Afilter Field of the invention The present invention relates to a filter,
for filtration of fluids or gases. In particular, the filter device is for
separ at i omoebiopaotsbcl es fromeither fluid or gas. The i peesG2009/080450
relates to the fabrication of a filter. Background of the invention In
environnmental , physical, chem cal and microbiological studies, filtration
Is often used to concentrate snmall particles (e.g. mcrobial cells)
suspended in mnute concentration in fluids or gases. In general, it nay be
necessary to separate and concentrate small particles according to the
particle dinension. Further, it is desirable to rapidly and conpletely
capture these small particles on a filter. Traditional particle filters
consisting of cellulose ester are narketed with an average pore size. The
user will usually select a suitable filter to use based on the average pore
size oAfilfef filter but in general, these filters do not have uniform sized
pores but have varied pore sizes. The actual pore sizes lie wthin a scale
range ghﬂHQﬁtﬁy VRBEoROre size. Accordingly, it may difficult to achieve a
conplete—separaﬁﬁnﬂ-nf smal | particles as these particles are trapped only
by a fraction of pores equal to or smaller than the stated average pore
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further requiring subsequent collection of trapped particles (for

concentration and/ or for further
Background of the invention

In environmental, physical, chemical and microbiological studies, filtration is
often used to concentrate small particles (e.g. microbial cells) suspended in
minute concentration in fluids or gases. In general, it may be necessary to
10 separate and concentrate small particles according to the particle dimension.
Further, it is desirable to rapidly and compietely capture these small particles on

a filter.

Traditional particie filters consisting of cellulose ester are marketed with an
average pore size. The user will usually select a suitable filter to use based on
15  the average pore size of the filter but in general, these filters do not have
uniform sized pores but have varied pore sizes. The actual pore sizes lie within
a scale range of the average pore size. Accordingly, it may difficult to achieve a
complete separation of small particles as these particles are trapped only by a
fraction of pores equal to or smaller than the stated average pore size but may
20 not be trapped efficiently by pores larger than the average pore size. Particles
(such as microbial cells) may also have a tendency to adhere to the cellulose
ester filter after being trapped or be trapped deep within the pores of the
ceullulose ester filter. In filtration methods further requiring subsequent
collection of trapped particles (for concentration and/or for further
25 identification/analysis), the retrieval or elution of the particles from such

cellulose may not be complete.



i dentification/analysis), the retrieval or elution of the particles from
such cellul ose may not be conplete. ther filters include thin polyner
filters (weualdmopel ycarbonate), which have an irregul arcascaymbogsor es on
the surface, a fairly low total area of pores and |imted overall filter
size. These filters are normally enployed for single use only and are
usual ly not strong or reliable enough for repeated use. Particle filters
wi th uni form pore sizes have been dQ§cribed. For exanpl e, inorganic
mcrofiltration menbranes with a pore size down to 0.1 nmwere fabricated
using laser interference |ithography and silicon mcro nmachining
technology. This filtration nmenbrane was fabricated using silicon nitride
deposited on a silicon wafer as a support substrate. These nenbranes were
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| ack of choice of nenbrane nmaterial (limted to nitride) also limts the
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deposited on a silicon wafer as a support substrate. These membranes were
10  reported to have small flow resistance due to a thickness smaller than the pore
size, a smooth surface, high porosity, narrow pore size distribution, large flux,
low trans-membrane pressures and relatively insensible to fouling. However,
the fabrication involved numerous process steps and the use of expensive
equipment results in a high production costs. Further, the thin membrane (< 1
15 um) allows only low working pressure (< 2 bar) and the lack of choice of
membrane material (limited to nitride) aiso limits the application of this filtration

membrane.

A polymer through-hole membrane with high aspect ratios may also be
fabricated by nano-imprinting using metal molds. The metal molds were
20 prepared by a replication process using an anodic porous alumina template.
With this technique, different resins can be used to make the through-hole
membrane with a diameter of 250 nm. However, the use of the alumina
template restricts the pore density and pore size of the membrane and the
method typically produces membranes with a pore diameter down to 100 nm
25 only. Further, as the membrane is thin', it is readily torn or damaged when being
released from the mold. Increasing the thickness of the polymer membrane may
result in larger friction and adhesion forces between the membrane and the

metal mold and thus it is also difficult to detach the mold from a thicker polymer.



met hod typically produces nmenbranes with a pore dianeter down to 100 nm
only. Further, as the nenbrane is thin, it is readily torn or damaged when
bei ng relwezety/fiomn t he nol d. I ncreasing the thickness etTisiceopPobyser
menbrane may result in larger friction and adhesion forces between the
menbrane and the netal nold and thus it is also difficult to detach the
nold froma thicker polyner.Phase separation mcronolding is also a
suitable nmethod to prepare a polynmerjc filter with polyethersul fone (PES)
but the fabrication nethod can be chall engi ng. For exanple, although

chem cal resistance and nechani cal properties of PES nmenbranes is suitable
for filtration, the fabrication nethod may result in an increase in pore
size during the shrinkage stage and nenbrane fol ding and tearing during
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fil tersmgﬁ.[g,tgﬁé/dgﬁnérpge'bgg%m fHe hky.present invention relates to a filter
device and a nethod of preparing a filter device. According to a first

aspect, the invention provides a nethod for preparing a filter device:
Fabrication of a microfilter using an excimer laser is also possible but the

10  formation of debris and ridges during the cutting process reduces the quality of
the filter surface. In addition, the equipment (laser excimer) is expensive and

the process is time-consuming.

SU-8 submicrometric filters fabricated by UV interference lithography are
suitable for biological applications, but the thinness of the membrane (typically
15  in the order of 100 nanometers) is not suitable for a filtration system where the

filter is subjected to substantial pressure.

It is therefore desirable to further improve on fabrication methods of filters.



