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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N  
2. Does your protocol include 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.
3. Which steps from the protocol section below will viewers benefit most from having filmed? 2.2, 2.3, 2.6, 2.8, 3.1, 3.4
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Ensuring that the thicknesses deposited in steps 2.3 and 2.8 are accurate. Prior to deposition of the samples, we take deposition rate measurements on other samples.
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Different labs within the same building


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. Amir Behbahanian: Our protocol provides a technique to customize the nanoparticle distribution produced on a substrate by changing the dewetting dynamics without changing the material thickness [1]. 

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

1.2. Amir Behbahanian: Our technique is simple, yet still provides a range of particle sizes. Other techniques out there require extensive lithographic steps to provide particle control [1]. 

1.2.1. INTERVIEW: Amir Behbahanian 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. Amir Behbahanian: Our control of particle distributions provides a technique for nanoparticle fabrication that benefits research focused on improving solar energy conversion, creating photonic devices, and increasing the density of data storage [1]. 

1.3.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Amir Behbahanian: Pay close attention to the deposition thicknesses at each step. This technique is extremely sensitive to layer thicknesses [1]. 

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

1.5. Amir Behbahanian: Seeing this experiment performed provides a level of detail that can’t be conveyed in print. Seeing the samples moving through the process is essential [1].

1.5.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.


Section - Protocol
2. Substrate Preparation
2.1. First, clean a 100 nanometer silicon dioxide on silicon substrate using an acetone rinse followed by an isopropyl alcohol rinse [1-TXT]. Dry the substrate using a stream of nitrogen gas [2].
2.1.1. MED: Talent rinses the substrate with acetone and then with isopropyl alcohol. TEXT: 100 nm SiO2 on Si.
2.1.2. MED: Talent dries the substrate with nitrogen gas.
2.2. Load the substrate into a thermal evaporator system and evacuate the chamber to reach the desired pressure for the deposition of the metal film [2.2.1.A] [1]. Ensure that the chamber is evacuated to a pressure on the order of 10 to the minus 6 Torr for the removal of air and water vapor in the chamber [2].
2.2.1.A [Added shot]: Loading on the holder. 
2.2.1. MED: Talent loads substrate into the thermal evaporator system and evacuates the chamber.
2.2.2. CU: Close up of pressure reading as talent checks it. [Author note]: We were unable to make the reading. The number has to be 
2.3. Using the thermal evaporator system, deposit the gold film at the desired thickness, which is 5 nanometers in this experiment [1-TXT]. At both deposition stages, the argon pressure is 1 to 5 millitorr, and the range is given as different pressures are chosen to calibrate for the deposition rate [2]. 
2.3.1. MED: Talent starts the deposition process. TEXT: Thickness control is performed by calibration of machine. 
2.3.2. CU: Close up of argon pressure reading and range as talent checks them. [Author note]: This step occurs after 2.8.1.
2.4. Amir Behbahanian: Our technique is extremely sensitive to film thicknesses, as shown in our results. It is critical to calibrate the deposition rates prior to depositing the films to ensure the appropriate thickness [1].

