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Abstract

SU8 is a negative resist which is widely used for the fabrication of mswale lateral
featuresover a wide range of heights using photolithographic metfidds.has been extensively
used as a method to produce surface structure to which hydrophobicity can benaldaedloalel
superwater repellent surface of achieved. However, such an appreqinesat least twesteps
and does not embed the desired progems part of the structure itselfcreatemultiple levels
of topographical structure. In other applicationsjasiety of inclusions have previously been
studied to tailor the properties of SUS8. In this work we report an approach to, andfresults
incorporatingnclusions, in our case glass beaafsifferent wettabilities intdhe SU8 structures
produced by photolithography. In particular, we fooangidge structures expected to be of use
in flow systems as drag reducing surfac®e used scanning electron microscopy and
profilometry to investigate how the inclusion of either hydrophobic or hydrophdissgkeads
(sieve size of 230 um) affects the definition of the structures formed and contact angle
goniometry to define what effect such incarss has on the wettability of the SU8 composite
structure. It was founthatthe inclusion of hydrophobiglass beads the SU8 resist resulted in
poorly defined structures compared to both SU8 on its own and SU8 to which hydrophobic glass
beadswere addedIn contrast, inclusion ohydrophilic glass beadsesulted in a weltefined
ridge structure with the majority of the beddsated in the ‘valleys’Both EDX analysis and
contact angle data indicated that the surface chemistry of the beadsethes (both the
hydrophobic and hydrophilic beads) were masked by the SU8. Contnitéively, the inclusion
of hydrophobic beads in the SU8 composite resin resulted in ridges with increasaulliyett
compared to SUS8 ridges, as opposed to the inclusionsyafrophilic beadghat resulted in

surfaces with increased effective hydrophobicity .



I ntroduction

SU8 is a commonly used negative resist for the fabrication efrsciton scale structurdsased

on anovolak epoxy resifil] and is capable giroducing structures dfigh aspect rat®[2]. The
versatility of SU8 is highlighted by the range of applications foriethit can be used. For
example sensol8] and microlensept] have been fabricated out of SU8 as have templates for
soft lithographic techniques §, 6§ and functional surfaces displaying properties such as
superhydrophobicityf2]. The inclusionof particlesin SU8 can be done to impart greater
functionality on the final structure, an example of this being the inclusion gfpfai@clesin an

SU8 matrix to increase wear resistan@é. [Carbon nanotubes have also been used as inclusions
within a SU8 matrix to makenainkjetprintable conductive composi{@] and SU8 / ZnO

nanoparticle composites have been investigated as piezoelectric mggrials

The aim of this workwvasto incorporate glasseadsof different wettability within SU8
resin withthe objective offabricating hierarchical structur@sth designer wetting propertiet
particular, the formation of hierarchicalructuresis integral to forming superhyophobic
surfaced410]. The ridge type of structures on shark skin aid their drag reduction [11] and similar
ridge type structurebawe suggested by Rothsteet al. [12, 13] as possible drag reducing
artificial surfacesThereforea subsidiary ainin this articleis to introduceapproach to forming
ridgetype drag reducingSU8 structures. The effect of the hydrophobicity of geessbeads
upon the morphologyof lithographically defined ridge structures was investigatsihg
scanning electron microscopy (SEM) and profilomatrgrder to sed@ow the inclusios altered
the morphology of photographically defined ridge structures compared to thomated from
SU8 resist (with no inclusions). The wettability of such ridge structures veasured using
contact angle analysi$his approach introduces a single step to a standard methodology in order

to fabricate ridge structuresith textured features.

