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ABSTRACT

Various optical apparatus provide a source of parallel light (7, 75). The parallel
light (7, 75) is generally achieved by directing an incident beam at the apex of a prism (L,
22, 24, 26, 28). The prism may have varying configurations. One configuration has a
forward conical face {24). Another configuration has a pyramidal forward end (22).
Other configurations are also discloscd. The application also discloses the use of
reflectors (20, 78, 216, 316, 400) having internal reflective surfaces shaped as three-
dimensional figures of revolution, for example paraboloid or ellipsoid. The reflectors
(20, 78, 216, 316) focus light incident onto the reflectors at one or more foci (F, 220, 320,
420). The reflectors may be used in combination with the optical apparatus including the
prisms (1, 22, 24, 26, 28). The refiectors (20, 78, 216, 316) may be used in flow
cytometers for focussing light at a sample stream (237, 337) passing through the focus (F,
220, 320, 420) of the reflector (20, 78, 216, 316). The collection of scattered and/or
fluorescent light from an illuminated sample stream (237, 337) in a flow cytometer may
be achieved with the use of a collector shaped as a figure of revolution e.g. paraboloid or

ellipsoid. Various optical methods and methods for flow cytometry are also disclosed.
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TECHNICAL FIELD

This invention relates to an optical apparatus. In particular, although not exclusively, this
invention has application to the field of flow cytometry. However, it is to be understood
that several of the inventive aspects have application beyond flow cytometry and may
have broad application in the field of optics generally. For example, several aspects of
the invention may be used in photometry or optical particle detection apparatus.

BACKGROUND ART

Generally when illuminating a particle or an object for analysis, the light source is
directed onto the particle from a single direction. An analysis may be made of light
reflected or produced by the particle eg. fluorescence to reveal certain properties of the
particle. The particular portion of the particle illuminated depends on the orientation of
the particle with respect to the light source. Where the particle or object is asymmetrical,
the light measurements will vary depending on which portion 15 illuminated, making it
difficult to analyse the particle or object as a whole.

Such difficultics are encountered in flow cytometry since it is common for particles being
analysed to be asymmetrical eg. mammalian spermatozoa.

Flow cytometers are often nsed to measure the properties of cells or particles which are
carried in a stream of fluid. The stream is generally comprised of a sheath fluid into the
centte of which is injected a narrow aqueous suspension of cells/particles. The sheath
fluid focuses the sample cells/particles into single file. The stream contatning the
particles/cells passes through an inspection point which is the focus of an intense light
beamn. The particles/cells may have been stained with a light - sensitive stain which when
illuminated, will absorb the incident light and fluoresce. Light scatters off the particles
and/or altematively causes fluorescence. This scattered or fluorescent light is then
measured by a detector generally aligned with the incident beam. The characteristics of
the detected signal(s) such as peak intensity, peak area or other characteristics of interest
may then be used to derive properties of the particle, for example size.

In a flow cytometer with sorting capability (as opposed to a purely analytical instrument)
the detected signal(s) may be used to trigger sorting hardware which can be programmed
to divert droplets from the stream of fluid. The sorting criterja will vary with the
application, for example, the sorting may be conducted according to size or, in the case of
spermatozoa, the DNA content of the cell.
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One problem with conventional flow cytometers is that particle asymmetry often renders
the optical characteristics of a particle difficult to measure. For example, a flat particle
can pass through the inspection point with a random otientation. Thus, the intensity of
the resultant scattered or fluorescent light may vary according to particle orientation and
the detectors will measure different light intensitics at different locations.

Thus, particle asymmetry can lead to a reduced resolution of measurement of the
particles. It follows that, in cytometers with a sorting capability, this reduced resolution
in measurement of the particles results in a decreased ability to accurately separate
populations of cells with different optical properties. Such a problem is encountered in
scparation of male and female mammalian sperm.

In mammals, sperm carry the sex determining chromosomes and the total DNA content
found in male and femalc sperm may differ. For example, in cattle the difference in the
DNA content between male and female sperm is approximately 4%. This difference in
DNA provides a means by which sperm may be separated in a sorting flow cytometer,
making a predetermination of an offspring’s sex possible when artificial breeding of
animals is carried out. Utilising such a technique in artificial breeding would offer
considerable economic advantages in livestock management, but is currently made
difficult by the asymmetric geometry of the flat sperm head. As an example, bull sperm
are flat cells with head dimensions of approximately 10 microns by 4 microns by 1
micron attached to a 40 micron flagellum. The asymmetric properties of the bull sperm
head result in a high variation in both seattered light and fluorescent light emission with
sperm oricntation. In particular, fluorescent emission varies by a factor of two with
sperm orientation (see DNA Contention Measurements of Mammalian Sperm.
CYTOMETRY 3:1-9 [1982]), cffectively masking the 4% variation in intensity due to
the sex of the sperm.

A number of flow cytometric systems have been developed in an attempt to overcome the
problems encountered when analysing asymmetric particles such as sperm cells.

One flow cytometric system that has been developed in an attempt to overcome this
problem introduces asymmetric cells travelling in a slow moving stream into the middle
of a fast flowing sheath stream. Hydrodynamics then tends to align the asymmetric cells
with their long axis parall¢] to the direction of the fast flowing sheath stream,
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While this approach tends to reduce the vertical variation of light intensity from
asymumetric particles, the radial variation remains. This system has been further refined
so as to further reduce the orientation-related variation in the detected light intensity of
particles.

The system developed by Pinkel et al (see Flow Cytometry in Mammalian Sperm:
Progress Morphology and DNA  Measurcment. THE JOURNAL OF
HISTOCHEMISTRY AND CYTOCHEMISTRY 24:353-358 [1979]), showed that the
orientation of bull sperm could be further aligned by bevelling the end of the tube which
injected the sample stream (ie. that which contains the sperm) into the sheath flow.

The system which attempted to overcome the problems of flow cytomettic analysis of
asymmetric cells was that described by Johnson (see Sex Preselection by Flow
Cytometric Separation of X AND Y Chromosome Bearing Sperm Based on DNA
Difference: A review. REPRODUCTIVE FERTILITY DEVELOPMENTS 7:893-903
[1995]), in relation to separation of bull sperm by sex. Johnson’s approach utilised two
detectors; one in line with the illuminating laser beam (the 0 degree detector) and one at
right angles to the beam (the 90 degree detector). Sperm emit fluorescence preferentially
through their narrow edges. Johnson determined which sperm were aligned edge-on to
the 90 degree detector by detecting the bright emission from their edges, and used the 0
degree detector for measuring the flat-face emission from only the aligned sperm.

However, this system still had a number of drawbacks. One drawback was that it was a
requirement for this system that the sample flow be moving slowly with respect to the
sheath flow, thereby teducing sample throughput. A further drawback was that it only
produces good alignment at very low flow rates. At the optimal flow rate, which
produced the greatest number of aligned cells pet second, only 40% of cells were aligned.
Thus, the number of aligned cells had been increased from 10% to 40%, but
approximately 60% of the cells remained unaligned, and further, due to the requirement
of a low flow rate, there was a reduction in system throughput.

It will be appreciated that the rejection of unaligned cells again reduces the processing
rate of this system and unnecessarily wastes sperm cells.
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One system which moved towards radial light collection was the Ellipsoidal Collector
described by Skogen-Hagenson et al (sec A High Efficiency Flow Cytometer,
CYTOCHEMISTRY 25:784-789 [1977]), who developed a light collection system based
on a hollow “egg shaped” brass reflector. The reflector surface was elliptical in cross-

5 section and light from the inspection point at one focus was collected at the second focus.
This system was demonstrated to have an ability to reduce the orientation dependence
observed with bull sperm,

However, it still had orientation dependent illumination, (je. Light source coming from a
16 single direction). A further problem with this system is that it is unable to provide a
particle sort function (ie. according to sperm sex).

A further system which implemented both symmetric illumination and symmetric light

collection was the Epi-Illumination system described by Gamer et al (see Quantification
15 of the X and Y Chromosome Bearing Spermatozoa of Domestic Animals by Flow

Cytometry, BIOLOGY OF REPRODUCTION 28:312-321 [1983]). In this system the

sample stream travelled directly towards a high numerical index microscope objective

lens and was diverted sideways after the stream had passed through the focal point of the

lens. Tlumination was delivered through the lens and light was collected back through
20  the lens.

While this system also demonstrated a good ability to eliminate the orientation

dependencies of bull sperm, it was also incapable of modification for hi gh speed sorting.

This was due to its sideways diversion of the sperm immediately after passing through
25 the focal point.

Earlier systems have also relied on laser light, because of the intensity of laser light
sources. Unfortunately, such laser systems can be quite expensive and only add to the
cost of devices such as flow cytometers. Because lasers typically deliver a single

30 wavelength of light, use of lasers also has made it difficult to utilise a single light source
to provide a variety of wavelengths of light, e.g. in conjunction with filters that filter out
all but the desired wavelengths.

Furthermore, previous systems have often required the precise alignment of optics in
order to accomplish a proper delivery of electromagnetic radiation onto the cell under
analysation or collection of fluorescence emitted by a cell. This can be a tedious process
that adds to the expense of the analysation instruments. Hence, there is a need for a
system, e.g.. in flow cytometry, in which the optics that focus and collect electromagnetic

W
L
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radiation for measurement purposes are quickly and easily established in their proper
orientation,

It is an object of the present irvention to overcome the aforementioned shorteomings of
known optical apparatus with particular applicatios to flow cytometers, It is also an

objeet of the invention to provide the public with a usefuil choice.

SUMMARY OF THE INVENTION

The present invention provides a flow cytometer including: -

& flow source fo produce a flow of particlss to be analysed, the flow source being
adapted to direct the flow of particles along an opticel axis and through an inspection
zone;

an optical arrangement including a source of elecromagnetic radiation and 2
reflector, the reflector adapted to direct electromagnetic radiation oato the flow of
particles, at the inspection zone, to provide an illumination of the flow of particles;

wherein the reflector also collects electromagnetic radiation either produced or
deflected from the particles, the reflector having an internal reflective surface with an
optical axis and one or more focl, wherein the reflector is disposed such that one of the
one or more foci is substantially ecincident or focated within the inspection zone;

a processor to detive, from the collected electromagnetic radiation, predetermined
information relating to each of at least soms of the particles it the flow;

a correlator to correlate the derived informetion with the associated particle
downstream of the inspection zone; and

a sorting apparatus (o sort ¢ach of at feast some of the particles in the flow based on

the predetermined information from each of at least some of the particles in the flow.

