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wo b@7hssient i on [ 0001] This invention rel ates geaEGBRA0Y/050340
to particle sensitive or radiation sensitive devices
i ncorporating adjustable elastoneric materials
containing adjustable elastoneric apertures, and
nmet hods for the fabrication of such adjustable
el astonmeric apertures and nethods for the use of such
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and/or radiation are essential thenmes in both the
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be used for detecting, neasuring or controlling matter
and/or radiation because they provide the focal point

rough _whi ch the passage of tter and/or radiation .
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a particle-sensing device called _a Coulter counter,
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and/or radiation occurs and mechanisms for observing them are well known.

[0003] Moving particles that bear electrical charges can form an electric current
and apertures can be used to detect, measure or control particles that are charged.
Electrical measurement of the electrical path of ions through an electrolyte filled
aperture was first disclosed in US 2656508 for use as a particle-sensing device called
a Coulter counter, which comprises two substantially isolated reservoirs of
electrically conductive ionic fluid. The two reservoirs are separated from each other
by a substantially, electrically insulating barrier in which an aperture exists through

which appropriately sized particles can pass between the reservoirs. Electrodes



2 placed in each reservoir provide a nmeans to generate
an electric current of ions through the aperture by

wo b7aggabd cati on of a potential difference, orrPeDGBage/ 50340
across the electrodes. Particles caused to
transiently occlude the aperture can thus be detected
by nonitoring of the electrical signal in a techni que
refg{red to as resistjive pulse sensing. The.transien%.
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secreted by the bacterium Staphyl ococcus aureus, which
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PAMMUBALREESsin secreted by the bacterium Staphylococcus aureus, which

assembles from a water-soluble monomer into the membrane bound heptamer and

forms a ~2.0 nanometre diameter aperture within a lipid membrane. Application of
the alpha-hemolysin pore for Coulter-type nucleic acid particle analysis has been
published (Kasianowicz et al.,, “Characterization of individual polynucleotide
molecules using a membrane channel” PNAS, 93, 13770-13773, 1996), such
publication showing that an electric field applied across the aperture can drive single-
stranded nucleic acid molecules through the alpha-hemolysin aperture singly whilst

embedded in a lipid membrane. Because the diameter of the aperture can
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8p¥Miires fabricated in two parallel sheets of pol ymer

filmwhere adjustnent of the effective aperture size

is made by controlling the degree

[0005] Methods for regulating effective aperture geometry by controlling the
degree of registry between objects of a fixed geometry have been disclosed. GB
2208611 discloses the use of apertures fabricated in two parallel sheets of polymer
film where adjustment of the effective aperture size is made by controlling the degree
of registry between the apertures in the parallel sheets. US 6706203 and US
2003/0080042 disclose an adjustable nanopore, nanotome and nanotweezer
comprising two sliding solid-state crystalline or ceramic window apertures overlaid
to create a single smaller aperture where adjustment of the effective aperture
geometry is made by controlling the degree of registry between the windows.

Piezoelectric actuation is utilized to achieve nanometre-scale mechanical actuation
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counters but lacks the capacity to be precisely opened to a specific level for the

purposes of detecting, measuring or controlling particles and/or radiation.

[0007] PCT/EP2005/053366 discloses an adjustable elastomeric aperture that can
be adjusted for the purpose of detecting, measuring and controlling particles and/or
electromagnetic radiation. The disclosed device is most typically fabricated by

penetration of sheets of elastomeric material pre-cut into cruciform geometries.



3395344 offers several advantages over the fixed
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for the purposes of detecting, neasuring or

controlling particles and/or gadiation. [0007]
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ef ormabl e apert.ures di scl.osed, i PCT/ EP2005053366 .
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eve nanoire scal e adj ustnent of the adjustable
el astoneric aperture. [0010] O her disadvantages are
that (i) the use of sheets of deformable materials
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create architectures of vary|ngfth|ckness. [ 0011]

peitsih éqlcrancesdicanirigecansple asscmabr Progeduses tsf be paopted to create
%Bﬁﬁ%ﬁ%ggopxggggﬁh&g%ﬁgn with a sharpened probe has
Imta C

Ions use e elastoneric nature of the
deformabl e material causes the aperture to be
fabricated uncontrollably as the probe penetrates the

| ast oner i terial and the deforned el astoner :
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MAt Dehafed ?%Heaﬂ | Snilatdhs 1HaEaRET BF MBLI S eri t f th
charactg&%5§? s of %?asﬁéher?c %aterig?s unggﬁéglne o e
défgmdhle amterst caustuthalapettemde de Upcatdfumeomitolablyi as the probe
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following penetration.

[0012]  Another disadvantage is that the deformation characteristics of elastomeric
materials undergo significant structural changes upon deformation in a phenomenon
known as the Mullins effect (Mullins L. “Softening of rubber by deformation”
Rubber Chem. Tech. 42, 339-362, 1969) which require that devices and methods be
adopted that accommodate, mitigate and utilise the Mullins effect in adjustable

elastomeric apertures.
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Summary of the invention

[0016] According to one aspect of the present invention there is provided a
particle sensitive and/or radiation sensitive device incorporating an adjustable
clastomeric material containing an elastomeric septum portion adapted to be
penetrated to form an aperture providing a path for particles and/or radiation, and
adjustment means for adjusting the septum portion to change at least one of the

parameters of the path provided by the aperture.

[0017] In a preferred embodiment of the invention the septum portion comprises a

membrane portion of the material of greater or lesser thickness than a surrounding



[0017] In a preferred enbodi nent of the invention the

septum portion conprises a nenbrane portion of the
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direction of the force exerted by the probe on
penetration of the deformable material. [0021] The
unpenetrat ed bl ank menbrane of adjustabl e elastoneric
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deformable material.

[0021]  The unpenetrated blank membrane of adjustable elastomeric material is
formed from elastomeric materials selected from the group, but not limited to:
polymers; natural and synthetic rubbers; elastomeric materials; natural polymers,
proteins, polypeptides, polysaccharides; plastics; doped conducting plastics;
hydrocarbon plastics; perfluorocarbon plastics; latex materials; thermoplastic
deformable materials; thermoplastic polyurethane (ethers and esters) deformable
materials; olefin-based deformable materials including polypropylene, polyethylene,

cyclic olefins; styrene-based deformable materials; polyamide-based deformable
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defornmable materials; nitryl-based defornable

materi als; ethyl ene chlorid% copol ynmer cross-|inked

al l oys; silicone defornmable materials; sem conductor
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RatcaRlst Pberer Bised élﬁ*oa%?le waé%aé?;éetrﬂr'a%ﬁfg@sﬁ@ﬁ%l? materials;

Bh§RAS! BEIHdeC cGRIARLC Srosd Mk AL G FRDlif ARCHL BRI bEE Mnaterials;

algo %e deffnggﬁgéﬂ%on%gsite dgfdgﬁggl% raterial nade

$anoino rlucnthiasat incitereds; onlecatesy simwoe doeld sibtar; imadtsls; or metal
022]. Th npenetrated bl ank nmenbrane_ of  adjustabl e

HIRAE iferise AT BT PEZoy G GRS « el P HElsotRsare can

G680 BB IHETiRS] BY cHhP&SS R forRRbRGhAL AN MEMA Mbinkidn of one

not limted to: noulding; injection noulding;

i warervol diatrgtalseonpr essi on noul di ng;

conpressi on-injection noul di ng; enbossi ng; hot

enbossi ng; stanping; casting; etching, |ithography;

phot ol i t hography; carving; cutting; mlling; ion

[60RR] NgThe ahperetrasd rtganke pichibxir@l ofyidjwdtlitilc @iastvyncdidymaterial is
onbi nati on of the above described processes. [0023]

gﬂﬁ@e@; AHe AR -SHBeNSHINg h &S HPRG RSP PIOCCSEE ?Fift%ﬁdll éom the group, but

RO HRRRN 6. MAbeIl Rl tioR€ nfful FRY: [ifdulding; i

t#ree-g$%eﬁsioh§@lg%o tr? sgﬁgéﬁg ?&%ﬁltlgmagbdﬁ?mﬁmyon

botldagg; conipressed-ihectioumonldegnehbessmyg; hhormbassing; stamping;

eanetries; ofthorhonbi netrjes; planar . - .
S0t o Biie. aUPRREPRY-c Phr R egRb el vaeE SytiAg: Fyiling: fon
RHBART p8 BRI SopitRkidN JrowBEVFELY | 85 WbhBinkMBh of the above
symmetry "axes; planar geonetries Wth three symetry
dssegbed prpegseesr i ¢ pl anar geometries with four symmetry
axes; symretric planar geonmetries wth five synmetry
axes; geonetries of variable cross-sectiona
t hi ckness; planar geonetries of variable
(00235 - SThé¢ uppenkirated bk mEOB24d oT hdjustable nddstonticdid mh@fikl can

menbrane of adjustable elastonmeric material can be of
B! geRepaierad recimppy il geemsiry mistesiedt freethengrep, but not
. ofndhie r -
glﬁﬂg%%'s%%ﬁgédei as%sél;rr%rl CC#E? %??%F %@%@g&? I?aen %{)e@’nﬁanar
penmadriesal dsgmnatiios @lanal esembhies; ignneiricoplaaht georattiieel ylanar

| ess t.han. or alternatively less than 0.1 mm
geometries Wltfll t&]g] symmetry axes; ;a)lanar ge}é)metrles Wltﬁlr‘ghree symmetry axes;

symmetric planar geometries with four symmetry axes; symmetric planar geometries
with five symmetry axes; geometries of variable cross-sectional thickness; planar

geometries of variable cross-section thickness.

