1 SUPER-HYDROPHOBIC HIERARCHICAL STRUCTURES, METHOD OF FORMING THEM AND
MEDICAL DEVICES INCORPORATING THEM FIELD OF THE INVENTION [0001] The present
invention relates to polymer-based structures having shapes and mechanical properties that induce
super-hydrophobicity. BACKGROUND OF THE INVENTION [0002] It is well known that hydrophobicity
may improve the mechanical properties of a surface. One of the crucial surface properties for materials
in micro/nanoscale applications is non-wetting or hydrophobicity. Creating hydrophobic surfaces on
materials is desirable in some applications, because these surfaces cause water to flow away from the
surface, thereby preventing the buildup of liquid on the surface. Hydrophobic surfaces are also
desirable due to their self cleanrn properties. These surfaces repel liquids, thereby resulting in liquid
and contaminatingspéPteRsH YRR G MBI € JNERARGHICAL S I RUGH ES . MEEHOD QR by a
contact angle, whict$af% Yigd dHESWORBRRGERAING THEM id wets the
surface, the value of the contact angle is 900 or Iess (referred to as wetting liquid), whereas if the liquid
does not wet the B (THE /N OfN-wetting liquid or hydrophobic surface), the value of the
contact angle ranges between 90 and 180. A surface is considered superhydrophobic, if the contact
angle has a range of between about 150 to 180. [0004] Biomimetics has played a role in the
development of [0ea1urfaibes pRisanmatiasntidhichetngesdrqrol wieebksadr diidiernsie sisvingeaning to
mimic

shapes and mechanical properties that induce super-hydrophobicity.

BACKGROUND OF THE INVENTION

[0002] It is well known that hydrophobicity may improve the mechanical
properties of a surface. One of the crucial surface properties for materials in
micro/nanoscale applications is non-wetting or hydrophobicity. Creating
hydrophobic surfaces on materials is desirable in some applications, because
these surfaces cause water to flow away from the surface, thereby preventing
the buildup of liquid on the surface. Hydrophobic surfaces are also desirable
due to their seif-cleaning properties. These surfaces repel liquids, thereby

resulting in liquid and contaminating particles flowing away from the surface.

[0003] Wetting is characterized by a contact angle, which is defined as the
angle between the solid and liguid surfaces. If a liguid wets the surface, the
value of the contact angle is 90° or less (referred to as wetting liquid), whereas
if the liquid does not wet the surface (referred to as non-wetting liquid or
hydrophobic surface), the value of the contact angle ranges between 90° and
180°. A surface is considered superhydrophobic, if the contact angle has a
range of between about 150° to 180°.

[0004] Biomimetics has played a role in the development of new surfaces.

Biomimetics, which comes from a Greek word "biomimesis" meaning to mimic



2 life, describes the study and simulation of biological objects with desired properties. To that end,
scientists have studied natural surfaces that are extremely hydrophobic, in order to reproduce these
properties on artificial surfaces. Among these surfaces studied are the leaves of water-repellent plants
such as Nelumbo nucifera (lotus). At least two surface characteristics are believed to produce water
repellent properties on these surfaces. First, the surface of the leaves is usually covered with a range
of different waxes made from a mixture of large hydrocarbon molecules, measuring about 1 nm in
diameter, that are strongly hydrophobic. Second, the sprface is very rough due to so-called papillose
epidermal cells, which form asperities or papillae. The surface of the lotus leaf generally has pyramid
shaped asperities that are spaced a few pm from one pyramid tip to another pyramid tip. Drops of
water substantidifi§, coaeseibes!ytise sivslvr pedksiofulatgyramibioisgitizt thicctmtadtardesobdater to

surface is minu%kgepg@gjvem "Yﬁé?r%BP%E@W&@”ﬂ&Q‘@EH@%&S&%ﬁEﬁf%J &esr c%gecontact

surface area results in a very low adhesion between the water e micro-rough surface.

[0005] Various giesRIbdiEdraabetieeindoieRipdel fapaeeuge aesermereTitsuprerantitivigbhobic
surfaces which gijpgdbat oiriim i ieals fiph A BRIGEH - 3rd RN EARIC R N--RNHAR 78724

discloses design criteria for lotus leaf mimetic structures, and suggests a number of methods which

could be used t8'AMHRSYGRRASYEHABECIRUGERTE BRIy b 'erthdea PR shasacipaisigs
p[‘ocelsshes, sh?]mtwtf&m@&s@@@ pﬁiﬂg@pm@riaé?m@wlw@&ﬁle@@& tﬁ@@@ﬂgr@éeg.easm, the
photolithography, solvent or vapor deposition, electroplating, electrowetting, plasma processing,
warm-water pro%ﬂ%@ﬁ‘ffg,ogﬁfiﬁelig X Béfﬁﬂffr}]g/ SiteH 8.M&@J@ﬂ%qﬁéﬁ!@@m&ﬁéﬂ%%ﬁjﬁ]aﬁon is
disclosed. 3 [0Gfishia"Rekiucation kirgtetadiucatsiruchdieswes Relyameirgudbsattol MimigNatural
Superhydrophohic Surfacgs”, Advanced Materials, yol. . 0-2335 (2007), Yuwon Lee et al.
disclose a tabrT DT 5 el A S Y TOR eSOt AGE A, Mot Rt cos
etching/anodizattorendiipdlyrapiflospliepidermdi erells wetlice floed sipriiaschre paitieens Weye
transferred onto, rf umi otoli r using a photorgsist and
shadow masks,sfol g\?vge ;ﬂg%fc m%éa‘rgg*:%gi%i?ﬁ%@h%% éﬂéﬁ%rﬂé@%ﬁie%f o'?hrr?% n&eagi |{/ee,
hierarchical repfoated @ﬁ@p\{aﬂ@) th%fpbiiéié sohagioten sivy woidetipy | dh@ssiadtreter The
HDPE substrateuiasdRiishd RiRde aRgafeedseplaie sils rabaniiessy i ifbonbgayienty
efic hie ical poly [

peeled from the template t0 produce lotus leaf mim erarc meric structures. 71 U.S.
Patent Publicati®i¢f6f 2@ierde srEseiscisusauemledeitapMatag droneeaniasting amiasduces

adhesion and tosagaeth addaBI OdYRING SRR SR CERHMA W ME iy Clltem OTifhis tyag thaj,reduce

adhesion are known and are used, for example, to configure self-cleaning surfaces that use the Lotus
effect. Accordin§4BaRETRRRRST {he waiet QOB R R BisEr BN FEEIRFBY means of reverse pulse

plating, the known microstructure being first produced and a nanostructure that is overlaid on the

microstructure ifo%rboﬂuce\?laﬁghhsengg gdlti)q(])egi%rsin&z%%%%%sc&%%& for design and formation
of super-hydrophobic surfaces which mimic that of the lotus leaf. For example,
U.S. Patent Publication No. 2006/0078724 discloses design criteria for lotus
leaf mimetic structures, and suggests a number of methods which could be
used to make- such stfructures, including etching and embossing processes,
coating processes, shaping processes using appropriately structured molds,
polishing processes, photolithography, solvent or vapor deposition,
electroplating, electrowetting, plasma processing, warm-water processing, and
high temperature sintering. However, no detailed method of formation is
disclosed.



