MLCROPORQUS FI LTER Techni cal Field [0001] This

invention relates to mcroporous filters and, in
w@aoosiogashar, to a m croporous filter having snmetT/US2004/028405

di ameter holes of reliable sizes and in known

| ocations. Background of the Invention [0002]

M croporous filters are currently made of inherently

slightly porous materials such as woven cotton fibers,

paper, and woven synthetic fabric. Such filters find

applications in the MIGRORORQUSFILIERmceut i cal

drugs; in industrial fuel cells; and in separating

body fluids, chem cal particles, and different

mat er i pddhriicdl Fsld! ysis. The sizes and | ocations of the

holes Tormng the filter pores var¥ with the filter
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locatibagged i n a known popul atl on denS|ty Summary of the
I nvention [0004] The present invention entails form ng
~in a lnxentign st epped hol es, each of
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mattdals suchds wsvémcomamh fiyers, paperr aofl veoven syrdiétic ftbric. Such
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analyslsh olfes side$ iand lotatiqneraf<he yotefs fomalng thedilier poses vary with the
i r fo med fromthe nmenbrane. {0005] n a first
f'lt%rr@lﬁg‘?rfaéé UEYESH ment, a UV laser enitting either 355
[0(??!1] \ﬁﬁﬁ%t RhéddEy |s%0hﬁér8§omfs€fﬂﬂeﬂ‘orﬁféé%f \Fé?yfsﬂ*iam predictable
0 rough, a pol ymer-based, flexible menbrane, such
dizaseteo hylasi placedinl krawm oeatiens and therefore arranged in a known
E @/t eté{eafl uor oet hyl ene (PTFE). The UV | aser abl ates
PORHEH B¥-e breaks the chemical bonds of the organic

rratengumnpaé{@fmé}m\/@ﬁﬁ@ﬁ final or exit dianeters of
bet ween apbout .0 m and about

[0004] The present invention entails forming in a substrate an array of stepped

holes, each of which having a very small, predictable final diameter in a known
location. The array includes a final hole step, which is formed by a laser of an
ultraviolet (UV) wavelength, which is shorter than 400 nm. The remaining hole step
or sfeps of the array are formed by use of a laser or an imprint patterning technique.
The final hole step diameter and population density of the holes define the porosity
of the microporous filter formed from the membrane.

[0005] In a first preferred embodiment, a UV laser emitting either 355 nm or

266 nm light ablates material from, to form a hole through, a polymer-based, flexible
membrane, such as polyimide, polycarbonate, or polytetrafluoroethylene (PTFE).
The UV laser ablates and therefore breaks the chemical bonds of the organic
material to form holes of final or exit diameters of between about 1.0 um and about
5.0 pm in a membrane material of between about 50 pm and about 250 pm in

thickness. (This compares to 20 pm-100 pfn holes formed in 200 pm thick-organic



5.0 min a nenbrane material of between about 50 mm
and about 250 mmin thickness. (This conpares to 20
woret089sms hol es forned in 200 mthi ck organi c PCT/US2004/028405
lpackagi ng materials.) The holes are fornmed in steps
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pressuEsiinak snables nassroe of prateralnfiae desired size thraugh ihe final,

t et with an array of protruding features,
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advant ageous t0O enable filtering particles conpose
ratipdinat bolergiepcul ar structures of different rotational
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proceeds with reference to the acco yi ng
advantageous to enable filtering particles composed of helical molecular structures

of different rotational senses.
[0009] Additional aspects and advantages of this invention will be apparent from
the following detailed description of preferred embodiments, which proceeds with
reference to the accompanying drawings.

Brief Description of the Drawings

[0010] Fig. 1 is an enlarged fragmentary cross sectional view of a microporous
filter having a stepped hole formed with its central axis disposed perpendicular to the
upper and lower major surfaces of a flexible polymeric membrane in accordance with
the present invention.