Methodol ogy
Fabrication

Chemical functionalisation of the inclusions



General purpose glass microspheres3@Qum sieve s&), Whitehouse Scientific, UK)
were immersed in 30 vol% HCI solution (Fisher Scientific, UK) for 24 hrs and thesdrthsee
times with freshde4ionised (O) water and dried at 80 °C for 3 hiBhis treatment renders the
glass beadbydrophilic,as confirme by a glass microscope slitteated in an identical manner
to the glass beadBsplaying a water contact angle-d#° [14]. The glass microspheres were then
immersed in a 5 vol% solution of a waterproofing agent (Extreme Mviasblution, Grangers,
UK) in DI water for 48 hrs and then dried 80 °C for 3 fitgs treatment renderkd glass beads
hydrophobic,as confirmed by a glass microscope slide, treated in an identical manner to the

glass beads, displaying a water contact angleldf/ [14].
Preparation of U8 structures

Firstly the SU8 composite was made by stirring either hydrophilic or hydrophobic glass
beadq1.05 g) into SUSO0 (2.42 g,MicroChen) by stirring them vigorously, by hand, in a 30ml
glass vial for 10 minutes to yield a composite solution consisting of 30wt%lgads. The vial,
containing the composite, was then placed in a vacuum desiccator which was thertesl/éor
~1hr to remove air bubbles from the SU8 / particle composite solution.

To prepare thstructuredSU8 (or SU8 compositesurfacesa glass microscope slide was
cleaned by immersion in a 20% aqueous solution of Deco®@&of)for 8 minutesand rinsed
in distilled waterbefore being immersed in distilled water in a sonic bath for &itedthen
rinsed with isopropyl alcohol and dried withy@) The clean glass microscope slide was then
immersed in a 2 vol% solution @&-aminopropyltriethoxysilang>98%, Sigma Aldrich) in
acetone for 1 mumte then rinsed with acetone and dried witiyIN

A few drops ofSUS8 (or SU8 composite) solution was applied to the glass microscope
slideand spin coated using/dS-650Sspin coatefLaurell Technologies Corporation, USA) a
speed of 500rpm for 10s then at 2000rpm for 30s. The coated microscope slide was then placed
on a hot plate, set at 65°C, for 30 min, the temperature was then increased to 95°C and held for

30 min before the microscope slide was removed and allowed to cool to room temperature.

The sample was then exposed to UV light 365nm) for 15 s through a photomagil
D Photomasks, UK) situated in a mask aligner (Siss MicroTec MJB®) pattern o the



photomaskwas an array of 100um thick lines which were 100um apart which would yield a

ridge-like morphology upon exposure to UV light and subsequent development.

After exposurgo UV light the sample was placed on a hotplate and held at 65°C for 30
min before beingleveloped by immersiom EC solvent Dow Chemical Companyfor 20min.
The sample was then rinsed with isopropyl alcohol and rinsed usigpgTis process yielded
ridge structures with heights 08% 7 um (SU8 with no beads)23 7 um (SU8/hydrophibt
bead composite) and83+ 13 um (SU8 / hydophobic bead composite)lhis process is

summarised in Fig. 1.
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Figure 1: Schematic of structure formation

In order to establish the effect of both the ridge structure and bead inclupomghe
wettability of SU8 an unpatternedsU8 sample, with no glass bead inclusions, was prefmred
using the same pracol as described above except that ékposure to UV radiation was not
performed in the presence of a photomask. This yielded a surface which exhibitedra wat
contact anglefor7.3 + 1.1° which is in good agreement with the literaf2fg[15] and provided



a control to firstly determine the effect of the ridged structure on the wettaifil8y8and then

the effect that the inclusion tie glass beadsithin the SU8 has otie ridged structure.

Characterisation
Contact angle

Contact angle analysis (transverse and parallel to ridges where present) vealsodrri
on hydrophobic and hydrophilic glass microscope slides and on fixed hydrophobibepalss
using a DSA 10 coatt angle mete(Kriss Hamburg, Germany) and analysed using DSA
software (Kiiss). The (observed) static contact angle was measured by placing a water
droplet (15 pl) on a surface. The volume of the droplet was then increased and decreased to
measurethe advancingd,) and recedingdg) contact angles, which are the contact angles at

which the solidiquid-vapourcontact lingust begins to advance and recede, respectively.

