reference to the accompanying drawings 1n which:

Fig. 1A shows the trajectory of an ion through a known

e

differential ion mobility separator if the mobility of the ion

is substantially independent of electric field strength and an

asymmetric voltage waveform as shown in Fig. 2 is applied to

15 the upper electrode and Fig. 1B shows the trajectory of an ion

-
—

through the known differential ion mobility separator if the

)

mobility of the ion exhibits a dependence upon the strength o:

the applied electric field and an asymmetric voltage waveform

as shown in Fig. 2 is applied to the upper electrode;

20 Fig. 2 shows the form of an asymmetric voltage waveform

wherein the product Vhign*Thign 1S arranged to substantially

egual the product View*Tiows

Fig. 3 shows a differential ion mobility separator or

spectrometer according to an embodiment of the present

25 invention;

e
—

Fig. 4 shows the geometry of a di:

ferential lon mobility

separator or spectrometer which was used to model Tthe effects

of various electric field conditions upon the trajectories of

ions passing through the preferred device;

30 Fig. 5 shows a view of the trajectory of an ion along the

length of the preferred device when the device was operated 1n

an ion guiding only mode of operation;

Fig. 6 shows an end-on view of the trajectory of the ion

———

through the preferred device when the device was operated in

35 an ion guiding only mode of operation;

Fig. 7 shows how the trajectory of an ion 1s only mildly

modulated when a relatively low amplitude asymmetric voltage
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waveform was applied to the upper electrode of the preferred

device;

Fig. 8 shows how the trajectory of an lon passing through

ge
asymmetric voltage waveform was applied to the upper electrode

the preferred device is strongly modulated when a high velts

E

the preferred device;

)

O

Fig. 9 shows the effect upon the trajectory of an ion by

™

applying a DC compensation voltage to the lower electrode o

the preferred device in order to compensate for the

differential mobility induced drift of the ion towards the

upper electrode;

fect upon the trajectory of an ion i

I 1)

Fig. 10 shows the e:

a DC compensation voltage 1is applied to the lower electrode

which over compensates for the differential mobility induced

drift of the ion towards the upper electrode;

Fig. 11 shows the trajectory of an ion which was modelled

as being subject to the same electric field conditions as

described in relation to the embodiment described with

reference to Fig. 8 but wherein the ion was modelled as having

a larger cross-sectional area;

-

an ion towards the

a DC

Fig. 12 shows that the trajectory o:

)]

upper electrode is insufficiently compensated for i:

compensation voltage having the same magnitude as the DC

compensation voltage which as applied in the embodiment

described with reference to Fig. 9 was applied to the lower

electrode;

Fig. 13 shows how the trajectory of an lon may be

modified or compensated for by applying the same magnitude DC

compensation voltage which was applied in the embodiment

described with reference to Fig. 10 to the lower electroade;

Fig. 14 shows a device according to a preferred

embodiment wherein a plurality of axially segmented upper and

lower electrodes are provided which enables a voltage gradient

or a time wvarying voltage profile to be maintained along the

axial length of the device so that ions may be urged along and

through the preferred device; and

Fig. 15 shows a transient DC voltage or potential beilng

progressively applied to the axially segmented upper and lower
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electrodes in order to urge ions along and through the

preferred device.

A differential ion mobility separator or spectrometer 6

according to a preferred embodiment of the present ilnventlion

5 will now be described with reference to Fig. 3. The

differential ion mobility separator or spectrometer 6

preferably comprises an upper electrode 7a, a lower electrode

7b and one or more lavers of intermediate electrodes 8. The

upper electrode 7a and/or the lower electrode preferably

10 comprise a planar, plate or mesh electrode. The intermediate

electrodes 8 are preferably arranged horizontally between the

upper electrode 7a and the lower electrode 7b. The

intermediate electrodes 8 preferably comprise one Oor more

planar, plate or mesh electrodes. The layers of intermediate

15 electrodes 8 are preferably arranged such that they lie

preferably generally or substantially in a plane in which ions

travel in use.
According to the preferred embodiment each intermediate

layer of electrodes preferably comprises two longitudinal

20 electrodes. The two longitudinal electrodes are preferably

horizontally or otherwise separated from each other such that

an ion guiding region is preferably provided or formed in

between the longitudinal electrodes.