[0011]  Fig. 2 is an enlarged fragmentary cross sectional view of an alternatijve
micfoporous filter having a stepped hole formed with its central axis inclined at a



Brief Description of the Drawings [0010] Fig. 1 is an

enl arged fragnentary cross sectional view of a
wor@sopsidus filter having a stepped hol e for nedr/vb1004/028405

its central axis disposed perpendicular to the upper
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ol lowng is a description of a preferred hole 30
settionabareas measueas payplieldodippesangdloyeemnairsyfaces 14 and 16.

sopaies bated Bhdafonsiided P 3o AF L oBioH Ayl o o
shB6& 18R skSaRfi6h SoF B SaRerel cotvepidnoesa Hifle size ibeefefred to herein
elther circular or elliptical shape in cross section,

byfitsrmajos axiskdimensigiaveni ence, a hole size is referred

her ai . . . . . =0

1o o Pl hbl Fh86 2R dybretl (e 8 enodtyfolum, which is defined

by\thémbrarse thidkinesd 18y Areypicalmeembrarienitickne8s 18 anditheatfore hole
nmenbr ane t hi ckness and theref‘orlgI ‘10&8, .

length ranges between 50 ym and 250 um. Hole 30 is formed with an entrance hole

step 32 having a width 34 of about 40 um and a depth 36 of about 70 um, an:

intermediate hole step 38 having a width 40 of about 15 um and a depth 42 of about

25.um, and an exit hole step 44 having a width 46 of between about 1 um and about
5 um and a depth 48 of about 5 um. Hole 30 has a central axis 50 to which hole
steps 32 and 38 need not be axially aligned, depending on their respective widths 34
and 40 and concomitant need to span width 46 of hole step 44.

[0015] Fig. 2 shows two angled holes 30, which are the same as hole 30 with the
exception that the central axes 50’ of holes 30’ are inclined at nonperpendicular
ang‘les relative to upper and lower major surfaces 14 and 16.

[0016] The use of a laser beam is a first preferred method of forming holes 30.

Fig. 1 shows a laser 60 emitting a beam 62 that propagates along a propagation
3



| ength ranges between 50 nmand 250 mm Hole 30 is

formed with an entrance hole step 32 having a width 34
w@Ro0aloanst3 40 mm and a depth 36 of about 70 nm PEIUS2004/028405

internedi ate hole step 38 having a width 40 of about
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wavel engths shorter than 400 nn& with 355 n and 266 nm
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poB P4Vl Birefil e 3D30RE LY 2RABDIS R REARE, FOPBRampte,
holeegteps aznas—ndotsareans berferméd bylaelaSéebearﬁzbroaacecabsﬂ aéModél 5330 Via

Eomer | evel controller (not shown) adjusts the
Driingaystenz and hele sigp 44 ﬁ%ﬂ be§or B}ma laﬁ@r lp%amimong%!;by a

vy 0 B A OB B R i B Pl

Scightific Bitlusfridss ane. SPortfandn Crregom skkiph is mepaﬁlgm@é)bt/th@ petent
to form_hole steps 32 and 38,

appifatonart NerMeae 5535 radiugss ¢ Wddesel Heah A HBIema sbape, and the
Modal 4498 fbgz%] dutds £BrABLL: Bé(arﬁfof @5 sfjelﬂ‘éh th2 \ﬂa{rxtsﬂ?all spot

esi red shapes, spot sizes, power vels to
sizéol e 30 exists in currently avallable eqU|pnent For
" exanpl e, hole steps 32 and_38 c?n be fornmed by a | aser
beam produced by a Mdel 55%8MA& Drilling System and

e h b
000} P of ol bl b ot s ol )l gl

formed\if 2c200 arh thickipelpearbosateameiritirane addstowssA 355nm laser
outpgh PIR0RUR0 TRUORGIER besTbopratiR 49 asdAPn eastsndiedidhe
polfEartBhbf MertiBRe LA irst hole step having a 50 um diameter and a
180 um—190 pm depth. The laser beam had a uniform power profile with a 220 mW
level at 2 kHz Q-switch rate. A workpiece positioner operating at a 60 mm/sec scan
speed moved the laser beam relative to the membrane to repetitively, sequentia‘lly
scan the hole locations. During the sequential scanning process, the laser beam
removed from the hole locations depth-wise portions of membrane material to partly
form the first hole steps. The sequential partial removal of portions of membrane '
maferial allowed the plasma gases created during the hole step drilling process to
escape and thereby ensure formation of high-quality holes. Several iterations of the
scanning process sequence were carried out to complete formation of the first hole
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Model 4420 produces a WV | aser beam of Gaussi an shape
wth a very small spot size. Exanple [0018] An array

woossiossuyh hol es, each of which having two hoPET/EsmP£028405
was formed in a 200 mthick pol ycarbonate nmenbrane as

s 508 50 ) SR 00 AP BECBRARL b tan e

sefpeted v achieve complete fernatiin ofid holef step witholué retuaptrips to a partly
havi ntrzj a 50 mdianeter and a 180 mm 190 m dept h. The
drillgd Bplepdigm had a uni form power profile with a 220 W
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sequentially scan the hole | ocations. During,

h
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re&%hct‘a‘ﬁl%ﬁiﬁﬁ '&Eftaht?n of high-quality holes. Several

