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Dear Editor, 

 

Please find enclosed our revisions to the manuscript entitled " Scalable Stamp Printing and 

Fabrication of Hemiwicking Surfaces” that we would like to be considered for publication in 

Journal of Visualized Experiments. This paper highlights a protocol for fabricating patterned, 

hemiwicking micro-structures on polydimethylsiloxane surfaces. We consider of value 

publishing these data in Journal of Visualized Experiments, as they represent a superior method 

of micro-texturing when compared current methods, such as lithography and spin-coating. The 

techniques presented in this paper and demonstrated in video format will be highly useful for 

researchers working in the field of Microfluidics and Thermofluids.  

 

Along with the edited manuscript, please find attached the rebuttal letter we have issued in 

response to the comments made by the reviewers and editorial staff. Our revised manuscript 

addresses both the major and minor concerns presented in the comments; we have provided more 

clarity within the manuscript by adjusting the protocol, figures, verbiage and through the 

inclusion of omitted details. 

 

Shawn Putnam and Thomas Germain designed the procedures described in the manuscript. 

Thomas, Chance Brewer and James Scott performed the experiments and analyzed the data. 

Finally, Thomas, James, Chance and Shawn wrote and edited the manuscript.  

 

During the preparation and submission of this manuscript, we have been kindly assisted by  

Alisha DSouza. 

 

Thank you for your consideration of this revised manuscript. We look forward to hearing from 

you.  

 

Sincerely yours, 

 

Dr. Shawn A. Putnam 
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SHORT ABSTRACT: 22 
A simple protocol is provided for the fabrication of hemiwicking structures of varying sizes, 23 
shapes, and materials. The protocol uses a combination of physical stamping, PDMS molding, and 24 
thin-film surface modifications via common materials deposition techniques.  25 
 26 
LONG ABSTRACT:  27 
Hemiwicking is a process where a fluid wets a patterned surface beyond its normal wetting length 28 
due to a combination of capillary action and imbibition. This wetting phenomenon is important 29 
in many technical fields ranging from physiology to aerospace engineering. Currently, several 30 
different techniques exist for fabricating hemiwicking structures. These conventional methods, 31 
however, are often time consuming and are difficult to scale-up for large areas or are difficult to 32 
customize for specific, nonhomogeneous patterning geometries. The presented protocol 33 
provides researchers with a simple, scalable, and cost-effective method for fabricating micro-34 
patterned hemiwicking surfaces. The method fabricates wicking structures through the use of 35 
stamp printing, polydimethylsiloxane (PDMS) molding, and thin-film surface coatings. The 36 
protocol is demonstrated for hemiwicking with ethanol on PDMS micropillar arrays coated with 37 
a 70 nm thick aluminum thin-film. 38 
 39 
INTRODUCTION: 40 
Recently there has been increased interest in being able to both actively and passively control 41 
the wetting, evaporation, and mixing of fluids. Uniquely textured hemiwicking surfaces provide 42 
a novel solution for cooling techniques because these textured surfaces act as a fluid (and/or 43 
heat) pump without the moving parts. This fluid motion is driven by a cascade of capillary action 44 
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events associated with the dynamic curvature of the liquid thin-film. In general, when a fluid wets 45 
a solid surface, a curved liquid thin-film (i.e., liquid meniscus) rapidly forms. The fluid thickness 46 
and curvature profile evolve until a free-energy minimum is reached. For reference, this dynamic 47 
wetting profile can rapidly decay to tens of nanometers in thickness within a spanning (fluid-48 
wetting) length-scale of only tens of micrometers. Thus, this transitional (liquid-film) region can 49 
undergo significant changes in liquid-interface curvature. The transitional (thin-film) region is 50 
where nearly all the dynamic physics and chemistry originates. In particular, the transitional (thin-51 
film) region is where maximum (1) evaporation rates, (2) dis-joining pressure gradients, and (3) 52 
hydrostatic pressure gradients are found1,2. As a result, curved liquid-films play a vital role in 53 
thermal transport, phase separation, fluid instabilities, and the mixing of multi-component fluids. 54 
For instance, with respect to heat transfer, the highest wall heat fluxes have been observed in 55 
this highly curved, transitional thin-film region3-7.  56 
 57 
Recent hemiwicking studies have shown that the geometry (e.g., height, diameter, etc.) and 58 
placement of the pillars determine the wetting front profile and velocity of the fluid running 59 
through the structures8. As the fluid front is evaporating off the end of the last structure in an 60 
array, the fluid front is maintained at a constant distance and curvature, as the evaporated fluid 61 
is being replaced by the fluid stored in the wicking structures9. Hemiwicking structures have also 62 
been used in heat pipes and on boiling surfaces to analyze and enhance different heat transfer 63 
mechanisms.10-12.  64 
 65 
One method currently used to create wicking structures is thermal imprint lithography13. This 66 
method is performed by stamping the desired layout into a resist layer on a silicon mold sample 67 
with a thermoplastic polymer stamp, then removing the stamp to maintain the microstructures. 68 
Once removed, the sample is put through a reactive ion etching process to remove any of the 69 
excess resist layer14,15. This process, however, can be sensitive to the temperature of the 70 
fabrication of the wicking structures and includes multiple steps that utilize various coatings to 71 
ensure the accuracy of the wicking structures16. It is also the case that lithography techniques are 72 
not practical for macro-scale patterning; while they still provide a way to create a pattern of 73 
microstructures on a surface, the throughput of this procedure is far less than ideal for large-74 
scale reproduction. Considering large-scale, reproducible texturing, such as spin or dip coating, 75 
there is an inherent lack of controllable patterning. These methods create a random array of 76 
microstructures on the target surface but can be scaled to cover vastly larger areas than 77 
traditional lithography techniques17. 78 
 79 
The protocol outlined within this report attempts to combine the strengths of traditional 80 
texturing methods while simultaneously eliminating the specific weaknesses of each; it defines a 81 
way to fabricate custom hemiwicking structures of various heights, shapes, orientations, and 82 
materials on a macro-scale and with potentially high throughput. Various wicking patterns can 83 
be quickly created for the purpose of optimization of wicking characteristics, such as directional 84 
control of fluid velocity, propagation, and mixing of different fluids. The use of different wicking 85 
structures can also provide varying thin-film thickness and curvature profiles, which can be used 86 
to systematically study the coupling between heat and mass transfer with different thickness and 87 
curvature profiles of the liquid meniscus.  88 



