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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  no  
However, the authors made the following request:
“We do have some cameras with macro lenses, but they're not that great. It'd be helpful if the cameraperson had a good camera for this. It won't be necessary to attach it to a microscope, but because the features of the devices and the devices themselves are small, it'd be a good idea to have the ability to take pictures and video of these small things. Think like the tip of a ball-point pen, for example.”

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  no

3. Filming location: Will the filming need to take place in multiple locations?   Yes
Some filming takes place in a clean room in the same building, manuscript steps 1.1 to 1.10 and 2.1 to 2.10
 

Introduction

1. Introductory Interview Statements

Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.

1.1. Jiyang Mei: Our protocol demonstrates the details of fabricating typical surface acoustic wave devices upon piezoelectric substrates, especially valuable for people seeking to enter this burgeoning field [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

1.2. Jiyang Mei: Keeping any debris away from the surface during cleaning is crucial in the process of fabrication [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

1.3. Jiyang Mei: Visual demonstration provides important detail about the handling of the materials and tools during the fabrication process [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. 


1.4. 

Protocol
NOTE: Authors took videos of protocol performed in the clean room and uploaded them here. Videos are matched to shot numbers. https://drive.google.com/drive/folders/1FQVzuhCiOFAT4M8cc84AcdLzOzNeF9as?usp=sharing

2. SAW Device Fabrication Via Lift-Off Method
2.1. To pre-bake the wafer, place it on a hotplate at 100 degrees Celsius for 3 minutes [1], then move the wafer to aluminum foil [2-added]. 
2.1.1. Talent places wafer on hotplate.
2.1.2. Added step: Talent moves wafer from hotplate to aluminum foil.
2.2. Place the wafer onto a spin coater [1]. Using a dropper, place negative photoresist onto the wafer, covering about 75 percent of the wafer surface area [2-TXT].
2.2.1. Talent places wafer on spin coater.
2.2.2. Talent uses a dropper to cover 75% of the wafer with photoresist. TEXT: NR9-1500PY
2.3. To produce a photoresist thickness of approximately 1.3 micrometers, execute the following program on the spin coater: 500 rpm with an acceleration of 3000 rpm per second for 5 seconds, followed by 3500 rpm with an acceleration of 3000 rpm per second for 40 seconds [1]. 
2.3.1. Talent programs settings on spin coater and then executes program.
2.4. Bake the wafer by placing it on a hotplate at 100 degrees Celsius [1]. Increase the hotplate temperature to 150 degrees Celsius and maintain that temperature for 1 minute [2]. Then, move the wafer from the hotplate, and let the wafer cool in the air to room temperature [3]. Videographer, this is the most difficult step and one of the most important for viewers to see.
2.4.1. Talent places wafer on hotplate at 100 degrees Celsius.
2.4.2. Talent increases hotplate temperature to 150 degrees Celsius.
2.4.3. Talent moves wafer from hotplate and allows the wafer to begin cooling.
2.5. Jiyang Mei: Do not place the wafer directly onto the hotplate at 150 degrees Celsius. Let the wafer cool down in air after heating [1].
2.5.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
2.6. To expose the photoresist to ultraviolet energy, transfer the wafer to the mask aligner [1]. With the mask aligner set to deliver light at 375 nanometers, expose the photoresist to an energy dose of 400 millijoules per square centimeter [2-TXT].
2.6.1. Talent places wafer in mask aligner.
2.6.2. Talent adjusts settings on mask aligner and turns it on. TEXT: Mask design and photoresist age and condition may affect required dose.
2.7. To bake the wafer, place it on a hotplate at 100 degrees Celsius [1]. After 3 minutes, transfer the wafer onto aluminum foil, where it will cool to room temperature [2].
2.7.1. Talent places wafer on hotplate.
2.7.2. Talent moves wafer from hotplate to aluminum foil.
2.8. Place the wafer into a beaker filled with pure RD6 developer. Leave the wafer immersed for 15 seconds, while gently shaking the beaker [1]. Videographer, this is one of the most important steps for viewers to see.
2.8.1. Talent places wafer in beaker of developer and gently shakes beaker.
2.9. Remove the wafer from the developer and immerse it in deionized water for 1 minute [1]. Then, rinse the wafer under deionized water flow [2]. Finally, use dry nitrogen flow to remove the remaining water from the wafer [3-TXT]. 
2.9.1. Talent removes the wafer from the beaker and places it in a container of deionized water.
2.9.2. Talent holds the wafer under water flow.
2.9.3. Talent flows nitrogen over the wafer. TEXT: Never allow fluid to evaporate from the wafer surface.
2.10. Bake the wafer again at 100 degrees Celsius [1]. After 3 minutes, transfer the wafer onto aluminum foil, where it will cool to room temperature [2].
2.10.1. Talent places wafer on hotplate.
2.10.2. Talent moves wafer from hotplate to aluminum foil.
2.11. Place the wafer into a sputter deposition system and evacuate the chamber to a pressure of 5 × 10-6 millitorr [1]. 
2.11.1. Talent places wafer into sputter deposition system and evacuates chamber.
2.12. Next, flow argon at 2.5 millitorr. Then, sputter chromium with a power of 200 watts for 5 nanometers as an adhesion layer [1]. To form the conductive electrodes, deposit aluminum at 400 nanometers and a power level of 300 watts [2].
2.12.1. Talent flows argon and then sputters chromium.
2.12.2. Talent uses sputter deposition system to deposit aluminum.
2.13. Transfer the wafer to a beaker and immerse it in acetone [1]. Sonicate the beaker at medium intensity for 5 minutes [2]. Rinse the wafer with deionized water [3] and dry the wafer with nitrogen flow [4].
2.13.1. Talent transfers the wafer to a beaker and adds acetone to the beaker.
2.13.2. Talent places the beaker in a sonicator and turns on the sonicator at medium intensity.
2.13.3. Talent rinses the wafer with deionized water.
2.13.4. Talent flows nitrogen over the wafer.

