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lon Mobility Spectronmeter FIELD OF THE | NVENTI ON The
present invention relates to an ion nobility

waepweipoet er, and nore particularly to a fi el BCT/GB2005/050124

asymmetric ion nobility (FAIM spectroneter. Certain
aspects of the invention relate to a mcro machi ned
FAI M spectroneter. Aspects of It he invention al so
relate to methods of performng ion nmobility
spectronmetry, and to conponents for use in such a
spectronmeter. BACKGROUND TO THE I NVENTION lon nobility
spectronetry is a versatile technique used to detect
presence of nol ecul ar species in a gas sanple. The
techni que has partiCUE@@A@HH&S$££&&95&P det ection of
expl osi ves, drugs, and chem cal agents in a sanple,
although it is not limted to these applications.
Portabl e detectors are commonly used for security
screening, and in the defence industry. However,

eonvie e pARIINRANN Aliye devices are still nonethel ess
relatively large. lon nobility spectronetry relies on
t he dirh¢ epresent ahvenbipr nmitesofo dinf it enebilityn spgstremster, and more

t hr.ough an e tric field to..a,. d or.; .b gl .
RSPy e Pl Glon ke Dt BielfbbeefRpsiar Cortain aspects of
gHesgbédtonfreRtetdo d @Ngo htdhingd FATIVESIddGoRERREASPeES ofilhd invention
reach the detector at differing tinmes, if at all. Tine
also relpigHe mpetioyds of psripaping ey mopEEY spRpsvmptiealiocmpaents for

Wy ] when subject to an electric field
F%)er[l‘ﬁrsg@g?&gi%ﬂgﬁ{z}%dri ft tube to a detector against a
drift gas flow. By varying the electric field ions of
different characteristics will reach the detector at

[ Bﬁ%ﬂi$ﬂ%%?ﬂg&y%ﬁﬁggﬂﬁposition of a sanple can
be an 1 TR ' .
engt B R ep Ly gpt PRy ot o PERIO TERh b Tk o Rl Bresence of
hotgetar speziadrin fatgat wleplet Hee woliregyeohwarfadiculdnapplétaton ar detection
Thi ; - bl — . . ; h
oo kS BRSPS BR%) aApic t hes

LARAREnst PEAIE idetebtd onlndRYy REd aGt deuglit #€and i
%ﬂ)ﬁt ﬁeéns gi%{/g% t ha?t r ew\gﬁovevy %iig% Z(ﬁecet r ilg %{%g %%’ and in the
d¢fenrghiistgr Bonevassavyntidiabporebie dotdes aremtilldrontthelestuelatively
lﬂggc%th al so results in the need to use rel ativel yhi gh

ages in the device, which may be potentially

hazar ﬁﬁ’luﬁaot)ﬂ’it)tl Qﬁecﬁﬁﬁ{eﬁgf QElin¢h filér dibRfenli®Shbl&hént tdT i fferent ion
possibility of mniaturisation of the device. A
srecieatiirongloan gierric digldviols datecjors e appropisate yelpation of the parameters

OFRELARES: HRABaR e B T, 550 B PRy i
fih@wy if at all. Time of flight (TOF) ion mobility spectrometry measures the time taken
by ions when subject to an electric field to travel along a drift tube to a detector against
a drift gas flow. By varying the electric field ions of different characteristics will reach
the detector at different times, and the composition of a sample can be analysed. This
form of spectrometry relies on the length of the drift tube for its resolution; the longer
the drift tube, the more powerful the detector. This restricts the possible miniaturisation
of such spectrometers, since there is a limit to the lower size of the drift tube which may
effectively be used. Further, given that relatively high electric field strengths are

necessary, the restriction on drift tube length also results in the need to use relatively
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towards a detector. A plurality of spaced el ectrodes
are alternately pul sed to generate a noving potenti al

wWaw00b/0138h6 ch carries sel ected ions al ong w th PET/GBRI0S/050124

device is unsuited to mniaturisation due to, anong

ot her reasons, the need for a,punp to produce the

drift gas flow. Field asymmetric ion nobility

ﬁfgﬁ%dﬂ%@& Y tHeFefthvR) Wil%llaling$Wevlﬁﬁélﬁﬁ \Athaﬁéiﬁ&l@tfo tfhle|c§b|3¥ato1 and
1on mobirli1ty spectrometry ( potentiall'y

Gfrfher sesarictathk Ipeassﬂflbtymfﬁmota@nxsah@miﬁéc dewgg.st i ng

desi gns_use. novi gas fla and_hi hvolta 84 '

are oncediiai TOPRn poRB AfisPaln SargREt alTis Ryso.74s.
%1&1%151?@&15@ 'OE‘G%@ﬂn@%leﬂ@ﬂc@lﬁ%t@fna@ td hlovE &hs a@@m@tfi 86kt gas flow
t hat becomes significant in the mcron regine.

Bt é o dpldctontl phmlitm of sedcad ichegirodesrag Micraatalyquilded ip@enerate a
B}ogglgs%ote#lé% %\é@%ch %lﬂ%zes gelgc‘]t?&c_l \l\g/u%é SIEIOI g\? te oﬁlls d?\ﬂ?e 5 unsuited
MamsniatbEeA1IoNAINe 1d,AidAEALIRS Seasdidh ti(&l%a)foﬁﬁpkﬁﬂip 161pzfoﬂb0/e the drift
i ncorporated by reference. Conventional FAINMS operates

B9s v ng air at atnospheric pressure into a reaction
regio e G A4&ivati : :
L oni 20is S BB dfe SGERRLIT Rhuinck YIFANIRY & Eltinative oftime of

foghmiow mabilityt slestrovhery (TOYIMEE veldpio pettntiolly béfers a smaller form
parent ions. The bility of the io clusé?%n .
bt joueysingtipgg 1@5&‘;5% nsﬂw%@sg ws @ highnyoligges, which are

Ph@é@ﬂa @tﬁﬁﬂwg@ggﬁﬁdnﬁtﬁﬁtg% ggfﬁm qg?ux%érhn dcted by molecular

ow vol t age a perio
Riffysionol dnagﬁcqj uthse basonedsosigniftcenta i ele atioronplegime whBaekground

1 d ti o
St P a PoRARYE (8 b Suiniol Libr PHE RS Bulslt. Mass.
BP&senfNen Prokky 1981(Yeas)tiavanth ERe RRAASLE 8. Bl §Cia8d&pectrom.

bet ween pul ses. Sone ions |npact an €l ectrode before
faaltiobesg. 22492010t i, hpiehy ejcogtonged by referaingeh t he

ok ngopirEofit ABTS eBreoRY drdink &R Pt MesdT e presye into o

fdakigt 1eg%mpwmere0ﬂiaetclaﬁst&a@;ﬁ§ af agaeﬂﬁf;ﬁé afk MRrBESCRSmhRSgents in
provi des characteristic differential ion nmobility

gm@m ﬂnbme cphammi%f@intlyn GﬁlSthﬁeWb@“aR@Y |arfs exposerhlecthein pprent ions.
?Iﬁ% ll}Oé)l %%EJOH %SCIIES elé ?Selﬂ%g& %’thcflgn n ? pwpiri] g’vle?ﬁ{t efhe 1018 arc

iVe cShcen
BIOET IEREAH tu@fﬁ'xaﬁselbd’lﬁdﬂﬂ%ﬁb Rdidhl wa 1ta@e B Bhs and the other with
m ni aturisation than convent| onal TOFI M5, the need to

garepdicdigh-yakael pupe wauAfeEs toredgedsrnlele wherg thepollide and a
?m‘?&{ﬂ 1@9%%91{& eﬁ' Sa£]B k? dﬁ%&lp 90\951‘885%26113&%3@ociu?gméethe pulse

oner- Si 26 dev resent
phaspdEssiotls delerd ewaesmar@pdﬁmc elcbestici Betwselﬁ p4Bbs. 82dne ions

and US 6,512, 224,

impact an electrode before reaching the detector plate; other ions with the appropriate

differential mobility reach the end, making this device a sort of differential mobility ion

filter. A plot of the current generated versus DC bias provides a characteristic

differential ion mobility spectrum. The intensity of the peaks in the spectrum, which

corresponds to the amount of charge, indicates the relative concentration of the agent.
While this arrangement offers the possibility for greater miniaturisation than

conventional TOFIMS, the need to generate a gas flow requires the presence of a pump,

diaphragm or similar, which using present technology limits the lower size of such a
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It would be of benefit to provide mniaturised ion

nmobility spectroneters for use in sensing techniques;
woi060md3ye woul d t hese be suitable for covert UBEI/GB2G06/050124

| arge scale distribution, the snaller size will allow

use of |ower voltages in the device. Devices with no

or fewer noving parts than cofAventi onal devi ces woul d

ﬂ k. *%feﬁfgselgﬁt'ﬂ%f c%xtamg'léé driiatn Il(gﬁ?ry ks WALy drmr[?S 6ABY$D3 and US

an conventi ona nsors, so suitable
déplz,dynr.ent in high-traffic areas or in harsh

envi ronme . t t h d
Fur t nioverup oE BB Eof ke PETSRC KOG reRarpacs for us
g{ éélgillg‘%@ciﬁil(ﬁl\% FHOF ohilySw@REHIRE 8B sujtdbid %@@ové‘%ﬂu@e‘ KObF 1a8ge scale

s used to causSe ions to nove toward t
dstrdnunon, the s lat lmwﬁiarilow CE3i) oﬂlosweatvelt@gﬁsgnrtb@tdewﬁe Devices

S not requi simlar,
Shcih g et PGSR B SP O PUA Gl B YRGILST b of benefit in
ihannpulchiet henibre erdbestP@fsi Bhrfren@dhallehs®s and¥besuitable for
robust™ construction. The system as a whol e can be
ﬂedgr&@@htum highrteafEpdregper in hrhcaviiopetp i s necessary

fggug ?F% Br e%é;itﬁﬁq}zn%} ﬁ@?‘fée ?&e&%%é?i@gﬁlge 1ig\)éig“'xr{]:ae+n7‘8 FA ' S which

apek Meneguilconarifiv@lstgeSor fteagirghrt dnssem| befelectritr ﬁeld is used to
integrated el ectronics, nore precise and controllable

fense fQrie marsdoV aidribe defeer fTévwm‘é fona peidiatgfcopgimstion which
Hggsgl‘?ot% [ee§ %lgnyﬁ){u?lp or-lélﬂﬁllzﬁp @? b n%ffopgltﬁ%&tr%qm Ll Tsation of the

can provi i'on on hu ana

ae\mﬂé ti-aznexo«btstiyqtheswmeod pessibbe) ab IWdibﬂs asmneadinﬂsy construction. The
retunabl e sinply by altering the electric field
pYSHIR 2 |aé?§’°1%%”e1é‘% tegHogsh inzieh An st SHRGPY PUEIPHE ergsary and the

%FFE‘&H% ﬁ’%l?%ebﬂéd@r!eﬁgﬁ's?& she I%Q!.flbttl\efﬁ r%genﬁﬁyrsﬁlghéﬂ 528 petween

ter and  subsequent analysis, kKing t tem
bleginbdes cudt lencs dok &, valtalges, 1aadi\nm1tca§}esl @f ntolne npegs’edtelectronics,
i nvention i cI ud%la{)Ge reducti o of fal.se positive

HHuBTHREREAD f?Olmﬂ | VRV QI ATDERVER PEY nangeii %n%g of power

AN R YeBRiRANTRY il SOULMBLE BRNIER! proMaBYinformation on
det'ectors may be networked together to conbine

outltmlt: synalytesr suubeeohsdydenes dig sus ilérf scregdibif ré¢tuablle simply by

terferents and_.i nereas i ficati.on, o den

i RS ocifesiRa ety R At et Rl et  GREGgs may e
ﬂcﬁﬁidz Med b RURAES Y sofivaeN bbb sy hediitey afie@ @ﬁibsfess(&xt analysis, so
all owi ng detection at trace levels, and rapid

edingdtc @hfséﬁaht%él}b@tsmﬁahi@m ser and detector the tine
f or

so a%&@#ﬁgvad%%ggg P ﬁ)%)'(gcfsste ttfgv%n? oil uégcéegtﬁ%llesd.ul.lﬁizgiygfeﬁls&posmves
B?l)/agvhﬁgg@?gc?hﬂﬁlt@te pawmeeld @ﬁﬁ‘&un@ﬂdln@ﬁ ale @Y PRYSE, achieved with
software control, Many detectors may be networked together to combine outputs, to
reduce the deleterious effects of local interferents and increase classification confidence,
as well as to make the system as a whole more robust.

Finally, the present invention is highly sensitive, allowing detection at trace
levels, and rapid. With a reduced distance between ioniser and detector the time for
which ions must exist to be detected is reduced, so allowing detection of short-lived
ions. The system may be operated at low voltages, and at low power, allowing for

longer operational use in a range of environments.
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| onger operational use in a range of
envi ronnent s. SUMVARY OF THE | NVENTI ON According to a

wo poosH1mepect of the present invention, there PGI/GB2005/050124

provi ded an ion nobility spectronmeter conprising an
ionizer, an ion filter, and an ion detector; wherein
the ion filter defines at | eadt one ion channel al ong

mhlch oni zer to the ion

det ect or; A@%@/gﬁereln t%%hﬁgﬁjfllter conprises a

pl ur ahbrtcydmg tel £ Gyt adps:t aif the pederpr ioxentmie thdne is provided an ion
channel ; the spectrqoneter, further, ¢ gg{l s%ng. eh@ﬁat{()de
ewhtl%ﬁp%a%ter EPIEHES BT qnt‘?&l’taﬁémé THEE Y EF Yt

a fi rﬁ/ﬁlelgfﬂ tﬁ@ i B4 de@ing% ﬁllgasl SndBRehalRIaBhE A% 8ns may pass

e 1on channel, and a second transverse
é‘om:ﬂmnmxzfazﬁitﬂxenm g@ﬁeoaamﬂ orthogonal to the first,

and wherei n each sai d. plural it el ectrpdes
i nvol ¥ Bfe}lh‘lh@é?fbﬁg{‘fl’ Wéﬂ}glg ﬁﬁ%l}.& g 168{5 %es %JO&?C* prgximate the
ﬁnqmg&ﬂpsverse el ectric flelds Thi s arrangenent

l'ows for the drive electric field to be used to )
pr opethei speagranetoupntheheonprisirgeslectydsicl C@Htrh]emt?ﬁ@n@v é@@éolimg the

St T B ST P b v o

eRANOE and BScSRRCHLRIBES ElcOtictited By @senled Mﬁ@bhﬂﬂoﬁ‘ﬂ@ﬁz st, and
therefore be used without a drift gas flow, and so

mhigueinr eachf efimaid phwaliy op glecyodasan ieehvashnini gmegrating a component of
BRSALATD! FlkeahiioRae ong drift tube is no

presen nvention to operate

ef f eCﬁ’hMQirbﬁnga}haltCHllo‘«ﬁ% fondhd dANS eRese Bdléab rHecustd ab dﬁopel ions
are referabIY @Iled S|nultaneo%§¥g Use of .the. s
direvgly hasbanngl, gdilerthe Barsymse sisatrs ld By redeed o %?%F&ﬂvely affect

g{egﬂﬁﬁ’lﬁf &F i%h? g&{?l&né 't%ﬂ%m@le‘% 5[1 FG tf‘)a? ﬁlgzﬂg@ ethegsﬁJe(t:thog]eter of

esS nee as re u0|ng t i'ze
devpresent hitveatsn aiay thalae e nksd wﬂthbimea idriiegsi forw, and so requires

addi ti onal el ectrodes nmay. however resent, and,not )
SFOYeT GROIMEPBISIEN} ERIVENHGHTaL ﬂ@c%‘gﬁ‘@% o Mot o7l 8dORdrit tube s not