 89 
PROTOCOL: 90 
 91 
1. Create the Patterning Map  92 
 93 
1.1. Using a graphics editor, create the desired pattern for the hemiwicking structures 94 
represented as a bitmap image.  95 
 96 
Note: Some of the wicking design parameters (i.e., angle gradient, depth gradient) can be made 97 
to be dependent on the grayscale values assigned to each pixel. These grayscale values are then 98 
edited in order to modify the desired parameter.  99 
 100 
1.2. Save the bitmap as a portable network graphic (.png) and place the file in a readily available 101 
folder.  102 
 103 
2. Placing the Plastic to be Stamped for Molding 104 
 105 
2.1. Begin by translating the stamping bit away from the workspace to avoid any accidental 106 
contact that may cause breakage of the tip (+z displacement, Figure 1). 107 
 108 
2.2. Secure the plastic stamping mold/wafer to a backing plate for subsequent stamping on the 109 
𝑥, 𝑥 translation stage (see Figure 1). Secure the sample/backing plate on to the x, y motorized 110 
stamping stage (Figure 1) 111 
 112 
2.3. Align the center of the plastic mold/wafer with the stamping axis of the stamping bit. This is 113 
accomplished via computerized ±x and ±y displacements with the x, y motorized stamping stage. 114 
 115 
2.4. Translate the stamping bit towards the plastic mold/wafer (-z displacement, Figure 1) until 116 
the stamping bit is almost in contact with the mold/wafer surface. 117 
 118 
3. Stamping the Plastic Sample for PDMS Molding 119 
 120 
3.1. Using the computerized stamping control program, set the distance between the stamping 121 
bit (tip) and the plastic mold/wafer surface.  122 
 123 

3.2. Translate the stamping bit in small increments (-z displacement, Figure 1) towards the 124 
surface of the sample until the tooling is in contact with the plastic.  125 
 126 
Note: The bit should only lightly contact the surface.  127 
 128 
3.3. After contact, translate the stamping bit away from the sample to avoid any possible contact 129 

