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instance, despite the intrinsic wettability of silica, &, = 40°, for the water/air system and &, = 20°
for hexadecane/air system, GEMs comprising cavities entrap air robustly on immersion in those
liquids, and the apparent contact angles for the droplets are & = 90°. The reentrant and doubly
reentrant features in the GEMs stabilize the intruding liquid meniscus thereby trapping the liquid-
solid-vapor system in metastable air-filled states (Cassie states) and delaying wetting transitions
to the thermodynamically-stable fully-filled state (Wenzel state) by, for instance, hours to
months. Similarly, SiO,/Si surfaces with arrays of reentrant and doubly reentrant micropillars
demonstrate extremely high contact angles (& = 150°-160°) and low contact angle hysteresis for
the probe liquids, thus characterized as superomniphobic. However, on immersion in the same
liquids, those surfaces dramatically lose their superomniphobicity and get fully-filled within <1 s.
To address this challenge, we present protocols for hybrid designs that comprise arrays of doubly
reentrant pillars surrounded by walls with doubly reentrant profiles. Indeed, hybrid
microtextures entrap air on immersion in the probe liquids. To summarize, the protocols
described here should enable the investigation of GEMs in the context of achieving
omniphobicity without chemical coatings, such as perfluorocarbons, which might unlock the
scope of inexpensive wetting materials for applications as omniphobic materials. Silica
microtextures could also serve as templates for soft materials.

INTRODUCTION:

Solid surfaces that exhibit apparent contact angles, & > 90° for polar and nonpolar liquids, such
as water and hexadecane, are referred to as omniphobicl. These surfaces serve numerous
practical applications, including water desalination??3, oil-water separation*>, antibiofouling®, and
reducing hydrodynamic drag’. Typically, omniphobicity necessitates perfluorinated chemicals
and random topographies®12. However, the cost, non-biodegradability, and vulnerability of
those materials/coatings pose a myriad of constraints, e.g., perfluorinated desalination
membranes degrade as the feed-side temperatures are raised, leading to pore-wetting'®*4, and
perfluorinated/hydrocarbon coatings also get abraded>® and degraded by silt particles in the
flow streams and cleaning protocols. Thus, there is a need for alternative strategies for achieving
the functions of perfluorinated coatings (i.e., entrapping air on immersion in liquids without using
water repellent coatings). Therefore, researchers have proposed surface topographies comprised
of overhanging (reentrant) features that could entrap air on immersion by microtexturing
alone'” 2>, These microtextures come in three types: cavities?®, pillars?’, and fibrous mats®.
Hereafter, we will refer to reentrant features with simple overhangs as reentrant (Figure 1A-B
and Figure 1E-F) and reentrant features with overhangs that make a 90° -turn towards the base
as doubly reentrant Figure 1C-D and Figure 1G—-H).

In their pioneering work, Werner et al.?22%-3! characterized cuticles of springtails (Collembola),
soil-dwelling arthropods, and explained the significance of mushroom-shaped (reentrant)
features in the context of wetting. Others have also investigated the role of mushroom-shaped
hairs in sea-skaters3?33 towards facilitating extreme water repellence. Werner and coworkers
demonstrated the omniphobicity of intrinsically wetting polymeric surfaces by carving
biomimetic structures through reverse imprint lithography?®. Liu and Kim reported on silica
surfaces adorned with arrays of doubly reentrant pillars that could repel drops of liquids with
surface tensions as low as y.y= 10 mN/m, characterized by apparent contact angles, & = 150° and
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extremely low contact angle hysteresis?’. Inspired by these amazing developments, we followed
the recipes of Liu and Kim to reproduce their results. However, we discovered that those
microtextures would catastrophically lose their superomniphobicity, i.e. & = 0°, if wetting liquid
drops touched the edge of the microtexture or if there was localized physical damage3*. These
findings demonstrated that pillar-based microtextures were unfit for applications that required
omniphobicity on immersion, and they also questioned the criteria for assessing omniphobicity
(i.e., should they be limited to contact angles alone, or if additional criteria are needed).

In response, using the SiO,/Si wafers, we prepared arrays of microscale cavities with doubly
reentrant inlets and, and using water and hexadecane as the representative polar and nonpolar
liquids, we demonstrated that (i) these microtextures prevent liquids from entering them by
entrapping air, and (ii) the compartmentalized architecture of the cavities prevents the loss of
entrapped air by localized defects34. Thus, we describe them as gas-entrapping microtextures
(GEMs). As the next step, we microfabricated a variety of shapes (circular, square, hexagonal)
and profiles (simple, reentrant, and doubly reentrant) to systematically compare their
performance under immersion in wetting liquids?®. We also created a hybrid microtexture
comprising arrays of doubly reentrant pillars surrounded by walls with doubly reentrant profiles,
which prevented liquids from touching the stems of the pillars and robustly entrapped air on
immersion3>. Below, we present detailed protocols for manufacturing GEMs through
photolithography and etching techniques along with design parameters. We also present
representative results of characterizing their wetting by contact angle goniometry
(advancing/receding/as-placed angles) and immersion in hexadecane and water.

PROTOCOLS:

NOTE: Arrays of reentrant and doubly reentrant cavities and pillars were microfabricated by
adapting the multistep protocol for pillars reported by Liu and Kim?’. Precautions were taken to
minimize the formation of pin residues or particles on our surfaces that could interfere with
wetting transitions3.

MICROFABRICATION OF CAVITIES

Broadly, the protocols for the microfabrication of reentrant and doubly reentrant cavities (RCs
and DRCs) consist of two-dimensional layout designing, photolithography, general silica etching,
and specific silicon etching, depending on the final feature required3’=4%,

1. Design

1.1. Start the microfabrication process by designing the required pattern in a layout software®?.
An example of such a software is listed in the Materials List.

1.2. Using the software, create a new file. Draw a unit cell comprising a circle of diameter, D =
200 um. Copy and paste this circle with a center-to-center distance (pitch) of L =212 um to create
an array of circles in a square patch of area 1 cm? (Figure 1).
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1.3. Draw a circle of diameter 100 mm (4 inches). Place the 1 cm? square array inside the circle
and replicate it to create a 4 x 4 grid of square arrays. Features inside the circle will be transferred
onto the 4-inch wafers (Figure 2).

1.4. Export the design file to the desired format for the mask writing system (e.g., the GDSII
format.

2. Cleaning of wafers

2.1. Clean a silicon wafer 4 inches in diameter, <100> orientation, and with a 2.4 um thick thermal
oxide layer (see the Materials List), in piranha solution for 10 min. Piranha solution comprises
sulfuric acid (H2S0s4, 96%): hydrogen peroxide (H20,, 30%) in a 3:1 volumetric ratio and is
maintained at 7= 388 K.

2.2. Rinse the wafer with deionized water and spin-dry under nitrogen (N2) environment.

3. Photolithography

3.1 Coat the wafer with hexamethyldisilazane (HMDS) using vapor-phase deposition to improve
adhesion with the photoresist. Refer to Table 1 for the process details.

3.2. Mount the wafer on a 4-inch vacuum chuck in the spin coater. Cover the wafer with the AZ-
5214E photoresist. Use the spin coater to spread the photoresist uniformly on the surface as a
1.6 um-thick layer. Refer to Table 2 for spin coating parameters.

3.3. Bake the photoresist-coated wafer on a hot-plate maintained at 110 °C for 120 s.

3.4. Transfer the wafer to a direct-writing system and expose the wafer to UV radiation for 55 ms
(defocus: +5). This step transfers the desired design on the AZ-5214E (used in the positive tone;

see Materials List) (Figure 2).