[0024]  The unpenetrated blank membrane of adjustable elastomeric material can
be of any general size in which one or more of the three spatial dimensions of the
unpenetrated blank membrane of adjustable elastomeric material is less than 100
mm, or alternatively less than 10 mm, or alternatively less than 1 mm, or

alternatively less than 0.1 mm.
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unpenetrat ed bl ank nenbrane of adjustable el astoneric
woradoenisbo has structural features to facilitaP@r/GB2007/050340

attachnment to instrunmentation. The structural features

are selected fromthe group, gput not limted to:

hol es; eyel ets; hooks; lugs; ridges; or by articles

HE;gedded into the glimkoner c mat er | al fr m t he, group

Shot The Hppeagireigd b SmoRBBRE adiypighle qlasimeris mgiprial has
?ﬂ%t&gmh‘[ﬂ%'@ @ac‘?lflta{erh%taégﬂééﬁ t&i ﬁ%%fn@ﬁt%f)ﬁ aTHé ?t?uctural features
he unpenetrated b nbrane of adj ustab
aleaslkeotegs o Hetgroum buhact llmllterdjtot biolag; cfyelatsuheskst mgs; r1dges or

b Stlssahped iR he o Sie ATt e o Giib i o
ﬁﬁﬁse Gb&ie; i Molifir BY @Hﬁ cobthatdt off thBhbSd de@crlbeh%aﬁ&es

dges rins; rings: walls; tubes; wells; reservoirs;
regi ons of defined cross- section; |layered regions, or
by articles enbedded into t he elastoneric materi a
t 1 r- . 3 .
L({())%p@]osi ?ges g%]?éﬁ%tratlg&nbleﬂl% g% Ihg %f %&uﬂ{ahlg ez%g{/ng&[c%féﬁal has
stegturabfeatufeead tﬂd(ﬁiiate[tﬁ)@e&ﬂtroﬂhd& adjnperat she ddjblstabllle elastomeric
menbr ane of adj ust abl e elastonerlc materi a

wpjegiat Jrhe struchiral katyres precsalscied Som Ehedgllﬁ’&ﬁdp'ﬂtn’éot hipied to:
ﬁ&léé{cﬁd;%re?;l éﬁggaflﬁ’%e%vaﬁg etu%@é eediRd res_&rv%ﬂ%, %10% %FQljeﬁHéH Cross-
not limted to: tubes; wells

oles; rims; walls; :
seesienviayarsd cagidng, 01ab3t agicks eﬁ[ﬁ@ddidbhiltd theael4sheneric material from

asto romthe. group, ot limt
s 20 ik o b bt g ity B angdhiggion of
ﬁ%agGMa&g@mMQQQMQRSQf t he above described features.
[0028] The unpenetrated bl ank nmenbrane of adjustable

el astoneric material has structural features to
facilitate fluid handling that serve to dock to

tZ? nall"h a fifted fb alfl!kqng' Q&é ¢ Q%Xt laS‘[(QECI‘IC aterial has
B27L oy Gt fiene &P el bR B

ures are selec rom

faicturhl featuesk toOfacihﬂ)dte&ﬂuld hamdlingal Tise stmd&ﬁﬁl; feW&irJ:sSare selected
reservoirs or articles enbedded intqo the
Bpaisihg wEQYPe bH‘a{l@rliné]ltedf fronplereigroti!s: BResnyells: rerep@drs or by

%&cle‘é WReRd &pﬁ%%e&?ﬂ trﬁ@ljl ateriaf BlohY Bk egZo?ﬂ' 968 1iffited to:

y any co |nat|on 0 ve descri eat ures.
fuboL YJonhbeean petiet reatrediry| addes renby camg afmiadjticst abltle above
Iasé ric material has surface features to
Qe ?fé?@mﬁluid handl i ng. The surface features are
sel ected from WD 2007/ 148129 PCT/ GB2007/ 050340

[0028]  The unpenetrated blank membrane of adjustable elastomeric material has
structural features to facilitate fluid handling that serve to dock to external hardware
fluid handling devices. The structural features are selected from the group, but not
limited to: holes; rims; walls; tubes; wells; reservoirs or by articles embedded into
the elastomeric material from the group, but not limited to: tubes; connecters; wells;

reservoirs; ridges, or by any combination of the above described features.

[0029] The unpenetrated blank membrane of adjustable elastomeric material has

surface features to facilitate fluid handling. The surface features are selected from



10 the group, but not limted to: surface treatnments

to render the nenbrane of adjustable elastoneric
waoredoenisabd hydr ophobi c; surface treatnents to reCmeB2R©50340

menbrane of adjustable elastonmeric materi al

hydrophilic; surface treat nmepts to render the

menbr ane of adjustable elastoneric materi al

eophilic; surface treatnents to rende t he menbr
gﬂe gé%ﬁméwaliﬂtil A dp oHERT AN S TeRleiing weﬂﬂa%ustable

QIQQB&@H Iﬁéiéﬁﬁclﬁzdréyh%ﬁfc”%ﬁﬁﬁeet Ree&ﬁ{éﬁ’@rtot Qﬁdé@fﬁ%rﬁgﬁbﬁhe of
ajusta e el astoneric nmaterial electrostatical
adustatade elas:toimynamymteunlb|hydtqpthrhoof surfaee atncmmexﬂtestrr |rbmtbr the

BRI S AUBRGP b a1 Dot o et i SBRtAccE s to render

fh@ b b6Bfah 8 B f HARSRIB 1B G oAREE tbHt&$al | dlecdP@RGlINadHRfed; surface
bl ank menbranes of adjustable elastoneric materi al

woHpensi rig arcnhgarh atlliﬁ S mlﬁ@brape netr aadjusgpblche clastomeric  material
I
elln&?os?att c%l@az ?%ul%ra? Oﬁaypg}’]] Emg nagI} tﬂg tag(pveedegcr tc)igm%ureg.

erral e and a nmeans
nmeasuring one or nore paraneters of penetration
process. Penetration of the unpenetrated bl ank

menbrane of adjustable elastoneric material  using one
H038h eAﬁ%ﬂrHFlédosaﬁlﬁ BAGECHP bHEPesSHE HySAURN H%eoesprﬁwed a

Q@m{y ﬁﬂ%ﬁgcal?ﬁﬁ cg{e' (Hdtlneﬂt uﬁ%l 1h5JH BERERCHRRIE Tnembranes of

di ng proce ses, extrusion proce ses,
adjestsblocblestbomatic ematerinlg qonqmsmgea arechartisrog lﬁzrplpienetrating the

ocesse be e havi ha
BRAETarS Bebupha toor AeHOL JeriTite Shgsar aftas shitpencd
?&)@Q NhA% REfREfor 'Hl@a.rsﬁ’ﬁ&g) B¥e RF @RS %ﬁrﬁe’i&@rﬂ)‘?'ﬁ%ﬁetratlon process.
nnel lin n1croscopéigrobe or an atomc force

Hﬁ:rmtregetop ther wipeneti lranbenetndnaltfeométhé@ble rﬁ:la@@mem material
t to def or rra

%81?36 ?lﬁeg{?&ol?tﬁ% SlaaéPene es nggarp cﬁ prf)ﬁ r%%glge prepared by

gﬂiﬁdmglgam pSRRRIAtPro@ s Rk, riﬁblﬁlldﬁ@ tﬂi\@cefsﬁa@r leﬁctﬁﬁlothocesses
deformable material, or rotated or noved so as
alestrochgicapetching grascssss oF BHographis nipesstcsr eTIFenPIPh% may be of a

B e PR R Cona o BBLay SO PRSP 4 Fnnipp grobe

opgrosiopy solsef ace sohntihe tlaﬂ]ellﬁigallnhceoﬁbﬁﬁtpmher orcan atomic force
mat eri al the robe is dgggct e probe detectio

PRECTASERPYE RTOPTHhd hp PEIRE caRPe beat of drolibpita spest & e frmable
Hafe'inaf BRd %ﬁﬁ’% ptdEd Qﬁ’ltouFﬁ Thd %gfotrﬁﬁable PhhEakl, G@&@W 'cﬁtrﬂmg or

el ectrical det ecti on; ectrical detection y
sapasiting dr olelimgeke (abric ayh doi dedorosbleaheatetiali oatotatekéblembve:mso as
&y g%é‘ﬁ ﬂug oF O S ulr:SS :jcae%tg% apelrtlglree %neﬁlt ' clle(‘fgrlma%lfer {nea?etrlal or by any

combination of the above described methods.

[0031] Upon emerging from the opposing surface of the adjustable elastomeric
material the probe is detected by a probe detection mechanism. The probe detection
mechanism is selected from the group, but not limited to: optical detection; electrical
detection; electrical detection by way of measured changes in capacitance; electrical
detection by way of measured changes in electrical current; electrical detection by

way of measured changes in electrical tunnelling current; electrical detection by way



way of neasured changes in electrical tunnelling

current; electrical detection by way WO 2007/ 148129
wean/EBaen7/ 050340 11 of measured changes in PCT/GB2007/050340

el ectrical resistance; detection by way of neasured

changes i n nechani cal resis%gnce; detection of the

elastic recoil, or by any conpnination of the above

descri bed nmechani sns. [0032] Accordi ng to anot her

aﬁ%w@f Chaﬁéesplfléi%qtrecaﬁ FesHeenialersea %D’SW?:Yr Mgasyreg changes

HEMEGBn{car re?@t%ﬁ&r;] AE{E@H Hand @ﬁ%ﬁeﬁ@i‘iﬁg b laﬁg) Kombination of the

nmenbr anes of adjustable elastoneric matérial by way

afoveeletraubied alechatjismst. ment conpri si ng a mechani sm f or

adj usting the wunpenetrated bl ank nenbrane of

adj ustabl e el astoneric material and a neans for

measuring one or nore paraneters of unpenetrated bl ank

0By ana cedrdidd] tdSdndthe aspRast MeBsreEenMaivehtidd thefh®& provided a

measur ed paraneters of the unpenetrated bl ank nenbrane

eeviegdfon Preponditienias tuppenatiatodetleny memaraacs ef adivetable chgfomeric

AR ELA OB TS iR RS T hing e
eneattritedblakt@chbone ofeldastabic alastdeikac tmaerid)yandey nhns for

nmeasur ed changes i n capacitance; eIe% rical detectiaon
BIFatHENE dICrRf B 0TCeRp eRER el THPCarEded Plaak maembian¢ of adjustable

gl]'a%ﬁl&iG atdBl eﬂlﬁe} &BaéﬁYeWa&éterSr@M@gF& it ik Hleg‘gs)rane

ectrical tunnelling current; electri ection
vbydjoftabloeds tomedticcinategels aierseleicedt firdro ahe igomipe botinotehmijted to:

el ectr,ical detectiopn of asured .. cha S i.n )
Sr 56 FpEdion cnct affentuby ot oh papagy L tnRdgarddetection:
SIRARPRSIcd TR BY A yCHt medsBRIdSIARESR: inA8pKSERIAQN cRY @Y dQEction
nmeasur ed changes i'n nechani cal Stress; detection by

bayvayf olnepmewrest chidngay & clentrivek hamintaklestricali deteasiondyy way of

any cophi nati on of . the, abovwe descr.i hed .par anet.er
POBSR TR B0 cReuldE hRlRe, GRS QLB Dy way of
Bleasi @NElahesnBte®icirithl foald QitteRd cleeRADENERI0ATYIWE of measured
shar pened probe fromthe opposing surface of the )
glfinget iatslestrical gpstskmesidetaqtieepy sy jof megHyedphangpy jp mechanical

