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ABSTRACT 
 

Inspired by nature (Lotus effect) and its “self 
cleaning” effect, we launched a systematic investigation to 
explore if micro/nanostructured surfaces can enable easy-
clean, self-clean and offset free feature for future printing 
engines.  The surface textures studied in this work were 
created by the conventional photolithographic technique on 
Silicon wafer, followed by chemical modification of the 
patterned surface with an appropriate nano conformal 
coating.  We observed very high water and oil repellency 
for a fluorinated silane treated surface comprising of ~ 3 
μm diameter pillars ~ 7 μm in height with an inter-pillar 
distance of ~ 3 μm.  The surface is both superhydrophobic 
and superoleophobic with static contact angles approaching 
~ 160° for both water and hexadecane.  In this paper, initial 
results on the effects of chemical modification and pillar 
geometry on the hydrophobicity and oleophobicity of the 
surfaces are presented and discussed.  
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1 INTRODUCTION 
 
The phenomenon of superhydrophobicity displayed by 

nature, including many plants, insects and waterfowls, has 
attracted tremendous attention in recent years in both 
academic and industry and is a subject of intensive 
investigation [1].  A superhydrophobic surface generally 
exhibits very high water repellency and is characterized by 
a water contact angle >150° and a small sliding angle 
(<10°).  In the case of the Lotus leaf, water droplets usually 
bead up and roll-off effortlessly.  During roll-off, dust 
particles adhere onto the water droplets and are removed 
from the leaf surface, resulting in the famous self-cleaning 
effect.  Emerging experimental results show that the 
superhydrophobic effect is the result of the dual roughness 
scale created by the micron size peak and the nano size wax 
particle [2,3].  Also inspired by nature, we are hoping that 
adhesive forces between imaging materials, e.g., toner, ink, 
etc. and printing surfaces can be reduced or controlled 
appropriately such that optimal and efficient printing 
system can be designed and developed.  In this work, we 
report the fabrication of a superoleophobic model surface 

by first creating the textured Silicon surface on a Silicon 
wafer by photolithography, followed by chemical 
modification of the surface with a fluorosilane.  Initial 
results show that both surface hydrophobicity and 
oleophobicity are sensitive to the geometry of the pillar in 
the texture and the subsequent chemical modification. 

 
2 EXPERIMENTAL 

 
Surface textures were created by photolithography by 

first spin-coating photoresist SPR700 on a Si wafer, 
followed by exposure of the resist through a mask, and then 
developed, etched, striped off the remaining resist and 
piranha clean the surface.  The resulting textured surfaces 
could be modified by (1) tridecafluoro-1,1,2,2-
tetrahydrooctyltrichlorosilane (FOTS) via molecular vapor 
deposition of on a MVD100 reactor from Applied 
Microstructures, Inc., or (2) a self-assembled monolayer 
with octodecytrichlorosilane [4], or (3) a 100 nm PTFE 
coating by the initiated CVD technique [5] (at GVD 
Corporation, Cambridge, MA).  Contact angle and sliding 
angle measurements were performed on a goniometer 
model OCA20 from Dataphysics.  The drop size of the test 
liquid was controlled to be ~ 5 μL. 
 

3 RESULTS AND DISCUSSION 
 

3.1 Fabrication of a Model Superoleophobic 
Surface on Si-Wafer 

Figure 1 shows a schematic for the fabrication of the 
textured surfaces in this work, first creating the texture on a 
Si wafer via photolithography, followed by chemical 
modification of the bare Silicon surface with a conformal  
nanocoating. 

Si wafer 

Nano 
coating 

Nanocoating: 
FOTS 
OTS 
iCVD PTFE 

1. Spin coat resist 
2. Expose & develop 
 
3. Etch and strip 
4. Piranha clean 

 
Fig. 1  A schematic showing the creation of the textured 
surface on Si wafer. 
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Figure 2 shows a SEM micrograph of a textured surface 
consisting of ~ 3 μm diameter pillars ~ 7 μm in height with 
an inter-pillar distance of ~ 3 μm on Si wafer. The surface 
was chemically modified by a fluorosilane coating (FOTS).  
It is important to note that the side wall in each pillar has a 
nano wavy structure and the structure is created due to the 
etching process used in this work. 

 

 
Fig. 2 SEM micrograph of the texture on Si wafer created 
by photolithography. 
 
The surface property was studied by contact angle 
measurements using water and hexadecane (oil) as test 
liquids.  The contact angle data for the textured surface are 
depicted in Figure 3 along with those obtained from the 
smooth FOTS Si-wafer surface.  Sliding angle data and all 
other measurement data, along with the controls (smooth 
and textured surfaces without FOTS modification) are 
given in Table 1.   

 
Fig. 3. Contact angle data for (left) the textured surface in 
Figure 2 and (right) the control smooth surface. 