3.5. Place the UV-exposed wafer in a glass Petri dish containing the AZ-726 developer for 60 s for
the features to develop. See Materials List for details.

3.6. Remove the wafer from the developer solution and rinse with deionized (DI) water gently to
remove excess developer. Spin dry the wafer in a N; environment. These steps are presented in

Figure 3A—C.

NOTE: At the end of this step, design patterns on the wafer can be seen under a standard optical
microscope.

4. Anisotropic etching of silica (S10;) layer

NOTE: The goal of this step is to completely etch away the silica layer (2.4 um-thick) that was
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exposed during photolithography to expose the silicon layer underneath.

4.1. After photolithography, transfer the wafer to an inductively coupled plasma (ICP) reactive-
ion etching (RIE) system that employs a mixture of octafluorocyclobutane (CsFs) and oxygen (O2)
gases to etch silica vertically downward (anisotropic etching).

4.2. Run the ICP-RIE process for approximately 13 min to etch the exposed silica layer. Refer to
the ICP-RIE parameters in Table 3. During this step, the photoresist layer also gets completely
etched away (Figure 3C-D).

4.3. To ensure that the silica layer thickness inside the desired patterns is reduced to zero, so that
the silicon layer is exposed, measure the thickness of the remaining silica using a reflectometer.
Adjust the duration of the subsequent etching period based on the thicknesses of the silica layers
(especially in and around the patterns).

NOTE: A reflectometer was used to measure the thickness of the remaining silica layer®.
Alternatively, other tools, such as ellipsometer or an interactive color chart to predict the color
of SiO; and thickness can also be used***>,

The procedures detailed in steps 1 and 4 are common for both reentrant and doubly reentrant
cavities. However, the etching protocols for the silicon layer are different and are described
below:

5. Reentrant cavities
5.1. Anisotropic silicon etching

5.1.1. After etching the silica layer, transfer the wafer to a deep ICP-RIE system to etch silicon.
The first step consists of a fluorine-based anisotropic etching method known as the Bosch process
that etches silicon vertically downward, creating a straight wall.

NOTE: The Bosch process uses CaFg and sulfur hexafluoride (SFs) gases in the reaction chamber:
the C4Fg deposition creates a passivation layer, while the SFe etches silicon vertically downward.
Thus, the Bosch process enables the microfabrication of deep trenches in silicon with high-aspect
ratios.

5.1.2. Run this process for five cycles, which corresponds to an etching depth for silicon
equivalent to = 2 um. Process parameters are listed in Table 4.

5.1.3. Clean the wafer in piranha solution for 10 min to remove any remnants of the Bosch
process. Rinse the wafer with DI water and spin-dry in a N2 environment (Figure 3E).

5.2. Isotropic silicon etching: In order to create the reentrant feature, perform isotropic etching
that would create an undercut beneath the silica layer. A 5 um overhang can be achieved by
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etching the silicon layer with SFs for 2 min 45 s (Figure 3F). Refer to Table 5 for the process
parameters.

5.3. Anisotropic silicon etching: Once the reentrant features are created, tune the depth of the
cavities by the Bosch process (step 5.1).

NOTE: To microfabricate cavities with a depth of hc = 50 um, 160 cycles of the Bosch process are
required (Figure 3G, Table 4).

5.4. Wafer cleaning and storage

5.4.1. Clean the wafer using piranha solution as described in step 2. After this step, the wafer
becomes superhydrophilic, characterized by contact angles of water, &, = 0°.

5.4.2. Store the wafer in a glass Petri dish and place inside a clean vacuum oven maintained at T
=323 K and vacuum pressure Pyac = 3.3 kPa for 48 h, after which the intrinsic contact angle of the

silica layer stabilizes to &, = 40°.

5.4.3. Store the samples in a clean cabinet equipped with an outward nitrogen (99%) flow, ready
for further characterization.

6. Doubly reentrant cavities

6.1. Anisotropic silicon etching: To create doubly reentrant cavities, follow steps 1, 2, 3, 4, and
5.1 (see Figures 4A-E).

6.2. Isotropic silicon etching

In order to create doubly reentrant features, reentrant features must be created first. To achieve
that, perform isotropic etching to create an undercut beneath the silica layer. Etch the silicon
layer with SFs for 25 s (Figure 4F). Refer to Table 5 for the process parameters. Subsequently,
clean the wafer using piranha solution as described in step 2.

6.3. Thermal oxide growth

6.3.1. To achieve doubly reentrant features, grow a 500 nm layer of thermal oxide on the wafer,
using a high temperature furnace system (Figure 4G).

6.3.2. Measure the thickness of the oxide layer using a reflectometer.
NOTE: The oxidation was carried out by exposing the samples to an environment comprising

oxygen (0O2) and water vapor, leading to the wet oxidation of silicon in an enclosed environment
at temperatures ranging from 800-1,200 °C.
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6.4. Silica etching: Carry out the same process as described in the step 4 to etch silica vertically
downward for 3 min. As a result of the anisotropic etching, the thermal oxide (500 nm thick silica
layer) is etched away from the cavity, but it leaves an “overhang” along the sidewalls that would
form the doubly reentrant edge eventually (Figure 4H, Table 3).

6.5. Anisotropic silicon etching: Repeat five cycles of the Bosch process to deepen of the cavities
by = 2 um (Figure 41, Table 5). This step is necessary to remove the silicon behind the doubly
reentrant feature in the next step. Clean the wafer using piranha solution.

6.6. Isotropic silicon etching: Perform the isotropic etching of silicon for 2 min and 30 s using the
process parameters described in Table 4. This step creates an empty space (=2 um) behind the
thermally-grown oxide at the mouth of the cavity, leading to the doubly reentrant edge (Figure
4)).

6.7. Anisotropic silicon etching: Use the Bosch process recipe (step 5.1) for 160 cycles to increase
the depth of the cavities to hc = 50 um, (Figure 4K, Table 5).

6.8. Wafer cleaning and storage: Clean the wafer using piranha solution and store as described
in step 5.4 above.

MICROFABRICATION OF PILLARS

The design protocol for fabricating reentrant and doubly reentrant pillars and “hybrids”
(comprising doubly reentrant pillars surrounded by walls) consists of three key steps: wafer
preparation, silica etching, and specific silicon etching. Figures 5A—C show the top-view of the
layout design for reentrant and doubly reentrant pillars, while Figures 5D—F represent the layout
of the hybrid arrays. Select the dark-field option of the UV exposure in order to expose the whole
wafer except for the pattern using the same photoresist (AZ5214E) (Figures 6A—C and Figures
7A-C). Besides these specificities, the processes for cleaning the wafer (step 2) and etching silica
(step 4) are identical.

7. Reentrant pillars

7.1. Anisotropic silicon etching: After photolithography, UV exposure, development, and etching
silica with the specificities for pillars described above (steps 1-4), transfer the wafer to a deep
ICP-RIE system to etch the silicon layer using the Bosch process. This step controls the height of
the pillars. Use 160 cycles of the Bosch process to achieve pillars of height, hp = 30 um (Figure 6E,
Table 5). Clean the wafer as described in step 2.

7.2. Isotropic silicon etching: Perform isotropic etching using SFsfor 5 min to create the reentrant
edge on the pillars (Figure 6F, Table 4). The resulting length of the overhangis 5 um.

