25 Cctober 2006 WD 03/093801 PCT/ GB03/01827 1 Title: Optical detection
and anal ysis of particles The present invention rel ates %90kﬁﬁmgﬂbkcal
detection and analysis of particulates of nanonetre, sub-mcron or mcron
di rensions. A |arge nunber of principles and techni ques exist by which
parti clVEQ 0¥30he anal ysed in terns of their nunber, PET/GBI0dRZ pe,
conposition and notion. Historically, the observation and characterisation
of particles lies in the donain of ﬁicroscopy in which highly magnified

I mages of particles are generated through the use of high powered | ensed
systens and which can be seen directly by eye or can be captured by canera
for subsequent interpretation by the operator or by an i mge anal ysis
system There are many types of m croscope systens capabl e of
characterising the particle in terns of its interaction with the incident
i | | um riEitleon. ObticalideGttidicend sddyspodtinacfidestay sel ectively absorb certain
wavel engths of the light such as in differential absorption, the technique
nost common in conventional transm ssion mcroscopy. Qther mcroscopical
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and which can be used to identify specific structures through the use of
fluorescent |abels. Yet other mcroscopical techniques utilise the way in
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There are many types of microscope systems capable of characterisiﬁg the particle in terms
of its interaction with the incidént illumination. For instance, the particle may selectively
absorb certain wavelengths of the light such as in differential absorption, the technique
most common in conventional transmission microscopy. Other microscopical variants exist
which selectively monitor specific wavelengths generated by the particle when illuminated
by the incident illumination, such as fluorescent microscopy which is useful in reducing
background interference and which can be used to identify specific structures through the
use of fluorescent labels. Yet other microscopical techniques utilise the way in which the
particle induces a phase shift in the incident light, such as phase contrast or interference
‘microscopy. Other microscope techniques, such as epiluminescent microscopy, employ
light scattering at high angles to allow low contrast particles to be visualised against non-
illuminated background. Other similar versions of this technique are used in microscopy,

- of which the most commion is referred to as dark field microscopy. In this case, the sample
is illuminated by a high numerical aperture source and the central portion of the
ilfuminating cone is blocked from entering the detection objective by an optical stop so that
the particle is illuminated at an oblique angle only, |




WO 03/ 093801 PCT/ GB03/01827 2 Methods of illum nation vary greatly and in

certain circunstances the sanple (typically an aqueous §5'69§)’B§x!?fb60f
particles) can be placed on a transparent (typically glass or siTica)

optical substrate which is illumnated by a suitably defined and colli nmated
opti cal Woi349384t a certain angle called the critical pamgiBes/@s27whi ch t he
incident light is refracted along the plane of the optical elenent on
which the liquid sanple is placed. A smal | portion of the beam <called the
evanescent wave, propagates a small distance into the sanple phase above
the optical substrate and particles entering this evanescent region act to
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accordingly limted inits ability to nonitor weak interactions involving
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mwacromolecules. Many such techniques monitor the interaction between biological
molecules and in order to define a region within such interactions can be specifically
detected within minimal interference from other species in the bulk of the solution phase,
such analyses are frequently carried out at the interface of an 'optical waveguide or fibre
optic structure onto the surface of which have been immobilised biological capture
* molecules sach as antibodies, specific for the target analyte. In conventional waveguide or
fibre optic systems use is made of the changes in the refractive index properties at the
surface interface following binding of specific biological molecules in the surface
associated evanescent field region of the optical structure. This field extends, however,
only some 100-200nm into the bulk solution phase and is accordingly limited in its ability
to monitor weak interactions involving limited numbers of molecular interactions. Such a
method is disclosed in DE 4307042 (930305), in which a single or multilayer of receptor
molecules are deposited on an evanescent waveguide sensor device and which is capable of
sensing and quantifying various chemical and bioc':hemical.sPecies in solution. A similar
method is disclosed in WO 9005295 claiming priority of SE 884075 (881110) in which a
wedge shaped prism is used to allow light reflected at different angles off the underside of




sensing and quantifying various chem cal and bi ochem cal species in
solution. Asimlar nethod is disclosed in WO 9005295 cggidp[orﬂ)? %d6ori ty of
SE 884075 (881110) in which a wedge shaped prismis use At ow ! i ght
reflected at different angles off the underside of 25 Cctober 2006 WO

03/ 093890 IPEFRIEB03/ 01827 3 the optical sensor el enePRT/EBO3ES2I naged and
anal ysed to quantify specific specigs in solution. Simlarly, EP677735
claimng priority of US 228233 (940415) describes an optical resonator
cavity in which light is reflected froma total internal reflector (TIR)
cavity in contact with a solution conponents of which interact wth the
evanesdbhtopti¢ad|sgnsopjeldment thde TinRgasaand nadysedwh myagifarspedific spacies iof speci es
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whi ch thea. frace . of Opt i , vegui de structure is coated with a thin
1 m orvidind e BRCeeGly B ot 57 st T It Tkt B! 1 b ch
el ect r cp@RghRhdieriset \by Sthei€ abliaack SulfthegalyBlsosBns witdisbRatdduEas ¥ a beam of
light incident on the netal-glass interface at a specific angle called the
Sur f ac anfersidegha squsios slgment ee. Mbdul ati on of the refractive index of the
I nterfacial region between the solution and the netal surface follow ng

bi ndi ng of the captured macronol ecul es causes a change in the SPR angl e
whi ch citie sbilither follew readsiowatknBers @ iltyra@iony\bit KildiERUe@E dahChawikd)the Of | ght
reflected fromthe underside of the netal surface to change. Such changes
can be siglificautly qnharqedy lyponeor twe ordsE T aagnisidachy epplpriag Spifspdiasmes of t he
nol ecul 1 ndj . . - SP, | ce f veral  biosensor systens
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on one side of a block unit of optical instrunentation, one nulti-
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wehin I{esonance angle. Modulation of the refractive index of the interfacial region between the
solution and the metal surface following binding of the captured macromolecules causes a
change in the SPR angle which can either be measured directly or which causes the amount
of light reflected from the underside of the metal surface to change. Such changes can be
directly related to the mass and other optical properties of the molecules binding to the
SPR. device surface. Several biosensor systems based on such principles have been
disclosed. Thus WO 9005305 claiming priority of SE884074 (881110) describes the use of
a metal film deposited on one side of a block unit of optical instrumentation, one multi-
functionalised side of which is in contact with a solution. of reagents or samples to be
measured, the other side is illuminated by an optical beam within the block unit of optical
instrumentation caused to reflect off the metal surface at an angle such that reflectance is
modified by selective binding of ligands on the functionalised surface. Measurement of the
reflected beam can be correlated to concentrations of specific species binding to the
functionalised sensor surface.