between the bit and sample during subsequent translation (z ≈ 100 μm). 130 
 131 



3.4. Assign a pixel distance (in micron), maximum and minimum cavity depth (in micron), 132 
maximum and minimum angle (in degrees), initial x and y pixel position of the pattern, and pixel 133 
threshold for any gray-scale linked patterning for the stamping procedure.  134 
 135 
3.5. Upload the patterning map (created in step 1.1) to be read by the program. Based on the 136 
pixel distance and the patterning map, the locations of all the stamps are sent to the stepper 137 
motors. 138 
 139 
3.6. Ensure that the heating laser is focused on the tip of the stamping bit and only activates while 140 
the stamping bit is moving toward and into the plastic mold.  141 
 142 
3.7. Create the cavities by pressing the bit into the plastic while following the patterning map to 143 
achieve the desired hemiwicking pattern. 144 
 145 
3.8. Remove the stamped plastic mold for subsequent surface refinishing and polishing. 146 
 147 
3.9. Polish the surface of the plastic mold using 9000 grit, finer wet/dry sandpaper.  148 
 149 
Note: Alternatively, micro-mesh abrasive can be used to ensure the removal of surface deposits 150 
that cause cratering around the pillars in the PDMS mold.  151 
 152 
4. Create the PDMS Molding 153 
 154 
4.1. Pour 2 g of elastomer base and 0.2 g of the elastomer curing agent into a beaker and mix 155 
together thoroughly for 3 min.  156 
 157 
4.2. Place the mixture into an evacuated chamber to release any air bubbles caught in the 158 
mixture; this step may need to be repeated multiple times. 159 
 160 
Note: For samples of varying volume requirements, adjust the amount of base and curing agent 161 
as needed while maintaining a 10:1 ratio. 162 
 163 
4.3. Place the stamped plastic mold into a walled container, ideally not much larger than the 164 
outer diameter of the mold, for the curing to occur.  165 
 166 
4.4. Pour the PDMS mixture free of air pockets onto the stamped plastic and within the container. 167 
Pour in a spiral, starting from the center of the stamped area, to attempt to distribute the PDMS 168 
mixture as equally as possible. 169 
 170 
4.5. Repeat step 4.2 for any air pockets that may have formed from pouring the mixture onto the 171 
stamped pattern. Place the PDMS mixture and plastic piece with stamped pattern onto a hot 172 
plate and heat the assembly at 100 °C for 15 min. Then heat an additional 25 min at 65 °C. 173 
 174 
4.6. Allow the PDMS mixture to cool and cure for 20 min before handling.  175 



 176 
4.7. Cut the edges of the PDMS plastic away from the container wall and remove the PDMS plastic 177 
from the mold. Store the PDMS plastic in a covered container to avoid dust particles from 178 
collecting on the surface.  179 
 180 
5. Depositing the Thin-Film Metal on the PDMS 181 
 182 
5.1. Place the sample PDMS inside the deposition chamber leaving enough space for the shutter 183 
to be opened and closed unobstructed.  184 
 185 
5.2. Depressurize the deposition chamber to at least 10 mTorr.  186 
 187 
5.3. Engage the dry pump system and set the spin rate to 75 kRPM. Allow chamber to reach a 188 
pressure on the order of 10-8 Torr.  189 
 190 
Note: This will remove most contaminants from the chamber; process may take up to 12 h to 191 
complete. 192 
 193 
5.3. Power on the cooler and DC power supply and set the power to 55 W. 194 
 195 
5.4. Open the argon valve slightly and pressurize the chamber to the order of 10-3 Torr. Set the 196 
dry pump system 50 kRPM and wait until this set speed is achieved. 197 
 198 
5.5. Reduce power to 35 W and depressurize the chamber to 13 mTorr. Open the shutter to 199 
ignited plasma and start the timer. 200 
 201 
Note: Ignited plasma should give off a blue, incandescent glow. Timer should be set for desired 202 
thickness of film deposit. It has been determined that for 35 W and pressure of approximately 13 203 
mTorr, a rate of 7 nm deposition per minute is expected. 204 
 205 
5.6. Once the desired film thickness has been achieved, close the shutter and turn off power 206 
supply. 207 
 208 
5.7. Close all of the valves within the deposition chamber and turn off the dry pump system. Allow 209 
time for the dry-pump fan to come to a complete stop. 210 
 211 
5.8. Slowly pressurize the chamber until it reaches local atmospheric pressure and remove the 212 
sample, storing it for future experiments. 213 
 214 
REPRESENTATIVE RESULTS:  215 
Figure 1 provides a schematic of how the stamping mechanism would create the mold for the 216 
wicking structures on a plastic mold. To investigate the quality of the stamping apparatus in 217 
manufacturing wicking films, two different pillar arrays were created to analyze the quality of the 218 
pillars for future wicking experiments. Aspects of the apparatus investigated were the accuracy 219 



of the height of the pillars (with and without a depth gradient), the quality of the pillars after the 220 
PDMS molding, the quality of the pillars after the sputter deposition process, and the ability of 221 
the structures to create hemi-wicking. To accomplish this, two wicking pattern variants were 222 
created, one that displayed a depth gradient and another of uniform depth.  223 
 224 
Figure 2a shows the bitmap that was used in order to create the depth and angle gradients. It 225 
can be seen that every pillar column was assigned a different gray scale value varying from 0 to 226 
95. This was done in order to have a different depth for each pillar column. Figures 2b and 2c 227 
display the pillars on the PDMS created by the molding process. This verifies that the gray scale 228 
values were used impact the depth in the plastic molding and therefore the height of the pillar 229 
on the PDMS sample. Table 1 outlines the data from the depth gradient and shows the 230 
percentage of the expected height from the stamping pattern. These data were gathered from 231 
measurements on 50 pillars, or one complete array, displayed in Figure 2. The expected height 232 
of the pillar with the given gray scale values were calculated from the following equation:  233 
 234 