[0008] U.S. Patent Publication No. 2010/0098909 discloses an article having a nanotextured surface
with superhydrophobic properties, comprising an array of vertical tabs, formed by photolithography.
[0009] In "Effect of Replicated Polymeric Substrate with Lotus Surface Structure on Adipose-Derived
Stem Cell Behaviors", Macromolecular Bioscience vol. 11, pp. 1357-1363, Kyoung Je Cha et al.
disclose fabrication of 4 polystyrene substrates with lotus leaf surface structures by electroforming
nickel onto a natural lotus leaf to form a mold, followed by hot embossing with polystyrene. [0010] U.S.
Patent Publication No. 2011/0177288 discloses methogls of making superhydrophobic structures
comprising depositing a polymer mold onto a silicon surface comprising a plurality of microasperities,
removing the polymer mold after the polymer mold has hardened, depositing a liquid epoxy resin into
the polymer mol@0@Bininina”fradricatigstueé Witrarghigali§todchicesaspeditiBs!pynse Buehicg tiee epoxy
resin from the mgith MR HIFPRAIEIASET A BRY LAtk 2R 'AUDIR 8 AHRRNILORAbIFteture by
depositing a plurality of alkane nanoasperities on the microst Sresence of soivant vapor.
2330-2335 (2007), Yuwon Lee et al. disclose a fabrication process consisting of

three processes: photolithography, aluminum etching/anodization and polymer
replication, wherein well-defined microstructure patterns were transferred onto
the surface of an aluminum sheet by photolithography using a photoresist and
shadow masks, followed by etching and anodizing of the aluminum surface to
form a negative, hierarchical replication template, to which was applied a high -
density polyethylene substrate. The HDPE substrate was forced into the
negative template under heat and pressure, and subsequently peeled from the

template to produce lotus leaf mimetic hierarchical polymeric structures.

[0007] U.S. Patent Publication No. 2008/0217180 discloses a surface
comprising a microstructure that reduces adhesion and to a method for
producing said microstructure.  Microstructures of this type that reduce
adhesion are known and are used, for example, to configure seif-cleaning
surfaces that use the Lotus effect. According to the invention, the surface is
produced electrochemically by means of reverse pulse plating, the known
microstructure being first produced and a nanostructure that is overlaid on the

microstructure is produced at the same time or in a subsequent step.

[0008] U.S. Patent Publication No. 2010/0098909 discloses an article having
a nanotextured surface with superhydrophobic properties, comprising an array
of vertical tabs, formed by photolithography.

[0008] In “Effect of Replicated Polymeric Substrate with Lotus Surface
Structure on Adipose-Derived Stem Cell Behaviors”, Macromolecular

Bioscience, vol. 11, pp. 1357-1363, Kyoung Je Cha et al. disclose fabrication of



[0011] It would be desirable to provide a simpler method for formation of hierarchical, biomimetic
structures. SUMMARY OF THE INVENTION [0012] The present invention relates to a method of
making a synthetic polymer substrate comprising a hierarchical surface structure of multiple domes
and multiple pillars on said domes, comprising forming an array of dome-shaped depressions, each
having a diameter and a depth, in a solid template substrate; forming a porous surface on said
dome-shaped depressions, wherein said porous surface is formed of a material different from that of
said solid template substrate; and contacting said porqus surface with a synthetic polymer
thermoplastic film under temperature and pressure conditions sufficient to cause said thermoplastic to
flow into pores of said porous surface and said dome-shaped depressions to form an imprinted film

having said hierﬁ@ﬂ‘ﬁ_bﬁm@rmt{ﬁt&ﬁw% ﬂomsqgahﬂm@eawpowmem tHeqprefsemingeittieh is
directed to a syQiglic PANMAT SHRRI"RSCRIMRIAING SRiRIIGRRH RCR YT LRI gl pulfiple domes
polymer film, said

and multiple pillars on said domes, wherein said substrate Is a syntheti omes
have diametersﬁﬁfﬂ’f“éyfﬁﬁ@e from about 5 pm to about 400 pm, heights in the range from about 2.5 pm
to about 500 pm, and said pillars have diameters in the range from about 20 nm to about 5 pm and

aspect ratios of from about 2 to about 50. [|001_4] In a further embodiment, the present invention is
directed to a mddfWHe it cbRs’ingRlsatignal harfy HEMRBHC Psrrseshimaibatsishg a
hierarchical suriaekistjustiperafarciiisiclosnastanss nudHpaHiiara sppsaisgamssiymaereip eaid

synthetic polymer film is ?therm(éplastic pol¥mer film, said domes_have diameters in the range from

about 5 pm to aBBI% FoBIFAN HHGAESIFATPHIRR RoNHRIBY: Y SirFrRREBlRSOFRPIRVESd!ESid pillars
have diameters goltmeaanggdrafteatieepadmar tmalkebhbb hardatkaspepoting af feRm ahei2 to
about 50. . , . . .
resin into the polymer mold, forming a microstructure with a plurality of
microaspetities by separating the epoxy resin from the mold after the epoxy
resin has solidified, and forming a superhydrophobic structure by depositing a
plurality of alkane nanoasperities on the microstructure in the presence of

solvent vapor.

[0011] It would be desirable to provide a simpler method for formation of

hierarchical, biomimetic structures.

SUMMARY CF THE INVENTION

[0012] The present invention relates to a method of making a synthetic
polymer substrate comprising a hierarchical surface structure of multiple domes
and multiple pillars on said domes, comprising forming an array of dome-
shaped depressions;--each having a diameter and a depth, in a solid template
substrate; forming a porous surface on said dome-shaped depressions, wherein
said porous surface is formed of a material different from that of said solid
template substrate; and contacting said porous surface with a synthetic polymer
thermoplastic film under temperature and pressure conditions sufficient to
cause said thermoplastic to flow into pores of said porous surface and said



BRIEF DESCRIPTION OF THE DRAWINGS [0015] Figures 1A and 1B show FE-SEM images of top
and cross-sectional views, respectively, of a porous anodic alumina (PAA) template prepared by the
inventive process. 6 [0016] Figures 2A and 2B show FE-SEM images of polypropylene hierarchical
lotus leaf-like structures. [0017] Figures 3A-3C show images of water contact angle measurements on
domed structures (3A) and on domed-structures having lotus leaf-like topographies (3B, 3C). [0018]
Figures 4A-4C show FE-SEM images of lotus leaf-like structures having 400 pm domes and 0.8 pm, 1
pm and 3 pm diameter pillar structures, respectively. RETAILED DESCRIPTION

dome-shaped depressions to form an imprinted film having said hierarchical

surface structure.

[0013] In another embodiment, the present invention is directed to a
synthetic polymer substrate comprising a hierarchical surface structure of
mulitiple domes and multiple pillars on said domes, wherein said substrate is a
synthetic polymer film, said domes have diameters in the range from about 5
pm to about 400 pm, heights in the range from about 2.5 um to about 500 um,
and said pillars have diameters in the range from about 20 nm to about 5 um
and aspect ratios of from about 2 to about 50.