(1) providing a solvable nold conprising an array of pillars of
substantially the sane size; (ii) depositing a curable resin |ayer on the
sol vabl e wol2dio/aorsbng the resin to forma nmenbrane filtecTcormwioseBy an
array of pores of substantially the sane size in contact with the sol vable
mold; (iii) contacting at |east a portion of a first surface of the
menbrane filter away fromthe nold to a first support; and (iv) dissolving
away the solvable nold | eaving the nmbrane filter in contact with the
support. At |east a portion of the first surface of the nenbrane filter
away fromthe nold may be bonded to the first support. Wth the bonded
support, the nenbrane filter nmay be nore resistant to danage. The net hod
may further conprise the step of bonding at |east a portion of second
surface of the nmenbrane filter to a second support. Wth a second bonded
suppor tSummaryshihedavention er may be even nore resistant to danage.
According to another aspect, the present invention provides a filter device
for 11 I biteht HvERHH rdlafesiBIPfihsr d¥ics BRAR Mathdd bf SepdfRg'd fiteid a
plurality pores of substantially the sane size and at |eaSt a portion of
one surdeice. bAocedirg ta aufirsbr aspeiitt dhaainvestign proyistasi én nagthedcforsur f ace
may be bonded tq.a support. The support may be substantially rigid and/or
perneaﬂV@p?%ngPgmﬁra?wgﬁ'gas.A more conpl ete understanding of the present

i nvention, as well as further features and advantages of the present

i nvent i(@ﬂpro\&idiﬂ.g leénﬁ%eéﬁmpﬁgngté\e aftelyaifl gilladestsiltantaligntief | gur es
bel ow. Brief description of the tigures
same size;

(i) depositing a curable resin layer on the solvable mold, curing the resin to

form a membrane filter comprising an array of pores of substantially the same

size in contact with the solvable mold;

10 (i) contacting at least a portion of a first surface of the membrane filter away
from the mold to a first support; and

(iv) dissolving away the solvable mold leaving the membrane filter in contact
with the support.

At least a portion of the first surface of the membrane filter away from the mold
15  may be bonded to the first support. With the bonded support, the membrane

filter may be more resistant fo damage.

The method may further comprise the step of bonding at least a portion of
second surface of the membrane filter to a second support. With a second

bonded support, the membrane filter may be even more resistant to damage.

20 According to another aspect, the present invention provides a filter device for
filtering fluids or gas comprising a membrane filter comprising a plurality of
pores of substantially the same size and at least a portion of one surface
bonded o a support. Alternatively, a portion of each surface may be bonded to
a support. The support may be substantially rigid and/or permeable to fluid or to

25 gas.



Ref erence nunerals indicated in the drawings and referred to in the
detail ed description are intended for illustrative purposes only and should
not be cowetwiedoms |imted to the particul ar structurepcmgiceetmdodisn t he
drawi ngs. Figure 1 depicts a perspective, cut-away view of an exanple of a
hol ding device for a filter device. Figure 2 depicts a plan view,
cross-sectional side view and an expl oded view of the hol di ng device of
Figure 1. Figure 3 depicts an exanplf of a filtration system Figure 4
illustrates the operation of the filtration systemof Figure 3. Figure 5
illustrates a nethod of preparing a nenbrane filter. Figure 6 depicts a top
view of an exanple of a nenbrane filter with support grid. Figure 7 depicts

a magni fication of an exanple of a nenbrane filter and su por rid. Figure
8(a) ddpinere gameleiepidesstanding of dhe rrresant me@tlaﬂdaﬁu‘gs % Hepicts an

exanpl I bfert(fdmdepi ct s
an exaﬁp?@r% %{nh &?&' ?%SSBB?W%%%%%@HE% |um\@gc%/ég{ozn%:ra%#1 a water sanple
on t he {henfetilke desichpt\omaddﬁiggmeebél(ow. depicts the menbrane filter after
back-flushing. Definitions Curing refers to a process of hardening or

solidif lr} a supstapce, . for exanple a polymer material. Porosity refers to
t he prc%ﬁ%ﬁ%&%@gﬁ,@afﬂg—e—%er unit surface area. Detailed description of
the invention The method of preparing the filter itself is described -bel ow.
For seadefetdd® numerals indicated in the drawings and referred to in the detailed

description are intended for illustrative purposes only and should not be

construed as limited to the particular structure indicated in the drawings.

Figure 1 depicts a perspective, cut-away view of an example of a holding device

for a filter device.

10  Figure 2 depicts a plan view, cross-sectional side view and an exploded view of

the holding device of Figure 1.

Figure 3 depicts an example of a filtration system.

Figure 4 illustrates the operation of the filtration system of Figure 3.
Figure 5 illustrates a method of preparing a membrane filter.

15  Figure 6 depicts a top view of an example of a membrane filter with support

grid.

Figure 7 depicts a magnification of an example of a membrane filter and support

grid.

Figure 8(a) depicts an example of a silicon master mold and Figure 8(b) depicts

20 an example of a silicon master mold with thinned pillars.



solvable pillar nold may first be prepared and is subsequently used for
casting the nenbrane filter. The nenbrane filter may be cast by depositing
a cur abl ewoesioniombo the sol vable nold. After curing, arpwersG2/006452he
surface of the nmenbrane away fromthe nold is contacted to a first support.
The sol vable nold may then be dissolved with a suitable solvent |eaving the
menbrane in contact wwth the first support. The first support may be bonded
to a portion of the surface of the rqanbrane. Di ssol ving the solvable nold
elimnates the need to physically release the nenbrane filter fromthe
nol d. The method of the invention may accordi ngly reduce danmage such as
tearing, crinping and/or curling of the nenbrane filter during fabrication.
The menbrane filter also has a substantj al Ify snmoot h,, flat surface. A second
suppor Fighrg Hel denists ansxappieof the rappkotofdryetosPREdiER S98YElSTURe of the
menbrane filt : o : h2h f the
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or per iitbeafér bask-figshing. t he nenbrane. This circunferential orperipheral
portion may be in the formof a ring surrounding the central area
conprising pores. The nmenbrane filter may be sandw ched between two
suppor@iﬂ'ﬂﬁﬂfﬁrti cular when in use. Alternatively, only the first surface
of the fi R idd stapReer for fexantdie engt heni ng
t hegner%@em@;?rlsttgré Eflgt?i@ggr?gﬁar edulggélogg?r[gdg}?ﬁgoé ?Eg nenbr ane f |mlﬁtI er,

especi & pglycherinmafetisk when the filter may be subject to a high flux and a

| arge flow pressure. Alternatively, substantially the entire first and/or
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Detailed description of the invention

The method of preparing the filter itself is described below. For each filter, a
10  solvable pillar mold may first be prepared and is subsequently used for casting
the membrane filter. The membrane filter may be cast by depositing a curable
resin onto the solvable mold. After curing, a portion of the surface of the
membrane away from the mold is contacted to a first support. The solvable
mold may then be dissolved with a suitable solvent leaving the membrane in
15  contact with the first support. The first support may be bonded to a portion of

the surface of the membrane.