éﬁé&%axf G ﬂlegélr&?é'xﬂtlh%tlﬂn Ge m%@teﬂ%tl\p:@} hridh ey | 'aH@ [transverse

e transverse electric field drive field is
pleetfrier Aty ase bmﬁgﬁbludm;méxbd eslimxﬂtmnecusﬂy eTlJeb oPilef ermblejecirodes to
the drive electrj

it SOTPRRET o EPSELE AbT PR TS RS RIg thgnumber

bt BRaYReY nP&liedr :hsV@elﬁ heldu&ap tResiap Yy aevicd. oh c@?ﬁa’iﬂ]@hﬁodmleuts
to adjust the wi dth of the Fesolution peaks and thus

obrilid gmeetlan addsttmlahe}wumﬂs wpy iheweygrebd @rmmic@nﬂ mo4 all of the
ﬁ,%i;tr%ées in theag]ﬁac 181%%1'@10 Qeedl B fgn%]i‘\sfeé in tgern%m@ltgsa component (% both the

drive and the transverse electric fields. The drive field is preferably a longitudinal
electric field,

Preferably the drive electric field is a static electric field; that 1s, the field does
not vary over time. However, a time-varying drive field can be employed, for example,
to adjust the width of the resolution peaks and thus configure an instrument for
optimum performance in a particular application. In some instruments the field may be
swept and data collected over a range of field strengths. In this way drive field strength
may be used as a further parameter for post-processing to achieve enhanced (more
accurate) results. The field may be generated by application of a DC bias across the

electrodes. It has been found that a continuous, static electric field is sufficient to drive
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swept and data collected over a range of field
strengths In this way drive field strength may be used

W@2008/0§330¢ her paraneter for post-processi ng toPELGBRE/050124

enhanced (nore accurate) results. The field nmay be
generated by application of a_DC bias across the
el ectrodes. It has been foundlst hat a conti nuous,
st SRR | RakhiedvhileSthe Yahbwdr&Nficil GePiraits 11RO forRl RB&ding to
the 1o channel while the transverse field separates
thbilitpnandabooe diargndters sotdi b$ shapeantsh emd ehgyge;alvist eamgbination of
such as shape ss and charge; this conbination of
?‘F@M@i?ve‘ﬁsrg]\%e’%ee?ﬁ%r %@_ggg?soﬁmg' drift gas flow The
transygs sRnSlepse Elebiriti B HBY VST Yv@Vigie,! bt magNk @Biderated by
be generated by apgl ication of an AC vol tage across
aprdicetiet tof e 4C ThisegrCrwaist Hgeclpeirqsieaf Ehaiiy voltage is preferably
as t.ri Thus i-n.or . Yool . of .t .
AU oy ! PredrtuBL LB Enf MO TRPSsRoBr i ansvepge clecuic
AEldc esmpiant arpmC aokpoaeipaieat DCThemPshenonPheidlC donponent is
pref erably opposed to the AC conponent; that is, the .
peleabiyomeatedyp the ASnepmnongnt it isoie A \earpengHaviditerd to drive
[ 1 . [ . Whi h i) L
[sdo P tfe Pl SRR dhe il gy 8n Bl AL TRPES bl it tend 1o
tilee tHadomelowaAlsDie bhwepsioe walled phe/diahage A abgootmveep voltage

added and paraneters of t AC vol t age such as

HipIa o Reeddge esl}'émétea%q‘ath tﬁﬁé% V%Ié"gﬁéyd‘a?%%“@&?%@‘Wyocy"le and
o . i ) VT o

B BV BFP (B TR S SPU iplih sBRAISR) Rl Sckiity or other

pffefter abl y allows any or all of the electric fields to

be varjed; this allows for the field to be tuned jn

or der 106 clsetrsis ccpsp Lt Prokrphy et & pignbol e eleliric fields to

BE L8 BRh:Y al1bes @braRt HORAs RMBndd BRRE&D 3RAHAR @Bfeclidifof particular

entrance and exit to the ion channel. Alternatively

idme. el ectrodes may be di sposed within the channel

itself. ,At. | east. two. el ectrode.pairs . be provi,ded;, .. .

one cPESHPHHART SRS e REPy Rl Rl P EuBR Al il o the fon

BliarBE AGRARAGLLy tHd@bcticdes fnay be Alspeidianasn Ry dhahiRl ftself.

el ectrode pairs : two transverse pairs which serve to

gener &t deast fvarmectiode prirelgRy bn@revided; omgi elettodalis conveniently

SR i PR ol B 1 B GO 5 e s

tvé venpaide. palRewkicectfvede feathe at@nivessrsiad Saldytwo longitudinal

separated by the channel itself, while the pairs may

pairsy shighe genajatg e drine digldyEashy elegteadevis 7 agenpber ggkingmpairs, one

Bl i 3 58 PL® B O oRE il ARy spegpied by the

tlumnncleiketl while hegiaers prag\Hedettically eguiatedby 6 haistiet (eg 1-100KQem

resistive silicon) semiconduciing or insulating material to provide structural stability.
Preferably four electrodes are provided at each ion channel.

The ionizer may comprise any convenient means; for example, a source of
ionising radiation, a UV source, or the like.

The filter preferably comprises a plurality of ion channels, and conveniently
more than 5, more than 10, more than 15, and more than 20 ion channels. The channels
may conveniently be defined by a plurality of electrode fingers forming a comb-like
arrangement. In preferred embodiments, the filter comprises two or more interdigitated

electrode arrays, each array having a plurality of electrode fingers. The presence of
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The ionizer may conprise any conveni ent neans; for
exanpl e, a source of ionising radiation, a UV source,

wW@eroobles3bé ke. The filter preferably conprises BCT/GB2005/050124

plurality of ion channels, and conveniently nore than
5, nore than 10, nore than 15, and nore than 20 ion
channel s. The channel s may coﬁveniently be defined by

L ' £ . ‘ M Sl .

fil MY Se (RERDY vBLGRR bd KRd adjacent

g?@?ﬂ%3ﬁéﬁ¥?ﬂﬁﬁ%%§§$%??§é‘Eﬂgoégﬁenﬁsf tﬁe Tilter ajmén
denphiases, tthereby mgrevingt smditigity av&dhel spetirovgearcompsred with
each array, havi .a plurality of elecfrode fingers. . .
qufgfeﬂp@ REWCET RINING 6|Séng?%ho%ﬁ%wg gnct)é?l}ﬁetrgstggtedﬁo a relatively
Lshtdyehiyn bakge. i oni salion volunme to be used adj acent
the channels, thereby inproving sensitivity of the
spect Pofiwaly thonpaichahnglst ére cdongaie; ithwiak, deyihews ahglativgly short

sj.ngl e..ion channel. .and he restricted to.a., . . o
gty Pt Eng e St ero AT B b FRA SRR ebirgrt g gpa minor
GRANeRL Firdéitng] widatdativehalbon Septh RYa Maoetransvetsatird@lon).
short length (the direction along which ions wll .

f 1 ow) Oatenallyr éhat infesfingitaledr finggrat mayi Mea chivigér more particularly

tfcfrlﬁgl 1\{1%;]1511 riglittféie%aiygg%yeth !%1 %ig%lfel (gu%e%t %{%{%Hgﬁqgmﬁﬁég.h'ﬂﬁs has the

bRt Giftradshd HITORIon 10BYs Wehiet rwigld stratPliteelectrodes, are caused by
particularly serpentine, and in_this way may then
s idefdusing witthe v adle pp hstaharnclh A il cyTvedipr serpgiyinetfdectrodes these

a f.re [ L f fusi i &b, .th; :
ST 054 fTHEL00 ] 58, ), B v
iveeaad) ltecafze bh éecthanseinsef Mdrtialqutangdl well séthpeathammel, Curved

el ectrodes, these diffusion, | osses e reduced (and the
EhEERRAIINGLHAMCISRISOHFAICE b delFieri sy _'f@FﬁS\P FRACE iBiT8a saysion.
becaug ﬁué)fil}]tangth%xo E%Et' ﬁgz f?lfveﬂid?lagltdvﬂ;{es PRt £AL ﬁﬁxlér g]ﬁjé%g channels

wi t hi n a channe rved or serpentine channe
defihede by hdeateldet evithotiss efehent Jowfiatmpaddsa ipavygéed is an ion filter

repul.sion. Thus,.i,n t her, aspect the invention

SPBRITES Ny Iﬁltsa'ﬁilglmt?‘gﬁeﬂm%zﬁaﬂ% ﬁéﬁgmﬁs’f fhid Gprnels. Such an
ShrffdehRAEMaY dehudeliag RERRRA of RTTRL 890 cafNBR,; REOMMARS gap size
Is an ion filter conprising two interdigitated

providedore thef intendigtjated pilter atrangemeht siokh pedradeseddyantggeshof reduced
an, arrangenent. be used as.described, .or W th a

SPieE® BERERGTRR o el s 20ies ST WRE p ot alt Bgwtpusea

i nt er ¢hgifitat gerdddly e6mpriseandesente ditsehlicoR@tivd@abstrate on which
advant ages of reduced vol tages and hence sinpler

soprov vied gl emdpeiivecyirfge o Wipran an edicirpde. gh Sonduiive surface may be
sed. .The filter erably, coppri A resistive of.. _
U3Rsgndnetp, b BETDE SOl SRR R GhlpHRe icon. The

eoRldGd werfadr hag @ohPrib® mibta depRIC hol9siticorPof G URé.i Mepreferred
surface may be disposed on two faces of the substrate.
rbodigisatsy Mherenly seeignicks 15 o jacipro mehined scale, the substrate and

surface may conveniently be etched to form a desired shape and configuration, and to
provide the ion channels, using conventional semiconductor processing techniques. This
allows many channels to be formed in parallel, and on a small scale.

Preferably the length of the ion channel is less than the depth of the filter, and
preferably sigmficantly less; for example, at least 10 times less. In preferred
embodiments, the filter has a generally wafer-like form, with the channel length being a
fraction of the filter depth. In some preferred embodiments, the channel length is less

than 1000 microns, less than 900 microns, and less than 800 microns, while the filter
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conductive surface may conprise netal, doped
polysilicon or the like. In preferred enbodi nents,

wWoR@re133he spectroneter is on a mcro nachi nedPGE&B2905/050124

the substrate and surface may conveniently be etched

to forma desired shape and cgnfiguration, and to

provide the ion channels, using conventiona

a@lml Ge ﬂgb&%t ﬂ"ﬁﬁn pirOQﬁ)@Sﬁ'annst G66R}Hed %ﬁam{Eh']élg% |:§P\@ﬁ)n§mi@ﬁ0 to 100

channels to be forned in parallel, and on a smal

suabes, Rrefeelatibly from $&htp BO®Mmicthes, iapd mmmlﬂbbf from 500 to

éﬁ s.than the depth of the filter, and preferably
@HV?P@%ntly less: for exanple, at |east 10 tines

| ess. pldferibl§fdor @6 vﬁﬂf@oﬂ tABMSchab@ (fHiat 1Sthd @S acing across the

generally wafer-1like for th the channel engt h

pleirngl aver reueh di¢ Bansyerse giqctl@rﬁ@é s ﬁellqrﬂe@oﬁeless than the channel

%6%@‘ En{ geﬁ'f[;% gl’ébé&?ﬂ{‘l(%ﬂs IE(%}% nﬁ@cugx%m b% Ilé)sasl}dt %g%ﬂas Such
A cihefAgemitli dlRwishehef pdrdeantidapsh rdlstvedy eargbwitach@c GRMs across the
m crons. Preferred channel length is from 1000 to 100

ﬁh%mélnswdlhowethpw@éfﬁ%m fYobipeBoend (o3G0 seneBon. afdpreferred
g‘ﬁﬁ&dipﬁﬁ{s &g ym?&?%}ésg% élg A% C%}%g&‘be Ipfg%f ﬁ{oﬁglyto cause ion

e wd i'on” channe
fpaaeingtiac bossn theekolaamMhal aldnm lzm@s odn ts;hieleh rtarisa/ﬁfagmented into
electric field is generated) is less than the cha

annel .
PIBRISPEFIRS: pY ifle CRi dMBFRYS HEHRSHIT SCRHEY ia pnd pertich dhe Jkelinood of
&m&aﬂsggmggg ﬁ%gh§1crons Such an arrangenent all ows
t 0 i

e generation relatively large electric fields
acr os$h¢ hle}:cchal&taelprwﬁaﬂbhf guntrises hakny &ryheaong Yol fibeereferably
ower odi nents of t

e, % Bt ot oast 158 i‘e%@gdﬁg eF Ga BRBYR ppSimance,

%%%ﬁil'a@;ﬁstf ORIV b&ﬁmﬁfuab@nﬁ&ﬁa{ﬁg'fﬂﬁr Khée?m%é f%er may be
|l 'arge ion species to be fragnented into smal

Bmaleéiforwmampiec arsulpsmateomewae:ﬁldbc 6ﬂies§n?scpuntcd)1 althmogh preferably

PECHF ot Mers J5 abBRdlear b dhE B Brelti i Galtimapis, the fier

t@hpheatd Bostrite Fhich 85 -heReef fradxlad PIJ‘Bnybhlbeiffdﬁﬁ}ﬁeﬁtﬁlg when a
heated to at | east 1500C. I—Ieatlng;)| he Tilter can

y@&ﬁﬂgg\;g apidiet crash dlee suépﬁ@atw If theagdistate iip integrgiod digo the filter, then
guocﬂt gg},ﬁ gv?/ilf f)é) i1 P en %53 {’ ﬁ%rt egg%ro%t eageﬁ%.{tﬁaréewl ]I)referled

hﬁcx GEnENE @ﬁl}sodlﬂlbﬁtb Qf ghe Iﬂfv%ﬁﬁdilﬁ hllyw trbiati e Rtlbw ool 8dStol e used to
integrated with the filter. In preferred enbodi nments,

powidejaficativedisaiing BB gicdoylasderat e which is heated, for

exarrpirge alyectlglll‘lle?h%B]fn\eagﬁenngactg%r{b?lfsg%‘%@h@ gg totrf;fﬁlgcilozlai layers; each

allt
appl i Cross str su
lagtiegmathade antadet-tiee farht 8his dregesucthis advaltigges W bisembling a
be applied when the filter el ectrodes are actuated.
RO ﬁpgﬁ)g}efies&ecnomeler since 1t allows mass production (for example batch or
parallel manufacturing processes) semiconductor techniques to be used. The use of
semiconductor techniques generally means that manufacture will take place in a clean
room environment, such that lengthy decontamination and preparation steps are not
needed before the assembled product can be used. Such a spectrometer will also be
relatively compact due to the layer structure, which thus allows for greater
miniaturisation than otherwise. For example, each of the ionizer, filter, and detector may

comprise a functional layer. In certain embodiments, it is possible to combine one or

more functional layers on a single physical wafer-like layer. For instance, the filter layer
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m croscal e enbodi nents of the invention allow
relatively low voltages to be used to provide

w@Rd0e01339€ heati ng by the Joule effect. The  PCT/GB2005/050124

spectrometer conveniently conprises a plurality of
functional |ayers; each |ayer jmay have a wafer-1|ike

form This arrangenent is advﬁntageous in assenbling a
%&aaea&cmyaesbmsssﬁe@g@tw usih@ 6 &ilichn %ln (84RaBRESOD wafer handle
production”(for exanple, bBatch or parall

tmrmuzisahc detecigr plﬁmg@é)deg@mwhd igeprted @u’nmqusﬁw backside, or

.con t echni ques r

S Foine e et el EOUET PLTUEY g B0 Thil e SR B difsrates
QI IO Nhyer PyChatichdhg hanahiny rdéicRbiopsiMat b® thesierside of the
preparation steps are not needed before the assenbl ed
preaudt Inmeb@nm@entsﬂwe@wp%w Saecapofgd Pl fisk gvpdayers: an
{lﬁé&aratltg%f ?J(])t)é %}? g\%étg kﬁgezt %blﬁl?sg Au;ﬁyg ;n onﬁ’(?LWa?e’l é(i‘ﬂx' fBorous inlet
ARt MnSRal 15@1ﬁatﬁxﬂﬂﬁﬁieﬁal eaemedfontthe uhdstiderThi§ embediment would
and detector may conprise a functional layer. In
wapira st erbRrIidREte- it is possible to combine one or
nor e I S [
ror e THBRbAANRhs AL, LR A BLEBUA T LR of e
fiyier Pegdedablybie ity dals tfyceumem go ahsmiel ¢omgtiomtionsfibate@r than 1:1