ℎ𝑒𝑥𝑝 = ℎ𝑚𝑎𝑥 − (ℎ𝑚𝑎𝑥 − ℎ𝑚𝑖𝑛)(
𝐺𝑆𝑉

𝑃𝑇
)  (1) 235 

 236 
where hexp is the expected height, hmax is the maximum height as defined by the user, hmin is the 237 
minimum height as defined by the user, PT is the pixel threshold as defined by the user and GSV 238 
is the gray scale value. It can be seen that for a gray scale value of zero (i.e., black), the expected 239 
height will be the maximum height and while the gray scale value is equal to the pixel threshold, 240 
the expected height will be the minimum height.  241 
 242 
Figure 3a shows the bitmap file used to create a larger wicking structure array of constant pillar 243 
height. Every black pixel represents a cavity location, with the distance between stamping 244 
instances defined in the program through the pixel distance. This binary approach, in contrast 245 
with Figure 1a, creates a uniform array of angle and pillar heights. Figures 3b and 3c provide a 246 
top and side view of the pillars, respectively. It can be seen that despite a uniform-height pillar 247 
specification, the process produced undersize pillars. While the maximum height was set to 100 248 
μm, it was found that the average height of the pillars was roughly 71.89 ± 10.18 μm, based on 249 
38 pillars. This can be attributed to possible imperfections that can be found in the cavities while 250 
they are being made or due to possible air pockets that had formed and remained in the holes.  251 
 252 
Figure 4 displays four individual images of the pillars after aluminum was deposited on the PDMS 253 
sample. Figures 4a and 4b show the side and top view of the pillars, respectively, without a 254 
working fluid in the wicking structure. Similar to what was seen with the PDMS sample, the 255 
heights of the samples were not consistent across all of the pillars. The heights and standard 256 
deviations of the PDMS and Al samples are compared and displayed in Table 2. These data were 257 
gathered after measuring pillars (n = 38) both before and after the deposition of aluminum on 258 
the PDMS. Notable surface roughness was also present; it is thought that the sanding procedure 259 
used on the sample plate transferred to the PDMS sample and was mirrored onto the surface of 260 
the aluminum film. It is also possible that the roughness is solely attributed to the deposition 261 
process. 262 



 263 
Figures 4c and 4d visualize the side and top views of the pillars, respectively, with a working fluid 264 
in the wicking structure. The working fluid that was used in this example was ethanol. However, 265 
water does not exhibit the same hemi-wicking occurrence as ethanol does with this sample. This 266 
phenomenon can be attributed to the following (or combination of): 1) a non-ideal surface 267 
texture, 2) residual surface roughness (as shown in Figure 4b), 3) impurities in the aluminum 268 
coating, and 4) too thin of a native aluminum oxide layer. With that said, ethanol was able to 269 
wick because the lyophilicity of the aluminum oxide that formed on the aluminum surface. Even 270 
though aluminum dioxide is lyophilic, it does not show hydrophilic characteristics, prohibiting the 271 
water from wicking. The use of chemical surface treatments to the PDMS wicking structure is 272 
another method that can be used to alter the hydrophilicity of the sample — e.g., wet chemistry 273 
processing can be used to create hydrophylic self-assembling monolayers (SAMs)18. Despite these 274 
imperfections, this proves that the wicking structure created through the described procedure is 275 
able to create hemi-wicking for a working fluid.  276 
 277 
FIGURE and TABLE LEGENDS: 278 
 279 
Figure 1: The schematic of the stamping bit apparatus for fabrication of micro-patterned plastic 280 
molds. The movement of the plastic mold along the 𝑥- and 𝑥- axes is determined by two 281 
computer-controlled stepper motor/stages (one for each direction). Likewise, the stamping angle 282 
(𝑥) and stamping depth (∆𝑥) of the stamping bit are controlled by two separate, computer-283 
controlled stepper motor/stages. The computer-controlled heating laser is activated while the 284 
bit is creating the stamping cavity in the plastic mold.  285 
 286 
Figure 2: The depth-gradient pillar array pattern and PDMS base. (a) The bitmap used for 287 
fabricating a ‘depth-gradient’ micropillar array. For imprinting, the pixel threshold is set to 100, 288 
the maximum depth is set to 100 μm, the minimum depth is set to 25 μm, and each pixel is set 289 
to represent a distance of 100 μm. Based on these values, each row is separated by 100 μm while 290 
the distance between two pillars within a row is 200 μm. The gray scale value of each pixel 291 
determines the distance the stamping bit travels into the plastic mold. Therefore, as the gray 292 
scale values increase going across the bitmap, the heights of the pillars decrease. The expected 293 
heights of the pillars with the corresponding gray scale values are provided. (b) Images of pillar 294 
columns 1 through 5 for the PDMS base from the blue box area at the bottom left hand corner 295 
of the Bitmap. (c) Images of pillar columns 5 through 10 for the PDMS base from the red box at 296 
the bottom right hand corner of the bitmap. The image pixel distance for (b) and (c) is 0.335 297 
μm/pixel. 298 
 299 
Figure 3: The pattern and PDMS base for the wicking structures for hemiwicking. (a) The bitmap 300 
used to create the rectangular wicking structure. The depth is set to 100 μm and each pixel is set 301 
to represent a distance of 100 μm. Since all the gray scale values are the same in this bitmap, all 302 
of the pillar heights should be the same. Also, similar to the pattern in Figure 2, each row is 303 
separated by 100 μm while the distance between two pillars within a row is 200 μm. (b) A top 304 
view of the pillars of the PDMS wicking structure that is casted using the plastic mold based on 305 
the bitmap in (a). The image resolution is 0.176 μm/pixel. (c) A side view of the pillars of the 306 