Dissolving the solvable mold eliminates the need to physically release the
membrane filter from the mold. The method of the invention may accordingly
reduce damage such as tearing, crimping and/or curling of the membrane filter
20 during fabrication. The membrane filter also has a substantially smooth, flat

surface.

A second support may optionally be bonded to a portion of the second surface

of the membrane filter to further strengthen the filter.

The portion(s) of the first and/or second surfaces for bonding may comprise the

25  circumferential or peripheral portion of the membrane. This circumferential or



rigid but perneable to fluid or gas, -so that in use, fluid and gas can
flow through the first support to the nenbrane filter and flow fromthe
menbr ane wol2baw11d1swough t he second support. The per neabipcirtsg2afo/obéus2 suppor t
to fluid or gas may be due to openings in the support. In particular, the
openings are larger than the pores of the nmenbrane filter. The support may
be made of any substantially rigid material, for exanple, netal, plastic,
paper or ceramc. According to one exenplary enbodi ment, the present
i nvention provides a filter device for filtering fluids or gas conprising a
menbrane filter conprising a plurality of pores of substantially the sane
size and with at |east a portion of one surface bonded to a support. The
menbrane filter conprises a high porosity, for exanple, in the range of 5%
to 80%peTihbersl pattion ynay hsoire e fomhof e khdasieTounding the %ﬁﬂtaaig%reai n a
subst ant i al |.ar array, corresponding to the pillar nold used durin
Spirisnd & b ’

fabric I ter device may be used for trapping particles from

either fluid or gas. For exanple, the filter device may be used for

t r appi Mheomgatiirane fliternmagtles saadpiched bemeenstvimsuppods, il padicutarngi  or
eukaryotic cells. In rticular, the filter vice be.used for trapping
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filter, (iji) ca Ity.to.handl,e | ar flux and high pressure. In

parti Clﬂ‘%bf beﬁﬁje%?g%aﬁ}'gtﬁ ﬁgx&gp&ieﬁrglgﬁﬂgl RrERBane filter may be precisely
fabricated to suit the size of the particles to be trapped. Further, the
fabri clicphatiedf asibstatidig the ratifefiet and/orwecont sisfate tady be homaeess,

resulting in substantial cost savings in the manufacture process.
to support(s). In particular, either of or both the supports may be substantially
10  rigid but permeable to fluid or gas,-so that in use, fluid and gas can flow through
the first support to the membrane filter and flow from the membrane filter
through the second support. The permeability of the support to fiuid or gas may
be due to openings in the support. In particular, the openihgs are larger than the
pores of the membrane filter. The support may be made of any substantially

15  rigid material, for example, metal, plastic, paper or ceramic.

According to one exemplary embodiment, the present invention provides a filter
device for filtering fluids or gas comprising a membrane filter comprising a
plurality of pores of substantially the same size and with at least a portion of one
surface bonded to a support. The membrane filter comprises a high porosity, for
20 example, in the range of 5% to 80%. The plurality of pores of the membrane
filter is arranged in a substantially regular array, corresponding to the piliar mold

used during fabrication.

The filter device may be used for trapping particles from either fluid or gas. For
example, the filter device may be used for trapping organisms from water
25 samples, such as bacteria, algae, fungi or eukaryotic cells. In particular, the
filter device may be used for trapping pathogens, for example, Cryptosporidium.
The filter device of the present invention may possess the following features: (i)

membrane filter with substantially identical pore size for efficient trapping of



Organi sns and/or particles trapped by the nenbrane filter of the invention
may be recovered fromthe nenbrane filter for further mani pul ati on and/ or
anal ysi s.wonganiie1s8 and/ or particles may be recovered fromscheowesnsz ane
filter by directing a flow of eluent to dislodge or flush out trapped
organi snms and/or particles (back-flushing) and using the eluent conprising
organi sns and/or particles for further manipul ati on and/ or anal ysi s.

Al ternatively, the nenbrane filter y be imrersed in a liquid with
agitation (e.g. tangential or lateral shaking) to dislodge the organisns
and/ or particles, and subsequently using the |iquid conprising organi sns
and/or particles for further mani pul ati on and/ or anal ysis. Having now
generally described the invention, the same will be nore readily understood
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waf er 30 tienchdnvéadtate progesen process is schematically illustrated in figure
5(a) to (f). The silicon wafer 30 may first be cleaned in piranha sol ution

(98% H2SO4 + 30% H2O as tor e any.orgapj.c resi
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the silicon wafer 30. The photoresist layer 3 1 may be any suitable
phot or €3igsnisres eanddr ipadialess myay be recovered from the membrane filter by
10  directing a flow of eluent to dislodge or flush out trapped organisms and/or
particles (back-flushing) and using the eluent comprising organisms and/or
particles for further manipulation and/or analysis. Alternatively, the membrane
filter may be immersed in a liquid with agitation (e.g. tangential or lateral
shaking) to dislodge the organisms and/or particles, and subsequently using the
15  liquid comprising organisms and/or particles for further manipulation and/or

analysis.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by

way of illustration, and are not intended to be limiting of the present invention.

