1 PARTICLE SENSITIVE/RADIATION SENSITIVE DEVICES Background
of the Invention [0001]This invention relates generally to particle sensitive

or radiation sensitive devices incorporating adjustable clastomeric
watanalsignntaining adjustable elastomeric apertures, and methedsderoso340
the fabrication of such adjustable elastomeric apertures and methods for

the use of such adjustable clastomeric gpertures for detecting, measuring

or controlling particles and/or radiation. 100021Detecting, measuring or
controlling matter and/or radiation are essential themes in both the natural
world and in the world of invention. However, matter and radiation are
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vessels, membranes, and conduits provide a means for restraining and
containing matter and/or radiation. Boundaries that limit the dissipation of
materkgndiordadidtiohammdaid to be substantially impervious,
impermeable or opaque. Apertures are passages through impervious,

im able qr.opaque media that allow for the passage of matter and/ar.
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of matter and/or radiation occurs and mechanisms for observing them are
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andetegtifig, euaantanet apariiieg pamidesusedie.driest, 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

26 foruse,as a particle-sensin vice called oulter counter, .
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through which appropriately sized particles can pass between the o

re§8§%ﬁ>s¥fﬁ‘i’é?fﬁ%‘ﬁes‘md conduits provide a means for restraining and containing

matter and/or radiation. Boundaries that limit the dissipation of matter and/or
radiation are said to be substantially impervious, impermeable or opaque. Apertures
are passages through impervious, impermeable or opaque media that allow for the
passage of matter and/or radiation from one side of the boundary to the other side.
Apertures can thus be used for detecting, measuring or controlling matter and/or
radiation because they provide the focal point through which the passage of matter

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 means to generate an electric current

of ions through the aperture by the application of a potential difference, or
voltage, across the electrodes. Particles caused to transiently occlude the
Hsedra 48 thus be detected by monitoring of the electrical BijaB#0a/050340
technique referred to as resistive pulse sensing. The transient partial
occlusion of the aperture by appropriat@ly sized particles causes

blockades of the ionic flow that can be characterised by measuring the
chelagslimceask mesampliturte aded the @usatiogenbthe blockadséceventnt of ions
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physical properties of both the aperture and the occluding particle and,
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E apeyures.are ion channels and ttansmembrane pores
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fab%ca ed f%m ?r in solid-state materials such as inorganic nanotubes
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pores lithographically sculpted in silicon-based membranes (Li et al.;
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microscope”, Nature Materials, 2 , 611-615, 2003) and from carbon
nanotubes (Ito et al., "Simultaneous determination of the size and surface
charge of individual nanoparticles using a carbon nanotube-based Coulter
counter" Analytical Chemistry, 75. 2399-2406, 2003). Although apertures

of a fixed or static geometry and mechanisms for observing them are
known, only a few are capable of adjustable geometry.



[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

P& ANEY B1886%ts of polymer film where adjustment of the effechVE/GRGUPE0340
size is made by controlling the degree of registry between the apertures in
the parallel sheets. US 6706203 and U$ 2003/0080042 disclose an
adjustable nanopore, nanotome and nanotweezer comprising two sliding
solidataredtystalliye or cenghnicsivimdovepentiess ovetlaidaganeitair, the
single.Smalleraperiebate adlusiment of e &ERCINE ARRIW Shain, The

geometry is made by controlling the degree of registry between the
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nanometres. In US 4853618, a Coulter-type particle analysis apparatus

with an aperture of variable size has been disclosed in which aperture
geometry is adjusted by the precisely controlled insertion of an insert into
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for regulating effective aperture geometry by deforming the geometry of
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piezoelectric effect to a conical taper. US 3395344 discloses a deformable
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the perforated membrane (i.e. parallel to the axis of the lumen aperture,
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to allow unblocking of the blockage. The deformable aperture of US
3385884 ¥ffers several advantages over the fixed geometry apertures of
Coulter counters but lacks the capacity to be precisely opened to a
specific level for the purposes of detecting, measuring or controlling

paytictss angiansadiation. AA0G1 BEEERZ00R{153366 disclRped@fblling the
adjustable elastomeric aperture that can ,

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



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
e é#dth geometries. WO 2007/148129PCT/G82007/0BOB&E2007/050340
[0008]The deformable apertures disclosed in PCT/EP2005053366 suffer
from several disadvantages and limitatdbns. 1000910ne disadvantage is
that an adjustable elastomeric aperture fabricated in a deformable
mErialcatianidindisrossose cddrivd§uirastisaessdiolExdFfdasie 2 Coulter-type

hidgﬁ!r-@&%cm Aistment RRRAAWRIQACHIEVS NADAMEUR SCRL disclosed in
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justment of the adjustable elastomeric aperture. 1001010ther
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into a static aperture, thereby partially occluding the geometry of the static aperture

and so adjusting the effective aperture geometry.

[0006] Methods for regulating effective aperture geometry by deforming the
geometry of the aperture itself have been disclosed. GB 2337597 discloses a tapered
orifice fabricated within a piezoelectric material or other such flexible material
whereby adjustment of the orifice by the piezoelectric effect enables clearance of
blockages by the concomitant adjustment of the aperture geometry. This provides a
means for clearing blockages from Coulter-type particle sensors by applying
ultrasonic vibration via the piezoelectric effect to a conical taper. US 3395344
discloses a deformable aperture comprising a material that is flexible (including
elastic and rubber-like materials) which utilises its capacity to deform under
hydrostatic pressure or vacuum to enable the dislodging of blockages, or partial
blockages, in Coulter type devices using apertures fabricated by punching moulded
diaphragms with a heated stylus. The hydrostatic pressure or vacuum exerts
deformation pressure normal to the plane of the perforated membrane (i.e. parallel to
the axis of the lumen aperture, but normal to all other points on the membrane plane)
which causes the membrane to belly as it is deformed and so adjusts the aperture
geometry to allow unblocking of the blockage. The deformable aperture of US
3395344 offers several advantages over the fixed geometry apertures of Coulter
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.



which must be cut into appropriate shapes for deployment introduces a
waste component in the form of the excess trimmed material, (ii) sheet
materials are most typically fabricated with rollers which introduce
WRISH7Tpfd 2ine tensions, and (iii) the sheets of deformable nFaIEGRzEWe50340
fabricated to have a specific thickness, within certain tolerances, requiring
complex assembly procedures to be adopted to create architectures of
varying thickness. 100111Another disadvantage is that fabrication of the
adéPfiks bihpeteitratible withrarsh atiselvect pro BE HaP IMIfAGOA6h ecfitrséom

the GlagiamencRale.af iha Arformable material causes the aperture to
be fabricated uncontrollably as the probe penetrates the elastotneric

material and the deformed clastomer elastically recoils following
penetration. 100121Another disadvantage is that the deformation
cHé®eristios dfsediasmmmetbcthm&aarbajjslmmﬁem&si@aﬁimpﬁmtw(Inhaﬁa;iatcd ina
changas tran.deformation acggls% omenon known as the ulllns effect h
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acepmadaiapitigaigsngeutilise the Mullins effect in adjustable
elastomeric apertures. WO 2007/148129PCT/GB2007/050340 6

[0010]  Other disadvantages are that (i) the use of sheets of deformable materials
which must be cut into appropriate shapes for deployment introduces a waste
component in the form of the excess trimmed material, (ii) sheet materials are most
typically fabricated with rollers which introduce anisotropic line tensions, and (iii)
the sheets of deformable materials are fabricated to have a specific thickness, within
certain tolerances, requiring complex assembly procedures to be adopted to create

architectures of varying thickness.

[0011]  Another disadvantage is that fabrication of the apertures by penetration
with a sharpened probe has limitations because the elastomeric nature of the
deformable material causes the aperture to be fabricated uncontrollably as the probe
penctrates the elastomeric material and the deformed elastomer elastically recoils

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,



100131Another disadvantage is that fluid handling capabilities for
adjustable elastomeric apertures have not been developed for analysing
particles that are suspended in fluids and such fluid handling capabilities
3re 20 (K#8d%o0 facilitate fluid phase particle analysis. 10014 PKHEABRIAE/50340
is desirable that a new type of improved adjustable elastomeric aperture is
developed that is mechanically simple &nd allows the adjustable

elastomeric aperture to be easily fabricated and characterised for the
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provide an adjustable elastomeric aperture that is easily fabricated from
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sepkilivestidiadiatiosissensitive devices incorporating adjustable

elastomeric materials containing adjustable elastomeric apertures, and
methods for the fabrication of such adjustable elastomerio apertures, and
methods for the use of such adjustable elastomeric apertures for
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there is provided a . o e :
acgustzﬁvle egastomenc aperture to be easily fabricated and characterised for the
purpose of detecting, measuring or controlling particles and/or radiation over a

plurality of scales.

[0015] It is an object of the present invention to provide an adjustable elastomeric
aperture that is easily fabricated from inexpensive materials. The present invention
relates generally to particle sensitive or radiation sensitive devices incorporating
adjustable clastomeric materials containing adjustable elastomeric apertures, and
methods for the fabrication of such adjustable elastomeric apertures, and methods for
the use of such adjustable elastomeric apertures for detecting, measuring or

controlling particles and/or radiation.