The present invention further provides an analysation instrument including a first
seflector having a partial ellipsoidal shape; a neer focal point of the partial ellipsoidal
shape of the first reflector; a distant focal point of the partial ellipsoidal shape of the first
reflector; a central axis of the partial ellipsoidal shape defined by the near focal point and
distant focal point of the partial ellipscidal shape of the first reflector; a source of

electromagnetic radiation disposed ar the near focal point of the partial ellipsoidal shape
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_._capable of emitting electromagnetic radiation toward the first reflector; a second reflector

having a partial ellipsidal shape oriented relative to the first reflector so as to be capable
of receiving electromagnetic radiation reflected by the first rellecior; a near focal point of
the partial ellipsoidal shape of the second reflector; a distant focal point of the partial
ellipsoidal shape of the second reflector; a central axis of (he partizl cllipscidal shape
defined by the near focal point and distant focal point of the partial ellipsoidal shape of
the second reflector whercin said second reflectar defimes an oplical axis; a flow source
to produce a flow of particles 10 be analysed, said flow source adopted to substantially
align the flow of particles with said optical axis; and an inspection zonc of the flow of
particles located at the near focal point of the partial elfipsaidal shape of the second
reflector to receive electromagnetic radiation reflocied by the second reflector to provide
all iilumination the flow of particles, wherein the second reflector is also adapted to
collect at least a portion of the electromagnetic radiation produced as a result of
illumination of the fiow of particles and to reflect at least the portion of the
clectromagnetic radiation produced as 2 resuit of illumination of the flow of particles for

processing to determine predetermined information relating to the particles.

The present [nvention further provides 4 methed of analysing including:

utilising a first reflector having a partial eilipsoidal surface with 4 near focal point
and a distant focal point;

emitting electromagnelic Tadiativn from a source of cleefromagnetic radiation
positioned at the near focal point of the first rellector;

reflecting electromagnetic radiation emitied by the souree of electromagnetic
radiation from the first rellector;

utilising a second reflectar having a partial ellipsoidal surface with a near [veal
point and a distant focal point, said two focal points of the second reflector defining an
optical axis of the second reflector;

providing a flow of particles to be analysed;

directing the flow of particles along said optical axis of said second reflector and

through an inspection zone;
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positioning the second reflector so that the near focal point of the second reflector
overlaps the inspection zone and so that the second reflector is capable of receiving
electromagnetic radiation reflected by the first reflector and Hhuminating the flow of
particles at the inspection zons;

collecting at least a portion of the ¢lectromagnetic radiation produced as a result of
illumination of the flow of particles;

reflecting at feast the portion of the electromagpetic radiation produced as a resuit of
humination of the particles with the second reflector and deriving from the reflected
electromnagnetic radiation predetermined information relating to at least some of the

particles in the flow.

The present invention further provides an analysation instrument including:

a first reflector having a partial paraboleidal shape;

a focal point, a parabolic optical axis and a focal length of the partial paraboloidal
shape of the first reflector;

a source of electromagnetic radiation disposed at the focal point of the partial
paraboloidal shape adapted to emit electromagnetic radiation toward the first reflector;

a second reflector having a pariial pargholoidal shape oriented relative to the first
reflector so as to be capable of receiving electromagneiic radiatior: reflected by the first
reflector;

a focal point, a parabolic opliva) axis and a focal length of the partial paraboloidal
shape of the second reflector wherein the parabolic axis of the second reflector is aligned
with the parabolic axis of the first reflector;

a flow source to prodnce a flow of particles w be analyzed and to direct said flow
along the parabolic optical axis of the second refleetar for ilumination by
clectromagnetic radiation reflected by the secord reflector; and

an inspection zone of the flow of partcles Jocated at the focal point of the partial
paraboloidal shape of the second reflector;

wherein the second reflector collects at Jeast a portion of the eleciromagnetic

radiation produced as a result of the illumination.
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The present invention further provides a method of analysing including:

utilising a first reflector having a partial paraboloidal surface, a parabolic optical
axis and a focal poiat;

emitting electromagnetic radiation from & source of electromagnetic radiation
positioned at the focal point of the first reflecior;

reflecting electromagnetic radiation emitéed by the sousce of eleciromagnctic
radiation from the first reflector;

utilising a second reflector having a partial paraboloidal surface, a parabolic axis
and a focal point wherein the parabolic axis of the second reflector is éligned with the
parabolic axis of the first reflector;

providing a flow of particles to be analysad;

directing the flow of particles along said parubofic optical axis of said second
reflector and through an inspection zone;

positioning the second reflector so that the focal point of the second reflector
overlaps the inspection zone and so that the second reflectar is capable of receiving
electromagnetic radiation reflected by the first reflector for illuminating the flow of
particles; and

colleeting with the second reflecior 2t least a portion of the eleciromagnetic

radiation produced as a result of illuminating the flow of particles.

The present invention further provides a flow cytometer including:

a flow source to produce a flow of pasticles tv be analysed, the flow source being
adapted to direct the flow of particles through ar inspeetion zone;

an optical arrangement including a source of electromagnetic radiation und a partial
ellipsoidal reflector, the partial ¢llipscidal refiector adapted to direct electromagnetic
radiation onto the flow of particles, at the inspection zone to provide all illumination of
the flow of particles;

wherein the partial ellipscidal reflector aiso collects electromagnetic radiation either
produced or deflected from the particles and reflects the electromagnetic radiation to a

sensor, the partial ellipsoidal reflector having an internal reflective surfacc of partial
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ellipsoidal shape with two foci and an optical axis orientsd along a line between the two
foci;

wherein the flow sotrse is oriented such that the flow of particles is substantially
aligned with the aptical axis;

wherein the flow passes the sensor and wherein the sensor senses predetermined
information from particles of the flow source; and

a sorting apparatus to sort the particles based on the predetermined information

from downstream of the flow source.

The present invention still further provides a method of flow cytometry including:
providing a reflector having ene or more foci and defining an optical axis;
passing a flow of particles to be analysed along said optical axis through an
inspection zone;
converging electromagnetic radiation onte the flow of particles at the inspection
zone by reflection from the reftector to provide all THumination of the flow of particles
aligning the inspection zone with one of the one or more focj;

collecting at least a portion of electromagnetic radiation produced or deflected from
ihe flow of particles;

reflecting at least the portion of electromagnetic radiation to a sensor with the
reflector;

sensing pradctermined information from perticles of ihe fow sowrce; and

sorting the particles based ou the predetermined information from downstream of

the flow source.

There is also described herein an analysation instrument including, a flow source to
produce a flow of particles 1o be analysed, the flow source being adapted to direct the
flow of particles through an inspection zone, an optical arrangement including a source of
electromagnetic radiation, the optical artangement definirg an optical axis and adapted to
converge the electromagnetic radiation as substantially coplanaz, substantially radially
symmetric electromagnetic radiation towards the inspection zone, wherein said flow
source is also adapted te substantially align the flow of particles with the optical axis.
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There is also described hercin an aralysation instrument including, a flow sowrce fo
produce a flow of particles to be analysed, a sowrce of electromagnetic radiation, a
reflector adapted to reflect at least a portion of the slectromagnetic radiation at the flow
of particles to provide all illumination of the flow of particies, wherein the reflector is
also adapted to collect and to reflect, to an optical configuration, at least a portion of any
electromagnetic radiation produced a5 a result of the illumination of the flow of particles;
said optical configuration including a sensor adapted to sense the electromagnetic
radiation produccd as a resuit of the {lhmination of the flow of particles; and a sorting
apparatus adapted for sorting the flow of paiicles based on predetermined information
from the flow of particles, wherein said reflector has an internal surface having an optical
axis, and wherein said source is adapted to substantially align said flow with said optical
axis.

There is also described herein a method of enalysing including providing a flow of
particles to be analysed, providing a source of eleciromagnetic radiation, reflecting with a
reflector that defines an optical axis at least a partion of the electromagnetic radiation to
provide all iffumination of the flow of particles, substantially aligning the flow of
particles with said optical axis, collecting with the reflecror at least a portion of any
electromagnetic radiation produced from the ilumination of the flow of particles,
reflecting with the reflector at least the poriion of any electromagnetic radiation produced
from the illumination of the flow of particies, sensing a portion of the cleetromagnetic
radiation produced from the illuminetior of the flow of particles; and sorting the flow of
particles based on predetermined information from the flow of particles.

There is also described hercin a flow cylometer inciuding a flow source to produce a
linear flow of particles to be analysed, the flow source being adapted to direct the flow of
particles through an inspection zone, ap oplical srangement adapted to converge
electromagnetic radiation onto the Dow a' the inspection zone in a substantially radially
symmetric manner about the linear flow and to provide all itlumination of particles in the
flow, wherein said optical arrangement inciudes a reflector that defines an optical axis
and wherein, said flow souree is also adopted fo substantially align the low with said
optical axis. a collector to colleet electremagnetic radiation either produced or deflected
from the particles in the flow, a processor to derive, from the collected electromagnetic
radiation, predetermined information relating te each of at least some of the particles in
the flow, a correlator to correlate the derived information with the associated particle
downstream of the inspection zone; and a sorting apparatus to sort each of at least some

of the particles based on the predetermined information relafing to each of at least some

of the particles in the flow.
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There is also described herein a flow eytometer ineluding a flow source to produce a
lincar flow of particles to be analysed, the flow source being adapted to divect the flow of
particles through an inspections zene; and an optical arrangement including a focussing
reflectar having an internal reflective surface of paraboloidal shape with an opticel exis
and one focus, the optical arrangement adapted to converge electromagnetic radiation
onto the flow uf particies at the inspection 7ane by reflection from the focussing reflector,
the flow source being oriented with respect to the reflective surface such that the flow
source i3 adapted to direct the flow of narticles along the opuical axis of the reflective
surface. i

There is also described herein a flow cytometer including a flow source to produce 2 flow
of particles to be analysed, the flow source being adapted to diveet the flow of particles
through an inspection zone, an optical arrangement including a source of clectromagnetic
radiation, the optical arrangement adapied to direct electromagnetic radiation onto the
flow of particles, at the inspection zone, a coflector to cellect electromagnetic radiation
either produced ot deflected from the particles, the collector having an internal reflective
surface of paraboloidal shape with an optical axis and one focus wherein the flow source
is oriented relative to the collector such that the flow source is adapted to direct the flow
of particles along the optical axis of the collector, and wherzin the collector is adapted to
reflect the collected eleciromagnetic radiation to the sensos.