20 Example 1: Fabrication of solvable pillar mold

The fabrication of the solvable pillar mold precedes the fabrication of the
membrane filter. The solvable pillar mold is itself a replica of a master pillar
mold. This master pillar mold may be fashioned by any conventional fabrication
method method. In one exemplary embodiment, the master pillar mold
25 comprises a silicon pillar mold. The silicon pillar mold is fabricated from 4
silicon wafer 30 and the fabrication process is schematically illustrated in figure
5(a) to (f). The silicon wafer 30 may first be cleaned in piranha solution

(98% H.SO, + 30% H202) so as to remove any organic residue or other



but not limted to AZ7220, AZ9260 or AZ4214. As shown in Figure 5(b),

phot ol i t hography may be performed using a suitable nmask aligner (e.g. Karl-
SUUS MAG)wendioa10®si st pattern 32 was patterned on the sciriscamowaisz. As an
exanple, a resist dot array with dot diameter of 1.5 mm separated by a
space of 2.5 mm nmay be patterned on the silicon wafer. The resist pattern
32 was then used as an etching mask for silicon etching to form high aspect
ratio pillars 33 (Figure 5(c)). Thegetching may be perforned using any
process capabl e of generating a high aspect ratio structure including but
not limted to STS deep reactive etching, |ICP deep reactive etching focus
or ion bean mlling. As the silicon etching does not extend to the entire

wafer, a base 34 is formed. As an exanple, the pil|ars t 1
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et chi ngseBQD aA @tshihgMmask for silicon etching to form high aspect ratio pillars 33
10  (Figure 5(c)). The etching may be performed using any process capable of
generating a high aspect ratio structure including but not limited to STS deep
reactive etching, ICP deep reactive etching focus or ion bean milling. As the
silicon etching does not extend to the entire wafer, a base 34 is formed. As an
example, the pillars may be about 1 um in diameter and 12 pm in height. As
15  shown in Figure 5(d) the residual photoresist material was removed from the
tops of pillars 33. An embodiment of a silicon master mold is shown in

Figure 8(a).

In optional step as shown in Figure 5(e), the diameter of the pillars may be
further reduced. This was performed by thermal oxidation and HF etching.
20 Thermal oxidation was performed in an oxidation furnace at 1100 °C. During
this process, the external surface of the silicon pillar will be covered by a silicon
oxide layer 35. The thickness of the silicon oxide layer 35 was controlled by
controlling the oxidation time. As a result of the oxidation, thinner silicon pillars
36 may be produced. An embodiment of a silicon master mold with thinned
25  pillars is shown in Figure 8(b). The diameter of the pillars may thus be reduced
to sub-micrometre or nanometre dimensions. As shown in Figure 5(f), the
silicon oxide layer may be removed using buffered oxide etching (BOE) solution
(BOE 7: 1 or Ammonium Fluoride: HF = 7:1). It can be understood that the

diameter of the thinned silicon pillars 36 is dependent and may be controlled by



(BOE 7: 1 or Ammonium Fluoride: HF = 7:1). It can be understood that the

di aneter of the thinned silicon pillars 36 is dependent and may be

cont r ol | estolytdmaosi dation tine. This silicon pillar nolpdTsaodNessbe used
as a master nold to replicate interimblind hole nolds or through hole

nol ds. As shown in Figure 5(g), an interimblind hole nold 37 may be
replicated fromthe nmaster silicon pillar nold. In an exenplary enbodi ment,
the interimblind hole nold nmay be bricated using a curable silicon
resin, e.g. polydinethylsiloxane (PDVMS). The interimblind hole nold may
then be used to replicate a solvable pillar nmold. It can be readily
understood that the master nold may be re-used to make a plurality of
interimblind hole nolds. Each interimblind hole nold 37 alﬁg be
r eusedthe oxdietion tigner Ehistsjlicen ribker,mwic may then beuged Q%atrﬂg‘é% I rany
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the interimblind hole nold 37 is illustrated. The solvabl e pillar nold 38
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t enperature. SO II'lar nold 38 be made from any suitable
mat er i pojydimetiessilophee (BDME). I Henigtertm ingd rolesold imay Een be used to
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nold 38 is generally for single use on see Exanple 2). anpl e 2:
Fabri cantesm bfindré\qaﬂf%/ add 137 mgfa(y also be reuyse(d to makerrg p?ura}ity oEfx S&Bagle

10  pillar molds. In this way, many solvable pillar molds may be replicated from

each master silicon pillar mold.

In Figure 5(h), the fabrication of the solvable pillar mold 38 from the interim blind
hole mold 37 is illustrated. The solvable pillar mold 38 may be fabricated from
any material that can dissolve in water or other solvent. In particular, the
15  solvable pillar mold may dissolve in water or other solvent at a temperature less
than 100 °C. More in particular, the solvable pillar mold 38 may dissolve in
water or other solvent at room temperature. The solvable pillar mold 38 may be
made from any suitable material, for example polymers including but not limited
to polyvinylalcohol (PVA), polymethyl methacrylate (PMMA), photo resist
20 (e.g. AZ9260), gels (e.g. agarose, gelatine), starch or wax. The solvable mold
38 is then released from the interim blind hole mold 37. The solvabile pillar mold

38 is generally for single use only (see Example 2).

Example 2: Fabrication of membrane filter.

As illustrated in Figure 5(i), a layer of curable resin 39 is deposited onto the
25  solvable mold 38 The curable resin may be any polymer material with suitable
mechnical properties, chemical stability and biocompatibility for a filter, for
example, polyurethane, epoxy, polyethylene; polypropylene, commercial resin
.SU-8 (MICRO.CHEM), Ormocomp (Micro resist technology GmbH). For



As illustrated in Figure 5(i), a layer of curable resin 39 is deposited
onto the solvable nold 38 The curable resin may be any pol yner materi al
wi t h sui twbl2¢10maetsni cal properties, chemical stability aod/sSozeneopatibility
for a filter, for exanple, polyurethane, epoxy, polyethylene,

pol ypropyl ene, commercial resin SU-8 (M CRO CHEM, O noconp (Mcro resist
technol ogy GrvH). Forexanple, the curable resin may include but is not
limted to uv curable resin or tenpf{ature curable resin. The curable resin
39 may be solidified by UV curing, tenperature curing or other curing

met hods. A plate 40 with a substantially flat surface (e.g. a glass plate)
IS positioned over the resin. In one enbodinent, the curable resinis W
curable and is exposed to UV light for curing as pressuregkg exerted on a