Similarly EP 341927 claiming priority of GB881154 (880510) describes a biological or

biochemical testing sensor comprising a surface plasmon resonance (SPR) sensor and a




I nstrumentation caused to reflect off the netal surface at an angle such
that reflectance is nodified by selective binding of Ii e
functionalised surface. Measurenent of the reflected beg%%ég)r?%iq?‘edo%
correlated to concentrations of specific species binding to the

functi ONEIN#BYPIsensor surface. Similarly EP 341927 cPEl/GBIsgI§HTi ority of
(GB881154 (880510) describes a biol o%i cal or biochem cal testing sensor
conprising a surface plasnon resonafice (SPR) sensor and a 25 Cctober 2006
WO 03/093801 PCT/ GB03/01827 4 sanple-antibody surface arranged to

I nfl uence resonance characteristics. The SPR sensor conprises a netallized
gl ass shiple-apihody tshefacy| asrsegadetodhfhionte résameceothavdeteciktiass The SBRtsenkoa  beam of

l'ight at _an angl e i ch _surface plasnons .are induced to . resopate in the
metal PP éh‘gﬁt&@’g?waﬁhgl%e@g]nﬁ’ﬁpgaséﬂbq@ LB‘Fil?f?ﬁen%i Wg‘glbfs qHERS B are
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reflected fromthe nefal-glass interface. Such non-inmaging reflectance

t echni dilms Chenges by the mespnarne angle on hindisfe ofeinalytevast determined byumsasusing f

macronpl ecul es t hro r.ene of, ch es.in the anmpuni or sition of
the reftett _Jsdisy 1 a&ﬁtégogstﬁr%\ﬁgﬁ ’F‘ﬁ@%ﬁ%@ﬁ‘gﬁgmttgﬁ H?#"ﬂfﬁ@s H‘g‘g%??'b%’g’?above,
these theghmiginieeiledimes RanBGies monfeh Ay the BRiding!oF rblaesy Bk HRADHS ORI t he
intensity of l'ight reflected fromthe surface or changes in the resonance
angl e @HCEIMMRCAgs Broughardasyremerd op Fhangesrip Seanmoynt ox positon othe refleciod such SPR
devi ces. has been descri bed which can be used to |ocate, visualise, detect
or count'the presence of individual macronol ecul es or very sub-m
particulates in which the optical effect of interaction of individual nm or
very sub-mscale structures with the evanescent surface plasnon resonance
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det ect it reshasts angle 6O BindingWE kpucHR sapld caspitiedls0gi cal nol ecul es and viruses
which utilises an optically transparent substrate coated with a thin film
of nmetal which is illumnated with an optical beamincident at surface

pll asnmon LEIHIAIGCoARRL SPH B4R has been described which can be used to locate,

visualise, detect or count the presence of individual macromolecules or very sub-um

particulates in which the optical effect of interaction of individual nm or very sub-pm scale
strucﬁlres with the evanescent surface plasmon resonance field causes light to be scattered
from such structures into the far field at high angles. Thus WO 98/57148 and US
09/308049 claiming priority of PCT/GB98/01591 describes a method and apparatus for the
single particle detection of submicron structures such as biological molecules and viruses
which utilises an optically transparent substrate coated with a thin film of metal which is
illuminated with an optical beam incident at surface plasmon resonance angle wherein
submicron particles contained in a sample placed in contact with the metal film scatter light
which can be detected in the far field by conventional photodetection systems. The
apparatus can be configured in a flow cytometric or optical microscope configuration.

Siﬁlilarly, WO 98/22808 and WO0142768 describe a surface plasmon resonance apparatns
for detecting a soluble analyte (e.g. 2 protein) or a particulate analyte (e.g. a cell), the
apparatus comprising a sensor block adapted to receive a sensor, said sensor, for example
a sensor slide, having a metallized sensor surface capable of binding the analyte; a light

source capable of generating an evanescent surface plasmon resonance wave at the sensor




submi cron particles contained in a sanple placed in contact wwth the netal
filmscatter light which can be detected in the far fieg?cﬁ%m% nti onal
photo detection systenms. The apparatus can be configured in a flow
cytonmetric or optical mcroscope configuration. Simlarly, WO 98122808 and
W014279® 03€%38¢i be a surface plasm on resonance app&CHGBLINI8Hr detecting a
sol ubl e analyte (e.g. a protein) or a particulate analyte (e.g. a cell),

the apparatus conprising a sensor Bl ock adapted to receive a sensor, said
sensor, for exanple a sensor slide, having a netallized sensor surface
capabl e of binding the analyte; a |light source capable of generating an
evanes c8HecesefrF ameonslide manthe sensom hloek;wa fiest detecthe capeble of @Bceifgt bgtwr 2006 WO
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a video canera) capable of detecting lig Scattered or emtted from an
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sanpl e l. S I.ng es 1 he sensor .surface of .the
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phenomerpaing shmples 106 eS8 srfh@of ileeapbdrhi nat i ng beam to be inci dent on

t he underside of the netal filmin contact with the underlying optically
transparent substrate in order to induce surface plasnons at the netal

surfac y e ] n Leld associated with which.s then
soat t enbdtHE i) e Ralcd e AREE SR el pGAER HEORPE et o e
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illumnation nust strike the underside of the netal filmin order to
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beam t dhenhseattarechdsto ethe far ficld by the target particulates within the evanescent field.

- Furthermore, the angle at which the incident illumination must strike the underside of the
metal film in order to excite surface plasmons in the metal film surface is very narrow and
requires careful alignment of the component optical elements. Finally, the amount of
energy coupled through the metal from the incident illuminating beam to the evanescent
surface plasmon field is frequently insufficient for the particles interacting with said field
to scatter sufficient energy to the detectors to allow very small, for example less than
200nm, particles to be visualised. Thus WOO0142768 is limited to describing the
visualisation of bacterial cells by this technique by way of example, such particles being in

excess of 500nm in diameter.