IR 0RO AT LALERl 281 8T8 R0

papvif deaseedainingad in mesiasicahsenianiragodanysdontbitiaviohh the above
irectjon of the force exerted by the sharpened probe

g?*%?“i%?maﬂ?ﬁng and fol l owi ng the energence of the

shar pened probe fromthe opposing side of the

adj ustabl e el astoneric material. The nechani ca

el ast oner
[0033] The eclastic recoil of the adjustable elastomeric material following

emergence of the sharpened probe from the opposing surface of the adjustable
clastomeric material is substantially mitigated by providing a mechanical elastomer
support component to the adjustable elastomeric material to provide mechanical
resistance antagonistic to the direction of the force exerted by the sharpened probe
prior to, during and following the emergence of the sharpened probe from the
opposing side of the adjustable elastomeric material. The mechanical elastomer
support component is selected from the group, but not limited to: a fluid; an
electrolyte fluid; a solid; a metallic solid; a metallic electrode; a metallic electrode

containing a cavity; a metallic electrode containing a fluid-filled cavity; a metallic



support conponent is selected fromthe group, but not
limted to: a fluid; an electrolyte fluid; a solid; a
woredoaliysie solid; a nmetallic el ectrode; a netal PETIGB2007/050340
el ectrode containing a cavity; a netallic el ectrode
containing a fluid-filled cayjty; a netallic WO
2007/ 148129 PCT/ GB2007/ 05034 12 el ectrode contai ni ng
n electrolyte fl |d fil a gol d el ectrode
elsfirod CrfioRGIHRAS aprlsgiro il fb‘é‘g ﬁ@ﬁ&aﬂw | %8p d &lpcrgde gonyaiping an
I
e L B e PR, A e locbive, or by
uObifHencd\hd sboot desveibed hameéscal el ast oner support
conmponent is any size, but is preferably of the sane
approxi mat e di nensi ons as the sharpened probe so as to
mtigate, as much as practically possible, the extent
o3dpf oThatdvey 0fthd MectRhRsl daR6MmEr suppbie tbmboint fsng&ize, but
exerted by the sharpened probe prior to, during and
fSNTES¥EbAy Of His sagreerRpspcBaist dipieasiehs Ap Hivethacapd PFabsmo as to
J .
%rlgt?%l?e? g? ﬁh@ﬁ g.§ g%gu%rllyk)légmglg tlﬂg %Ql%{nlﬁfec%kcg%lgﬁgﬁ f fhe clastomeric

thateeias by fisrc® Exdrivd tyathk tsfarpsned @sBe pHanto]l QMY aatr followmg the
alternatlvel | ess than 100 m or alternatlvel

PHgligenes @ U %rshameé% PRI fipm eilg enposing pifd fy the adjustable
B GREAL W Rk MM br e 1030l ial H&&%h& ¥ Bk cavity is
t he anlca astoner suppor t onent I's an

kEhathen IOQ(GJm,octreidtelfnlanmly hass graoup) ulnmtor rbtrnhiivadly hz(sls than 10 pm,

not che in t ches; nter cti ot ches;
oAy s Rt S BF TSR TR G0 f e T e

chanlcal el astonmer support is fabrlcated by

el ectrical discharge machining; mlling; ion mlling;

drilling, penetration; indenting; indenting with the

H}Qéﬁben%hle pratyee ! tha deashimigal elasearaerisuppest commlhena is any shape,
har 0 n 0

SUSACEER: REoBBye by CH LT ARLIRT bt BB R0 fercotne

ﬁ(btb]l&&t tdepREPOBS LN obehosated atvitgool ehi ﬁ&chﬁﬁcaﬂ Gelastomer
heat aor cool the adjustable elastonmeric_material. The
ﬁ@@prtﬁ@fa&ﬂc%%by slsckical Gachagaamasharingymifiis deps milling; drilling,

j@ ﬂ@ﬂj 1£5<ﬁ'£15%hﬁ1d9ﬁt9"$07v1t9%he @ﬁﬁt‘ﬁéﬂeﬁ] Cﬁr%ge t1ﬁdent1nﬁea?old billet

uctrve I ng or coo nvective I ng
wﬂtﬁ/acshar@enﬂd prgbe, e by amy c@nbihalnom«ifdhe algovieydewaibed fimethods.
Pel ti er devices, or by any conbination of the above
descri bed nethods. [0037] The nechani cal el astoner
support conponent is positioned within the aperture

fonRs] catrhe®medpai&e cRBtohRe s@RRPSE Motk fteca@fbet Kt@ted or cooled so
adj ust abl e el astoneric

as to heat or cool the adjustable elastomeric material. The heating or cooling can be
achieved by methods selected from the group, but not limited to: conductive heating
and/or cooling; convective heating and/or cooling; heating and/or cooling by way of

Peltier devices, or by any combination of the above described methods.

[0037] The mechanical elastomer support component is positioned within the
aperture fabrication device on the opposing side of the adjustable elastomeric
material from that of the sharpened probe to prevent substantial deformation of the

adjustable elastomeric material during penetration of the adjustable elastomeric



material fromthat of the sharpened probe to prevent
substanti al deformation of the adjustable elastoneric
waoredoenisab duri ng penetrati on of the adj ustabl ePCT/GB2007/050340
el astoneric WD 2007/ 148129 PCT/ GB2007/ 050340 13
material by the sharpened pr??e. The position of the
mechani cal el astonmer support ~conponent is preferably
adj ust abl e and cap be in any general positiop sel ected
Palsial hglegﬁ?@wyecgawiﬁoﬁh?m% 168 of & MechaniRhAagoRst Support
Smireff RréKabY dGegatibam 4 AbafpORidrY &l1¥ted i
?égglthan%%o nlxb#ﬁal%ernative ynle ggthanﬁl m orCe rom
tletgrowathiuv @btylimesd to: tlesarthgh 1 nmm, or aladrbavebt fevelbpnilf0 um, or

contact. and with and less than 0.1 appl i ed .
Pt B Mah LR, KEEToBR o 1So MEEE kahcr alemaigly less
ieR<0.1 Nan, &r MNidARiVBH in dBhAEMBLd Wih Ofd Hst ahi 1V ahY applied
in contact and with and I ess than 10 m applied

defbonaton; on; alsmasivelr imtcoviebtly apg withhtaadt lessndhani  hnaindpplied
8 A0 A PUORDL BN 0 bbb
debanarrht @, alt@fna&lvél?r iRagdn¢Rt Yantl Nwitlp rhd Clessa tidn W (ioh pandpplied

| ess than 10 mm applied defornmatiaon. é00381 Accordi ng .
dformioneor adliseratively iheoplpgsart Wiy andileys thaer & ma applied
. o catyl o e .
PLELARS, B RRDAGCh T, PO B AAnCER R TREE 10 mm applied
dadpusitainl e el astoneric material conprising: providing
an unpenetrated blank nmenbrane of adjustable
el astoneric material; providing an apparatus for
penetrating the unpenetrated blank menbrane of
frizEPt aRkEor8indSth UMBIHCE affREELT Ble Pibddit dveRfi BRRER provided a
probe and a neans for neasuring one or nore paranmeters
wicthod et fabticaimg gecrenere apprdurpe san ewbepeiragteblenls mgfmbrane of
t he netration process are selected.fromthe [ O
KAE A0 P e PRARER, ARprRESCHRSIS T dpetidhR blank
ARBEinc T adjusiaBle Dist@drdy maierigl; ptdvidihg aglapdriitu€ &r penetrating
detection; electrical detection by way of neasured)

y way : :
tsanpeancirpted chigak i mambenc epbcadiystdble glasternerin mateijgy with a

SRS SO, SR A Br ol BSllE e GLRDR K BLS e ehhation
proocs’] Thagneasured phrameedre of thecpdnetad@cpriooess e velycted from the

measuy ed changes in electrical ionic current, .
glouet Pyicant qmagidefef iOBH%E)F‘eWﬁV%fOH%éls@Frt%Cdloéﬁﬁ’n‘dé% off polarising
BLIRCtdidG@al TRBIBLANER ST QEEL@h BY WaY & mciBASH Bhees in
changes in nechanical resistance; detection by way of
capasitaned;, dbangdgletection by way of measured changes in electrical current;
electrical detection by way of measured changes in electrical tunnelling current;
electrical detection by way of measured changes in electrical ionic current; electrical
detection by way of measured changes in electrical resistance; detection by way of
measured changes in mechanical resistance; detection by way of measured changes
in mechanical stress; detection by way of measured changes in mechanical strain, or

by any combination of the above described parameters.

[0039]  According to another aspect of the present invention there is provided a

method of using one or more of the measured penetration parameters recorded during



i n mechani cal stress; detection by way of neasured

changes in nechanical strain, or by any conbination
wo@boorhesizabove descri bed paraneters. [0039] AccPeTGBROOT050340

anot her aspect of the present invention there is

provided a nethod of using ope or nore of the

nmeasured penetration paraneters recorded during WO

007/ 148129 PCT/ GB2007/ 050340 14 t he apertu

PhePPAE| éﬁlcﬁP% B0 JEICERIF e ey ‘thS?{’QQHtP utility of the

Lhe ey él é&y%nu}é | 'Tflé’ n%fasﬁrQ@ endafioh ?af%%t&@%@ F@l@cte({r A8m the

nmeasur e netration para mbters aré select ed

grooppbutbnrit Imoited fomopechl td@tectnqm |cqmicald¢ftte:¢tondcry wayp toil cpalarlsing

tec y ol ari ctrlca
Fh S ctschial Selliorc s St Qe iy G RshuiRbghanges in
Bk el ElectFdNaRIdADE By WhP6F hcadlred 8hAGLS AN cRYIrN@Y current;
nmeasured changes in electrical current; electrica