subst-aexambley the susghle asinpnay énclade duy is grhiritsdp dlv aralilGsin AT Fi gur e
5(i). Pressure du i f e r exerted
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sol vabiempafaturéouring @rothbt euriiy imetheddodi ment, the curable resin is
tenperature curable resin and is exposed to a tenperature suitable to cure

h in. Th | | b b i al l fl i.bl . plLi h
Lhot T mate 88 WiknasuperaNale et st o ous dAsLRER) i oSllioel Wef °U°
gleeé i naqé'oh?é?lﬁr.; S}n?nteeér?l%wﬁér% }Hehéur@b?é Podif 86l U\PEuRDI& leuiiblexpased or
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b y i
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10  curable resin is temperature curable resin and is exposed to a temperature

suitable to cure the resin. The plate may also be substantially flexible or pliable
such that it may be readily removed from the cured resin, for example, by
peeling it off. Alternatively, the plate need not be flexible and/or pliable but may
be substantially rigid and in this case, a flexible and/or pliable sheet may be
15  placed in between the resin and the substantially rigid plate. After curing, the
substantially rigid plate is removed and the flexible and/or pliable sheet is then

peeled off the resin surface.

After the plate 40 has been removed, any excess resin layer above the pillars of
the solvable mold 38 may be removed by any of several methods, including but
20 not limited to plasma etching, chemical and/or mechanical polishing,
mechanical milling (e.g. by using a milling cutter), sandblasting and chemical
etching, to form the membrane filter 5 comprising a plurality of pores of
substantially the same size. Due to the fabrication method, the pores are
arranged in a substantially regular array (corresponding to the array of pillars in
25 the solvable pillar mold). The porosity may be 5% to 80 %. The size of the
pores in the membrane filter is dependent on but may be slightly bigger than the
size of the pillar molds. The size of the pores in the membrane filter can be
fabricated precisely by engineering precisely the size of the pillars in the master

mold, for example by controlling the thermal oxidation process described in



mechanical mlling (e.g. by using a mlling cutter), sandblasting and

chem cal etching, to formthe nenbrane filter 5 conprising a plurality of
pores of wohsteantizal |y the sane size. Due to the fabricatrsc2omiobedz the
pores are arranged in a substantially regular array (corresponding to the
array of pillars in the solvable pillar nold). The porosity may be 5% to 80
% The size of the pores in the nenbrane filter is dependent on but may be
slightly bigger than the size of thg, pillar nmolds. The size of the pores in
the menbrane filter can be fabricated precisely by engineering precisely
the size of the pillars in the master nold, for exanple by controlling the
thermal oxidation process described i nExanple 1 above. It can be understood
that the size of the pores of the nenbrane filter nay be recifs | y adapt ed
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The exagssbraes fillere forabxampleesar trapping Feydstosperitlivm which esedsdhehe t ops
of the pillars of the solvable nold 38bso t hat _t he tﬁi ckness of téhe
menbr afiengq of 316 k. JBLERIA PYE S22 AiAY Pe 52tHB- TRhgTRISFOTORBISHS (YFs (Fi gure
5(1)) - Aecall : r s pRaSridteS tha hahbadrld ofthepdres afness  t
In parts"%%u atﬂb%ré rggg%m@aﬁgédshg\?ﬁ I n Ilzaitgure 5(k), the sur?%ce of the
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support. The surface of the nenbrane nmay be bonded to a first support in
the formof a support grid 4 with o niné‘ﬁ 11 .
10 The excess resin renoval process may be performed fo just expose the tops of
the pillars of the solvable mold 38 so that the thickness of the membrane filter is
substantially equal to the length of the pillars (Figure 35(i)). Accordingly,

membrane filter has a substantially even thickness t. In particular, t = 500 um.

As shown in Figure 5(k), the surface of the membrane away from the solvable
15 mold is then contacted with a first support. The surface of the membrane may
be bonded to a first support in the form of a support grid 4 with openings 11
before the dissolution of the solvable mold. The support grid may be made of
metal, plastic, paper or ceramic. Bonding the membrane filter to the first support

provides additional strength to the membrane filter when in use.

20 As shown in Figure 5(1), the solvable mold may be dissolved away in an
appropriate solvent, leaving the membrane filter in contact or bonded to the
support, as the case may be. If the solvable mold is soluble in water, it may be

dissolved away in water.

For additional strengthening, the second surface of the membrane filter may be

25 bonded to a second support as shown in Figure 5(m). The second support may
be in the form of a support grid 6 with openings 12 (similar to the first support
grid 4).



before the dissolution of the solvable nold. The support grid nay be nade
of netal, plastic, paper or ceramc. Bonding the nenbrane filter to the
first supporbioprnomsbdes additional strength to the nmenbraoe/sGbdomoosshen in
use. As shown in Figure 5(1), the solvable nold may be di ssol ved away i n an
appropriate solvent, |eaving the nmenbrane filter in contact or bonded to
the support, as the case may be. |If the solvable nold is soluble in water,
it may be dissolved away in water. For additional strengthening, the second
surface of the nenbrane filter may be bonded to a second support as shown
in Figure 5(m. The second support nmay be in the formof a support grid 6
with openings 12 (simlar to the first support grid 4).An alternative
enbodi ment is shown in Figure 5(n), where during fabrication, the solvable

mol d i sARi AEEN3ie gmbodimaat sesbewRdnikighes 56n) wheke dHing fabkiceliovne fir st
suppor t yf. s hah18 $5RYs %};@&W dd @hiEatk gl FH?% fAreed dh%owflé‘ct%gpfrﬁé“e filter
5. st s and e second support

In Figure 5(o), the upport are bonded
to the fmstﬂsuap@‘tﬂ I'ther sécafd suppdré 6dnssdlaled aot bbnddr: ts dher mdrabraried. Each
support _grid typically conprises a network of horizontal and perpendicul ar
tracks fﬂlgef I ng openings wth the openings being |arger than the opening of
the pores of the nenbrane filter as shown in Figures 6 and 7. Exanple 3:

Hol d nglrﬂsrglue@ s(ds»e thé i |f?§tr3\ﬁ,|$> @ dHNbiel Sédthd Q?Wﬁbr%%érldédefo fed the

support grid art a hol ding device designed to hold the filter
devi ce mﬁmbrane fﬁ@r 5'ﬁ’ﬁ|@rﬂ7¢ﬂ dISﬁQIL@@Oloégh%tﬁdlvﬁh@ mpld-er device may be used
for trapping organisns, fromfluids or liquids (e.g. a water sanple). An

enbodi "EQLh %Lpﬁbﬁ r@wi@ tgﬁiY;.bﬁ)?cbﬁ]prises a network of horizontal and perpendicular

tracks defining openings with the openings being larger than the opening of the

pores of the membrane filter as shown in Figures 6 and 7.