BRI P i AoEt [ ACD1y CON T REESbdRE TPl o filer
gg;‘);%{?@!u%’_ SRV BGint fi€e Eg%qgﬁﬁbcﬁixﬁﬁf feR? hgﬁ‘ \Aﬁlﬁxﬁ’ﬁatélgl‘ég(t)ym.

ice e i‘oni zer coul e Integrate an |
| ayer Thy sppatrometer mglya[urthmaiolmmsc adé of soropetheifbhowing additional
the underside of the inlet sla enbodi nt, .
B dHGor DtPaebamebiEeisa e 9 Best fT aerdip! functional
iptegrated filter and detector |ayer fabricated in a
single SO wafer, and a porous inlet cap with netal
| oni zax Aomlete inady raresenh é@lpl@ﬁenth@wan@é meithdes ﬂlthn sntering the

88 lg%ht‘@mfh% I?Htgiﬂgleqrngl q%St %gﬁ% Fﬁgg;léwcg Tle inlet layer is

@&N@ﬁi@:ﬂﬂy‘ wlagé floth &pddaemaleribheudh dstaqfomar@fa@mabl y the
filter has face area to channel | ength ratio of

gr eat BY At Aelwnidifie datjer tensienlejsr whist yBPQUr dreratthe spergiometer. This
ﬁager 111%% cél%ou%e élm a{J%Ongltt ﬁﬁéllal Fzﬁ[en?ﬁ%‘g gsl ctcalﬂt c%r 51{{1?1%1 may be

ace are

afuar Uxé peehyy 20@mmincling aﬁﬂfﬁt&hg eleaient, widyh f}iayﬂ_ab&fsed to purge the
conpri se one _or nore of the follow ng additional

abrephenbmeterial peripdicellyr ed enbodi nents, each of these
f or rrBc)alri\ ﬁl%gd)ﬁéegtnﬁlmi ﬁ%?ttboa[&%m 1% hnd ?gl dcﬁfﬁc:!l& 1%?82186 analyte to

revent unwa
éffﬁﬂtvel}ft (E)Elb@ﬂjfatdﬁfﬁe Sﬂpﬁgter @l‘mﬂ Byer whiyl a@omamprisb langbsorbent material,

anal ytes to diffuse into the device. The .inlet |ayer

such as a molecular sieve having pores of an appropnately large size” to absorb the
desired range of analytes. A heating element may then be activated to release absorbed
analytes periodically.

d) A dopant layer comprising a material impregnated with a desired chemical or
dopant that is released or desorbed from the layer and into the active region to affect
chemical reactions and therefore modify performance. This could be for example
ammonia to enhance atmospheric pressure ionization of certain compounds or could be

for example water, which is known to enhance separation of compounds in the spectrum

and therefore resolution.
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conveniently made froma porous material, such as a
porous ceramc. b) A dehum difier |ayer to deplete

waeoen13zapour from the spectronmeter. This | ayePCHaB2005/050124

conpri se an absorbent material; alternatively a

desiccant or simlar may be used. The | ayer may

further include a heating el eﬁent whi ch may be used

to puﬁ“ﬂ@dét@@to%ﬁ?c %Pﬁsé‘ﬁt &Eét@de@@d’a&e%cﬂncz?édb\étrat@)Ctﬁwemently the
preconcentrator fayefr, to accumulate and periodically
detkaas awaleylike tcmuemﬁchxctm vebsyraty fimenxamates sifinen. The detector may

nal yte. This | aye e .an _absor ben
Rt cgimpris cAMaAT Srat b b JIBy 4R o1 6V ROMEG. fspmagh on the
@&ﬁ’l Qﬁ’d’dcﬁﬁ ehiNsthRd. %e%e?@%t& nAPROME: é&ﬁplﬁ’s%%ohﬁéttér@@&ecomeclmg
anal ytes. A heating elenent may then be activated
thma croelrehtss:uab)smr%@dhan!attwtbsio perdesdsas ahdaps oxithe Aikg dpiamenitoring
i npregnated with a desired

t |
@Qﬁggiuﬁgﬁgﬁgtraggaég'released or desorbed from

t he | a4 lsp et m fdrOmb ise o ifRisk S8R b0 g@feb/Bl a gas counterflow
chem cal reactl ons and therefore nodi fy performance.

Tbughcibalfidichegdiott texdingstien afmonpackioidppraRarcly will all of a sample
g% ?6313 SEI';LI 21 tfzg. i églrnqo eQLﬂEsZ@ eﬁa?pal%m%&ﬁ{oﬁﬂigdl&?%gy BRRr the filter.

saflaneictRP Al i flrRr ﬂa‘glcﬁﬂlﬁm@ tsad o ifuntleh ecasp@t andrin@rndtions, which
t herefore resol ution. The detector nprise an

euse dekiiqus chieeld Hph as pe¥sEhbiNe. etﬁoﬁ%ﬁfﬁﬂeﬁ»& #gag peunterflow can
g?s‘is?Ciﬁlo['elﬁosviﬁgt%]‘aﬁﬁllldn %ﬁ{ntff@ rfﬁfé?t 8F i ﬁ%ﬁﬁ]fﬁﬁiﬁ ef] Rinreactive
exanple, siliton. e detector further co % se

eRvitdndent Wit theyfilendTlicheas|iske matyhjealm Saccuﬂvdnr exdniple, nitrogen

formed on the sem'éonductor su tratfi The, det ect.or.
‘yelﬁlﬂ}lt—hgy n@dn‘iﬁ’? eotedotonaidgch iy, o E)cmt,egeltn,awé tp jgnisation — for

%)Qz{}ﬁn}glgl an‘flln Gid] b@(fl fgqﬁ bé hs%deh?ag rcgglﬁextf%waca?lrz@&)e%@ed to alter

S or e 1Tk nltorln t he el ectrode or
awbilitglofii narrg winlendhn/ﬁha Tibgas peoterfowtieay hayt avery low flow rate;

onpri se nmeans, f ener S cou ter l,ow
?%‘P%ﬁgﬁ%h% il g QTGS PRt B bl R Glfgnis esneraly
thﬁcféﬂﬁ 5ifRR R FoW ik hoPhdedd (AnDMTR h@liltcoéﬂssfﬁﬁvs HUehlventional
I ntact nol ecules or partial ioni satl oh products

(1031, spmtmmeltdre) f ThuseminiSuckedrphiopal es dua;nhrmlsf nnaofebe used with
\I,\ﬁ% li] E)H ea_%to}fpgrthe reaSCI‘I:IEfj{] S'SC’V I’Tl {5 15€
B SUSEO YR CRT RTINS, ¥ G 8T é% beoék‘ 'é% ?H g

etc. The use of a gas counterflow can assist in
removi ng contam nants fromthe filter, or in
mai nt asucnq:rﬁglgaw u fieréhee eEwast eh e iaetan, Wherpiih prdvided a method of

fil,ter e - for exanpl e,
a1y Shen SFe fae HRAOIBARSARERREIE o "h Foct
af f i nbtawidihg & Gidt dRive aletSictield SohSatkilanyti of an ion channel,

providing a second transverse electric field orthogonal to the first;

ionising a sample to generate ions adjacent an entrance to the ion channel; and

detecting generated ions which have passed through the ion channel.

Preferably the drive electric field is a static electric field; that is, the field does
not vary over time. However a time-varying field can also be employed, as previously
mentioned. The field may be generated by application of a DC bias across the
electrodes.

The transverse electric field may vary over time, and may be generated by

application of an AC voltage across the electrodes. In preferred embodiments of the



10

13

20

30

exanpl e, ammonia, DCM etc may be used. A gas
counterflow can al so be used to alter nobility of ions

wawraokiomssphe filter. The gas counterfl ow may bePEE/GB2005/050124

very low flow rate; for exanple, a mninmal pressure

di fference between sides of the filter is generally

sufficient, since the flow islhot needed to nove ions

glﬁl@}llll&ﬁ Ql@stlfu!lsg 'Qe&ﬂ@vﬁéﬁl' &ﬂ%llée@nalﬁ pect E&Hi?én%ﬁts)and a DC
us mniaturised punps or di aphragns may be used,

verhporrest. dthie L ET ymhpwepbm}ref@mbgmmios@ht‘o tbrp A&Z componem that is, the

ressurised I r.voir n
R eanerorgSull o 1 BEVP nsror o otmarts 7 B B gPyfel, whit
fRtho ‘éoa‘i’;faoﬁé"}@ bys tdhd 18 dEaeeSond ihﬁlaf@tfﬁ'@&h@lw w8l BYthe channel.
the steps of: providing a first drive electric field
Biemgterheay bayatedots papvipesly éessribed. . provi di ng a second
it gﬁ?g?‘ﬁc@agvg Ige {rrglllsgfglfsé:kegﬁ?rféenlg%%%aﬁx 8fe aé)i%ﬁrotl d'eats’umﬂtaneously
PRférablg ethie OdhiVie ah®@ Nrambasige klec@indficlat egt Ig&gelg&ﬂebﬁtaeﬁiurahty of
i ons i ch have passed through the iagn channe
ﬂe@f@e&magh eleatrefig spatriiudiae ajconmmpoaey of §oth the g{w% and the transverse
?B&%Er eifield; that is, the field does not vary over

I e. wever a tinme-varying field can also be
enpl oygel me&ﬁ)dpﬁzewmlmlsdnypmhe Sil’&p@i' apiblginki sedcdinteaffovbef gas across

icati or}~ of ,a DC bjas across the

ener at ed bg a
gwééter 8BRAse ﬁ%@etdpsﬁ

§’é0119”élft“|“? ‘é’“?l eld may vary
over
A\C/: Vofrllfgg?gthg)?ﬁié rtﬁ tfsr@té E’%}h? ?qgnsq;y &plication of

&Binf@dlaﬂﬂpﬂzsgméletthe|fmmmnssmhe zbhehammhsver se electric

The DEVEGHpGTENE! PP PERGDl I SIR0BEUDY GO MM EAgiIient volage

CQPRONEDEratt RAberetute JNiG RGatigOMPONENt wi Il tend to
drive ions towdards one side wall of the ion channel,

whil e the DC conponent will tend to drive the ions
t owar Par.a

oy bOCTATEGR Ao pRELBhe § BEalFTaN AL WPCVS PRGOS an fon

HiBNRY kS @lsﬁ&hbin%tef ised1dss B BnRh&diBfaRkstrdh@M, dRdfilter defining
si mul t aneousl Preferably the drive and transverse

el taastr pre farechpnnal elogerivhigh éansoyay paser and aypleflity of electrodes

gggﬁste{i ?Pgoe)%plla§a%ﬁ%hc& Ctl%ﬁl‘r;e? dlge %l%cu Bdeg l’falte{ng onﬁ g?lgg F daelﬁ]owl_ﬁenel ation

ransverse e

gEh e diye abafic CRIPhlose thd &ensiledr ok 1@@[@1}&1111@ ad genelatlon of a
counterfl ow of ?as across the filter g&posed to th

sicond tianyycee ofastricoficldorihpgonabpsthefigl, Wbetsbbcashpl said plurality of
ElléEtIH% i§ %{U%Neﬁ‘%ntééﬁeﬁﬁﬁf aQ:E)mtplbm@tbloﬁpth'eocﬂﬁ/eb%d the transverse

cat
clectllc ﬁelds.

At least two electrode pairs may be provided; one electrode is conveniently
situated at each corner of the channel, The elecirode pairs are {ransversely separated by
the channel itself, while the pairs may be vertically separated by an insulating material
to provide structural stability. Preferably four electrodes are provided at each ion
channel.

The filter preferably comprises a plurality of ion channels, and conveniently
more than 5, more than 10, more than 15, and more than 20 ion channels. The channels
may conveniently be defined by a plurality of electrode fingers forming a comb-like

arrangement. In preferred embodiments, the filter comprises two or more interdigitated



10

15

25

30

a sufficiently large electric field across the ion
channel . The ion channel nmay be heated, for exanple by

wW@pWbPi1zge suf fi ci ent vol tage across a substrat BCT/6B2005/050124

generate Joul e heating. According to a further aspect

of the present invention, there is provided an ion

filter for use in a spect rometer such as an ion

BRBibdel M H%' ﬁ5v1il\%ti?1ﬁrhﬂztty%'f fefrbid NEAt, dp@i@ﬁilly curved as
one i1on c anne al ong I ons may pass, ~and
ptrevicalsiytdesatibedl ect r odes di sposed pr oxi mate the | on
channgl ,. the el ectrpdes. bein red,to.all

gener Equ?iﬁ&é’ftﬁﬁ 1P7 Pgi‘m}? 5 Y& eg‘?l@@Per it it fiFeligy ahz%ﬁﬁ ‘iell'féwely short
he gi(hhep(inéchﬁn hRRg HaMBhs waNHo@ERRT AkdIANVeBS shRrtSHAMGh a minor
transverse electric field orthogonal to the first,

iaesveisn dggetiondf wishii delptivehalong fleph (il aweiop essvise direction).

L. 5B P RSP B L IPAL Ry tiose «

ebRtictipdlQurpRt t& drByaPee@icd¢] dadbndenivedligids @ae be disposed on two
conveniently situated at each corner of the _channel

fases of & FeoBtvpanbsirater d he sabsinly gwYycoawsise ilisqnpylheheonductive
gﬁ%ﬂ:@%{m E%‘SIBI];SS I nlgidl OZ)EﬁchH' ?Sthm]}’ qg pr,efEltl!ec? @1ln|b¥diments, where

provi
e lsipédtﬂbﬁiet@t abbhi 4 ymichy eﬁwhahaldy scfa@)a,lrthel ﬁﬂisnmﬁealc'arsarface may
provi ded at each son channel. The fil te]éwgreferabl

é@:ﬁﬁmeggg bg eishegt il fory agkesiresishapeaKetotigrgon, and to pfovide the ion
zgl\ﬁgﬂ' ﬁﬁﬁ%éﬁﬁ%ﬂoﬁﬂ as@w?com 1&ott ﬁ]%ge%ﬁmgnt%frﬁq&eg 2hil Alows many

on C anne
cmnwmnnebeﬁynmdzdpmmhﬂdmhymaaphMEaMEty of electrode

];In‘ggg Slﬁﬁ]:'hg 1Y tP%éeilfgﬁ} S‘Eﬂgeégﬁﬁ qlglgggel nth;m mgrcgerp‘ﬁ{ gf lhedﬁlter, and

HE[ Fl'ygéléﬁhgﬁﬁ k4, ofle eﬁﬁz’ﬁﬁbés at &RGN1811R% REYIMGscRe preferred
ural ity of ctrode I ngers, optionally curved as

pmbvdiousisy thedgtr hbed gerRrafyew alof ylcet fremi, snthdhadlreihnsl langh being a

?l ond al tft.ggﬁ'&at deg)ﬁlbﬁt h\%rt ?Igﬁ)éér\% rfeniﬁ expﬁg%negﬁ éltie rlzh%ﬂgéiqength is
1k Q‘itldnvﬁb(l() FNQb s, \l\ésgttﬁ‘an( HOD Qué?oﬂ:pranﬁ rl@s@ﬁﬁd@;i 860 m;cmns while the
direction), with a relatively | ong (in a mj

filtan demh % nire domni Yh{00 mimwors. |Ptr@fpr1§;} éﬁ%ﬁ*&blwg@érﬁm froms 1000 to
ggg gﬁﬂsotnls/\él%gﬁumetfélg?lg Egﬂ)r whi e n}lgl 0%1%,22@]@?1%%\8%%1 ﬁi&:ﬁ %h[i¥ \;5((3)0 to 300

Pace m an el éc
suEébace may be di sposed on two faces of the resistive
substrate. The substrate may conprise silicon. The

conductive surface nmay conprise netal, polysilicon or

ghe | IA'ESGI 1% o efu‘la‘ﬁllélegspgﬁbothhgﬁmsélg i%]lrtign,t {l\gre is provided an ion
pect I'OﬂE ro I ned scal e, e
sidbsitty apetrantes ¢omprsingay ionizer, an ion filter, and an ion detector;

wherein the ion filter defines a plurality of ion channels along which ions may
pass from the ionizer to the ion detector; and

wherein the ion filter comprises a plurality of electrodes disposed proximate the
ion channel;

the spectrometer further comprising electrode control means for controlling the
electrodes such that a first drive electric field is generated along the length of the ion
channel, and a second transverse electric field is generated orthogonal to the first.