7.3. Piranha cleaning and storage: Clean the wafer using piranha solution and store as described
in step 5.4 above.
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8. DOUBLY REENTRANT PILLARS AND HYBRIDS

8.1. Anisotropic silicon etching: After etching SiO,, transfer the wafer to a deep ICP-RIE system
to etch the Si under the SiO; layer. Perform five cycles of the Bosch process that corresponds to
an etching depth of = 2 um (Figure 7E, Table 4). Subsequently, clean the wafer as described in
step (2).

8.2. Isotropic silicon etching: Carry out isotropic etching using SFe for 16 s to create the reentrant
edge (Table 5, Figure 7F). Clean the wafer as described in step 2.

8.3. Thermal oxide growth: Grow 500 nm layer of thermal oxide all over the wafer using a high
temperature furnace system as described in step 6.3 (Figure 7G).

8.4. Silica etching: Etch the thermally-grown oxide layer (500 nm thick) for 3 min as described in
step 6.4 (Figure 7H, Table 3).

8.5. Anisotropic silicon etching: Repeat 160 cycles of the Bosch process (Table 4) to increase the
height of the pillars (Figure 71). Clean the wafer as described in step 2 above.

8.6. Isotropic silicon etching: Perform isotropic etching of silicon for 5 min using the process
parameters as described in Table 4. This step creates the doubly reentrant edge (Figure 7J). The
space between pillar stem and doubly reentrant edge is =2 um.

8.7. Wafer cleaning and storage: Clean the wafer using piranha solution and store as described
in step 5.4 above.

Figure 8 represents the list of processes used in microfabricating reentrant and doubly reentrant
cavities and pillars.

REPRESENTATIVE RESULTS:

In this section, we showcase reentrant and doubly reentrant cavities (RCs and DRCs, Figure 9)
and reentrant and doubly reentrant pillars (RPs and DRPs, Figure 10) microfabricated using the
protocols described above. All the cavities have the diameter, Dc = 200 um, the depth, hc = 50
um, and the center-to-center distance (or the pitch) between adjacent cavities to be Lc= D¢ + 12
pm. Using the same fabrication protocols, cavities of non-circular shapes can also be prepared,
as reported previously?®.

The diameter of the cap on top of the pillars was Dp = 20 um, and their height and pitch were,
respectively, hp = 30 um and Lp= 100 um (Figure 10).

Wetting Behaviors of Gas-Entrapping Microtextures (GEMs)

Flat silica (SiO2) is intrinsically wetting towards most polar and nonpolar liquids. For instance, the
intrinsic contact angles of droplets of hexadecane (yLV = 20 mN/m at 20°C) and water (surface
tension yLV =72.8 mN/m at 20 °C) on silica were, respectively, and &, = 20° and &, = 40°. However,
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after microfabricating reentrant and doubly reentrant cavities (DRCs) and pillars, the contact
angles changed dramatically (Table 6). We measured the advancing/receding contact angles by
dispensing/retracting the liquids at the rate of 0.2 pL/s and found the apparent contact angles
for both liquids, & > 120°, (omniphobic, Figure 11E). Receding contact angles, & = 0° because of
the lack of discontinuity in the microtextures, such as in pillar-based microtextures. On the other
hand, SiO,/Si surfaces with arrays of doubly reentrant pillars (DRPs) exhibited apparent contact
angles, 6 > 150° for both liquids and the contact angle hysteresis was minimal (superomniphobic,
Figure 11A and Movies S1 and S2). Curiously, when the same SiO/Si surfaces with arrays of pillars
were immersed in the same liquids they got intruded instantaneously, t < 1 s, i.e. no air was
entrapped (Figure 10A-D, Movie S3). So, while the pillars appeared to be superomniphobic in
terms of contact angles, they failed to entrap air on immersion. In fact, wetting liquids intrude
from the boundary of the microtexture (or from localized defects) and displace any trapped air
instantaneously (Figures 11A—D and Movie S3). In contrast, DRCs entrapped air upon immersion
in both liquids (Figures 11E—H and S1, Table 1); for hexadecane, the entrapped air was intact
even after 1 month?®. Our confocal microscopy experiments demonstrated that the overhanging
features stabilize the intruding liquids and entrap air inside them (Figures 12A-B).

Next, to entrap air in arrays of DRPs, we employed the same microfabrication protocols to
achieve arrays of pillars surrounded by walls of doubly reentrant profile (Figure 10G-I). This
strategy insulated the stems of the DRPs from wetting liquids. As a result, the hybrid
microtextures behaved as GEMs, as confirmed by confocal microscopy (Figure 12C-D) and Movie
S4, Table 6). Thus, silica surfaces with hybrid microtextures exhibited omniphobicity on
immersion by trapping air and demonstrated contact angles, & > 120°, (omniphobic), and proved
omniphobic in the true sense, i.e. in terms of contact angles and entrapping air on immersion. In
Table 6, we assess the omniphobicity of SiO,/Si surfaces with a variety of microtextures cavity-
based, pillar-based, and hybrids by contact angles and immersion.

FIGURE AND TABLE LEGENDS:
Figure 1. Schematics of microstructures. (A—B) Reentrant cavities, (C—-D) doubly reentrant
cavities, (E-F) reentrant pillars, (G—H) doubly reentrant pillars.

Figure 2. Design patterns for cavities. Design patterns for reentrant and doubly reentrant cavities
generated using the layout software. The pattern was transferred onto the wafer using
photolithography.

Figure 3. Microfabrication protocol for reentrant cavities. (A) Clean silicon wafer with 2.4 um
thick silica on top. (B) Spin-coat the wafer with photoresist and expose to UV light. (C) Develop
the UV exposed photoresist to obtain the design pattern. (D) Etching of the exposed top silica
layer vertically downward (anisotropic etching) using inductively coupled plasma (ICP) reactive-
ion etching (RIE). (E) Shallow anisotropic etching of exposed silicon layer using deep ICP-RIE. (F)
Isotropic etching of silicon to create the reentrant edge. (G) Deep anisotropic silicon etching to
increase the depth of the cavities.

Figure 4. Microfabrication protocol for doubly reentrant cavities. (A) Clean silicon wafer with
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2.4 um thick silica on top. (B) Spin-coat the wafer with photoresist and expose to UV light. (C)
Develop the UV exposed photoresist to obtain the design pattern. (D) Etching of the exposed top
silica layer vertically downward (anisotropic etching) using inductively coupled plasma (ICP)
reactive-ion etching (RIE). (E) Shallow anisotropic etching of exposed silicon layer using deep ICP-
RIE. (F) Shallow isotropic etching of silicon to create undercut using deep ICP-RIE. (G) Thermal
oxide growth. (H) Anisotropic etching of top and bottom silica layer. (I) Shallow anisotropic
etching of silicon. (J) Isotropic silicon etch to create the doubly reentrant edge. (K) Deep
anisotropic silicon etching to increase the depth of the cavities.

Figure 5. Design patterns for pillars. Design patterns for reentrant, doubly reentrant, and hybrid
pillars generated using the layout software. The pattern was transferred onto the wafer using
photolithography.

Figure 6. Microfabrication protocol of reentrant pillars. (A) Clean silicon wafer with 2.4 um thick
silica on top. (B) Spin-coat the wafer with photoresist and expose to UV light. (C) Develop the UV
exposed photoresist to obtain the design pattern. (D) Etching of the exposed top silica layer
vertically downward (anisotropic etching) using inductively coupled plasma (ICP) reactive-ion
etching (RIE). (E) Deep anisotropic silicon etching to increase the height of the pillars. (F) Isotropic
silicon etching to create the reentrant edge.