The two longitudinal electrodes in any particular

25 intermediate layver are preferably supplied with the same phase

)

O.

an AC or RF voltage 9. The longitudinal electrodes in a

neighbouring or vertically adjacent intermedlate layer are

g —in

preferably supplied with an opposite phase of the AC or RE

fh—

voltage 9. The application of an AC or RF voltage 9 to the

30 intermediate or longitudinal electrodes 8 preferably causes

ions to be confined in the radial horizontal radial direction

(or x-direction) within a pseudo-potential well. The AC or RF

voltage 9 which is preferably applied to the intermediate

electrodes 8 preferably has a sinusoidal waveform. However,

35 according to other embodiments the AC or RF voltage may have a

non—sinusoidal waveform.

According to the preferred embodiment a DC and/or an AC

or RF voltage is preferably applied to the upper electrode /a
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and/or to the lower electrode 7b in order to confine ions 1n

the vertical radial direction (or y-direction) within the

preferred device 6.

Ton motion in the axial direction (or z-direction) 1s

preferably substantially unimpeded or unaffected by the

application of an AC or RF voltage to the intermediate

electrodes 8 and by the application of a DC and/or AC or RF

voltage to the upper and lower electrodes 7a, /b.

The preferred device 6 can be operated in an ion-guiding

only mode of operation wherein an AC or RF voltage 1is applied

+o the intermediate electrodes and a DC and/oxr AC or RF

voltage is applied to the upper and lower electrodes Ta, Tb.

When the preferred device 6 is operated 1in an ion—guiding only

mode of operation an asymmetric voltage waveform is not

applied to either the upper electrode 7a or the lower
electrode b.

When the preferred device 6 operates in an ion guiding

only mode of operation the device 6 acts as an ion guide and

pP—

preferably transmits ions either in the presence or a

background neutral gas or in the absence of any such gas. The

preferred device 6 can advantageously be operated as an ion

guide in an ion guiding only mode of operation at sub-ambient

r——
and

fusive loss.

pressures whilst minimising di:

According to the preferred embodiment the device 6 1is

preferably operated in a mode of operation wherein the device

p—u
—

6 operates as a di:

ferential 1lon mobility separator or

spectrometer. According to this embodiment ions are

gty

preferably arranged to be separated within the device 6 as a

result of ions having an ion mobility at low electric field

strengths which differs from the mobility of the ions at high

electric field strengths.

According to the preferred embodiment an asymmetric

voltage waveform is preferably applied to either the upper

electrode 7a or the lower electrode 7b. According to an

embodiment the asymmetric voltage waveform is preferably

applied to the upper electrode 7a. Accordingly, an asymmetrilc

potential difference is preferably maintained between the

upper electrode 7a and the lower electrode 7b.




10

15

20

25

30

35

CA 02594406 2007-07-09
WO 2006/085110 PCT/GB2006/000504

....24...

The asymmetric voltage waveform which 1s preferably

applied to the upper electrode 7a is preferably substantially

similar to the asymmetric voltage waveform as shown in Fig. 2

i.e. the product Vhigh*Thign 18 arrandged to equal the product

View*Tiow. However, according to other embodiments the

asymmetric voltage waveform which is preferably applied to the

upper electrode 7a may have a non-rectangular or curved

waveform.

The differential ion mobility separator or spectrometer ©

is preferably maintained at sub-ambient gas pressures. 1ons

are preferably caused to become separated within the device 6

in the vertical radial direction (or y-direction) as the 1lons

pass along and through the preferred device 6. A particular

advantage of the preferred device 6 is that the potential or

voltage difference between the upper electrode 7a and the

lower electrode 7b which is required to be maintained in order

to achieve a relatively high ratio of electric filield strength

d

E to neutral gas number density N reduces in proportion to the

pressure. Therefore, the preferred device 6 can be operated

at relatively low pressures but higher orxrder ion mobillty

effects can nonetheless be observed.