There is also described herein a flow cytometer including a nozzle whercin the nozzle,
includes an opening for a flow of particles to flow through; and a reflector kaving a
reflective surface with an optical axis, the veflector being coupled to the nozzle and
oriented to reflect ¢lectromagnetic radiation at the flow of particles, the nozzle being
oriented relative to the reflector such that the mozzle is adapted to direct the flow of
particles along the optical axis, a flow source to produce a fow of particles to be
analysed, the flow source being zdapted (o dircct the flow of particles through an
inspection zone, an optical arrangement incleding a source of electromagnetic radiation,
the optical arrangement adapted to direct electromagnefic radiation onto the flow of
particles, at the inspection zone to provide all illumination of said flow of particles, a
sensor wherein the flow source passes the sensor and whersin the sensor seases
predetermined information from particles of the flow source; and a sorting apparatus to
sort the particles based on the predetermined information from downstream of the flow
source.

There is also described herein 2 method of sorting a flow of particles, the method
including providing 4 nozze having a reffector coupled 0 the nozzle and oriented to
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(followed by page 13a)

reflect clectromagnetic radiation, supplying a flow of parficles, directing the flow of
particles through the nozze in a direction along the optical axis, reflecting
electromagnetic radiation with the reflector toward the flow of particles to provide all
illumination of said flow of particlcs, passing a flow of particles fo be analysed through
an inspection zome, collecting the electromagnetic radiation scattered from cach of the
particles in the flow of particles, sensing predetermineé information from particles of the
flow source and sorting the particles bosed on the predetermined information from
downstream of the flow source.

There is also described herein an optical apparatus ineluding: a prism having a conical
portion with an apex at a forward end of the prism and a central axis extending through
the apex of the prism; an optical arrangement including a source of electromagnetic
radiation, the optical arrangement adapted to direct an incident beam of electromagnetic
radiation onto the apex of the conical portion in a direction substantially aligned with the
central axis of the conical portion; and a refleciive surface provided behind the apex of
the prism; such that the beam refracted by the prism will be reflected by the reflective
surface back through the prism to project from the forward end of the prism as an annular
beam of electromagnetic radiation.

The optical apparatus described above thereby serves to produce an annular beam of
electromagnetic radiation from a single heam of electromagnetic radiation incident onto
the apcx of the conical portion. Preferubly, the arrangement is such to provide the beam
with a constant cross section to produce a cyfindrical tube of light. The prism may also
inchude a cylindrical base portion at a rear end thereof which has & circular cross section
corresponding to the eross section of the base of the conieal portion.

There is also deseribed herein an optical apparatus including: a prism having & pyramidal
portion with an even number of inclinec faces meeting at an apex al a forward end of the
prism and a central axis extending hrough the apex an opiical arrangement including a
source of electromagnciic radiation, the optical arrangement adapted to direct an incident
beam of electromagnetic radiation onto the apex of the pyramidal portion in a direction
substantially aligned with the central axis of the pyramidal portion; and a reflective
surface provided behind the apex of the prism; such that the beam refracted by the prism
will be reflected by the reflective surface back through the prism to project from the
forward end of the prism as a number of parallel beams.
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(followed by page 13b}

It is required that the pyramidal portion have an sven number of inclined faces since the
optical geometry is such that the beams cross the prism 1o reflect from the opposing face.
Apart from this constraint, the number of the inclined faces s not limited. For example,
there may be 4, 6, 8 ... 12 inclined triangular faces converging towards the apex of the
pyramidal portion. Preferably, the pyramidal portion also includes a base portion with a
cross section cotresponding to the bese of the pyramidal portion. For example, whete the
pyramid has four inclined faces an appropriaie base portion would bc a rectangular prism
or a cube.

The reflective surface may be provided at the rear end of the prism. However, such
embodiment is not fimited to this arrangement and may potentially be disposed within the
prism itself. Another preferred arrangement is for the reflective surface to be spaced
from the base portion. Another desirable feature is that this spacing be adjustable to
provide a variable annular beam diamcter. Ilowever, where the reflective surface is
spaced from the prism the electromagnetic radiation may suffer losses from multiple
interface reflection. However, as such a design would have a reduced length from the
front to the rear end, the fransmission {osses would be less than for a longer prism with
the reflective surface provided at the rear end.

Suitably the prisms are manufactured from optical glass such as BK7 optical glass.
TTowever, where the application is intended for use with UV electromagnetic radiation, it
is preferred to manufacture the prism from UV -suitable material such as fused silica. In
such an application, it is also desirable that the reflective surface be comprised of a UV-
grade mirror (o increase the transmission sfficiency of the uptical apparatus.

As mentioncd above, the optical apparatus may be used with ultra-violet radiation,
preferably producad from o laser source. The cleetromagnetic radiation may also inchide
other wavelengths including those in the wisible spectrum. Suitably, the incident
clectromagnctic radiation is in the form of a coliinated beam.

The optical apparatus described above may cesirably be used in combination with a
paraboloidal reflector having an internal paraboloidal-shaned reffective surface and an
aptical axis. Such a reflector will be oriented 1o receive, on its reflective surface, the
clectromagnctic radiation pro‘ected from the forward end of the prism. It will be
appreciated that such a paraboloidal-shaped reflective surface will have a focus at which
all light paralle} to the optical axis and incident onto the reflective surface will be
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dirceted. In other words, the paratlel eleciromagnetic radiation projected from the
prism will be received onto the paraboloidal refiector to converge at the focus. Such
aconcentration of electtomagnetic radiation may have many useful and varied
applications in the field of optics. In particular, the apparatus is capable of providing
radially symmetric illwmination o the focus of the paraboloidal reflector. The term
“radially symmetric” means that for every beam of incident radiation to the focus, a
substantially diametrically opposite beam will he incident to the focus. Each beam of
the radially symmetric iliumination may have the same angle to the optical axis of the
paraboloidal reflector. Thus a convergent disc of electromagnetic radiation onto the
focus will be included in the definifion of “radially symmetric”. Such a convergenl
disc can be achisved through the use of the first-desoribed optical apparatus in
combination with the paraboloidal reflector. Any object can be placed at the focus of
the paraboloidal reflector for illumination and inspection. As will be discussed, the
apparatus has particular application fo flow cytometry in that a flow source may be
provided to direct particles through the focus of the paraboloidal reflector.

It wilt be understood that the source of electromagnetic radiation may ot be directed
directly at the apex of the prism and the embodiment herein described, allows for the
use of mirrors and other reflectors as desized. Tn particular, a second reflector may be
disposcd between the prism and the paraboloida] reflector, the second reflector having
reflective portions to reflect the incident beam from the source onto the apex of the
prism and transmitting portions to transmil the hean(s) projected from the forward
end of the prism.

However, the above embodiment is not limjted to the particnlar prisms described in
the forgoing aspects. Other optical configuralions are envisaged to produce the
projected annular beam or paraliel beams of electromagnetic radiation. Turthermore,
ather types of reflectors which focus incident radiation twards one or more foci could
be adopted.

There is also described herein an optical apparatus including: an optical configuration
adapted to produce an annular beam of elestromagnetic radiation having a central axis
or plurality of beams of eleciromagnetic radiation wherein said plurality of beams are
evenly spaced from a ceniral axis; ané a focussing reflector having an internal
reflective surface having an nptical axis and one or more foci, the reflector being
oriented to receive, onto its reflective surface, the annular beam or the plurality of
beams of clectromagnetic radiation.
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For example, the optical element may comprise any known reflective axicons as well
as the particular prisms described above which, in some cases are also axicons. For
example, the axicon may comprise an imer conical mirror with forward reflective
surfaces surrounded by an outer comical mirror with forward reflective surfaces
wherein the optical axes of the two mirrors are afigned. The reflective surfaces form
the letter “W*, hence the name w-axicon or waxicon,

Preferably, the focussing reflector has an internal reflective surface which is
paraboloidal in shape. The use of the term “pacaboloidal reflector” used throughout
the specification and the claims will be understood to mean “a reflector conforming to
the shape of a paraboloid of revolution™. The term is also to be understood to mean “a
portion of a full paraboloid of revofution”. Similarly, in regard to the optical axis of 2
paraboloid, such an axis inay also be considered fo be the parabolic or central axis of
the paraboloid.

As mentioned in connection with the foregoing aspects, the apparatus may be
incorporated into a flow cytometer including a flow source to produce a flow of
particles to be analysed in which the flow source is adapted to direct the flow of
particles substantiaily through one of the foci of the reflective surface. Suitably the
flow source can be adapted o substantially align the flow with the optical axis of the
reflective surface. Moreover, an aperlure may be provided in the focussing reflector

for passage of the flow (herebeyond.

Tt js desirable that the present apparatus will be used in a flow cylometer
accommodating a sorting function. Thus, the flow means may include a nozzle and
the flow cytometer may incorporaie electrostatic doplet deflection sorting apparatus
below the aperture in the focussing reflector,

There is also described herein an optical method ineluding: providing a prism having a
conical portion witl an apex i the forward end, & central uais extending through the
apex and a reflective surface provided hehind the apex of the prism; dirccting an
incident beam of clectromagnetic radiation eno the apex of the conical portion in a
direction substantially aligned with the ceniral axis of the conical portion to produce
an annular beam of electromugnetic radiation projecting from the forward end of the
prism.

There is also desctibed herein an uptical method including: providing & prism having a
pyramidal portion with an even number of inclined faces meeting at an apex at &
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forward end of the prism, a central axis extending through the apex and 2 reflective
surface provided bohind the apex of the prism; directing an incident beam of
electromagngtic radiation onto the apex of the pyramidal portion in a direction
substanlially aligned with the central axis of the pyramidal portion to produce parallel
beams of clectromagnetic radiation projecting from the forward end of the prism.

There is also described herein an anaiysation instument including: a flow source to
produce a flow of particles to be analysed, the flow source heing adapted to direct the
flow of particles through an inspection zone; an optical arrangement including a
source of electromagnetic radiation, the optical awangement adapted to converge
substantially coplanar, substantialty radially symmetric electromagnetic radiation
towards the inspection zone.

Preferably, the electromagnetic radiation coverges in the form of a disc disposed
symmetrically relative to the central axis.

There is also described herein a methed of analysing including: providing a flow of
particles to be analysed;  dirccting the flow of particles 1o be analysed through an
inspection zone; converging substantially coplanar, substantially radially symmetric
electromagpetic radiation towards the inspection zoge.