If generation of images of individual particles is not required, for instance when it is
necessary only to determine the presence or otherwise of particles and/or to estimate their
size, size distribution, mumber etc., then ofher principles in which light scattering
phenomena predominate may be used. Such methods rely on the measurement of the
amplitude of optical signal generated by the interaction of particles with suitably intense
_ and focused beams of light (typically from laser sources), each particle pas'sing through the




surface plasnon field is frequently insufficient for the particles
interacting with said field to scatter sufficient energy b%to%&% tectors
to allow very small, for exanple less than 200nm particfes to be
vi sual i sed. Thus W0142768 is |imted to describing the visualisation of
bact er iV4P 6¥@388 py this technique by way of exanpl e, PETIGRO}9A82Ci cl es bei ng
in excess of 500nmin diameter. If generation of inages of individual
particles is not required, for inst#®ce when it is. necessary only to
determ ne the presence or otherw se of particles and/or to estimate their
size, size distribution, nunber etc., then other principles in which Iight
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absorption or fluorescence characteristics can be determined.

Below a certain particle size limit, however, the signal generated by the interaction of the
particle with the interrogating beam of light is insufficient for it to be distinguished from
the background inberent in such optical Iight scattering instrument configurations.
Increasing the intensity of the interrogating optical beam acts merely to increase the
intensity of background as well as the signal generated by the particle. To determine the
presence of such very sub-micron particles it is normally usual to employ higher resolution
non-optical techniques such as eleciron microscopy but these suffer from significantly

higher complexity and cost.

There is therefore a need for a sinple, robust and low cost optical particle detection system
capable of detecting the presence of very small particles (such as those, for example,
substantially below 1/4 of the wavelength of illuminating radiation) on an individual basis
without the need for expensive, high powered and hazardous optical sources, which does
not rely on the phenomenon of scattering of the evanescent field associated with resonant

surface plasmons. Preferably such apparatus should be compatible with existing optical




particle with the interrogating beamof light is insufficient for it to be
di stingui shed from the background inherent in such Optl? bcong%
scattering instrument configurations. Increasing the intensity o
interrogating optical beamacts nerely to increase the intensity of
backgr oWR®38B8Mel | as the signal generated by the paPE€T/EB®/0IRG det er m ne
the presence of such very sub-mcron particles it is normally usual to
enpl oy hi gher resolution non-optical techniques such as el ectron
m croscopy but these suffer fromsignificantly higher conplexity and cost.
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part i closcrdstopest aminpasticié datectivanppireusf sicpleao tise and bpeRicea@N@BasMé overy smal |
particl es, ﬁ@ych as those, for exanple, substantially below 1/4 of the
wavel efigeithize BORHHoRasicH gs paecle §tk5m iz PUiARS WAERsR |06 #8108 oPtEAl hout t he
need f I.C i ch does
not Pér aﬁfﬁﬁf‘sﬂiﬂ E‘% %%%)gﬁgg%‘gﬁfcgega {ﬂgjﬁeitaﬁgﬂ%a?&# Encggéangg%%ﬁw ? “l?lg]lﬂ%w;ssoci at ed
mﬁth r bsakgenund. surface pl asnons. Preferably such apparatus shoul d be
conpatible with existing optical 25 October 2006 WD 03/093801
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size, size distribution trcal  ‘parameters on
suspendicorporatdd heaein by tefsrene. ni xed characterlstlcs in a frequently conpl ex
background. For the avoi dance of doubt, the content of all publications
mentioned in this specification is incorporated herein by reference.
Summer Bumindrp of iHAMERdt@A The present invention is based at |east in part on
t he unexpected finding that when a small volune of a suspension of
sub- mi &he prepent inventicatie baseéxelcpﬂt iirf paztiotthe winexpectpdfitdiog dmt when phaged onto
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thin (e.g. 10’s nm) film of metal, for example chrome, silver or gold which is at least

partially optically opaque, such that a further adjacent region of the optically transparent
substrate is left uncoated by the metal film and which non-metal coated region is
iltuminated by a beam of light caused to be incident on it, or in close proximity to it, at a
point which is close (e.g. within Smm, ‘preferably within lmm, more preferably within
0.5mm) to (but typically not coincident with) the metal film coated region and at an angle
such that the optical beam is caused to propagate, by refraction, through the sample
substantially parallel to, and at a small distance above, the adjacent metal film, individual
sub-micron particles within the path of the beam passing through the sample above the
metal film are found to scatter sufficient amounts of light so as to be individually
discernible through a conventional microscope objective/lens combination, by eye or by a
suitable photodetector such as a photon multiplier tube, solid state photodiode, CCD
camera or other photosensitive device placed in an image plane in the far field and normal
or at high angle to the plane of the otherwise non-radiative metallised surface. The
particles capable of being thus individuaily detected are of a dimension such that they
would not otherwise have been detectable by conventional optical transmission, dark-field,
phase contrast, evanescent field or surface plasmon resonance microscopical technmiques

~ such as those described above.




substrate is left uncoated by the netal filmand which non-netal coated
region is illumnated by a beamof |ight caused to be ingi t it, or
in close proximty toit, at a point which is close (e.gsc%ﬁaﬁfg&g%n]
preferably within I mm nore preferaply within 0.5m) to (but typically not
coincident wwth) the netal filmcoated region and at an angle such that
the optical beamis caused to propagate, by refraction, through the sanple
substantially parallel to, and at a small distance above, the adjacent

met al Fhe sampiendilMiypigally, betibetrriecessarilpawhiptise s lighidniomprisiag patibpeofion he beam
passi ng through the sanple above the netal filmare found to scatter

suf fi creather shapamsion ffpartickest The particles Mgy Yerrglidod wedy) spnceiyablyebaliglid t hr ough a
conventional .m croscope qbj ectjve/lens conmhi nati on, by eye or by a
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phot odj gﬁgf canmera or other photosensitive device placed in an inmge
planeq#%ﬂgﬁg' HdTieId and normal or at high angle to the plane of the

ot herwi se non-radi ative netal l'ised surface. The particles capable of being
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may bdragepareht substrale, atdersei pab bioresutfacpuefdvhi¢le supstrite necodted pritt sfilon an

emul sion).. Aliquid sanple will normally, but not inevitably, be an
aqueoFSMPHIFHE A0 opHeAlypraumEatahistch that he fesehepticakbagmeis saused f&/Bait i on,
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coated region of the substrate such that at |east a portion of
containing a particle or population of particles of sub-micron dimensions such that

particles enter the region illuminated by the optical beam propagating above but in close
proximity to the metal film; iii. detecting, by a suitable lens and detector arrangement
situated in the far field at normal or high angle to the plane of the metal film, the optical
radiation individually scattered by, or otherwise caused to emanate from, the particles

through their interaction with the optical beam.

Components generally suitable for use in the apparatus of the invention are disclosed in,

inter alia, US 6,280, 960.