Known differential ion mobility analysers which operate

at ambient pressures typically require electric field

strengths up to tens of kilovolts per cm in order to separate

ions according to differences in the mobility of ions at high

and low electric field strengths. However, according to the

preferred embodiment the preferred device 6 can be operated at

sub-ambient or millibar pressures. As a result the asymmetric

voltage waveform which is preferably applied to the device 6

may have a much lower electric field strength in the range of

.

tens of volts per cm. Such a relatively low amplitude voltage

waveform 18 still nonetheless sufficient to be able to cause

ions to separate according to differences in their ion

i}

mobility under high and low electric fields.

Another advantage of the preferred device 6 1s that the

voltages which are preferably applied to the upper electrode

7a and/or to the lower electrode 7b and/cor to the intermediate

electrodes 8 may be changed or altered in a rapid manner. AS
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a result the preferred device 6 may be arranged to change mode

e
Pl

of operation effectively instantaneously. The preferred

device 6 can therefore be switched from operating in one mode

of operation to operating in another mode of operation. For

example, the preferred device 6 may be switched from operating

in a mode of operation wherein an asymmetric voltage waveform

is applied to the upper electrode 7a to then operate 1n a mode

of operation wherein, for example, a symmetric voltage

waveform is applied to the upper electrode 7a and/or to the

lower electrode 7b.

‘—y

Tn a mode of operation instead of applying an asymmetric

AC or RF voltage waveform to the upper electrode 7a, a static

or DC voltage may instead be applied to the upper electrode /a

and/or to the lower electrode 7b. In this mode of operation

the device 6 may then preferably be arranged to operate in an

ion guiding of operation wherein ions are preferably arranged

to be onwardly transmitted without substantially being

pr—
—

separated according to differences in their ion mobility as a

function of electric field strength.

According to a yet further embodiment an asymmetric

voltage waveform may additionally or alternatively be applied

to the longitudinal electrodes or the intermediate electrodes

8. According to this particular embodiment the asymmetric

voltage waveform may be arranged so as to be applied to the

intermediate electrodes 8 of the device 6 such that the

electric field within the device 6 is preferably arranged so

as to be substantially constant, uniform or homogenous across

at least a portion or substantially the whole of the distance

between the upper electrode 7a and the lower electrode /b at

any particular point in time. This 1s 1n contrast to the

preferred embodiment wherein an inhomogeneous electric field

is provided within the device 6 by applying an asymmetric

voltage wea

gt

veform just to the upper electrode 7a.

L

If a substantially homogenous asymmetric electric field

is maintained within the preferred device 6 according to the

above described embodiment then the amplitude of the

asymmetric voltage waveform which 1s preferably applied to the

longitudinal or intermediate electrodes 8 may be adjusted
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-

dependent upon the relative position of the particular

electrode between or in relation to the upper electrode 7a ana
the lower electrode 7b.

Ton motion through the preferred differential ion

5 mobility device 6 in the axilal or z-direction direction 1is

preferably perpendicular to the direction of mobility

separation which is preferably in the y—direction. Ions are

-

preferably caused to be transmitted through the preferred

device by being contained in a flow of neutral gas 10 which 1s

10 preferably arranged to be passed through the preferred device
6.

The effect of applying an asymmetric electric field or

voltage waveform to the upper electrode 7a in order to cause

ey

ions to become separated according to differences 1n thelr

15 mobility as a function of electric field strength was modelled

-

using the SIMION (RTM) software package. The particular

P-

geometry of the dui:

pr—
ot

ferential ion mobility spectrometer or

separator 6 which was uséed to model the trajectories of 1ons

ferent conditions is shown in Fig. 4. The

1))

under various di:

50 differential ion mobility separator or spectrometer 6 was

modelled as comprising an upper electrode 7a, a lower

F—

electrode 7b and four intermediate layers of electrodes 8.

The four intermediate layers of electrodes 8 were provided 1n

between the upper electrode 7a and the lower electrode /b.
25 |

ach intermediate laver of electrodes comprised two

Bl

longitudinal electrodes. The longitudinal electrodes were

longer in the axial or z-~direction than the width of the

electrodes in the x-direction.