The invention also provides an ion filter for use in a spectrometer such as an ion

mobility spectrometer, the filter defining a plurality of ion channels along which ions
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conveniently be etched to forma desired shape and
configuration, and to provide the ion channels, using

w@oweem3ponal sem conduct or processi ng techni gREFGBIINEH50124

al  ows many channels to be formed in parallel, and on
a smal|l scale. Preferably the Iength of the ion
channel |s | ess than the depth~of the filter, and

ﬁ{s&?{ ‘%ng ?(ci S' ﬂ.‘ Ll':tgragit leYec ? e d 319(58 n;gé%ﬁ? né]%ﬂ% %e 191?551121111161 the

tlebfr&tes hﬁﬁlg&:c@ﬁg&fealtb )allmfmlellatlme of arfirt d'mxtehcitdtﬁc field along the
channel length being a fraction ofw%he fi!te{? d.eﬁil? .
langth ofdhe i%‘lmhame;l SeRFraen ibiaPRbiEnsvee cleriEigisd orthogonal
hep@qpﬁls | ess than 1000 microns, |ess than 900

rons, and | ess than 800 mcrons, while the filter
dept h is nore than 10, OOO m crons. Preferred channel
| engths are from 100 mi crons, re era
500 °t Boadgm EroHul M AUeE! b B aneisnl MseTt, (550 s Hrovided a
WS RN mzﬁﬁ%ﬁgh@gmtl@n ﬁlOﬁ)Hft? Bﬁé’ch@ﬁ)@%tth@fneﬂﬁﬁ cBIPSIeME the steps
invention, there”is provided an ion nob
sf)ect r onet er conpri sing an ioni zer an i on f| lter, and
an ion de

ol ur APPSR 4 GHRSAALIREY AT S a0 RE Ryt sqaguctive layer

chg,q@gdhﬁ]m@r{hg@rmglgoﬂ he 1 on detector; and wher ein the
ion filter conprises a plurality of el ect r odes

d| s poset@mmmgxfwenplﬁeeuﬂmg tigaprherate tohprogisiedt filbereaoatprising two

86&{‘?‘& e}{gg{t'ﬂ geggf’ g%@gg Sgﬁytl% zl pﬂﬁ?lﬂ?scifo gm channels having

eleBRbdds @idposddhrbsingeneidéipgnakong the | ength of the
i on channel, and a second transverse electrlc field is

gener herding reakbddieal on @nehice itpst . senrellynplenai i aleisgtor layer
E&%ghgﬁga%@tegc%[‘eltebtréa%f mﬁcPf use in a spectrometer such
as n 1ron nooilili

spéctroneter, the filter defining a

pl ur ahitdchigf fbloexamhﬂm ﬁb@h@mgls@iﬁgﬁh&‘rl ah theooygroagd fimsdo a generally
and a pluraljty of electrodeﬁ%dls posed pr.oxi mate the
PERACIRBIAEIN layfLoRINES IS IHRES lﬁﬁﬁééﬁﬁﬁ V@d to all ow

gener ﬁ‘égg@kﬂﬁ' thé nfe't]‘[ tﬁﬁjﬁlF V@ogﬁlg%@é [eSstdd 6t }S’r()?idg{égeéaﬁ) e control

| engt e Ton channe generation of a‘seco
tfeans Var smtrellegt the celefutxeﬂct arch hhzgoméihsttctnvterm‘a*dnm $ield is generated

ccordi to still furthe t of the

AT It g 19 Clgch ARt 4SS HETS BT Sta fﬁ?ntmsn%mrated
%nhbgﬁnﬂBQhéﬁhy spectroneter, the nmethod conprising

the Steps of: providing a generally planar resistive

substrate having a conductive |ayer

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now be described by way
of example only with reference to the accompanying Figures, in which:

Figure 1 is a schematic of a conventional FAIMS filter structure;

Figure 2 is a schematic of a FAIMS filter structure as may be used with a
spectrometer in accordance with embodiments of the present invention;

Figure 3 is a perspective view of a spectrometer in accordance with an
embodiment of the present invention;

Figure 4 is an exploded perspective view of the spectrometer of Figure 3;

Figure 5 is a perspective view of the inlet layer of the spectrometer of Figure 3;
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provi ded on two faces thereof; patterning, for exanple
etching the substrate to provide a filter conprising

W@ M96/0133p®re i nterdigitated el ectrode arrays ded¢T/oBR@SQ50124

plurality of ion channels having el ectrodes di sposed

proxi mate said channels; bondjng said filter on one

face to a generally pl anar i oF® det ect or | ayer

CONPr k&l fve Sh&E bF AedcARidEE BGBI AihelsBEctrometer of
exanpf%bggg%?ggkgg%ngifter on t%e oﬁposeg facéefg(yomGEI
Geper®l |y planar ionisation |ayer conprising nmeans for

ionispng an. anal yte. Preferably the nmethad further -
compr FRAs T st ERCBre HEo P A cemEet oty it 1§ spectrometer of
p§ﬁ9§3for controlling the electrodes such that a first
drive electric field is generated along the | ength of .
t he i Biguoch@ime pberspastive visscohdic iorapsyaves of Hlesspestirgmeter of Figure
ield is generated orthogonal to the first. BRIEF
SCRI PTI ON OF THE DRAW NGS These and ot her aspects of

the Presfdd id ApeeiHebore Wbk lof ARWilRe 14e6 6f fhbepedaymaty o0Figure 3;
exanpl e only with reference to the acconpanyin

Fi gur Bigurd A0 vikiacpersiEicve aiew jof the detsetradayer of *ge spectrometer of
EOQ%ﬁg:ional FAIMS filter structure; Figure 2 is a

EhE ic of a FAEVIS filter structure as nmay be used

Wi th BiggRect iOMREAh (HowaeE dictdepimsiiof i patiaghdr@niconfing to the
the present invention; Figure 3 is a perspective view
siveRtigpesceppiell@y 1§ Yarigdcor dance with an enbodi ment of

the p I: 108w e 4 i ; ) er

per spoir 2 i B oy ictreodeie BF o R gocording to the
Hivgutien o dcstoae pesispabtie;ve view of the inlet |ayer of

the spectronmeter of Figure 3;Figure 6 is.a perspective

vi ew fgufﬁhé? defil ﬁ%eaﬁl“?‘? Brcrpgizah ng‘ RO pbat F%héﬁ@r”%f?ccmdame
Bli@Un&nbodthGHe fh% Jir%eﬁt iR 1§Bﬁ?ﬁl‘u¥@aﬁ(;‘§%\é BfertdB8cture;
preconcentrator [ayer of the spectronmeter of Figure 3;

Fi gur Bighré d4ashpesstheatse W « iheated fmdrhizanomilzgietubeaydh thd present
the spectroneter of Figure 3; Figure 9 is a

HBFEYEEt i ve view of the filter |ayer of the

spect FORRL 65 Qbwki EnBe Bf 41 CHECBE th SampRENSRBOLIY @he present
view of  the detector layer of the spectroneter of

invention;

Figure 16 shows the incorporation of a standard into the present invention;

Figure 17 shows a detector electrode array as may be used with the present
invention;

Figure 18 shows a switched integrator which may be used with the invention;
and

Figure 19 shows an example of a filter structure formed from stacked planar

layers.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows in a schematic form the operation of conventional FAIMS (field
asymmetric ion mobility spectroscopy). Air is drawn at atmospheric pressure into a
reaction region where the constituents of the sample are ionized. The ions 12a, 12b are

blown between two metal electrodes 14a, 14b, one with a low-voltage DC bias and the
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Figure 3; Figure 11 is a graph show ng the response of
a spectroneter according to the invention as sanple

WO b@e/oiB9vari ed; Figure 12 is a graph show ng RPEEGB2005/050124

response of a spectroneter according to the invention
to acetone as an analyte; Figure 13 is an electron
m crograph of a portl on of anldon filter in accordance

e vent i
%}Ph%lﬁ]aafll Ipﬁldocil mélugh v?ié 1?%&0?.’81?%{0{1'@ &g d%gbjtorr})}ate (tnot shown)
WHereOthed d@ﬁﬁeeﬂlmﬁrﬂﬁiﬁﬁﬁ id rdgtertdl bbnmllateh qtﬂmkiypdﬂscaﬂtowald one
i nvention; Figure 15 shows the use. of an i

| e

slastpids Awingl anpuise tm@SOplaé@émlen%W Wﬂf‘% PBg‘i%*e cleotrode
ows t R 4.0 r t

Prea pefis QRGNS P Ol & § %?‘Z%?o‘?ef%@e%%%‘%ﬁ%??%% plac

aghefhs DEbUSE tw dpprégraatpdiffeenttial mobility oerchRhgendg rm&mg this a

B By e s SHL88 O ML T B 50 W il Bviess

a i1
ERAAEE PR [V g el sy ETA L& i
sgdeatmt | whichr rotréspoogdertat tten apfoupbnefershingnal in@aptvg the relative
(field asy F{I‘Etl‘l c.ion nobility spectroscopy). Ar is
ﬁ?lﬁ\ﬁﬂti%}f‘” 8k c pressure into a reaction region

wher e at gb%eﬁ'ﬁ @HEJgHﬁﬁ‘to? tRd o{zaﬁuéﬁﬂpklﬁa A& bOfhezRekentl Hrention is
i ons 12a, ar € bl own ween two netal el ectrodes

$Hawn mﬂBLgumaélavanﬁtha Thisvdagignt ia getemiEddp pycwamet Hde p@;ce scaling

BB R BB A B A s s o

QHftﬁg%n(Spe'l Aion€ Wlﬁil]@il@l@ltaﬂe@ NSechble Ghtndileyis dbhvenby @vmlcg a dense
one el ectrode during the pul se phase and _slowy drive

aowpiod Hﬂﬂ&Wd}i}@@@ﬁl% éuem@thirgbdémﬁéftmae%hcq@u|1@“ésaw§6lr¥é“ ﬂ‘-fough the
ac |
520 RO 0 I P RS e of o
%h% ]fcﬂ%{’v@ ﬁ?'a@}neﬂ@ %hiln!p!t%s bpa@?mli Hen ehdnneiaR? g tefisedaby the silicon
eren t
b1, BRI RRBIPAREISCIE Y5 0B0aB S TgIr00Es at cach comer of

%Ee? rgl%?an%gzltg L ? i fﬁ&&eﬁg'ﬁ% ch@heRid LY $RE OB dWhictdd Sepresent

analogue adders. Note that the metal plates are replaced by high resistivity silicon. In

addition to the high-voltage pulse and low voltage DC bias generated across the
channel, a further DC source 30 creates a drive electric field to drive ions through the
channel, eliminating the need for a moving gas flow. A theoretical analysis has shown
that jons can be propelled fast enough to avoid ion loss into channel walls due to
diffusion. Figure 2a shows a preferred embodiment having multiple ion channels, while
Figure 2b illustrates a single ion channel for clarity, together with the controlling
electronics. The filter is typically operated with an electric field of 40 to 200 V across
the channel, with the high-voltage pulse being typically from 3 MHz to 10 or 20 MHz.
The drive field may generally be from 10to 40 V.

Figure 3 shows a perspective view of the sensor of the present invention. The
sensor is formed from a number of separate layers bonded together, as will be described.
The ion channels are oriented vertically so that jon movement is directed perpendicular

to the silicon substrate surface. This geometry permits subsystems to be segregated to
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spectrum which corresponds to the anmobunt of charge,
indicates the relative concentration of the agent. A

waehenst3de di agram of the operation of the filRPE&r/GBR005/050124

the present invention is shown in Figures 2a and 2b.

This design is intended to overcome or to reduce

scaling limtations. Qur apprbsach centres on an

| ' i M6k B@S prod
PPN SRR SERUPLIYPUERLS RO AENAIOL 1B0Epoducing o
fiahynatghyedegas hemgr antﬁemsmaresa;oss:biermer ow channel s

through high_ resistivity si 0 ons driv
t hr ougﬁ Hgo‘éqﬁlaﬂ?ﬁ’él’%ct\)’fay lﬁwnSEetr tsreﬂ??épﬁr &%&Hﬁnf@%e 4. The

Ex?elcﬁ bﬂxgtep M 1c?éétzf hembiebtybRsh %Qlti‘%ﬁl B0YE MtcP 3syef.| W top to
t'o achieve punpl ess operation. lon channels 22 are

dettomettiedzylaydre agt: i doint bybrsil; delenidifighilater 68r prieeencantrator layer

nduct i ctr s at each
g lf’Wée‘e[ﬂY‘?léﬁyE{t?"ga)é%gs {bt&?‘?cg%?ﬂ%?ﬁgn channel . C'(I)'Lrgr
arrpl I ThRr8 %8 %@'ﬁlﬁﬂuﬁ@ﬂrﬁﬁngedr@ido&kiﬁd addeestly NeiRified or
that the net ¥ | ates are repl aced by hléqh resistivity

sthlemlemnoﬂrﬁeddmat\ra@mtmf WS ¢1gnstm@ﬂet Byl laysr amjdq:te@mr layer

d acros
Fi e e o wBRHGHE P A S CRRPOE GPALNRr Bodie oy o e
deteMBr eRBFOAN ﬁmlgbﬁadshﬁlgcﬂﬁﬂﬁ%lgrat@i tindui@y ioAgtht NRckedéd or simply
for a noving flow. A theoretical analysis has

steoiwe e apnﬁr@rﬁé,ec@@nw@ @ub%@éﬂe@ae fH$t dﬁ‘@ﬁ’&@ﬁe‘t YrdaRrsepcentrator
%13/@15' &k b@ﬁlﬂ Qé@ qg_éetl\rfr\% Sthg Lﬁ?mhq%)%'l fgrunci ?LF ihigy o? the device

erre

@htaﬁl’ﬁshﬁe cmh!yl leousinguihe sé?lkl;ol |Tlusion&ieesoﬂdS:engtegrat@hwzth the inlet
' Lin

channel for clarit get her th the
iyeehy a?antt’é%ingﬁn*éétﬁe{qcﬂ@fﬁO%S%tOP? EWE anithe @ af e ¢ eteglab. In the
?}hgﬁ gt S ]%l Hnd cﬂPldtlﬂz c?ogﬁoo\s/ec?(if ﬁl§§ﬁ\hﬁohlf%?f&gam%|le 1:1%& Riter and

tage pulse being typical
H@eﬁtﬁn ZﬂxeMﬂzbnc'Etml or bwingdle SQ1 wafer, gamiea glokgusbmldt raam W@h metal

to.40 V. Fig reSS rspect.ive. view t .

SEHEBiom e PR EET TV SHEEGR. TR ETDEHGH P fiieme just one

fbgnlq(fn %st@ mber of separate |ayers bonded together, as
escribed. The ion channels are oriented _

verti €al| yorwept hexcels ohy mbymnssitg issiadli rseast e:moloeltles fcn improved

@8’5 nq%bg fe:ﬂn{cgosgr gv&t[lgﬁagﬁ]zl %}J ESZets é@\«t&e Ea.ﬁeg&ng unplementsanovel
LRVIRRES B8l ek Alsp b walkish biBinafk thesicre Kdmanide keadeds kit allows
the order of ion flow, producing a fully integrated

gas%pi;a@mgmtauwn hMlh@S(glmatme@gz@l 1§;dgtgjrbfa@1h§;atgselowmowel operation of a

%sgd)glgro&t_:ﬁqe.rﬁai c@%t%eldﬁ%o\rfr;ste 8086 1%%%19?88%6 céc?rg P{ugs sens:tlwty
e agdiltsi8bftige dehsorfdal g ﬁllé\%’@ﬁimpﬁ Aproon ibﬂldi}ﬁivﬁlig'libel formance
these |l ayers are: an inlet layer 50, dehum difier

dagreding Grumpdise a“rlil@é)ﬁtchgglmcapglyéqivantages of our micro-electro-mechanical-

system (MEMS) implementation make it well suited for ubiquitous deployment

scenarios.
CONSTRUCTION

The completed sensor is formed by bonding separate subsystem layers together
as shown in Figure 4. This construction allows each subsystem to be fabricated on an

independent wafer for simplified development and ease of production. Details of the
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70, ionizer layer 80, filter layer 90, and detector
| ayer 100. This is only one enbodi nent envisioned and

wW@ob133e6 greatly sinplified or otherw se nodi PCEGBRIVSA50124

vari ety of ways. For instance, the filter |ayer and
detector |ayer could be nerged by using the silicon on
insulator (SO) wafer handle I6ayer as the detector

ect r od d 0 g t ate . YN .
f TELTOIL é‘iﬁ %Ellcagﬁ)ﬁsg%%mrﬁ sﬁlﬁ?stkﬂ g’El %\%}l E%ﬂé%t )r/roni layers are

8udiriedlly interetembaed uéfﬂ@tiﬂ@.l’ghmlﬂb fiaeor singble wire-bonding.
preconcentrator |ayers could be integrated together on

t he sBigkre aydplet bp¥efoved outsi de of the device and

. nt 0 08 IBRIFE! &R Wiiering
in ngpgﬁegw f{lﬁc%t% ng itinl{gelﬁ 2%2[? ry pétp?g{rnl né a He e

ﬂ&ié(ﬁbﬂ while mﬁmﬂtmgmmﬂgteﬁ id anffose tﬂlkmlglhrtd tresindbysigfregipn

inlet slab. In the si case, nsor. c be .