Therc is also described herein an analysation instrument including: a flow source to
produce « flow of particles to be analysed; a source of electromagnetic radiation; a
reflector adapted to refloct at least u portion of the eleclromagnetic radiation at the
flow of particles 1o illuminate the flow of particles; an optical configuration
including a sensor adapted (o sense electromagnetic radiation; wherein the reflector is
also adapted 1o reflect, to the optical configuration, any electromagnetic radiation
produced as a result of the illumination of the flow of particles.

Thus the refleetor deseribed in accordance with this aspect serves the dual purpose of
reflecting (he electromagnetic radiation nnto the flow of particles as well as collecting
the electromagnetic radiation for transmission (o the sensor. Such a configuration can
be achieved with the use of a reflector having an internal reflective surface which is

paraboloidal in shape.

It will be understood that any use of the term “ilfumination”™ or “illuminate” is not
restricted to merely visible illumination as non-visible wavelengths may also be used.
As mentioned previously, in certain applications ultra violet radiation may be used.
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Furthermnore, reference to electromagnetic radiation “produced” by the particle may
include any florescence produced by the particles as & result of the incident
illumination and/or any light scattered by the particles. It should also be understood
that “itradiate” is intended to have tha same meaning as “illuminate”.

There is also deseribed herein a method of analysing including providing: a flow of
particles to be analysed; providing a source of electromagnetic radiation; reflecting
with a reflecior al least a portion of the elechomagnetic radiation to illuminate the
flow of particles; reflecting with the reflector at least a portion of any electromagnetic
radiation produced from the illuminztion of the flow of particles; sensing a portion of
the electromagnetic radiation produced from the illumination of the fiow of particles.

There is also desceibed hersin a flow cytometer including: a fiow source fo produce a
linear flow of particles to be analysed, the flow source being adapted to direct the flow
of particles through an inspection zone; an optical arrangement adapted to converge
clectromagnetic radiation onto the flow at fhe inspection zone in a radially symmetric
manner about the inspection zone; a collector to collect electromagnetic radiation
efther produced or deflected from the particles in the flow; a processor to derive, from
the collected electromagnetic radiztion, predetermined information relating to each of
at least some of the particles in the flow; and a co-retator to correlate the derived
information with the associated particle downstream of the inspection zone.

As mentioned previously, the radially symnctric illumination may be provided in the
form of a continuous disc convergent 1owards the inspection zone. Another preferred
radially symmetric arrangement. of the illumination is in the form of discreet beams
converging towards the inspection zone, Fither way, the particle is illuminated evenly
from all sides.

There is also described herein a [low cytometer incleding: a flow source to produce a
linear flow of particles to be anatysed, the flow sonres heing adapted to direct the flow
of paiticles through an inspection zone;, and an oplical arrangement including a
focussing reflecior having an internal refiective surlace with one or more foci, the
optical arrangement adapted to corverge electromagnetic radiation omto the flow of
particles at the inspection zone by reflcction from the focussing reflector, the
focussing reflector being oriented such that one of the one or more foci is substantially
coincident with or located within the insoection zone.
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Various embodiments of the focussing reflector have been envisaged. In one such
cmbodiment the focussing reflector comprises a paraboloidal reflector having an
internal reflective surface of paraboloidal-shape. The flow of particles will thus flow
through the foeus of the paraboloidal reflector at which the clectromagnetic radiation
is converged. In another embodiment the focussing raflector may have an ellipsoidal
reflective surface with two foci and an optics] axis extending between the two foci. In
particnlarly preferred versions of this, the flow source is oriented so that the flow of
particles is aligned with the optical axis of the reflective surface. Moteover, any
forms of the foeussing reflector muy be provided with an aperture for the passage of
flow beyond the focussing reflector. Such an embodiment is particularly adapted for
use in a sorting flow cytometer which collects the electromagnetic radiation produced
from the particles in the flow, processes the collected electromagnetic radiation to
derive predetermined information relating to each of at least some of the particles in
the flow and correlates the derived information with the associated particle
downstream of the inspection zone. In this way, the sorting flow cytometer can not
only analyse the particles in the flow but sort the particles according to predetermined
sets of selection eriteria. A preferred type of sorting flow cytometer is a jet-in-air flow
cytometer.

There is also described herein a flow cytometer including: a flow source to produce a
flow of particles to be anatysed, the flow sovrce being adapted to direct the flow of
particles through an inspection zone; an optical arrangement including & source of
clectromagnetic radiation, the optical arangement adapted to dircet electromagnetic
radiation onto the flow of particles, at the inspoction zone; a coflector to coflect
cicetromagnetic radiation either produced or deflected from the particles, the collector
having an internal reflective surface with an optical axis and onc or more foci,
whercin the collector is oriented such that the flow of particles is substantially aligned
with the oplical axis.

There is also deseribed herein a flow eytomeier including: a tlow source Lo produce a
ftow of particcs to be analysed, the flow source being adapted to direct the flow of
particles through an inspection zone; an oplical amangement including a source of
clectromagnetic radiation, the optical arrangement adapted to direct electromagnetic
radiation onto the flow of particles, at the inspection zore in a substantially radially
symmefric manner about the linear flow; a collector to collect electromagnetic
radiation either produced or deflected from the particies, the collector having an
intemal reflective surface with an optical axis and one or more foci, wherein the
collector is disposed such that ane of the one or more foci is substantially coincident
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or located within the inspection zone; a processor to derive, from the collected
electromagnetic radiation, predetermined information retating to each of at least some
of the particles in the flow; and a correfator to correlate the derived information with
the associated particle downstream of the inspection zone.

The collector may be of the same form as the focussing reflector as deseribed in
acourdance with previous aspects. In fact, the coftector may alse comprise part of the
optical arrangement adapted o direct electromagnetic radiation onto the flow of
particles. In other words ihe coltector may serve the dual function of collecting the
produced electromagnetic radiztion as well as reflecting the incident radiation onto the
particles.

There is also desctibed herein an analysation instrument Including: a first reflector
having & partial ellipsoidal shape;  a near focal point of the partial ellipsoidal shape
of the first reflector; a distant focal point of the partial elfipsoidal shape of the first
reflector; a central axis of the partial ellipsoidal shape defined by the near focal point
and distant focal point of the partial ellipsoidal shape of the first reflector; a source of
electromagnetic radiation disposed at the near focal point of the partial ellipsoidal
shape capable of emitting slectromagnetic radiation toward the first reflector; a second
reflector having a partial ellipsoidal shape oriented relative to the first reflector so as
to be capable of receiving electromagnetic radiation reflected by the first reflector; a
near focal point of the partial ellipsoidal shape of the second reflecior; a distant focal
point of the partial elfipsoidal shape of the second reflector; a central axis of the
partial ellipsoidal shape defined by the near focal point and distant focal point of the
partial ellipsoidal shape of the second eeflector; & flow source to produce a flow of
particles to be analysed; and an inspection zone of the flow of particles tocated at the
near focal point of the partial ellipsoidal shape of the sceond reflector.

in an embodiment, the souree of lsctromagnetic radiation may comprise an arc lamp.
Turther, a preferred relationship hetween the first relicctor and the second reflector is
that the distant focal point of the first reflector and the distant focal point of the second
reflector overlap. The focal lengths cf the first and second reflectors may be
equivalent. Altematively, the focai lengihs of the twe reflectors may be different in
that the first reflector has a greater focal length than the second refiector.

The term “ellipsoidal reflector” as used in the above described aspect and in following
aspects and in the following description, is undersiood io mean a reflector which
conforms to the shape of an ellipsoid of revolution. Furthermore, the torm is
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understood to mean a portion of a full ellipsoid of revolution such as one third of an
ellipsoid of revolution with an opening at the vertex.

In referting to cllipsoids throughonl this description where only a partial ellipsoid is
used, the near focal point is infended to mean the focal point closest to the ellipsoidal
portion being used.

There is also described hercin a method ol analysing including: utilising a [rst
reflector having a partial ellipsoidal surface with 2 ncur focal point and a distant focal
point; emitting eleciromagnetic radiation from a source of electromagnetic radiation
positioned at the near focal point of the first reflector; reflecting electromagnetic
radiation ernitted by the source of electromagnetic radiation from the first reflector;
utilising a second reflector having u partial ellipsoidal surface with a near focal point
and a distant focal point; providing a flow of particles to be analysed; directing the
flow of particles through an inspection zone; positioning the second reflector so that
the near focal point of the second reflector overlaps the inspection zone and so that the
second reflector is capable of receiving electremagnetic radiation reflected by the first
reflector.

There is also described herein an analysation instrument including: a first reflector
having a partial paraboloidal shape; a focal point, and a foca! length of the partial
paraboloidal shape of the first reflector; a parabolic axis of the partial paraboloidal
shape of the first reflector; 4 source of electramagnetic radiation disposed at the focal
point of the partial paraboloidal shape adapied to emit clectromagnetic radiation
toward the first reflector; 4 second reflecter having a partial paraboloidal shape
orfented relative to the first reflector so as to be capable of receiving electromagnetic
radiation reflected by the first reflector; a focal point, and a focal length of the partial
paraboloidal shape of the second reflector; 2 parabolic axis of the partial paraboloidal
shape of the second reflector; a fiow souece to produce a flow of particles to be
anadysed; and an inspection zone of the flow of particles loeated at the focal peint of
the partial paraboloidal shape of the second reflector.

An arc lamp may be the source of eleciromagnetic radiation. 1t is preferred that the
parabolic axes, ie., optical axes, of the first and second paraboloidal-shapes are
colinear. The focal lengths of the first and second reflectors may be equivalent.
Alternatively the focal length of (he first reflector may be greater than the focal length
of the second reflector. A filter may be arranged between the focal points of the two
reflectors.
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There is also described herein a method of analysing jneluding: utilising a first
reflector having a partial paraboloidal surface, an optical axis and a focal point;
emiiting electromagnetic tadiation from 2 source of electromagnetic radiation
positioned at the focal point of the first reflector; reflecting electromagnetic radiation
emitted by the source of electromagnetic radiation from the first reflector; utilising a
second reflector having a partial paraboloidal surface, an optical axis and a focal
point; providing n [low of particles to be apalysed; directing the flow of particles
through an inspeetion zone; positioning the sscend reflector so that the focal point of
the second reflector overlaps the inspection zone and so that the second reflector is
capable of recciving electromagnetic radiation reflected by the first reflector.