SEM

To prepare the sample for observation under the scanning electroscopeaSEM) it
was placed in a sputter coa{&575X - Peltier cooled, Emitechgnd was exposed to Ti (1 cycle,
60s duration exposurat 150mA) and then to Au (dycle, duration of 240s at 85mAJhese
setting gave film thicknesses ef20nm and~100m for Ti and Au respectivelyicrographsof
the amples were obtained using a J8X¥DA scanning electron microscope (JEQ&pan using
atungsten filament as aglectron sourc&vhich was operated at 20 kviagecapture and EDX

analysiswere captured ursg INCA software.
Profilometry

Surface profilometry was carried out using a Dektak €ylus profilometry (Veeco,

country). Two scans, of 1.5 mm in length, were performedifferent areas of each sample.



Results and discussion

The effect of the hydrophobicity of glassead inclusions on the structure of
photolithographically defined SU8 structures was investigated with a view to thation of
hierarchical structures. Figure 2 shows SEM images of photolithograghaedihedstructures
made from bothSU8 resist and composite resists consisting S¥8 mixed with either
hydrophobic or hydrophilic glass beads (280 um in diameter)The processing conditions for
all three resists were the same allowing the only variable tthédaature of the inclusions
Ridges fabricated fronsU8 resist exhibit well defined, straight sided structufegure 2a).
However, the use ddU8with hydrophobic inclusions lead to structures that are poorly defined
(Figure 2b) with some of thieeadsmigrating to the akresist interface and, in some cases, the
beadsdetaching from the resist which is evident by the dimples in the ridges as seguren f
2bi. The migration of the hydrophobic bead inclusidasthe aifresist interface can also be
expldned by the observation that a droplet of SU8 forms a contact angle of ~95° on a glass
microscope slide that had been modified in the same manner as the glasBypehdsging the
hydrophobicity of the inclusions there is a marked difference ist@structures fabricated by
photolithography as is demonstrated by comparing figures 2b and 2c. The incldision o
hydrophilic glass beadsm the SU8 composite resist (Figure 2c¢) results in much more well
defined and smoother structures compared to those fabricated from hydrophobredisiad
(Figure 2b). The hydrophilic besdppear to be less aggregated at theesist interface (i.e. the
tops of the ridges) than the hydrophobic lseadd thissuggestshat they are more easily
dispersed throughout the coasite resist after the initial mixing proce3sisis consistent with
the observation of a droplet of SU8 exhibiting a contact angle of ~51° on a clean, glass
microscope slide Profilometry investigations found that the width of the ‘valleys’ between
ridges was 89 £+ 2 um for SU8 with no inclusions which was similar to that of structures formed
using SU8 / hydrophilic beadomposite (86 2um) but the difference was striking when
compared d structures formed from SU8 / hydropholtiead composite (80 + 15 um). The
profilometry results back up the SEM images in shows that the inclusion of hydroplealis
in the SU8 /bead composite has a deleterious effect on the structures foloyedhe

photolithography process compared to the inclusion of hydroftahds
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Figure 2: SEM images of SU8 structures with a) hydrophilic

and b) hydrophobic bead inclusions.

The ridge formed fromthe SU8 / hydrophilic bead compositesistalso shows two
levels of roughness with the tops of the ridges being almost featureless and dhe difotihe
‘valleys’ exhibiting a rough surface due to the particulate aggreg&loX.analysis wasised to
analyse the (near) surface chemistry of the $888 composite ridges (Tabld. The atios of
silicon to carbon of ridges made fro81J8 / hydropilic beadcomposite (Si/C = 0.19) was
similar to that of ridges made form SU8 / hydrophdieadcomposite(Si/C = 0.23) which, in
turn, was much higher than that of ridges made from SU8 with no inclusions (Si/C =tiRi®$2)
observationconfirms the presence of glaseads However, the Si/C ratios of the composites
were lower than that of hydrophilic and mgghobic beads(Si/C ratios = 0.93 and 0.64
respectively) which suggests that tteadsare embedded within the SU8 composite rather than
at the surfaceTherefore, it can be assumed that the surface chemistry of all ridge stractures

the same and thatl glassbeadsare coated in, at least, a thin layer of SUS.
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Table 1: EDX analysis of glass beads and lithographically defined ridges ®a8d SU8 composites