@Ilé@téléiﬂl dricatipnviesy Wl %a@@ﬁi@@i ehangge dn iefectsicat tyringHing current;
Elle‘éls cal ¢ g?e%ﬁgﬁj ngvnatpf Crtrefri Iggi?n%eg ﬁr} egl&%:tﬂfr?aﬁe 1%{1c cu erﬁ, electrical

edteqioni watvay @th%@ﬁur@@ cbahgwyn sxﬁscmiea%gletdn@ aAp@esor By way of
el ectrical resistance; detection bé measur ed
m@aﬂ@@kcllaﬁg@ﬁe@waﬁﬁh@mcalr weisenem clstechen éﬁtwadrpfﬁye%agﬁdocfhanges
g Sl BT SR UriRinsill Sieol H B rain, or
by ynycambbinatianoot td a‘ttdve dadmoibed daaowidoed par anet ers.
[ 0040] According to another aspect of the present
invention there is provided a nethod of using one or
nore of the measured paraneters of the adjustable
036 Onﬁﬁ&&dﬁ\g%tdﬂbﬁl& Qset 6f tHeNfeddne b heRNR provided a
hereby the utility of the said forned aperture. %
mestwdr ed q@mganm ensmare oethecmeasuied matm;etegs owp thep @ﬂjustable
t i cal ara ter
Stape S GRbRHAL GREHAHRY LY oBRbY Bk ity of the saia
RrmedRpeltsic. eTRE hichGatd Pafaaiedrefats s@b@6d Miogdlkhe group, but not
capacitance; electrical current; electrica

Hppad e: |qﬁ>@6%lmar9émter8e@1§@@lrp@au181% Helt Ragmees; optical diffraction
g%trgﬁlgtreksc a ecfr}rg: ﬁﬁaﬁlgﬂe}sy elef rﬁ‘:ﬁlt &{pﬁf\ ancé; e&éﬁ%ﬁ@a@ glglggnt, electrical

ect ane resi stance; ectrica
tuaatlihgncareng) edédtiicadl iondur ciereint;r eticirfdal atdnduogtivity; electrlcal
mechani cal reS|stance mechani c stress; nechani cal
dect Jre

SR TGy BROEBITHICHSIENES SFCiif ASBYerBERFS: b%lacmcal
%&W&c@iﬁ\%a‘tl({rp Ql%élfllarﬁgﬁ QEgétﬁl&et ﬁle@%tl(ﬁ? Etréb%ﬁﬁ%&%afﬂfcat E‘t?am, or

present invention there i's provid
hy@mo@um@nmmswﬁhmndkwemeﬂﬂmtﬁpmadwu$$abIe el astoneric
aperture to

[0041]  According to another aspect of the present invention there is provided a
method of microscopic examination of the adjustable elastomeric aperture to
determine the quality and thereby the utility of the said formed aperture. The
microscopic examination methods are selected from the group, but not limited to:
optical microscopy; polarising light microscopy; confocal microscopy; scanning
confocal microscopy; probe microscopy, scanning probe microscopy; atomic force
microscopy; scanning electrochemical microscopy; electron microscopy; scanning

electron microscopy; transmission electron microscopy.



determine the quality and thereby the utility of the
said forned aperture. The m croscopic exam nation
woredohoda2ar e sel ected fromthe group, but not PETGB2@7/050340

to: optical mcroscopy; polarising |ight mcroscopy;

confocal m croscopy; scanni ng. confocal m croscopy;

probe m croscopy, scanning probe m croscopy; atomc

force mcroscopy; scanning el ectrochem cal

m croscopy; electron mcroscopy; scanning electron

m croscopy; transm ssion el ectron mcroscopy. WO )

P9d2) 148 ¢scmdmete etOY AaBORED themesend appeniapit Bicet gprewided a
t he f e L.NVension [ S :

BRS03 Ly TRELh RoatC R RRBSc M HAR" afiifnd o adjustable

tiagremetic ainattrial girtor mesTbapeRarcoffaladjatish abbreprigh@s pesveding the

material prior to apertuyre fabrication conprising: . .

PrRspeaiag R mesHuse o t@éldju%%é% @%@%@rgn giagyial; providing an
aﬁﬁﬁsamr%dﬁlsﬂﬁ %ﬁﬁfen&?&&@d bBhk nRih BY agﬁ table elastomeric
paratus for adjusting the unpenetrated bl ni

meftoinbhael ofmed; ot mbdserieg ast omerdre parmtogirs al uapwhcaated blank

means for asur i one.or r raneters af .

T B R B Bl B TRETBE 16 RECOBITEonRa & isisdcom
MRtEbhRIbut ABElRIES RN HrddoRilitBEink HySehe6t 8¢tirek PRcohdlBoning by
group, but not Iimted to: preconditioning by way of
way iohghemicalcamiigt psapnvitivning wayvaofofdhemmat giriegi mirergnditioning

recondid i oni ng . of thermal curing; ... .
B SEBha RHnG R, 51toPawt MRl P ondtainggher vy of
et aatidab AdjuhRaQ Tbnk kiNErdgp, But Way litfited W@ eH@pte€Adn; tensioning;
adjustnent, fromthe group, but not limted to
HEHEHRS ShepAMEt G nisiy High grecordifienipg ibygvap e h d@tiegoromore cycles of
LS5 RUBRAD L RILIR DAY Bt L st
wdjystokntomeil ar motaaicaly equelbrfm e ehalishad; or &gj arst ¢omtiination of

ntil a nmechanical equilibriumis established; or by
ﬁﬁﬁbeésﬁﬁrsmb% headyres.¢ ﬁ@e AP depmalery of dhg ypregietrgigd blank

ﬁﬁ%ﬁﬁ%ﬂ%%fpﬁﬁmg bBis@hctitenMBRANGL lsafeedd A @R khe group, but not
nmenbrane of "adj ustable elastoneric naterial are

bmlited tedoffticalnddiémiogr optwal Betectmot by Wiapri af g larsingolghitc electrical

tection; optical. detection b y.,of polarising . :
fftedion: SRl deitiony St R Rie T Shki Pl gyetrical
WaYctRh BEAEYEn&RARERandds GRRACHH@AN 6ot B6étFikfaletection by
detection by way of neasured changes in electrical

way rednmeaseredcehangesl indeleeleiealoresisianceigdetestiondwswrp !t measured
GIRIES, | MBlLEELT 8l 8 BLANGR: 1 ISl EE ORI e in
I’reagure changes 1 n mechani ca rgS| SE% ance, e{eCt| 0

hig¢civimycad ftrd¥eaduiceion Ok angeas méhsured changes in mechanical strain, or by

any combination of the above described parameters.

[0043]  According to another aspect of the present invention there is provided a
device for conditioning an adjustable eclastomeric aperture in an adjustable
clastomeric material by way of mechanical adjustment comprising an apparatus for
adjusting the adjustable elastomeric aperture and a means for measuring one or more
parameters of adjustable elastomeric aperture and/or the adjustable elastomeric

material in which the aperture is fabricated. The measured parameters of the



mechani cal stress; detection by way of neasured

changes in nechanical strain, or by any conbination
wo@boovhesizabove descri bed paraneters. [0043] AccPCTGBROOT050340

anot her aspect of the present invention there is

provi ded a device for condiﬁ'oning an adj ustabl e

el astoneric aperture in an ad%ustable el astoneric

terial by way of nechanical adjustnment conprising. an_.
gfgb%%l&? G TORIeTIC AP TN @r@/qrht ¢ &&%@5@&5@@%{& Bysriag in which

ﬁﬁeeg}eﬁﬁ?e gnﬂFﬁcdg@@a& %el‘i’éctéEPﬁ%H{ tﬂég%r‘aﬂﬁ Bt R fmited to: optical

paraneters of adjustable el astonerfc aperture and/ or
t¢tectmdj opticabletcaiomsiyowey b€ poladsieg llight; iclecinivhldet¢dtion; electrical
erture is fabricated. The nmeasured paraneters .of . the
G907y 141 26ty B 08 G 3R s Hr QST gtion by Way of
BleARk QITBRANGcARE T dbirfcal RAHBHL; R tRd] UsicaRde b9l way TBhbS&ured
material in which the aperture is fabricated are _
chinges iaceldciransl rdsistageaisiechon bnotay lof measided ehanggst ingagchanical
f L.op; ical d ct f polarising :
RGRRR Qs BEN vl R Bnalfsn BB B ogetggon by
way o0neanasdi tiethge angieshanital &RAE, drafyCaly @netitdtionaf the above
detection by way of neasured changes in electrica
eereripest Pargn@letsy i cal detection by way of neasured
changes in electrical resistance; detection by way of
nmeasur ed changes i n nechanical resistance; detection
by way of neasured changes in mechanical stress;
el t | Ancdgingwayanothemegsar eldthehanges inveninec Herd saprovided a
strai,n,. or by any conbi nati.on of .the above . .describe .
st il s Bd O BB A G $1gpgosin BEHBH Mo pULTage hismeric
PSRN ompM&ink? QFbVIiJlﬁ% &nl 8djRstaME d8sktGneri®aP&eiref providing an
condi tioning an adj ustabl e el astoneric aperture in
afjastvsaldbe adjwsngntbei adjusighler ¢lastomonpripsitngg: apd ovimeang for
an_adj ust abl e el ast oner.i c rture; proyi di ng. an
DAY B nfaf TePTREYE (2P MRl A eieehepuore. e
eqRlitidig; RndleatcdEdda th® EroufEBSUidt NEniAoOEoitiching by way of
paranmeters of the adjustable elastoneric aperture. The
B cPBHHARNE PYseRE O cdemianciHes:gfadpionpig byigray of thermal
bl Eond Qon 0 ki 8} B e lom B Sadiation, conditioning
by wagyo fahedhagicateddjustmentn Gionc e dirdupg riub goblmwey t@tompression;
curing with el ectromagnetic .radi atjon; conditioning
ISP IR0 P GHERHRGNPLAIN R (SiF HRtht conglitioningnky @ffaawn zggfjor more
| biMhdoBhni Q1 GAIRIESS! Qihditidr®ilS b UAPor BhE & GhR%ycles of
g%:l]egi ng or tnvvi st iﬁg; condi tllclar??{r;% gy %3 of zero or yees @
meclmnical adjustment until a mechanical equilibrium is established, or by any

combination of the above described features. The measured parameters of adjustable
elastomeric aperture in adjustable elastomeric material are selected from the group,
but not limited to: optical detection; optical detection by way of polarising light;
electrical detection; electrical detection by way of measured changes in capacitance;
electrical detection by way of measured changes in electrical current; electrical
detection by way of measured changes in electrical ionic current; electrical detection
by way of measured changes in electrical resistance; detection by way of measured
changes in mechanical resistance; detection by way of measured changes in
mechanical stress; detection by way of measured changes in mechanical strain, or by

any combination of the above described parameters.