The upper electrode 7a, lower electrode 7b and all of the

30 intermediate electrodes 8 were modelled as being 0.5 mm thick

(in the y-direction). The upper electrode 7a, lower electrode

7 and all the intermediate electrodes 8 were also modelled as

being arranged such that they had a centre-to-centre spacing

of 1.5 mm. The face-to-face spacing y: between the upper

35 electrode 7a and the lower electrode 7b was arranged to be 7.0

mm. The longitudinal electrodes in each intermediate layer 8

were arranged so as to be separated by a distance x; of 9.8 mm.
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The effect of the dependence of the mobility of an ion

with electric field strength as described by Egn. 1 was

incorporated into a user program written into the SIMION (RTM)

model. Following the approach by Lock and Dyer, both the hard

5 sphere and the Langevin collision cross-sections were

calculated at each step of the simulation. The larger of the

two collision cross-sections was then used as the 1nteraction

cross—section in the collision calculations.

At low electric field strengths the Langevin collision

10 cross section (based upon the ion-induced dipole interaction)

is largest but decreases with increasing ion wvelocity (1i.e.

increasing electric fields) until it falls below the velocity

independent‘hard sphere collision cross sectilon. The drift

velocity of an ion at low electric fields (wherein Langevin

ey

15 effects dominates) is proportional to the electric fleld

However, at high electric field strengths the drift wvelocity

is proportional to R?° (wherein Hard Sphere dominates)

resulting in a net drift towards eilther the upper electrode 7e&

[ et

or the lower electrodes 7b.

20 Fig. 5 shows the results of a simulation wherein an ion

g

having a mass to charge ratio of 500 was modelled as passing

through the device 6 shown in Fig. 4 but wherein the device 6

gy
.

was arranged to operate in an ion guiding only mode O:

o

operation. According to this mode of operation an asymmetric

25 voltage waveform was not applied to the upper electrode 7a and

hence ions were not therefore arranged to be separated

according to differences in their ion mobility with electric

field strength.

In the various simulations which were performed the

30 intermediate electrodes 8 were modelled as being supplied with

an RF voltage having a frequency of 1 MHz and an amplitude of

200 V peak-peak. In the ion guiding only mode of operation
the upper electrode 7a and the lower electrode 7b were both

modelled as being maintained at 0V DC.

35 The preferred device 6 was further modelled as being

subjected to a simulated gas pressure of 1 mbar of Argon (3350

m/s thermal velocity, 1.64 A3 polarizability). The ion-neutral

hard-sphere interaction cross section was modelled as being
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200A% and a neutral gas bulk-flow velocity of 50 m/s was

assumed.

The trajectory 11 of the ion along the axial length of

the preferred device 6 operating in the ion guiding only mode

of operation is shown in Fig. 5. Fig. 6 shows the trajectory

of the same ion looking down the length of the preferred

device 6 i.e. looking in the z-direction. BAs will be

appreciated from Figs. 5 and 6, the ion 1is effectively

transported along and through the length of the preferred

device 6.

The effect of applying an asymmetric voltage waveform TO

the upper electrode 7a was then modelled. A SIMION (RTM) user

prtey r—
= ——

program was used to model the effects of applying an

asymmetric voltage waveform to the upper electrode /a such

that a high field voltage of 10*V was modelled as being

applied to the upper electrode 7a for a period of time T. A

low field voltage of -V was then modelled as being applied to

the upper electrode 7a for a period of time 10*T. The lower

electrode was meanwhile modelled as being maintained at OV.

Fig. 7 shows the result of a simulation wherein the

parameter V was set to a relatively low value of 1 V and the

parameter T was set to 1 ps. Accordingly, a high field

voltage of only 10 V was applied to the upper electrode 7a for

a time period 1 us followed by a low field voltage of only -1

V being applied to the upper electrode 7a for a time period 10

us. The other simulation parameters were kept the same as

those used in the simulation described above in relation to

FFigs. 5 and 6.

As can be seen from Fig. 7, the application of a

relatively low amplitude asymmetric waveform to the upper

electrode 7a had the effect of causing only a relatively small

or minor degree of modulation to the trajectory 11 of the ion.

It is also apparent that no particularly strong deviation of

the ion to either the upper electrode 7a or to the lower

electrode 7b was observed.