3. SAW Device Fabrication Via Wet Etching Method
3.1. Place the wafer on a hotplate at 100 degrees Celsius for 3 minutes [1]. Then, transfer it onto a piece of aluminum foil and wait for it to cool to room temperature [2].
3.1.1. Talent places wafer on hotplate set at 100 degrees Celsius.
3.1.2. Talent transfers wafer to a piece of aluminum foil.
3.2. Place the wafer into a sputter deposition system and evacuate the chamber to a pressure of 5 × 10-6 millitorr [1]. Flow argon at 2.5 millitorr and then sputter chromium with a power of 200 watts for 5 nanometers as an adhesion layer [2].
3.2.1. Talent places wafer into sputter deposition system and evacuates chamber.
3.2.2. Talent flows argon and then sputters chromium.
3.3. Next, form the conductive electrodes by sputtering gold for 400 nanometers at a power level of 300 watts [1].
3.3.1. Talent uses sputter deposition system to deposit gold.
3.4. Place the wafer on a spin coater [1]. Using a dropper, deposit positive photoresist onto the wafer, covering about 75 percent of the wafer surface area [2-TXT].
3.4.1. Talent places wafer on a spin coater.
3.4.2. Talent uses a dropper to cover 75% of the wafer with photoresist. TEXT: AZ1512
3.5. To produce a photoresist thickness of approximately 1.2 micrometers, execute the following program on the spin coater: 500 rpm with an acceleration of 3000 rpm per second for 10 seconds, followed by 4000 rpm with an acceleration of 3000 rpm per second for 30 seconds. [1].
3.5.1. Talent programs settings on spin coater and then executes program. 
3.6. Then, place the wafer on a hotplate at 100 degrees Celsius [1]. After 1 minutes, transfer the wafer onto aluminum foil, where it will cool to room temperature [2].
3.6.1. Talent places wafer on hotplate.
3.6.2. Talent moves wafer from hotplate to aluminum foil.
3.7. Transfer the wafer to the mask aligner [1]. With the mask aligner set to deliver light at 375 nanometers, expose the photoresist to an energy dose of 150 millijoules per square centimeter [2-TXT]. 
3.7.1. Talent transfers wafer to mask aligner.
3.7.2. Talent adjusts settings on mask aligner and turns it on. TEXT: MLA150 ; Mask design and photoresist age and condition may affect required dose.
3.8. Place the wafer into a beaker filled with pure AZ300MIF developer [1]. Leave the wafer in the beaker for 30 seconds, gently shaking the beaker [2]. Videographer, this is one of the most important steps for viewers to see.
3.8.1. Talent places wafer in beaker of developer.
3.8.2. Talent gently shakes beaker.
3.9. Remove the wafer from the developer and immerse it in deionized water for 1 minute [1]. Then, rinse the wafer under deionized water flow [2]. Finally, use dry nitrogen flow to remove the remaining water from the wafer [3-TXT]. 
3.9.1. Talent removes the wafer from the beaker and places it in a container of deionized water.
3.9.2. Talent holds the wafer under water flow.
3.9.3. Talent flows nitrogen over the wafer. TEXT: Never allow fluid to evaporate from the wafer surface.
3.10. Next, immerse the wafer in gold etchant for 90 seconds, gently shaking the beaker [1]. After rinsing the wafer under deionized water flow [2], use dry nitrogen flow to remove the remaining deionized water from the wafer [3]. Videographer, this is one of the most important steps for viewers to see, and uses hazardous materials.
3.10.1. Talent places wafer in beaker of etchant and gently shakes the beaker.
3.10.2. Talent rinses wafer under deionized water flow.
3.10.3. Talent flows nitrogen over the wafer.
3.11. Jiyang Mei: Apart from the acetone, photoresist and its developer, the most dangerous reagents are the metal etchants, which require higher level protection, such as neoprene gloves and an apron [1].
3.11.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Since this is a warning statement, have the talent look more directly at the camera compared to other interview statements.
3.12. Finally, immerse the wafer in chromium etchant for 20 seconds, gently shaking the beaker [1]. Rinse the wafer under deionized water flow[2], and again use dry nitrogen flow to remove the remaining water [3]. Videographer, this is one of the most important steps for viewers to see.
3.12.1. Talent places wafer in beaker of etchant and gently shakes the beaker.
3.12.2. Talent rinses wafer under deionized water flow.
3.12.3. Talent flows nitrogen over wafer.