cycl es of nechanical adjustnent; conditioning by way

of one or nore cycles of nechanical adjustnent until
wa@2ovaksaed cal equilibriumis established, or bRCEHGB2007/050340

conbi nati on of the above described features. The

measured paraneters of adjusi ble elastoneric

aperture in adjustable elastoneric material are

selected fromthe group, but not limted to: optica

detection; optical detection by way of polarising

electrlcal detection; electrical detection by

W&%Sbf Aeeasdingdo cmatige gsicat ehpediressat eveniggroherq tsgprovided a

g%%‘l(feen;r%gtept\{n cal {m{%e ; ec‘?rl‘égﬁ@g&%&eé ﬂ';fd%rergtalaﬁ&?!zomprlsmg

ahadjgssble l&laeioﬁietnbl apadturic Fabricatydrin etﬁta,dJLg’[ath‘I ¢lagt@heric materlal a

det ecti on of . measured changes in electrl

fedses dein a@ust&@tm@a POMSBY e nelgsiomeie 2REEE DY g e§ mgghanical

Qﬁﬁﬁﬁl’éht‘:@f’ thé %3}u§€aﬁ!%ce@astd¥ﬁérf‘c°ﬁlht%ﬂalbﬁﬁ Wi¥h Bfc JRATH ﬁ%bncated

anges 1 n nechanical stress; detection by way of
ane:hauneainsctﬁang@asurmgnenﬁ]amlmaﬂe pimmicters of ztniyustamiw elastomeric

SO ALY PeTCEONT) D80SET 17 IDoNG] ABED: HiomgPErge i

ametheq aspect of the present invention there is
provided a device for detecting, neasuring or
controlling particles and/or radiation conprising: an
adj ust abl e el astoneric aperture fabricated in an

4kSt aRl Q ' - -
FRUAE, TR Bl R3h EIEE pREPEL Pl fhent XSG Ber s prpvided o
okthod dbadétealng, ﬁﬂpmﬁlgmﬂtcoﬁfolhﬁg padijclts taadyberadiation the method

el astoneric material in which the aperture is
FUBRT W SEPVIHAY 24 %?é‘é“—ﬁ%bl$ Sastresisr MAGTIah eowpinggr g adjustable

IS I e a
?l%%@ﬁﬁgfl@ algtlflreaﬂeje% ast o tl? 8 QHR[e's and%q faﬁ%ﬁtgﬁ,e%}{ﬁfng the

adj us |c mat er i al
agyestthle elas®mefialpertiat e@l a pfe@@lzﬂﬁe]d g&omtrghang/ot siza rbgtaldjansting the

aspect of the present entlo there i.s provid

FENte RlaslodirBart il it Raet oEoAt M Targeias of the path
Batdcl yede aAALQABIC! @l&’dt&h&&ﬁ apPRrdTRhA Qdusis® fﬂ@rpawneg or radiation
provi ding an adj ustabl e el astomeric materi al

oot deitevitarig measuael] erstcabbled ol casar dineadjestabpe elasipmeric aperture.
defining a path for particles and/or radiation;
adjusting the adjustable elastoneric aperture to a
prescri bed geonetry and/or size by adjusting the

[a(mjmr:t ahl ep&hiast ofelid devids einidahethod € Desdge dﬁtedt eadlor gh€sure
the paraneters of the path defined by

of
anfl/ erseeqrod thy Hax drfemﬁtéeraqa]élmruliaélaﬂalﬁ dn &ﬁ%@ﬂﬁ@et‘ﬁ’éh the present
&@Eﬁtﬁ&!, %oﬁ’trrolrcﬁdt'h@tahﬁl@tment of the adjustable elastomeric aperture may be

effected on the basis of parameters selected from the group comprising, but not
limited to: the flux of particles traversing the adjustable elastomeric aperture, the flux
of atomic particles traversing the adjustable elastomeric aperture; the flux of
molecular particles traversing the adjustable elastomeric aperture; the flux of ionic
particles traversing the adjustable elastomeric aperture; the flux of ionic particles in
solution traversing the adjustable elastomeric aperture; the flux of electrical current
traversing the adjustable elastomeric aperture, the flux of electrical tunnelling current
traversing the adjustable elastomeric aperture; and the flux of electromagnetic

radiation traversing the adjustable elastomeric aperture. Measurable parameters of



to be detected, neasured or controlled to enter the

adj ustabl e el astoneric aperture. [0047] In operation
w@boorhesidevi ces and net hods used to detect andPOI/GB2007/050340

measure and/or control the flux of matter and/or

radi ation in accordance with %he present invention,

control of the adjustnent of the adjustable

| astomeric aperture may be effected on the basjs of

gﬁr% S clagiopietie anateih if ehigh difp? Bﬁﬁlﬂrs SHASEPMB|Gt 2RgEpre is

bhoRidied 1y Shecldldd bnPant i Ghes LIANRIS NGyt B8 limited to:

5%justablgye$as€gneric apertdgésﬁt%éﬁ¥ld§in%% atoﬁqge °

papatitanicesresistmed; siondudtivitya dpustyalitaespekasy o pgihc width; height;

aperture; the f|lux of l.ecul ar particles traversin
PRt b e ittt it aRESA abdetidhe "Rt Seiferers
RAkdd ©! @8 abfudN&! HlcoBardidi® LRdivkich alkd 8djatasIE UMRderic aperture is
aperture; the flux of ionic particles in solution
adjasted giay detsplectadfiost Bislgow eompytrEtd, bubpa dmykad; tot ¢ppacitance;
bl B ETUB0T R RR: YT bR g PP HRAGE b Ssition
tndosiehdet ABLdWolleRductdnt@\edisthit@; dtematdr Usil adiseance.
el astoneric aperture; and the flux of electromagnetic
radi ati on traversing the adjustable elastoneric
aperture. Measurabl e paraneters of WO 2007/ 148129

. 3 adj ust abl e el astoneric
Eg%@g@ﬁ@qﬁﬁgﬁﬁﬁéﬂeﬂié“g ustabl e el astoneric aperture
[048f abIi oalcedhdaragic davaeibached bt rrastct hflygimlemstood, a preferred
conprising, but not limted to: capacitance; )
prabpdimspic 8l theo ienisation iyl neypaksi dgseribpchnyp aaynel example, with
eeho W DonBELOI dran YRR RS 11 COnuCT T Vi LY;
an lelectric propetties. asur abl e paraneters
linked to the actuati on nechani sm by which the
adj ust abl e el astoneric aperture is adjusted may be
selected,.fro he.group conpri sin but not li.mted
C ol tpalt tRilce? ShBnAn AT GG Oq Sl o biteRrelored
actMBdOmeRQSi tion; stepper notor position
i nduct ance; notor coil inductance; resistance; and
notor coil resistance. Brief description of the
draw ngs [0048] In order that the invention may be
no uhl y._unger r rr e ' t. of t
b o St P RERR e Bl R SRR g’ Perred
W ¢hbodigkel, Eiptecstda dnd Sbabowingahy haigatols amiditisent ipbsitions;
whi ch: Figures |la and | b show an adj ust abl e di aphragm
for use in the preferred enbodinent;

Figure 4a schematically shows preferred aperture fabrication apparatus, Figure 4b

being a graph of a recorded aperture fabrication event;

Figure 5 shows a scanning confocal microscopy image of the adjustable aperture

produced by such apparatus;

Figure 6 schematically shows the aperture adjustment arrangement in the

preferred embodiment;



Figure 2a and 2b show the di aphragm attached to
actuators in the preferred enbodinent, Figures 3a and
wa@kooghesaeng the actuators in different positi OPGT/GB2007/050340
Figure 4a schematically shows preferred aperture
fabrication apparatus, Figure,4b being a graph of a
recorded aperture fabrication event; Figure 5 shows a
scanni ng confocal mcroscopy i mage of the adjustable
aperture produced by such apparatus; Figure 6

schenaticallf shows the aperture adj ustnent
ar Fentpsnerie 0nageharaphy dfaérops cbce Hisddionglractegpe the performance

200K L2 BT EROA T 0RA3 0 eI LGN RB A 1 2 e
Can pe uséd 1o c terise e

performance capabilities of the adjustable aperture
in the preferred enbodiment; and Figure 11 is a flow

chart depi ct one 055|ble o of .operation o e
@vg@fer B ae%% mgﬁpeaf’%sgﬁ%wée? OpQER %fféh%areéerred

3bem’§bcﬁﬂ1%ﬁ‘t &1351 fzi SUHEF ures%t&%eﬁlg&%%rdnﬁ%élﬂe 8f

the draw ngs | 49 The fol |l ow ng description is given

by way of exanpl e MAth reference to a preferred
enbodi nent of the invention utilizing pol yurethane as

tabl ogeri.c material. One preferred
E’)‘?&Hﬁel‘ta }%?E ‘51%“7@ ghe pol yet her type
El astollan(r) 1100 series fron1BASF Cor por at i on,

Eﬂ)ﬁ@}j ot tl'? A c Ml escm St A rref%tf BLAARYIS Wi féi‘?ﬁ’ce to a

used r the ic materia
pteligred elmrbodimmntoef the mhentlomvanhzmg pabpirettiene tastararaéjustable
nat ur al . and

PRpeEt eyerials (B AR AR ENEe v R et Bolyether type

Efa%ﬁhﬁt@ PRY RERLS! €8s BAN YS@P6RALH,d§ByanRb@S INIfRigan, USA.
doped conducting plastics; hydrocarbon plastics,

Hewfemromtﬁalabdhatpn@sbq assd fplath@)admgta@lq dasgomeric material in other
ast.d c def or mabl ast
KOO Rp AT efic BREIAT Defobet s g T SRR fgjuget and
Qinefidtia- Rdbad, cdeabakabhach@mt ehdtalas poRehdisli fi@teins polypeptides,
polypropylene pol yet hyl ene, cyclic ol efins, styrene-

pelswgchisiss nebisichat PPl $ondlipa mnkstipys éwdwﬂ@pﬁraml@tws
ﬁ@r@ﬁ& 0@ Bon pr Xt QL el Pa%%q r1acli§ f ‘ﬁ{e%%]% tcfé%ﬁa%le C}natenals

ased or ma terval

thaﬁﬁd)p/lﬁmrc pdlsmmthlanm Ketleral dnay ssters) Hd:f@ﬁﬂﬁold ehactimy| ecfin-based
Haterlals sen1conguctor bas?

formable materials including polypropylene, polyethylene, cyclic olefins, styrene-
based deformable materials, polyamide-based deformable materials, polyester-based
deformable materials, nitryl-based deformable materials, ethylene chloride
copolymer cross-linked alloys, silicone deformable materials, semiconductor based
materials, silicates, silicon, doped silicon, metals or metal alloys, piezoelectric
materials, and piezoelectric ceramics. The deformable aperture can also be defined

by composite deformable material made from a combination of one or more such

materials.

