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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-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 liquid surfaces. If a liquid 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 
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life, describes the study arid 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 surface 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 |jm from one pyramid tip to another pyramid tip. Drops of water 

substantially contact only the tips or peaks of the pyramids so that the contact 

area of water to surface is minuscule relative to water drops contacting a micro 

smooth surface. The reduced contact surface area results in a very low 

adhesion between the water drops and the micro-rough surface. 

[0005] Various methodologies have been developed 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 structures, 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. 
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[0006] In "Fabrication of Hierarchical Structures on a Polymer Surface to 

Mimic Natural Superhydrophobic Surfaces", Advanced Materials, vol. 19, pp. 

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 self-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. 

[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 
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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 methods 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 mold, forming a microstructure with a plurality of 

microasperities 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 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 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 



5 

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 

multiple 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 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. 

[0014] 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 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. 

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. 
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[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 jjm domes and 0.8 Mm, 1 pm and 3 pm diameter pillar structures, 

respectively. 

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, 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 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 
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embodiment a polymer film is subsequently pressed into the pores/depressions 

thereof to form the hierarchical structure 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 depressions, 

wherein said porous surface is formed of a material different from that of said 

solid template substrate. Subsequently the combined porous surface and solid 

template 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 pm to about 400 pm, depths in the range from about 2.5 pm to about 
500 pm. 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 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. 

[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. 
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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 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-AI 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 pm to about 40 pm, 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 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 pores can have an average pore diameter of about 200 

nm and an average depth of about 500 nm. 
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[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. The 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 membrane is typically 20 um and 

the pore widths vary from 0.4 - 5 um. 

[0029] 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 \sm to about 400 ym, depths in the 

range from about 50 pm to about 100 pm, and the pores can have diameters in 

the range from about 200 nm to about 3 pm, or even from about 400 nm to 

about 3 pm, and aspect ratios of from about 2 to about 50, or from about 2 to 
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about 25, or from about 3 to about 25. Accordingly, the pores can have 

diameters in the range from about 0.4 |jm 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] 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 filter 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 
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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 nm to about 400 pm, 

heights in the range from about 2.5 pm to about 500 pm, and the pillars can 

have diameters in the range from about 20 nm to about 5 pm and aspect ratios 

of from about 2 to about 50, or from about 2 to about 25, 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 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 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 pm, heights in the 

range from about 50 pm to about 100 pm, and the pillars can have diameters in 

the range from about 200 nm to about 3 pm, or even from about 400 nm to 

about 3 pm, and aspect ratios of from about 2 to about 50, or from about 2 to 
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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 membrane, such as a 

polycarbonate filter membrane, and the pillars can be essentially cylindrical in 

shape. The synthetic polymer substrates can have a center-to-center distance 

(pitch) between the domes which is approximately equivalent to the diameters 

of the domes. 

[0037] The synthetic polymer substrates so-formed have a hierarchical 

structure that renders the surface super-hydrophobic, having static water 
contact angles of at least about 150°, such as from about 150° to about 165°. 

[0038] 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. 

[0039] 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 pm were fabricated by photolithography followed by plasma etching. 

The molds were cleaned by corona discharge to remove any organics left from 
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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 H3P04 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 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-perfluorodecyl-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 applied 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 
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prepared with low aspect ratio (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 

lotus leaf-like structures fabricated in PP. The synthetic structure includes 10 

um dome structures with a sagittal (depth) of 5 um and pitch of 20 pm as first 

level of hierarchy and 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 pulling force 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 

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 um. 

Imprinting of polymer 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 
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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. 

Measurements were done in triplicate with 5 pi and 1 pi 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 pi)) showed a super-hydrophobic character, with 
contact angle readings 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 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°. 
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[0049] All patents, test procedures, and other documents cited herein, 

including priority documents, are fully incorporated by reference to the extent 

such disclosure is not inconsistent and for all jurisdictions in which such 

incorporation is permitted. 

[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. 
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What is Claimed: 

1. 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 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 the range from about 20 nm to about 5 pm and aspect ratios 

of from about 2 to about 50. 
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5. The method of claim 2, wherein said dome-shaped depressions have 

diameters in the range from about 10 pm to about 40 pm, depths in the range 

from about 5 pm to about 20 pm, and the pores have diameters in the range 

from 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 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 is placed on the surface of 

said solid template substrate and forced into said dome-shaped depressions 

under said temperature and pressure conditions. 
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11. The method of claim 10, wherein said dome-shaped depressions have 

diameters in the range from about 50 |jm to about 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 50. 

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

range from about 0.4 pm to about 3 pm. 

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, further comprising 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 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 pm to 
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about 500 |jm, and said pillars have diameters in the range from about 20 nm to 

about 5 |jm and aspect ratios of from about 2 to about 50. 

17. The synthetic polymer substrate of claim 16, wherein said synthetic 

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 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 about 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 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 pm to about 

400 pm, heights in the range from about 2.5 [im and about 500 Mm, 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 Mm, heights in the range from about 

5 Mm and about 20 Mm, 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 Mm, heights in the range from about 

50 Mm and about 100 Mm, 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. 
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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°. 