The person skilled in the art will understand that, whilst preferably the substrate per se is
wholly or substantially transparent to the beam of elgctromagnetic radiation, the opaque
coating is sufficient to render substantially or wholly opaque that portion of the substrate

the surface of which is so coated.




the optical beamis refracted so as to propagate above, but substantially
parallel and close to, the surface of the netal film 'b CQ(%%}?ﬁmonto t he
surface of the substrate a sanple containing a particle or population of
particles of sub-mcron dinensionsgguch that particles enter the region
illum nated by the optical beam propagating above but in close proximty
to the netal film iii. detecting, by a suitable | ens and detector
arrangenent situated in the far field at normal or high angle to the plane
of t hdynsehy thejbean of slecoprnagnatic radiatipais eamsedrid b iingideh ypondhe substeate by, or

ot herw se causgﬁ to emgnate from the particles through their interaction
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el ectromagnetic radiation, e opaque coating is sufficient to render
subst artollgl drysubstamtally | ransaest €o ttﬁ@bleammag@en@ fadidfion,Satisthaphe leakthe surface
of which is so coated. ----------- - ----- 25 October 2006 8a Typically

t he b@amoufofdimtfawnﬁ@maubstramelnaiqoacred with shespdqueaobténg. nci dent upon t he
substrate surface opposed to that which is partially coated with the
opaque coating, the beamthen being propagated along the desired path,
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caused to pass through the sanple by reflection fromthe upper surface of
the substrate (i.e. that the beamis incident upon the




25 COctober 2006 WD 03/093801 PCT/ GB03/01827 9 sane side of the substrate
as that which is at least partially coated with the opaq ipg). In

t hese enbodi nents there is no requirenent that the subst?gpg%gglli\ﬂqgl ly or
partially transparent and no requirenent that at |east a portion of the
subst r ave oyemsoace is |eft uncoated. The el ectronagneCT/GBe3IS2t i on wi | |
typically have a wavelength in the range 1 x 10$ to 1 x I Osnm(i.e. in
the range fromfar ultra-violet to c?eep infra-red). Conveniently the
~electromagnetic radiation will be light of a wavelength visible to the

human eye (i.e. in the range fromabout 3 to 8 x 10-'nu). The
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optically transparent at wavelengths visible to the hunan eye. In sone
enbodi pacopted.i s preferred if the opaque coating is reflective. The
inventor has so far found an opaque netallic coating to be particularly
suitable. The thickness of the opaque coating is preferably |less than
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100nm The edge of the beam of "el ect romagneti ¢ radi ation, defined by its
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subst anhngalfrom BuaBlels £ 00The, CoR! QeusihiREe rﬂﬁatﬁﬂtxsﬂlr@h?enidnﬂﬁbeat an angl e
to the plane of the surface of less than 5, preferably less than 2, nore
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"slight " shoul e _construed accordi.ngly for .the purposes of the
presentorg{glg%:lfé’f;'ilsgfﬁlﬁ%ﬁg' g%nnt%?q%e%ﬁ%%%%r élﬁ&@lsr?gqeﬁ%%ﬁ’f?ron al so provides a
correspondi ng net hod. 25 COctober 2006 WO 03/093801 PCT/ GB03/01827

Typically the substrate will comprise glass or silica and be optically transparent at

wavelengths visible to the human eye.

In some embodiments it is preferred if the opaque coating is reflective. The inventor has
so far found an opaque metallic coating to be particularly suitable. The thickness of the
opaque coating is preferably less than 500nm, more preferably less than 250nm, and most
preferably less than 100nm.

The edge of the beam of electromagnetic radiation, defined by its /e point, is preferably

caused fo propagate less than 2um above the coated surface of the substrate, more

preferably less than lpym and most preferably less than 500nm. Further, the beam is

preferably caused to be propagated substantiaily parallel to the coated surface of subsirate

i.e. at an angle to the plane of the surface of less than 5°, preferably less than 2°, more

preferably less than 1°, and most preferably less than 0.5°, and the term “slight angle”
~ should be construed accordingly for the purposes of the present spéciﬁcation.

Example embodiments of the invention also provides a corresponding method.




10 1In one exanple enbodi nent according to the present invention there S
provided a method and apparatus for the individual optiggal,d E(%refg(?d

and/or characterisation of small (relative to the wavel engt

being used. for illumnation) particles suspended in a transparent I | qui d
or gas wedmmso(le g. for the purposes of determ ning periBel/@s2?
characteristics such as size, size distribution, nunber concentration,
shape or other optical characteristlts such as fluorescence, polarisation,
phase nodul ati ng properties, etc.) wherein a sanple containing the
suspended particles is placed onto the surface of an optical el ement
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of the optical beam passing through the sample above the metal film are found to scatter

=

sufficient amounts of light so as to be individually discernible through a conventional
microscope objective/lens combination, by eye or by a suitable photodetector such as a
photon multiplier tube, solid state photediode, CCD camera or othei' photosensitive device
placed in an image plane in the far field and normal or at high angle to the plane of the
coated surface. The particles capable of being thus individually detected are of a dimension
such that they would not otherwise have been detectable by conventiomal optical
transmission, dark-field, phase confrast, evanescent field or surface plasmon resonance

microscopical techniques.

~Advantageously, the presence of the opaque film below the path that is described by the
optical beam acts to enhance the visibility of the particles resident therein, such particles,
when below a certain dimension, scattering insufficient light to be visible when the metal

. film is absent. Accordingly the presence of an optically opaque (or substantially opaque)




filmis absent. Accordingly the presence of an optically opaque (or
substantially opaque) 25 October 2006 WO 03/093801 PCT/%@%Q&%BGH film
on at least part of the surface of the substrate appears t0 be an essenti al
feature of the invention. Fluorescence enmtted by, or light scattered
from ™RIYMEMIicles is seen, by eye or by suitabl e HIVEBWHIE? as a point
of light arising fromeach particle_ in the neasurenent region, the
anplitude of signal from each of whilch can be indicative of various opti cal
properties of the particles as well as indicating its presence, size, )
moti on, nunber, concentration, fluorescence, etc. all paranmeters of which
can befiluemei st gart of thd evifacaiof ghe suhsteats appbire tcshepradssentiniofessnrs ofgher | mage
anal ysj s instrunmentation. In accordance with the invention, m croscope

opt i cs®EH°!nst runent ati on may be used to allow particles so small as to
be ot herw se undet ectabl e by conventional optical mcroscopy techniques to
be individually detected for the purposes of deternination of particle
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met hod,and associ ated apparatus. could be used.in. njunction.with a

non- m AFEEEE o AGRRRSRT B Wik 2k be AEptiiRl i BB by St 8l Cotint i ng
appar ajragestif of Mg UhDRSEMstAimedtafon.det erm ning particle count as a function
of size class, the particle suspension can be caused to flow over the
surface of the optical element such that particul ate suspensions that
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{whether inherent or through the addition of flnorescent labels) for measurement of specific
parameters associated with the particle composition, polarisation modifying properties,
phase modulating properties or any other parameter normally addressable by optical

methods of analysis.