[6014] In a further embodiment, the present invention is directed to a medical
device, comprising a substrate having a synthetic polymer film comprising a
hierarchical surface structure of multiple domes and multiple pillars on said
domes, wherein said synthetic polymer film is a thermoplastic polymer film, said
domes have diameters in the range from about 5 pm to about 400 um, heights
in the range from about 2.5 ym to about 500 um, and said pillars have
diameters in the range from about 20 nm to about 5 pm and aspect ratios of
from about 2 to about 50.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figures 1A and 1B show FE-SEM images of top and cross-sectional
views, respectively, of a pcrous anodic alumina (PAA) template prepared by the

inventive process.



[0019] Nature has created surface structures that have potential for biological applications. However,
these structures are complex mixtures of micro- and nano-sized shapes and features. To fabricate
these on polymers of interest is a challenge that needs to be addressed. In order to address this
challenge, lotus leaf mimetic surfaces comprising a hierarchical structure of a micrometer-sized dome
and a pillared nanosurface have been fabricated by a one step nanoimprinting process on a polymer
using a specially prepared hierarchical template. [0020] In one embodiment, the invention is directed
to a process to make hierarchical surface features on g polymer substrate. The process involves
making a surface with dome-like features by lithographic means on a silicon wafer followed by etching,
or by micromachining the dome-like features into a substrate, followed by placing a porous template
onto the surfacd0fH BltheFiguessbodmerndh pdBynaidiim FEsGikddquemaleprestegohtpripyliene
pores/depressigys thereofitR {esm thgihielp chigakstructure onto the surface of the film. [0021]
Generally, the process includes forming an array of dome-shaped depressions, each having a
diameter and a depth, in a solid template substrate, followed by forming a porous surface on said

dome-shaped dRyeApioSgUas L SeidtomMs-Radage iador msd Lt & Atsriabdiiferaan ftomm that of

said solid template substrate. Subsequently the combined porous surface and solid template substrate
is contacted witHAShtHRHCBERM bRt a8hc ARMEHdRirwsHms aliRviBad 9tessuratBrRlitions
sufficient to caugghedbsieBepisscpolymer to flow into both the pores and the underlying
dome-shaped depressions to form an imprinted film having a hierarchical surface structure. [0022] The
dome-shaped depressions can have diameters in the range from about 5 pm to about 400 pm, depths

in the range frofeedsiut Fpredosbad SRR ADEMtageausy dheopiichdhelikee sentairtascenter
distance) between the e-shaped depressjons is roximately equivalent (i.e. on the same order
of magnitude) %] Yel c%{?)gslyr?1 dfgrﬁne?grggﬁ?k?)e 6f8s ﬁﬂ %ﬁﬁé}ébﬂ?é@eéﬁﬁ élg%%%r&mﬂf@?s in the
range from abome@tentwaly about 5 pm and aspect ratios of from about 2 to about 50. [0023]

Depending on the desired relative dimensions for the hierarchical structure, two different embodiments

have been developed for forming the mold.
- DETAILED DESCRIPTION

[0019] Nature has created surface structures that have potential for biological
applications. However, these structures are complex mixtures of micro- and
nano-sized shapes and features. To fabricate these on polymers of interest is a
challenge that needs to be addressed. In order to address this challenge, iotus
leaf mimetic surfaces comprising a hierarchical structure of a micrometer-sized
dome and a pillared nanosurface have been fabricated by a one step
nanoimprinting process on a polymer using a specially prepared hierarchical
template.

[0020] In one embodiment, the invention is directed to a process to make
hierarchical surface features on a polymer substrate. The process involves
making a surface with dome-like features by lithographic means on a silicon
wafer followed by etching, or by micromachining the dome-like features into a

substrate, followed by placing a porous template onto the surface. In either



[0024] The initial template can be prepared by standard photolithography and micromachining
techniques in silicon. These techniques allow one to produce a wide range of features with high
dimensional precision and reproducibility. 8 Different structural features can be used as a first level of
hierarchy such as lens, domes, gratings etc with circular or square shapes. The template can be made
on or replicated on to other materials like quartz, fuse silica, nickel. Hence, this fabrication approach
allows greater flexibility in terms of structural features and/or material for the first level of hierarchy
template. On the selected template, an aluminum film is deposited through a sputtering or evaporation
processes. The Al film will conform to the features covering the entire surface of the first level
template. Upon anodizing of this Al film nano-sized pores are created on the film. The process can
create uniform sgtdbedinusfireeddipiget fimtie hibsamrecdyaresstd dhicethsipoeds/dspseasidddayer to

create these Str%%ﬁ%%mﬁ@-ﬂr‘&@%ﬁﬁ’%ﬁ%ﬁgﬁr‘fﬁ]g%a‘“%nseﬁfacgesﬁﬂlﬁ% ﬁinatural etch stop on

the non-Al substrate. a first embodiment of the process, the so emprf?a'te Substrate is a
silicon wafer and said dome-shaped depressions are formed by lithography and dry etching. A porous

surface is forme@rigepesifacehy, AHETBREN ARl deBimahane deaesti g agedzing the

aluminum film, which acts to formrgores In the aluminum film. [0026] According to this embodiment,

the dome-shap<tPBEFSESSRHIRAEAMAXING Gistinansis aase degiiren? solidttempistesabsiaieo pm,
depths in the rapgrfrem BPOGMPR 18 FRHLL0RIMadE binepRIeaSAR RAYS chamsirssdptae range

from about 20 nm to about 500 nm, or even from about 200 nm to about 400 nm, and ?%pect ratios of

from about 2 to YBGIRBEAT FORUBSHTEES &R of fomalerizt ditsrapbiom thathensaidout 2 to
about 5. AdvantsgiebDushpiiie BT sR) Rvesan avaAdePesBinBERIofakowb2AGARsYNE an
average depth qf ab?ut 500 Mo . \ .

emplate substrate is contacted with a synthetic polymer thermoplastic film

under temperature and pressure conditions sufficient to cause the thermoplastic

polymer to flow into both the pores and the underlying dome-shaped

depressions to form an imprinted film having a hierarchical surface structure.

[0022] The dome-shaped depressions can have diameters in the range from
about 5 um to about 400 pm, depths in the range from about 2.5 ym to about
500 um. Advantageously, the pitch (i.e. the center to center distance) between
the dome-shaped depressions is approximately equivalent (i.e. on the same
order of magnitude) to their chosen diameters. The pores in the porous surface
can have diameters in the range from about 20 nm to about 5 ym and aspect
ratios of from about 2 to about 50.

[0023] Depending on the desired relative dimensions for the hierarchical
structure, two different embodiments have been developed for forming the

mold.

[0024] The initial template can be prepared by standard photolithography and
micromachining techniques in silicon. These technigues allow one to produce a

wide range of features with high dimensional precision and reproducibility.