Sample Atomic % S/C

S @) Ca Fe Cl C Br ratio

Hydrophilic particles 16.34 52.75 10.15 0.53 0.03 17.62 256 0.93
Hydrophobic particles 19.54 46.20 2.90 0.60 0.02 30.41 0.30 0.64
U8 ridges 116 27.44 243 243 0.14 66.26 0.31 0.02
U8/ hydrophilic bead ridges 10.77 22.88 3.45 529 0.01 5592 166 0.19
U8/ hydrophobic bead ridges 1090 32.34 493 241 0.10 4757 172 0.23

Table 2 showsthe static, advancing and receding water contact angles of photolithographically
defined ridge structures fabricated from both SU8 and-Is#icomposite structuresnd fgure

3 depicts the static anglesa flat SU8 and that on the ridge structures.

Table 2: Contact angle data of ridge structures fabricated from SU8 and SU8 / beambitermgsists

0 Oa Or 40
SU8 ridges
Perpendicular toridges 102.2°+3.0° 115.8°+5.9° 71.4°+11.6° 44.4°+11.0°
Parallel to ridges 111.6°+5.6° 123.4°+£6.9° 88.1°+4.4° 35.4°+ 7.8°
SU8/hydrophobic beads
Perpendicular toridges 87.9°+£3.0° 90.9°+£5.6° 36.6°+3.8° 54.3°+ 4.8°
Parallel to ridges 92.0°+£2.5° 95.5°+3.1° 39.0°+11.2° 56.4°+9.5°
SU8/ hydrophilic beads
Perpendicular toridges  130.0°+8.8° 136.5°+6.3° 98.5°+20.4°  38.0°+19.4°
Parallel toridges 135.2°+7.4° 140.1°+£9.3° 94.3°+24.9° 45.8°+21.7°



The incorporation of hydrophobic glass beads into the SU8 matrix appears to intrease
wettability of the ridges whilst the incorporation of hydrophilic beads isesthe water contact
angles observed on the SU8 structures, both perpendicular and parallel to the ridgeshdihis r
counterintuitive observation can be explained by considering the topography of the structures.
In comparison to flat, unpatterned SU8, the poorly defined-I8jd8ophobic bead composite
ridges offer only a slight increase fughness, whilst the SU8 ridges (single level roughness)
and SU8/hydrophilic bead ridges (dual level roughness) lead to well defineturgsuof
increased roughess. As the roughness increases from SU8/hydrophobic bead tig&ga
inclusions) to SU8/hydrophilic ridges the increase of contact angle is more pcedowhen
compared to that of flat SU8.ic= 77.3 £ 1.1°). This observation, in conjunction with the EDX
data discussed earlier, indicates that the beads near the composite surface aiey Goaiéal
SU8 layer which masks their hydrophilicity.

a) Unpatterned SUS (no particles)

b) SUS only

i) Parallel with ridges ii) Perpendicular to ridges

L2 0

d) SUS / hydrophobic particle composite

i) Parallel with ridges ii) Perpendicular to ridges

A A

¢) SUB / hydrophilic particle composite

i) Parallel with ridges ii) Perpendicular to ridges

Lo - ]

Figure 3: Images of water droplets on SU8 composite structures
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Such amplification of intrinsic hydrophobicity by hierarchical surfacecsire [16]
underpins the design of superhydrophobic surfgb@ls Relatively large contact angle hysteresis
was observed for ridge structures fabricated from both SU8 (Af = 44.4°+ 11.0° and 35.4°+ 7.8°
perpendicular to and parallel to the direction of the ridgespactively) and SUBydrophilic
inclusion composite materials (A@ = 38.0°+ 19.4° and 45.8°+ 21.,73erpendicular to and parallel
to the direction of the ridges respectivelyhe variability of the contact angle hysteresis appears
to increase upon the addition of hydrophilic inclusions within the SU8 relsish suggests that

a water droplet exists in a (partial) Wenzel state omitlye structure.