In the particular case where the present method and associated apparatus could be used in
copjunction with a non-microscopical application, such as in the case of a particle counting
apparatus for the purposes of e.g. determining particle count as a function of size class, the
particle suspension can be caused to flow over the surface of the optical element such that
particulate suspensions that would otherwise be so dilute as to contain foo few particles
withiﬁ the measurement volume for statistically accurate estimation of particle presence or
number concentration or size distribution to be made, an increased volume of the particle-
containing medium can be cansed to flow over the detection region thereby increasing the
number of particles capable of being éccurately detected and analysed. For particle
counting and analysis on such larger volumes the present method may be employed in an
optical particle measurement and analysis system exemplified by those instruments known

as flow cytometers in which a suspension of particles is caused to pass thi'ough an optical




counting and analysis on such |arger volunes the present nethod may be
enployed in an optical particle neasurenent and anal ysi

exenplified by those instrunents known as flow cytonet e?ssé)l}éﬁbg\{halogﬁ a
suspension of particles is caused to pass through an optical 25 Cctober
2006 WO 0AP8RIB861 PCT/ GB03/ 01827 12 neasurenent reBCBEBEX0I§2Mt r oduci ng,
via a nozzle, the particul ate-bearing sanple into a stream of
substantially particle free fluid ing at a higher velocity, known as a
hydr odynam ¢ sheath, such that the particle-bearing sanple is diluted to
the point where particles pass through the optical neasurenent region on
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ot her optical particle neasurenent instrunents.

The process of example embodiments of the invention may thus be used to determine particle
presence, size, particle size distribution, concentration, number, fluorescent attributes (whether
inherent or through the addition of fluorescent labels) for measurement of specific parameters
associated with the particle composition, polarisation modifying properties, phase
modulating properties or any other parameter normally addressable by optical methods of
analysis but which is particularly useful for carrying out such analyses on particles that are
so small as fo be otherwise undetectable on an individual basis by optical systems
incorporating bulk lens configurations such as conventional microscopes, flow cytometers

or other optical particle measurement instruments.

- In this regard it has been found that the example embodiments of the present invention
allows sub-micron particles such as unlabelled viruses in solution or suspension to be
directly visualised and counted on an individual basis through the use of optical sources

of moderate power such as solid state laser devices of mW output.




In this regard it has been found that the exanple enbodi nents of the
present invention allows sub-mcron particles such as ugﬁegﬁhgﬁﬂx%iruses
in solution or suspension to be directly visualised and“counted on an

i ndi vi dual basis through the use of optical sources of noderate power such
as sol WP &¥0a3381 | aser devi ces of nWout put. 25 Cct obePCRGBBAOISAD 03/ 093801
PCT/ GB03/ 01827 13 Exanple enbodi nepts of the present invention, by virtue
of its sensitivity to detection of article-associated events close to a
surface, further allows the interaction of sub-mcron particles with
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can be' STEF n real tine and in an aqueous environnment unlike those
| yophi lized conditions necessary for visualization of such interactions by
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The range of the types of particle which can be individually seen by the process of the
invention is also varied and broad. The use of the optical element herein described, by
virtue of its ability to facilitate the generation of detectable optical signals from sub-micron
particulates, allows the process of the invention to be applied to the estimation of
contaminant levels in process or industrial fluids and liquids which are desired to be
contaminant free, the detection of virus particles and other sub-micron biological entities in
biological, environmental, biotechnological, foodstuff and clinical samples, such as blood
and urice and other body fluids, purification media, pharmaceuntical preparations,
foodstuffs and the like. Very sub-micron particles designed to act as fluorescent labels,
such as those referred to as quantum dots, are equally amenable to detection and analysis.
Other particulates in solution or suspended in a fluid phase that may be individually
detected, counted and characterised in accordance with example embodiments of the invention
include contaminating organic or inorganic particles in otherwise particle free fluids, smoke or
other combustion product particles in gases, contaminants in oils, micro-emulsion (oil in water
or water in oil) droplets, liposomes and vesicles, micelles, sub-microscopic cells such as
- mycoplasmas, colloids of patural or industrial origin, or any suspension, colloidal fluid or

preparation in which light scatiering centres exist and which are too small oo be analysed




foodstuffs and the |ike. Very sub-mcron particles designed to act as
fluorescent |abels, such as those referred to as quant ugy 69fo§erﬁf03 equal |y
anenabl e to detection and analysis. Qher particulates in solution or
suspended in a fluid phase that nay be individually detected, counted and
char actvwed be®@asdin accor dance with exanpl e enbodi nent sSPCF/GBIs@182Ivent i on

i ncl ude contam nating organic or inorganic particles in otherw se particle
free fluids, smoke or other combustfon product particles in gases,-:
contamnants in oils, mcro-enmulsion (oil in water or water in oil)
droplets, |iposones and vesicles, mcelles, sub-mcroscopic cells such as
mycopl dyrmeyentionhdl opiiks] ifstrmmentation. Krwillndfieturseabe apprepiated that theypreoesspensi on,

colloidal fluid or  preparation in ich light scattering centres exist an
whi ch 8 exarERle ShBpfimegss Qjdheny Sy GBEIcU BRI 08 SFHSTRE o |
PCT/ GBI FadidionI¥ci@QR \iBHH itRa lwite émdle dimmnﬁﬁﬁ'tﬁ’@back%m%d I, of
course, be appreciated that the process of exanple enbodi ments of the

i nvent by saitd ety il individualledetegiestsand anslysedat t eri ng or  nodi fyi ng

radi ation incident upon it. and which can be distinguished fromthe
background by a suitable detector to be individually detected and
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particle characterizing instrunentation. Equally exanple enbodi ments of
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solid state | asers can be used in conjunction wth conventional detection
optics and el ectroni c photosensitive devices to detect particles which

nor h“hl}?&g%’é%ﬁh@ﬁﬁrﬁal@%@@ﬂ?é&' il eReleROih At I 4 sinkbie Yphdabssedly Very
as described herein is particularly advantageous in that readily available light sources of
modest power such as low cost gas, diode or solid state lasers can be used in conjunction
with conventional detection optics and electronic photosensitive devices to detect particles
which normally would only be capable of being individually visvalised by very much more

sophisticated and complex techniques such as electron microscopy.