PDMS wicking structure that is casted using the plastic mold based on the bitmap in (a). Unlike 307 
the wicking structures presented in Figure 2, the pillar heights in the wicking structure are more 308 
consistent in height. The image resolution is 0.723 μm/pixel. 309 
 310 
Figure 4: The wicking structures after Al deposition with and without hemiwicking. (a) A side 311 
view of the wicking pillars created in Figure 3 after the Al deposition without ethanol. The 312 
thickness of the aluminum on top of the PDMS is roughly 70 μm. (b) A top view of the wicking 313 
pillars created in Figure 3 after the Al deposition without ethanol. (c) A side view of the wicking 314 
pillars created in Figure 3 after the Al deposition with ethanol wicking in the structures (the 315 
ethanol can mostly be seen along the base of the focused pillars). (d) A top view of the wicking 316 
pillars created in Figure 3 after the Al deposition with ethanol wicking in the structures. For (a) 317 
and (c), the image resolution is 0.723 μm/pixel and for (b) and (d), the image resolution is 0.176 318 
μm/pixel.  319 
 320 
Table 1: The expected and measured heights of all the pillar columns for the depth gradient 321 
pattern. 322 
 323 
Table 2: PDMS with and without Al deposition pillar height comparison. 324 
 325 
DISCUSSION: 326 
A method has been introduced to create patterned pillar arrays for hemiwicking structures; this 327 
is accomplished by imprinting cavities on a plastic wafer with an engraving apparatus that follows 328 
patterning from a bitmap created by the user. A PDMS mixture is then poured, cured and coated 329 
with a thin film of aluminum via deposition. The pillar array characteristics can be customized 330 
depending on the gray scale value that is assigned in the bitmap following this protocol. This 331 
crucial aspect of patterning can create a wide range of possible wicking structures to test that 332 
can be used in various applications, including thin-film research and direct applications in thermal 333 
systems. Another area of variety not mentioned in Representative Results is the angle gradient 334 
that can be implemented in the array. Similar to the depth gradient, changing the gray scale value 335 
of different pixels can change the angle of the drill bit (θ, Figure 1).  336 
 337 
Another major step that should be taken note of is the creation of the PDMS base. Differences in 338 
the pillar heights and the deformities on and around the pillars are common in the wicking 339 
structures. Abrading the surface with micro-mesh or abrasive slurries helps create symmetric 340 
samples and even PDMS thickness. In addition, the evacuation and heat treatment processes 341 
were designed to take place simultaneously, as heating elements were incorporated within the 342 
mold itself. This effectively limits handling by the user and any associated irregularities, as well 343 
as airborne contamination (i.e., dust particulate) during the curing phase. These considerations 344 
will be implemented for future samples.  345 
 346 
The deposition of material onto the PDMS base is another important step that must be tailored 347 
to each experiment. The conditions mentioned in the protocol are aluminum specific and as such, 348 
must change as the depositing material changes. If another metal is preferred, changes in power 349 
output, chamber pressure, and sputtering time should be altered in order to obtain the ideal 350 