Fig. 8 shows the result of a simulation wherein the

voltage was increased such that the parameter V was now

increased to 7 V. The parameter T was kept constant at 1 us.
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, a high field voltage of 70V was applied to the

upper electrode 7a for a time period 1 pus and a low

time period

the same as

above in re

As 18

ion towards

to the ion having a comps

low electri

field
voltage of - 7V was applied to the upper electrode 7a

for a

10 us. The other simulation parameters were Kept

pretmy

were used in respect of the simulation described

lation to Fig. 7.

apparent from Fig. 8, when the amplitude of the

asymmetric waveform was increased then a marked drift

of the

the upper electrode 7a was observed. This i1s due

ratively greater ion mobility under

¢ field strength conditions (-7V) which meant that

the ion is influenced to a greater extent during the longer

low electri

As will now be discussed, the net or resultant drift of

c field portion of the applied asymmetric waveform.

electrode 7b can be compensated for by, for example,

a compensat

ing DC voltage to the lower electrode 7b.

an ion towards eilther the upper electrode 7a or the lower

applying

Fig. 9 shows the result of a simulation wherein the same

above 1n re

Ja of the p

DC voltage
The applied

pr—
p—t

~

towards the

observed to

preferred d

“ect of e;

asymmetric waveform as was applied in the simulation described

lation to Fig. 8 was applied to the upper electrode

referred device 6 and wherein also a compensating

r—
-

fectively cancelling out the net drift of

upper electrode 7a. The ion 1s therefore

be onwardly transmitted along and through

evice 6.

of -1.5 V was applied to the lower electrode 7b.

DC compensating voltage can be seen as having the

the ion

now

the

Fig. 10 shows the result of a simulation wherein the

compensatin

g DC voltage applied to the lower electrode /b was

increased from -1.5 V to -2.0 V. It is apparent from Fig. 10

that the applied DC voltage now has the effect of over-

correcting or over-compensating for the net drift of

towards the

actually causes the ion to drift now tows

the ion

upper electrode 7a. The applied DC voltage

lower electrode 7b and ultimately to strike the lower
electrode 7b.

Fig. 11 shows the results of a simulation wherein the

rds the opposite

hard sphere interaction cross section used in the simulation
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model was increased from 200 to 300 A°. The parameter V was

o

maintained at 7 V and the parameter T was maintained at 1 ps

23 with the simulations described above in relation to Figs.

8-10. The asymmetric waveform was applied to the upper

electrode 7a and the lower electrode 7b was maintained at 0 V

DC.

Tt can be seen from comparing Fig. 11 with Fig. 8 that an

jon having a larger cross-section will strike the upper

electrode 7a sooner than an ion having a lower cross-sectlon

due to the ion having a reduced high field mobility if 1t has

a larger interaction cross section.

Fig. 12 shows the result of a simulation under the same

conditions as For the simulation described and shown with

relation to Fig. 11 except that a DC compensating voltage of -

1.5 V DC was applied to the lower electrode 7b 1n a

substantially similar manner to the simulation described above

in relation to Fig. 9. However, it is apparent from Fig. 12

ficient to

that the DC compensating voltage of - 1.5V was insuw

compensate for the drift of the ion towards the upper

prm—
P

electrode 7a and was therefore insufficient to prevent the ion

from striking the upper electrode 7a.
Fig. 13 shows the result of a simulation wherein the DC

compensation voltage applied to the lower electrode /b was

increased from -1.5 V to -2 V. As can be seen from Fig. 13,

increasing the DC compensation voltage to -2 V provided

g,

sufficient compensation for the net drift of the ion towards

the upper electrode 7a such that the ion now passes along and

through the preferred device 6 and is onwardly transmitted.

gt

According to an embodiment of the present invention an

ion mobility spectrum can be obtained by sweeplng or

progressively varying the DC compensating voltage which 1s

preferably applied to the lower electrode 7b. Alternatively,

the DC compensating voltage applied to the lower electrode 7b

may be kept substantially constant so that only ions having a

certain desired mobility are then onwardly transmitted by the

preferred device 6.

The gas which preferably flows within and through the

preferred device 6 may be due to an inflow of gas through a
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differentially pumped vacuum stage. Alternatively, the

preferred device 6 may be enclosed in a housing or envelope

and a gas may be supplied to the housing or envelope 1n order

to raise the gas pressure within the preferred device 6 to an

appropriate level. The housing or envelope may form a

separate component of the mass spectrometer and may be

contained or housed within a vacuum pumped chamber.