Results
4. Results: SAW Devices Generate Surface Acoustic Waves 
4.1. IDTs were fabricated using the methods described [1-TXT]. The spacing between the fingers and the fingers themselves are all 10 micrometers in width, resulting in a wavelength of 40 micrometers [2].
4.1.1. LAB MEDIA: Figure 1. TEXT: IDT: interdigital transducer
4.1.2. LAB MEDIA: Figure 1. Video editor: Please focus on Figure 1(B).
4.2. A sinusoidal signal was applied to the IDT, and a laser Doppler vibrometer was used to measure the amplitude and frequency of the resulting surface acoustic wave [1-TXT]. The resonance frequency was found to be 96.5844 Megahertz, slightly lower than the design frequency of 100 Megahertz [2].
4.2.1. LAB MEDIA: Figure 2. TEXT: SAW: surface acoustic wave
4.2.2. LAB MEDIA: Figure 2. Video editor, please show only Figure 2(B).
4.3. A plot of the vibration upon the substrate surface shows a surface acoustic wave propagating from the IDTs. Based on the ratio between the maximum amplitude and the minimum amplitude, the standing wave ratio was calculated to be 2.06 [1].
4.3.1. LAB MEDIA: Figure 2. Video editor, please show only Figure 2(A).
4.4. The motion of a sessile droplet actuated by the SAW device was demonstrated [1]. A water droplet of 0.2 microliters was pipetted on lithium niobate about 1 millimeter away from the IDT [2]. 
4.4.1. LAB MEDIA: Figure 3.
4.4.2. LAB MEDIA: Figure 3. Video editor, please emphasize Figure 3(A).
4.5. When a SAW propagates and encounters the droplet, it leaks into the liquid at the Rayleigh angle. The jetting angle confirms the presence of a surface acoustic wave [1].
4.5.1. LAB MEDIA: Figure 3. Video editor, please emphasize Figure 3(B).


Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements
5.1. Jiyang Mei: The techniques can be used for the fabrication of megahertz-order surface acoustic wave devices. The process needs to be adjusted if higher frequency acoustic wave actuators are required [1].
5.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
5.2. Jiyang Mei: This protocol provides two dependable methods for preparing high frequency surface acoustic wave devices useful for micro- to nano-scale acoustofluidics research [1].
5.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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