 
Our results indicated that the textured FOTS surface is both 
water and oil repelling with water and hexadecane contact 
angles approaching ~ 160°.  In addition, the sliding angles 
are very low, ~ 10°, for oil and water, indicative of 
achieving both superhydrophobicity and 
superoleophobicity.  By comparing with the contact angle 
data of the smooth FOTS surface and the textured bare 
Silicon surface, we conclude that the attainment of 
superoleophobicity and superhydrophobicity for the 

textured surface in Figure 2 is the result of both surface 
texturing and surface fluorination. 

 
3.2 Effects of Surface Chemistry and Pillar 
Geometry 

Table 1 also summarizes results of an initial study on 
the effect of surface chemistry on the surface property of 
the same surface texture.  The results indicate that 
modifications of the textured surface with an octadecyl self-
assembled hydrocarbon layer or a 100 nm iCVD PTFE 
coating all lead to superhydrophobicity, namely large water 
contact angle (>150°) and a relatively small sliding angle 
(<10°).  However, these two textured surfaces are not 
superoleophobic.  The iCVD PTFE coated textured surface 
is highly oleophobic with a hexadecane contact angle of 
~116°.  The most interesting observation here is the sliding 
angle data.  The hexadecane drop actually exhibits high 
adhesion toward the iCVD PTFE surface.  It does not slide 
and actually sticks on the surface for tilted angles >90°.  In 
the case of the OTS coated textured surface, it becomes 
more oleophilic than the smooth OTS surface.  This is 
consistent with the surface texturing effect for surface with 
low contact angle [6]. 
 
Table 1. Summary of contact angle and sliding angle data 
for various smooth and textured surfaces 

Contact anglea (sliding angleb) Si 
Wafer Coating Water Hexadecane 

Smooth None - - 
Texture None <5° <5° 
Smooth FOTS 107.3° (14°) 73.3° (9°) 
Texture FOTS 156.2° (10°) 157.9°(10°) 
Smooth OTS 109.3° 40.5° 
Texture OTS 156.9° (3.5°) c 33.5° (>90° ) c

Smooth iCVD PTFE d 139.1° (>90°) 76.2°(>90°) 
Texture iCVD PTFE d 152.2° (10°) ~116°(>90°) 

Textured Smooth (control) 

W
ate

H
exadecan

(a) accuracy ±2°; (b) accuracy ±1.5°; (c) preliminary data; 
(d) 100 nm in thickness. 
 

Figure 4 shows a FOTS coated textured surface with 
physical dimension comparable to that in Figure 2, except 
that the side wall of the pillar is smooth rather than wavy.   

 

 
Fig. 4  SEM micrograph of a textured surface with straight 
wall pillars. 
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Contact angle data reveals that the surface is 
superhydrophobic, but only highly oleophobic with water 
and hexadecane contact angles at ~ 152° and ~ 120°, 
respectively (Figure 5a and 5b).  In addition, a very strong 
pillar geometry effect is observed in the sliding angle data.  
The sliding angle with water is ~ 12°, consistent of being a 
superhydrophobic surface.  With hexadecane, however, the 
drop not only does not slide, it sticks on the surface even at 
titled angle >90° (Figure 5c).  The result suggests that there 
exists high adhesion between the hexadecane drop and the 
fluorosilane surface. 
 

 
Fig. 5  Contact angle data for the FOTS modified textured 
surface in Figure 4 (a) water, (b) hexadecane, and (c) 
hexadecane drop tilted at 90°. 
 
 

4 SUMMARY AND REMARKS 
 

In summary, we have fabricated a model 
superoleophobic surface on Si wafer by photolithography 
followed by surface modification with FOTS.  The textured 
surface is both water and oil repelling with large contact 
angle (>150°) and low sliding angle (~ 10°).  We found that 
the surface properties of these man-made surfaces are 
sensitive to both surface chemistry and pillar geometry.  
While the textured surfaces remain superhydrophobic when 
the texture is coated with OTS and iCVD PTFE, different 
results are obtained for the surface oleophobicity.  The 
iCVD PTFE coated texture is high oleophobic, but the OTS 
coated surface is oleophilic.  The result is attributable to the 
wetting characteristic of hexadecane towards these two 
surfaces. 

 
We also found a strong pillar geometry effect on the 

superoleophobicity of the textured surface.  With a wavy 
side wall, the textured surface is both superhydrophobic and 
superoleophobic.  Since Cohen and co-workers [7] have 
shown that the re-entrant angle is the key driver for 
superoleophobicity, we tentatively attribute the 
superoleophobicity observed in this work to (1) the re-
entrant angle effect, or (2) the dual nano/micro roughness 
scale in the wavy structure, or (3) the combination of both 1 
and 2.  Further work is in progress to distinguish these 
possibilities. 
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