9 [0027] After the polymer film has been flowed into the mold, the process further comprises
de-molding the imprinted hierachical structured film by peeling it from the solid template substrate.
[0028] In a second embodiment of the process, the solid template substrate is a metal substrate and
said dome-shaped depressions are formed by micromachining. Advantageously, this embodiment of
the process does not necessarily require the use of clean room facilities. The process involves initially
machining the dome structures in a metal substrate to form the first level of hierarchy. The size limit for
this type of machine tooling is in the range of 100 um. Jhe second hierarchical level is achieved using
commercial filter membranes. These membranes are typically made of polycarbonate, and have pores
running through the thickness of the membranes which are produced using ion track etching. The
thickness of the liéeneniiséristysicfdigtaeamambehesedresvialtfisi deydton Biarafcbn s{@0283 The

membranes in s TR PLAGS 8% ARG APk Sl IambEnoR e e ihgie

which are placed on e surfac ome ressions in the Solid t mp At& o strate
and forced into §2Ad€lcPRedhEgisaiedrassithoihengnaterials thicenmsidatidyesy sikedilmiokelich is

positioned on ton Q{dberRRreMsIRIBRT BB WIkHI RSB SHSMRRIAN R ARY Bfea%&@”diﬂons

[0030] Accordln?ﬁto this embodiment, the dome-shaped depressions can have diameters in the range

from about 50 pIRABERFRRUED rﬁﬁ*%éb“l%"h?tﬁ'@*r@@é WM%@UVW@ ab¥utheosefsietegind the
pores can have @iamatersdn harmnas fipm —baehaoReamHagnus %Bmte(?rnaveﬂ H\%&%ﬂaﬁ 400 nrn
to about 3 pm, and aspect ratios of from about 2 to about 50, or from about 2 to
processes. 1he Al film will conform to the features covering the entlre surface
of the first level template. Upon anodizing of this Al film nano-sized pores are
created on the film. The process can create uniform and well-defined height for
the hierarchical nanostructures since it uses an Al layer to create these
structures, unlike other processes. The anodization process has a natural etch

stop on the non-Al substrate.

[0025] In a first embodiment of the process, the solid template substrate is a
silicon wafer and said dome-shaped depressions are formed by lithography and
dry etching. A porous surface is formed by depositing an aluminum film on the
dome-shaped depressions and anodizing the aluminum film, which acts to form
pores in the aluminum film.

[0026] According to this embodiment, the dome-shaped depressions can
have diameters in the range from about 10 ym to about 40 um, depths in the
range from about 5 pm to about 20 pm, and the pores can have diameters in
the range from about 20 nm to about 500 nm, or even from about 200 nm to
about 400 nm, and aspect ratios of from about 2 fo about 50, or from about 2 to
about 25, or from about 3 fo about 25, or from about 2 to about 5.
Advantageously, the pores can have an average pore diameter of about 200
nm and an average depth of about 500 nm.



about 25, or from about 3 to about 25. Accordingly, the pores can have diameters in the range from
about 0.4 pm to about 3 pm. [0031] As stated above, the method further comprises placing the
synthetic polymer thermoplastic film onto said track etched membrane, and applying said temperature
and pressure conditions to the combination of the synthetic polymer thermoplastic film and porous
membrane, so as to force thermoplastic polymer from a surface of the film into the pores of said free
standing track etched membrane, and both of the film and the membrane into the underlying dome
shaped depressions in the metal substrate. [0032] Conyeniently, the free standing track etched
membrane is a polycarbonate filter membrane, and the process further comprises removing the
combined polycarbonate filter membrane and polymer film from the mold and dissolving the
polycarbonate 2Rk mbiere thathpalgoiee ftinedvdagogenpOiymest nibstratenolithptisingradeissarchical

surface structurﬁxrﬁ{@ SB&Vﬁ?Fié‘é@.“ﬁeQﬂBﬁﬁ@ rg:ﬁgé)@fpﬁﬁgﬁld@&é&]@&ﬁds t{]u%%t it%;%%e not affect

the polymer film. For example, when the f e IS polycarbonate and the syn c B’olymer
film is polypropyh&ftinget-fehitaa/id lemplaisusabsératsivent. [0033] This fabrication process is

practical and low cost as it uses machined molds and commercially available porous membranes.
However, the process tools limit the fabrication of the hierarchical lotus leaf structures to larger sizes

than in the previ@9€8koclis@ $8ePaERE8RYRRALRE s e anfskiBesSAld damplaienadbsirgienatch.

The dome width§h@umé:t@|Iaégﬁéttbt@pﬁsﬁaxiwéelﬂ&ﬁ@ﬂ%ﬁ@a ofiipBapHy aprthicKngas f9r the
membrane to comply with the dome topography. Likewise, the dome sagitta (depth) should be larger
than the 11 thicﬁ%%ggﬁlc @'Wer%?gﬁ@tgg%émiég'ﬁ@rﬁm%%ﬂ%hﬁ RGGREEOARRRIMRE dome

structure. [0034hgbeskuiintinaypiecesseagiesdribedrbowercandigissed Taenaks-asynieliggolymer
substrate, such ast.ope for use onﬁm dical device, comprising, a hierarchical surface structure of
i f 4 Rhhskaesdam e

multiple domes an r%’fuqﬁ%?e PIR-S'6eRG qEHe Ures, ih A0 e ipdptied sHiavstic
polymer film, thefloeresctan fikessdiafivetefsrithta éyraangbrfrachiabdubingris o b ws4@9 gfmobeights in

the range from Ut-?sh p o] a illars,can have diameters in the range from
about 20 nm to about %m%é%%%p%%?gg @g%if pr%%gﬁl%utaf%e\é dut §51,gor?|pormn§r§8‘ﬂ Z?i%%ébout 25,
or even from ab\@rgoreageutlPese membranes are typically made of polycarbonate, and have

pores running through the thickness of the membranes which are produced

using ion track etching. The thickness of the membrane is typically 20 um and

the pore widths vary from 0.4 — 5 um.

[0629] The membranes in this embodiment are free standing track etched
membranes having pores therein, which are placed on the surface of the
machined dome depressions in the solid template substrate, and forced into
said dome-shaped depressions along with the thermoplastic polymer film, which
is positioned on top of the porous membrane, and under the same temperature
and pressure conditions. |