It should be noted that example embodiments of the invention is not confined to the case
where samples are in solution. Where théy are however, the solvent need not be water or
even liquid but the solution may take the form of any form known to physical chemistry in
which particles can be optically differentiated from their surrounding environment for
analytical purposes. Furthermore, it should be clear that the process of example
embodiments of the invention can be applied to situations in which the particulates to be
detected and individually visualised are acted on by other physical forces, such as electrical
or acoustic fields, so as to, for instance, induce physical motion or separation from other

constituents in the sample,
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equi pnent, be used to derive a range partic characteristics such as

size aptablezanalyfieal (teehuiquen suchyasmumber diisbiation Spestrosenply hé fluomseenes and
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with a
of particle characteristics such as size and size distribution, number, concentration and the

nature and dynamics of particle-particle interactions or interactions of the particles with a

functionalised layer, if present..

Similarly, the example embodiments of invention could be used to enhance the performance
of and derive more information from other analytical techniques such as Surface Plasmon
Resonance (SPR) apparatus allowing SPR device surfaces to be simultaneously analysed for

particulates in any given sample under analysis.

It should also be noted that small particulates interacting with the optical field present at or
close to the surface of the optical element described herein, can be subject to physical
motive forces from the light itself, a phenomenon known as photophoresis. This ability to
modify the physical motion of particles, for instance effectively trap them in a certain
location by the pressure of light alone, could be used to advantage in the analysis and

manipulation of particles in accordance with the invention.
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existing optical analytical instromentation and instrumentation designs to improve

resolution and performance.

The invention will now be described in more detail by way of example with particular

reference to the accompanying schematic drawings of which;

Figure 1 illustrates apparatus according to the invention for the detection of sub-micron

particles such as viruses sﬁspended in an aqueous fluid.

Figure 2 illustrates one use of the invention for application in a flow cytommetric

configuration.

Figure 3 illustrates the use of the apparatus for studying the interaction of particles with a
functional layer deposited on the optical element.
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as viruses suspended in an aqueous ﬁ?uid. Figure 2 illustrates one use of
the invention for application in a ffow cytometric configuration. Figure
3 illustrates the use of the apparatus for studying the interaction of
particles with a functional |ayer deposited on the optical elenent. 25
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i ndi vi du act to scatter can
a suit a:bhqspeﬂsxogrméqiamahm fioplaceddbnkeths sarfaca v dresopticd ckmednt 330, ahenbeamoscope
ob] eCt_I 1\éecaus ghrgf?alétllgn, th prr?pagaie through the sample substantially parallel to and a
small distance above the metal film. Those particles 7, present within the beam
individually act to scatter light which can bé detected in the far field by a suitably aligned
and focused lens arrangement 8 such as a microscope objective, which could be an
immersion lens, and associated lenses to be subsequently observed by eye or analysed
‘using a photosensitive device and suitable signal processing or image analysis
instrumentation. Alternatively, the particles could be viewed through a suitable optically
transparent planar window in, for instance, a flow cell arrangement or through a

microscope cover slip or equivalent.

It will of course be understood that besides the simple observation of light scattered by
particles 7, other optical consequences of their being illuminated by the beam 4 when
propagating close to the metal film 2 may be observed and analysed. Thus, if the particle
population 7 is comprised entirely or partially of particles which are inherently fluorescent
or have been specifically labelled through the use of selected flnorescent labels, those

| particles which fluoresce on coming into close proximity to the region of the metal coated
substrate 2 iltaminated by beam 4, may be specifically observed through the lens assembly
8 if the image is first filtered by a sunitable fluorescence filter assembly 9.




I mersion | ens, and associated | enses to be subsequently observed by eye or
anal ysed using a photosensitive device and suitable sig B98I Ng or

i mage anal ysis instrunentation. Alternatively, the particles could be
viewed through a suitable optically transparent planar w ndow in, for

i nst anc¥O 0309880bw cel | arrangenment or through a m crsSiepBOE8Ver slip or

equivalent. It will of course be understood that besides the sinple
observation of light scattered by particles 7, other optical consequences
of their being illum nated by the beam 4 when propagating close to the

“metal filr be observed and apal ysed., Thus, if the partjcle
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system 17 containing a fluorescent filter assenbly , required, by a
sui t ablphotosensitive detector and associated signal processing electronics capable of measuring

the optical signal generated by the separate particles at a rate which allows particles to be
analysed individually and sequentiafly at high rates, typically hundreds or thousands per
second. The lens assembly 17 can be designed and constructed such that one or more of a
variety of angles of scattered light can be selected from the scattered radiation or

fluorescence emanating from the particle.

In Figure 3 is shown an alternative configuration for the detection of interaction of
particles with a functional surface comprising an instrument element 100 as shown in
Figure 1 coated with a functional layer 30 which may comprise a polymeric or biological
materjal which substantially replicates the properties exhibited by a natural cell membrane
or wall surface and from which the interaction of particles 31 in a liquid sample 32, which
may, for instance, be infective virus particles, can be obtained information -about the rate,
number and behaviour of binding events between the particles and the functional surface.
Alternatively, the functional layer may comprise a chemically or biochemically modified
layer onto which have been attached chemical or biological molecular moieties such as

antibodies or other selective ligand binding structures which exhibit a specific affinity for




phot osensitive detector and associ ated signal processing el ectronics
capabl e of neasuring the optical signal generated by t
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It will be further understood that the use of several different fluorescence filters will allow
multiple wavelengths to be separately analysed extending the information that can be
obtained about a multiply stained particle suspension under view.