CormoSaRTBRIpTSNIT: el ByBRe SEh HRoaar AR oR T Bpe g ceramic)

A8herbote %iﬁ’)’ &hall %Héﬁ@%eﬂ ebdht PafticiOh® Sk VREIRE thidDgh At has a

porouS inlet cap wth netal ionization materia

fpatpleplaed constticdoniagigosinde.  This enbodi ment woul d

requi ust e bondin cels. b

nar neEarianate B arPan EEEEe e e G or el Maed waers

Héﬁﬁﬁﬁ‘}r 'Tﬁ)ni‘&ﬁhex-rﬁ& idBieh ORtiE Haiply Bshdel kd 8 thyPihe YRS Waldr stack.

Vol tages and i nmpl enents a novel nethod of anal yte

transport whi ch elimnates the need for noving gas

fl owsan u Ss operation. Mcroscale
t her ngf gs@lﬁ'g\'ﬁnb{}{p g@f‘f “tates | ow power operation of a

fast pingdtioacahe Mn@LANSTemis aver in R chinseltie htlﬁlﬁgfyabédle sensor
detector inproves sensitivity. The small_sjize of th

saniyo W aiel yappusa pifets swagthm@ cgpmaggcéshmf%?dl\{l%,n%\;l, g&]ﬂlough it can
gfglvf Eo{ pﬁaéqga%e dl%%lﬁ‘%l{] 9r *H“I% gié)li %’c&n %(p a Q;Qr| fz?cﬁlr 'uﬁ@éifaﬂﬁy to the

m Ccr o- ani cal syst

(TMMH]EI’&W tﬁﬁﬁe ﬁﬁaats | on pomk @eifbrnvambd. Sluntidicy forontloi is achieved by
ubi qui t ous depl oynent, scenari os. CONSTRUCTI ON
Eompieg e RIS OISOTF A Y INE aheog;an% iy YEyag gtzgcomphshed using a

ﬁ}ﬁpe?iﬁ? hﬁ?&él@é{%ﬁ' eRRGE miﬂgy Sh@ehdor %ht%ﬂc@ béford lican enter the

construction all'ows eac Ssystemto be tabricated on
amal g egend@his mvatea] if paiodicaily iléats:tiloqnwgi dpmbed namgiure,

ease qf product| ails af thefunction
fabr Eapstpictign: aawé’féfagcg}é%ﬁlrlﬁwﬂg agiigEh g4 suspended
ZE‘)% tﬁ%%;ﬁ s@TEeCo L ‘s&;ﬁbh YTh&' hfEGORREIREkon§ikBSf a meandering
gug ip vias or sinple wire-bonding. Figure 5 :

balysitichmyere depngtadomto Tlsdichbumitideo mepfbraisi &. [T; y@ﬂmpgmtr@s are all
ccr?n\é E)n parlrhjcgn es%bgt{a%n G%Dtﬁlrel zﬂ%mbem fihm contains a molecular sieve
compound with pores 3A across or less. The pores are just large enough to absorb water
molecules but too small to absorb analyte compounds,

Fabrication: Polysilicon and silicon nitride depositions are performed and
lithography is used to pattern the micro hot plate. Alternatively, a commercial CMOS
process is used. An absorbent film is then deposited on top and an etch release is

employed to suspended the structure.

Fig. 7: Preconcentrator Layer
Function: The function of this layer is to concentrate the analyte for analysis.

This is accomplished using a molecular sieve material 72 like that used in the
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detector while permtting analytes to diffuse through
to the analysis region. Construction: This layer is

wore@e/0t¥39@ i cr o- porous medi um (such as cer an BQT/GBRIV5A50124

pore size small enough to prevent particulates from
passing through. It lias a sinple planar construction
as shown. Fabrication: The mldro-porous nediumis

iR e R LN AT S —
éﬁ%??gﬁ%dﬁﬁ@fg%e Sl pdiod. 6 @ Dehumidifler Layer

, efuncti'on ‘of this layer in to control _the
huni dCbsstobtitthel speasbrbsosvnt §ilm atceyery apucio bt pligg &4 suspended

separation of co unds.in EVI.S, d.,alth i r

Henp P &1 RS FafTon 117 1, B0 fle oS 4 iRphdering

gﬁgsiﬁg&h Wiehd LY oh® 4 RAicBRaSHRMBIEdnbats. |Hrdsbsbrbent film
oor performance. Hum dity control is achieved b

carimivs ngcidvelanaicss compaind with 8 faygappre FigesEpsh s selected so that all
cayity... Dryi I s,acconplished using a material that

8 ‘Xlgﬁ?’vglwgtﬁ%ﬂfe%bsﬂﬁjﬁ%i ty at the sensor entrance

bef or galirtcafan BOkSilicbihamdnailiyet Siifiidgi Gepositiohs materfoahed and
is periodically heated to pu}roge absorbed,n{gi sture, .
Uthogtapbr i3 vyed tA pepieraithe migadiobalste. f AltmgBYd piergnggercial CMOS
mcro hot plate ; anded : OR Sl AF 81chf el :
PR B lse i Mo B PR BB 0Pl MRS, PR, AP Bl rclease i
eRpRIed i gispaldys ild shaptuvd.r e deposited onto a silicon

nitride nmenbrane 66. The conponents are all forned on
a silicon substrate 68. The absorbent filmcontains a

nol ec ey ound with pores 3A across or |ess.
The pg%és' Iz’?@éf&@%f)ar ge enough to absorb water

nol ecéhgsiohutTheofanstial bf ttoe atszativnalagiéry tsetoc ompesu tigs analyte. A

Fabr.ication; _PqJysilicon.and silicon nitri.d . .

IS oo R B DB AR RGPy et gkl opieing diode

g@ﬁﬂ,]‘f‘]ﬁﬁ? B{ﬂ? !EEnaﬁ Lehotvdd @V . ézﬁ’rggﬁ:htimw Morefeelective, but suitable
a

omTer c process is used. absorbent filmis | |
vaeiond eposottyet aonlablep landiation ét emfined eaispletely shfhiroisdonization

to syspended the structure. Fi.d. ./ =.Preconcentr.a

BB NG A a1 oA AER T BT (i By TGP b8l degrade
coneendrahentdhe analyte for analysis. This is

acconpl i shed using a nol ecul ar sieve material 72 |ike

t hat @oedrictionhthiebayer th efssg]’tialiayém}loymav%Flbwhicél ippization takes
3%%%%\(%{"&#? @fhaﬁﬁg&‘f\ﬂe eftog n8;2|61|§,/ gﬁ%ﬁsg Fc?c g%g’ﬁ‘fgttﬁﬂo%gzation stimulus.
CONS IRTUC hieORiord depiablal asaliggr Bentaféi kanpraesgvae spaentially more
T;algcr:t?vet] Satm 1?6! ?;c?eci?odf'ﬂ Sagc? E')&eigedleegs alarm among the public. Radioactive sources
consume no power and can be safe. Unfortunately, suitable UV-LEDs are not yet
available, but significant progress is being made toward developing them. An
acceptable ultraviolet source should emit wavelengths shorter than 280 nm.

Fabrication: A silicon nitride membrane 84 is deposited and a metal seed layer is

deposited on top. Openings are patterned through both. The radiation source 82 is then

electroplated onto the seed layer. Finally, a bulk etch is performed to make the cavity.

Fig. 9: Filter Layer
Function: The function of the filter layer is to admit selected ionic species to the

detector and neutralize all unselected species. This is accomplished by introducing the
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along the top surface of this section, The mcro hot
pl ate consists of a nmeandering polysilicon wire

waeleposised onto a silicon nitride nenbrane 76.PANEB2005/050124

absorbent filmcontains a nol ecul ar sieve conpound

with a |large pore size, which is selected so that all

of the desired anal ytes are alg§sorbed. Fabrication:

Pol ysilicon and silicon nitrid pQsi tjons_are o f
oibaansiieantb a1 BHEGPBBITEEE PO e PRI aREel flgstge fields
hot . pl at e, rpaty Qt'tﬁs@’:lmeﬁélh% abpVied BrR6sdSonsSquickly
ﬁ@é&&%ﬁggmﬁﬁogégt ‘Aflﬁﬁq{rﬁllelse t hen deposited on t_%pﬁa;nd !
hoihahe fgkeggoni eleagicayede tioega dpféusd dfo ttheemicrochannel walls. A

tructure. Fig.8: lonizer Layer Function; The f 4 B
tsj'flnSfL\I/ﬁ}@g iogqﬂl%tg?gi @ﬁctflgﬁg S APP eqr @rﬁ%gﬁg% If}ﬁigxeg r‘f’gﬁy? E.Ql%k{ﬂgplatlﬂ of

R G A iiagels PEPREC Brie e R
L S PRR P i B e oo (WN- LED) ey be

be an
al t er QahdtnetiohVEhiEDyencensptt ef pair lof Interdegitpéaderlegtinges 94a, 94b
but suitabl e versjons are not .vet ai_l. ail ettt il
3 el S e o Al W ey siticon 90

LA LN, 255 6RBlohs SAdt Rall sBeerhioMiziaéd Bficrosc dep, creating many
vlvﬂﬂh%%&t(ﬁe ?‘iﬁ?ter regi on, whi ch woul d degrade sensor

or .
pgpicallyrens & nGuinests) highiagipect ToShRRRRk 03 &1 Wik Hic ffar potipn takes

hol | ow cavi i nwhich ionkzat] k p
PﬁE\lg(ABFt ?éﬁ}eo‘é%lml\(?eocfcg?lled é% {Ihg n%fti%alglﬁeerdis?{gﬁgr %ic%le The large
thSbineR iapahireror3hd Bhnusls hddnk EIRS iamsecantireecfieisntlpbbwgpled into the

as they are safer to _process, are potentj al 'é’ rg;red hiel
sitfeengionsp thatriobireydiputl st Pencg faVIFFYE!IVEYs AR Dy zce very Mgl

ng the,publi G, [ ‘ Fields ar
e e B o RS BEL I RORERENFROTIR, fsh e Tilds or
Rety Y@kl avdidadp! @ns it vaisgeinte cahbgpsogese ssth gabalistace.  High
rrac?,e toward devel opi ng them An accegt able ultrav

j ol et.
senigtivety sHisonds e sq,\]gggteyhgﬁ:éqcﬂgdgshqﬁtfi FesISial, W‘Gp{jﬁ).agsmg from

Fabr | P RiroddiSdd Bid bdideatdBRY AR IR Aobthtic field used to drive
é%g’sﬁi‘&ﬁ{é}a?g%%l f ér?gllgfeageedé%]ayer isldeposi ted on top.
Qpenhnggh deestpatrer ned t hrough both. The radi ation

source 82 is then el ectropl ated gnto, the seed | ayer ;

Fi nal IRpbrigatigg) k1 ¢ cFllps 'ﬁg?‘f dof né@”tcateﬂal%‘é“’tghg]arcgg&  §pnventional
Fi hidd 'H'E?éé? RHAGH iRt dN& OTY RGTdre Breadfustote made with a
fnlulgfoen%cpglflﬁé? {Biglgmt 0 aglm'ct se1llecltaedlh|@on?fc species to . the .
degleedsiztivandevieatayat speeiadly|doped eh dothetidespiecioas theriig conductive

S acconpl_ishegb i nt.roducj ng thei gnizedanal yt e | :
aa‘l,ecg}ofi%)ﬁugfm% G 6%111 gﬁ?]é}a e ng\%h g?xqacﬁ%g%br gﬁ%g]g ox%{lsﬁ%vle LR eiching
e([beﬁ‘iﬁ? ECudeh @b dfeafCine Mg hipameaus Ifyat@s.i Calobldivhy ehow that a 20:1
el'ectrostatic field is applied to propel ions (tl,w ckly

aspect ratio is sufficient; other aspect ratios may of course be used, for examiple 10:1 or
greater than 20:1. A back etch and then an oxide etch release are performed to open the
channels and provide access to covered electrode surfaces.

The filter structure can be manufactured by a range of conventional
microfabrication techniques. One representative process involves the following steps.
The substrate used is a high resistivity silicon wafer. Aluminium is deposited on the top
and bottom faces of the wafer, followed by a photo resistant coating on each face. The
top face is masked and subjected to photolithography, after which the aluminium
coating of the top face is wet etched to provide an array of electrodes. The photoresist is

stripped from both faces, and the process repeated to form the bottom face electrodes. A

further resist coating is applied to the top face, after which the silicon is etched from the
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diffuse into the mcrochannel walls. A transverse

W@@ellavé ng el ectric field is applied to sel eR€T/GB2005/050124
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species with a particular ratio of high field nmobility
to low field mobility. Construction: This |ayer
consists of a pair of interdilgitated el ectrodes 94a,

94b slightly spaced apart. .The rodes .ar .
Toater fasgtusinecieer @@acﬁy@wnreégp%g 0\/11%{11} e Og’?gghomﬁgist is stripped

II:H glteuﬁliaﬁ ﬁlef o FeGHRPR r@ﬁ@Q‘o?‘ﬂgﬂﬁﬁyz@E@dmn@Undr ed

t 3 p, creating many (typically tens to

hundr B yarhitigh oﬁSIme Mclmlanc e hilinere MeTe zdy pasftiaHy braded on the

filter action takes

byttarn dace; tp Aeglags ‘ﬂ)g%tial & albepg% 10015 g&cgun %)sl ag% H{egﬁccgﬁéeﬂ%ﬁ $om the

cﬁnefaééj{o 1?5‘(@ B %E%ﬁ% tIBaNafidhalich ﬁ’ﬂasglmnsubmate is acid etched
iciently coup ed into the filter region, so that P p

tdwémgmmtbmzamdamfahe wefer.deavirga RS SUPHOTt HhFPIRSt ﬂ‘é@é e waler.