[0030] According to this embodiment, the dome-shaped depressions can
have diameters in the range from about 50 um to about 400 um, depths in the
range from about 50 pm to about 100 um, and the pores can have diameters in
the range from about 200 nm to about 3 um, or even from about 400 nm fo

about 3 ym, and aspect ratios of from about 2 to about 50, or from about 2 to



[0035] Advantageously, the synthetic polymer substrate is a thermoplastic polymer, such as one
selected from the group consisting of polypropylene, polycarbonate and polydioxanone, and the
domes can have diameters in the range from about 10 pm to about 40 pm, heights in the range from
about 5 pm to about 20 pm, and said pillars can have diameters in the range from about 20 nm to
about 500 nm, or even from about 200 nm to about 400 nm, and aspect ratios of from about 2 to about
50, or from about 2 to about 25, or from about 3 to about 25, or from about 2 to about 5.
Advantageously, the pillars can have average diametggs of about 200 nm and average heights of
about 500 nm. [0036] Alternatively, when using the micromachining process, the domes can have
diameters in the range from about 50 pm to about 400 pm, heights in the range from about 50 pm to
about 100 pm, @&hduied5illas bavhabeuicnieabuthaFandetadiraput2B@orasocalbott8epm, or

even Trom aboUbEGRERSIR ARG LA AN SBSBEOL B TPLEAM SPAY! 2 1o about 50, or from about 2

to 12 about 25, or from about 3 to about 25. Accordingly, the pillars can have diameters in the range
from about 4 nm to about 3 pm. In this embodiment, the pillars are formed within the pores of a track

etched membrafuch As apAkeaRARAIHElRImeN iR A RBLAB AN RCSTRIAY

cylindrical in shape. The synthetic polymer substrates can have a center-to-center distance (pitch)

between the doRRE¥TMRICARE RISt ARIgRgUTelddraes aiehadmamaranemard srayjoosadrne
synthetic polymesrapbritates aadopned iravesnditiaishisalihsuckidbihaisaneersibesmiags
super-hydrophobiiP having static water, contact angles of at least about 150, such as from about 150 to

about 165. [00387YA¥E WW%@%GBQ%&%&‘?SW&%&H@@ﬁéﬁl@ﬁ‘f@lé‘é‘iﬁ”@%}’iﬁ?@i@ralIy
molded is meanpshahtrefiginiciuseitaterrobthia fime piesehglugisgdbalhidsidemaes syt aillars, from

a mold. [0039] Advantageously, medical devices incorporaging the sypthetic polymer sybstrates
described abovg?&@&f&?%ﬁ%%%e?ﬁg%uo(& gf ﬁ%ﬁi@?ﬂgﬁ[gﬁ fﬁ%ﬁiﬁ@?’mra?‘e itto the ungeﬁymg
dome shaped depressions in the metal substrate.

[0032] Conveniently, the free standing track etched membrane is a
polycarbonate filter membrane, and the process further comprises removing the
combined polycarbonate filter membrane and polymer film from the mold and
dissolving the polycarbonate fiter membrane with a solvent, leaving the
polymer substrate comprising a hierarchical surface structure. The solvent for
the porous membrane should be selected such that it does not affect the
polymer film. For example, when the filter membrane is polycarbonate and the
synthetic polymer film is polypropylene, tetrachloroethylene is a suitable

solvent.

[0033] This fabrication process is practical and low cost as it uses machined
molds and commercially available porous membranes. However, the process
tools limit the fabrication of the hierarchical lotus leaf structures to larger sizes
than in the previous process. The dome size and membrane thickness need to
be chosen to match. The dome width should be larger by approximately 5
times that of the membrane thickness for the membrane to comply with the
dome topography. Likewise, the dome sagitta (depth) should be larger than the



[0040] The invention is further explained in the description that follows with reference to the drawings
illustrating, by way of non-limiting examples, various embodiments of the invention. Example 1
Fabrication via hierarchical template of PAA on silicon [0041] Silicon molds with domes of 10 um in
diameter and depth of 5 um, pitch of 10 pm were fabricated by photolithography followed by plasma
etching. The molds were cleaned by corona discharge to remove any organics left from 13

11

thickness of the membrane as otherwise the pillared structures would conceal
the dome structure.

[0034] The inventive processes described above can be used to make a
synthetic polymer substrate, such as one for use on a medical device,
comprising a hierarchical surface structure of multiple domes and multiple
pillars on said domes, such as wherein the substrate is a synthetic polymer film,
the domes can have diameters in the range from about 5 um to about 400 um,
heights in the range from about 2.5 um to about 500 um, and the pillars can
have diameters in the range from about 20 nm to about 5 um and aspect ratios
of from about 2 to about 50, or from about 2 to about 293, or even from about 3
to about 25. |

[0035] Advantageously, the synthetic polymer substrate is a thermoplastic
polymer, such as one selected from the group consisting of polypropylene,
polycarbonate and polydioxanone, and the domes can have diameters in the
range from about 10 ym to about 40 um, heights in the range from about 5 ym
to about 20 um, and said pillars can have diameters in the range from about 20
nm to about 500 nm, or even from about 200 nm to about 400 nm, and aspect
ratios of from about 2 to about 50, or from about 2 to about 25, or from about 3
to about 25, or from about 2 to about 5. Advantageously, the pillars can have

average diameters of about 200 nm and average heights of about 500 nm.

[0036] Alternatively, when using the micromachining process, the domes can
have diameters in the range from about 50 pm to about 400 um, heights in the
range from about 50 um to about 100 um, and the pillars can have diameters in
the range from about 200 nm to about 3 um, or even from about 400 nm to

about 3 uym, and aspect ratios of from about 2 to about 50, or from about 2 to



the etching process. The substrates were then coated with a thin film of Ti to serve as an adhesion
layer on which a film of aluminum (500 nm in thickness) was sputtered. Subsequently, the aluminum
film was anodized in a temperature controlled electrolytic solution of 0.3 M H3PO4 at constant voltage
of 130 V at 2 C for 1 hour. The pores obtained were then widened by etching the barrier layer formed
at the end of the anodization process in a solution of 5 wt % H3PO4 for 90 min. [0042] Fig. 1A shows a
top view and Fig. 1B a cross-sectional view of one of the PAA templates prepared by this process.
Typically the pores had an average pore size of 200 njg and a depth of 500 nm. However, pores
ranging from 20 nm to 300 nm can be achieved varying the process parameters. The depth of the
pores is determined by the anodization time. Typically it was controlled to obtain a pore aspect ratio of
2-5. Imprinting cfqswli/ a8 letukdaafdbeutdidturaso(d02B] TAeqmelipgbd tivaphitesweane ingpegnted into
polymers, ypically BN IpRE(ide)rrBRMasElPadle B GLAlPONHIXANRRS BTl tppPiates
were initially coated with a fluorosilane release agent through vapor dep05| ion

1H,1H,2H,2H-peHrisrareclarner ovdsinribeonegsceltive saskhichastgyembargtitstethasiemolding

process. The '%I?H&%&ﬁ%@%%@%%ﬁ@%%‘@ﬁ@ﬁ iffAPeucat BRNOUTANNIR- AilFeRiSiADHing film

_ of PP with a thickness of 0.5 mm was placed on top of the template. The template and PP sheet were

heated up to 186'@%&1&@%@3}@@%%?@&@%@#@@@? boyss aternfsenerias| diskuwmbly was
then allowed to goRtQuaeen igBRASALEHIN & hsfexiialressliRNas: 'Rlapsedandidamolding

was performed. Demolding was performed by physically peeling off the template. This template 14
prepared with | e io (AR 2-5) dimensions is reusable as the imprinted polymer readily
demolds from the template. [0044] Figs. 2A (2,200X) and 2B (10,000X) show an example of

hierarchical lotu Basaif lik tructur [tﬁn cated in PP. Th nth efic structure incluﬂes 10 um dome

structures Wlth sagi hal tﬁﬂ) H%ﬁ%hSHP%ag a§%h é){ 1858 SR chPEHEMER nm

pillar, 500 nm insthepthras tetonehidee. the-iguddberaoperieydagrheloogaiadinilastativiohsrs at the

edges of the do be to the II|n forcef odem Idin ng applied
PR drRGRL PPN SRRl e o

perpendicular to the pore-pillar stru Clires created onth e Sdewa ling force
caused the elongation of the polymer pillars during demolding probably because the polymer was not

completely coolgghsg;  The synthetic polymer substrates so-formed are integrally molded. By
integrally molded is meant that the structure is formed in one piece, including

both its domes and its pillars, from a mold.