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
elastomeric 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]  Ina preferred embodiment of the invention the septum portion comprises a

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



particle sensitive and/or radiation sensitive device incorporating an
adjustable elastomeric material containing an elastomerie septum portion
adapted to be penetrated to form an aperture providing a path for particles
WRHWi /1aghizion, and adjustment means for adjusting the sepHGBNITGIF0340
to change at least one of the parameters of the path provided by the
aperture. WO 2007/148129PCT/GB2007/050340 7 portion of the

material, the surrounding portion of the material advantageously being in
theofbam Witheraigiedatinthe setosinditbeemémbriithe pottioal sdvastigdarnsty deing
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of the material not containing the septum portion in order to provide a fluid
path through the material prior to penetration of the septum portion. The or
each hole may be surrounded by a raised rim enclosing the hole so as to
folM Blwellisirrelsndingdiredhdiet. [002A3Avattalgeatshdithtradghsimenit the

mﬁﬁ[&?ﬂ? Qo%té‘&ﬁ}%%g%c%%%%ﬂ%n in order to provide a fluid path through
the material prior to penetration of the septum portion. The or each hole may be

surrounded by a raised rim enclosing the hole so as to form a well surrounding the
hole.

[0019]  Advantageously the adjustment means is detachably attachable to the
adjustable elastomeric material to allow adjustment of the septum portion to change

at least one of the parameters of the path provided by the aperture.

[0020]  According to another aspect of the present invention there is provided a
device for fabricating a deformable aperture in deformable material, the device
comprising a probe for forcibly penetrating the deformable material to form a
vacancy in the deformable material through which a continuous path extends from
one side to another side of the deformable material, and an elastomer support
component for supporting the deformable material to provide mechanical resistance
antagonistic to the direction of the force exerted by the probe on penetration of the

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



adjustable elastomeric material to allow adjustment of the septum portion

to change at least one of the parameters of the path provided by the
aperture. [0020]According to another aspect of the present invention there
WOHYViEEEA device for fabricating a deformable aperture inREEESFBIABTO50340
material, the device comprising a probe for forcibly penetrating the
deformable material to form a vacancydn the deformable material through
which a continuous path extends from one side to another side of the
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the direction of the force exerted by the probe on penetration of
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plastics; pertluorocarbon plastics; latex materials; thermoplastic

deformable materials; thermoplastic polyurethane (ethers and esters)
ble materials; olefi ed deformable materials including
pg{@g%%ylirrgé WSRO %laé? %f?r]i]f %fﬁ%é@é%é’&‘ﬁ%%%am@emi is
méatenial sppalyanitedased] defonetabich Bmatssial selpalkye stanbaseebup, but
defarmable erigls; nityl-based fqég]? le materials Xlene chloride
cofgE mer g:;i,&s Iml?éléa al%g)ys i%clc%ge ogr)rﬁ%blagﬁr)n%trg{r)ﬁ# COMIPEEssIon
i oM pressiarinikstiar miidates; smbewitmpd stibossirsetsmping

m@at@low&mﬂ@zomﬁmmﬂ%@@hm %lgptr&%gm&ﬁu;@e milling; ion

defo nable rture can alsqQ be defined by composite defomiable
SO E SPUE GFOBH B o i GH SCeH iR the above

descnbed processes.

[0023]  The unpenetrated blank membrane of adjustable elastomeric material can
be of any general three-dimensional geometry selected from the group, but not
limited to: cubic geometries; rhombic geometries; orthorhombic geometries; planar
geometries; asymmetric planar geometries; symmetric planar geometries; planar
geometries with two symmetry axes; planar geometries with three 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.



100221The unpenetrated blank membrane of adjustable elastomeric
material is formed into three-dimensional geometries by processes

selected from the group, but not limited to: moulding; injection moulding;
VYiBAMEhg; compression moulding; compression-injectiotCA{EBRITE50340
embossing; hot embossing; stamping; casting; etching, lithography;
photolithography; cawing; cutting; millifig; ion milling; polymerising;

epitaxial growth; or by any combination of the above described processes.

[0603Tthe dhpeanBesteros attknamnbeme of adjuiraliclememmienpaterial has
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orfio GBI GBbIEETRE: D JBYH e R0 S8y RREakHApes: ridges; or
genmeites caintietiicplanatgesmeties:pianangeepeliig Switvtwmited to;

Symlgs?ﬁé{o%eﬁﬁ'%%a% %‘%@r‘?”h%%&%’fﬁﬁ&é‘ﬁ% ' BYTRaC e?éﬁﬁéﬂé‘;{{l‘re‘sﬁ'c
planar’geometries with fo sy?'nme ry axes, symmetric planar geometries
with five symmetry axes; geometries of variable cross-sectional thickness;

planar geometries of variable cross-section thickness. 10024]The
unjoensitratad blapknnemsbraaskohacibsiable elasiapiernmaierial6aRhe has

of any general size in which one or mor oé.[the three. spatial dimensions of .
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section; layered regions, or by articles embedded into the elastomeric material from

the group, but not limited to: fibres; ceramics; composites or by any combination of

the above described features.

[0027]  The unpenetrated blank membrane of adjustable elastomeric material has
structural features to facilitate fluid handling. 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.

[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



[0025]The unpenetrated blank membrane of adjustable elastomeric

material has structural features to facilitate attachment to instrumentation.
The structural features are selected from the group, but not limited to:
REIS80B8I8s; hooks; lugs; ridges; or by articles embedded iPET/GB2007/650340
elastomeric material from the group, but not limited to: rings; hooks; pins;
rods, or by any combination of the aboMe described features, [0026]The
unpenetrated blank membrane of adjustable elastotneric material has
stribetereufdatiures wifadilitater firs bontrotivaliadindomértoétiesadjoStdjukeable

elastomesic material s shivstral featuresare selgcledromdhe JoHRe of

but not limited to: holes; ridges; rims; rings; walls; tubes; wells; reservoirs;
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intméheyalasiordpric.Platesiad fiemn the e l@medmlﬁtgtshiﬁmg?@lﬁ@atﬂ%mg to render
ceramics; composites or ny combination of the above described
o A O P B i B i Seapfesecs st
eldstomeric materialdhas tteuctoeabfeatured teaffaiishte fluiddnaneting rdeial

structwial fealives A SHESIET fTam the:igroum Py Rt éﬂé&%@é&&%h&e%éi

rims; walls; tubes; wells; reservoirs or by articles embedded into t
elastomcric material from the group, but not limited to: tubes; connecters;
wells; reservoirs; ridges, or by any combination of the above described
fed003y. 10028idlhe rperietratpccblahthmembnanevefdashusiables provided a
el efl | sir | features.to facilitate fluid handling that .
seaf%téq% g%cg\%%gt}glr? aﬁehgggﬁégeaﬁ%%rﬁ%ﬁ%l}lr% %‘ee?ﬁ%tgé,l I§s ractural of
feddinsshire daransa frontigiégreupphtingot limreindstholis; namsirajags; the

tuheseNalisdr 8RaI ARk Py, tigies.embeddesinte the:SlRstemetGharpened
material from the group, but not limited to: tubes; connecters; wells;

reSEPISI AR HISAND F By AT A IR S ST H SISt @S rps R esess.

Penetration of the unpenetrated blank membrane of adjustable elastomeric material
using one or more pointed sharpened probes. Sharpened probes may be prepared by
grinding and polishing processes, moulding processes, extrusion processes,
electrochemical etching processes or lithographic processes. The probe may be of a
type having a sharp point or a cutting tool with a defined shape or a scanning probe
microscopy probe or a scanning tunnelling microscopy probe or an atomic force
microscopy probe. The probe can be heated or cooled with respect to the deformable
material and can be pushed through the deformable material, thereby cutting or
separating or melting the fabric of the deformable material, or rotated or moved so as
to drill out or otherwise create the aperture in the deformable material 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



10 the group, but not limited to: surface treatments to render the

membrane of adjustable elastomeric material hydrophobic; surface
treatments to render the membrane of adjustable elastomeric material
WORUBAE2Surface treatments to render the membrane of aRffT4EaBA87/050340
elastomeric material oleophilic; surface treatments to render the

membrane of adjustable clastomeric mdterial electrostatically charged;
surface treatments to render the membrane of adjustable elastomeric
materraseed woutasc Hily petigd resisbyemylelephiom Atiorepfofhaeabegd changes

degcribedfeatuasRA30lAsEMMAINM I RRINEEASRE G AN MBS of the

invention there is p%%glded a device for fabricating one or more apertures
inRpeAeirEbsd BB ibranes of adjustable elastomeric material

comprising a mechanism for penetrating the unpenetrated blank
membrane of adjustable elastomeric material with a sharpened probe and

a [065Y]S fOR FHERBNEINY ARGAN VG BRSSPI REABHANANPIOFRRSded 2
Penetration of the unpenetrated blank membrane of adjustable

el&%&%é?fcpﬁ%a?aﬁgmémguam%}r#ﬁar@%m@@@rﬁ?ﬁ@é@@w@%@sﬂhﬂomﬂw
Stm;aame@pmjaesmydne;ﬂranamkby@ﬂwﬁggam&wﬁammw@@amxhe
mou'%'%{‘e%r%ﬁﬁﬁ 3 ex‘é”%'é’% ?ﬁ;?e e Ae%%%%*éem'ca'a?t‘:hé“%mean for
esses or lithographic process S5 probe may ype aving a
shagpspoirgt orcacutivTg wmxmthrsqfetﬁmmarmb Wazk spambingeprobdjustable

MIGLARCRRY: RIARAQ" FRCARNRY JYARGHING MIEIOSEARMAIORE B AN ALAMItn.

force microscopy probe. The probe can be heated or cooled with respect

tothadieyahin Al pmtErian rd dFe e peieAdEPtArBisglreHe dwtoradismeted to:

mateidal, dhesaby: wpting @éts&nfmr@sm@@r onelingidhe fadic QfdhRal detection;
defonnab{e materl or rotated or m d so as to drill out or other
%s%?ctlon

croSte e Speit L Ry FRgRGFa DA o AL
théyab'@yeod@mbmd rolethgrd sin[ QO3 tjick orvemnerging fraindthectppbsingy of

sytface.f the adiustplle st Omﬁ@ﬁl %ﬁ&%ﬁh%&%ﬂ%&%&?%gf Ay of

probe detection"mechanism, The probe detection mechanism is se
frdmwe&rwﬁgmnrﬁmﬁﬁ&ﬁ@éeme seRl getgahdutstnicar deteetipgasured

elgritisad Hetretionuby e of easidies,Cha geminCARBOIARGE I Ieisatal
detectlon by way.of measured changes in electrical current; electrical

dESUBH By 1 F e AQur S R HAHI UG IR AFUHHERh st ion by
electyicdlmietectibnHayguayh mechanical strain, or by any combination of the above

described parameters.