[0050] Furthermore, modifications can be made to the adjustable elastomeric
aperture by treatment of the surface of the adjustable elastomeric material. The

surface treatment may be selected from the group comprising, but not limited to:



materials, silicates, silicon, doped silicon, netals

or netal alloys, piezoelectric materials, and
w@e@zoeiextri c ceram cs. The def or mabl e apert UPET/GBR007/050340

al so be defined by conposite deformable material made

froma conbinati on of one or re such materials.

[ 0050] Furthernore, nDdlflca% ons can be nade to the

adj.ustabl e el asto aperture %re t of the

%U& %csctéeaame% &0 ar&}q;f@t His1 @1caradico pér fHutiEhler fajtometie material

15 rGahoE Hreatfﬂ%ﬁt IR? esrgilete@ﬂeegleﬁﬁﬁ{ﬂet &ea ﬁ@é&ﬁe clastomeric
conp I sing, but not [imt WO 2007/ 148
PERNHEB2YaR P08 R3 4Abrfagd tBeu:l‘m‘l@(It etot resienghe Itlanbmnd eof tabmstable

rane of adj ustapl.e eI
w“é%b PBEHS b‘inﬁte“glju oleg Eﬂlf’r Sty reﬁ%ﬂ 8ere"?ﬁfe the s gpane of
edjuash b stahRriel Aeb@IRIdErostaBEA | hhrddd Mu@RbE bcftment to render
surface treatnent to render the menbrane of adj ust abl e

@ea@@mh@ne o i ustabid el@ﬁt@mlg’ﬂ? Inhagerial | pldcaostatioadlyt maal, tapd any
CO nﬁlﬁatl eft[lTEﬁfQOVG c%be sdljfustuaeg Gﬁﬂ@l astoneric

erial’ el'éctrostati ca Harged, surface treatnent
to render the nenbrane of adjustable el astomeric
material electrostatically neutral, and any
conbj natj on of the above descr%% d surface treatnents.

[Wo5h) Fisythsels 14 bhahow aBrigwsiabladinsmam B 0inaRriagmor an
HRQUbR R dPER B0 shéePJIGPtdf%Pud%Phdsﬁﬁ@eehﬁﬁﬁ Ol frethane
pol yur et

eet 101 of cruciform shape nmade o
incopopoingtat dgpsaond edisstaldn epaﬁi}rasfalab:laezddpepdzn@trenon in the sheet

P et 46 B e OB o b EHE G, I ot sl W

B8PodihlcHS Fiateda Vidhéditicall§ TRAL AR Fla@Wisw! @e dlaphragm 100
schematically illustrates in plan view the di aphragm

hodng Iaa\ﬂsmetan pl@mﬂmrml&)rm aermetty. uéﬁlkopmetim«t isheet 101 is

u han eet
B et Ry Sk bl By BTN ety epprgpriacly
SRPEORAVIBL eTle caREPEA sh@pd diythe Dog uesthsicl diesd Biagsmtises four
t he polyurethane sheet 101 conprises four equa

q@prl anys k3e AdriBe cgs of gagh offthe Ffélrfaam‘r 103 epeletpP03yre fafétﬁlsed that
h
B3 oy BBk ctRine A3 01 IR URTLE BT SIABAR spggt 101
thesy 8 fosméd Fdﬂ’ﬁdedi c[ralillSﬁdm:ilOét; Ltinﬂfcelhtrﬁhl%@vﬁlthuﬁlddaf raised rim 104
t thint there or
n ! néo MIPRIAM, aW HCEES af(il{)q %gakan%fr%g%? -S§6ldqn- Oﬁﬁe septum
T@Bﬁsﬁ@ﬁk& ) tlgeoélsle§ rﬂnp'l@i?gy 'ét%ﬂeli‘ﬁg r8hs €66 bl Pt B¥s@section.

tapering zone 106 of variable cross-section.
In the central region of each arm 102 there is a raised rim 107 that encircles a formed

porthole 108 that passes through the polyurethane sheet 101. In this respect, the
above described features for each arm 102 of the polyurecthane sheet 101 are
identical, with each arm 102 having identically arranged eyelets 103, raised rim 107
and porthole 108. Actuators 204, as will be described in more detail below with
reference to Figures 2a and 2b, are provided to effect deformation of the diaphragm
100 and are movable to and fro in the direction indicated by the double-headed
arrows in Figures 2a and 2b. The actuators 204 can move independently in the same
or opposite directions or in unison in the same or opposite directions. Figure 1b
shows a transverse cross-section through the diaphragm 100 along the dashed line

(A-A) 109 in Figure 1la.



In the central region of each arm 102 there is a
raised rim 107 that encircles a formed porthole 108
wo bav/1gasses t hrough the pol yuret hane sheet 10BCT/GB2007/050340
this respect, the above described features for each
arm 102 of the pol yurethane reet 101 are identical,
with each arm 102 having identically arranged eyel ets
103, raised rim 107 and porthole 108. Actuators 204,
as W ll be described in nore detail below wth
reference to Fu%gres 2a and 2b, are provided to effect

95} maFigere o sahpmatisadlytihagmthel dioplaaem 208 aidieawk datwth each
gﬂ(ﬂgfﬁg& a'nﬂs topﬁlegfoﬁﬁl%th% %}_JQQ[' R34 Vfa}llaltgh%éach%to actuators 204.
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aﬁﬁwfg 83%R§B§#1?ﬁ@*%%1yurethane sheet 201

individually attached to actuators 204. The eyelets

203 in the pol yurethane sheet 201 facilitate

attachnent to the actuators 204 that contain pins 205
958h nhigerest B8 ¢ng e 3Bnchey apketegerlss efhdheysiestign 2omulded
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thrangvie S cletso3E- ﬁ‘ﬁfHel Mattdsrs 30d rbyc the atinapdir sigm38900 Figure 3a
al ong the dashed Iine (A-A) 209 in Figure 2a._[0053]
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[0054] Figure 4a is a simplified schematic illustration of the preferred aperture
fabrication apparatus 401 for fabricating at least one adjustable elastomeric aperture
in the polyurethane sheet 402. In Figure 4a the aperture fabrication apparatus 401
comprises the injection-moulded polyurethane sheet 402 (shown in cross-section).
The arms 403 of the polyurethane sheet 402 containing the eyelets 404 facilitate
attachment of the sheet 402 to the aperture fabrication apparatus 401 via the pins
405. The sharpened probe 407 is attached to a mechanical actuator 408 held within
the aperture fabrication apparatus 401. An elastomer support component 409 is
connected to a mechanical actuator 410 of the aperture fabrication apparatus 401 and

is positioned directly opposite to the sharpened probe 407 on the opposite side of the



The total isotropic biaxial displacenent is thus 10 mm
per axis and is given the synbolic representation AX

WO 03438189 gure 4a is a sinplified schematic  PCT/GB2007/050340
illustration of the preferred aperture fabrication
apparatus 401 for fabricati ng, at | east one adj ustabl e
el ast oneri c apert ure in the poI yur et hane sheet 402.
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[0055] In the fabrication of an aperture as described above the adjustment of the
elastomer support component 409 is used to modulate the degree of elastic recoil of
the polyurethane sheet 402 at the site of the cruciform septum 412. The elastomer
support component 409 can be adjusted to be in any general position selected from
the group comprising, but not limited to: less than 1 mm, or alternatively less than
100 pm, or alternatively less than 10 pum, or alternatively less than 1 pm, or
alternatively less than 0.1 pm, or alternatively in contact and with and less than 0.1
um applied deformation, or alternatively in contact and with and less than 1 pm

applied deformation, or alternatively in contact and with and less than 10 um applied



current signal detector 416 is the voltage-cl anping
anplifier (Axopatch 200B with CV203BU preanplifier
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deformation, or alternatively in contact and with and
| ess than 100 m applied deformation, or alternatively
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or post fabrication of the aperture. The method of
aperture fabrication can also be inverted so that the
probe 407 penetrates the cruciformseptum 412 from
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[0059]  Figure 4b shows the graph 417 of the recorded current trace 418 of an
aperture fabrication event as described above. The y axis 419 shows the current level
in pico amperes (pA). The x axis 420 shows the time in seconds (s). Features of the
current trace 418 are indicative of the process of aperture fabrication. These features
include a period representing the open circuit state prior to penetration by a recorded
current value of 0 pA 421. Following the initiation of penetration a short period of
elevated current response 422 is recorded that precedes the rapid rise 423 indicating

completion of the electrical circuit. The circuit is completed by the establishment of



413 filling the cavity 411 of the el astonmer support

conponent 409 was 1M KCL, 10nM Tris-HCL pH 8.0, 1nM
WEDDA148029% Triton X-100, filter sterilised tPeDGHR008/050340

0.22 mMIlipore filter and stored as frozen aliquots.