Conclusions

The effect of glass beathclusions of differing wettability in SU8 resiston the
morphologyof resultant lithographically defined structures has been investigated byetlod us
SEM and profilometry. It was found that the inclusionhgfirophobic beads lead to poorly
defined structured, compared to SU8 with no inclusions, whereas the inclugigdrophilic
beads in the resisteaddeads to welldefined structurewith the beads providing textuet the
bottom of the‘valleys. When compared to ridges formed from SU8 the hydrophobic bead
composite decreased the water contact angle and the amclasihydrophilic beads actually
increased the contact angle. This suggests that the glass beads are covered lytlsJBeauls
provide the wettability control by their contribution to the topography of thges, rather than
surface chemistryHowever, thenydrophilic bead compositédge structures have more variable
contact angle hysteresis, which we believe may result from the sizephedcal shape of the
particular inclusions we usethd that more beads are located at the (sub)swfabe ridges in
comparison to ridges formed from SW@drophobic bead compositehd SU8hydrophobic
bead composite material may provide the basis of the development of superhydrophobic
structures.The ridge structures, formed by the SU8/hydropHhilead composite photoresist,
consist of a higlbeadconcentration in the ‘valleysThis could provide interesting structures on
which to cast PDMS to use for either microcontact printing, for the formationpetkied’
chemical patterns, or in microfluidicby providing a facile way of introducingierarchical

structure of PDMS ridges.
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Figures

Figure 1. Schematic of structure formation

a) Glass microscope slide b) SUS / particle composite
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¢) Composite after UV exposure d) Developed ridge structure
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Figure 22 SEM images of SUS8 structures with a) hydrophilic and b)

inclusions.

a) SUS-50 only

800 pun

b) SUS-50/ hydrophobic particles
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¢) SU8-50 / hydrophilic particles
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Figure 3: Images of water droplets on SU8 composite structures

a) Unpatterned SUS8 (no particles)

b) SUS only

i) Parallel with ridges ii) Perpendicular to ridges

L 0o

d) SU8 / hydrophobic particle composite

i) Parallel with ridges ii) Perpendicular to ridges

A A

¢) SU8 / hydrophilic particle composite

i) Parallel with ridges ii) Perpendicular to ridges

Lo - ]
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Table 1. EDX analysis of glass beads and lithographically defined ridges of SU8 and SU8

composites
Sample Atomic % S/C
S O Ca Fe C Br ratio
Hydrophilic particles 16.34 52.75 10.15 0.53 0.03 17.62 2.56 0.93
Hydrophobic particles 19.54 46.20 2.90 0.60 0.02 30.41 0.30 0.64
U8 ridges 1.16 27.44 243 243 0.14 66.26 0.31 0.02

U8/ hydrophilic bead ridges 10.77 22.88 3.45 5.29 0.01 55.92 1.66 0.19

U8/ hydrophobic bead ridges 10.90 32.34 4.93 2.41 0.10 47.57 1.72 0.23
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Table 2: Contact angle data of ridge structures fabricated f&dwB andSU8/ beadcomposite

resists

0 On Or 40
SU8ridges
Perpendicular to ridges 102.2°+ 3.0° 115.8°+£5.9° 71.4°+11.6° 44.4°+11.0°
Parallel to ridges 111.6°+5.6° 123.4°+£6.9° 88.1°+4.4° 35.4°+7.8°
SU8/hydrophobic beads
Perpendicular to ridges 87.9°+£3.0° 90.9°+£5.6° 36.6°+3.8° 54.3°+4.8°
Parallel to ridges 92.0°+£2.5° 955°+£3.1° 39.0°+11.2° 56.4°+9.5°
SU8/ hydrophilic beads
Perpendicular to ridges 130.0°+8.8° 136.5°+6.3° 98.5°+20.4° 38.0°+19.4°
Parallel to ridges 135.2°+ 7.4° 140.1°+£9.3° 94.3°+24.9° 45.8°+21.7°

18



	To prepare the structured SU8 (or SU8 composite) surfaces a glass microscope slide was cleaned by immersion in a 20% aqueous solution of Decon 90 (Decon) for 8 minutes and rinsed in distilled water before being immersed in distilled water in a sonic ...
	[5] Y. Xia and G.M. Whitesides, Soft Lithography, Annu. Rev. Mater. Sci. 28 (1998) 153-184.