[0038] Advantageously, medical devices incorporating the synthetic polymer
substrates described above demonstrate benefits such as inhibition of fouling.

[0040] The invention is further explained in the description that follows with
reference to the drawings illustrating, by way of non-limiting examples, various

embodiments of the invention.

Example 1

Fabrication via hierarchical template of PAA on silicon

[0041] Silicon molds with domes of 10 um in diameter and depth of 5 um,
pitch of 10 ym were fabricated by photolithography followed by plasma etching.

The molds were cleaned by corona discharge to remove any organics left from



Example 2 Fabrication via assembly of a hierarchical template [0045] Initially, an array of
dome-shaped depressions were machined in a metal substrate to form the first level of hierarchy. The
size limit for this type of tooling is in the range of 100 urn. The second hierarchical level was achieved
using commercial filter membranes. These membranes are made typically in polycarbonate, and have
pores running through the thickness of the membranes, which are produced using ion track etching.
The thickness of the membrane is typically 20 um and the pore width varies from 0.4- 5 urn. Imprinting
of polymer lotus leaf-like structures [0046] A porous palycarbonate filter membrane was placed
directly on top of the machined, dome-shaped depressions, the film to be structured was placed 15

the etching process. The substrates were then coated with a thin film of Ti fo

serve as an adhesion layer on which a film of aluminum (500 nm in thickness)

was sputtered.  Subsequently, the aluminum film was anodized in a

temperature controlied electrolytic solution of 0.3 M H3POQ, at constant voltage

of 130 V at 2 °C for 1 hour. The pores obtained were then widened by etching

the barrier layer formed at the end of the anodization process in a solution of 5

wt % HsPO4 for 90 min.

[0042] Fig._m shows a top view and Fig. 1B a cross-sectional view of one of
the PAA templates prepared by this process. Typically the pores had an
average pore size of 200 nm and a depth of 500 nm. However, pores ranging
from 20 nm to 300 nm can be achieved varying the process parameters. The
depth of the pores is determined by the anodization time. Typically it was

controlled to obtain a pore aspect ratio of 2-5.

Imprinting of polymer lotus leaf-like structures

[0043] The prepared templates were imprinted into polymers, typically
polypropylene (PP), polycarbonate (PC) or polydioxanone (PDO). The
templates were initially coated with a fluorosilane release agent through vapor
deposition of 1H,1H,2H,2H-perfluorodecyi-trichlorosilane to reduce the surface
energy and facilitate the demolding process. The imprinting process was
performed using an Obducat nanoimprinter. A free standing film of PP with a
thickness of 0.5 mm was placed on top of the template. The template and PP
sheet were heated up to 180 °C and a pressure of 60 Bar was éppiied for 300 s.
The polymer-mold assembly was then allowed to cool down to a temperature of
90 °C before the pressure was released and demolding was performed.

Demolding was performed by physically peeling off the template. This template



‘on top of the assembly and brought into the imprinter system. Heat (170 C) and pressure (60 Bar) was
then applied to force the thermoplastic film polymer into both the underlying dome-shaped depressions
and the pores of the filter membrane. After the imprinting and cooling process, the polymer film was
released from the metal mold. The PC membrane which, as a result of the process was embedded
into the PP polymer, was removed by dissolving it in tetrachloroethylene. This step results in releasing
the second level of pillar structures. Example 3 Measurement of Wetting Properties [0047] The contact
angle of the lotus leaf-like surfaces was measured. Mggsurements were done in triplicate with 5 pl and
1 pl size droplets, and are depicted in Figs. 3A-3C. The contact angle of a PP surface with 10 urn
dome structures (113 2.4) indicates weak hydrophobicity (Fig. 3A). However, the corresponding lotus
leaf-like structureiepnes! wititismwerspit 280NAR Redrs JPign BB 65 preanddd 43 1P ishondetia
super-hydrophop}g @%&%ﬁi%@ﬁ&ﬂ?ﬁbﬁﬂﬂ%@ @mﬁ@g@ of 163 1.5. [0048] The contact angle of 400
pm PP dome structures having secondary level pillar structures of 0.8, 1 and 3 um diameters are
shown in Figs. 4A-4C, respectively. The contact angle values were lower than the smaller nano-lotus

structures in Fi%o’ﬁ]anqtiéjréﬁ but popeihelas F9 RS O YRBYALRPLRRIG FhRRISF AR SPNtact

angle readings above 150, The contact angle for the structures in Fig. 4A was measured to be 153.1

4.6; Fig. 4B wasqivsalsiblke Baettes fpbricatad-ig. 20-wabemedybetis einstusa ncludes1830049] Al
patents, test pragedisese andatires dagReRgIEIEHBEIS bATCuHIRGPHNEY SOsUMANtSs ars fully

incorporated by reference to the extent such disclosure is not inconsistent and for all jurisdictions in
which such incoll%vcﬁja |o&"?§a§8¢% 200 nm pillar, 500 nm in depth as second level. 'In Fig. 2

there can be seen elongated pillar structures at the edges of the domes. This
elongation takes place due to the pulling force for demolding being applied
perpendicular to the pore-pillar structures created on the side walls of the
domes. The pulliing fofce caused the elongation of the polymer pillars during

demolding probably because the polymer was not completely cooled.

Example 2

Fabrication via assembly of a hierarchical template

[0045] Initially, an array of dome-shaped depressions were machined in a
metal substrate to form the first level of hierarchy. The size limit for this type of
tooling is in the range of 100 um. The second hierarchical level was achieved
using commercial filter membranes. These membranes are made typically in
poiycarbonafte, and have pores running through the thickness of the
' membrahés, which are produced using ion track etching. The thickneés of the

membrane is typically 20 um and the pore width varies from 0.4 — 5 um.

Imprinting of polvmer lotus leaf-like structures

[0046] A porous polycarbonate filter membrane was placed directly on top of

the machined, dome-shaped depressions, the film to be structured was placed



[0050] When numerical lower limits and numerical upper limits are listed herein, ranges from any lower
limit to any upper limit are contemplated. [0051] The invention being thus described, it will be apparent
that the same may be varied in many ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modifications as would be obvious to one
skilled in the art are intended to be included within the scope of the following claims. 17 What is
Claimed: 1. A method of making a synthetic polymer substrate comprising a hierarchical surface
structure of multiple domes and multiple pillars on sai éjomes, comprising: forming an array of
dome-shaped depressions, each having a diameter and a depth, in a solid template substrate;

forming a porous surface on said dome-shaped depressions, wherein said porous surface is formed of
a material different fopnothhecisaichblidridrbptatghéibsirtite; iamgtinter system. Heat (170 °C)

and pressure (60 Bar) was then applied to force the thermoplastic film polymer
into both the underlying dome-shaped depressions and the pores of the filter
membrane. After the imprinting and cooling process, the polymer film was
released from the metal mold. The PC membrane which, as a result of the
process was embedded into the PP polymer, was removed by dissolving it in
tetrachloroethylene. This step results in releasing the second level of pillar
structures.