The ions entering the preferred device 6 preferably come

from an ionisation source and are preferably entrained in a

flow of gas. Alternatively, the ions may be created in a

vacuum and/or may enter the preferred device 6 from a vacuunm

chamber.

A mass spectrometer including the preferred device 6 may

pr—
d

preferably include an Electrospray, Atmospheric Pressure

Chemical Ionisation, Atmospheric Pressure Photoionisation,

MALDI, Inductively Coupled Plasma, Electron Impact or Chemical

Ionisation ion source. According to other embodiments other

ion sources may alternatively be provided.

Tons exiting the preferred device 6 may be detected

directly by an ion detector. Alternatively, the ions exiting

the preferred device 6 may be subjected to further analysis

prior to detection by an ion detector. It is contemplated,

for example, that according to an embodiment of the present

invention the ions exiting the preferred device 6 may be

subjected to mass spectrometric analysis, tandem mass

spectrometry or further ion mobility spectrometry (or various

combinations thereof).

The asymmetric waveform which is preferably applied to

the upper and/or lower electrodes 7a,7b preferably has a

pr—
—

rectangular waveform. However, according to other embodiments

the asymmetric waveform may have a waveform other than

rectangular. For example, the waveform may be curved.

The transport of ions through the preferred device 6 in a

an axial direction (1.e. perpendicular to the mobility

separation) was modelled in the embodiments shown and

described above in relation to Figs. 3-13 assuming that the

gas flow velocity was kept.
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According to a further embodiment instead of using a gas

flow to predominantly cause ions to continue moving in an

axial direction through and along the preferred device 6 one

or more axial electric fields may also or alternatively be

used in order to drive, force, propel or urge ions along the

axial direction of the preferred device 6. Such an embodiment

will be described now in more detail with reference to Fig.
14.

According to this embodiment the upper electrode and/or

p—

the lower electrode of the preferred device 6 may be axially

N

segmented such that the upper electrode comprises an array o:

upper electrodes 1l2a-12e as shown in Fig. 14. Similarly, the

lower electrode may also comprise an array of lower electrodes

13a~13e. The individual electrodes in the array of upper

]

electrodes 12a-12e and the array of lower electrodes l3a-13e

are preferably electrically isolated from one another. The

par—

device 6 as shown in Fig. 14 comprises an array of upper

electrodes 12a-12e, four intermediate layers 8 of longitudinal

electrodes and an array of lower electrodes 13a-13e.

According to one embodiment a constant linear or non-

linear voltage gradient may preferably be provided along or

pl—

maintained along at least a portion of the axial length of the

preferred device 6.

According to another embodiment ions may be axially

iy

driven, propelled or urged along at least a portion of the

axial length of the preferred device 6 by applylng one or more

transient DC voltages or potentials or one or more DC voltage

or potential waveforms to the first array electrodes 12a-12e

and/or to the second array of electrodes 13a-13e. The one ox

more transient DC voltages or potentials or one or more DC

voltage or potential waveforms are preferably progressively

applied to the array of upper electrodes 1l2a-12e and/or to the

array of lower electrodes 1l3a-13e. The application of one or

more transient DC voltages or potentials to the array of upper

electrodes 1l2a-12e and/or to the array of lower electrodes

13a-13e preferably causes an electric field to be generated

which ions can preferably surf or otherwise be propelled or

urged along the length of the preferred device 6 by.
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[ it

a further embodiment comprising an array of

I~

electrodes and an array of seven lower electrodes 13a-13g. A

transient DC voltage or potential 1s shown as being initially

applied at a first time to a pair o:

electrodes 12a,13a.

)|

first upper and lower

At a second later time the transient DC

voltage 1s then applied to a pair of second upper and lower

electrodes 12b,13b which are located downstream of the first

upper and lower electrodes 1l2a,l13a. The transient DC voltage

is then progressively applied to subsequent pairs of

electrodes e.g. to a palr of third upper and lower electrodes

12c,13c, then to a pair of fourth upper and lower electrodes

12d,13d, then a pair of fifth upper and lower electrodes

pa—

12e,13e, then a pailr of sixth upper and lower electrodes

12f,13f before finally belng applied to a pair of seventh

upper and lower electrodes 12g,13g.

