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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page by your script return deadline.
3. Which steps from the protocol section below are the most important for viewers to see? 
3.4., 4.1.-4.3., 5.1., 5.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1., 5.6.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Himanshu Mishra: Our “gas-entrapping microtextured surfaces” or GEMS can entrap air upon immersion in liquids, regardless of their surface chemistry. Thus, this approach has tremendous potential for applications that otherwise require perfluorocarbon-coatings [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Ahad Syed: Unlike 3D printing and other conventional manufacturing techniques, photolithography and dry etching allows us to fabricate complex microscale overhanging reentrant and doubly reentrant topographies [1].  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Eddy M. Domingues: First-time users should use practice wafers and periodically check the etching rate for each type of design before attempting an experiment, as the rate might change with the sample size [1]. 

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.4. Sankara Arunachalam: Fabrication of reentrant and doubly reentrant pillars and cavities is a multistep process that involves intricate design patterns. Visual demonstration of the microfabrication steps will help with understanding the protocol [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Cavity Design and Wafer Cleaning

2.1. Start the microfabrication process by creating a new file in an appropriate layout software program [1].

2.1.1. WIDE: Talent creating file, with monitor visible in frame

2.2. Draw a unit cell comprising a 200-micrometer-diameter circle and copy paste this circle with a center-to-center distance of 212 micrometers [1] to create an array of circles in a square patch with a 1-centimeter squared area [2].

2.2.1. SCREEN: Screenshot_1: 00:05-00:30 Video Editor: please speed up
2.2.2. SCREEN: Screenshot_1: 01:12-01:20 

2.3. Next, draw a 100-millimeter-diameter circle and place the 1-centimeter-squared square array inside the circle [1].

2.3.1. SCREEN: Screenshot_1: 01:35-01:57 Video Editor: please speed up

2.4. Replicate this arrangement to create a 4 x 4 grid of square arrays. The features inside the circle will be transferred onto the 4-inch wafers [1].

2.4.1. SCREEN:  Screenshot_1: 01:10-01:30 Video Editor: please speed up

2.5. Then export the design file to the desired format for the mask writing system [1].

2.5.1. SCREEN: Screenshot_3 00:04-00:10

2.6. To clean wafers for the microfabrication, place a 4-inch-diameter silicon wafer with a 2.4-micrometer-thick thermal oxide layer in piranha solution for 10 minutes [1-TXT] before rinsing with deionized water [2].

2.6.1. Talent placing water into solution, with solution container visible in frame TEXT: See text for all solution preparation details
2.6.2. Wafer being rinsed

2.7. Then spin the wafer dry under a nitrogen environment [1].

2.7.1. Talent drying wafer

3. Photolithography

3.1. After drying, use vapor-phase deposition to coat the wafer with hexamethyldisilazane [1-TXT] and mount the wafer onto a 4-inch vacuum chuck in a spin coater [2].

3.1.1. WIDE: Talent coating wafer TEXT: See Table 1 for process details
3.1.2. Talent mounting wafer onto chuck 

3.2. Cover the wafer with photoresist [1-TXT] and use the spin coater to spread the photoresist uniformly across the surface of the wafer as a 1.6-micrometer-thick layer [2].

3.2.1. Wafer being covered with photoresist TEXT: See Table 2 for spin coating parameters
3.2.2. Wafer being spin coated

3.3. Bake the photoresist-coated wafer on a 110-degree Celsius hot plate for 2 minutes [1].

3.3.1. Wafer baking on hot plate ( LABMEDIA: JOVE_LM_60403_STEP 3.3.2)_ Author comment: Please insert this image after shoot 3.3.1, because it will show the viewer what is happening to the wafer in this specific step.

3.4. Transfer the baked wafer to a direct-writing system, expose the wafer to ultraviolet radiation for 55 milliseconds [1] and transfer the UV-exposed wafer into a glass Petri dish containing photoresist developer to allow the features to develop [2][3].

3.4.1. Shot of wafer, then UV light coming on wafer Videographer: Important step
3.4.2. Talent placing wafer into dish, with developer container visible in frame Videographer: Important step
3.4.3. LABMEDIA: JOVE_LM_60403_STEP 3.4.3

3.5. After 60 seconds, gently rinse the wafer with deionized water to remove any excess developer [1] and spin dry the wafer in a nitrogen environment [2].

3.5.1. Wafer being rinsed
3.5.2. Wafer spin drying Author comment: This step is the same as step 2.7.1, so we didn’t do separate recording; Maybe just show couple second of the spin-dry part?

4.  Silica (SiO2) and Silicon (Si) Layer Etching

4.1. After photolithography, transfer the wafer to an inductively coupled plasma-reactive ion etching system that employs a mixture of octafluorocyclobutane and oxygen gases [1] and run the process for for approximately 13 minutes to etch the exposed silica layer [2-TXT][3].

4.1.1. WIDE: Talent placing wafer into system Videographer: Important/difficult step
4.1.2. Talent starting process/process being run TEXT: See Table 3 for ICP-RIE parameters
4.1.3. LABMEDIA: JOVE_LM_60403_STEP 4.1.3

4.2. To ensure that the silica layer thickness inside the desired patterns is reduced to zero, use a reflectometer to measure the thickness of the remaining silica [1] and adjust the duration of the subsequent etching period based on the thickness of the silica layers [2].

4.2.1. Silica being measured Videographer: Important step

4.3. After etching the silica layer, transfer the wafer to a deep inductively coupled plasma- reactive ion etching system [1] and run this process for five cycles, resulting in an etching depth for silicon equivalent to approximately 2 micrometers [2-TXT][3]. Clean the wafer with piranha solution, rinse and spin dry, as demonstrated before.