Example 3

Measurement of Wetting Properties

[0047] The contact angle of the lotus leaflike surfaces was measured.
Measurements were done in triplicate with 5 ul and 1 pl size droplets, and are
depicted in Figs. 3A-3C. The contact angle of a PP surface with 10 um dome
structures (113° + 2.4°) indicates weak hydrophobicity (Fig. 3A). However, the
corresponding lotus leaf-like structures of 10 um domes with 200 nm pillars
(Figs. 3B (5 pi) and 3C (1 plb)) showed a super-hydrophobic character, with
contact angle readings of 163° + 1.5°.

{0048] The contact angle of 400 um PP dome structures having secondary
level pillar structures of 0.8, 1 and 3 um diameters are shown in Figs. 4A-4C,
respectively. The contact angle values were lower than the smaller nano-lotus
structures in Figs. 3B and 3C, but nonetheless showed a super-hydrophobic
character with contact angle readings above 150°. The contact angle for the
structures in Fig. 4A was measured to be 153.1° + 4.6°; Fig. 4B was measured
to be 150.1° £ 4.2°; and Fig. 4C was measured to be 151.0° + 1.3°.



contacting said porous surface with a synthetic polymer thermoplastic film under temperature and
pressure conditions sufficient to cause said thermoplastic to flow into pores of said porous surface and
said dome-shaped depressions to form an imprinted film having said hierarchical surface structure. 2.
The method of claim 1, wherein said solid template substrate is a silicon wafer and said dome-shaped
depressions are formed by lithography and dry etching. 3. The method of claim 2, wherein said
porous surface is porous anodic alumina, formed by depositing an aluminum film on said
dome-shaped depressions and anodizing the aluminum film. 4. The method of claim 1, wherein said
dome-shaped depressions have diameters in the range from about 5 pm to about 400 pm, depths in
the range from about 2.5 pm and about 500 pm, and pores created in said porous surface have
diameters in thel#8A§¢ frévh amsantz0 restopaboed Gresn antlaslest rdtiosroéftemcitbduthateigbout 50.

18 5. The methpd,gficlaim 2. wharel Id_dome ressions have diameters in the range
from about 10 pm to alq%lﬁlr 40I m, %ﬁ%ﬂ% %}‘eb rﬁgg ﬁ%or?ﬂs éBB%%tASQgrﬁ'%)ei o0u %ér%,eﬁ(rtl%'} e pores
have diameters $H%he FBaHSHiEmiSbHIt ITansideboandofonnalhrdristietmrativs shidmsatsbut 2 to

about 50. 6. ThamethesishsiapBrmitderein said pores have an average pore diameter of about 200

nm and an average depth of about 500 nm.

[0050] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0051] The invention being thus described, it will be apparent that the same
may be varied in many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to be included within

the scope of the following claims.



7. The method of claim 1, wherein said synthetic polymer of said thermoplastic film is selected from_
the group consisting of polypropylene, polycarbonate and polydioxanone, and the thickness of said

- film exceeds the depth of said dome-shaped depressions. 8. The method of claim 1, further
comprising de-molding said imprinted film from said solid template substrate. 9. The method of claim
1, wherein said solid template substrate is a metal substrate and said dome-shaped depressions are
formed by micromachining. 10. The method of claim 9, wherein said porous surface is a free standing
track etched membrane having pores therein, which ig-placed on the surface of said solid template
substrate and forced into said dome-shaped depressions under said temperature and pressure
conditions. 19 11. The method of claim 10, wherein said dome-shaped depressions have diameters
in the range frod¥aabig &talmed: apout 400 pm, depths in the range from about 50 pm and about 100
pm, and said pores have diameters in the range from about 200 nm to about 3 pm and aspect ratios of

from about 2 to 0. 12. Termaeibad &f Rikihy1 awbEiRiBRAIGAOHES NBYsHametRrm iidhfy range from
about 0.4 pm to about 3 pm.
hierarchical surface structure of muitiple domes and multipie pillars on said 7
domes, comprising:
forming an array of dome-shaped depressions, each having a
diameter and a depth, in a solid template substrate;
forming a porous surface on said dome-shaped depressions, wherein
said porous surface is formed of a material different from that of said solid
template substrate; and
contacting said porous surface with a synthetic polymer thermoplastic
film under temperature and pressure conditions sufficient to cause said
thermoplastic to flow into pores of said porous surface and said dome-shaped

depressions to form an imprinted film having said hierarchical surface structure.

2. The method of claim 1, wherein said solid template substrate is a
silicon wafer and said dome-shaped depressions are formed by lithography and

dry etching.

3. The method of claim 2, wherein said porous surface is porous anodic
alumina, formed by depositing an aluminum film on said dome-shaped
depressions and anodizing the aluminum film.

4. The method of claim 1, wherein said dome-shaped depressions have
diameters in the range from about 5 pm to about 400 um, depths in the range
from about 2.5 ym and about 500 pm, and pores created in said porous surface
have diameters in the range from about 20 nm to about 5 pm and aspect ratios
of from about 2 to about 50.



13. The method of claim 10, further comprising placing said synthetic polymer thermoplastic film onto
said track etched membrane, and applying said temperature and pressure conditions to said synthetic
polymer thermoplastic film so as to force thermoplastic polymer from a surface of said film into the
pores of said free standing track etched membrane and into the dome shaped depressions in said
metal substrate. 14. The method of claim 10, wherein said free standing track etched membrane is a
polycarbonate filter membrane. 15. The method of claim 10, wherein said free standing track etched
membrane is a polycarbonate filter membrane, furthey gomprising removing a combined polycarbonate
filter membrane and polymer film from said mold and dissolving said polycarbonate filter membrane
with a solvent, leaving said polymer substrate comprising a hierarchical surface structure. 16. A
synthetic polymer substrate comprising a hierarchical surface structure of multiple domes and multiple

plas on said dgmes, WhHEMEASUYSAN 5 SAURUIPLG POUTRL i SHchmes paseglgmeters

in the range from about 5 pm to about 400 pm, heights in the range from about 2.5 pm to 20 about

500 pm, and safiaMRRSHEVEG AR EomuRRehdE MoMAushaUb ARt deptssipifaransspect
ratios of from alh 2ak0aPeulidOto labAesy pHeiaPIRATSS eebEH ARl Blaiss 16, Whersipsaid

synthetic polym]gr is a thermoplastic polymer. )
rom about 20 nm to about 500 nm and aspect ratios of from about 2 to about

50.