surface conditions for the desired depositing material. For future samples, metals with different 351 
surface energies (i.e., gold, germanium) will be deposited to test their respective wicking 352 
capabilities. When depositing the different metals in the future, the protocol must be updated in 353 
order to properly deposit the desired metal onto the PDMS. 354 
 355 
The biggest problem that has been introduced in the procedure of making the hemiwicking 356 
structures is the surface roughness of the sample. It can be seen that surface defects exist on the 357 
PDMS mold (Figure 3b) and on the Al surface (Figure 3b, 3d); this could stem from either the 358 
sanding process or the metal deposition process. The surface defects are viewed as problematic, 359 
as surface defects can affect the wicking speed and front distance of the working fluid. An ideal 360 
experiment would have a smooth surface on and between the pillars, so the fluid is able to flow 361 
through the wicking structure unhindered by the surface conditions. The proposed solution is to 362 
use higher grade (i.e., finer grit) abrasives for sanding the plastic wafer prior to deposition, as 363 
well as longer sanding times. As seen from Table 1 and Table 2, the pillar heights are not 364 
manufactured as expected based on the values given to the stepper motors. This could be due 365 
to deflection of the sample along the stamping axis while the bit is imprinting into the plastic. 366 
This issue can be resolved by increasing the distance the bit has to travel into the plastic; this, 367 
however, leaves a possible inconsistency with the pillar heights and pillar-base diameters for 368 
future experiments. Methods must be developed in order to limit the amount of deflection the 369 
sample experiences, such as increasing the temperature of the tip to limit the resistance from 370 
the plastic, or securing the sample in a different way. 371 
 372 
While challenges remain in refining the stamping process, the outlined method is effective for 373 
creating ordered arrays of comparable geometry. The methodology used to create hemiwicking 374 
structures, or any micro-patterned surface feature, shows that samples can be rapidly produced 375 
for later processing at other labs or research companies at a low cost and at a faster rate than 376 
contemporary methods. These hemiwicking structures can be easily fabricated to replicate the 377 
optimal thin-film curvature and wicking front velocity. The wicking front velocity would be 378 
measured using a high-speed camera analyzing the fluid front traveling from pillar to pillar. 379 
Simultaneously, the thickness and curvature profile can be obtained using a reflectometry and 380 
interferometry approach that has been proven in previous experiments on the edge pillars6. The 381 
self-regulating nature of the wicking structures will help maintain a constant thin-film region for 382 
analysis, despite the different surface energies in varying fluids and on the surface. With this 383 
method, wicking structure variants can be fabricated quickly for the purposes of understanding 384 
the effects wicking geometry has on the thin-film region and wicking front of different fluids.  385 
 386 
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Pillar
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Scale 

Value
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Table I: The Expected and Measured Heights of all the 

Pillar Columns for the Depth Gradient Pattern
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3 21 84.25 64.94

4 31 76.75 60.56

1 0 100
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2 10 92.5 64.55

Table 1: The Expected and Measured Heights of all the Pillar
Columns for the Depth and Gradient Pattern
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NI-DAQ 9403 National Instruments

Control Switch Crouzet

Flea Camera FLIR
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200 Steps/rev, 12V-350mA Stepper Motor (x2) AdaFruit

10x Infinity Corrected Long Working Distance Objective Mitutoyo 

15x Infinite Conjugate, UV Coated, ReflX Objective TechSpec

72002 0.002D X 0.006 LOC Carbide SQ 2FL Miniature End Mill Harvey Tools

DC Power Delivery at 1 kW Advanced Energy

Turbo-V 70LP Nacro Torr Pump Varian

2000mw, 405nm High-Power Blue Light Focus Laser WDLasers

5.875" I.D. Dessicator w/ 0.25" Tube Connections McMaster-Carr

SYLGARD 184 Silicone Elastomer, 0.5kg Kit Dow-Corning

Diaphragm Air Compressor / Vacuum Pump Gast

Motorized Linear Stages (2x) Standa

2" Diameter Unmounted Poistive Achromatic Doublets, AR Coated: 400-700 nm ThorLabs

Flea 3 Mono  Camera, 2448 X 2048 Pixels Point Grey

Digital Vacuum Transducer Thyrcont Vacuum Instruments

Pressurized Argon Tank Resovoir Airgas

1-D Translation Stage Newport Corporation

Cylindrical Laser Mount (x2) Newport Corporation

Benchtop Chiller with Centrifugal Pump, 120V, 60Hz Polyscience

Alcatel Adixen 2010SD XP, Explosion Proof Motor, Rotary Vane Vacuum Pump, 1-Phase Ideal Vacuum Products

Fan, 105 CFM, 115 V (x2) Comair Rotron

Table of Materials Click here to access/download;Table of Materials;JoVE_Materials.xls

http://www.editorialmanager.com/jove/download.aspx?id=887156&guid=2f61c515-aa3f-4ad3-ac8c-b133c8168c58&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=887156&guid=2f61c515-aa3f-4ad3-ac8c-b133c8168c58&scheme=1


Catalog Number Comments/Description

370466AE-01 The communication interface between the camera and the control switch for the laser.