In the preferred embodiment, the optical element is a silica quartz planar substrate onto
which has been deposited by a sputtering method, an approximately 50-80nm thick layer of
cbrome. The optical element is illuminated at suitable incident angle by a laser beam of
modest power, for example 40mW and suitable wavelength, for instance 488nm. A drop of
a biological sample such as a sample of clinical or biological origin diluted in phosphate
buifered saline containing a population of unlabelled refractile virus particles of clinical or
biotechnological signiﬁcan(_:e (such as adenoviruses) is placed on the optical element
surface and the light the virus particles scatter as they move under Brownian motion within
the optical beam propagating through the sample in close proximity to the metallised
region of optical element is observed by eye down a conventional microscope fitted with a
x40 immersion objective. Images of the virus can, of course, be captured on film or on

video recording by suitable instrumentation for subsequent viewing and amalysis. The




detection assenbly if the inage is first filtered by a suitable
fluorescence filter. Simlarly, rotation of the polarisati e
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nove under Browni an notion within the optical beam propagating through the
sanple in close proximty to the netallised region of optical elenent is
observ e entional m.crosgope . fitt with x40 i mrer si on
ob; et 1 SOHEHE koo B MR B v 5 BT cosettbeii et oB vt tFom or - on

vi deo regampied §gatidty %ﬂmoaﬂic@ﬁdng%iw%pmmea&mm& thi?&ﬂlﬂ%néco d gMrgg and

anal ysis. The 25 Cctober 2006 03/ 093801 PCT/ B03/01827 20 presence and
number EB¥dehelpiEsi on of virus particles in the sanple can be determ ned
from the intensity of light they scatter (light scattering in this size
region being a strong function, for instance radius, of their size) or
fromcounting the nunber of points of light of intensity associated with a
particle size per unit volune in the sanple for any given illumnation
intensity. It should be understood that though this invention has been
described by way of various exanples a variety of nodifications are

possi bl e without departing fromthe scope of the appended clains.




25 Cctober 2006 21 Cainms 1. A nmethod for the optical detection and/or
anal ysis of sub-mcron particulates conprising the st epsc % ker 2006
illumnating, with a focused beam of radiation froma SUIta Pe source, an
optically transparent substrate, | east a part of one surface of which
substrate is coated with a filmconhprising an optically opaque netal, such
that the focussed optical beamis caused to be incident on, or in close
prOXIE el the substrate at a point adjacent or close to, but not

coi nc with, the metal filmcoated region of the substrate such that
at least a portion of the optical beamis refracted so as to propagate

aboves, DUt bt ARt el kicaP BERLAGH aRD6E GhATES | iR RRRuAes e et al

film || amngleontot e surtace t he strate a sanple containing a
particl eCORPIISHE ateps 9fof particles of sub-nicron dinensions such that
particles enter the region illumnated by the optical beam propagat| ng

b but | th t.al tectli
aui t abl ot SRt P o focsfed: Rgtant Tadition BEM h LHASIE APOTFCIY at nor ma
or d_hi gg alrltgjblmdanﬁtlnmsph@ne sabsttag welabt @i pat éthenepiirfaed afadhirhi (r)]n
I ndi vi dua S re { (0] the
particles %/‘}Pﬁﬁgt lgtcﬁg Eywﬁgrgw%gwpﬂﬁlg%hg&bcﬁﬁy c‘%? E\geeﬁw a'i e nmet hod
accordi ng tthat Ithﬁ fodussadh epédah: beahe iss givssed atpebe dngidéns een,oor i Cﬂ@iened froma
o b b SHRRUARE NI b <ORbRAN ¥ b ARRARPRE cBRL RS |l noP PSineiilone, Sur face

of V\/mchls coa g st’anti a optically
opaque met awithaig Iaﬁa]aﬁinaééfﬁﬁd pgian ofnthesu Sﬁ@t%mchéba 3t éeaISTefF poi8oat ed. . 3.

A et hod acgPfgi 6191cﬁpb@di'ﬂ 1erefhﬂ:€‘edp£cﬁ§§€8 Bﬁ)pﬁ?ﬁb%ovémﬁ[teéuﬂstﬁﬂit&llﬁzocussed
optical beam|s incident upon one surf ace of the substrate, is'refracted

during passﬁﬁéletaﬂiiGhﬁﬁt? Hae suaceof the mgahfiiRer ges at the opposite surface
at a slight angle adjacent or close to the netal filmcoated portion of
sai d surf.acle.. . . .
1i. placing onto the surface of the substrate a sample containing a particle or
population of particles of sub-micron dimensions such that particles enter the
region illuminated by the optical beam propagating above but in close

proximity to the metal film;

ifi.detecting, by a suitable lens and detector arrangement situated in the far field
at normal or high angle to the plane of the metal film, the optical radiation
individually scattered by, or otherwise caused to emanate from, the particles
through their interaction with the optical beam.

2. A method according to claim 1, wherein: the substrate comprises or is formed
from a wholly or substantially optically transparent material, part of one surface
of which is coated with the film of wholly or substantially optically opaque metal
and an adjacent portion of the surface is left uncoated..

3. A method according to any of the preceding claims, wherein the focussed optical
beam is incident upon one surface of the substrate, is refracted during passage
through the substrate, and emerges at the opposite surface at a slight angle
adjacent or close to the metal film coated portion of said surface.

4. A method according to any one of the preceding claims, wherein said particles are
analysed in terms of their number concentration, size, size distribution, shape or
motion. '




4. A nmethod according to any one of the preceding clains, wherein said
~particles are analysed in terms of their nunmber concentsabi@per HoZ€ Size
di stribution, shape or notion. 25 Cctober 2006 22 5. A matt%a d accor di ng
to any one of the preceding clains,,Wherein said particles are analysed in
terms of the intensity and/or vvavepéngth of fluorescent or other non-
scattered radiation they emt or are caused to emt by virtue of their

|t o1 3t ot bbb bHTLARSE 840 ph AR Blims SupdrelEfiPphrAERORM g to_any

one O € preceai erern sal artlc es are " ana ysed In terns
of thei ralpﬂémﬁl.lgé@msnofoﬂle pﬁa&setymmrawawrmlbg’%ﬂwrégcem?m athge AR accor di ng

to any OEL%tt@ic'edt ﬁﬁmﬂﬁﬁ‘%ﬁ‘é}' é}ﬁitQJradrErﬁ:auéUﬁQB%ﬁt $91 Wri@of i€ ftdhQioncaused to
enter the vol ug@n@}p um nat ed by the optical beam on an individual basis.

8. A met W&l tBe Hiergd &H9one of the preceding clains, wherein a
plurality of particles are sinultaneously present in the opt i cal beam and
the opticgal signal .fromeach of . the ura arti n

i 11 ePenth B8 agrortinh IF L7 i S b etz Rhp SRl b eREPecr er i sea.