Also a further feature includes a nozzle including an opening for a flow of particles to
flow through; a reflector coupled to *he nozzle and oriented to reflect electromagnetic
radiation at the flow of particles.

The reflector may take on various forms such as an ellipsoidal reflective surface or a
paraboloidal reflective surface, the reflector and the nozzle may even be integral. Ina
preferred embodiment, the flow of particles passes through an inspection zone and a
source of electromagnetic radiation is provided to illuminate the inspection zone.
Where the reflective surface is of the kind having a focal point, then it is preferred that
the focal point of the reflective surface overlaps the inspection zone.

Tn preferred embodiments, the reflective surface way comprise a metal shape
embedded in the nozzle, Alternatively, the reflective surface may comprisc 2
reflective coating applicd to the nozzle. Suitably, the foval point of the refllective
surface can be external to the nozzle. The nozzle may be adapted to receive
electromagnetic radiation through the opening in the nozzle to illuminate the reflector
or through the nozzle material itself, e.g. via light transmission through a glass nozzle.

‘There is also described herein a method of illuminating a few of particles, the method
including: providing a nozzle having & reflecior coupled to the nozzle and oriented to
reflect electromagaetic radiation; supplying a flow of particles; dirccting the flow of
particles through the nozzic; reflecting electromagnetic radiation with the reflector
toward the flow of particles.

There is aiso described hercin a flow cytomctor including: a flow source to produce a
flow of particles o be analysed, the flow source being adapted to direct the flow of
particles through an inspection zome; an optical arrangement including a source of
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electromagnetic radiation, the optical arrangement adapted to direct electromagnetic
radiation onto the flow of particles, at the inspection zone; a partial ellipsoidal
collcetor to collect clectromagnetic radiation either produced or deflected from the
particles, the collector having an internaf reflective sutface of partiel ellipsoidal shape
with two foci and an optical axis criented along a line between the two foci; the flow
source being oriented such that the flow of partictes is substantially aligned with the
optical axis.

One form of the flow cytometer may be a jet-in-air flow cyiometer. Most preferably,
the flow cytometer enables sorting through the use of electzostatic plates.

A corresponding embodiment provides a method of flow cytometry including passing
a flow of particles to be analysed through an inspection zone; providing a focussing
reflector having one or more foci; converging electromagnetic radiation onto the flow
of particles at the inspection zone by reflection from the focussing reflector and
aligning the inspection zone with cne of the onie or more foci.

BRIEF DESCRIPTION OF DRAWINGS

Cmbodiments of the present invention will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which:

Figure 1 (a) is a cross-sectional view of one smbodiment of an optical apparafus
capable of producing an apnilar beam of electromagnetic  radiation;

Figure 1(b)  is a scction through the beam of Figure 1;

Figure 1(d) is a perspective view of one embediment of & prism for use in the optical
apparatus of Figure 1{a);

Figure 1(e) is a perspective view of an aiternative form of a prism for use in the
optical apparatus ot figure 1{a};
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Figure 1(g)
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is a perspective view of an alternative prism arrangement for use in the
optical apparatus of Figure [(a);
is a perspective view of an alternative prism arrangement for use in the

-optical apparatus of Figure 1(a);

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

is sectional view of a paraboloidal reflector;

shows various views though a reflector which includes transmitting and
reflecting surfaces;

is a cross-sectional view of a possible embodiment for a reflector
apparatus;

is a cross-sectional view of a possible embodiment for a detector apparatus;

is a cross-sectional view of one preferred embodiment of a flow cytometer
in accordance with an aspect of the present invention;

is a cross-sectional view of a second embodiment of a flow cytometer in
accordance with an aspect of the present invention;

is a cross-sectional view of a third embodiment of a flow cytometer in
accordance with an aspect of the present invention;

is a cross-sectional view of a fourth embodiment of a flow cytometer in
accordance with an aspect of the present invention;

is a cross-sectional view of a fifth embodiment of a flow cytometer in
accordance with an aspect of the present invention;

is a cross-sectional view of a sixth embodiment of a flow cytometer in
accordance with an aspect of the present invention;

is a cross-sectional view of a reflector incorporated into a flow nozzle
design according to an aspect of the present invention;

BEST MODES FOR CARRYING OUT THE INVENTION
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Some embodiments of the invention are discussed in “A New Optical Configuration for
Flow Cytometric Sorting of Aspherical Cells”, Int. Soc. Optical Engr., Proc. Of Adv.
Tech. Analytical Cytology, 1997, by John C. Sharpe, Peter N. Schaare and Rainer
Kunnemeyer; “Radially Symmetric Excitation and Coilection Optics for Flow
Cytometric Sorting of Aspherical Cells”, Cytometry 29:363-370 (1997) by John C.
Sharpe, Peter N. Schaare, and Rainer Kunnemeyer; and “A New Optical Configuration
for Flow Cytometric Sorting of Bovine Spermatozoa by Sex”, a thesis submitted to the
University of Waikato for the degree of Doctor of Philosophy in Physics by Johnathan
Charles Sharpe, which are hereby incorporated by reference.

Figure I(a) illustrates an optical appatatus including a prism 1. The prism 1 has an apex 2
at a forward end of the prism, a right conical portion having a conical face 2, and a right
cylindrical base portion contiguous with the conical portion. The base portion has a
circular shaped rear end 4 with a reflective coating. An optical arrangement is provided to
provide incoming elcctromagnetic radiation 5 such as ultra-violet Jight from a laser light
source, The UV light 5 is directed in direction aligned with the central axis of the prism 1
onto the apex 2 of the prism 1 via a second reflector in the form of mirror 6 positioned at
an angle of 45 degrees with respect to the incoming light 5 and the central axis of the
prism 1. As the incoming light 5 enters the prism 1 via the apex 2 it is refracted by the
prism 1 and diverges in a cone and is reflected off the rear end 4 of the lens 1. The
reflected light exits the prism 1 through its conical face 3 and is projected from the
forward end of the prism as an annular beam. The beam defines an enclosed cylindrical
band of light having a longitudinal axis coincident with the central axis of the prism 1.
Figure 1(b) shows a cross section through the enclosed band of light. The production of a
cylindrical band of light may have many uses throughout the field of optics. Figure 1(e)
illustrates the prism 1 in perspective view.

Figure 1 (d) illustrates an alternative form of prism 22. The prism 22 has a right
pyramidal portion with four inclined faces meeting at an apex. A base portion is also
provided which is square in cross-section, corresponding to the cross-section of the base
of the pyramidal portion. The prism ¢an be used in the same manner as prism 1 by
directing incident light onto the apex of the prism in line with the central axis of the
prism. However, in this embodiment, the projected light will emerge as four parallel
beams equally spaced from the central axis. The number of inclined faces of the
pyramidal portion may vary, provided that an even number is maintained.

Figure 1(f) illustrates an altcrnative prism arrangement in which a reflective surface may
be spaced from the rear end of the conical prism shown in Figure 1(e) or the pyramidal
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prism shown in Figure 1(d). The spacing of the reflective surface 27 from the prism may
be adjustable.

Figure 1(g) illusirates an altcrnative ptism arrangement known as a w-axicon or waxicon.
The waxicon 28 comprises an inner conical axicon surrounded by an annular axicon
concentric with the inner axicon. The reflective surfaces define a W, hence the name

waxicon.

Figure 2 shows a paraboloidal reflector 20 in the form of a mirror having a paraboloidal-
shaped internal reflective surface. The paraboloidal internal reflective surface has a focus
and an optical axis running through the focus. Tt will be understood that the paraboloidal
shaped reflective surface can have the property whereby any light which leaves the focus
of the paraboloidal reflector and becotnes incident on the surface of the reflector will be
reflected out of the reflector 20 parallel to the optical axis. Likewise, when light which is
reflected parallel to the optical axis enters and hits the reflective surface, it will be
projected toward and through the focus. An aperture 21 is centrally positioned within the
paraboloidal reflector 20, in line with the optical axis.

Thus, the paraboloidal reflector 20 may be used to provide multi-directional illumination
of an object for analysis or inspection. By positioning the object at the focus of the
paraboloidal reflector 20 and providing light incident on the surface of the reflector 20
and parallel to the optical axis of the reflector 20, the incident light can be reflected
towards the object at the focus. Further, if the incoming parallel light is evenly spaced in
relation to the optical axis then the light illuminating the object at the focus will be
radially symmetric. The paraboloidal reflector 20 may thus be teamed with the optical
apparatus shown in Figure 1 in a manner in which the paraboloidal reflector 20 is
oriented to receive the light projected from the forward end of the prism 1 with the
ceontral axis of the prism 1 aligned with the optical axis of the paraboloidal reflector 20.
This particular arrangement is discussed further in connection with the flow cytometer
shown in Figores 6, 7,9,10,11,13. However the paraboloidal reflector is not limited in its
use in combination with the optical apparatus shown in Figure 1.

Figures 3(a) (i) and (ii) are plan views of another embodiment of the second reflector of
Figure 1 generally indicated by arrow 30. The mirror 30 includes reflective surfaces 31
and 32. The mirror 30 also includes a wansmitting portion which is in the form of an
annular ring 33. It should be appreciated that in some embodiments the transmitting
portion 33 may be in the form of an aperture which extends through the mirror 30,
However, in other embodiments such as that shown more clearly in Fignre 3(b), the
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different types of light A, B and C incident on the reflector apparatus 50. Thus, the spatial
orientation of the light detectors 52, 53 and 54 on the detector apparatus 50 allows for the
discrimination between different types of light. On the other hand, where measurement
of certain light is not desired, eg. light merely reflected from the light source, such light
can be allowed to travel through the transmitting portion(s) 51 of the detector apparatus.

Figure 6 illustrates a first preferred embodiment of a flow cytometer generally indicated
by arrow 70. The flow cytometer 70 includes the optical apparatus substantially as
shown in Figure 1. The optical apparatus includes an optical arrangement including 2
light source 71 and a mirror 72. The light source 71 produces collimated ultra-violet
laser light 73 which is directed via mirror 72 to a prism 74 having a central axis. The
prism 74 is configured to produce a cylinder of light 75 having a longitudinal axis
coincident with the central axis of the prism. The prism may be the same as that indicated
in Figure 1(a) or (e) of the drawings. Alternatively, the prism may have a pyramidal face
such as that shown in Figure 1 (d) to produce parallel beams of light evenly spaced from
the ceniral axis of the prism. The projected light 75 passes through an annular gap 76 ina
second reflector 77 so as to be incident on the 45 degree point of a paraboloidal
reflector/collector 78. It will be seen in the following discussion that the reflector also
services as a collector. For ease of reference the paraboloidal reflector/coliector 78 will
be simply referred to as the paraboloidal reflector 78. The paraboloidal reflector 78 has
an optical axis aligned with the central axis of the prism and 2 focus F lying on the
optical axis.