[0033] The elastic recoil of the adjustable elastomeric material following
emergence of the sharpened probe from the opposing surface of the adjustable
elastomeric 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



11 of measured changes in electrical resistance; detection by way of
measured changes in mechanical resistance; detection of the elastic

recoil, or by any combination of the above described mechanisms.
WEOBRTABEM ding to another aspect of the present inventionREEI@E2007/050340
provided a device for preconditioning unpenetrated blank membranes of
adjustable elastomeric material by way ®f mechanical adjustment
comprising a mechanism for adjusting the unpenetrated blank membrane

of deljtrstEhientdastene it ehateridldddiiaheavisyfor gneEbducinglonentiining an
mae paraoRiRIAbyDREReYatad-RigRk memprane ot IR e or by

elastomeric material. The measured parameters of the unpenetrated blank
méRnambistiogatthprdevasemibne frdtsrial 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 ﬁﬁ‘)@ﬁ?'ta%%;c%@ réﬂgﬁ(}?c%ggﬂﬁy l\évsqgn?grmue a%ytrgcgmc%ag elg eltrrll size, but
electrical current; efectrical detection %y way of teasure é’hanges In

eléteirabhnefiifg cumenppasEnitaldaeseion by ivaghefnensdsprele so as to
changes-in elRciHcalieRic AW RRtinedical detaction Ry WaY Ol maaseedic

changes in electrical resistance; detection by way of measured changes in
mé‘l‘,arl(;

%ﬁ&%@&%&ﬁ%%%@ﬁo%&%%??ﬁ L0 sy jfpllowing the
meokagiced sifesis; dateptiad by bay fefmeaasuspposhangids inMmashamigahble

strain, or by any combination of the a!g ve.described parameters .
T e B e e PRSI e ity i

enrsféped B0tha, shalisarédghrders them!tferopposigretifelodest then 10 pm,
adjusiableelasiematismalgrial m&a%t%l}ti@éy M%t?%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
enhédd&inceldfcthevharp dreadphobedreistheapppsinysidecnttigs any shape,
adiyl%@paefﬁdﬁlstﬁﬂg]%&l , %tl?tnl%t E‘ﬁﬁt@&eﬁb%&@}eﬁjaﬁﬁgme& %(':’H%Q,O lﬁ’ltersecting
component is selected from the %roup, but not limited to: a ?de; an
eldCifdRite IRAEFSHABhiduang e aNIiBYstid Thenfataiic &leberaprshanisatagiiestomer

eleghipsieicaiaIvg B cavitvica malallisalechode; comiaipingnanfividfilledling,
cavita/' a metaIIié: 12 . . . , : :
penétration; indenting; indenting with the sharpened probe: indenting a gold billet

with a sharpened probe, or by any combination of the above described methods.

[0036] The mechanical elastomer support component can be heated or cooled so
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 clastomeric
material from that of the sharpened probe to prevent substantial deformation of the

adjustable elastomeric material during penetration of the adjustable elastomeric



electrode containing an electrolyte fluid-filled cavity; a gold electrode
containing an electrolyte fluid-filled cavity; a gel matrix; a gel matrix
containing electrolyte, or by any combination of the above described
YeRipe84§0034] The cavity of the mechanical elastomer supaIT/GB2007/050340
component is any size, but is preferably of the same approximate
dimensions as the sharpened probe saas to mitigate, as much as
practically possible, the extent of deformation of the elastomeric material
byrfoirelexethe dloyttre &iparpendtdoppobiciqriof tiog dmdmgl'madeﬂaﬂtomhsrgsmbport

er@ SHGH %f R:%? z?cﬂ?gamé) dfrc%g]t;g'?no Osei a% gSRIOH Selected from
ot tial

stable elastomeri terla T e one or more ree spatia

d| %ﬂﬁwﬁsww bavtayiugmég@ﬂﬁ@n iooouet. @rea%rmdmy thas RArm, or

1@@1&%@5@@@@%%@% hamdhimeRr Blenativelyless malaaﬂﬂuay less
é%ltt%ré]jtlvely less than 0. éum 100351The cavity of the mechanical

Upisort %%Hﬁ ntlsBAFEhaRE, "stietted FontMelgtotis, BRI

naielfmmdom notelmsatsmg}emomhes; |aterseﬁhnglﬂom§se$aﬁeprq55|mp§11ed

ole§ tcy)hofthe e hagl £ ast mer su tls |
grlcatetg yelectrlc % argtcaor%g?: |n|ngmr11||||ng iGR miffin dPﬁnnapp ied

péﬁé@?&%ﬁ?m@eh}m@?mﬁbhmg?wmﬂ@@mem 1p$@béann&j@(hung applied
galdrbifigtinitha sharpaned Probemel-PY.AN%EeMAiRaen afihe ahayepiied

described methods. 100361 The mechanical elastomer su quort component
CAltT I9EPHISHE OB rASHIREVED 2 t6RE GRdoBithehlsstatiane ks imerrplicd

mas@stalaildie 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.

108838 TheAroetagicarantbm marstphiie sommbiavrIdEoditsHe Pwiided 2

thenethod for fabricating one or more apertures in an unpenetrated blank membrane of
adjustable elastomeric material comprising: providing an unpenetrated blank
membrane of adjustable elastomeric material; providing an apparatus for peﬁetrating
the unpenetrated blank membrane of adjustable elastomeric material with a
sharpened probe and a means for measuring one or more parameters of penetration
process. The measured parameters of the“p‘eﬁetration process 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 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



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

Vo ELH2f the adjustable clastomeric 13 material by theP§ITAGBME 50340
probe. The position of the mechanical elastomer support component is
preferably adjustable and can be in ani#general position selected from the
group, but not limited to: less than 1 mm, or alternatively less than 100
priheotrgitars Shreltiesarivass 10dstammareathe rpalive pntbteartie ptiiiyor! the

altgrnativebalessthan Gl RidisQralternatively incantact Qr@dsé’f’eig?e_ﬁr}fjolﬁjtﬁe

than 0.1 p.m applied deformation; or alternatively in contact and with and

leSEWPE ph ARt dea orsisabdeiicirmairntinalidsiyshoaontatEand newising
anghlessthaicd0 gy applieddefammadionicr altemativelningastachands in
with and less than.100,pm t%)rpued defoEmation; gr glternativel%/ in. contact Ny
andwith and fess than 1 mm applied derSHRaMsh; GraRativalsa current;
corltatiicaahdlsidtiiemdessithehnGywred agpliedsdefeiaeatian tunnelling current;
10&@&&&?%{9&9&8 %@Wﬂéﬁﬁ%ﬁfh@%&rﬁ?&@&ﬁqyg%ﬁgg mg're%tl,selectrical

provided a method for fabricating one or more apertures in an ,
urfFésranain BRI Merrbrdheh erassjiselenbiethseaisiane: retstian by way of

comypsiag cRiddindhanHanpaneiiatestblarlconsmbrans, Qfragiusiablenanges
elastomeric nlaterial; roviding an apparatus far g%enetrating the

unPERETPANSE DIARR MERTBAANE of Rl Stepia st BIRET it MataRHF Mt A o
shiay pepnednprobtcand hambans dercrited quringeane or more parameters of
penetration process. The measured parameters of the penetration

process are selected from the group, but not limited to: optical detection;

op. Jé%%l (fetection by way of ﬁ%(inlarisin light; electrical detection; electrical
detEEtBn by Al BeniR 280 BIRERGES T RIpStARGRtoR diftalsRiRtteh 2
bymweey of sfieasugednehangesrin efedicicakasurentpelacttieal deteetianjiytable
w sured changes in electrical tunnelling current; electrical .
e N TR Y et
defeetish apyrivess off hremsaveinarigeseis etecteicalerk Sistaribe; mietection not
bwm@tw@@w@&ﬁ@w@,w@@?@aﬂ% ﬁ?g!??@&ﬁa@@e&&%%{fﬁwion
of measured changes in mechanical stress; detection by way of measured

B GRS RS FAHEFRE RS T eI HRY COPRBIRAGR P iSF s bBBiat clectrical

deseribédgparameaterslectrical ionic current; electrical conductivity; electrical
resistance; electrical membrane resistance; electrical access resistance; electrical
current rectification; mechanical resistance; mechanical stress; mechanical strain, or

by any combination of the above described parameters.