V@f};ﬁetl é’@ia‘éti?f@éagﬂg‘[% 1d8 Cp%nqqesubwdaqéshot : e?‘ d%i'ﬂ?st, aﬁ@ﬁe;fonmng the

ransver se are very
§ﬁ?£hmeﬁxﬁﬂgﬁ&h%tbﬁﬁ§ of volts, since voltage scal es
gap distance. High resistivity silicon

that Firell 2chowe e cleeromBrigregiagh 6F & POEIRTY %i‘ 31‘5 g‘k‘}“ﬁﬁe of the
mtoV ]io bott om t hrough each el ectrode generate the

éPl‘EfS{?‘ét 1BY¥¢PPostatic field used to drive ions through

the structure. Fabrication: The filter layer is

fabricated using | argely conventional rnicromachining

technllhg),ew Dstdckgom¥sh i nsul ator (SO ) wafers are

cust o 'Témd} V"fglg fu%ctgdo}ghoﬁ ﬁg'&técydrtIXyéileé{é Q@téhﬁéiﬁfe the signals that

SpeCI es to formthe
Qﬁ’ﬂ@uﬁé |1Mﬁﬁﬂble!htyélod:ellwraﬁld(m&‘xs% thndufran cbﬁ fikigrad dpmppesics, and

contacts 98. Deep rea tlve i on
ooyt epgeironsEY ﬁliaglﬁzagzg by correla linggl(:@?tgé cu %t vbl og%gnals

show t@oalts ﬁ‘ct%gl %]ﬁ?}%@%‘i it 102 i8 Uhdlhdddemt thngIabﬁt name]y. filter
aspect I'0S ma course be used, for exanple 10:

Qilec@foaaﬂﬁlvefehmw@ trahisinfped aide agu:dtﬁean@tq cpféwexaﬁs,d;gdd@nhol logic.

i L 1 T P L ot 11
fé;JRE&rd o trog Y 5o ¢iaB bBer %Mﬂféﬁuﬁﬁﬁné}mema{e&mgﬁl Iafer 108 may be

venti on m cr of abri cation techni ques.
r f1deé s phat |tiwecqm3|eotoesk§ctmﬁ¢dw7ééeﬂﬂ(h&e FUBTIE 0 Yﬂ@s §papyde circuitry to

\T\?’Rﬂe @’1? ljl) 2 tr %g'o;%eog Jas %{Z)an A8 b t\ha’ét fg}é ﬂgin dl'ug%buntmg Multiple

?&ﬁopéhahﬂﬁs W%Iye!Be et ployenesl dbytese phalysis rtiesé. s Taist scheme requires
C oa

Ing on each face. The top face is, masked aﬂd]
sthbf e tfidr electphistapi |asaeoagﬁedﬁﬁymtrafheéFpiw%ee‘ﬁ“Pﬁlé‘ €

al um ﬁnﬁgg‘%}t‘ ' 5 o‘f”(’uﬁtg? ah&’peiés ?ﬁé %1&"’%‘171%5&331@9}1‘@ a commercial

provi de* a ctro e photoresist 1s
mixed-signal BICMOS process capable of the voltages required. The delivered wafer is

post-processed using DRIE and metallization steps to form vias between the circuitry

and backside and is then solder bumped.

In certain embodiments the detector electrode may be integrated into the filter
layer; for example, by bonding or fabricating the filter layer on a substrate which acts as

a detector electrode.

Control And Analysis Algorithms
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stripped fromboth faces, and the process repeated to
formthe bottomface el ectrodes. A further resist

W@ ombim39é s applied to the top face, after whiREI/GB2005/050124

silicon is etched fromthe5 050124 19 | ower face using
deep reactive ion etching to formchannels. The
photoresist is stripped for tXe final tine, and the
filler is ready for further process ari

of |t Pesaenien diliss ovg SPRredh e sl psthen
%OA}vgl?tgon%p &{h@at@&’tc{lgﬂg@?‘frhg eiléﬁ:élﬁc gg@%ﬁfggﬁgiflﬂ?fl gf;ﬁ ?E@ region can
b® Rohaeked onare e}aéesaihamﬂehls raord mlnpltqatﬁdegfayaﬂh@*r possible with

%{v@&é@ié&@%ﬂﬁ y bﬁ&;@}ﬁall ‘B%R}fh’ calj ‘5’1‘5 g &eiglpor(fg’loh’pﬁ ecisely
?}ﬁc{]t e W#l{ {)Bﬁm\%@f BI exfbRET toV @hp@bE Gl fRYhis Nerecidien.  More

é use strates other than glass; and perform ng
tdaplidaeds coritel euidi malysti flgeribnts warerlowFigyar falsg AfEdates by

an el ectr pn mcr h .of

ﬁ‘?lﬁlﬂglﬁ”é Y& 10111HE&8L§ ezﬁlmlflﬁ]a]gﬁr Itldo%h en% hsam%lgla.& Eeat éust two points,
Laxqhe EXBGLIQRIstRBE AlVMECddsiims. of the det ector |ayer

are to generate the signals that drive the ion filte

I ayer The essembicdaapdctraagienr @ay he CeuRactedtio GPTPFISEY r‘EB“‘“ﬁoﬂmh as a

E Sg%tglgpf ﬂ’éﬁ laléUt i’llct‘éalsl aS/ﬁJtre;tn %ﬁttﬁ ogg‘Bl.a‘th%asizgw' H&Q Q%ﬁ to monitor

geastruction: Al systemcircuitry 102 is |ncluded in

this layer, nanely: filter electrode drivers, detector
transi npedance anplifier, data converters, and contro

| ogic., The ci | §ed edify, A ¥k @Hfmloﬁiﬁt'ﬁra test sample
106 aﬁﬁ“?ﬂ% d%ﬁ&éo Con ggﬁe %@%}OJRM104]]S exposed on P

bPRcetdte. QU de ibet gleph paEsitngtthonar yarg tesp@rseedithe device as the
netal |ayer 108 may be added 4ﬁgl:guar

dloacefrasgeng Pb@hth%ﬁﬁ‘é@eelsdkﬁ’f‘%ﬁ e ds s %W‘ESﬁﬁ‘cerf’be‘%““eSponse from
gl u]fer % 4cBicRe éﬁjﬁ'{groﬂ lilxtl-)oth@ Retibe iR@ELRD @it 4 Béhsitive response
UbStrat e provi I'i'p-chip mounting. Miltiple
@@:ﬁeébﬂhuﬁhannel s may be enployed to decrease anal ysis
time. This schene requires that the filter el ectrode
and associated circuitry be replicated in parallel.
Fabr i GatlRfnedtb lor Ghéctohteiets %@c&h@zﬁké aegs (s @esem invention may
fabri cated using a comercial m xed-signal BI CMOS
praoe esisunctzgy aifl lenefitstdfethy clesigy @anét?dl Wil comypational spectrometers.
I |ver§]g waf er i s post-processed using DRI E and
& 1F2'4F1 on steps to formvias between the circuitry

and bagksifen@RAdiiss ahdeRald ebier sibéiMMRcnd product is a fully integrated

monolithic sensor which can be produced with a footprint under one square centimetre

W g}tfcrl%ges and

and a volume less than one cubic centimetre. Its miniature size can be expected to make
many new applications and deployment scenarios possible, and its monolithic
construction will make it resilient against high forces.

b) Simplified system design, modification, fabrication, and verification. The
present approach slices the three dimensional sensor into separate two dimensional
layers. These layers are designed independently and in parallel. They can be fabricated
using existing micromachining processes and easily tested using conventional wafer
probe equipment,

¢) Reduces or eliminates need for additional packaging and assembly. Because

subsections are comected in a gas tight manner by wafer bonding, little or no external
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I'n certain enbodi ments the detector electrode nay be
integrated into the filter |ayer; for exanple, by

whoendiongor fabricating the filter |ayer on a BUDEBR@S©50124

which acts as a detector electrode. Control And
Anal ysis Al gorithnsBecause the filter |ayer electrodes
are controlled using | ow vol tZdges and conventi onal

;yaré{{;g%,g :xsﬁgpqgirgg ar {e)éalinaﬂcs& ackg%tgr '(131%1}]1[ étggl ﬁwzﬁé'eﬁ NGt Bost-fabrication
ﬁﬁ%ﬁblﬁ/%% a0 gxtleﬁ‘zaﬂﬁ'hﬁp CoMSGatedinaym iiefmngmﬁssmttdomponent of

onventional designs. The differential no
e devivscdze Detignamvite simified ma@@ggﬂﬁlwlaw&w“ﬁé}ﬁ%Qmstf%"é’m&ble

or ot O bR-oHiB PR ch, Ik By (U top and dirccted to

pr eci control alysi s

e GREdc I (HERYOtRInt. OWet AL thef dﬂt&eora}law} mw}at‘xmalbylrcmtry and is the
sanpling analyte ion nobilities at rmnu

Sﬁwémgbtmsl,ayqnnﬁtr@mjl -gJfip ggasl g8 fcopRest BW& (thcgﬁl yagqt} goﬁ%pads on the
g&a:i(cflﬁ% fgﬁ{l%'fp 12 clll:l'g‘o'v%eﬁfg%f 'egp?]gp Iﬁig ansesnesbheme requires the

rocessor neans
§1H§1|1Es@§o§d(i@ﬂm§ﬁ&ir fopimdunenk, &ers vitel bwemwsbélw\gé‘@h‘t @nd has the
control the spectroneter and to nonitor data. A sanple

desi chabladntespdicEifct ed as described, and used to

froni t gﬁvﬁnuﬁgﬁue%lalﬁﬂ | el e RfRh PRSoro fabGéHt®n tdchinSlogy JDAlgtandard

i ndi c e varyi'hg response of the device as the
ﬁ”ﬂl@l‘é’nﬁﬁhlﬂﬁ%t pokniques stitie ad VREE of SQhareaswdedri § hpe minimum

2
éw?&?@gveiorﬁ%ﬁ%%ﬁeéﬁreﬁﬁigsoe? eral ve, il aEfiRE , gpume =
osneonfﬁbé ¥1%e§ GRP RS CafeBlk &%oﬁﬁﬁ@tlﬁﬁﬂodﬁfmadﬂmﬁ}t aigf

et 6r & | N accordance with the present invention
nay have a nunber of benefits of the design conpared

with conventi o C t . .
TI ght Ip ﬁ?i%)ll SRy Bwugﬁg; %Hntﬁnﬁlvgéti%nogﬁgsj%?%ﬁﬁﬁ&dﬁay Rdrther comprise

Ghaks ahd Yh! Yarliol180raked;-paaebblk hinenbensor Fashiexample, the
can e produced with a footprint under one sq

Qﬁeﬁhlbmm meayabel 1wd@oﬁgmeexp@g§eck RZRE Jsuchc apithat 50?5 under the name

1}5}“5'-@%3( ZBEM)}S: At 12 tdgﬁglhglsﬁ%o&ea P sEXREGhRG1E MdPRiBnes may

oymant scenarl oS

wgﬁisegn{h]bhﬁcﬁ@@m ithic construction wll make it
t against high forces. b) Sipplifi

deS| griTherinigt 6§ e sPEHOMERD ma@/&helceﬁere% a e 191&%%%:3&5 a number
Sn:gﬁg:g t%%%,{%lea}g %lel%ustc%% r#a l?ﬁclﬁﬂéseﬁoxg'éﬁ%‘ﬁ'gQH@Bewce while the

at e two nsi onal
semi-permeable membl ane still permits gaseous analytes to enter. The membrane may

exclude polar molecules from the active region of the spectrometer; excessive polar
molecules can lead to clustering which reduces resolution of the device and affects the
data. The membrane serves to concentrate analytes in the region immediately adjacent
the sensor, so improving sensitivity. Further, liquids may be passed over the membrane,
such that the analyte can diffuse from the liquid into the device in gas phase, thereby
permitting analysis of liquid samples. The membrane may incorporate a heating
element; varying the temperature of the membrane can affect diffusion processes across
the membrane so allowing additional selectivity.

Selection of appropriate membrane material may also be used to exclude

particular molecular species from the device.
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| ayers. These | ayers are designed independently and in
parallel. They can be fabricated using existing

wWorR@sonsehi ni ng processes and easily tested usP@GB2005/050124

conventional wafer probe equipment, c) Reduces or
elimnates need for additional packaging and assenbly.
Because subsections are connéted in a gas tight
manner by wafer bondjn little or no ext

1 packagienyring p@quplls@d e PRed 35 n?a|l%‘§~§°‘&‘eegf‘r@‘i39| 153911‘1%@1&1%3/ if the
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kagi ng can be a significan
GABRAAEN ik foetintdhntlet cenposture Dewisghsthid rheases a leiatweiy high

B e R SR ek PR
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Ase etector layer includes all circuitry and,
(cadinigao tes yeiod; tsempleapey be ph}ptgupghslzg pagsediadenectip tibe gwmg some
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ate or nounting, offers the | owest 1gossl

wnglbl allcawidg haalyterie diffsse fremithpliguidipiey gﬁ%%mgne @eatmg of the
act ured usin nt| I r
l‘@(‘?ﬁ’r’l%‘?%b‘i}e%@ﬂapa g’t e 10} ?l 9%?‘8?#510 : ggﬁgﬁ%g?ﬁ:‘tﬁﬁgefge shown in
Reesy HRIE. of SO, are required. Thus, mninmm

process devel opnent is required, base materi.a ar.e .
r eadi |y sepazite ap¢rabriape \lﬁ@ﬂ}’u?ﬂéo Re WedRBA saNP ﬁr‘flh%%uc“gﬁcfievwe A

RS BRRA BT AT SR PH kb koo honsining n

SRpeldQNEiesn MaYerfdant reintrodogedi is® a lrtmrcbpargeseoamdamnle Analyte
particul ar a sem - perneabl e

rfmnbtlmnmls@gs%%qu g rasy H:gere hg,lf;gggiegﬁ%ﬁci@gg? Hé{l& iz then
é?‘ﬁgﬁdﬁnﬁ? ford N 1308y W TEX o BIMnk, pRéedd f1RBAgh the silicon wafer,

|cone sem - per neabl'e menbr anes ma
fsbfVﬁlgTﬁJnIYeaUﬂ&Swaﬁm tinkhénee el 1mmbraiﬁqu|dmlb@d arfalytpas il %/1811 desorbed

fgﬁfﬁgt@a;t%g:gfef%g%@@gs ﬁg\ﬁlxgzglfggm?%t eg}og‘(e};gs‘%{n%ﬁagtm gl %pnﬁé af'a location
R@ﬁﬁ) < o GE@‘? SHOM GG 1M ShSpIdaY desice Wby ebet h@nnectable to the

per nea menbrane still permts gaseous analy
t@mmms of fieaspeeTtinciTdo paynibseTant & miﬁﬁedﬁbloééh I”Lfsglhc‘)“ wafer.

o e e eSSl U S5 BTT, S BBR s ot
r&saldthdiOn TaE b6 f d@NAREs SiCalR edlibgationeof the spectromete; response,
and in some circumstances can also correct for temperature or humidity variations. A
membrane standard will release analyte at a generally constant rate dependent largely on
the physical properties of the membrane chosen, rather than on the concentration of the
standard itself. Such standards are therefore relatively simple to manufacture, robust,
and can be recharged without requiring accurate recalibration. Loading of the membrane
standards may be achieved in numerous ways. For solids, the standards may be
introduced during the membrane curing process. For liquids or gases the membrane may
be used to enclose a sample of the standard; and for gases the membrane can be
impregnated and stored in a controlled headspace. The membrane standard may be a
separate component from the spectrometer, or may be incorporated internally into the

spectrometer to allow ready calibration; for example, a standard may be connected to an
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data. The nenbrane serves to concentrate analytes in
the region i medi ately adj acent the sensor, so

WO pe0133g sensitivity. Further, liquids may beCaB2@®d/050124

over the menbrane, such that the anal yte can diffuse
fromthe liquid into the device in gas phase, thereby
permtting anal ysis of |iquid3sanples. The nenbrane

may incorporate a heating el enent, varying the .
PP A TR O e STGHBIAHE G " SEPeg | i [gptn 16, An infemal
&, 9&&?«? ey, 86 gé Sistd Bor BRI Sn SRt AInk M Neh Akt bORhpling data.
SETECT i Vi ty. Sélection of appropriate nmenbrane

Thé efahddrdsrayedaiviib daeend sedtheagtailardwppeatione bitgpreferred standards
nol ecul ar, species fromt

he.devi ce, A .
B! Baks o dueih pERED LAY XTI b7t BT B ATy o 7Bl can be

é@%@;?ﬁm ?;ﬁ'ﬁ%tn EQLPARALEand® WiRahdtNEe %hmamb?; Aitaha iy escurring

se into the nenbrane where they will be held
imdrifdrerithe tenperature is raised; this rel eases a

relatjyvel igh concentration of anal ' \ . R
cevt oo MERPARE SR BL ARy §¢ eB0RRY b PubP By g mprove
§:ﬁ1‘§ﬁfv‘§t?%t§'i‘ang|%%f peetwin edsiegkoditere it & maysshgke sweep the
the fofmof an inlet tube | eading to the device;

sanpénsatiay vblagsost fwngotlie | fltesdesiErnsaropgyiaiaon gpeeies; for a large

i Vi SO sanpl.e data L4 | :
Bk e ST TR R FOURRY LT JLRG, B gt e e of
dasiesiethd /070 & Ralclay thhe tdide vokaye isawppt Gognibimuibasf sameral filters
inlet tube may be i Mmersed in the sanple, a‘low_i%, -
and(pydacaters@ilpwe sechriilismia Franain Hued 19 heipekere! rgfig dairst a specilic