Situated within the paraboloidal reflector 78 is a nozzle assembly 79 which delivers a
particle stream 80 eg sperm cells, which is substantially aligned with the optical axis of
the paraboloidal reflector and passes through an inspection zone located at the focus F.
The nozzle assembly 79 delivers the sperm cells in a saline sheath solution and may
utilise any of the known jet-in-air techniques to produce a laminar-flow particle stream
with the sperm flowing single file through the inspection zone at F.

The pataboloidal reflector 78 is designed with two criteria in mind. Firstly, the reflector
78 should be able to withstand the corrosive environment introduced by the saline sheath
environment. Secondly, the reflector should be designed to maximise reflectance of light
of the UV frequency. Either of a rhodium reflective coating or an AISIO, reflective
coating on a nickel substrate were found to be effective.

The effect of the cylinder of light 75 being incident at the 45 degree point of the
paraboloidal mirror 78 is that it is reflected at 90 degrees so as to form a substantially
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coplanar disc of light which is convergent on the focal point F of the paraboloidal
teflector. Thus, this disc of light is able to interact with the particle stream 80 and

OCH,CH,

illuminate the particles within the stream with substantially radially symmetric
tllumination.

If the particles have been stained with light-sensitive stain, the particles will fluoresce
when illuminated. The use of stains is an accepted technique in sperm sexing since the
number of molecules of stain bound will be equivalent to the number of molecules of
DNA. This difference in uptake will yicld a difference in the number of cells available
for excitation and fluorescence. The difference in DNA content between X and Y sperm
will yield a corresponding measurable difference in fluorescent light. Any of the known
stains currently used for sperm sexing may be used. In particular, Hoechst 33342 which
is of the bis-benzimidazole family shown below has been shown to provide the necessary
X-Y differential resolution.

Thus, light which interacts with the particles will be scattered and/or fluoresced. This
scattered and/or fluoresced light is then collected by the paraboloidal reflector/collector
78 and reflected parallel to the optical axis of the paraboloidal reflector 78. The second
reflector 77 is positioned at a substantially 45 degree angle so as to reflect the scattered
and/or fluoresced light towards a light detector in the form of a photo-multiplier tube 82.
The second reflector 77 as appropriate may comprise the forms illustrated in figures 3-5.

For the specific application of the present invention in sexing sperm, the fluorescent light
is of interest and the light merely scattered from the sperm in the sample stream may be
of little or no interest. The fluorcscent light will be of a different frequency and the
separation of the two frequencies can be achieved through the use of a high pass filter
200 positioned before the photo-multiplier tube 82. Alternatively, the separation of
frequencies may be achieved through the use of a dichroic mirror to reflect only those
frequencies of interest. For example the dichroic mirror may be incorporated into the
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second reflector 77. However, if in certain applications it is desirable to measure
scattered light, no filter is necessary.

It should be appreciated that instead of the single measurement detector 82 shown, an

5 amay of measurement detectors may be provided with an appropriate array of filters for
measuring different forms of light. For example, the use of a second reflector in the form
as that shown in Figurc 4 allows for the separation of light from different parts of the
paraboloidal reflector, it being possible to apply different filters to each of the separate
light parts.

10

Light which has not interacted with the particles may be refracted by the medium which
makes up the sample stream 80 and radiate as a disc in the opposite direction to the
incoming light. As the particle stream will generally have a small diameter the resuiting
refraction of light by the medium will not be great. Thus, this light will substantially

15 retrace the path of the illuminating cylinder of light and exit through the annular gap 76
in the second reflector 77. This creates a simple yet effective beam dump.

It should be appreciated that supporting structures of the components of the flow
cytometer 70 including sample flow tubes for the nozzle assembly may obscure parts of

20  the path for the cylinder of light 75, However, any resulting asymmetry in the disc of
light is generally negligible and the cylinder of light is therefore still considered
cylindrical.  Optics might even be provided to refract an incident beam around
obstructions.

25  The amount of light measured by the photo-multiplier tube is passed to a processor, ¢.g.,
a computer (not shown) to derive predetermined information such as an association
between the amount of measured light and a property of the cell from each of at least
some of the particles in the flow. This information is then correlated by a correlator, such
as a computer, with the corr¢sponding particle downstream of the inspection zone to

30  enable sorting of the particle depending whether it meets certain selection criteria. For
example, male and female sperm may be sorted by sex.

The flow sorting technique uses electrostatics to charge and deflect a cell containing
droplet as it passes through an electric field. The droplet is created by a mechanical
35  oscillation applied through a piezo-electric transducer thus perturbing the sample stream
as it exits the nozzle 79. Each individual droplet can be charged depending on the
characteristics of its contained particle just prior to break-off by application of a voltage
to the carrier fluid. Depending on its charge, the droplet will be deflected from its normal

TOTAL P.2S
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gravitational trajectory by oppositely charged plates 83. To incorporate droplet sorting it
may be necessary to provide a means by which to view the stream so as to count the
number of droplet spacings between the inspection point (ie. the focal point F) and the
break-off point of the droplets. This can usually be achieved by inserting a small
periscope through the aperture 84 in the base of the paraboloidal reflector 78. Droplets
which are not electrostatically deflected from the central path are collected directly below
and flushed to waste.

In Figure 7 there is provided an alternative flow cytometer generally indicated by arrow
100, this flow cytometer being substantially similar to the flow cytometer 70 shown in
Figure 6. Therefore, for ease of reference, similar numbering has been used to illustrate
the components used in this embodiment.

The major difference with this embodiment shown in Figure 7 is that only light 101
collected from the upper regions of the paraboloidal reflector are received by the photo-
multipliers 102. Accordingly, the second reflector 77 need not be of the type discussed in
the previous embodiment. Instead, only a continuous mirror confined within the
cylindrical beam 75 need be used to reflect away the forward scattered and/or fluoresced
light 103.

On the otherhand, it should also be readily appreciated that where it is only desirable to
consider forward scattered and/or fluoresced light, light measurement detectors may be
suitable positioned so that they only receive this light:

During experimentation, it was found that an increase in sample to sheath differential
pressure resulted in increased positional uncertainty of the particles through the focus,
which results in a difference in illumination, and therefore fluorescence emission. There
are a number of possible solutions which may be used either singly or in combination to
broaden the focus around the sample stream.

The radial optics deliver a convergent disk of light at the excitation wavelength to the
inspection point. Adjusting the vertical dimension of the radial focus is relatively simple
if a concave or convex element is positioned in the laser beam in front of the axicon.
However, broadening the focus laterally, while retaining sufficient light intensity at the
focus for stain excitation and fluorescence, is not trivial.

To laterally broaden or defocus the radial focus requires that the illumination light
cylinder be altered to cause divergence tangentialty around its circular cross-section.
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This would result in a lateral displacement of the incoming Jight disk thereby broadening
the intensity distribution of the focal area. Some optical elements were proposed to
perform this function. The first optical element would take the form of a radially etched
diffraction grating. Such a component would successtully achieve the goal of lateral
displacement with a minimal dispersive effect in the vertical profile of the focus. The
second optical element is a light shaping diffuser element. Implementation of this
¢lement into the radial optics desigh would result in both vertical end lateral focus
broadening. Other options include a diffractor or a cylindrical lens causing the beam to
diffract sideways and broaden the focus.

Another approach is to use the focussing characteristics of the laser beam which is a
Caussian beam where the depth of focus 1 is proportional to the focal length f and
inversely proportional to the beam diameter D. The variable L is defined as the half-
height width of the flex density profile as plotted along the optical axis. Thus, an
increase in the focal length of the paraboloidal reflector will cause an increase in d. Also,
decreasing the diameter of the illuminating laser beam will bring about an increase in d.

In another embodiment of the invention, paraboloidal and ellipsoidal configurations of
reflectors can be used to provide illumination of an inspection zone of a lincar flow of
particles. One distinct advantage of this type of system is the ability to use a low cost arc
lamp to replace the more expensive lasers commonly used in instruments of this type.
Lasers are preferred in some devices because of the intensity of light that they can
deliver, However, they have the disadvantage of only providing a specific wavelength of
electromagnetic radiation. Arc lamps, however, are less expensive and can provide many
different wavelengths of electromagnetic radiation in their emissions. Then, the proper
wavelength can be selected by use of an inexpensive filter which filters out the undesired
wavelengths of electromagnetic radiation.

Referring now to Figure 8, an ellipsoidal embodiment of the invention can be seen.
Figure 8 shows an analysation instrument 201, such as a flow cytometer, in which a first
reflector 200 having a partial ellipsoidal shape is disposed above a flow source which
produces a flow 237 of particles to be analysed. The reflector can be referred to as a
partial ellipsoidal reflector as it is cssentially a halved ellipsoid. Nevertheless, it is
understood that given the contour of its surface it is recognized as ellipsoidal or similarly
having a partial ellipsoidal shape. This first reflector 200 has both a near focal point 202
disposed near the top of the ellipsoid shown in Figure 8 and a distant focal point 204
disposed below the partial ellipsoidal shape in Figurc 8. A central axis 208 of the partial
ellipsoidal shape is defined by these two focal points.
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A second reflector 216 can be disposed or oriented below the first reflector. Again, the
second reflector can have a partial ellipsoidal shape. Furthermore, the partial ellipsoidal
shape can have & near focal point 220 disposed near the bottom of Figure 8 and a distant
focal point 224 disposed overlapping or coincident with the distant focal point 204 of the
first reflectar. In addition, the partial ellipsoidal shape of the second reflector can have a
central axis 228 defined by its ncar and distant focal points. Preferably, the central axis
208 of the first reflector is substantially aligned with the central axis 228 of the second
reflector.