[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.



14 the aperture fabrication process to determine the quality and thereby

the utility of the said formed aperture. The measured penetration
parameters are selected from the group, but not limited to: optical
HéreetiorsBptical detection by way of polarising light; electri®{eRO0THF0340
electrical detection by way of measured changes in capacitance; electrical
detection by way of measured change$3n 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;

de¥iididn by sralt e a8eitsa eirsabes e raseRRinteutHRistEgieds provided a
deteetian by WaxohmeasusedichangesditBechanicahsitdsmaeiectiondble
way otf measured ¢ n%{es in mechanicalf train, or by any combination of 0
S HOTVE e doRFEY pRIShdlerdPTHYYD LAV g TEBRONSr aisyytipg the
thenpresenteihvemtiomtérebeais pod vadpd tabire thotbofersingatsraior pronidiof an

the Meaduied RAAMSIRIS ﬁﬁg&%@ﬂ%@%}% gﬁﬁg?r% ”o? gﬁg%%ﬁet%lastomeric

determine the quality and thereby the ut said for aperture.
THeREHSUMEE Pradyn EB FEcaPEI S8 ctte @ Tro Rt ETgms TS IDdtunpetivhikisd fank
optiealpa@pTalgiR AticalRAlRMsIngIR! PeRMAIM:PRHER! difftactionfrom

parameters; electrical. parameters; electrical capacitance; electrical =~
cu‘ti}%ﬁf%’?e@ﬂ?c‘éqtt&}ﬁﬁ (i BEFFaRI BRI YoM LaréE, BiksapiLpning by
cowelyiofiviiyirétecticaltgsigianieo sliecicalanembeans kesisiamneionditioning

reelé?tnvggl aceess. resist nce., Cqlectrlcal curr%r?t rectlflcatlora'it{gr%%hqrglcal

o1 CUrng W clectromagnetic ~radiation, pregcon way_of
stan €, me_cﬁa%lcall stress; megﬁanlca strain, OFI)‘ %y any co m%tlon OfO
th@é@@&@@@bﬁﬁé_@@%ﬁf@ﬁé@ﬁ{gmh@AWémm to anwiiTersaspactofning;
theRiesap! vanton thergis Provided @ MR MIERSE Withore cycles of

examination of the adgjstable elastomeric aperture to determine the )
qUBREPARFALRSEY e RIGREPGHOR S Yol apertiree FrdchRérasemical
exafpinaiionungithosscaneiseleqiecbiiom thesginimedusey imiteshiBination of
opficalmicrascopy, Ralarising fight ré‘a{é’&?e%co‘%ﬁ%mce‘%é‘r‘éogf"ﬂ@'85?;%@8@!&&bmnk
scanning confocal miCroscopy; probé micrascopy, scanning probe
mitKosepy ;dtedistible e aiomstopyaistahaingdtettdofheniicagroup, but not
MIGHARCPRY &J@&H%tg&%&sgﬁ{?&ﬁlﬁml&g &LG\%[}Q %fg@l@%ﬁ%ﬁght, electrical
transml_ssmn eleptron microscopy.
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 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.

[0043]  According to another aspect of the present invention there is provided a
device for conditioning an adjustable elastomeric 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



15 100421According to another aspect of the present invention there is
provided a method for preconditioning the unpenetrated blank membrane

of adjustable elastomeric material prior to aperture fabrication comprising:
PréeiERe unpenetrated blank membrane of adjustable elBSTGR07/050340
material: providing an apparatus for adjusting the unpenetrated blank
membrane of adjustable clastomeric mederial and a means for measuring
one or more parameters of unpenetrated blank membrane of adjustable
eladivsidlicalsitanicic Tperprecomtliiahngdis saibrtdas foorrih engraiap iputhich
nahLimited toipracanditoning y.wanshewing, precandiioning,by wa i%?gcal

chemical curing; preconditioning by way of thermal curing; precondition

by VaSHoRCoRIG it e ler tharia itro RadiimgdinrelsstinabAmRs igniigeical
machanizabadistnerbsiem dhen grouPe Pt nalcimited o, camRigsSiNvay of
terr}?ignin ; s&retching; tfergding or twisting; pre%?of?ditiqnin by way of zero
or'more YT 8 mEcRERIEAT A GHIS e RES Lo AARISIIRA Oy Wiy Cof BRRs ured
ordmngeeychs ofoiectistnical ddjestonant untibémeshadicalreguilibriethaiscal
esfahiahesqal0rA SN RIPAHANAdRRARVE: AIRRRIRRM GRS, NG, by
measured parameters of the unpenetrated Blan membrane of adjusta e

el XD IPCRIcATEEE FARRLESSB| Betelphiomh theiyroUpy buy sembinstisn &’ the above
opdigalidedentianseptical 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
retddtce; Heqeistion toynehfarnsasafticchrepgusinamévhdmitals provided a

resistaneer detamtinndpyway;elmeaskieschanges i meshaniaal siessneric
detection by way of measured changes in mechanical strain, or by any

ORIt BPHE b BTRY hee b dPui R B eI rppAS ARGy Rg ding an
angipenaspect afitinepresentddivenbon tatenisdroxidesia device fafeans for

conditioning an adjustable elastomer'%c aperiure n[ an adtjoustable _
measurmf%g o1ie, oL rfxgre V\?aran%eters of ¢t fl a?&s alti ¢ clastomeric .aperture. The
elastomeric material by way or mechanical adjusiment comprisingan

apjsaxditionifer wdjeisting thenadiostabie éldstomienited perteredatithmgrioawsy of
fOrMeASWIRG RE BP NS P BePREiGES 0L AL S IARIG R ARIO TR NC, 8RE T a1

and/or the adjustable elastomcric material in which the apertare is =~
falSHEAg FOTHEINEE S dtp b AERe S FhRIs e HERRIs B BliRRtopRBFigloning
aperturs andietibeadjusiable-elastomergroateial owhishdthe aRabu&ion;
IS I{Q&“Rﬂ}?d ahrﬂetsgale(;t d from the t‘gr%& bu%ﬁpo.t limited to: optigal

Bpticar H8R DI BE Whyof PSia ANy R X8 cHitaldettignmeore

detéction; ca
eI@&mi@IOtﬂetec;himc}ay wmeemmumgggﬁmapmwmm@m;mml of
defechioniy Wav-ahmeasked GRARgaR D @4&&%&%{“0Lﬂgr%aﬁb?%&ctalcéé by any
detection by way of measured changes in electrical resistance; detectio

by*RED BiARAS the absarlsasticrhEehupicahPasiRraneé Paerasiion Hyadiagable
of sngaskead ghangesindneabrniaalshess; AatectionywayofiBieasupeshy,
chlzngestip meg:anicatl. st{zﬂ'n, or by any combination of the above
de &Ly Brgltg @tepg_ ical detection; opfical 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.



100441According to another aspect of the present invention there is
provided a method of conditioning an adjustable elastomeric aperture in
adjustable elastomeric material comprising: providing an adjustable
WiA2réfid%aperture; providing an apparatus for adjusting tHRCA§B30AHR50340
elastomeric aperture and a means for measuring one or more parameters
of the adjustable elastomeric aperturelThe conditionino is selected from
the group, but not limited to: conditioning by way of curing; conditioning by
way of chemical curing; conditioning by way of thermal curing;
coré\g)gioninr%éby way of curing with electromagnetic radiation; conditioning

oy Wy of RSEMSHIEICaHAL @RSt tePEFouY, BEHBRIREdTerovided 2
catayiressiofsttensiomogsingtohing ot igingrac wisting: canaitioniogkysing:
way OS8O MOls excles ol medhanical adiusiment conditioning by way
of one“or more cycl%ls of thechanical a Justment Untit a nmechanical
edisiviseiuior isdsttiblisHed adivgbdn e lestethimitioncotutice tabowe de'sorivbehical
featiramelNer MeaRaduRALAME RS Ohadia aDIe R IASOMBHG AP MR D ted

adjustable elastomeric material are selected from the group, but not ‘
it Pt BPficETd BRI HE opifc A BN BR By Ay Of pslamisinlg IRjttomeric
eleptiioad dei@etiomeelagtrieal deiestiony waiRfaneaswiaehChBNggSiire is
cai%gﬁitggige; electrical detection by way of measured changes in electrical
current; eléctrical 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
regigtagnce; Aeiadion bynaNeoheassr et GhangesifemReNARIcak e8ded a
dete%‘ﬁioyfbry dWa%/%of measured changes in mechanical strain, or by ﬁny
coMbIRaton S HE GDBYE HAlE AbStTHAAIR ARSIt AROCA SPARKSIIRG Hs thod
anoihprisspectafithe preséinstrhientismthaie ingeoiideshad@bdcenfadjustable
dSIRGNG D RSN QARG PRI IR AIDLIB AER SOTIHRIG: he
an adjustable elastomeric aperture fabricated in an aéjustaabﬁe élastometic
maféiibls eleviendor apristing theradjikea seoslastomee dpekirdibstingghe
of syachenicalsaditsimantahthe adivstableRlasternetic materiabio Whithyam

thaa?pertﬁre is fapricated i\nd a means for measuring one or more
pataeters GF Adtistabie MBS P SREr AR RSP EHEcRA Tt siote radiation
elastendericirnaienalisiwhichibtaperure isfablicaied. JQ048dRAcsRIdIRG

to another aspect of the present invention there is provided a method for
detecting, measuring or controlling particles and/or radiation the method
corqnfgrising providing an adjustable elastomeric material containing an

a

4able HaRETREM ApBRHeVIRsHARY BRRAS O Fhtciss ahapdfor measure
raaiation;atoisting flne adjustablarlastamaticrapediseriaRPrEsErReGresent

geometry and/or siz F adjusting t djustable clastomeric material to
N S R PR AR TR T o2y v

adjtfseatsieon| dutopasisicoépertretcemet batesinfothetiparticlepocaagdiation toibeot
detegiedimaastied L ANQlad A9 e NI & AURSIANIS RIASOMENS e flux

aperture. . . ) .
of atomic particles traversing the adjustable eclastomeric 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