Heat i ng. of e . e id the { different
SEOETS, B D) HRECLALPLYE I  s, of aion
ifalane. Tife ovipaeian diesenmrransvauid/ bak soctete speedumsvigh a number
sanpl e introduction device. AP ' .
bRy lioe PSP 5 oS rerBIANE APEioa A dpest oo possible to
erd b RN Ahoy | Witk ARreedopaAcHRistries |

i“%{?er Eééﬁiz%éﬁ@%t%héﬂ W%@?&Wﬁgﬁggﬁs sanpl e. Anogl yte es
fr@mdeviee sanpipeovies saenirgdend irpduset interferarioe aiectsTiee even several
sanpl eéj nt rf%gucti n device is then | ocated adjacent

1¢ratey U HIRETENaRY- a current passed through the

sili C%ﬁﬂ@x&?&)ro@ﬁ%&e‘ﬁ&nﬂ &Asiiid cdrhee Wi @led dydishen@eliiphedetector

menbr ane. orbed anal yte is then desorbed adjacent )

teheetregascyitopwingle filfen Whanrasingardateciar cloagodmipispthghisds a single

take pl.ace at a |ocati.on renpte from.the, . ) .
e g\g A ]inﬁﬁguaeé\}}}%i(’a{ﬁla'f}n 6’8“%‘% n\,ﬁl 18{1 g%qye&?%a%{ljﬁéé}e{aqm %chs, while

ehBCh LA E B fmdyBe 5PELEEQNRL RFict 0f ARERAd dabstbieditcit@ies may be
béﬁgaggie% ta’lhjr oug)hh the silicon wafer. Various

meedh oathegorel ot e cyiépitbdakendy theions agthey 1gaye drepbitat Wis creates an
SRR T PAE R REH VBl B gELaREghsn: e o
move toward the electrodes is dependent upon the mobility of the ion; and as there is
still a linear component to the electric field, ions of differing mobilities will strike
different detector electrodes. This permits greater sensitivity in detecting different ion
species which pass the filter. An example detector electrode array is shown in Figure 17.

Another means whereby detector sensitivity may be improved is by coupling the
detector electrode to a capacitor which gradually builds up charge as individual ions
strike the detector plate. Periodic discharge of the capacitor allows the ion contributions

to be summed over time, thereby increasing sensitivity and signal to noise ratio of the

device.
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and in sone circunstances can al so correct for
tenperature or humdity variations. A nenbrane

we @zt wi | | rel ease anal yte at a general | y ROHEBaWE/050124

rate dependent | argely on the physical properties of
t he nenbr ane chosen, rather than on the concentration
of the standard itself. Such %t andards are therefore

::Lﬁg\\égl ¥%efl nE{?graﬁog'qll}ngg ulaCtlulrn%tea RUFLd tﬂniqgat?% pé?lsmwty in

A dr a e recal

Loafhl BoeiRHstdrfRes. q@l@b@l@@ﬁe(ﬁbﬁﬁ@@ﬁﬂ&téﬂlﬂw fommﬂfmoe:medtegmtox this is
numer ous ways. For solids, the standards may
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Figure 16. An i nt rnal . stan used .f
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pr ot o®pératibe of ferspedtfimeteycooid damingbratvenprotherigmperature and/or

el ectrons e. separ at ed omt et ¢ 0 d
R o el Mk Fvaroyay i Bot B Fleqg? TRAMMR: &

| nt er {88 RS theMabdtRinehhié IFreias RBfl/descrided ¢ ttans eftysimeonly an
conbined ih a detector array to i g{)rove sensitivity to

alecaivgficldto dimed ipne ghrongh the dilisr.igwél be ppragent ithat jilis possible to use

ecess to.sweep .L.he corpen :
TR e By P R BB AL fSolBhiaPed e 08y sescrives
b2 h9L ABKAR @ dafie difectidifad theort ey dav@ERsht eloiricdididge

may not be tuned to the ana%éte of interest, and t

is a degayflaw mayds ushé ivembedjments sigbpior Hrses nreeens pﬂw&g into the
FB@C?@@%%' W bk gﬁf{ g]e@lﬁgl fitc] %‘B&%F@% Yie Ahd ‘P@ h‘ﬁ@& Iantefédt &k device.

une Si ng e‘voltage to e ect

speeihdivelyanag Viler Oﬁaajr dee bpahted Whith eortihen ananayela‘eomwatuic field to
al l ows detection of a range of different anal

selepinely pomittinas;sengigiding! ragaRst T e iPnei Sciobbaled purcly by a
Shﬁn %‘d{.):lo ¥ﬂtf¥%w’" nunber of channels, corresponding to
tHe nunbe :

_ anal ytes of interest. It is also
possi lth eome chdvéinsevesfhe finteheos theifiled stoictine nwn‘s fabricated as
vol t age but wit |ffer nt do#ant. cherétiu Stri

Femp elyéoht},ﬁ @ an@wé Wein s dlo 18185? EnghE met’ti coated
ehil %ﬁt gr ofifer esz?F@r %ﬁ’i{@c[u%l NiggNtch&dlg Tldyt BE SfofRéd ‘oy, for example,

redundancy. Further inprovements in sénsitivity can be
aphiteringd byapositiog, nelettrqplginget elstiopless  electroplating, atomic  layer
deposition, or chemical vapour deposition. A solid metal device may be produced by
water cutting, laser cutting, machining, milling, or LIGA. Although this arrangement
does not have the advantages of a purely electric field driven device, the ability to make
use of a miniaturised filter with a gas flow propulsion has advantages such as reducing
the operating voltage. Use of an interdigitated array of ion channels compensates to
some extent for the lower voltage used.

As mentioned above, gas flow may be used to couple ions into the spectrometer.

An alternative introduction method is to use electrospray ionisation. An analyte
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electrodes with a single filter. Wien a single
detector electrode is used, this is a single plate

wokiosla1azeasures the total ion current which nmeRCTOBR@S050124

several ion types, while only a single type may be of
interest. A series of discrete detector electrodes nmay

be used, orthogonal to the extd path taken by the ions
Lss'sc%hgeecy 1rn| &ﬁye%ltl%?m[:éd h%t}%\llai] 85} ﬁ&r?ﬁétﬁl:%et%giregﬁ&@ﬁgﬂﬁﬂlIs gharged

ThisWhidadest b&hh@ﬁSm{mN@ ekpall&ti ddﬁ)bbtseiwemﬂlr and:esccvakx ated towards an
dependent upon.the nmpbility of the i and as

PBPGStply | char 265, RELHO e By ahts lovre uraes ¢ Pen-rﬁfdéq’a&“‘fe ionizer, as
g@p%s%nﬂh{ lgﬁhﬂﬁg AJHBEH onfshSn WithbuStdatike Whikh @beRtde Fmde some

ector e IS permts great@r sensitivi
il gted, ead bisg pelmhitshe imnisatinn e pemiesaghinotecples sudhas pcptides

,f :1| f:,eg\{]p@q ee/ﬁFWIHE ﬁéggrgrq(%ﬁ g:té\&?;g @éf oy a%}] descrlj%ec\{manmaniy in

ga%% ok 'h%ﬂqh? ar(%felbﬁl WCHREOY Q411 b8 aPYar6QUBAt SietablBilter structures may
tector efectrode to a capacitor which radual |'y

beinlads fiopy wiipdestaskei m)dhmr teis, iogmevide pifitier hanang much longer ion
tecto Perlo t.he capa

ki AR P @bt rTBH KA o B ClimaErou Tty fack may be

therehlyy icBakRas RO paRNsi twiild Y aakk: sihgbake tio ﬁﬁﬂio&ﬁuly suited to
ratio of the device.A switched integrator nay al so or

mepecate bv@nwfgel@rq; c§l jteqkied danse AERRgARIENY MAY eepelagied using macro
g%rl(% gcﬁg]%%legﬁes such %?ﬂl gc?a{t%dc Ee%nﬂcslw?tgg, %C\Rr?ﬁj a?%ﬁ@roscale such as

QsthPUhe VEFABgﬁrocéﬁQd [Rues &c ol iig3iedse hini kengthcbe dosﬁ Ochlaﬁlwst in this
the device. An exanple of a switched integrator is

smboinient, At dgupeclagble| thatc Hiig smkodinsst ofeht dnvepen operates with a
BRREERNT P e 00D el EGRERL ANY DI AR T ARLRAA! Bhnncls. A

or detection tector
béheattit Vidisadtiqes s i flak htyudtufrehaaémm i8 émglhe 18t regul ar

intervals. This operating node may be dto der, .
power ThHYERHRICHHS aﬁelletlaeis:flb1na;ﬁ§10&ﬁ@%5? EW didlegntigg that is,

ﬂ{%VA@ecomyé &ént'cﬁ” tH@Elﬁbﬁr‘é}s@rﬂél’d Fhf k%%’h? biikd W@ﬁbo@m@%‘(&e@ &F the ion

I's inten be used for prol onge nmoni t ori ng of
smpkekgutoéphaseanpl e, in security appllcatlons or the

varyi RGC SHECHAGHPmaY ek AT RS g SOk BRI ORI on the
%{?{Yib GReréoT, [Hé8e nfaQ B@ﬁ%o?ﬁﬁcﬁ? rfo@’éﬁ'ﬁﬂ%@ @fd hiwpdRMIEeWhere the

hough the i nvéntion thus far een described in
icer piganotl osipuses reijcoan oemehmms@nfa etidatian df itheesurfags will occur,

bleERe eurlcel bt pl e de e B inah s Wi be sublect to
bl Rmtiogiahes wallGReNESE ChbRWcase Rtk BoiSof cBpGer ddiIpits ofifiation of
as a flowin the same direction as the ion flow driven

e suhfaced dbe ehannel el d.

The spectrometer of the present invention may be coupled to one or more other
detection or analysis devices; or the spectrometer may be operated in combination with
one or more other analysis techniques. The spectrometer may receive analytes from
such a device, or may transfer analytes to said device. Representative additional
detection or analysis techniques include mass spectroscopy, gas chromatography, ion
mobility spectroscopy, liquid chromatography, capillary electrophoresis, flame
ionization detection, thermal conductivity detection, and solid phase microextractiosn.

Any or all of these may be combined with the present invention, and spectrometers of
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A gas flow may be used in enbodi nents solely for
i ntroduction of ions into the spectroneter, while the

we@k@e133es fi el d operates once the ions have enkP€&r/6#2G08050124

device. Alternatively, the filter my be operated with
only a transverse electric field to selectively admt
i ons; |ongitudinal novenent o%6 the ions is controlled

BBt P 4 Bt 9 o e SRR 0 e

fmbrtigat ed as conpletely solid netal elenents for

operating in gas flow npde, or as a metal coat

si | | cOWOGEPISEaEHIvRAPET OINCEEmpters qﬁéllfa|plf’é61§tmwaﬁwayﬂfﬂéde drug
%aﬁea%a&fs In%r qtﬁﬁw&ﬁb SPYEE R Wy ﬁveﬁﬁlozﬁﬂwsﬁnthe device may be

el ectT o ectro éss electroplatin

Lsedeab d@&poscb}mnle m:xelaimll@d?.&fnga&kmg dpow thedfspm iatdoomolledl substance in

solid netal device ma p guce ter cutti

thesehalations A2 YRR WgWOHh % fich Suigliegand Aﬂl}lﬁlsugr?ﬂ existing

f e yNAYE dihé: ﬁdmdagﬁs Rhe Bnalysis. Tl

%{l}é}%l@ técfhﬂﬁﬁ“ c ?192 ngfr)l? veﬁj %e\}l C(Eel the abi | |ut ye t (l)m ysis. The

meleboliee tobe detedted ddapand s thefsubstamcevp bh scaecg'aaé 61 ow

propul sion has advant a .

ope TG P DGR Ble T SQHn P B GIREAD the At a3 gpality of the
fﬂ c cannel §ifOTRENERL &Sl OFE BXlafMantOkudiNas! RWeknd tetra-

tage used. As nentioned above, gas flow may be used
tldow@upbie&l apddrit mmdatetl heclécpxephmv@iﬁeSeﬁctlomt@B pbhearesget invention

i ntroduction net is to electr ionis

A VRS oG 088 obRrbBidieh S pbPRBR s OiRPLh 8k may be
Ate@ Mo taltofk-BIeped ﬁm&mg‘ﬁltéﬂﬁb@fb diswihiarBedeck1df sSstandard wine

uces a charge on the expelled droplets which are
h@kﬂ@l dloating faravrttydestiag qﬁ p\p@%‘ﬁftnaﬁ?ﬁ éhsirglarepion gestea light alert may
ri.fice. Thi.s allo - [ [ ;
B8l i LA, M S AR, ARS, Wiy e
Wk B9 wiayhBatihdigporafet CiteC @ Ul Gihe dagtiad eprs dnkiodnitey te ensure quality

and al so perm.ts the_ ionisation _of sone nacronnlecules

sQTp! 5 i’b‘éﬂé@it% Thpyavicerpgy plsp t@rll%gﬁﬁéﬁlﬁla}@ ¥ dyapen over corks
i

e L R Rt L S .

that suitable fllter structures may be nade from

mul tiple stacked planar |ayers, to provide a filter

havi ng nuch | onger ion channels than those of a wafer

structure. Alternate |ayers of the stack may be

electrically connected in parallel. While a wafer

structure is particularly suited to m croscal e

manuf acture, a stacked planar arrangenent nay be

achi eved using macro scal e conponents, such as netal

coated ceramc layers, as well as mcroscal e such as

usi ng the EFAB process. Due to the increase in length

of ion channels in this
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enbodinment, it is preferable that this enbodi nent of
the invention operates with a conbi nation of gas fl ow

warweeisesric field to drive ions through the RPCEGB200S/050124

A schematic illustration of this filter structure is
shown in Figure 19. The filter_structure of the
present invention nay be dri véh differentially; that
AC component of the transverse field may be

apﬁiied to opposing sides of the ion channel out of
phase. The ion channel may further conprise inert
conductive pargicles ocated on .the walls th ;
t hese I n) 19 MeRHER APIIOMELT CPEPTIEREAPI& 5B} g fon Tiler, and an fon
gaﬁagprticles Where the ion channel conprises

Icon, over tine sonme oxidation of the surface wll
occur whaiieileiﬂtie nop filler deifiees atileast opy Opehwinss alohg tech ions may pass

e i ner.t rticles will not be subject to

geV| . a&
R FH%H”XQ%'méﬂn F°hABYVi de a conductive surface

for i %ei‘éﬁpflﬁ%n daePidiBpraves 8 Pphirdinty OF eled@oddsdigfe8edproximate the
the channel. The spectroneter of the present invention

unnn&nm@oupled to one or nmore ot her detection or

anal ysi he spect r -

in co srl‘figf fodtﬁeq {uﬁtﬁtg 1 comprisie %leégf%&ércogﬁéi nglatgspﬁt %Bl?tgolimg the
tReNGIA UASsh thENG HREElivosettat ERY sl @neiaws zamag ylteel&téthmfithe ion
such a device, or may transfer analytes to sa

abann@ie an@épﬁee@tﬁnit asvese glgairici lsdis gaeeded @#ﬂtﬂonai to the first, and
anal 2 I S r S

%cér ap%d 8#1!12%1*{0%% %%ﬁo@%pféc \B)ggééiolp yg%lgyatmggn component of

@Btitctﬂat:iﬁgdf aphyanscaps ¢leariy fieldect rophoresi s, flanme

i oni zati on detection, thernal conductivity det ecti on,

and solid phase m croextraction. Any or all of these

nmay be R be4 1%? Br &1k Pf\?t?é?éih tiié“aﬁ%t él@cﬁm? BB ; 1s a static electric
spectroneters o e present invention may a
¢ielbi ned with other spectroneters according to the

I nvention. Two representative uses of spectroneters of
the present invention include drug breath anal ysis,
and qyairpJ ypeeeaﬁqte@i o?f:laWh Eor FQlhelli Shh SRVE s BRENR! Fold varies

the device may be used to detect volatile netabolites
owmgunating fromthe use of a controlled substance in
t he exhal ati ons of a subject. This would be nuch
qui cker and sinpler than existing anal ysis techni ques
whi Ch49?ﬁ@%§ﬁ’é ch¥nfe®r Yo r @MuiRad, whebdi @b tr@isvbifsh Resctric field comprises
anal ysi s he metabolites to be detected depend on the
suPdi emsponent d sPCeenwanddr . Wne is susceptible to
taint or corking which inpairs the taste and quality
of the drink. Corked w ne includes a nunber of

cont ani NMaipecEoEbeRst &ify pre@ddthg @A GHeai @ 8t d€dtR¥es are disposed

adjacent the entrance and exit to the ion channel.