10 Example 3: Holding device

The filter device comprising the membrane filter and the support grids may be
part of a holding device designed to hold the filter device when in use. The
holding device and the filter device may be used for trapping organisms, from
fluids or liquids (e.g. a water sample). An embodiment of such a device is
15 illustrated in Figure 1. The openings 11 of the upper support grid 4 may be
aligned with the openings 12 of the lower support grid 6. The lower support grid
6 is mounted on top of a base 8 with a gasket 7 in between to prevent leakage.
The inner-upper surface of the base 8 may be shaped to facilitate liquid flow
down and to reduce residue build-up. A lower opening 10 in the base 8 allows

20 for inflow of the water sample and outflow of eluent (during back-flushing).

A flow guide 2 is placed on top of the upper support grid 4, with a gasket 3 in
between to prevent leakage. A lid 1 is fitted on fop of the flow guide 2. In the lid
1 there is an upper opening 9 for outflow of the water sample and inflow of
eluent (for backwashing). When the above members are fastened together, a
25 lower chamber 14 is formed between the membrane filter 5 and the base 8, and
an upper chamber 13 is’formed between the lid 1 and the membrane filter 5, as

shown in Figure 2.



illustrated in Figure 1. The openings 11 of the upper support grid 4 may be
aligned with the openings 12 of the lower support grid 6. The |ower support
grid 6 i swonurwadren top of a base 8 with a gasket 7 i nprogtseren/cbespr event
| eakage. The inner-upper surface of the base 8 may be shaped to facilitate
liquid fl ow down and to reduce residue build-up. A lower opening 10 in the
base 8 allows for inflow of the water sanple and outflow of eluent (during
back-flushing). A flow guide 2 is pligced on top of the upper support grid 4
, Wth a gasket 3 in between to prevent |leakage. Alid 1 is fitted on top
of the flowguide 2. In the lid 1 there is an upper opening 9 for outfl ow
of the water sanple and inflow of eluent (for backwashing). Wen the above
menber s are f ast ened together a | owner chanber 14 |s formed between the
exgmpledt: Fi stepnios tes ‘) 5 PAHEEP 13 is fornmed between
t he I|d 1 and t he nenbrane fllter 5 as shomn I n Flgure 2. Exanpl e 4:
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15 in turn arger ration sySstemas illustrated in
Fi gur eSlItihtEndd i F‘erss Blértd dt This fﬂ’grat]mrsyﬁede& desidnédfortiragping @ngnd

retrlewng arti | di d | ud fil

hnd t wielthol bhgiRss Theshadid B9pPE st Febrimding mefn'at. s 208 o o °
syskemy,bhey %7@994”6{?91 5 %fpltaﬁédd@dﬁg}ﬂ Wﬁhlﬁol%lé' ﬁl‘ﬂ'atl@n f&@étﬁorfhl@ort of a
t hree-way va he |l eft port of hree-way valve 17 is connected to

ar eserunzper omntrtgrQ)Qﬁth%de‘ﬂb% is cblmmieéé@ @opcanmolnspcyt:pba trgerway Nalvey st em

th t
o Connkit he et et o 0 MrieMATTALG 17 B 0hhEecBY Y BorRel B RE'S vy
val ve ]tﬁrcb&gtpaltﬁb@dCbﬁlp@@sééd bitis 2Upplée to QM@rsyQtwmﬁhn@u@]B aif inlee280l di ng

device 15 i's coupled t T-junction which splits the |i c
into tvﬂ')h@atrtwesgmé lﬁﬁoﬁtr@ﬂﬂé‘rwtr‘catvéévqwéhwa%h is connected o %e fop o cation

10  the reservoir 16. The right port of the 3-way valve 17 is coupled to an outlet 22.

The lower opening 10 of the holding device 15 is coupled to a T-junction which
splits the liquid communication into fwo paths. One path communicates with a
water sample inlet 21 with a valve 19, the other path leads to an outlet 24 for
collection of a concentrated eluent 29 comprising particles into container 25.

15  Flow through this outlet 24 is controlled by valve 20.

The operation of the filtration system is illustrated in Figure 4(a) to (d). The
holding device 15 comprising a round membrane filter 5 (e.g. of total diameter
47 mm) with pore size of 0.45 ym and two support grids 4 and 6 with 1 mm
opening is placed upright within the filtration system and connected with valves
20 18,19,20 and 17 and a reservoir 16 . A suitable amount (for example 10 ml)
of liquid eluent 26 is loaded inside the reservoir 16. The two-way valves 18, 19
and 20 are closed and the three-way valve 17 is positioned with its right port

open and its left port closed (Figure '4(a)).

The next step is illustrated in Figure 4(b), the valve 19 that regulates the
25  incoming liquid sample is opened and the liquid sample 27 (e.g. water sample)
enters through the sample inlet 21 and passes through the membrane filter 5 at
a pressure of approximately 2-5 bar. The water may be introduced into the

filtration system directly from the tap or via a water pump. The pressure of the



water sanple inlet 2 1 with a valve 19, the other path |l eads to an outl et
24 for collection of a concentrated eluent 29 conprising particles into
cont ai nerw@%010A10w9t hr ough this outlet 24 is controll edpby/scabwmoeB2 The
operation of the filtration systemis illustrated in Figure 4(a) to (d).
The hol ding device 15 conprising a round nmenbrane filter 5 (e.g. of total
dianmeter 47 mm) with pore size of 0.45 mmand two support grids 4 and 6
with 1 nmopening is placed upright1yﬁthin the filtration system and
connected with valves 18 , 19 , 20 and 17 and a reservoir 16 . A suitable
anount (for exanple 10 nml) of liquid eluent 26 is |oaded inside the
reservoir 16. The two-way valves 18, 19 and 20 are closed and the three-way