6. The method of claim 5, wherein said pores have an average pore

diameter of about 200 nm and an average depth of about 500 nm.

7. The method of claim 1, wherein said synthetic polymer of 'sai.d
thermoplastic film is selected from the group consisting of polypropylene,
polycarbonate and polydioxanone, and the thickness of said film exceeds the

depth of said dome-shaped depressions.

8. The method of claim 1, further comprising de-molding said imprinted

film from said solid template substrate.

9. The method of claim 1, wherein said solid template substrate is a
metal substrate and said dome-shaped depressions are formed by

micromachining.

10. The method of claim 9, wherein said porous surface is a free standing
track etched membrane having pores therein, which is placed on the surface of
said solid template substrate and forced into said dome-shaped depressions

under said temperature and pressure conditions.



18. The synthetic polymer substrate of claim 16, wherein said synthetic polymer is selected from the
group consisting of polypropylene, polycarbonate and polydioxanone. 19. The synthetic polymer
substrate of claim 16, wherein said domes have diameters in the range from about 10 pm to about 40
pm, heights in the range from about 5 pm and about 20 pm, and said pillars have diameters in the
range from about 20 nm to about 500 nm and aspect ratios of from about 2 to about 25. 20. The
synthetic polymer substrate of claim 16, wherein said domes have diameters in the range from about
50 pm to about 400 pm, heights in the range from aboyg 50 pm and about 100 pm, and said pillars
have diameters in the range from about 200 nm to about 3 pm and aspect ratios of from about 2 to
about 25. 21. The synthetic polymer substrate of claim 16, wherein the hierarchical structure renders
the surface supérthydrophodiietbethgfstiin ateviverinaaidglesefsitdpadtddpatdibas Bave?2. The

st by LARES SE L SR T RN,

super-hydrophobic, having static water contact angles from about 150t . .
polymer substrelt@®r gkt B8, Wnepsid BleostieP-twe red diignperestivers dimdistsenishe

approximately egihyalfBhiuBMR VD e TOAISRIA JoMehd aspect ratios of from about 2 to 50.

12. The method of claim 11, wherein said pores have diameters in the

range from about 0.4 pm to about 3 um.

13. The method of claim 10, further comprising placing said synthetic
polymer thermoplastic film onto said track etched membrane, and applying said |
temperature and pressure conditions to said synthetic polymer thermoplastic
film so as to force thermoplastic polymer from a surface of said film into the
pores of said free standing track etched membrane and into the dome shaped

depressions in said metal substrate.

14. The method of claim 10, wherein said free standing track etched

membrane is a polycarbonate filier membrane.

15. The method of claim 10, wherein said free standing track etched
membrane is a polycarbonate filter membrane, further comprising removing a
combined polycarbonate filter membrane and polymer film from said mold and
dissolving said polycarbonate filter :Inrembrane with a solvent, leaving said

polymer substrate comprising a hierarchical surface structure.

16. A synthetic polymer substrate comprising a hierarchical surface
structure of multipie domes and muitiple pillars on said domes, wherein said
substrate is a synthetic polymer film, said domes have diameters in the range
from about 5 pm to about 400 pm, heights in the range from about 2.5 ym to



24. A medical device, comprising a substrate having a synthetic polymer film comprising a hierarchical
surface structure of multiple domes and multiple pillars on said domes, wherein said synthetic polymer
film is a thermoplastic polymer film, said domes have diameters in the range from about 5 pm to about
400 pm, heights in the range from about 2.5 pm and about 500 pm, and said pillars have diameters in
the range from about 20 nm to about 5 pm and aspect ratios of from about 2 to about 50. 25. The
medical device of claim 24, wherein said domes have diameters in the range from about 10 pm to
about 40 pm, heights in the range from about 5 pm anghabout 20 pm, and said pillars have diameters
in the range from about 20 nm to about 500 nm and aspect ratios of from about 2 to about 25. 26. The
medical device of claim 24, wherein said domes have diameters in the range from about 50 pm to
about 400 pm, HegHtSRPtHEr @ngestishpitiBeribsvepiirariesdathioOange drmrsaizbpti RO aie

diameters in thejiagesf aﬁ@%p%p;@ ,ry{ribt:p(ﬁt}%?éggma@%?ﬁ%a %t_ios of from about 2 to about

25. 22 27. The medical device of claim 24, wherein the hiera structure renders the surface
super-hydrophobic, having static water contact angles of at least about 1500 . 28. The medical device

of claim 27, whergin the higeakshigRitRIrgelyrecieadsst-the sritagem SupelRyrpPRghicsiiaving. static

water contact angles from about 150 to about 165.
polymer is a thermoplastic polymer.

18. The synthetic polymer substrate of claim 16, wherein said synthetic
polymer is selected from the group consisting of polypropylene, polycarbonate
and polydioxanone.

19. The synthetic p'olymer substrate of claim 16, wherein said domes
have diameters in the range from about 10 pm to about 40 um, heights in the
range from about 5 pm and about 20 pm, and said pillars have diameters in the
range from about 20 nm to about 500 nm and aspect ratios of from about 2 to
about 25.

20. The synthetic polymer substrate of claim 16, wherein said domes have
diameters in the range from about 50 um to about 400 um, heights in the range
from about 50 pm and about 100 um, and said pillars have diameters in the
range from about 200 nm to about 3 um and aspect ratios of from about 2 to
about 25.

21. The synthetic polymer substrate of claim 16, wherein the hierarchical
structure renders the surface super-hydrophobic, having static water contact
angles of at least about 150°.
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22. The synthetic polymer substrate of claim 21, wherein the hierarchical
structure renders the surface super-hydrophobic, having static water contact
angles from about 150° to about 165°.

23. The synthetic polymer substrate of claim 16, wherein the center-to-
center distance between said domes is approximately equivalent to the

diameters of said domes.

24. A medical device, comprising a substrate having a synthetic polymer
film comprising a hierarchical surface structure of multiple domes and multiple
pillars on said domes, wherein said. synthetic polymer film is a thermoplastic
polymer film, said domes have diameters in the range from about 5 um to about
400 pm, heights in the range from about 2.5 uym and about 500 um, and said
pillars have diameters in the range from about 20 nm to about 5 um and aspect
ratios of from about 2 to about 50.

25. The medical device of claim 24, wherein said domes have diameters
in the range from about 10 ym to about 40 um, heights in the range from about
5 pm and about 20 ym, and said pillars have diameters in the range from about
20 nm to about 500 nm and aspect ratios of from about 2 to about 25,

26. The medical dévice of claim 24, wherein said domes have diameters
in the range from about 50 ym to about 400 um, heights in the range from about
50 pm and about 100 um, and said pillars have diameters in the range from

about 200 nm to about 3 um and aspect ratios of from about 2 to about 25.



22

27. The medical device of claim 24, wherein the hierarchical structure
renders the surface super-hydrophobic, having static water contact angles of at
least about 150°. '

28. The medical device of claim 27, wherein the hierarchical structure
renders the surface super-hydrophobic, having static water contact angles from
about 150° to about 165°.