[0047]In operation of the devices and methods used to detect and/or
measure and/or control the flux of matter and/or radiation in accordance
with the present invention, control of the adjustment of the adjustable

R 3BHEHE%aperture may be effected on the basis of paramdrSBERaep40
from the group comprising, but not limited to: the flux of particles

traversing the adjustable elastomeric dferture, the flux of atomic particles
traversing the adjustable elastomeric aperture; the flux of molecular
paificiag tiehle it iadinseabldrembtemikcdpehble cldomstifappiiare is
passleslravaising thaRdiystahle ﬁl@swi%ﬁgm{@ the: fluxcofilanicr to:
particles in solution traversjng the adjustable elastomeric aperture; the flux
oFBIBRIARET RS RPN '%@é&ﬁ?&%l&@?ﬁ@%@ﬁé%@ﬁﬂé{,%&ﬂ%@@
ofvelesiticaldunnethnguctisient iravdisingribepasjustiale Miasteaberigarameters
agﬁﬁgcﬁ %Hd ggt%a&)é %fleec ez&xt{s%l quﬂghr% elaglc?gs& S z{%% thre aperture is
a Justab?e elas omeric aperture. Measurable parameters o T8thé
adjlisstsleneyastometiedriatertid Biovhiepnthasadjustable Blaktdrimedepacitance;
apgriaiizdabricaies naaybeselactad s he aLP YRR SR DPLAAb;

limited to: capacitance; resistance; conductivity; opacity; transparency;

e RGHF ARG HE T TRABFHECth BT HISSNBRILERALT SRilTaTistaRsRc
properties. Measurable parameters linked to the actuation mechanism by
which the adjustable elastorneric aperture is adjusted may be selected

fr%&?ﬁ%{ggg&%ﬁi@%&%ﬂ stlimited to: capacitance; conductivity;

actuator cement; actuator position; stepper motor position;

inH9d&Incelmmtist dbilt itdubtaston saistdrcarcandifiptondaitoedistapisserred
Bighdescaintion @t the diawings 1004 83dnidgsdhabihe pvention may e

more fully understood, a preferred embodiment of the invention will now
bédBERFEI BRI ERS AR Bl ce to the accompanying

drawings, in which:

Figures la and 1b show an adjustable diaphragm for use in the preferred

embodiment;

Figure 2a and 2b show the diaphragm attached to actuators in the preferred

embodiment, Figures 3a and 3b showing the actuators in different positions;

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;



Figures la and |Ib show an adjustable diaphragm for use in the preferred
embodiment; Figure 2a and 2b show the diaphragm attached to actuators

in the preferred embodiment, Figures 3a and 3b showing the actuators in
YWiftepsrt4$ditions; Figure 4a schematically shows preferred RG6peo7/050340
fabrication apparatus, Figure 4b being a graph of a recorded aperture
fabrication event; Figure 5 shows a scaaning confocal microscopy image

of the adjustable aperture produced by such apparatus; 19 Figures 7 to

10 arc graphs that can be used to characterise the performance

capabilities of the adjustable aperture in the preferred embodiment; and

Figufd@HSis A ol cRE ety si9e S6suible thsaesisperdifonsfaraance

prefesigshpimbadine atek Mg ipsRadnhe Hiokies 3asodhhigue 4a and
Figure 6.

Figure 11 is a flow chart depicting one possible mode of operation of the preferred

embodiment of Figures 2a & 2b, Figures 3a & 3b, Figure 4a and Figure 6,

Detailed description of the drawings

[0049]  The following description is given by way of example with reference to a
preferred embodiment of the invention utilizing polyurethane as an adjustable
elastomeric material. One preferred example of polyurethane is the polyether type
Elastollan® 1100 series from BASF Corporation, Wyandotte Michigan, USA.
However, materials that may be used for the adjustable elastomeric material in other
embodiments of the invention include, but are 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. 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:



Detailed description of the drawings 100491 The following description is
given by way of example with reference to a preferred embodiment of the
invention utilizing polyurethane as an adjustable elastomeric material. One
Yia8trédsample of polyurethane is the polyether type ElaSGH4HRIDION340
series from BASF Corporation, Wyandotte Michigan, USA_ However,
materials that may be used for the adj2&table elastomeric material in other
embodiments of the invention include, but are not limited to: polymers,

nattifarariscsyimtietic igbbarsthelasmophenie matedialiablatriabipolyriversiaterial
prejeiasRelyPeRtides-pesacehabidrs lasiics, Hored & ﬂgﬁiﬁfénglastomerw

plastics; hydrocarbon plastics, perfluorocarbon plastics, Ia ex materials,

thBRHTO 2 SRR S A RGP AIRS Hh BRSSOy EHERAR e Qe thidipstable
anthestecs) dﬁiﬂémﬂb&eﬂlﬁﬁﬁﬂ,&@a@i@ﬁanMtd%OM tateid®rane of

mgT&Jdlpa%llg thrcr)l%lgrﬁel}ét my gﬁ]g ene,.c I|c olefl s, styrene-based
e e-

|
Oimable matarials, ponamide. pasa % SiSABRTe HARST digtment to render

pdl}%@t@mﬁ&s&a@ﬂe&mﬁhtﬂe@m@mﬂs mithyldb ased o dtitriable matedads any
ethyleng.chlprida.caROMELHossFAke daligys.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
mesiH mé@@fced&a&mﬂ)dﬂniﬂaﬂwmﬁdinmbﬁdmﬁnﬁlmgzh mekeniale. form of an

1q9ﬁ9 5Hr%ﬂ&r%la@98§}?é‘§ﬁ’&% T’?P g’tec{:ﬂ go?’mo %éa %%ﬁ%ab}e golyurethane

elastomeric aperture by treatment of the sur ace o ustabl
el HSORREAGh Ateral. onserdingiable t@éaﬁweﬁ@bﬁawbbyem@@mqhhe sheet

grekPusOMPHSIpaRHdNahiBIteEH06 f WO invention. Tn a non-illustrated variant

20691’1714% %le%?P%Irlg BI%OS% e%?z?t?cdfﬂy illustrates in plan view the diaphragm 100
having an isometric planar cruciform geometry. The polyurethane sheet 101 is
formed from polyurethane being shaped by injection moulding in an appropriately
shaped cavity. The cruciform shape of the polyurethane sheet 101 comprises four
equal arms 102, At the ends of each of the four arms 102 eyelets 103 are formed that
pass through the polyurethane sheet 101. At the centre of the polyurethane sheet 101
there is formed a raised circular rim 104, and centrally within the raised rim 104
there is formed a septum 105 which is a disk of planar cross-section. The septum
105 is joined to the raised rim 104 by a 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 cach arm 102 of the polyurethane 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 la.



20 surface treatment to render the membrane of adjustable efastomeric
material hydrophobic, surface treatment to render the membrane of
adjustable elastomeric material hydrophilic, surface treatment to render

e #WEMi§iahe of adjustable elastomeric material oleophilic, BEGF&82007/050340
treatment to render the membrane of adjustable elastorneric material
electrostatically charged, surface treatfient to render the membrane of
adjustable elastome.ric material electrostatically neutral, and any
combination of the above described surface treatments. [0051]Figures la
and |b show an adjustable dléﬁhragm 100 in the form of an injection

m&UlGEY clhigymércdsastienty shenicthsriieehisa madelor gy deettidheach

ineorporatingras lﬁaﬁ'&:@ﬂ@rﬂﬁj&l&ﬁ@&l&@mﬂwﬁ&f&@ﬂﬁ@@ﬁiﬁﬁd@%@Ht@&lt@& 04,
th%sheetlf? %b e, mtﬁ efe ed e g efn {tthe {pv ntion, In a

non-i eIlugef'ra ed variant & |maer:1re1tS gure a%cé 16t ¥ ﬁ?ﬁfﬁsﬁﬂgs&fﬁuawm
plandvibe metduama@@ﬁl@@lﬁammiglamtsmmd placmn@moﬂ‘ olmeyelets 203
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shape FrT%lnjectlon moulding in an appropriately shaped cavity. T
criEHSEnT SREPESOF tHANS Bt StREE St trodtofp déediretin 90 arshe

10&shddtnecenda pi@eshralthefour arms 102 eyelets 103 are formed that
pass through the polyurethane sheet 101. At the centre of the

polyurethane sheet 101 there is formed a raised circular rim 104, and

centrally within the raised rim 104 there is formed a septum 105 which is a
didREB planEeEitissIgectish. Iheskaptuphotasdsidined thethiniester ringulded