GN84134750 A controller to use for the laser that activates the laser based on the voltage sent by the DAQ.

FL3-U3-120S3C-C A flea camera used for imaging the drill bit on the plastic mold. 

FL3-U3-20E4M-C A flea camera used for obtaining the side images of the pillars.

324 The stepper motors are used to control the depth and angle of the end mill. 

#46-144 The objective used to get the image of the side of the pillars.

#58-417 The objective used to get the image of the top of the pillars. 

72002 The drill bit that was used to create holes in the plastic mold. 

MDX-1K Used to power the deposition sputterer. 

9699336 Turbo Pump used to reduce pressure inside deposition chamber.

KREE Sample Heating Laser

2204K5 PDMS Dessicator

4019862 The PDMS Kit used to make the base.

DOL-701-AA Dessicator Vacuum Pump

8MT175 The stepper motors used to control the sample plate in the x- and y- direction. 

AC508-150-A The achromat was ued in order to obtain the images of the side of the pillars. 

FL3-GE-50S5M-C A flea camera used for imiaging the top of the pillars.

4940-CF-212734 Used for monitoring pressure inside deposition chamber.

AR RP300 Gas used in deposition process.

TSX-1D A translation stage used to move the camera to focus on the end mill. 

ULM-TILT-M The laser mount was used to move the camera to focus on the end mill.

LS51MX1A110C A chiller used for the deposition assembly.

210SDMLAM-XP A vacuum pump used for the deposition assembly. 

MU2A1 A fan used for cooling certain aspects of the deposition assembly.
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Response to Reviews on Manuscript: JoVE58546:  

 

We thank the reviewers for the time invested in reading and commenting on our manuscript. Both reviewers 

recommend the paper for publication with revisions/clarifications. We present below a point-by-point response to 

their comments. The revisions in the manuscript are highlighted in green (for major revisions) and highlighted in 

yellow (for minor revisions). 

 

Editorial Comments: 

 

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

grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may 

be present in the published version.  

 

Response 1: The manuscript was checked and revised for spelling and grammatical issues.  

 

2. Please complete and sign the Author License Agreement (ALA) and upload it to your Editorial Manager account. 

 

Response 2: The ALA has been completed and will be uploaded to the Editorial Manager account.  

 

3. Figures: Please use color for panel labels and other labels for better contrast. 

 

Response 3: The colors for the labels have been added to create better contrast and to create more clarity in the 

figures.  

 

4. Please rephrase the Long Abstract to more clearly state the goal of the protocol. 

 

Response 4: The abstract has been revised to emphasize the broader impacts and goals of the protocol/apparatus.    

 

5. A schematic of the stamping apparatus as Figure 1 would greatly aid in the protocol. 

 

Response 5: A new Figure (Fig.1) has been created that provides the reader with a side view schematic of the 

stamping apparatus, providing better protocol/apparatus clarity for the reader. Figure 1 has been placed on Page 6 at 

the beginning of the “Representative Results” section.   

 

6. 3.1.1-3.1.2: Please write the text in the imperative tense. 

 

Response 6: Statements 3.1.1 and 3.1.2 in the protocol have been edited to the imperative tense on Page 3. 

 

7. References: Please do not abbreviate journal titles. Please include volume and issue numbers for all references. 

 

Response 7: All journal titles have now been written out in their entirety and the volume and issue number have 

been included (when the journal has provided an issue number. References 8 and 11 did not have an issue number.) 

in the reference list of the revised manuscript.  

 

Reviewer: 1 

 

There appears to be some degree of confusion about hydrophobic vs. hydrophilic throughout the manuscript. In the 

introduction, the term hemiwicking is described in terms of hydrophobic structures, when in fact hemiwicking 

usually refers to hydrophilic structures. Another example is characterizing deposited Al as hydrophilic; in fact, it is 

the aluminum oxide (which immediately forms on the Al surface) that is the material responsible for hydrophilic 

properties. In another instance, the discussion of Fig 3 notes that "If water is desired as the working fluid, another 

process, such as creating a layer of hydrophilic self-assembled monolayers must be added to the process." This 
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makes no sense -- both water and ethanol are hydrophilic solvents, and the aluminum oxide is already hydrophilic. 