H

The application of one or more transient DC voltages or

potentials or one or more transient DC voltage or potential

g

waveforms to the array of upper electrodes 12a-12g and to the

-

——
oy
=]

cause a series o:

array of lower electrodes 13a-13g is preferably such as to

axial potential wells to be formed or

created within the preferred device 6. The axial potential

wells are Tthen preferably translated or otherwise moved along

g—

the axial length of

the preferred device 6. The application

of one or more transient DC voltages or potentials or one or

more transilent DC voltage or potential waveforms preferably

enables the residence time of ions within the preferred device

gt

and hence 1n a reglion where they experience the effects of the

orthogonally applied asymmetric field to be c=

refully

|l

controlled. This is a particularly advantageous feature of

the preferred embodiment and enables the degree of ion

mobility separation

Accordling to &

to be carefully controlled.

n embodiment of the present invention the

veloclity at which one or more axial potential wells are

preferably translated along the length of the preferred device

6 can be varied or even temporarily stopped.

The 1on transport volume within the preferred device 6

preferably has a substantially rectangular cross-section.
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However, other embodiments of the present invention are
contemplated wherein the i1on transport volume may have a
cross-sectional form which is substantially non-rectangular.
For example, it is contemplated that the cross-sectional form
5 of the ion transport volume may vary along the axial length of

the preferred device 6.

According to the preferred embodiment the ion confining

volume within the preferred device 6 is preferably linear.
However, according to other embodiments the preferred device 6
10 may have a non-linear or serpentine ion gulding path or
region. A non-linear or serpentine ion guiding path or region
may be provided in order to increase the overall length of the
transport volume and, for example, to improve the differential

separation of ions for a preferred device 6 having a certain

15 given overall axial length.
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Claims

1. A device comprising:

one or more first electrodes;

one or more second electrodes;

one or more layers of intermediate electrodes arranged
generally or substantially i1in a plane i1n which ions travel in
use, sald one or more lavers of intermediate electrodes being
arranged between sald one or more first electrodes and said
one or more second electrodes, wherein each layer of
intermediate electrodes comprises two or more longitudinal
electrodes; and

first voltage means arranged and adapted to apply an
asymmetric voltage waveform to said one or more first

electrodes or to said one or more second electrodes.

2. A device as claimed in claim 1, wherein said device is
selected from the group consisting of: (i) a high field
asymmetric waveform 1on mobility separator or spectrometer;
(11i) an ion mobility separator or spectrometer; (111) a gas
phase electrophoresis device; (iv) a differential ion mobility
separator, spectrometer or device; (v) a Field Asymmetric Ion
Mobility Spectrometry ("FAIMS") device; (vi) a gas phase ion
separator or spectrometer; (vii) a device for separating ions

according to their mobility; and (viii) a device for
separating ions according to differences or changes of theilr

ion mobility with electric field strength.

3. A device as claimed in claim 1 or 2, wherein said
asymmetric voltage waveform comprises at least a first voltage
component Vyign having a first peak amplitude and at least a
second voltage component V., having a second peak amplitude,

wherein said first peak amplitude is substantially different

to said second peak amplitude.
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4 . A device as claimed in claim 3, wherein said first
voltage component 1s applied or present for a first time
period Thign and wherein said second voltage component is

applied or present for a second time period Ti.,.

5. A device as claimed 1in any one of claims 1 to 4, further
comprising second voltage means arranged and adapted'to apply
a DC compensation voltage to said one or more first electrodes
or to said one or more layvers of 1ntermediate electrodes or to

sald one or more second electrodes.

6. A device as claimed in any one of claims 1 to 5, wherein
sald one or more first electrodes comprises a first array of

electrodes having at least 2 electrodes.

7. A device as claimed in claim 6, further comprising
further voltage means arranged and adapted to apply one or
more voltages or potentials or one or more voltage or
potential waveforms to said first array of electrodes in order
to urge, propel, force or accelerate at least some 1ons
through or along at least a portion of the axial length of

said device.

8. A device as claimed 1in any one of claims 1 to 7, whereiln
sald one or more second electrodes comprises a second array of

second electrodes having at least 2 electrodes.