A source of electromagnetic radiation, such as an arc lamp 212 can be disposed at the
near focal point of the first reflector 200. Due to the properties of an ellipsoid,
electromagnetic radiation emitted by the source of electromagnetic radiation from the
near focal point 202 and incident upon the first reflector 200 can be reflected back to the
distant focal point of the first reflector. When the distant focal point 204 of the first
reflector and the distant focal point 224 of the second reflector are coincident and the
central axis 208 of the first reflector and the central axis 228 of the second reflector are
collinear, this reflected light can continue on a path such that it is incident upon the
second reflector 216. The second reflector 216 can then reflect the light which travelled
through the distant focal point 224 of the second reflector to the near focal point 220 of
the sccond reflector. In this fashion a real image of the source of clectromagnetic
radiation located at the near focal point 212 of the first reflector is created at the near
focal point 220 of the second reflector 216. Therefore, a very intense light source can be
concentrated on the inspection zone 236 of the lincar flow of particles when the
inspection zone is located at the near focal point 220 of the second reflector.
Furthermore, this allows an arc lamp to be used - as a source with collimated beams, such
as a laser, is unnecessary due to the ability of the reflectors to create a real image of the
source of the electromagnetic radiation. Plus, a filter, such as a dichroic filter 240, can
be used to filter out any wavelengths of undesired electromagnetic radiation.

When illuminated particles fluoresee, the fluorescence 215 can be reflected by the second
reflector back towards a reflective surface, such as dichroic filter 240 which reflects the
fluorescence to detector housing 244 to be detected. Because of the eHipsoidal geometry
a converging set of beams is created - thus, there is no need for optics to focus the
fluorescence on the detector. Figure 8§ also shows that a stream of cells can be deflected

for sorting or analysation purposes as they fall through an opening in the second reflector
216.
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In Figure 8, the first reflector and second reflector are shown having focal lengths of f1
and f2 respectively. When these focal lengths are cquivalent and the distant focal points
are coincident and the central axes are aligned as shown, the real image of the arc lamp
will be the same size as the actual arc lamp. However, in some cases it is desirable to

5 shrink the size of the real image of the arc source. This is the case when there 1s a
possibility of two cells being very close to one another in the inspection zone of the
stream. In such a case, it can be important to reduce a real image so that incident
radiation is incident upon only the cell under analysation and not a second cell nearby.
This prevents fluorescence from a second cell which might give an incorrect analysis.

10  There is more likelihood of cells being close by when the throughput of the analyser is
increased.

2008200836 21 Feb 2008

The arrangement of Figure 8 could be used with only the bottom reflector and an
alternative light source to illuminate the flow of particles. This might involve a laser-
15 directed at the flow of patticles or off the reflective surface of the ellipsoidal reflector
216. This is a unique arrangement in flow cytometry, because the flow of particles is
aligned coaxially with the central axis of the ellipsoidal reflector 216 to pass through the
near focal point of the etlipsoidal reflector 216. Afier the flow of particles passes through
the focal point at which the particles are irradiated with electromagnetic radiation for the
20 purpose of analysation, they can be sorted based upon their identifying characteristics.
Electrostatic plates can be provided and disposed below the opening in the ellipsoidal
reflective surface to deflect the particles as they pass close to or between the electrostatic
plates. This embodiment is particularly unique in jet-in-air types of flow cytometers.

25 In Figure 9 a similar arrangement to that shown in Figure 8 can be seen, the major
difference being that paraboloidal shapes are being used for the reflectors. A first
reflector 200 having a partial paraboloidal shape, a focal point (or focus) 302 is disposed
to reflect electromagnetic radiation from a source of electromagnetic radiation, such as
ar¢ lamp 312. The source of electromagnetic radiation can be positioned at the focus of

30  the paraboloid such that all emissions eoriginating from the focus and incident on the
partial paraboloid are reflected in collimated beams 313 toward a second reflector 316.
The first reflector 300 and the second reflector 316 each have parabolic axes 308 and 338
respectively. These axes can be aligned such that a real image of the electromagnetic
source appears at the focal point {or focus) 320 of the second reflector 316. A flow

35  source 332 can provide a flow of particles 337 that flows through the focal point 320 of
the second reflector 316. The portion of the flow of particles that flows through the focal
point can be referred to as the inspection zone 336 upon which the electromagnetic
radiation is focused so as to analyse a cell falling through the inspection zone.
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When the incident electromagnetic radiation is incident upon a cell in the inspection
zone, the stained cell can be caused to fluoresce. This fluoreseence 315 can then be
reflected by ihe second reflector 316 toward a reflector, such as dichroic mirror 340,
which directs the fluorescence toward an optical apparatus 345 that focuses the
fluorescence on a detector 344.

Once again, selection of equivalent focal lengths for the first reflector f1 and second
reflector £2 will provide a real image of the arc lamp of the same size at the focal point of
the second reflector. Similarly, choosing a focal length for the second reflector that is
smaller than the focal length of the first reflector will result in 2 smaller image that will
help prevent error when large throughput of cells is desired and consequently cells are
close together at the inspection zone.

In Figures 8 and 9, one can see that plates can be provided to sort cells as they exit the
ellipsoidal or paraboloidal shapes.

In another embodiment of the invention, a nozzle 400 can be provided with a reflector
coupled to the nozzle itself. In fact, the reflector can even be integral to the nozzle. This
presents a significant advantage to the user of the analysing apparatus as there is no need
for alignment of the components since the coupling can accomplish that task. Referring
to Figures 10, 11, 12 and 13 one can see how various embodimerntis of such a nozzle
could be implemented. In Figure 10, a paraboloidal nozzle is shown. The nozzle can be
manufactured of a material such as glass that perimits the transmission of electromagnetic
radiation, such as visible light. Incident beams of electromagnetic radiation from a
source of electromagnetic radiation, such as a laser source 520 in Figure 11 pass through
the nozzle body and are incident on a reflector 402. The reflector 402 is coupled to the
nozzle itself rather than existing separate from the nozzle. An opening 404 can be
provided in the nozzle to allow a flow of particles 408 to flow through. The reflecior 402

can be oriented to reflect the incident electromagnetic radiation at the flow of particles
408.

Two possible shapes which can be used for the reflective surface of the reflecior are a
paraboloid and an ellipsoid. In Figure 10, a paraboloidal reflective surface 412 is shown
while in Figure 11, an ellipsoidal reflective surface 512 is shown. As explained
elsewhere, an inspection zone 416 can overlap 2 focal point(s) of the reflective surface,

such as focal point 420 of the paraboloid of Figure 10 to produce the desired reflection
patterns.
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The nozzle can be used with a source of electromagnetic radiation, such as a laser source
520 as shown in Figure 11. However, it is also envisioned that an arc lamp or other
source could be used as well. The source of electromagnetic radiation emits beams 450
which can be directed at the reflective surface. When the clectromagnetic radiation is
incident upon a cell under analysis, fluorescence is created as shown by beams 451.

To create the reflective surface, a variety of designs are possible. First, the nozzle body
could be shaped in a paraboloidal or ellipsoidal shape and then coated with a reflective
material 428 applied to the nozzle surface. Additionally, a reflector, such as a metal
reflector 424 could be inserted or embedded in the nozzle body as shown in Figure 12, Tt
might even be possible to rely on refractive properties which cause intemal reflection or
even total internal reflection.

In Figure 13, an embodiment is shown in which the nozzle is shaped such that the focal
point 420 of the reflective surface is external to the nozzle. External is intended to means
outside of or away from the nozzle border, In such an embodiment, electromagnetic
radiation could be directed at the focal point without needing to traverse through the
nozzle body. ‘

Alternative embodiments of the invention can be seen in figures 14 and 15. In Figure 14,
the radial optics configuration for a flow cytometer 500 can combine 360 degree radial
illumination and radially symmetric collection of fluorescence from particles or cells as
they pass through the inspection point. A glass cone 516 and a paraboloidal reflector 528
can be used. The optical beam of a laser 508 can be steered onto the point of the glass
cone. The beam can then be refracted into a divergent cone of light which is retro-
reflected to produce a cylinder of laser light which encircles and is antiparallel to the
input beam. This light cylinder can then be reflected by a 45 degree elliptical ring mirror
512 and aligned parallel to the optical axis of the paraboloidal reflector 528, The angle of
incidence of the cylindrical beam at the reflector is 45 degrees, causing the beam to form
a coplanar convergent disk perpendicular to and focused on the sample stream.

Stained cells can be carried by the sample stream through the radial excitation focus and
caused to fluoresce. Much of the fluorescence can be collected by the paraboloidal
reflector and projected out in a collimated beam onto an aspheric condensing lens 504.
The lens can focus the fluorescent light to a spot which is imaged by a microscope
objective 520 into a phomuitiplier tube (PMT) 501 and filter housing. Qptical alignment
of specimens flowing through the focal region of the parnboloidal reflector can be
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achieved by adjusting the flow cell position to maximise fluorescent signals from
calibration microspheres. The paraboloidal reflector can have a hole or opening in the
base through which the sample stream can exit and where a jet observation camera and
droplet sorting mechanism 532 can be situated.

In Figure 15, a simplified version of the geometry of Figure 14 is shown. The
fluorescence collection elements can be retained to provide radially symmetric detection
of cells as they pass through the inspection point of the flow cytometer. Excitation of
cells can be performed by steering a laser beam 608 onto the paraboloidal reflector 628 at
an incidence angle that results in beam delivery from one direction similar to standard
flow cytometer illumination. This can be accomplished by reflecting the beam off mirror
612. Detection of cells can be performed by a paraboloidal reflector and aspheric lens
combination. A single PMT, for example with a 400LP filter, can be positioned to
collect all of the light focused by the aspheric lens. An additional neutral density filter
(ND=1.3) can also bc used to prevent saturation of the detector even at low PMT
amplifier voltages.

The embodiment in Figure 15 is particularly useful as it does not require as extensive an
alignment of optics as is required in other embodiments. An ellipsoidal collector could
also be used to deliver the laser light reflected from an adjusted mirror 612 and to reflect
fluoresence to be collected at the PMT. The embodiments in Figures 15 and 16 are
particularly advantageous because of the simplistic substantially coaxial alignment of the
reflector with the detector.

It should be appreciated that the embodiments described in this description rely on
physical arrangements that may not permit total or perfect collection, transmission,
symmetty, teflection, alignment, ctc. duc to physical limitations of mirrors, optics and
physical orientation of equipment. In view of these limits, such properties still may be
considered at the very least as substantial.

Aspects of the present invention have been described by way of example only and it
should be appreciated that modifications and additions may be made thereto without
departing from the scope thereof.

Throughout this specification and claims, unless the context requires otherwise, the word

“comprise” or variations such as “comprises” or “comprising”, and the word “including”
or variations such as “includes™ will be understood to imply the inclusion of a stated
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element or integer or group of elements or integers but not the exclusion of any other
element or integer or group of elements or integers.