Did the authors mean a hydrophobic surface example (as in reference #15)? The reference cited (#17) does not 

seem directly relevant here. 

 

Response 8: The manuscript abstract and introduction has been significantly modified to avoid misuse of the terms 

hydrophilic and hydrophobic with respect to hemiwicking structures. 

  

With regard to the discussion of the wicking of ethanol on Page 7, it is true that the aluminum oxide layer that forms 

on top of the deposited aluminum serves as a ‘philic’ (or lyophilic) surface for the wetting of ethanol. Tests 

performed with ethanol and water droplets on the Al/Al2O3 surface coatings on the PDMS. Ethanol wetted the 

surface (𝜃𝐸𝑞. < 70°), while the water did not (𝜃𝐸𝑞.~ 90°). Therefore, in terms of distilled liquid water at room 

temperature and standard pressure, the pillars are hydrophobic. Therefore, for micro-pillar wicking with aqueous 

fluids a hydrophilic surface coating is needed on the stamped PDMS surface (or the metal-coated stamped PDMS 

surface). In this regard, the addition of hydrophilic self-assembled monolayers (SAMs) to the pillared PDMS surface 

will enhance the wicking velocity with aqueous fluids. The discussion section has been modified to address that 1)  

the Al coating was hydrophobic and 2) the need for other surface coatings for wicking with water and other high 

surface tension fluids. Also, with regard to the SAMs, the discussion was rewritten to address that different SAM 

chemistries can both make surface either more hydrophilic or more hydrophobic (see, Pg. 7). 

 

Reference selection is weak. There's a lot of literature about hydrophilic/hydrophobic/hemiwicking surfaces -- the 

authors should add some of the most authoritative ones. 

 

Response 9: Additional sources (Reference 1 and 2) have been used for reference when discussing the importance of 

thin-film regions in the field of heat transfer on Page 2. Also, the reference selection has been edited to improve the 

quality of the references used for the paper.  

 

Reviewer: 2 

 

Overall script is poorly written. Experimental protocol is not properly defined/ elaborated. The figures are clear at 

all! Their captions are very confusing; Figure 1 (a) say 'the pixel distance for the image was 100 μm/pixel; and the 

pixel distance for 1 (b) and 1 (c) is 0.335 μm/pixel. What does this mean? The pitch of the pillars seams to be about 

200 microns. All the terminologies to be defined properly and figures need to be labelled adequately. 

 

 

Response 10a: Section 2 of the protocol was rewritten to clarify the process. Other minor edits have been made to 

Sections 3 and 4 on Pages 3 through 5 in order to be clearer about the stamping and molding of the PDMS sample. 

Figure 1 has been added with the schematic of the stamping apparatus on Page 6 to add more clarity and define more 

of the terms that are used in the protocol. 

 

Figure 1 (a) say 'the pixel distance for the image was 100 μm/pixel; and the pixel distance for 1 (b) and 1 (c) is 

0.335 μm/pixel. What does this mean? The pitch of the pillars seams to be about 200 microns. All the terminologies 

to be defined properly and figures need to be labelled adequately. 

 

Response 10b: Regarding the captions of the revised Figures 2 and 3 (previously Figures 1 and 2, respectively); the 

phrase “the pixel distance for the image was 100 μm/pixel” was changed to “and each pixel was set to represent a 

distance of 100 μm” on Page 7 in order to clarify that the ‘pixel distance’ represents the practical distance the 

stepper motors move the drill bit from pixel to pixel. For instance, Figure 3(a) shows an alternating pattern for the 

pixel array with each pixel set to represent a distance of 100 μm. Since every other pixel is white, the bit will imprint 

a cavity on the plastic mold every 200 μm since the distance from one black pixel to the next is two pixels.  

 



The measured height of the pillars indicated in Table 1 and 2 is obtained from how many measurements? Kindly 

indicate the number of data points taken for each height indicated. 

 

Response 10c: The number of pillars measured for the data provided in Table I and Table II were 50 and 38, 

respectively. This information has been added on Pages 6 and 7.  

 

The measured height of the pillars are less than 60% of the height expectations. How the authors propose to 

improve it. 

 

Response 10d: In the discussion section on Page 9, the middle paragraph has been rewritten to discuss how to 

improve the stamping height precision. This discussion focuses on the deflection/displacement of the plastic mold as 

the bit creates the cavity. This mold deflection/displacement leads to a reduced pillar height. We counteract this 

issue by setting the stamp depth to a value greater than the desired pillar height. A second potential solution is to 

increase the temperature of the bit (using more laser heating power) such that the plastic mold heated more toward 

its glass transition (melting) temperature during the drill bit stamping process.  

 