9. A net mxdyseddotatimgf tieinpyladsadon or phasepnatdadingpropeatiess, wherein the
particles in the sanple are labelled with fluorescent nolecules to allow
themto be distinguished fromother particles and/or background noise. 10.
A et RodAamebodiapeprding amgnoaee of the peeosting adimg, wherehnssaidprspelieh aggt | east

part of . &fagq %Jéﬂté&clﬁe QBIUH&E%IlﬁhHQﬁanaﬁ}ethEQ) R&x1 teihamt fdnWividuat PRiSanpl e is

derivatised wth one or nore nolecul ar sSpecies. 11. A method according to
claim 10, wherein the one or nore nol ecul ar species bind specifically to

Fﬁrt i gl ea hﬂ&tlfoﬂfhc&@ﬂﬂigeto a@ ok aﬁtﬁwgrea@diﬂg dlaﬁtﬁ? t @hereit mpmamy dﬂl vvhler ein
e one or re nolLecul ar ecl es. cgnpri s 1 0l O re nol ecul es
Such hs BHAFRS e SRR Breseioin Aoniiat Pern ty e SERABER: on of
thei r nofreauésh oftthephuality of gatticles can 1d. differentidted taglivow daidgatticlemny one of
claims 1; 3. WIRiGlNy RsaLunay ¢ Brownian

9. A method according to any one of the preceding claims, wherein the particles in
the sample are labelled with fluorescent molecules to allow them to be
distinguished from other particles and/or background noise.

10. A method according to any one of the preceding claims, wherein at least part of
the surface of the substrate to be contacted with the sample is derivatised with one
or more molecular species.

11. A method according to claim 10, wherein the one or more molecular species bind
specifically to particles in the sample.

12. A method according to claim 10 or 11, wherein the one or more molecular
species comprise biological capture molecules such as antibodies which bind
specific particle types as a function of their molecular structural features.

13. A method according to any one of claims 1-9, wherein the dynamic Brownian
motion or behaviour associated with interactions between particles in the sample
can be detected and analysed by suitable analytical techniques such as number
fluctuation spectroscopy, fluorescence correlation spectroscopy or by image
analysis methods for tracking motion of specific signal sources.




noti on or behavi our associated with interactions between particles in the
sanpl e can be detected and anal ysed by suitabl e anal ytigah.tggHapgues such
as nunber fluctuation spectroscopy, fluorescence correlation spectroscopy
or by image analysis methods for 44acking notion of specific signal
sources. 25 COctober 2006 23 14. A nethod according to any of the preceding
clainms, wherein the detectable particles are part of a | arger

supr aﬂchom&'tr%ﬁuhc%hcﬁﬁé U6t ML of kRe p%eéE%Héogla&%O{)vﬁb{éﬁl % CeRb@bib4, Wherein
sai d supramacronol ecular structure’is a or cell conponent, a biofilm

a pol ymePIHCIes prerPagh ol Hége@t-‘P@&aﬁWOl‘i%ﬂafABB‘é‘Pﬁt us for performng the

nmet hod of any one of the procedl ng clainms, conprising an optically

t ranspar n stra at. | egst f one surface, of ich is coated
with idogHifi; o8 ot e a0 SRR oREE StrefSte By pat | ng
sai d sube&lkatc&llvuotﬂpoaeﬁtoaﬂnscﬁ“ﬁm hgmiyndria lagerairi othrerfstradtuge.sui t abl e sour ce,
such that an optical beamis caused to be incident on, or in close
proxinmty to, the substrate at a point adjacent or close to, but not

coi ncilGeApparRius, fortqumx@g the | metbodtefdameginonofofthe psocedingt chims.at a poi nt
adj acent o QiR Gn LpeicAl o &1‘?'{1 ey Re b Jﬂle@‘&oated

regi on o% 1?1 ' bgt l{:ewsucﬁgpaﬁat St gé op talltcgfi Eam({}g re rac?t ed as to

pr opagat E’h%ﬁfbok?ewétﬁi Withst Aihm; omprising anmﬂ%lbaom%@en@@ht meanss it ace of the

metal fijIfimifiEhe"RaD Subtraée b bNdcud¥d q)eﬁlw bRRidatdnl aohbh sBfaprNgenent
field at. normal or h angle.to the of the

S|tuated|nthe€5 P‘ijg Iglan
met al fi fAHCSE HEC p"i‘i“cép ORIAL DR ISneaurd el Be TR Gtk g0 0%t her wi se
caused tproxpnigne, ¢hd subsiritb et pPotrt alifcémrod e itd,Shut moeteiatidem wikt,h t he

i cal h
opti cal | BEM i SRR RS ATROL0s bPy Boh Milhal BB B VTS 13 2
part of evih@daptwitha steembta) fithe siogted degionl oédtmubstcatedudtoﬁxapﬂmemaai ot her than
parti cl endle Bbhafiea 421 RAAEAL UB0ACHA"hithdafy IR SPGB 1 e 16,17 or

18 for incorporatl nvent i ona Iguration. 20.
Appar at ugiriiee oofdithrey metala fiymp rendo fmeetiniofs detecting7 ot 3181111’5&3016 idetasiQyor at i on

FNto @ arrangement situated in the far field at normal or high angle to the plane of the

metal film, the optical radiation individually scattered by or otherwise caused to
emanate from the particle through its interaction with the optical beam.

17. Apparatus according to claim 16 wherein the source is a laser.

18. Apparatus according claim 16 or 17, wherein the substrate is part of a larger
assembly designed and constructed for purposes other than particle detection.

19. Apparatus according to any one of claims 16, 17 or 18 for incorporation into a
conventional microscope configuration.

20. Apparatus according to any one of claims 16, 17 or 18 for incorporation into a
flow cytometer instrument configuration. '

21. Apparatus according to any one of claims 16, 17 or 18 configured in a fibre optic
form.

22. Apparatus according to any one of claims 16, 17 or 18 configured i a form
designed to be used for on-line applications.




flow cytoneter instrunment configuration. 21. Apparatus according to any one
of clainms 16, 17 or 18 configured in a fibre optic formys2g tRPPEGAL US
according to any one of clainms 16, 17 or 18 configured in a form designed
to be used for on-line applicationgg4 25 Cctober 2006 24 23. Apparatus
according to any one of clainms 16-22, wherein the focussed optical beam is
i nci dent upon one surface of the substrate, is refracted during passage

t hr oughs t ReparSiPaddordify toddHy RERE GRENA1 6-DIEwRRBIAThS BrcBited BfR:abbesn S| 1 ght
angl e adj acent or close to the nmetal filmcoated portion of said surface.

24. A ni cif dreidnpbupon eneotiriage offhe sybstratepisirefraricddpmeanssase threghdheance with
any one s?li)st&lt&'a% e?t?ei"ge%'at the opposite surface at a slight angle adjacent or close to

the metal film coated portion of said surface.

24. A microscope or flow cytometer comprising apparatus in accordance with any one
of claims 16-23.