In this specification where reference has been made to patent specifications, other
external documents, or other sources of information, this i3 generally for the purpose of
providing a context for discussing the features of the invention. Unless specifically
stated otherwise, reference to such external documents or such sources of information is
not to be construed as an admission that such documents or such sources of information,
in any jurisdiction, arc prior art or form part of the common general knowledge in the art.
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THE CLAIMS DEFINING THE INVENTION ARF. AS FOLLOWS:

1. A flow cytometer including:

a flow source to produce a flow of particles to be anelysed, tae flow source being adapted
to direct the flow of particles along an optical axis and through an inspection zong;

an optical arrangement including a soerce of elentromegnelic radiation and & reflector,
the reflector adapted to direct electromagratic radiation onto the fluw of pacticles, at the
inspection zone, to provide an illumination of the flow of particles;

wherein the reflector alse collects electromagnetic radiation either praduced or deflected
from the particles, the reflector having an internaf reflective surface with an optical axis and one
ot more foci, wherein the reflector is disposed such that one ol the one or more foci is
substantially coincident ot located within the inspection zone;

a processor to derive, from the collected eleciromagnetic radiation, predetermined
information relating to each of at least some cf the pariicies in the flow;

2 correlator to comelate the derived informatien with the associated particle downstream
of the inspection zone; and

a sorting apparatus (o sort each of at feas: some of the particles in the flow based o the

predetermined information ftom each of at least some of the narticles in the flow.

2. An analysation instrument incliding:

a first reflector having a partial eilipsoidat shape;

u near focal point of the partial ellipsoidal shape of the first reflector;

a distant focal point of the pariiaf ¢llipscidal shape of the Jirst reflector;

a central axis of the partial ellipsoidal shape defined by the near focal point and distant
focal point of the partial eflipsoidal shape of the fizst reflectar;

2 source of electromagnetic radiation disposed at the near focal point of the partial
ellipsoidal shape capable of emitring siectromagnetic radiztion toward the first reflector;

a second reflector having 2 pastial cllipsoidal shape ariented refative to the first reflector
50 as to be capable of receiving electromagnetic radiation reflected by the first reflector;

a near focal point of the partial eilipsoidal shaps of the second reflector;

a distant focal point of the partial ellipsoidal shape of the secend reflector;
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a central axis of the partiat ellipsoidal shape defined 4y the near focal point and distant
focal point of the partial ellipsoidal shape of the second reflector wherein said second reflector
defines an optical axis;

a flow source to produce a flow of particles io be analysed, said flow source adopted to
substantially align the Juw of patticles with said optical axis,; 2nd

an inspection zone of the flow of particles located at the ncar focal paint of the partial
ellipsoidal shape of the second reflector to rcefve electromagnetic radiation reflected by the
second reflector to provide all llumination the flow of particles, wherein the second reflector is
also adapted to collect at least a portion of the eleciromagnetic radiation produced as a result of
illumination of the flow of particles and (o reflect at least the portion of the electromagnetic
radiation produced as a result of illumination of the fiow of particies for processing to determine

predetermined information relating to the particles.

3. The analysation insteument as claimec in claim 2 wherein the distant focal point of the
partial ellipsoidal shape of the first reflector and the distent focal point of the partial elfipsoidal

shape of the second reflector overlap.

4. The analysation instrument a3 claimed in claim 2 or 3 and further including:

an aperture in the second reflector for outward passage of the flow,

a correlator to correlate the informatien with an associated particle downstream of the
aperture; and

4 sorting apparatus to sort particles bused on the nformation with an associated particle

downslream of the aperture.

5. A method of analysing inelading:

utilising a first reflector having a partial eilipsaidal surface with 4 near foeal pointand 2
distant focal point;

emitting electromagnetic radiation fiem a source of electromagnetic radiation positioned
at the near focal point of the first reflector:

reflecting electromagnetic radiation emitted by the source of electromagnetic radiation

from the first reftector;
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utilising a second reflector having a pertial eflipsoidat surface with a near focal point and
a distant focal point, said two focal points of the second reflector defining an optical axis of the
second reflector;

providing a flow of particles fo be analysed;

directing the flow of particles along said optical axis of said second reflector and through
an ingpection zone;

positioning the second reflestor so that the near focal point of the second reflector
overlaps the inspection zone and so that the second redlector is capable of receiving
electromagnetic radiation reflected by the first reflector and fliyminating the flow of particles at
the inspection zone;

collecting at least a portion of the electromagnetic radiation produced as a result of
illumination of the flow of particles;

reflecting at least the portion of the eleciromagnetic radiation produced as a result of
illumination of the particles with the second reflector and deriving from the reflected
electromagnetic radiation predetermined information refating to at least some of the particles in

the flow.

6. The methad of analysing as claimed in claim 3 and further comprising ovetlapping the

distant focal point of the first reflector and the distant focal paint of the second reflector.

7. ‘I'he methad of analysing as claimed in claim 5 or 6 wherair the second reflector includes
an aperture and further comprising:
passing the flow of particies through the aperture;
correlating the information with an associsted parficle downstream of the flow; and
sorting the particle based on the inforriation of the associated particle downstream of the

flow.

8. The method of analysing as claimed in elaim § or 6 further comprising:
utilising a first reflector having a focal iength longer than a focal length of the second

reflector.
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9. An analysation instrument including:

a first reflector having a partial paraboloidal shape;

a focal point, a patabolic optical axis and a focal length of the partial paraboloidal shape
of the first reflector;

a source of electiromagnetic radiation disposed at the foral point of the partial
paraboloidal shape adapted to emit cleetromnagnetic radiation toward the first reflector;

a sceond reflector having a partial paraboloidal shape oriented relative to the first
reflector so as to be capable of receiving electrarnagnetic radistion reflecied by the first reflector;

a focal point, a parabolic eptical axis and a focat length of the partial paraboloidal shape
of the second reflector whercin the parabolic axis of the second reflector is aligned with the
parabolic axis of the first reflector;

a flow source to produce a flow of particles to be anzlysed and to direct said flow along
the parabolic optical axis of the second reflector for illumination by electromagnetic radiation
reflected by the second reflector; and

an inspection zone of the flow of particles jocated at the focal point of the partial
paratoloidal shape of the second reflector;

wherein the second reflecter collects at feast a portion of the electromagnetic radiation

produced as a result of the illuminziion.
10.  The analysation instrument as claimed in clsim 9 wherein the flow source is oriented
selative to the second reflector such that the flow soures is adapied to direct the flow of particles

along the optical axis of the second refleclor,

. I'he analysation instrument as clnimed in claim 9 wherein the focal length of the first

reflector i greater than the focal length of the sceond reflector.

2. The analysation instrument as claimed in any one of claims 9-11 and further inchuding:
a filter between the focal point of the first reflector and the focal point of the second

reflector.

13. A method of analysing including:
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utilising a first reflector having a partial paraboloidal surface, a parabalic optical axis and
a focal point;

cmitting electromagnetic radiation from a source of eleclremaguetic radiation positioned
at the focal point of the first reflector;

reflecting efectromagnetic radiation emitted by (he source of elsctromagnetic radiation
from the first reflector;

wtilising a second reflector having & partial paraboloidal surface, a parabolic axis and a
focal point wherein the parabolic axis of the second reflector is aligned with the parabolic axis of
the first seflector;

providing a flow of particles to be analysed;

directing the flow of particles along szid parabolic optical axis of said second reflector
and through an inspection zone;

positioning the second reflector so that the focal point of the second reflector overlaps the
inspection zone and so that the second reflecior (s capable of receiving electromagnetic radiation
reflected by the first reflector for ilfuminating the fiow of particles; and

collecting with the second reflector at least a portion of the electromagnefic radiation

produced as a tesult of illuminating the flow of particles.

14.  The method of analysing as claimed ir. claim 13 and wherein the first reflector has a focal

length equivalent to a focal length of the second reflector.
15.  The method of analysing as claimcd i ataim 13 and further including:
utilising a fivst refleclor having a focal tength longer than 2 focal length of the second
reflector,
16.  The method of analysing as elaimed in any one of ¢laims 13-13 &nd further including:
positioning a fitter sa as to filter out a portion of the electromagnetic radiation emitted by

the source of ejectromagnetic radiation.

17. A flow cytometer including:
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a flow source to produce a flow of particies to be analysed, the flow source being adapted
to direct the flow of particles through an inspection zone;

an optical arrangement including a source of clcciromagunetic rediation and a partial
ellipsoidal reflector, the partial ellipsoidal reflector adspted tn direct electromagmetic radiation
onio the flow of particles, at the inspection zone to provide all illumination of the flow of
particles;

wherein (he partial ellipsoidal reflector also colleots electromagnetic radiation sither
produced or deflected from the particles and refiects the electromagnetic radiation to a sensor,
the partial cllipsoidal reflector having an inlemal reflective surface of partial ellipsoidal shape
with two foci and an optical axis oriented along a line between the two foci;

wherein the flow source is oriented such that the flow of particles is substantially aligned
with the optical axis;

wherein the flow passcs the sensor and wherein the sensor senses predetermined
information from particles of the flow saurce; and

a sorting apparatus to sort the particles based on the predetermined information from

downstream of the flow source.

18. A method of flow cytometry inchuding:

providing a reflector having one or more foci and defining an optical axis;

passing a flow of particles to be analysed aleng said optical axis through an inspection
70ne;

converging electromagnetic radiation onto the Now of particles at the inspection zone by
retlection from he reflector to provide alt iituniination of the fow of particles aligning the
inspection zone with one of the one or more foci;

collecting at least a portion of electromagnetic radiation produced or deflected from the
flow of particles;

reflecting at jeast the portion ol electromagnetic radiation te a sensor with the reflector;

sensing predetermined infermation from: particles of the flow source; and

sorting the particles based on the predetermined information from downstream of the

flow source.
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19, The method of flow cytometry as claimed ia claim 18 including:

providing the focussing reflestor with an ellipscidal reflective surface, a first focus,
second focus and a central axis oriented along a line between the first focus and the second
{usus; and

arienting the reflector so that the flow of particles is substantially aligned with the central

axis.

20.  The method as claimed in claim 18 or 19 including:

collecting the electromagnetic radiation either producsd or deflected from the particles in
the flow;

processing the collected electromagnetic radiation to derive predetermined information
relating to each of at loast some of the particles in the flow; and

correlating the derived information with the associated particle downstream of the

inspeciion zone.
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