6. The spectrometer of any preceding claim, wherein at least two electrode pairs

are provided.

7. The spectrometer of any preceding claim, wherein the filter comprises a

plurality of ion channels.
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and tri- and tetra- chlorophenols. Spectroneters of
the present invention may be used to detect these

w@owpowsgs. | n sone enbodi nents, a spectronmet ePCTER2098/050124

integrated into a cork-shaped housing intended to sit
within the neck of a standard w ne bottle, allow ng
for ready testing of w ne sa es. Asinple red or
gr eengl irght @éél%l;ﬁet r P; 1'h ”F%E’é?&ﬁttﬁg ibAtdPak: ‘éiFeVB fhed by 2
to al om1raB rea ng o resu Al ternatively,
dewilte ofrelyctivelei fimgersgomaine d cnnlbdﬂa anangerbatit | i ng
production line to ensure quality control of the
bottling. The device may al so be used to sanple air
dr awng opjes sp%%&ﬁetgieépa[rﬁ/ ﬁ@éédﬁﬂgrtgmﬁp We?em Ui% ﬁl'f@ Q%mfpﬁﬁes two or
contam nants in the corks themsel ves. i on
nobs inkargigd pled eleomedesnraysrgach siraghavng @muzzéﬂy oweqtttmle fingers.
Filter, and an ion detector; wherein the ion filler
defines at |east one ion channel al ong which ions may
pass {0.0MMet pectir@REEEsT iy frbcedinfpncigigt, eficddin tRNEIthIRisel generally
the ion filter conprises a plurallty of el ectrodes
wpdpdikedoproxi mate the ion channel; the spectroneter
further conprising el ectrode control neans for
controlling the el ectrodes such that a first drive
el ect 11.c The edpdciromegrenesfabeyd peadihg Riailenghdeiaf thdepectrometer
ion channel, and a secaond transverse electric field is
fRmRisEs @ @lEritH oG Smstiond layses, eaghdeyer Sawngnaraielikeaormof
said plurality of electrodes is involved in generating
a conponent of both the drive and transverse electric
fiel ds2. The. sp&'dtmn&;qb@uifranmmedmg cthiaj farther vdreprding bireor more of
drl\{ el ect Aldlsastatlc electric field. 3.

e et SrERdiGer ey s RFCOICCRFETIRYET he
transverse electric field varies over tine. 4. The
spectroneter of claim3 wherein the transverse
el ect t3.cThe edpdctoongieri ©€ sangn pACedpgpdnentfding eorB@ising a semi-
cOl ent The spectronmeter of any preceding claim
Rﬂggﬁﬁﬁnﬁwgngﬁéctrodes are di sposed adj acent the
entrance and exit to the ion channel. 6. The
spectroneter of any preceding claim wherein at |east
two el4ctirogtecipernetsr af elapnovdi wherein the membrane comprises a heating

element.

15. The spectrometer of claim 13 or 14 wherein the membrane is in the form of

an inlet tube,
16. The spectrometer of any preceding claim comprising a standard.
17. The spectrometer of any preceding claim comprising multiple ion filters.
18. The spectrometer of any preceding claim comprising multiple ion detectors.

19. The spectrometer of any preceding claim further comprising means for

generating a gas flow through the spectrometer.



10

15

25

30

7. The spectroneter of any preceding claim wherein
the filter conprises a plurality of ion channels. 8.

wab@o®msed roneter of claim7, wherein the ion RCEHGB200S/050124

are defined by a plurality of electrode fingers
formng a conb-1ike arrangenent 9. The spectroneter
of any preceding claim mhere#% the filter conprises
two oﬁ% nﬂ{eesp'emcﬁﬁgbl%it (ﬂ&lﬁ'ﬂl@l\‘ﬁ’l@;ﬁﬁlp% 25 TS5 ae&ﬁllﬁtezﬂow against
array having a plurality of electrode fingers. . The
fpeltecooet fanoofmanypl prnecedi ng claim wherein the
filter has a generally wafer-like form 11. The
spectronmeter of any preceding claim wherein the
spect § PBLE lsp &RBRTc G ST AnyPprdcaliing Yelfitn frunmied | on usmg means for
Iayers each | ayer having a wafer-like form 1 The
b@@@@ﬁbmﬁh@r of any preceding claim further
conprising one or nore of an inlet |ayer, a
dehum difier layer, and a preconcentrator |ayer. 13.
The spPECThOPEEfonderady cRiigCBUIWIGraih ah® iedfibh @ficans comprises a
congr|3|n a sem_ _perneabl e menbrane. 14. The
ale oFHETEIs TGRCH by PHIE STOHAFRINE.  he menbr ane

conprises a heating elenent. 15. The spectroneter of
claim 13 or 14 wherein the nenbrane is in the form of
an i nkRtTHeuhectrdifeterl b arpppetedhne tiaim ofheadiy tiy Rmedhange! includes
clai mconprisin a st nda 7. The S ectroneter f
Sy coREEYr Ratticlesilppated At 1%‘rvﬁé pithe Fb‘f“ée fAng it§ keéatﬁ

18. The spectroneter of any precedi ng claimconprising
multiple ion detectors 19. The spectroneter of any

pr ec egd.rithecdpactnortheiet diemycoaqedig cdeginnednsirf the ion filter comprises a
g{gfrﬁgln a gas flow through the spectroneter.20. The

BELUIREA¥TEr of claim 19 wherein the gas flowis a
counterfl ow agai nst the direction of novenent of ions.

2 1. The spectroneter of any preceding claimfurther

conpr 25iTiy spectrsndtorofhautifl nlpimhé t6 28 tvdrerei fie ivhdilter comprises a
S tropeter claim?2 1 wherein the healing neans
B@Hﬁ?Ygggagi %%??ﬁ?@ Swhich is heated by Joule effect

heati ng. 23. The spectroneter of any preceding claim
wherein the ion channel includes inert conductive _

par t i ¢.ehel peeiraaetonof hie mededingotlainhwhelsaniieliomFlmgel is curved
b afeRALD-

27. A spectrometer according to any preceding claim when coupled to one or

more other detection or analysis devices.

28. The spectrometer of any preceding claim further comprising control means

for operating the spectrometer periodically to sample at intervals,

29. The spectrometer of any preceding claim wherein the ion detector comprises

an electrode coupled to a capacitor which is periodically discharged.

30. A method of analysing a sample, the method comprising the steps of:
providing a first drive electric field along the length of an ion channel;

providing a second transverse electric field orthogonal to the first;
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24. The spectronmeter of any preceding clai mwherein
the ion filter conprises a wafer-like form 25. The

wWGepwentBoet er of any of clains 1 to 23 wher ei nP€NEBR@H/050124

filter conprises a plurality of stacked planar |ayers.

26. The spectroneter of any preceding clai mwherein

the ion channel is curved or &r pentine. 27. A

spect [ OB &1 AR IHLNRrA O 0ADYARERE 8 LRtntt &) e WPthannel; and
coupl ed to one or nore other detectlon or anal ysis

devi céstectify gefinmtedpecst whink heve mhseriiropgk dedomghayinal. m
further conprising control neans for operating the
spectronmeter periodically to sanple at intervals. 29.

The spectiomeea o@f:laﬁﬁ)ﬁopﬁvﬁl@l%m i éﬁ?ﬂv@iaﬂ&i WaRERIR ldific fields are

ion detector conprises an electrode coupled to a
geppaaipd by aiuehtyl of ghesitodeli, cagh sledliasichvanigibytinga component of both

t hod of, .anal ysi ng_.a .sa , the nethod conprising
Tt 02 By BT RReRBB IR o "ar (Ve o ectric i old
along the length of an ion channel; providing a second
transverse electric field orthogonal to the first; ) )
i oni sPhglle gwiadeot JaigeAeoat3d. Moween diadir clgairic field is a static
gﬁg&ﬁaﬁgato the ion channel; and detecting generated
[

I'ons ch have passed through the ion channel. 31.

The net hod of claim 30, wherein the drive and

transyerse electric fjelds _are generated by a )

pl ur aP3t Yhomegiodeeh glaws 30eddnorPécrhea Bntmsnerss sipcliic field
-.0f both the drive and the transverse

g ggé?)&i@fgﬁnlg'el ds. 32. The nethod of claim30 or 31,

wherein the drive electric field is a static electric

field, 3 Th t hod of. cl ai m.30, ,. or 32, wherein, _
t he t?ﬂani(}%ﬂ%- gt} @Etﬂwcoff Flayms éﬁrfpe’g dudher (amprisgygperiodically

TepeatiR! 10 epd toalpRf at Ghighal. 30 to 33 further
conprising periodically repeating the steps to sanple

at intervals. 35. Anion filter for use in a

spect ter such.as an ion nobility spectroneier, the -
P VL er ot i T e Fiedbe SREOTHR A ATORGL I sffcomete,
HRMBRAYAMAS 8t 1eBRGNA idH eHafhéltaYorRf wBkR $ds 08B Spdd, SRAR§ urality of
proxi mte the ion channel, the €l ectrodes being

eleeifadgs disgtosed mptinwicibneemehiaonelothegldcirodes hing/eonfigured to allow
génn%&}t{oinco. iae}‘n%t adlrl(\)/g gelécrt]gc lf%?cgtavon%f thtehl%nigtﬁnofc Bfaen po%l thannel, and
generation of a second transverse electric field orthogonal to the first, wherein each of
said plurality of electrodes is involved in generating a component of both the drive and

the transverse electric fields.

36. An ion mobility spectrometer comprising an ionizer, an ion filter, and an ion
detector;

wherein the lon filter defines a plurality of ion channels along which ions may
pass from the ionizer to the ion detector; and

wherein the ion filter comprises a plurality of electrodes disposed proximate the
jon channel;

the spectrometer further comprising electrode control means for controlling the
electrodes such that a first drive electric field is generated along the length of the ion

channel, and a second transverse electric field is generated orthogonal to the first.
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generation of a second transverse electric field
orthogonal to the first, wherein each of said

w@kwsalizpy of el ectrodes is involved i n gener abCHGBa005/050124

conmponent of both the drive and the transverse

electric fields. 36. An ion n?bility spectroneter
conprising an ionizer, an ion #ilter, and an ion

detector; wherein the ion filter defines a plurality

of ion channels along which ions may pass fromthe

i oni z&7. Awnidrh@ltérdnr det iect pegtranedenhieh ek an tisrermobility spectrometer,
filter conprises luraljt f . el ect.rodes di sposed .
HieoTarae B R e HUATSRA NG FERS et HOn TR ) e and 2 plurality
6P RREISAR Ui §cREd ?Rﬂ(‘ﬁnﬁt@r}hé Qbn ORAMS!, frps el‘é@t%de@!ﬂeh%gg&ﬁ%ured to
el ectrodes such that a first drive electric field is

gdee resnerdiion ohg firtedriveraigdiofieldrongoiredergihof theles ciannel, and

second transverse electric .fi.eld s _generated
SR e BT BRI P Snl BBl Re AR LR e 1
a spectroneter such as an ion nobility spectroneter,

the filter defining a plurality of ion _channels along
whi ch38.0fs metlipdp as Snaraetging ag 4pr tyollityespectippgs, the method

' roximate the ion channel, the el ectrodes
RGBT

gured to allow generation of a first drive
el ect piowidingeld gaheniy thenal esgttiveokulishetei havishannehductive layer
and,generation of a second transverse electric field
BrvisgeRdrotdeccs fersafr st . 38. A nmethod of manufacturing
an 10 atf@?ﬂh% 'tﬁeym%gt?zg& E@&%t.'ﬁfe’a i C%%)P% GRURE nvdrP Shterdigitated
the steps of: providing a generally andr resistrve
slebis¢deatrmayraviefiging e opiduadity \é loay elfanpelsvhawmek atectrades disposed

faces thereff; atterning the substrate to provide a
PIOXiBRte SHASPFEERy two or nore interdigitated el ectrode

ai t ay§o,fiefhd Nhidg fifeP! g dhé tMcOfiol Q?eﬁ@ﬁﬂ? e{)]ﬁneﬁa‘i/chﬁ Qetector layer
el ectrodes” di sposed proxi nmate sai d channhel s; bondi ng

sanprifing & detecinr engdrddecend o a general |y planar ion
detect?

or.layer, conprising a detector el ectrode; and .

at t acHARmELHR FITFE B T oRmsSE6daa: Feaea g ghar Iisation laye
B8NBAAhS MelhsHBA oni Py &ﬁé}iﬂ%ﬁe.! ayer conprising means for
i oni sing an anal yte.” 39 ion nmobility spectroneter
conprising an ionizer, a plurality of ion filters, and
an | 099.@% 1eo(l:1tn(1)55iiity spectrometer comprising an ionizer, a plurality of ion filters,
and an ion detector;

wherein each ion filter defines at least one ion channel along which ions may
pass from the ionizer to the ion detector; and

wherein each ion filter comprises a plurality of electrodes disposed proximate
the ion channel,

the spectrometer further comprising electrode control means for controlling the
electrodes such that a first drive electric field is generated along the length of the ion

chamnel, and a second transverse electric field is generated orthogonal to the first.

40. An ion mobility spectrometer comprising an ionizer, an ion filter, and an ion
detector; wherein the ion filter defines at least one ion channel along which ions may
pass from the ionizer to the ion detector; and wherein the ion filter comprises a plurality

of electrodes disposed proximate the ion channel; the spectrometer further comprising



wherein each ion filter defines at |east one ion
channel al ong which ions nmay pass fromthe ionizer to
W@ b@oltazvedet ect or; and wherein each ion filterPCT/GB2005/050124
conprises a plurality of electrodes di sposed proximate
the ion channel; the spectrongter further conprising
el ectrode control neans for c%%trolling t he el ectrodes
%HE@O&J@%B@I fl’r'eﬁrﬁtfogédl\ﬁ%ii éqgr& EfeCirdde stk HaOERRE alg@éjelectric field
al ong the I engt n channe and a seco
tsr@nsmaadséo@ the tlamgﬁh bf tk dori (ﬁmgmiemﬂit ®gkcond tragwaak eleotric field is
t he st 40. on .nobi y..Spectroneter conpris
e Fuhosainl | B it o BRSO ce, Tor perdl
!ﬁk%fl@h]@tetr P@lréd?@llfy'tbtsﬁfnpl@%f If&ga1gt |east one ion
channel ong wh Iohs may pass fromthe ionizer to
the ion detector; and wherein the ion filter conprises
a pluraljty o eI ctrodes di.s mate the. ion .
channdl At fr g BT bR erpur e wBh rarHaPBiiy Sistometer
gRnfired ccﬁiﬁﬁﬁﬁné Qf pRi@ T &ltdldhgﬂat%@%l&'tl%ﬁﬁ @Qﬁrﬁnéqﬁ Itﬁﬁlﬁ? of ion
a first drive electric field is generated al ong
Pleatigeln alsmatvtidch ions svapagd . and a second transverse
electric field is generated orthogonal to the first;
and additional control neans for operating the
spectroneter periodically to sanple at intervals. 41.
An ion filter for use in a spectroneter such as an ion
nobility spectroneter, the filter conprising a pair of
interdigitaled el ectrodes defining a plurality of ion
channel s al ong which ions may pass.

ing the