2.4.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.
2.5. Following deposition, vent the chamber and remove the substrate with the deposited metal film from the thermal evaporator system [1].
2.5.1. MED: Talent vents the chamber and removes the substrate from the system.
2.6. Next, load the substrate with the deposited metal film into a direct current magnetron sputter deposition system and evacuate to reach the desired pressure for deposition of the capping film [1]. 
2.6.1. MED: Talent loads the substrate into the sputter deposition system and evacuates the chamber.
2.7. To locate the sample in the system, put the sample in the load lock…[1] and the device transfers the sample to the main deposition chamber to ensure a sufficient level of vacuum [2]. 
2.7.1. MED: Talent mounts the sample in a sample holder and loads it in the load lock in the chamber. [Author note]: Redundant Step
2.7.2. CU: Close up of viewport on the chamber to see the sample holder being inserted and moved into position.
2.8. Now, deposit the capping layer of the desired material and thickness, following a similar procedure and condition as the gold layer deposition, with variable thickness alumina in this case [1]. 
2.8.1. MED: Talent starts the deposition process.
2.8.2. CU: Close up of argon pressure reading and range as talent checks them.
2.9. Following deposition, vent the chamber and remove the prepared sample from the sputter deposition system [1].
2.9.1. MED: Talent vents the chamber and removes the substrate from the system.
2.9.2. MED: Put the sample in the transferring container.
3. Dewetting, Etching and Characterization
3.1. Place the 5-nanometer gold film capped with alumina onto a pre-heated hot plate at 300 degrees Celsius and allow the sample to dewet for 1 hour [1].
3.1.1. MED: Talent places the sample on the hot plate and checks the temperature. 
3.2. Etch the alumina while leaving the gold and underlying substrate with an aqueous solution of ammonium hydroxide and hydrogen peroxide at 80 degrees Celsius for 1 hour [1-TXT]. 
3.2.1. MED: Talent places the sample in the pre-heated aqueous solution on a hot plate. TEXT: 3:1:1 H2O:NH4OH:H2O2. Video Editor: overlay should appear at mention of “an aqueous solution of ammonium hydroxide and hydrogen peroxide”.
3.3. For characterization, prepare the sample to be vacuum compatible by rinsing with acetone and isopropyl alcohol [1]. Then, dry the sample using a stream of nitrogen gas [2]. 
3.3.1. MED: Talent rinses the substrate with acetone and then with isopropyl alcohol.
3.3.2. MED: Talent dries the substrate with nitrogen gas.
3.4. Image the nanoparticle films using scanning electron microscopy under high vacuum and at high magnification [1-TXT]. 
3.4.1. SCREEN: To be provided by authors – show the parameters being entered into the computer software and the SEM images being collected. Authors, please upload this screen capture to your project page. TEXT: 50,000X to resolve nanoparticles. 
3.5. Perform image analysis to obtain information on nanoparticle size and spacing distributions [1-TXT].  
3.5.1. SCREEN: To be provided by authors – show the analysis being performed in the computer software. Authors, please upload this screen capture to your project page. TEXT: MATLAB-based code is used.    












Section – Results
4. Results: Nanofabrication and Characterization of Controllable and Customizable Gold Nanoparticles
4.1. The protocol described here has been used for multiple metals and has shown the ability to produce nanoparticles on a substrate over large-area, with controllable size and spacing [1]. Representative results are shown here and highlight the ability to control the fabricated nanoparticle size and spacing [2]. 
4.1.1. LAB MEDIA: Figure 1 – Video Editor: Emphasize top images (Al2O3 deposition, gold deposition, heating at 300 C, etching at 80 C, nanoparticle formation).
4.1.2. LAB MEDIA: Figure 1 – Video Editor: Emphasize bottom images (20 nm Cap, 10 nm Cap, 5 nm Cap, No Cap). 
4.2. The size and spacing distributions of the fabricated nanoparticle film will be dependent upon the metal, the substrate, the capping layer material, the metal thickness, and the capping layer thickness [1]. 
4.2.1. LAB MEDIA: Figure 2
4.3. As an example, the 5-nanometer gold film on silicon dioxide with aluminum oxide capping layer thicknesses of 0, 5, 10, and 20 nanometers result in an average nanoparticle radii of 14.2, 18.4, 17.3, and 15.6 nanometers, respectively, and an average nanoparticle spacing of 36.9, 56.9, 51.3, and 47.2 nanometers, respectively [1].
4.3.1. LAB MEDIA: Figure 2 – Video Editor: Highlight or emphasize figure a at mention of 0, figure b at mention of 5, and figure c at mention of 10 and figure d at mention of 20 nanometers. If possible, label each figure with the associated nanoparticle radii and average nanoparticle spacing and highlight these values when mentioned in the voiceover.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Amir Behbahanian: For the desired particle distributions, accurate control of the deposition layer thicknesses is critical [1] (steps 2.3 and 2.8).

5.1.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Amir Behbahanian: Depending on the application of your nanoparticle films, more characterization may be desired. This would include application specific measurements like light absorption or magnetic properties [1].

5.2.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Amir Behbahanian: Studies of nanoparticle films in applications can be performed using this technique for a simple way to control their particle sizes distribution [1].

5.3.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.
5.4. Amir Behbahanian: Appropriate personal protective equipment should be worn during the procedure. Specifically, do not come into contact with the etchant. Avoid contact with the hot plate [1].

5.4.1. INTERVIEW: Amir Behbahanian says the statement above in an interview-style shot, looking slightly off-camera.
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