Figure 7. Microfabrication protocol for doubly reentrant pillars. (A) Clean silicon wafer with 2.4
um thick silica on top. (B) Spin-coat the wafer with photoresist and expose to UV light. (C) Develop
the UV exposed photoresist to obtain the design pattern. (D) Etching of the exposed top silica
layer vertically downward (anisotropic etching) using inductively coupled plasma (ICP) reactive-
ion etching (RIE). (E) Shallow anisotropic etching of exposed silicon layer using deep ICP-RIE. (F)
Shallow isotropic etching of silicon to create undercut using deep ICP-RIE. (G) Thermal oxide
growth. (H) Anisotropic etching of the top and bottom of silica layer. (1) Anisotropic silicon etching
to increase the height of the pillars. (J) Isotropic silicon etching to create the doubly reentrant
edge. Note that the only difference between doubly reentrant pillars and the “hybrid” is the
design at the beginning.

Figure 8. Microfabrication protocol for reentrant and doubly reentrant cavities and pillars. The
flowchart lists the key steps involved.

Figure 9. Scanning electron micrographs of reentrant and doubly reentrant cavities. (A-D) Cross
sectional and isometric views of silica surfaces with array of reentrant cavities. (E=H) Cross
sectional and top views of doubly reentrant cavities. Dc = diameter of the cavity and Lc = the
center-to-center distance between adjacent cavities (or pitch), and hc = depth of the cavity.

Figure 10. Scanning electron micrographs of reentrant and doubly reentrant pillars. (A—C)
Isometric view of reentrant pillars. (D—F) Doubly reentrant pillars. (G-I) Hybrid pillars - DRPs
surrounded by doubly reentrant walls. Dp - diameter of the pillar cap and Lp - the center-to-center
distance between adjacent pillars (or pitch), and hp— height of the pillars. Figures DI, reprinted
from Ref. 3>, Copyright (2019), with permission from Elsevier.
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Figure 11. Wetting behavior. (A) Superomniphobicity of SiO,/Si surfaces adorned with arrays
doubly reentrant pillars, observed by placing liquid drops on top. (B—=D) The superomniphobicity
is lost instantaneously, if wetting liquids touch the boundary or localized defects. (E) SiO2/Si
surfaces adorned with arrays doubly reentrant cavities exhibit omniphobicity. (F-H) These
microtextures entrap air robustly and do not lose it if liquid touches the boundary or localized
defects. Reprinted from Ref.?>, Copyright (2019), with permission from Elsevier.

Figure 12. Confocal microscopy of microtextures immersed in liquids. Computer-enhanced 3D
reconstructions of representative confocal images (isometric and cross-sections along the dotted
lines) of wetting transitions in silica surfaces with doubly reentrant cavities and hybrid pillars
immersed under a z = 5 mm column after 5 min of immersion of (A,C) water, and (B,D)
hexadecane. The (false) blue and yellow colors correspond to the interfaces of water and
hexadecane with the trapped air. Intruding liquid menisci were stabilized at doubly reentrant
edge. (Scale bar = Diameter of the cavity and pillar 200 um and 20 um respectively). Figure 12
was reprinted from Ref.3°, Copyright (2019), with permission from Elsevier.

Table 1. Process details for coating hexamethyldisilazane (HMDS) layers to enhance the
adhesion between the silica surface and the AZ-5214E photoresist.

Table 2. Process details for achieving 1.6 um-thick AZ-5214E photoresist layer on SiO»/Si wafers
by spin-coating.

Table 3. Parameter settings for silica etching used in Inductively Coupled Plasma — Reactive lon
Etching (ICP-RIE).

Table 4. Parameter settings for silicon etching (isotropic) used in inductively coupled plasma -
deep reactive ion etching (ICP-DRIE).

Table 5. Parameter settings for silicon etching (anisotropic) used in inductively coupled plasma
— deep reactive ion etching (ICP-DRIE).

Table 6. Contact angle measurements — advancing (6.), receding (&), and apparent (6) —and
immersion in liquids. This table reprinted from Ref.3>, Copyright (2019), with permission from
Elsevier.

Movie S1. High speed image sequence (15K fps) of water droplet bouncing from microtextured
surfaces comprising of doubly reentrant pillars. This movie was reprinted from ref 35. Copyright
(2019), with permission from Elsevier.

Movie S2. High speed image sequence (19K fps) of hexadecane droplet bouncing from
microtextured surfaces comprising of doubly reentrant pillars. This movie was reprinted from
ref 35. Copyright (2019), with permission from Elsevier.
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Movie S3. Image sequence (200 fps) of water imbibition into microtexture comprising of doubly
reentrant pillars. This movie was reprinted from ref 35. Copyright (2019), with permission from
Elsevier.

Movie S4. Image sequence (200 fps) water drop advancing next to hybrid microtexture.
Presence of doubly reentrant boundary wall prevents liquid invasion into the microtexture, which
makes the surface omniphobic under immersion also. This movie was reprinted from ref 35.
Copyright (2019), with permission from Elsevier.

DISCUSSION:

Here we discuss additional factors and design criteria to help the reader in applying these
microfabrication protocols. For cavity microtextures (RCs and DRCs) the choice of pitch is crucial.
On one hand, the thinner the walls between adjacent cavities, the entrapment of air would
ensure that the liquid-solid interfacial area is low and the liquid-solid interfacial area is high,
leading to high contact angles34. But, if the wall-thickness is too thin, it might compromise the
mechanical integrity of the microtexture, for instance, during handling and characterization.
Further, if the walls are too thin, then during the isotropic etching towards DRCs (e.g., step 6.6),
a little over-etching would destroy the wall, and under-etching would yield doubly reentrant
features that are too close to the wall. In the latter scenario, the ability of DRCs to entrap air for
long-term might suffer, especially if the liquid would condense inside the cavities?®. For this
reason, we chose the pitch in our experiments to be L = D + 12 um (i.e., the minimum wall
thickness between the cavities was 12 um). We also fabricated doubly reentrant cavities with a
smaller pitch of L =D + 5 um, but the resulting surfaces were not homogeneous due to structural
damage during microfabrication.

During the etching of the silica layer with C4Fs and O; in step 4, the prior history of usage or the
cleanliness of the reaction chamber could give variable results, despite following the same steps,
for instance, in a common user facility such as in most universities. Thus, it is recommended that
this step is performed in short time periods, for instance, no more than 5 min each and monitored
the thickness of the silica layer by an independent technique, such as reflectometry. For our
wafers with a 2.4 um-thick silica layer, a typical etching routine took 13 min to remove silica
completely from the targeted areas. Because the photoresist was also etched during the process,
this step removed 1 um of the silica layer that was initially masked by the photoresist.
Furthermore, to ensure that the etching rate was as expected, and to avoid cross-contamination
from previous etch processes (a common issue in multiuser facilities), silica etching was always
preceded by etching a sacrificial wafer as a precautionary step. During the development of the
photoresist, the exposed surface might get contaminated with the photoresist’s traces/particles,
which could act as (microscopic) masks leading to the formation of pin residues. To avoid this,
rigorous cleaning and storage protocols should be followed throughout the microfabrication
process3®,

Similarly, during the Bosch process, even though the SiO; layer acts as a mask for the Si-layer
underneath, it does get etched during long etching cycles, albeit at slower rates. Thus, the depth
of the cavities or the height of the pillars is limited up the point that the reentrant features will
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not be compromised. The passivation and etching times during the Bosch method should be
tuned carefully to obtain smooth walls. This can be achieved by testing iteratively changing
recipes and observing their effects on samples, for instance, using electron microscopy.