Ite

rations 'of the scanning process sequence were
[0620]r i etheuse b andmpriat pattemiras foolfoibin cdrabinatien with a laser beam

s ooeond Pryjofsi anenel & 3 ing nalseBP o 3 § A Suiersi fragmentary
Vit 8P4 ‘?ﬁéta[ @bﬁ??’l Filggzgﬁftaiﬁinﬁoé Eaﬁérﬁﬁo%éa_‘%ﬁh&ta g%ﬂ’é]ﬁ‘?ﬁéy 8fnominally

to a part hol e“step. | 0019] e aser .
idemficpLicylindupalgzrotrogions r82umbtuzlly Gracad epatby @ psedetemained

disgaic $5; ERneihhe et 2. Sepd i mieriiapent inagBrdince with an
imggg@ét@mm@%ahﬁiauan”frh?@isradé@mﬁnshé@ b9 dsitltRiy fotil 80 and

ormed at each hol e | ocation by consecutive o
merpbtaneat2 itna eonverdianadlaminsting peess (not ehewa) aad ppeeating it to urge

prgtFion<eia P85 fbort aiof Suthted B8R sFuehY dtpBRomflifingiary
dehfbgshﬂwsah_rrﬁémgfar@hzs Pesirlisibed 82 Hre ps spécified éfdrabdleds 86 and
i gh guallty. [0020] The use of an inprint patterning

lengtlas B8 ithat; apreasiponddoi wspariively thaseaiobaxim(diametsaimension and
coBffA RS T’ Sk Pl or il G of ol seps
32arHoté Biops 38. pledderrieahne 6avd Gyussiareshdpd isgurefirablly used to form
the ‘ot halle Step, such as hole step 44 in Fig. 1. /

[0021]  Although protrusions 82 of Fig. 3 are of uniform diameters, Fig. 4 shows
profrusions 90 configured to have lengthwise sections of different major axis
dimensions or diameters can be used to form in one laminating cycle multiple hole
steps in each hole of membrane 12. Because multiple stepped holes of decreasing
major axis dimensions are used in part to prevent plasma effects stemming from use
of laser 60, the use of imprint patterning eliminates the need for multiple-step
depression or hole formation before laser ablation of the exit hole step.

[0022] It will be obvious to those having skill in the art that many changes may be
made to the details of the above-described embodiments without departing from the

underlying principles of the invention. For example, polymeric membrane 12 can be
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identical cylindrical protrusions 82 nutually spaced
apart by a predeterm ned di stance 84. Protrusions 82

WO 005108l st eps in menbrane 12 in accordance BET/OSZEN4/028405
inmprint patterning technique. This is acconplished by

i ani . C o _

coffiRGRH & g4 Pl shighsTh Sul R EPBel Syt perforated with larger

digmeterholsiepstandua avarrshicetiB gerfor8fad witle sigller disaneter, laser-
surface 14 and thereby stanp conpl enentary depressigns

drilled pxithplmateps. ThegtGapsi @fiae presgnd inyendipashoulgy therefore, be
' 28 that correspond to,

de&%@@@%??@@ﬁg{ﬁ%ﬂghﬁgﬁgpﬁgﬁﬁ% (di anet er) di nensi on and
depth of the hole step. n Fig. , the depressions
correspond to either of hole steps 32 or hol e steps
38. Laser beam 62 of Gaussi an shape is preferably used
to formthe exit hole step, such as hole step 44 in
Fig. . [0021] Although protrusions 82 of Fig. 3 are of
uni formdi aneters, Fig. shows protrusions 90
configured to have | engthw se sections of different
maj or axi s dinmensions or dianmeters can be used to form
in one |am nating cycle nmultiple hole steps in each
hol e of menbrane 12. Because nultiple stepped hol es of
decreasing major axis dinensions are used in part to
prevent plasma effects stemm ng fromuse of |aser 60,
the use of inprint patterning elimnates the need for
mul ti pl e-step depression or hole formation before
| aser ablation of the exit hole step. [0022] t will be
obvi ous to those having skill in the art that many
changes may be made to the details of the
above-descri bed enbodi ments w thout departing fromthe
underlying principles of the invention. For exanple,
pol ynmeri c menbrane 12 can beconposed of two | am nated
sheets in which an upper sheet is perforated with
| arger diameter hole steps and a | ower sheet is
perforated with smaller dianeter, laserdrilled exit
hol e steps. The scope of the present invention should,
therefore, be determ ned only by the foll ow ng
claims.Clains . A mcroporous filter, conprising: a
flexi ble polyneric nenbrane having first and second
generally parallel major surfaces that define between
them a nmenbrane thickness; and a nunber of hol es
passing in a depthw se direction through the nenbrane
t hi ckness to form pores of the nmenbrane, each of the
nunber of holes configured in