valve 17 is positioned with its right port open and its |eft port closed
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typically with a size larger than 0.45 nm are bl ocked f ' I nt
t he uppeeuhlgie«an the memgéanﬁeﬁﬁﬁaﬁ% xpesef 819 t&ﬁd"%@@“ﬂ%i"&%@?‘%ﬁ}ﬁ?? hlanl gwer
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10 filtratio%asy%erelatrhtr(l)l?ghe ’[her %%tlgp Qz?ﬂés‘pﬂ%‘lﬁeé”f Iic%qu sample 28 may be
collected on exit if required. In this step, 15 litres of liquid sample (e.g. tap
water) may be passed through the membrane filter relatively quickly, such as in
20 minutes, with almost all particles (organisms, pathogens etc) trapped by the

membrane filter 5 and/or retained in the lower chamber 14 .

15 In the next step as illustrated in Figure 4(c), the valve 19 controlling the
incoming liquid sample is closed. The three-way valve 17 is turned to the left
position, closing the right port and opening the left port. The valve 20 is opened.
The pressure control valve 18 is opened and air (e.g. at a pressure of 2.5 bar)
enters the reservoir 16 via air inlet 23 and forces the eluent 26 into the upper

20 chamber 13 of the holding device 15. Within upper chamber 13, the eluent is
guided through the openings of the upper support grid 4 and as the openings of
the upper support grid 4 are aligned with the openings of the lower support grid
6, a jet flow of eluent is formed under pressure, and the eluent passing through
the membrane filter 5, flushes down particles (organisms, pathogens etc)

25  deposited on the pores of the membrane filter. The particles flushed down from
the membrane filter 5 together with the particles retained in the lower chamber
14 form a concentrated eluent 29. This process is known as “back-flushing”. As
the eluent 26 is still being forced through by the air pressure, the concentrated

eluent 29 exits the outlet 24 and is collected in container 25 .



filtration systemthrough the outlet 22. The "purified" liquid sanple 28
may be collected on exit if required. In this step, 15 litres of liquid
sanpl e (ewg.20foapomat er) may be passed through the nenbr oe/sGédomnoss2
relatively quickly, such as in 20 mnutes, wth alnost all particles
(organi snms, pathogens etc) trapped by the nenbrane filter 5 and/ or retained
in the lower chanber 14 . In the next step as illustrated in Figure 4(c),
the valve 19 controlling the inconiqg liquid sanple is closed. The
three-way valve 17 is turned to the I'eft position, closing the right port
and opening the left port. The valve 20 is opened. The pressure control
valve 18 is opened and air (e.g. at a pressure of 2.5 bar) enters the
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liquid sample volume of 15 litres, the concentration achieved is 1000 times.
The operation of the filtration system may be automated.

The membrane filter may be reused after back-flushing (or alternatively after
tangential or lateral shaking). Figure 9(a) depicts the trapping of
15  Cryptosporidium oocysts by the membrane filter from a test water sample
deliberately seeded with Cryptosporidium oocysts. Figure 9(b) depicts that the
Cryptosporidium oocysts may be efficiently removed by back-flushing.
Accordingly, the membrane filter may be re-used for repeat filtrations after back-

flushing (or alternatively after tangential or lateral shaking).

20



The air pressure is maintained through the nenbrane filter for 2 mnutes
before the valve 18 is closed so as to ensure substantially conplete

col | ecti omoahiwihersentire concentrated el uent 29 in cont acmsc2@8000gpi cal |y,
atotal volunme of 15 mM (10 m of eluent + 5 m of liquid retained in the
chanbers of hol ding device 15 of concentrated eluent 29 is collected in
contai ner 25 and conpared to input liquid sanple volune of 15 litres, the
concentration achieved is 1000 tine The operation of the filtration
system may be automated. The nenbrane filter may be reused after
back-flushing (or alternatively after tangential or |ateral shaking).
Figure 9(a) depicts the trapping of Cryptosporidi um oocysts by the nmenbrane
filter froma test water sanple deliberately seeded with Cryptosporidi um
oocyst Elaifisgure 9(b) depicts that the Cryptosporidi umoocysts may be
efficiently renoved by back-flushing. Accordingly, the nenbrane filter may
be re-ysed f,0 i ] ; dighing (or alternatively
after #angeﬁﬂﬁgpﬁgfe$éﬁgéé?ﬂ%%gﬂéag %§§h?ﬂ§bﬁ#H% nmet hod for preparing a
filter device, conprising: (i) providing a solvable nmold conprising an
array of pi (i) providihgsussivable mbldycarmprisiag@nsaryay, of pillarsqfsbstaniigly cur abl e
resin layer on the solvable nold, curing the resin to forma nmenbrane
filter conpit'?%?'ﬂ@eﬁz%rray of pores of substantially the sane size in
contact with the solvable nold; (iii) contacting at |least a portion of a
firgt surfagp fdpdditthdBicorame rééihtlaYeMWé solableemotd, duting 4hé iresin suppor't ;
and (iv) dissolving away the_sol vabl e nold Ieaviqg t he r?n%.filter in
cont act wi t fto tfibrn suprspbrane filter comprising an array ot pores or subsian ially

the same size in contact with the solvable mold;

(iii) contacting at least a portion of a first surface of the membrane filter
away from the mold to a first support; and

10 (iv) dissolving away the solvable mold leaving the membrane filter in
contact with the support.

2. The method according to claim 1, further comprising bonding the first

support to at least a portion of the first surface of the membrane filter.

3. The method according to claim 1 or 2, further comprising bonding at least
15 a portion of a second surface of the membrane filter to a second support.
4. The method according to any one of the preceding claims; wherein the

portion(s) of the membrane in contact or bonded to the support(s)

comprises a circumferential or peripheral portion(s) of the membrane.

20 5. The method according to any one of the preceding claims; wherein step
(i) comprises providing a through hole or blind hole mold wherein the
holes are substantially the same size and using a solvable resin to cast

the solvable mold from the through hole or blind hole mold.