In the case of RPs and DRPs, the longer the duration of isotropic etching, the smaller the diameter
of the stem. If the diameter is less than 10 um, it might cause instability or fragility. This limitation
should inform the design at the beginning of the microfabrication procedure.

Dry-etching tools commonly available in universities do not have industrial-grade tolerances,
leading to spatial non-uniformities in terms of the rate of etching inside the chamber. Thus, the
features obtained in the center of the wafer might not be the same as those at the boundary. To
overcome this limitation, we used four-inch wafers and concentrated only in the central region.
We also recommend using direct-writing systems instead of using hard-contact masks for
photolithography, allowing for quickly varying design parameters, diameters, pitches, shapes
(circular, hexagonal and square), and overall designs (cavities, pillars, and hybrid designs).

Obviously, neither SiO,/Si wafers nor photolithography are the desired materials or processes for
the mass production of omniphobic surfaces. However, they serve as an excellent model system
to explore innovative microtextures for engineering omniphobic surfaces, for instance by
biomimetics?6:27:34354647 ‘which can be translated to low-cost and scalable materials systems for
applications. It is expected that in the near future, the design principles for GEMs might be scaled
up using techniques such as two photon lithography*®, additive manufacturing®, laser
micromachining®®. Microtextured SiO,/Si surfaces could also be used for templating soft
materials®®>%. Currently, we are investigating applications of our gas-entrapping surfaces for
mitigating cavitation damage*’, desalination*®, and reducing hydrodynamic drag.

ACKNOWLEDGMENTS:
HM acknowledges funding from King Abdullah University of Science and Technology (KAUST).

DISCLOSURES:
The authors declare that they have no competing interests.

REFERENCES:

1. Butt, H.-J. et al. Characterization of super liquid-repellent surfaces. Current Opinion in
Colloid & Interface Science. 19 (4), 343—354 (2014).

2. Lee, J., Laoui, T., Karnik, R. Nanofluidic transport governed by the liquid/vapour interface.
Nature Nanotechnology. 9 (4), 317-323 (2014).

3. Subramanian, N. et al. Evaluating the potential of superhydrophobic nanoporous alumina
membranes for direct contact membrane distillation. Journal of Colloid and Interface Science. 533
723-732 (2019).

4, Xue, Z. X., Cao, Y. Z,, Liu, N., Feng, L., Jiang, L. Special wettable materials for oil/water
separation. Journal of Materials Chemistry A. 2 (8), 2445-2460 (2014).

5. Zhang, L. B., Zhong, Y. J,, Cha, D., Wang, P. A self-cleaning underwater superoleophobic
mesh for oil-water separation. Scientific Reports. 3, (2013).

6. Leslie, D. C. et al. A bioinspired omniphobic surface coating on medical devices prevents
thrombosis and biofouling. Nature Biotechnology. 32 (11), 1134-1140 (2014).



573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616

7. Lee, C., Choi, C.-H., Kim, C.-J. Superhydrophobic drag reduction in laminar flows: a critical
review. Experiments in Fluids. 57 (176), (2016).

8. Tuteja, A., Choi, W., Mabry, J. M., McKinley, G. H., Cohen, R. E. Robust omniphobic
surfaces. Proceedings of the National Academy of Sciences of the United States of America. 105
(47), 18200-18205 (2008).

9. Brown, P. S., Bhushan, B. Mechanically durable, superoleophobic coatings prepared by
layer-by-layer technique for anti-smudge and oil-water separation. Scientific Reports. 5, (2015).
10. Wong, T. S. et al. Bioinspired self-repairing slippery surfaces with pressure-stable

omniphobicity. Nature. 477 (7365), 443—-447 (2011).

11. Milionis, A., Dang, K., Prato, M., Loth, E., Bayer, |. Liquid repellent nanocomposites
obtained from one-step water-based spray. Journal of Materials Chemistry A. 3 (24), 12880—
12889, (2015).

12. Mishra, H. et al. Time-Dependent Wetting Behavior of PDMS Surfaces with Bioinspired,
Hierarchical Structures. ACS Applied Materials & Interfaces. 8 (12), 8168—8174 (2016).

13. Hendren, Z. D., Brant, J., Wiesner, M. R. Surface modification of nanostructured ceramic
membranes for direct contact membrane distillation. Journal of Membrane Science. 331 (1-2),
1-10 (2009).

14. Rezaei, M. et al. Wetting phenomena in membrane distillation: Mechanisms, reversal, and
prevention. Water Research. 139 329-352 (2018).

15. Verho, T. et al. Mechanically Durable Superhydrophobic Surfaces. Advanced Materials. 23
673-678 (2011).

16. Boinovich, L., Emelyanenko, A. M., Pashinin, A. S. Analysis of Long-Term Durability of
Superhydrophobic Properties under Continuous Contact with Water. ACS Applied Materials &
Interfaces. 2 (6), 1754-1758 (2010).

17. Herminghaus, S. Roughness-induced non-wetting. Europhysics Letters. 52 (2), 165-170
(2000).

18. Abdelsalam, M. E., Bartlett, P. N., Kelf, T., Baumberg, J. Wetting of regularly structured
gold surfaces. Langmuir. 21 (5), 1753-1757 (2005).

19. Liu, J. L., Feng, X. Q., Wang, G. F., Yu, S. W. Mechanisms of superhydrophobicity on
hydrophilic substrates. Journal of Physics-Condensed Matter. 19 (35), (2007).

20. Nosonovsky, M. Multiscale roughness and stability of superhydrophobic biomimetic
interfaces. Langmuir. 23 (6), 3157-3161 (2007).
21. Marmur, A. From hygrophilic to superhygrophobic: Theoretical conditions for making

high-contact-angle surfaces from low-contact-angle materials. Langmuir. 24 (14), 7573-7579
(2008).

22. Hensel, R. et al. Wetting Resistance at Its Topographical Limit: The Benefit of Mushroom
and Serif T Structures. Langmuir. 29 (4), 1100-1112 (2013).

23. Bormashenko, E. Progress in understanding wetting transitions on rough surfaces.
Advances in Colloid and Interface Science. 222 92-103 (2015).

24, Patankar, N. A. Thermodynamics of trapping gases for underwater superhydrophobicity.
Langmuir. 32 (27), 7023-7028 (2016).

25. Kaufman, Y. et al. Simple-to-Apply Wetting Model to Predict Thermodynamically Stable
and Metastable Contact Angles on Textured/Rough/Patterned Surfaces. The Journal of Physical
Chemistry C. 121 (10), 5642-5656 (2017).



617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660

26. Domingues, E. M., Arunachalam, S., Nauruzbayeva, J., Mishra, H. Biomimetic coating-free
surfaces for long-term entrapment of air under wetting liquids. Nature Communications. 9 (1),
3606 (2018).

27. Liu, T. Y., Kim, C. J. Turning a surface superrepellent even to completely wetting liquids.
Science. 346 (6213), 1096—1100 (2014).

28. Hensel, R., Neinhuis, C., Werner, C. The springtail cuticle as a blueprint for omniphobic
surfaces. Chemical Society Reviews. 45 (2), 323-341 (2016).

29. Hensel, R. et al. Biologically Inspired Omniphobic Surfaces by Reverse Imprint
Lithography. Advanced Materials. 26 (13), 2029-2033 (2014).