1%@)@1@9@@@@@%@ %@%d@ﬂ%ﬂ%ﬁﬁ‘aﬁ%ﬁ%&o&?ﬂ&&% BeRtAegipRed

is a raised rim 1Q7 that encircles a formed porthole

ach arm 102 ther
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abdivevsl esecpddgdréeatwehe‘ar:maolﬁ anxmﬁh@ﬁmédh&m@éym&ﬂﬁarlagheeb X0dws
arg i Wlth ac 102 ing.id ntlc arranged eyelets
ral%e(? h7aan %Sgrt %@ c}:/tucg orgr 4 aasxbz\inll E?ter(ljgésc %usgja0§y the
mé%ﬂé{éﬁl@@mﬁwm@r@ﬁbeftgpp@mgwma M., arbighrevideditected to

efiget deformation afdhediaphagm 100 aadsgse mpyahlg.to apd md&é@%e

direction indicated by the double-headed arrows in Figures 2a and 2b

THUBERFRET SR AR Hio0E FIAEBEHAGHRY e ARG BptR of Figure
dll‘ﬁ:ﬁﬂh&@pﬂ@xﬁﬂﬂﬁ@ﬁﬁ@ﬂﬂ@ﬁﬂma atswmes;lfa@feﬁm&yﬁgﬁrmﬂtmb@w&n).

nsvr'i 10Ss- e1§>t<lo h the di 3 100§I%n the dash}ed the
I|n %1’53 npﬁcgurelfé gﬁgﬁf Figths 28 SR RTAtRA ShaWe Hha
dlamﬁa@mrmeﬁ@tgmrézl’a W|th each of the four arms of the polyurethane

sheet 201 individually attached to actuators 204. The eyelets 203 in the
polyurethane sheet 201 facilitate attachment to the actuators 204 that

cog PSS nah e See staseemen ol e se2en
eyblets 201 FHiguanbi8hdws sticaisgerskatoss saptivebthdugintéré aperture
d'%@ﬂ@%ﬁl@@d@&@ gntgé% Q@fh%g IHJ%&"EA‘C@}U%O pé[;'tllfrjg %gn%gtlon 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



100531Figures 3a and 3b show photographs of the injection moulded
polyurethane sheet 301 positioned on an adjustment apparatus 302 and
attached through the eyelets 303 to the actuators 304 by the actuator pins
BOR0PTdusE2Ba shows the polyurethane sheet 301 in an unadhUBEBR2007/050340
configuration. Figure 3b shows the polyurethane sheet 301 with applied
isotropic biaxial extension caused by the equal and opposite displacement
of opposing actuators 304, which are connected to the four arms of the
crpelfomathoyetisbeeiné02308. fhhesitalef 306 indiciates thpadisdleterfeatadsonacr
of 518l AG RN A9.A3 REfBendac pasiien A Eoke 38 Andiy
the position of Figure 3b by a c?lstance 011 approxmateify millimetres

(nfhh) fHedtoish iwbaispiobis-iaiéiiactrmentdbamioal 2obunier JEB dxiorighred
is giverihe syRolicEaRiReHAtion A% rLORSALRIgHE Hrvis ausimplified o
schematjc illustration of the preferred aperture fabrication apparatus 401
foPFABTIEAHNY At 182818 hjt SplslELiantoth ¢Upatiiresils flghe cruciform
paiypirethéite dhiket#02hdmicigurecdadhieaapertore fakinakian appabiiysecise
4 rise .injection-moulded polyurethane sheet 402 (shown i
e L SR Mg o
th@capidigilpnof e inkives Ak Abh ndvisthine shestd02tehthetapé thereruciform

fabeigation aprasatusd0h dathe Rins AR Jiesshawrened RIoPe 4041s 414

attached to a mechanical actuator 408 held within the aperture fabrication

apParatu H51 ARSI S EYPEEd MparrertpatR bl éontictsdape 408,
mdchanicat astisedap 41d:péhea apaitire tabrieation appRRUSE0d ArTdaisd/or
positigned directly opposite to t harpened probe 407 on the opposite .
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mechanical actuator 408 is configuredto enablé precise mechanica .
achISHBACCH P e ErRl BRI &l Tofo*fid Recpeiderfcafafol greslamping
planewt Yignpoliseatianeg sheet ddad tiersiteof i GeL cHRUFLERPINOB with

4 j ise the mechanical actuator 410 is configured to enable precise
sz bl S e AR
petpardicdiar to shelidd mecofrhigipolypuretiadessHe 140 2atithersitefofthea.
Crugj t 8 and 410.is a
L SRR Todbc
comftstarihis 1§ dladnratnes Aossd f0tenrfisiticadisethte Pisidienditry (also

Maventhve pitaehest shad ReRstRIDeA0 TaneklPidhe GlRstemel BRPQh s the
com onenté}ﬁ%t and fro erpen.dgulaﬁto the plane of the polyurethane
By

shESEAT2 T rSEHSHS IntHRRIE HedgtiEsheaded arrows. The
sharpened probe 407 and the elastomer support component 409 are both
connected to a voltage clamping current signal detector 416. One such

typeoss v oltag e, clamminGoa et SianalOatacter Blbal5 8 he adjustment of the
vo%i%';{;-clampmg amplifier (}Axopatch 200B with CV203Bli preamplifier

frotd MOIECHRP Bt BB dratior e iR e Reyems cohratiedesp! of
a shiqldsdptieam phifier4 ele dteodrsod Ots 4001 assh@piaiNAAYuEhdalastomer
Analogue current si Is are acquired. using the amplifier in.the resistive

feS aCk ot Wl A 15 K Tou st Bt T digisa lidt e = o
Difiel&aur3gemo(iiss. frommmMdistishi D dsiedsaCdrponaton)temd redprdedthan

to gemputeshard disk L 'rlgsEh%Moﬁﬁamn,p%&%%ﬁﬁémegs SHRP 'P%Lm, or

i
with the amplifier. 100551In the fabrication of an aperture as describe
a%@g)ﬁﬁgg{&ﬁm Of hgL or alternatively in contact and with and less than 0.1

pm 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



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
YWO2497¢épiepal position selected from the group comprising, BaTrERAMTIESA340
to: less than 1 mm, or alternatively less than 100 p.m, or alternatively less
than 10 um, or alternatively less than 2pm, or alternatively less than 0.1
um, or alternatively in contact and with and less than 0.1 pm applied
defsemeaiom, or atitamativelly in contact amdl with amdl less tthan100r pm applied
apph rmati ti in cont nd. with. less than 10,.
T e A SR
alfsT RV irPEGHgIRR G-t cont R stntharith 0o fpsappliedl0 mm applied

defctmadian. oTitpseRiMaly iRcCamashanaywih apslesnthan LHam adjusted
a%plied deformation, or alternatively in contact and with and less than 10

mm eaﬁﬁl%%r%et%rer%é |00r¥eT?{eIB%r§itP5ﬁ38‘flhffg BRLSRYCIosApBYE @ mechanical
cowpbnent g ficarm bé g sie ¢ on et i trfiesctaenaer MoKe method of

PreReHRedRRRIONS Egna%mgvﬁeaimiﬁ%‘&‘”%ahga?’} ié‘%%%% %@9?@% uing e
or post fabrication of the aperture. The method of aperture fabrication can
alSOBEOTHVEREESHl thEetheprepe woTdp e dheatatsifoentrapiform septum

412 from the reverse side of the cruciform septum. [0056]The elastomer

support component 409 and/or the sharpened probe 407 can also be

gee[gcri ]ae‘t(;'l ?6%3%5%%%5 e%q[ggﬁég'e !:rﬁ%{]r%?)rfl%rqtr %igrpdfgrttrﬁ% &Bl%telfll% %rsobe 407 can
also be temperature controlled.

[0057]  In the fabrication of the aperture as described above the electrolyte fluid
413 filling the cavity 411 of the elastomer support component 409 was 1M KCL,
10mM Tris-HCL pH 8.0, ImM EDTA, 0.1%, Triton X-100, filter sterilised through a
0.22 um Millipore filter and stored as frozen aliquots. All reagents were AR grade.

[0058]  In the fabrication of the aperture as described above the sharpened probe
407 is a conically shaped probe prepared by AC electrochemical etching of
polycrystalline tungsten rod (0.51 mm diameter from Midwest Tungsten Service Inc.,

Willowbrook IL, USA) in 4M NaOH.

[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 clastomer support component 409 was 1M
KCL, 10mM Tris-HCL pH 8.0, 1mM EDTA, 0.1%, Triton X-100, filter
sterilised through a 0.22 p.m Millipore filter and stored as frozen aliquots.
WP ragt¥idvere AR grade. [0058]In the fabrication of the aRfeFHGR2ME/050340
described above the sharpened probe 407 is a conically shaped probe
prepared by AC electrochemical etchir®g of polycrystalline tungsten rod
(0.51 mm diameter from Midwest Tungsten Service Inc., Willowbrook IL,
USktircaivatanHy betssrriguie 4b Showsntredrapbe07 ohthbeetotdene

CUBAYIrage ¢ 430k an-AReES ﬁ%@ﬁ?@@ﬁ&&x&f@u@%d??é&ﬂpe&ﬁbw-@&e

y axis 419 shows the current level in pico amperes (pA). The x axis 420
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is completed by the establishment of 24 electrical continuity between the
tipPo¥ tHe shipEat ke o7 aFgricEiBcheItERiidrrE R g WithiMeis
cavitydtddof-the Bt astame SPREEHEAMARNEBLANY. As the probe 407
progresses through the adjustable elastomer septum the recorded current

trace 418 increases until a set-point value 424 is reached, whereupon the
probe 407 reverses its direction and the recorded current trace 418 is

o8 tol bie divesdeaitinLar 2 shpn ghtsagieriblieakadieativ e lelcthicaperture

conBifgiiyoacrRen thapwe Q& anmihe.alectiohre g 4td Shomnby, ane
decreafe in the regggrd%%ﬂ furcr?gnt trace t0 0 EA 427, a secondary spike 426
r e

is FERBTIS TP NG CHENE S H0e OB Wit D5 craiK fid of the

nexdytéorenedppperitrenoinsAN). Variations in the sharpened probe 407, the
cruciform septum 412, the electrolyte fluid 413 held within the cavity 411 of the
elastomer support component 409, the position of the elastomer support component
409, the temperature of the probe 407, the temperature of the elastomer support
component 409, the temperature of the cruciform septum 412, or any other parameter
of the aperture fabrication process will be manifest themselves as variations in the
recorded trace features 421-427. The variations in the fabricated apertures of the
present invention can be correlated to the performance capabilities of the adjustable
elastomeric aperture. The trace features 421-427 can thus be used to characterise 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 1into 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.