2. The nethod according to claim1, further conprising bonding the first
support to at |least a portion of the first surface of the nenbrane filter.
3. The newbadisaacwpding to claim1 or 2, further conpri ecmgGhansdmg? at

| east a portion of a second surface of the nmenbrane filter to a second
support. 4. The nethod according to any one of the preceding clains;
wherein the portion(s) of the nenbrane in contact or bonded to the
support(s) conprises a circunferentkgl or peripheral portion(s) of the
menbrane. 5. The method according to any one of the preceding clains;
wherein step (i) conprises providing a through hole or blind hole nold
wherein the holes are substantially the sane size and using a sol vable
resin to cast the solvable nold fromthe through hole or blind hole nold.6.
The net hod according to any one of the precedin erel t he

cur abl @. resThe ane pa?(?qfﬁ'n@o‘i?p?'i‘ﬁé%eapf eo‘?fleﬁﬁg'é‘gr §'i"i‘§ o %{efrb Yer at ur e
curabl e resj '}a%ibdr %ﬁ%f(été% rsﬁ)o&%bﬁ lﬁ) gr'émélrég,ﬂgo,{ H9chipefatupdl e resin
e solva

or tenperat g curable resin onto positioning a
pl ate with euabhsteun bablsfep (iBtcosnprisease over the uv cur abI e resin or

tenperature curabl e resi n and exerting pressure on the resin; (c) exposing
the resin t

r ate rature wtab kN, as
appropri at e?a (Qﬁp uy ﬁﬂr%ﬁ%tr%s'ﬁr?(ﬁ gwe&tggégufae%rslifré{] Or? g‘?en a
msn%r ane fikpenn thIdi substantially flat exposed first surface 7. The
nmet hod according to any one of the preceding clai ms V\,herel n the first
and/ or second support is substantially rigid and abI e t% fluid or
gas t hr ough(h)pasitigniagna platevwith reasitbstantiadly flat su ace over the Uv Gura

resin or temperature curable resin and exerting pressure on the resin;

(c) exposing the resin to UV light or a temperature suitable to cure the

resin as appropriate;

10 (d) removing the plate and any excess resin to obtain a membrane filter

with a substantially flat exposed first surface.

7. The method according to any one of the preceding claims wherein the
first and/or second support is substantially rigid and/or permeable to fiuid

or gas through to or from the membrane filter.

15 8. The method according to claim 7, wherein the first and/or second support

is made of metal, plastic, paper or ceramic.

9. The method according to any one of the preceding claims, wherein the

solvable mold is soluble in a solvent.
10. The method according to claim 9, wherein the solvent is water.

20 11. A filter device for filtering fluids or gas comprising a membrane filter
comprising a plurality of pores of substantially the same size and with at
least a portion of at least one surface bonded to a support permeable to

fluid or gas.



8. The method according to claim 7, wherein the first and/or second support
is made of netal, plastic, paper or ceramic. 9. The nethod according to any
one of thsopoacadizag cl ai ms, wherein the sol vabl e nol d ipeTSGRBI0G04sD a
solvent. 10. The nethod according to claim9, wherein the solvent is water.
11. Afilter device for filtering fluids or gas conprising a nmenbrane
filter conprising a plurality of pores of substantially the sane size and
with at | east a portion of at Ieastﬂfne surface bonded to a support
perneable to fluid or gas.12. The filter device according to claim11,
wherein at | east a portion of each surface is bonded to the support. 13.
The filter device according to claim1ll or 12, wherein the pores are in a

substantially regular array. 14. The filter device accordin 0_agny one of
cl ai 121 t Sheditendeviee mocheling fpFlging ¥l Wharenapiderskd pa&%i’o‘%?a%] aneter d

and 0.1 mm= d = 100 .| ter device according to any one of
clains 11 tguﬁ%?e e rqgrq tgjﬁge-p%gﬁgé#ty is 5%to 80% 16. The filter device

according to any one of claims 11 to 15, wherein the menbrane filter is of
subst angi al ffpediften dehicekaessding.to KlainThé ori12, avhefeiri the perssraeny @ o any one

of claims 11 to 16 wit%ft = 500 mm 18. The filter device according to
any one of svbstagtially regu A@Yerei n each surface of the menbrane filter is

substantially snmooth. 19. The filter device according to any one of clains

a .

pm.

15.  The filter device according to any one of claims 11 to 13, wherein the

porosity is 5% to 80%.

10 16. The filter device according to any one of claims 11 to 15, wherein the

membrane filter is of substantially even thickness t.
17.  The filter device according to any one of claims 11 to 16, with t = 500 pm.

18. The filter device according to any one of claims 11 to 17, wherein each

surface of the membrane filter is substantially smooth.

45 19. The filter device according to any one of claims 11 to 18, wherein each

surface of the membrane filter is substantially flat.

20. The filter device according to any one of claims 11 to 19, wherein each

support is substantially rigid.

21.  The filter device according to any one of claims 11 to 20, wherein each
20 support is bonded to a peripheral or circumferential portion of the

membrane.

22.  The filter device according to any one of claims 11 to 20, wherein each

support comprises openings for passage of fluid or gas.



20. The filter device according to any one of clains 11 to 19, wherein each
support is substantially rigid. 2 1. The filter device according to any one
of cl ai mewdkotop1239 wherei n each support is bonded to appesicRi®adssdr
circunferential portion of the nenbrane. 22. The filter device according to
any one of clainms 11 to 20, wherein each support conprises openings for
passage of fluid or gas.23. The filter device according to claim 22,
wherein the openings of the support,fre |arger than the pores of the
menbrane filter. 24. The filter device according to any one of clains 11 to
20 and 22 to 23, wherein the support is in the formof a grid. 25. The
filter device according to any one of clains 11 to 24, wherein the support

is made of netal, plastic, paper or ceranic. ) .
23. The filterpdevice acc%rc‘i)ing to claim 5& wherein the openings of the

support are larger than the pores of the membrane filter.

24. The filter device according to any one of claims 11 to 20 and 22 to 23,

wherein the support is in the form of a grid.

5 25. The filter device according to any one of claims 11 to 24, wherein the

support is made of metal, plastic, paper or ceramic.