30. Hensel, R. et al. Tunable nano-replication to explore the omniphobic characteristics of

springtail skin. Npg Asia Materials. 5, (2013).

31. Helbig, R., Nickerl, J., Neinhuis, C., Werner, C. Smart Skin Patterns Protect Springtails. PLOS
ONE. 6 (9), 25105 (2011).

32. Cheng, L. Marine and Freshwater Skaters: Differences in Surface Fine Structures. Nature.
242 132 (1973).

33. Andersen, N. M. & Cheng, L. The marine insect Halobates (Heteroptera: Gerridae):
biology, adaptations, distribution, and phylogeny. Oceanography and marine biology: an annual
review. 42 119-180, (2004).

34. Domingues, E. M., Arunachalam, S., Mishra, H. Doubly Reentrant Cavities Prevent
Catastrophic Wetting Transitions on Intrinsically Wetting Surfaces. ACS Applied Materials &
Interfaces. 9 (25), 21532—-21538 (2017).

35. Arunachalam, S., Das, R., Nauruzbayeva, J., Domingues, E. M., Mishra, H. Assessing
omniphobicity by immersion. Journal of Colloid and Interface Science. 534 156—162 (2019).

36. Christian Koch, E. A. Photolithography: Basics of Microstructuring. (MicroChemicals
GmbH, , 2017).

37. Jansen, H., de Boer, M., Legtenberg, R., Elwenspoek, M. The black silicon method: a
universal method for determining the parameter setting of a fluorine-based reactive ion etcher
in deep silicon trench etching with profile control. Journal of Micromechanics and
Microengineering. 5 (2), 115 (1995).

38. Jansen, H. V., de Boer, M. J., Unnikrishnan, S., Louwerse, M., Elwenspoek, M. C. Black
silicon method X: a review on high speed and selective plasma etching of silicon with profile
control: an in-depth comparison between Bosch and cryostat DRIE processes as a roadmap to
next generation equipment. Journal of Micromechanics and Microengineering. 19 (3), 033001
(2009).

39. Xiu, Y., Zhu, L., Hess, D. W., Wong, C. Hierarchical silicon etched structures for controlled
hydrophobicity/superhydrophobicity. Nano Letters. 7 (11), 3388-3393 (2007).
40. Azeredo, B. et al. Silicon nanowires with controlled sidewall profile and roughness

fabricated by thin-film dewetting and metal-assisted chemical etching. Nanotechnology. 24 (22),
225305 (2013).

41, Coffinier, Y. et al. Preparation of superhydrophobic silicon oxide nanowire surfaces.
Langmuir. 23 (4), 1608-1611 (2007).
42, Tanner, E. L-Edit-The layout editor. Reference Manual.

https://usermanual.wiki/Document/LEdit20Manual.38314693/view, (2009).
43, Nanometrics. NANOSPEC 6100 Series Operators Users Manual



661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680

https://cmi.epfl.ch/metrology/Nanospec_AFT6100_Manual.pdf.

44, Deal, B. E., Grove, A. General relationship for the thermal oxidation of silicon. Journal of
Applied Physics. 36 (12), 3770-3778 (1965).
45, Woollam, J. A. et al. Spectroscopic ellipsometry from the vacuum ultraviolet to the far

infrared. AIP Conference Proceedings. 550 (1), 511-518 (2001).

46. Das, R., Arunachalam, S., Ahmad, Z., Manalastas, E., Mishra, H. Bio-inspired gas-
entrapping membranes (GEMs) derived from common water-wet materials for green
desalination. Journal of Membrane Science. 117185 (2019).

47. Zijlstra, A., Rivas, D. F., Gardeniers, H. J., Versluis, M. & Lohse, D. Enhancing acoustic
cavitation using artificial crevice bubbles. Ultrasonics. 56 512-523, (2015).

48. Liu, X. et al. 3D Printing of Bioinspired Liquid Superrepellent Structures. Advanced
Materials. 30 (22), 1800103.

49, Jafari, R., Cloutier, C., Allahdini, A., Momen, G. Recent progress and challenges with 3D
printing of patterned hydrophobic and superhydrophobic surfaces. The International Journal of
Advanced Manufacturing Technology. 1-14 (2019).

50. Vorobyev, A. Y., Guo, C. L. Multifunctional surfaces produced by femtosecond laser
pulses. Journal of Applied Physics. 117 (3), 033103 (2015).

51. Xu, M., Kim, C.-J. Method for manufacturing re-entrant microstructures. US Patent App.
15/546,260 (2018).



Figure 1 Click here to access/download;Figure;Figure 1.ai %

Reentrant cavities (RCs) Doubly reentrant cavities (DRCs)



https://www.editorialmanager.com/jove/download.aspx?id=1107451&guid=ff5da5ff-e41a-4bba-877d-1f2dc19c46a3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107451&guid=ff5da5ff-e41a-4bba-877d-1f2dc19c46a3&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2.ai %

A
T
et
HEEE
EEE
20 m
|



https://www.editorialmanager.com/jove/download.aspx?id=1107452&guid=0832c4b0-56af-4795-ba5e-456c325a8489&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107452&guid=0832c4b0-56af-4795-ba5e-456c325a8489&scheme=1

Figure 3 Click here to access/download;Figure;Figure 3.ai %

Photoresist AZ - 5214

Silicon

(A) Silicon wafer (B) Spin coat (C) Photolithography

(D) Silica etching (E) Anisotropic silicon etching (F) Isotropic silicon etching

I Silica
B Silicon
[ Photoresist

(G) Anisotropic silicon etching


https://www.editorialmanager.com/jove/download.aspx?id=1107453&guid=25bcda84-c7a7-4c30-aa2e-3734f80ac33a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107453&guid=25bcda84-c7a7-4c30-aa2e-3734f80ac33a&scheme=1

Figure 4

Silica

Silicon

(A) Silicon wafer

Click here to access/download;Figure;Figure 4.ai

Photoresist AZ - 5214

(B) Spin coat (C) Photolithography

(D) Silica etching

(E) Anisotropic silicon etching (F) Isotropic silicon etching

(G) Thermal oxide growth

(H) Silica etching (I) Anisotropic silicon etching

I Silica
B Silicon
I Photoresist

(J) Isotropic silicon etching (K) Anisotropic silicon etching


https://www.editorialmanager.com/jove/download.aspx?id=1107454&guid=c9de0a55-a1f5-4643-883d-553a84c59bdc&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107454&guid=c9de0a55-a1f5-4643-883d-553a84c59bdc&scheme=1

Figure 5

Pillars

Click here to access/download;Figure;Figure 5.ai

H e & & & @

® @ ® [ ] ® [ ]

® @ ® ® L ®

® @ @ ° L ®

200ym o o o o
]

* AIc

2| @ O

@

®

@

]
) O
|

Hybrid design

*


https://www.editorialmanager.com/jove/download.aspx?id=1107455&guid=8c9aca47-b58a-4af4-8eb1-e5c4c296fc6b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107455&guid=8c9aca47-b58a-4af4-8eb1-e5c4c296fc6b&scheme=1

Figure 6 Click here to access/download;Figure;Figure 6.ai *

Photoresist AZ - 5214

Silicon

(A) Silicon wafer (B) Spin coat (C) Photolithography

(D) Silica etching (E) Anisotropic silicon etching (F) Isotropic silicon etching

" Silica I Silicon I Photoresist



https://www.editorialmanager.com/jove/download.aspx?id=1107456&guid=b903483a-3b4a-44ae-9c4c-c044c0897237&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107456&guid=b903483a-3b4a-44ae-9c4c-c044c0897237&scheme=1