10060]The trace features 421-427 show characteristics indicative of the
aperture fabrication process caused by interactions between the

sharpened probe 407, the cruciform septum 412 and the electrolyte fluid
wiRpBltHeRhin the cavity 411 of the elastomer support compomayR24@050340
Variations in the sharpened probe 407, the cruciform septum 412, the
electrolyte fluid 413 held within the cagisy 411 of the elastomer support
component 409, the position of the elastomer support component 409, the
temperature of the probe 407, the temperature of the elastomer support
component 409, the temperature of the cruciform septum 412, or any
oth¥todhrarfigiee of thevapertretad eatical prieseonillipeanafffesith a scale
themselyesasa @SN Iie s dethi 68 featrar 441427 calB& by the
va%%tions in the fabricated apertures of the present invention can be i
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Features 502-504 observed in micrographic images can thus be usedto
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the aperture adjustment apparatus 601 is equipped with an electrolyte

reSENBIRS 6 TESITACERIR 2hE 'SLtHase iienieptiimt Asetbifgflow through
elebtralytaueseosoln 608 isolotired iy dheimmualdedbdnm@eQier the the voltage
opa(a)sinlg cicsl%grg%ce ﬁfdé%e poolwgethane sheet 602. The portholes 610 in
the prgl@/u?etﬁane siéet 602 Qllow electrolyte 611 in the electrolyte

reservoir 607 to be accessible to a first AgiAaCT electrode 612. A second
AgiAgCJ electrode 613 is immersed in the electrolyte 611 in the second

elgotedyte rEseRRit GG HuveiagapiRaappied astessithedwe elecikgdasble

612 and 613 by a voltage clamping current signal detector 614 allows the

o e 18 TR S R A B T Dy THtArS he
shestl 802566 e thegslyecthyntheheeitade tamiping Clrtient sigrial theteiectonnd
G%acement of the eyelets 605 in the polyurethane sheet 602. The actuators 615 are



10063]The aperture adjustment apparatus 601 serves to adjust the
adjustable elastomerie aperture in operation by means of the actuators

615 connected to the eyelets 605 in the polyurethane sheet 602 by pins
WO AMHALch the size and placement of the eyelets 605 in RG&/GB2007/050340
polyurethane sheet 602. The actuators 615 are WO
2007/148129PCT/G132007/050340 28toperated by one or more actuator
controllers 616 connected to a computer 618 or alternatively can be
og@?ggéqql ﬁ}fgﬁgg_wl more actuator controllers 616 connected to a computer 618 or

alternatively can be operated manually.

[0064]  In operation to effect adjustment of the adjustable elastomeric aperture the
computer 618 controls the aperture adjustment apparatus 601 in dependence on
feedback received from the voltage clamping current signal detector 614, The
computer 618 allows for algorithms of aperture adjustment to be programmed,
recorded and utilised, and algorithms for data acquisition to be programmed,
recorded and utilised to enable fully automated and precise operation of the

adjustable elastomeric aperture,

[0065]  Figure 7 is a composite graph 700 of the primary wetting of an adjustable
elastomeric aperture fabricated in an injection moulded polyurethane sheet
polyurethane article as described above. The lower trace 701 depicts the amount of
isotropic biaxial adjustment applied to the injection moulded polyurethane sheet.
The y axis 702 is the adjustment (AX) in millimetres (mm) between the eyelet-to-
eyelet distance measured from the internal outer eyelet surface of the unadjusted
polyurethane article (41.5 mm) subtracted from the measured value after adjustment.
The x axis 703 is time in seconds (s). The upper trace 704 depicts the current
flowing between the two electrodes immersed in electrolyte in contact with the
opposing sides of the injection moulded cruciform septum (/). 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 /Iy, trace 704. The graph 700
shows the mitial current level (/, = 0 pA) of the penetrated cruciform septum and the
lack of observed change in /., 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 (/m ~ 4 nA). Upon subsequent reduction of AX to 1.8 mm, Iy,

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



100641In operation to effect adjustment of the adjustable elastomeric
aperture the computer 618 controls the aperture adjustment apparatus

601 in dependence on feedback received from the voltage clamping
BrA9AT/si813al detector 614. The computer 618 allows for algetitiEB200f/050340
aperture adjustment to be programmed, recorded and utilised, and
algorithms for data acquisition to be programmed, recorded and utilised to
enable fully automated and precise operation of the adjustable
elastdirieribapertiory [0B651Figol eimigacompqgsitergtaphedfdyoé the biaxial
pri i a just el i ertur ricated in an
I ot shank s o s e WAL cpren

abi@vElT HeTRARRSE a1 depictelanetiameliptapisotrdpienbiaxiiippped to an

adjugbneabiapplied tonthedniertionmoided e RS0 e kIS ire are
aXiﬁl‘é?O is .th(?tyadé'%stment A.30 in millimetres émm) petween the

ey ST SOESIRIBY diStaitet e UIET I (' intd T Gtitdheaarbiosehsratepie
théhapadjusted polyebaitiens drtietiu@ddbl mumisidbitagteditom the
measured value after adjustment. The x axis 703 is time in seconds (s).
The upper trace 704 depicts the current flowing between the two

electrodes immersed in electrolyte in contact with the opposing sides of

theM8ktioh RiBtIdel SroronTiSestark 99, Thdy ArrPgsaRdyslpsing of an
medputadeclasanhennanoramperaa i i) ad hgexstxisn60@da fonubathane sheet
secgonds (s). The vaoltage bias,was held at 5 ' throughout the duration .
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701 is Iinkede%lé the uppétrh." trace 704@?&2 gﬁaph 700 %‘%&ﬁg@{ g}éé}ﬁit%{aﬁé%ce

curgittiedefiom ghy dnirEPerbFateRclsucHBRfcsEbtiRs araditstedckmeulded
obssivedahanpeind as Ax)wasinaeased rRnmetadbdwanangdithenjustment.

maintained at that level. At 624 s the current trace abruptly increased and

ra?)%yxrélglcshgeé?al%'fgel%layuét%l (éof‘ﬁ.s r-@'nA h%ﬁ%egﬁrﬁggqgégnﬁ%aﬁc%ncﬁr ent
AXleoh8 apreestihnedto dvetinitial opensitciit vilumlit; 0 qAjcTheith the
onsisioRhelSaHIGa Actiod Foskbe deieeied-only after 6gd-5.0f 3 the

simultaneous exposure to electrolyte and biaxial isotropic extension (AX =
5 MATFUSH CETRTIAISNh 8PS RS- SEPrurPfoRRKsUTPENS Fapidn srsersiadal dbcan

-4 5 sebipRbnialaxation QbR Kot JowBM o48s dBPRAE @R dnsdriectallesos

level. This se ugnce of events shows ép?aé pertures of this nature are
A

thiLEFELVEL SEIPERRMRY THEFALR 704t aAthiL be lekst g the
chappctérisadh & FeridrmantiegcCaipalbilitidés] dfathtd adistaklghelastendariaion of

glg%gt#gg%)f&ggg@lﬁ%@ed§tisa@qﬁ9ﬂmts'ht&oa "PRB00:! R RRMAAEY o0 500
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 /o,
Towards the end of the transition zone (AX ~0.8 mm) an abrupt increase in I, (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.