Al'l reagents were AR grade. £0058] In the fabrication
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conpletion of the electrical circuit. The circuit is

conpl eted by the establishment of WD 2007/ 148129
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407 and the electrolyte fluid 413 shown by ecrease
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r
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clas;tpmyrm djeroifre.t ke trace features 421-427 can thus be used to characterlse the

performance capabilities of adjustable elastomeric apertures. Thus, for example, the
presence of a well defined step feature 422 produced by the pre-tunnelling current as
the probe 407 initially begins to pass through the septum 412 tends to indicate a
suitable aperture in the preferred embodiment of the invention, as also does the
presence of the shoulder feature 426 indicative of the initial flow of electrolyte fluid
413 into the aperture after the probe has begun to emerge from the opposite side of
the septum 412, and the presence of the feature 427 at substantially the same level as
the feature 418 indicating that the aperture has substantially completely resealed (to
leave a residual hole smaller than an ion) on withdrawal of the probe 407 from the

septum 412.



el astomer support conponent 409. Variations in the

shar pened probe 407, the «cruciformseptum 412, the
webmctissabyte fluid 413 held within the cavity BAWG82007/050340

the elastoner support conponent 409, the position of

the el astonmer support conpongnt 409, the tenperature

of the probe 407, the tenperature of the el astoner

support conponent 409, the tenperature of the

cruci form septum 412, or any other paraneter of the

(ﬁgrture fabrication process will be nmanifest
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i ndi cative of the initial flow of electrolyte fluid

WPE21 nt Bigurre balet tsimplifygcy sghepmic piugeativasolbe gunferrgd aperture

AL LAY ORERT P i B, SESHR Mpor i me
pélpercttavel shast 60he Ireafhgme Gl&d ngéraat | ajudthatt bpygaratus 600

aperture has substanti al | onpl etely resealed (to
pBResch theeBolywisthang sBeed P |@0th§h6%8-ﬁ%ﬂynbﬁomammg a single

)34

X%g%l%@’!ﬁt(’% ?ﬁ%%?/ 58%1116{)5 i [o%fﬁt%? E%“E@Bf‘%%gm\mmg the

s;l'ladms 6@55faaﬁmzitagattaomﬁcmad>f ticc palyophant ndiget 60D twd thér aperture
ting.500 m crone

a bar 5 r
B TR it angy e s oS e graperture
AuaReht MRl bOE iS @@hpﬁedo\tmmnl ObREY 1O Ned®Hi9807 in contact

pol yurethane article the controll ed penetration of
with thmarrﬁa@n ef the\mggme nAmeomd @lmtmiyts gescavadiafiy i famaed by the

enc ai sed at u

SRGG i o, P B PRRNIE 5 wilgte oL TR BoITErofia 20 g2 The
9&@{@@ @0 Beht PElyRedthHk Thna &S0 apiahi élbéttcﬂy?te@fl 1tih€he electrolyte
adj ustable elastoneric aperture. E%1‘0062 Figure 6 is

EeRypir 008 do be nesrasible P19 first AatA s dgctrade pb.efr gond Ag/AgCl
BREFIH A3 is immersed in the electrolyte 611 in the second electrolyte reservoir

608. A voltage bias applied across the two electrodes 612 and 613 by a voltage
clamping current signal detector 614 allows the ionic current caused to flow through
the aperture 603 in the polyurethane sheet 602 to be measured by the voltage

clamping current signal detector 614.

[0063] The aperture adjustment apparatus 601 serves to adjust the adjustable
elastomeric aperture in operation by means of the actuators 615 connected to the
eyelets 605 in the polyurethane sheet 602 by pins 617 that match the size and
placement of the eyelets 605 in the polyurethane sheet 602. The actuators 615 are



adj ust nent apparatus 600 for utilising an adjustable
el astoneric aperture in the polyurethane sheet 602.

WO 20oFilgaiee 6, the aperture adjustnent apparat uBCBEGB2007/050340
conpri ses the pol yurethane sheet 602 (shown in
Cross-section) containing a §éngle adj ust abl e
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cruciformcontaining the eyelets 605 facilitate
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g ﬁ&gﬁ%egggﬁﬁgcgﬁﬂﬁhQM/through the aperture 603 in
t

e pol yuret hane sheet 602 to be neasured by the
vol tage clanping current signal detector 614. [0063]
The aperture adjustnent apparatus 601 serves to adj ust

dj ustabl e el ast omer| erture.in operatian by.
%R L RhRE s FoaR3 DO R AR BE Bribn RE R 2 Rp Alustabe
8@Sombri¢ heppRty UBEAARE Bheaat i§eRiddY mdlged polyiathane sheet
mat ch the size and placenent of the eyelets 605 in
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In operation to effect adjustnent of the adjustable

eYchlt diraRdccmagurad em the IntshAd AU DRI CBREGOP S thengnadiusted
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recei ved e vol tage clamping curren
FThgahxig§08 at amdb 1l secbinds (Yonibht epp&lBacal T@Wwdefiors the current

PSR 0TS R LLFoBEL AT 0,80 RIS SR, i
850Ny hdeQRf {HR iRR RS PAbAABE Bruciform septum (I,,). The y axis 705 is the
measured current in nano amperes (nA). The x axis 706 is time in seconds (s). The
voltage bias was held at 50 mV throughout the duration of the recording and the data
acquired at 500 ps sampling intervals. It can be seen from the graph 700 that the
lower x axis 703 time and the upper x axis 706 time represent the same time course
and that the lower AX trace 701 is linked to the upper I, trace 704. The graph 700
shows the initial current level (/, = 0 pA) of the penetrated cruciform septum and the
lack of observed change in /I, as AX was increased from 0 to 5 mm and then
maintained at that level. At 624 s the current trace abruptly increased and rapidly
reached a steady state (I, ~ 4 nA). Upon subsequent reduction of AX to 1.8 mm, 7,

returned to the initial open circuit value (I, = 0 pA). The onset of electrical activity



recorded and utilised to enable fully automated and

preci se operation of the adjustable elastoneric
wa@pertesiea [ 0065] Figure 7 is a conposite grapPCTGB2@f7/050340

the primary wetting of an adjustable elastoneric

aperture fabricated in an i n'?fcti on noul ded

pol yur et hane sheet pol yurethiane article as descri bed

ab . . The | ower trace 701 depicts the anount of .y
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s). The upper trace 704 depicts the current flow ng

tpeefermarige canedildice of theceinsiabtreglasteménic leslote ol yte in
contact with the opposing sides of the injection
moul ded cruciformseptum (Inm). The y axis 705 is the
nmeasured current in nano anperes (nA). The x axis 706
[0066] MeFigores 8ciendsofmppsiteT Baph VAUt af) ehddbpsninygsnthellekigd of an
50 nV throughout the duration of the recording and the
acgv%{ablgekﬁﬁ@fl@ac aperbpp [abricalsd i pyisriiep wguided nolpyethage sheet
ﬁ)%gflﬁ%gﬁ’{rﬁgﬁ wWieRh R0 1608t phdhesod géglr:tsxth@)&hﬁ)ungf isotropic

tinme a upper x axis /706 tine represent the sanme
biarel edjustsent gpypdictd hatha ingectionverouldédtpohoretlidde steel. | Tikey axis

t upper I mtrace.704. The aph 700 shows the ..
b bt EE et SE s B mlpehRef A Rl st distance
ek d OB efeu M ther Ey%}é% ofrrRRSer igd &ﬁh@ﬁﬂﬁedi Bhoulded
Imas AX was increased from0O to 5 nm and then

peliywicthaneghest (4 hammesbiracted (i@ the mepsursdradust aftor adjaistment.
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BWinigNbethveénl tIe Bvd @lddaddédnirhmalse® AL rel€dtfobie tin Vcdhta@t (iR the
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S5Oy £ 51000 WBUAPST Vb e R o
R 4comdinghand the datsedquioed ial Mt ey sapepling intervals. The graph 800
shows that, with careful adjustment of AX, a transition zone can be encountered that
enables repeated observation of the onset and breakage of electrical continuity.
Successive stepwise increases in AX initially result in no significant change in /p,.
Towards the end of the transition zone (AX ~0.8 mm) an abrupt increase in /r, (to ~40
pA) is observed. By contrast, in the reverse direction of adjustment, /,, can be
incrementally decreased until no longer detectable due to electrical disconnection
and shows that adjustable elastomeric apertures can repeatedly self-seal upon

relaxation. The traces 801 and 804 can thus be used to characterise the performance

capabilities of the adjustable elastomeric aperture.



the performance capabilities of the adjustable

el astoneric aperture. [0066] Figure 8 is a conposite
w@e@ph4809 of the opening and closing of an aPfTIEBa®IE®50340

el astoneric aperture fabricated in an injection

noul ded pol yur et hane sheet % [l ow ng primary wetting.
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pol yur et hane sheet. The y axis 802 is the adjustnent
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be used to characterise the performance capabilities of the adjustable elastomeric

aperture.

[0068] Figure 9b is a graph 907 illustrating the relationship between AX and /y,.
The trace 908 depicts the 7, response following step adjustment of AX during one
complete cycle of aperture opening and closing within the practical /., current
measurement range (0 to 10 nA) of the current amplifier. The x axis 909 is the

change adjustment (AX) in millimetres (mm) between the eyelet-to-eyelet distance
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ROTPlEE2 00aVaIs034he 2ph 1000 shows step adjustment of AX and the
corresponding /,. The electrolyte reservoir on the cis side of the septum contained
pUC DNA at 2 ng/ul. Zones I-V marked on the current trace are delineated by
abrupt baseline shifts as AX was adjusted. The current trace 1004 shows downward
pointing transients in zones I, III and V that were not apparent prior to the addition of
DNA. The transients are typical of DNA current blockades (See Mara et al., “An
asymmetric polymer nanopore for single molecule detection”, Nano Letters, 4, 497-
501, 2004; Karhanek et al., “Single DNA molecule detection using nanopipettes and
nanoparticles”, Nano Letters, 5, 403-407, 2005; Li et al,, “DNA molecules and
configurations in a solid-state nanopore microscope”, Nature Materials, 2, 611-615,

2003; Ito et al, “Simultaneous determination of the size and surface charge of
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The y axis 910 is the neasured current in nano anperes

(nA). The trace 908 can thus,,be used to characterise
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Mechanical equilibriation indicates mitigation of the Mullins effect in the
elastomeric material of the septum, either prior to fabrication of the aperture, or post
fabrication of the aperture, and is achieved when the change in the measured

parameter is within specified tolerances.