Figure 7 Click here to access/download;Figure;Figure 7.ai

Photoresist AZ - 5214

Silicon

(A) Silicon wafer (B) Spin coat (C) Photolithography

(D) Silica etching (E) Anisotropic silicon etching (F) Isotropic silicon etching
(G) Thermal oxide growth (H) Silica etching () Anisotropic silicon etching

. Silica
B Silicon
[ Photoresist

(J) Isotropic silicon etching


https://www.editorialmanager.com/jove/download.aspx?id=1107457&guid=cf7bc365-36a1-41a5-b789-54fdc8a3197c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107457&guid=cf7bc365-36a1-41a5-b789-54fdc8a3197c&scheme=1

Figure 8

(5) Reentrant cavities

(6) Doubly reentrant cavities

Click here to access/download;Figure;Figure 8.ai

(1) 2D layout designing

|

(2) Wafer cleaning
(3) Photolithography

(4) Silica etching

(7) Reentrant pillars

(8) Doubly reentrant pillars

v

(5.1) Anisotropic silicon etching

\ 4

(5.2) Isotropic silicon etching

\ 4

(5.3) Anisotropic silicon etching

M

(5.4) Wafer cleaning and storage

v !

(6.1) Anisotropic silicon etching  (7.1) Anisotropic silicon etching

<

(6¢2) Isotropic silicon etching

(6.3) Thermal oxide growth

3
(6.4) Silica etching
(6.5) Anisotropic silicon etching

¥

(16) Isotropic silicon etching
(6.7) Anisotropic silicon etching

v

(6.8) Wafer cleaning and storage

\ 4

(7.2) Isotropic silicon etching

(7.3) Wafer cleaning and storage (

'

(8.1) Anisotropic silicon etching

(8.2) Isotropic silicon etching

w

(8.3) Thermal oxide growth

<

(8.4) Silica etching

(G

) Anisotropic silicon etching

<—$<—

(8.6) Isotropic silicon etching

oo

.7) Wafer cleaning and storage

*


https://www.editorialmanager.com/jove/download.aspx?id=1107458&guid=1a2e877f-b1db-4fd4-add8-a98be9664a4d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107458&guid=1a2e877f-b1db-4fd4-add8-a98be9664a4d&scheme=1

Click here to access/download;Figure;Figure 9.ai %

Reentrant cavities (RCs)

100 um
e ¥

~ Doubly reentrant caV|t|es (DRCs)

Doubly reentrd

Cavity
| Cavity wall



https://www.editorialmanager.com/jove/download.aspx?id=1107459&guid=afb7a50a-2a66-4edc-804f-23267307902c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107459&guid=afb7a50a-2a66-4edc-804f-23267307902c&scheme=1

Figure 10 Click here to access/download;Figure;Figure 10.ai

Reentrant pillars (RPs)

Silicon

Doublyreentrant

. Wall



https://www.editorialmanager.com/jove/download.aspx?id=1107460&guid=06ab57ad-d926-4d9f-8aeb-b7ae1a1c8069&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107460&guid=06ab57ad-d926-4d9f-8aeb-b7ae1a1c8069&scheme=1

Figure 11 Click here to access/download;Figure;Figure 11.ai =

Doubly reentrant pillars
<—Needle

C

Superomniphobicity is lost



https://www.editorialmanager.com/jove/download.aspx?id=1107461&guid=38e40115-15a5-46e3-8d34-4e6328e4755d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107461&guid=38e40115-15a5-46e3-8d34-4e6328e4755d&scheme=1

-4

Click here to access/download;Figure;Figure 12.ai

Figure 12

%)
@)
'
)]
n
©
=
S
®
O
e
c
©
=
c
4]
)
[

Doubl

Q
c
)
)
Q
O
©
x
O]
I

I Trapped air || Trapped air |

<C

Doubly reentrant edge

exadecan

K Meniscus <

———— e

Hybrid design

__h_m paddes| I

N %

llem Ajaed

/II

SnosIuay

1e paddes|

A

SnasiUa

A

Trapped air

)
-
o
L
Bt
| ==
o
=
[ =}
@
@
L=
e}
=
s]
[m]



https://www.editorialmanager.com/jove/download.aspx?id=1107462&guid=91408b63-86c1-4cb4-ab94-8130fd74e5ae&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107462&guid=91408b63-86c1-4cb4-ab94-8130fd74e5ae&scheme=1

Movie S1

Click here to access/download
Video or Animated Figure
Movie S1.avi


https://www.editorialmanager.com/jove/download.aspx?id=1107463&guid=5933c993-82ab-4e16-b93d-4d509ccc986c&scheme=1

Movie S2

Click here to access/download
Video or Animated Figure
Movie S2.avi


https://www.editorialmanager.com/jove/download.aspx?id=1107464&guid=e5a6ea85-7c7f-41a8-9a82-be4b1045bdf8&scheme=1

Movie S3

Click here to access/download
Video or Animated Figure
Movie S3.avi


https://www.editorialmanager.com/jove/download.aspx?id=1107465&guid=5bac4570-2724-4097-9746-0e738557fe3c&scheme=1

Movie S4

Click here to access/download
Video or Animated Figure
Movie S4.avi


https://www.editorialmanager.com/jove/download.aspx?id=1107466&guid=0af586e5-ff37-48bf-bf0e-45fa1bca7333&scheme=1

Table 1

Stage 1: Dehydration and purging
oxygen from chamber

Step| Process sequence |Time (min)
1 Vacuum (10 Torr) 1
2 | Nitrogen (760 Torr) 3
3 Vacuum (10 Torr) 1
4 | Nitrogen (760 Torr) 3
5 Vacuum (10 Torr) 1
6 | Nitrogen (760 Torr) 3
Stage 2: Priming
Process sequence |Time (min)
7 Vacuum (1 Torr) 2
8 HMDS (6 Torr) 5
Stage 3: Purging Prime Exhaust
Process sequence |Time (min)
9 Vacuum 1
10 Nitrogen 2
11 Vacuum 2
tage 4: Return to Atmosphere (Backfil
Process sequence |Time (min)
12 Nitrogen 3

Click here to access/download;Table;Table.1.xIsx %
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Table 2
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Step Speed (rpm) Ramp (rpm/s) Time (s)
1 800 1000 3
2 1500 1500 3
3 3000 3000 30
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Table 3

Click here to access/download;Table;Table.3.xIsx %

RF power, | ICP power, | Etching pressure, [ C4Fs flow|O, flow| Temperature,
(W) (W) (mTorr) (sccm) | (scem) (°c)
100 1500 10 40 5 10



https://www.editorialmanager.com/jove/download.aspx?id=1107469&guid=5d04a393-44f1-43cc-ac20-fdf2cc1c9779&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1107469&guid=5d04a393-44f1-43cc-ac20-fdf2cc1c9779&scheme=1

Table 4
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RF power, |ICP power,| Etching pressure, SF¢ flow, Temperature,
(W) (W) (mTorr) (sccm) (°c)
20 1800 35 110 15
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Table 5
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Etchi C,F D iti
RF power, | ICP power, ching SF flow, a8 Tempera ep.05| |.on/
Step (W) (W) pressure, (scem) flow, ture, (-C) Etching time,
(mTorr) (sccm) ’ (s)
Passivati
assivation 5 1300 30 5 100 15 5
layer
Etching 30 1300 30 100 5 15 7
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Criterion: Contact angles in air