mul tiple steps of decreasing nmajor axis di nensions

fromthe first major surface to the second major
w@nosas®13 2. The microporous filter of clai m,PCHUSIWCIRE405

each of the nunmber of holes includes first and second

hol e steps having respectiveyhigst and second naj or

axes, the first hole step b ornmed t hrough the

first Awpicropuodstikerandmphisingecond hol e step bei ng

o A mie SRR T o, 44 L83 o semeraly Pt
major $lifadB<LHAPAERNS bbhiddH thefn Blrbibfand tHidHiss; and

conprising an internediate e step positioned
bet wesiimbaeof holes passing de ardepibwisesdirgrtionfthrugh thé mémbrane
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secondmederN suriadsel e st eps have respective first, second,
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indllefsfirsband Becomnd holeosteps hbvingaespéctileirgt and Be¥bd fajor axes,
of the nunber of holes includes a central axis

each y ! .
the firgt hele etaadeing tigeditheouabnhedirst majoriswEiese anddhe second hole

o al . . i : '
stepRRSd foriad Hhtoh AR sdor ARERFLRERE, St Ple fist ndib’ads being
gredter thaorthpsecoad madjbeaxief claim, in which the

menmprane is fornmed of an organic material. 7. The .

ni cPopdieotMcropprops filter ef el @, furtheiGosmprisieg andatermediate hole

00t SRR Lot il S GPLAN o il o
hoﬁen’mei is%qrmedﬁwte\éidié stppehdMing iabriajopakbsrt’lﬁfat i;s léﬁTth”. amnt@e first major

havi n rst and secon eneral ly parallel major
aXIglﬁnpa@'ggltqrﬁé@ngﬁﬁﬁg) ’F\%&é’rﬁxﬂ%em a nmenbr ane

t hi gk i ' i ; S [ j on

{ he e mickBoreys iRkt Bl 3° ftwhkATho Bt BELHE Shid
intermeadiatiechdle stepsomave tdspetiiveefirshesmront pand irkermediateydepths, the

S S3dheh Bing @68 S0 Do b AR5 365 sseanc deptn
21 ég; g@@ﬂg%rﬁg@ﬁﬂéﬁm &18fn @2 whichieXnBThE huRiber of holes
includes a central axis that extends through the membrane thickness, the central
axis inclined at a nonperpendicular tilt angle relative to the first and second - major
surfaces. ’
6. The microporous filter of claim 1, in which the membrane is formed of an
organic material.
7. The microporous filter of claim 6, in which the organic material includes
one of polyimide, polycarbonate, or PTFE.
8. A method of forming a microporous filter, comprising:
providing a flexible polymeric membrane having first and second generally
pér,allel major surfaces that define between them a membrane thickness; and
directing a laser beam for incidence on the membrane to form a number of
stepped holes at multiple locations, the laser beam characterized by a wavelength

that is absorbed by the membrane and by first and second sets of beam parameters
7 ,



first set of beam paraneters causing the beamto form

through the first major surface a first hole step of a
wo eos3sept h and having a first major axi s andP€TES2004/028405

second set of beam paraneters causing the beamto form
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shape to formthe second hole step.
seconrd hok step ofia sgcondeddpdis andbening 8 skoonderajor axis, the first major

cgéelr.acteri zeﬂab an internedi ate set of beam
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for geapip ﬁfetlﬁ&?of‘élfﬁﬁhge, A whICRRRE Jadt i 1d6F yariable beam shape

internmedi ate set o eam paraneters causing t

angdds pbuniferm baaer shapedodonsithe drsihols step and ef Gadssiae beam
' ' rmedi ate nmaj or axis, the
‘ S“?ﬁ?ﬁf@ﬁfgj@l‘%@gwég@e. ng positioned between the
fir40. ane medwtiohehien 8! PPAhieRdhé NesdrbeamBdunther BRh@icterized

axis being less than the first major axis and greater ‘
by aRdptarmedizie sl ohipan parametansdneludingcn spotcsize and@ power level,