adjustable elastomeric aperture fabricated in an injection moulded
polyurethane sheet following primary wetting. The lower trace 801 depicts
the amount of isotropic biaxial adjustment applied to the injection moulded
VOIYUEIHER. sheet. The y axis 802 is the adjustment (AX) irPGHIRYEE50340
(mm) between the eyelet-to-eyelet distance measured from the internal
outer eyelet surface of the unadjusted2foulded polyurethane sheet (41.5
mm) subtracted from the measured value after adjustment. The x axis 803
is time in seconds (s). The upper trace 804 depicts the current flowing
between the two electrodes immersed in electrolyte in contact with the

opPB&Thg sfdeorihdsisiecumpriife et SR oprmng Alyl Tihelyeagfsan
800jis ftecmeassiRe CUFaRii RBAARNNRETESE (Mdclhe XANIR B8R isutinfine

in seco s). It can be seen from_the graph 800 that the lower x axis 803
tir%?ée%n%odﬁ?év %lﬁpgf%%%s%‘énﬁmeﬁg%r%’gé%t & esgraﬁe HARS Solhrsdmpgnt of
thavthwiowexiaAKatpse801 ippinkk tbtohthénigppen fmdube §04niFhBane sheet.
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capabilities of the adjustable elastomeric aperture. 28 10067]Figure 9a is

a UBIHPOSRE Yr S 40D %‘F‘ﬂw‘é%’ﬁ%ﬁﬂ?g%ﬁ&%&%ﬂﬁﬁ” braireggfiithplinked to the
elaspemericaapetturdfrbridatedbinthednertianmaidgdopghsuretRangation of
sheet fallowing primary wetting. Th r trace 901 depicts the amount
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surface of the unadjusted moulded cruciform (41.5 mm) subtracted from
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(s)hckbeatoperly ace894rdepieitheqcirent Slovag ketveen 1hentwen.s Ma).
electrodes i ersed.in electrolyte in, contact with the o sing sides of
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mtwstlredwereficinngaMoldnpetes. (AR Five xOitisB0804 timddrcquired one
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time and the upper x axis 906 time represent the same time course an

that thisfolReraRctraise dv1ne friksade treabiiiss ia! tlrcedeyabinelastomeric
valfagarbias was held at 50 mV throughout the duration of the recording

and the data acquired at 1000 us sampling intervals. The graph 900

shows step adjustment of AX and the corresponding /rn response during
one complete cycle of aperture opening and closing within the practical fa,
cUfietimedigirenibrs raaHePts 10wiryiaetie celpidomshinplifisecmiel and /n.

dyriamiedange Qe apeny E@sy&@@rfm%%ﬁr%&@' 1A% GAEREBPANEE (e one
AK-0.8 mm (5,3 GQg to AX -3.2 mm (30.5 MEI). The traces 901 and 90

oA BB &Eq At BhERTIHrERHES ARA G5 to WeRiBnL aRgigal = current
elastomensoftenigg (Aubing effech(The tiacas A0ipane 904ccarnbie 909 is the
acgujred or3 oretimes and used to condition the aperture. The traces
oo B S B Gt e
capabilities of the adjustable elastomerie aperture. [0068]Figure 9b is a
graph 907 illustrating the relationship between AX and ita. The trace 908
depicts the | response following step adjustment of AX during one

complete cycle of aperture opening and closing within the practical hm
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



WO 2007/148129PCT/GB2007/050340 29 measured from the internal
outer eyelet surface of the unadjusted moulded polyurethane sheet (41.5
mm) subtracted from the measured value after adjustment. The y axis 910
WO AW HEHZred current in nano amperes (nA). The trace 90RCE4rBAINE 5340
used to characterise the performance capabilities of the adjustable
elastomcric aperture. 100691Figure 1@%s a composite graph 1000 of the
adjustment of an adjustable elastomerie aperture fabricated in an injection

mBaiaes bolifurethan et ifewinglstiniarpcretindh O NRedisleduasulded
angipehugeskionthe elestiphitubipelQnesiiase HeNhdg RISk the-AmOLMeh:

isotropic biaxial adjustment applied to the injection moulded polyurethane
tY PHE y s HOTEIS RS SERMSRT QAR Shiffiet! S (fihy VS can thus
berfwsﬁtd tihecayeletineeyelpktlistance: nngasilidacsfriththadpieibrl oldtesmeric
eyele{ surface of the unadjusted moulded polyurethane sheet (41.5 mm)
subtractéd from the measured value after adjustment. The x axis 1003 is
time in seconds (s). The upper trace 904 depicts the current flowing
between the two electrodes immersed in electrolyte in contact with the

opesang sidgsrefithesinjestiposiropided muywethangjshaeh(Iof)ard hejystable
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100701Figure 11 is a flow chart depicting one exemplary generic mode of
operation of the embodiments of the invention illustrated in Figures 2a &
2b, Figures 3a & 3b, Figure 4a and Figure 6. For each embodiment
WRISHHI& 1B Figures 2a & 2b, Figures 3a & 3b, Figure 4a arRfHgHRE0FITHE
exemplary mode of operation is to intended to achieve a mechanical
equilibrium of the elastomeric materiaBBy comparing a measured
parameter prior to and following a mechanical adjustment. Mechanical
eduiivdatiormnetictiedss pitigatiorr ot ranviulinsaetibCoir ithealamdnderilytical
metesialef the setymrithensyianie Abligrtion b the-APR R R 10 le

fabrication of the aperture, and’is achieved when the change in the
mBALHEE pReatieel Qi Ehe PRSIl Atees) thoEETheEaStrdd>

paraimetdrsetibetisnpratated hlnk menbirane ahthaRenedratelating that
membrane ar¢ selected from the group comprising, b t limited to:

O St e e R P e i e
dexeption0081sblectrital dbtectibnt by ssayeoémidastwetishdngepprarance and

C%&%ﬁ%@&%ﬁﬁb@‘%ﬁé‘%ﬁk@f‘éﬁgtﬂ@&?M@%@é&ﬁ%%%%ﬁ GRanges A QlarliGabs

current, electrical detection by way of measured changes in electrical

rediStaféis derechihaAPHayOfHISHSUIdRs amatrlaris fes dhappaiolled gating
resistancensletertion by s ef easyretheNanoesdhenachan itak SIass the

dete%tion bg wa Q{.measflgéed ,hatng sin Enechanica{ strai%lor 1b%/tar@,/t

cAITBMENBH SRR AbBVY HEBeiBEa 5%?&?%8{%?&? apertute.  1he clctirolyle was
IM KCL, 10mM Tris-HCL pH 8.0, ImM EDTA, 0.1%, Triton X-100, filter sterilised
through a 0.22 pm Millipore filter and stored as frozen aliquots. All reagents were
AR grade. The DNA sample was the 2686 base pair plasmid pUC 19 (from Sigma-
Aldrich, St Louis, MO, USA), linearised with Sma 1, dephosphorylated with calf
intestinal phosphatase, purified using a QlAquick spin column and used at a

concentration of 2 ng/ul.

[0070] Figure 11 is a flow chart depicting one exemplary generic mode of
operation of the embodiments of the invention illustrated in Figures 2a & 2b, Figures
3a & 3b, Figure 4a and Figure 6. For each embodiment illustrated in Figures 2a &
2b, Figures 3a & 3b, Figure 4a and Figure 6, the exemplary mode of operation is to
intended to achieve a mechanical equilibrium of the elastomeric material by
comparing a measured parameter prior to and following a mechanical adjustment.
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,



32 MCSLLP CLAIMS: 1. A device for fabricating a deformable aperture in
deformable material, the device comprising a probe for forcibly penetrating
the deformable material to form a vacancy in the deformable material

WG HIHEh a continuous path extends from one side of theCa&FBe050340
material to another side of the deformable material, and an elastomer
support component for supporting the glieformable material to provide
mechanical resistance antagonistic to the direction of the force exerted by
thelgriolsel ontptnethationyos finecdatedhrhbleanaterphcitdrersinl¢hiei suploertion
copnanent sRuRHses metalic.elaciiene. b an elRpP T i fieday of

cavity for receiving a tip of the probe on penetration of the deforma ‘
matEHE Bl AHaSsFIBe ehbieRdviRestirase FolerHipridmgvimonitBieat A shangss in
menjtasieathesyuakty etthedermyedanarideasuRd e BREE iaGaerdIRE 10 stress;

cla(lf'r? JI wherein mg nitorin% m%ans is. provided for manitoring one or more
patanTetsl o eCH SHEH TS ST IR dofBrriaBier hiSERaP b XHE pFaBrnaton
A dEtlicetatededingydd mlaamefesr 2, wherein control means is provided for
monitoring the extent of penetration of the defoiniable material by the
probe and controlling the adjustment of the extent of penetration 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.



M CS LLP 33 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. 6. A device according to any one of
claims 1 to 5, wherein the support component incorporates a fluid-filled
cavity for receiving a tip of the probe on penetration of the deformable MCSLLP
material by the probe. 7. A device according to any one of claims 1 to 6,
wherein means are provided for heating or cooling the support

ent. 8. A device according to any one of claims 1 to 7, wherein
means are provided for heating or cooling the probe. 9. A device
according to claim 1, wherein the device is an-anged to use the results of
the maniteviog forchatacignzeatdefatmdityeamecnedility dfftheatfjertuaerial, the

device comprising a probe for forcibly penetrating the deformable material to
form a vacancy in the deformable material through which a continuous path
extends from one side of the deformable material to another side of the
deformable material, and an elastomer support component for supporting the
deformable material to provide mechanical resistance antagonistic to the direction
of the force exerted by the probe on penetration of the deformable material,
wherein the support component comprises a metallic electrode and an electrolyte
fluid-filled cavity for receiving a tip of the probe on penetration of the deformable
material by the probe, the device further comprising monitoring means for

monitoring the quality of the formed aperture.

2. A device according to claim 1, wherein monitoring means is provided for
monitoring one or more parameters of the penetration of the deformable material

by the probe.

3. A device according to claim 1 or 2, wherein control means is provided for
monitoring the extent of penetration of the deformable material by the probe and
controlling the adjustment of the extent of penetration 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.
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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.

6. A device according to any one of claims 1 to 5, wherein the support
component incorporates a fluid-filled cavity for receiving a tip of the probe on

penetration of the deformable material by the probe.

7. A device according to any one of claims 1 to 6, wherein means are provided

for heating or cooling the support component.

8. A device according to any one of claims 1 to 7, wherein means are provided

for heating or cooling the probe.

9. A device according to claim 1, wherein the device is arranged to use the

results of the monitoring to characterize the quality and/or utility of the aperture.