9. A device as clailmed in claim 8, further comprising
further voltage means arranged and adapted to apply one or
more voltages or potentials or one or more voltage or
potential waveforms to saild second array of electrodes in
order to urge, propel, force or accelerate at least some 1ons
through or along at least a portion of the axial length of

said device.

10. A device as claimed in any one of claims 1 to 9, wherein
at least some or all of saild longitudinal electrodes have a

centre to centre separation i1n a width direction of the device
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selected from the group consisting of: (i) < 1 mm; (i11i) 1-2
mm; (iii) 2-3 mm; (iv) 3-4 mm; (v} 4-5 mm; (vi) 5-6 mm; (vii)
6-7 mm; (viii) 7-8 mm; (ix) 8-9 mm; (x) 9-10 mm; (x1i) 10-11
mm; (xii) 11-12 mm; (xiii) 12-13 mm; (xiv) 13-14 mm; (xv) 1l4-
15 mm; (xvi) 15-16 mm; (xvil) 16-17 mm; (xviii) 17-18 mm;

(x1xX) 18-19 mm; (xx} 19-20 mm; and (xxi) > 20 mm.

11. A device as claimed in any one of claims 1 to 10, wherein
sald two or more longitudinal electrodes in a lavyer are

substantially co-planar.

12. A device as claimed in any one of claims 1 to 11, wherein
said two or more longitudinal electrodes in a layer are
supplied, 1n use, with substantially the same phase of a two-

phase or multi-phase AC or RF voltage or signal.

13. A device as claimed in any one of claims 1 to 12, wherein
adjacent or neighbouring layers of longitudinal electrodes are
supplied, 1in use, with substantially opposite or different
phases of a two-phase or multi-phase AC or RF voltage or

signal.

14 . A device as claimed in any one of claims 1 to 13, wherein
said layers of intermediate electrodes are arranged

substantially parallel to one another.

15. A device as claimed in any one of claims 1 to 14, wherein
said device 1s maintained, in use, at a pressure selected from
the group consisting of: (1) < 0.0001 mbar; (1i) < 0.001 mbar;
(111) < 0.01 mbar; (iv) < 0.1 mbar; (v) < 1 mbar; (vi) < 10

mbar; (vii) < 100 mbar; and (viii) < 1000 mbar.

16. A device as claimed in any one of claims 1 to 15, wherein
sald device 1s arranged and adapted to convert a substantially

continuous beam of ions into a pulsed or discontinuous beam of

10Ns.
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17. A mass spectrometer comprising one oOor more devices as

claimed in any one of claims 1 to 16.

18. A method of separating ions comprising:

providing a device comprising one or more first
electrodes, one or more second electrodes and one oOr more
layers of intermediate electrodes arranged generally or
substantially in the plane in which ions travel, said one or
more lavers of intermediate electrodes being arranged between
said one or more first electrodes and said one or more second
electrodes, wherein each laver of intermediate electrodes
comprises two or more longitudinal electrodes; and

applying an asymmetric voltage waveform to said one or

more first electrodes or salid one or more second electrodes.

19. A method of mass spectrometry comprising a method as

claimed in claim 18.

20. A device comprising:

one or more first electrodes;

one or more second electrodes; and

first voltage means arranged and adapted to apply an
asymmetric voltage waveform to said one or more first
electrodes or to said one or more second electrodes;

wherein said device 1s arranged and adapted to be
maintained, 1n use, at a pressure selected from the group
consisting of: (i) < 0.0001 mbar; (ii) 0.0001-0.001 mbar;
(11i) 0.001-0.01 mbar; (iv) 0.01-0.1 mbar; (v) 0.1-1 mbar;
(vii) 1-10 mbar; and (viiili) 10-100 mbar.

271, A method of separating i1ons comprising:

providing a device comprising one or more first
electrodes and one or more second electrodes;

applving an asymmetric voltage waveform to said one or
more first electrodes or to said one or more second
electrodes; and

maintaining said device at a pressure selected from the

group consisting of: (i) < 0.0001 mbar; (11) 0.0001-0.001
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mbar;: (1ii) 0.001-0.01 mbar; (iv) 0.01-0.1 mbar; (v) 0.1-1

mbar: (vii) 1-10 mbar; and (viii) 10-100 mbar.
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