' | I tQ
for AL AARE i R SUBeh (11e8, B A B RLEE RBP4 perameters
cawasing thé&bebm toiforh drhiatdrariiatedie fedidinternfedidte’ d&jth and
than apout 400 nm_ 13. The nethod of claim12, in
hayipgan inlrmedigiednaior axisoeatasmestiafariale stapcbeing positioned

ol T4 P 541 i M L bl s g e
thandhe distroarexissandraaterlthanAhewtbond efajbioaxisng a

' ilter, .conprising: providing a flexihle
pol Jhethg TethaateRE g ik e, FSSEbes gt ér e fogm beam
Ji defi ne between them a
Shérgén‘?rigﬁ@ tﬁi'@%ﬁ@ggfﬁgéﬁtﬁgbat mul tiple locations a

‘nunb2r Toe reethodeaf diaiine8,, inevehith tie lasiec beamclvavdileggth is shorter

. throu he first major surface a first hole step of a
thapiqtﬁqqugbtr}mand havi ng a

13. The method of claim 12, in which the membrane is formed of organic
material.

14. The microporous filter of claim 13, in which the organic material includes
one of polyimide, polycarbonate, or PTFE. '

15. A'method of forming a microporous filter, comprising:

providing a flexible polymeric membrane having first and second generally
parallel major surfaces that define between them a membrane thickness;

forming at multiple locations a number of stepped holes, each of which-
including through the first major surface a first hole step of a first depth and having a
first major axis and through the second major surface a second hole step of a
second depth and having a second major axis; and

the forming of the second hole step in each of the number of stepped holes
comprising directing for incidence on the membrane a laser beam characterized by a

wavelength that is absorbed by the membrane and by beam parameters that cause
8



first major axis and through the second major surface

a second hole step of a second depth and having a
W@ ewsosPsnyj or axis; and the form ng of the sechPemURN€028405

step in each of the nunber of stepped hol es conprising
thelpE S bqdl 10 Rim e, SRRAR Iile sioh JIRTAER8aTI BRfbr S9E Being
smaltertthandhe ficktmyajbeaxispar anet ers t hat cause 8t he | aser

ot fh. Sob 3 lobr Syt Wit R Boblbbds 8 BF Bilssian beam
sh f t&rfBﬁn!{ﬁélgggo,Q(j h6le?tBh 15, in which the |aser beamis

ussi an beam shape to formthe second hol e step.
17. 1h&hevnéthod aff cldimi 1h, 15 which thie lakert beamavavelergtimis shorter
th vva\ﬁ%l gﬂgbh is shorter than about 400 nm 18. The
AFANRRY "M-ai m 17, in which the menbrane is forned of

pol yg arhemaéifodlof Bl 17,97 wHich il Methiané igfgimk? ofi n

whi ch the formng of the first hole steps in the
polycarbenatsf orlPEbled hol es conprises inprinting into the

fir L.Or f ‘ t. ] ' . .

oo, THeghabai it BRI SR BRAFRESORE ptglgteps in the
nuBEEof steppé@ hvlest diensrigussiasprimting hiatel the fidstrhhjor sbefacamepattern of

substantially equal to the first depth of the first

depressions ppsitioped atincatiens sariespendingita the sieppaddiple jacations, the
' 4 nting. of t [ [ : .

o365 T30 st B B cASER PE3LA13 O RS o of o s

holerstépdisi ons that have |engths corresponding to the

first depth of the first hole step; and urging the
t 0089-0ff NS ReIREHo! ElaEy Tard) BGH NPT BRI Il the RERGRLOf
ks akher to stanp depressions into the
de@r'egg%lpélﬁgsmlst% ereby formthe first hole steps. 9 ’
providing a toolfoil having a patterned surface of protrusions that have lengths
corresponding to the first depth of the first hole step; and
urging the toolfoil and the first major surface of the membrane against each

other to stamp depressions into the membrane and thereby form the first hole steps.