4.3.1. Talent placing wafer into system Videographer: Important step
4.3.2. TEXT: See Table 4 for process parameters
4.3.3. LABMEDIA: JOVE_LM_60403_STEP 4.3.3

4.4. Perform isotropic etching to create an undercut beneath the silica layer with sulfur hexafluoride for 25 seconds [1-TXT][2][3] followed by cleaning with piranha solution, rinse and spin dry, as demonstrated.

4.4.1. Talent placing wafer into system  
4.4.2. TEXT: See Table 5 for process parameters
4.4.3. LABMEDIA: JOVE_LM_60403_STEP 4.4.3

5. Thermal Oxide Growth and Etching

5.1. After creating the undercut, use a high temperature furnace system to grow a 500-nanometer layer of thermal oxide on the wafer [1][2].

5.1.1. WIDE: Talent placing wafer into furnace system Videographer: Important step
5.1.2. LABMEDIA: JOVE_LM_60403_STEP 5.1.2

5.2. Next, etch silica vertically downward for 3 minutes to remove the thermal oxide layer from the cavity bottom [1] while leaving a silica layer along the sidewalls that will eventually form the doubly reentrant edge [2].

5.2.1. Talent placing wafer into system. Author comment: This step video is same as step 4.1.1 
5.2.2. LABMEDIA: JOVE_LM_60403_STEP 5.2.2

5.3. After etching the excess thermally grown oxide, repeat five cycles of the Bosch process[1]  to deepen the cavities by 2 micrometers[2] and clean the wafer with piranha solution, rinse  and spin dry, as demonstrated.

5.3.1. Wafer being process Author comment: This step video is same as step 4.3.2
5.3.2. LABMEDIA: JOVE_LM_60403_STEP 5.3.2

5.4. To create an empty space behind the thermally grown oxide at the mouth of the cavity, isotropically etch the silicon for 150 seconds [1] to obtain the doubly reentrant edge [2].

5.4.1. Wafer being placed into etcher Videographer: Important step  Author comment: please use video from step 4.3.2
5.4.2. LABMEDIA: JOVE_LM_60403_STEP 5.4.2 Videographer: Important step

5.5. Eddy M. Domingues: The amount of time spent in the last isotropic silicon etch must be tuned to create as much space as possible behind the thermally grown oxide without merging the cavities [1].

5.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

5.6. [bookmark: _GoBack]After creating the doubly reentrant cavities, perform Bosch process for 160 cycles to increase the depth of the cavities to approximately 50 micrometers [1][2]. Clean the wafer in fresh piranha solution, rinse and spin dry, as demonstrated. Transfer the wafer into a vacuum oven at 50 ºC for 48 hours [3]. The wafer can then be stored in a clean nitrogen flow cabinet [4].

5.6.1. Talent placing wafer into processor Videographer: Difficult step  Author comment: This step video is same as step 4.3.1
5.6.2. LABMEDIA: JOVE_LM_60403_STEP 5.6.2
5.6.3. Talent placing the wafer into vacuum oven 
5.6.4. Talent placing wafer into cabinet 


Section – Results
6. Results: Representative Wetting Behaviors of Gas-Entrapping Microtextures (GEMs) 

6.1. Here representative reentrant and doubly reentrant cavities [1] … and pillars microfabricated as demonstrated are shown [2]. 

6.1.1. LAB MEDIA: Figure 9 
6.1.2. LAB MEDIA: Figure 10

6.2. Silicon dioxide-silicon surfaces with arrays of doubly reentrant pillars exhibit apparent contact angles greater than 150 degrees [1] for both water and hexadecane with a minimal contact angle hysteresis [2].

6.2.1. LAB MEDIA: Movie 1: JoVE Video Editor: please speed up OR show about 00:05-00:15
6.2.2. LAB MEDIA: Movie 2: JoVE Video Editor: please speed up OR show about 00:05-00:15

6.3. Curiously, when the same silicon dioxide-silicon surfaces with arrays of pillars are immersed in the same liquids they are intruded instantaneously [1].

6.3.1. LAB MEDIA: Movie 3: JoVE Video Editor: please speed up OR show about 00:00-00:10

6.4. In contrast, doubly reentrant cavities entrap air upon immersion in both liquids [1].

6.4.1. LAB MEDIA: Figures 11E-H

6.5. Further, confocal microscopy reveals that the overhanging features stabilize the intruding liquids and entrap air inside them [1].

6.5.1. LAB MEDIA: Figure 12: JoVE Video Editor please emphasize Figures 12A and 12B and add/emphasize Trapped air text 

6.6. The microfabrication of arrays of pillars surrounded by walls of doubly reentrant profile insulates the stems from wetting liquids [1], resulting in hybrid microtextures that behave as gas-entrapping microtextures [2].

6.6.1.  LAB MEDIA: Figures 10H-10I
6.6.2. LAB MEDIA: Movie 4: JoVE Video Editor: please speed up OR show about 00:00-00:10






Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Ratul Das: Following a similar approach, membranes can be designed that would be capable of performing commercial membrane functions but without requiring harmful perfluorocarbons, paving the pathway for greener industrial processes [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Himanshu Mishra: We can investigate the performance of mushroom-shaped cavities and pillars of various shapes, sizes, and profiles in terms of the lifetime of the entrapped air, liquid-entry-pressure, and so on [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Ulrich Buttner: This protocol involves using a clean room facility as well as hot plates and flammable and corrosive chemicals. Therefore, proper safety training and personal protective equipment are required [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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