[0071] The measured parameters of the unpenetrated blank membrane or the
penetrated membrane are selected from the group comprising, but not limited to:

optical detection, optical detection by way of polarising light, electrical detection,



configurations in a solid-state nanopore m croscope",
Nature Materials, 2, 611-615, 2003; Ito et al.
wO Siomsgianeous determ nati on of the size and seeT/@Be007/050340
charge of WO 2007/148129 PCT/ GB2007/050340 30
i ndi vi dual nanoparticl es usiggha car bon nanot ube- based
Cbulter counter” Anal ytical emstry, 75. 2399- 2406,
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coincide with increase and reduction of

adihe sbererdeseibediparaapsers.ur e t hus provi des a nechanlsm

for the controlled gating of DNA nol ecules and the

traces 1001 and 1004 can thus be used to characterise

the performance capabilities of the adjustable

el astoneric aperture. The electrolyte was 1M KCL,

| OM Tris-HCL pH 8.0, 1mM EDTA, 0.1% Triton X-100,

filter sterilised through a 0.22 mMIlipore filter

and stored as frozen aliquots. Al reagents were AR

grade. The DNA sanple was the 2686 base pair plasmd

pUC 19 (from Sigma- Aldrich, St Louis, MO, USA),

linearised with Sma 1, dephosphorylated with calf

i ntesti nal phosphatase, purified using a Q Aquick spin

colum and used at a concentration of 2 ng/l. [0070]

Figure 11 is a flow chart depicting one exenplary

generic node of operation of the enbodi nents of the

invention illustrated in Figures 2a & 2b, Figures 3a

& 3b, Figure 4a and Figure 6. For each enbodi nent

illustrated in Figures 2a & 2b, Figures 3a & 3b,

Figure 4a and Figure 6, the exenplary node of

operation is to intended to achieve a mechani ca

equi l i briumof the elastoneric material by conparing

a nmeasured paraneter prior to and follow ng a

nmechani cal adjustnment. Mechanical equilibriation

indicates mtigation of the Mullins effect in the

el astoneric material of the septum either prior to

fabrication of the aperture, or post fabrication of

the aperture, and is achi eved when the change in the

nmeasur ed



paraneter is wthin specified tol erances. [0071] The

nmeasured paraneters of the unpenetrated bl ank nenbrane
w@eoorhes12penet rat ed nenbrane are sel ected fronmP€heB2007/050340

group conprising, but not limted to: optica

detection, optical detection3 y way of polarising

light, electrical detection, 2007/ 148129
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by way of neasured changes in electrical current,

el ectrical detection by way of neasured changes in
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means is provided for nonitoring one or nore

paPalstEeke. of the penetration of the deformable

material by the probe. 3. A device according to claim

1 or 2, wherein control nmeans is provided for

nonitoring the extent of penetration of the defornmable

maBer Aadevise adeerdpraptveclama 1 Qrohtwhﬂrbihn@ntrhlemadtjlwistmeviﬂed for
netration
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controlling the adjustment of the extent of penetratlon of the deformable material

by the probe in response to such monitoring.

4. A device according to claim 3, wherein control means is arranged to monitor
the extent of penetration of the deformable material by the probe by monitoring an
electrical current and/or electrical tunnelling current passing through the
deformable material between the probe and an electrically conducting medium on

the other side of the deformable material.

5. A device according to any one of claims 1 to 4, wherein adjustment means is

provided for adjusting the position of the support component relative to the probe.



4. A device according to claim3, wherein contro
nmeans is arranged to nonitor the extent of
w@enetisedard on of the defornmable material by theP@r/cBeoopsos4o
nmonitoring an electrical current and/or electrica
tunnel ling current passing tEgough the deformable
mat eri al between the probe and an electrically
conducting nmedi um on the othe ide of the deformable
maber feviee aaCIEPRCE AR i 9@ gy Ome Whergina iz support
?d@@ﬁf ﬁchIp%gdté’ssﬁ it ﬁ RavilySfor QE&Ywﬁgq fi of the probe on
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r epateiragort of thhdeformitde Mr@@ﬁ;?ﬂfb%&lm
PCT/ GB2007/ 050340 33 6. A device according to any one
of clains 1 to 5, wherein the support conponent
incorporates a fluid-filled cavity for receiving a tip
of 7t ha aé@b@ a0fordPENRY by iR of cladnds defi®rgrekh@cin the support
mat eri al theiprobe . A device accordlng to any
on@O@POU@MaiSn%thP oo 6f a westlbe ﬁle@trféleguwmrﬁtm&@nﬁéﬁmme fluid-
IS I P |
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tipmﬂimlhﬁﬂ@@@ﬂ&,on penetration of the defornable
material by the probe. 8 A device according to any
one of clains 1 to 7, wherein neans are provided for
heating or cooling the support conponent. 9. A device
acgor di d'ég’léeodcé‘&ﬁn%rt@ aAf ofk 3F Pﬂ%urﬁs 19 8, wHBRIEinBaBAE §r0V1ded
are provided for "heating or cooling t he probe. 10.
deldr deatingr orconlding thesiyprprodinysmanil e el ast oneri c
mat eri al containing an elastomeric septum portion
adapted to be penetrated to forman aperture providing
a path for particles and/or radiation, conprising
noaj t oY USgcBRBAiIADI0 MBNIdeWTich@ms A tPB[ dMBled! meinstdie provided
sept um portion and adjustnent means f or adj usting the
EF tm&ﬁﬁqﬁhﬁg ¢ Preh§ ge at |east one of the
paraneters of the path provided by the aperture. 11.
A device according to claim 10, wherein the adjustnent
nmeans conprises a probe for forcibly penetrating the
def@r Haﬂé‘écmﬁblembmdlitibmng cadjustabl@ cdastymdrie tfagerial containing an
mat e

al
elastomenc septum portion adapted to be penetrated to form an aperture providing
a path for particles and/or radiation, comprising monitoring means for monitoring
a parameter of the septum portion, and adjustment means for adjusting the septum

portion to change at least one of the parameters of the path provided by the

aperture.

11. A device according to claim 10, wherein the adjustment means comprises a
probe for forcibly penetrating the deformable material to form a vacancy in the

material.

12. A device according to claim 11, wherein the monitoring means comprises
means for measuring one or more parameters of the penetration process during

penetration of the material by the probe.



12. A device according to claim11l, wherein the

noni toring nmeans conprises neans for neasuring one or
woreoog/1gaeanet ers of the penetration process dup€TgB2007/050340

penetration of the material by the probe. WO

2007/ 148129 PCT/GB2007/050349 34 13. A device

according to claim 10, 11 or ﬁz wherein the

nonitoring nmeans conprises optical detection neans,

el ectrical detection nmeans, and/or mechanical stress

or strain detection nmeans. 14. A device according to
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me A nmet hod according to claim15, wherein

the preconditioning conprises preconditioning by way

of chem cal, thernmal or radi ative curing or

precondltlonlng by way of nmechanical adjustnent. 17. A

nmet hod Beked cf%@rewldeqlcamaﬁ a5 adippi@blsi lasiqqaeric material containing
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i spasmatets giiedunpac 200y mendtae. PCT/ GB2007/ 050340 35

19. A nethod of determning the suitability of an
adj ust abl e el astoneric nmateri al

16. A method according to claim 15, wherein the preconditioning comprises
preconditioning by way of chemical, thermal or radiative curing or

preconditioning by way of mechanical adjustment.

17. A method according to claim 16, wherein the preconditioning by way of
mechanical adjustment comprises preconditioning by way of compression

tensioning, stretching, bending or twisting.

18. A method according to claim 16 or 17, wherein the preconditioning by way
of mechanical adjustment comprises preconditioning by one or more cycles of

mechanical adjustment until a mechanical equilibrium is established.



contai ning an el astoneric septumportion to form an
aperture in the septum portion providing a path for
w@20ovitedies and/ or radi ation, the method conpriBECTIGB2007/050340
nonitoring one or nore penetration paraneters of the
aperture fabrication process,.during penetration, and
using the results of such nn%?toring to characterise
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r egedidly aeyl wtHey of Bwdbmeedofpesiueeh noni toring using a
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wWth the results recorded thereon as an indication of

the suitability of the elastoneric material to form
an2@parethed pecovdialg toclainp 83, Huiftisr cpmiptisiag @sceptiflg Gor use to form
radi ation. 22, A nmethod of determining the suitability

of an pPAYET PigVitingna ath Aoy RAsticlet and/qy) rag%% plaglompsie majgrial for
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results of such nonitoring to characterise the quality

an@nﬁpPpF¥§cﬂﬁalﬁgmgﬁperture 23. A nmethod according

to claim22, further conprising accepting for use to
provide a path for particles and/or radiation an
aperture for which the results of such nonitoring are
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i %%9@65? NS RACTBrimoRPY e FFRIding & BYhnfeamartisies and/or
optdiefionm Croscopy, polarising Iight mcroscopy,
confocaP m cr oscopy, scanni ng confocal m croscopy,

22. A method of determining the suitability of an aperture in an adjustable
clastomeric material to provide an adjustable path for particles and/or radiation,
the method comprising monitoring one or more parameters of the aperture, and
using the results of such monitoring to characterise the quality and utility of the

aperture.

23. A method according to claim 22, further comprising accepting for use to
provide a path for particles and/or radiation an aperture for which the results of
such monitoring are within an acceptable range, and rejecting for such use an

aperture for which the results of such monitoring are outside the acceptable range.
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and adjustment means for adjusting the septum portion to change at least one of

the parameters of the path provided by the aperture.

27. A device according to claim 26, wherein the adjustment means is adapted to
change the geometry and/or size of the aperture to increase and/or to reduce the

diameter and/or path length of the aperture.

28. A device according to claim 26 or 27, wherein the septum portion comprises
a membrane portion of the material of lesser thickness than a surrounding portion

of the material.



31. A device according to claim30, wherein the or
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means is detachably attachable to the adjustable elastomeric material by at least

one eyelet extending through the material.

34. A device according to any one of claims 26 to 33, wherein the adjustable

elastomeric material is in the form of a sheet of cruciform shape.

35. A device according to any one of claims 26 to 34, wherein monitoring means
are provided to monitor at least one of the parameters of the path provided by the
aperture and to provide feedback indicative of the monitored parameter to the

adjustment means.



37. A device according to any one of clains 26 to 36,

wherein the adjustable elastoneric material has been
waeoaesa2e reated to render it hydrophobic, PCT/GB2007/050340

hydrophilic, oleophilic, electrostatically charged,

and/ or electrostatically neuggal.

36. A device according to any one of claims 26 to 35, wherein the adjustable
elastomeric material is selected from the group comprising, but not limited to:
polymers, natural and synthetic rubbers, elastomeric materials, natural polymers,
proteins, polypeptides, polysaccharides, plastics, doped conducting plastics,
hydrocarbon plastics, perfluorocarbon plastics, latex materials, thermoplastic
deformable materials, thermoplastic polyurethane (ethers and esters) deformable
materials, olefin-based deformable materials including polypropylene,
polyethylene, cyclic olefins, styrene-based deformable materials, polyamide-
based deformable materials, polyester-based deformable materials, nitryl-based
deformable materials, ethylene chloride copolymer cross-linked alloys; silicone
deformable materials, semiconductor based materials, silicates, silicon, doped

silicon, metals or metal alloys, piezoelectric materials, and piezoelectric ceramics.

37. A device according to any one of claims 26 to 36, wherein the adjustable
clastomeric material has been surface treated to render it hydrophobic,

hydrophilic, oleophilic, electrostatically charged, and/or electrostatically neutral.