Criterion: Immersion

Surfaces
Water | Hexadecane Water Hexadecane
0, 153°+1° 153°+1°
DRPs O 161°+2° 159° + 1° Instantaneous penetration Instantaneous penetration
Or 139°+1° 132°+1°
Assessment: Superomniphobic Not omniphobic - in fact, omniphilic
0, 124° + 2° 115°+ 3°
DRCs Ox 139° + 3° 134° +5° Trapped air (omniphobic) Trapped air (omniphobic)
Or 0° 0°
Assessment: Omnlphoblc Omnlphoblc
0, 153°+ 2° 153°+ 2°
Hybrids Ox 161°+ 2° 159° + 2° Trapped air (omniphobic) Trapped air (omniphobic)
or 0° 0°
Assessment: Omniphobic Omniphobic
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Name of Material/ Equipment

Company

Catalog Number

AZ-5214 E photoresist Merck DEAA070796-0W59
AZ-726 MIF developer Merck 10055824960
Confocal microscopy Zeiss Zeiss LSM710

Deep ICP-RIE

Oxford Instruments

Plasmalab system100

Direct writer Heidelberg Instruments MPG501
Drop shape analyzer KRUSS DSA100
Hexadecane Alfa Aesar 544-76-3
Highspeed imaging camera Phantom vision research v1212
HMDS vapor prime Yield Engineering systems

Hot plate Cost effective equipments Model 1300
Hydrogen peroxide 30% Sigma Aldrich 7722-84-1
Imaris software Bitplane Version 8
Nile Red Sigma Aldrich 7385-67-3
Nitrogen gas KAUST lab supply

Petri dish VWR HECH41042036

Reactive-lon Etching (RIE)

Oxford Instruments

Plasmalab system100

Reflectometer

Nanometrics

Nanospec 6100

Rhodamine B (Acros)

Fisher scientific

81-88-9

SEM stub

Electron Microscopy Sciences

75923-19

SEM-Quanta 3D

FEI

Quanta 3D FEG Dual Beam

Silicon wafer

Silicon Valley Microelectronics

Spin coater

Headway Research,Inc

PWM32

Spin rinse dryer

MicroProcess technology

Avenger Ultra -Pure 6

Sulfuric acid 96%

Technic

764-93-9

Tanner EDA L-Edit software Tanner EDA, Inc. version15
Thermal oxide growth Tystar furnace

Tweezers Excelta 490-SA-PI
Vacuum oven Thermo Scientific 13-258-13
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Comments/Description

Photoresist, flammable liquid

To develop photoresist

Upright confocal microscope to visualize liquid meniscus shape

Silicon etching tool

Direct-writing system

To measure contact angle

Test liquid

To image droplet bouncing

To prepare piranha solution

Post process confocal microscopy images

Fluorescent dye for hexadecane

To dry the wafer

Silica etching tool

To check remaining oxide layer thickness

Fluorescent dye for water

Single side polished, 4" diameter, 500 um thickness, 2.4 um thick oxide layer

Dry the wafers after piranha clean

To prepare piranha solution

Layout design

To grow thermal oxide in patterned silicon wafer

Wafer tweezer




|Test liquid




Author License Agreement (ALA)

jove

VISUALIZED EXPERIM:

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: |Rendering SiO2/Si surfaces omniphobic by carving gas-entrapping
microtextures comprising reentrant and doubly reentrant cavities or pillars

Author(s):

Sankara Arunachalam, Eddy M. Domingues, Ratul Das,
Jamilya Nauruzbayeva, Ulrich Buttner, Ahad Syed and Himanshu Mishra

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

QOpen Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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We thank the editor for the thorough and constructive assessment of our manuscript. We have
responded to each request (in red) in bold text and we have highlighted all of the corresponding
changes that we have made to the attached manuscript. We hope that the editor will consider our
revised manuscript to be appropriate for publication in Journal of Visualized Experiments.

Editorial comments:

QL. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

Al: Thank you; we have proofread the manuscript.

Q2. Please avoid long steps/notes (4 lines).

A5. Thank you; in the revised manuscript, we have divided the long steps/notes into
smaller sub-steps.

Q3. Step 1: Please add more details to your protocol steps. Please ensure you answer the “how”
question, i.e., how is the step performed?

A3. Thank you; in the revised manuscript, we have explained how to create the design
pattern.

Q4. Step 4: Please split this long step into more sub-steps and ensure each step is fewer than 4
lines.

A5. Thank you; in the revised manuscript, we have divided this step into smaller sub-steps.

Q5. Step 5.1: Please split this long step into more sub-steps and ensure each step is fewer than 4
lines.

A5. Thank you; in the revised manuscript, we have divided this step into smaller sub-steps.

Q6. Step 6.1: Please write this step in the imperative tense.

A6. We have adjusted the tense in the Protocol section to follow JOVE instructions.
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established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.
3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:
"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."
4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.
5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@glsevier.com). No modifications can be made
to any Lancet figures/tables and they must be reproduced in full.
6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.
7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.
8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
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and publisher reserves the right to take any and all action to protect its copyright in the
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9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.
Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

https://s100.copyright.com/AppDispatchServlet 3/6


http://www.sciencedirect.com/science/journal/xxxxx
http://www.elsevier.com/
http://www.elsevier.com/

6/9/2019 RightsLink Printable License

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

e immediately
o via their non-commercial person homepage or blog
by updating a preprint in arXiv or RePEc with the accepted manuscript
via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
directly by providing copies to their students or to research collaborators for
their personal use
for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
e After the embargo period
o via non-commercial hosting platforms such as their institutional repository
o via commercial sites with which Elsevier has an agreement

o o

o

[e]

In all cases accepted manuscripts should:

e link to the formal publication via its DOI

e bear a CC-BY-NC-ND license - this is easy to do

o if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
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for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.
Additional Terms & Conditions applicable to each Creative Commons user license:
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the

https://s100.copyright.com/AppDispatchServlet 5/6


http://www.crossref.org/crossmark/index.html
http://www.elsevier.com/about/open-access/open-access-policies/article-posting-policy
http://www.elsevier.com/about/open-access/open-access-policies/oa-license-policy
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by-nc-sa/4.0

6/9/2019 RightsLink Printable License

license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.
Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.

Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access

Article aggregation

Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
20. Other Conditions:

v1.9
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their respective officers, directors, employees and agents, from and against any and all
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unless your license was granted for translation rights. If you licensed translation rights you
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integrity of the article.
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copyright information line on the bottom of each image.
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appear more like, or to substitute for, the published journal article.
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and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
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If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.
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Movie S1. High speed image sequence (15K fps) of water droplet bouncing from microtextured
surfaces comprising of doubly reentrant pillars. This movie was reprinted from ref 35. Copyright
(2019), with permission from Elsevier.
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Movie S2. High speed image sequence (19K fps) of hexadecane droplet bouncing from
microtextured surfaces comprising of doubly reentrant pillars. This movie was reprinted from ref
35. Copyright (2019), with permission from Elsevier.

o



Movie S3. Image sequence (200 fps) of water imbibition into microtexture comprising of doubly
reentrant pillars. This movie was reprinted from ref 35. Copyright (2019), with permission from
Elsevier.



Movie S4. Image sequence (200 fps) water drop advancing next to hybrid microtexture. Presence
of doubly reentrant boundary wall prevents liquid invasion into the microtexture, which makes
the surface omniphobic under immersion also. This movie was reprinted from ref 35. Copyright

(2019), with permission from Elsevier.



