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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
[bookmark: _Hlk12870816]The procedure involves several steps that needs to be careful followed, any small change or forgetfulness compromises the final results. 
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. Silvia L. Fernandes: The reactive sputtering technique allows a fine control of the parameters used to deposit the film, allowing different phases of niobium oxide to be deposited to improve the film properties [1]. 

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

1.2. Lucas J. Affonço: The main advantage of this technique is the deposition of homogeneous films with a good adhesion over large areas and at low-cost with low residue production [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. Lucas J. Affonço: It is important to pay attention to each step and to not skip any [1].

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

1.4. [bookmark: _Hlk12872118]Roberto A. R. Junior: Visualizing how to handle the equipment and the final appearance of the films and devices can help in achieving a successful deposition [1].

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


Section - Protocol
2. Niobium Oxide (NbO2) Film Deposition
2.1. Begin by protecting the substrate surface with a thermal tape [1], leaving 0.5 centimeters of one side exposed [2]. 
2.1.1. WIDE: Talent place tape onto substrate
2.1.2. Shot of substrate with tape with 0.5 cm exposed
2.2. Deposit enough zinc powder to cover the area to be etched on the top of the exposed fluoride thin oxide [1] and slowly drop concentrated hydrochloric acid until all of the zinc powder is consumed by the reaction [2].
2.2.1. Powder being deposited onto FTO, with powder container visible in frame
2.2.2. HCl being dropped onto powder, with HCl container visible in frame
2.3. Immediately place the substrate in deionized water in an ultrasonicate bath for 15 minutes [1].
2.3.1. Talent placing substrate into bath
2.4. At the end of the wash, sonicate the substrate two times for 15 minutes per sonication [1] followed a 10-minute incubation in acetone [2] and a 10-minute incubation in isopropyl alcohol [3].
2.4.1. Substrate being sonicated
2.4.2. Talent placing substrate into acetone, with acetone container visible in frame
2.4.3. Substrate being placed into isopropyl alcohol, with isopropyl alcohol container visible in frame
2.5. After fixing the substrate through a metal shadow mask [1], place the substrate into the sputtering chamber [2].
2.5.1. Mask being fixed
2.5.2. Talent placing substrate into chamber

2.6. After sealing the chamber, start the mechanic pump [1-TXT] and turn on the turbo molecular pump [2-TXT].

2.6.1. Talent starting mechanic pump TEXT: Primary pump works alone until pressure = 6x10-2 torr
2.6.2. Talent turning on turbo pump TEXT: Start deposition when pressure reaches 3x10-6 torr

2.7. When the vacuum reaches 5x10-5 torr, open the water cooler system [1] and turn on the substrate heating system [2].

2.7.1. Talent opening water cooler system
2.7.2. Talent turning on heating system

2.8. Set the temperature to 500 degrees Celsius, increasing 100 degrees Celsius every 5 minutes until it reaches the desired value [1].

2.8.1. Talent setting temperature 

2.9. Set the argon to 40 sccm (S-C-C-M) and the oxygen to 3 sccm [1-TXT].

2.9.1. Talent setting gas parameters TEXT: sccm: standard cubic centimeters per minute. The oxygen flow rate was varied in each deposition: 3, 3.5, 4 and 10 sccm 

2.10. Introduce argon into the chamber [1] and set the pressure to 5 x 10-3 torr and the radio frequency to 120 watts [2].

2.10.1. Talent introducing argon
2.10.2. Pressure and RF being set

2.11. Turn on the radio frequency [1], using the impedance matching box to tune the frequency as necessary [2].

2.11.1. Talent turning on RF
2.11.2. RF being tuned

2.12. If the plasma does not start, increase the pressure slowly until it reaches 2 x 10-2 torr [1] using a gate valve that can be opened or  or closed to change the pumping rate to set the pressure [2].

2.12.1. Pressure being increased
2.12.2. Gate valve being opened/closed/pumping rate being adjusted

2.13. Keep the plasma at 120 watts for 10 minutes to clean the niobium target and to remove any oxide layer present in its surface [1].

2.13.1. Plasma being set to 120 W/target being cleaned

2.14. After stabilization, introduce oxygen into the chamber [1] set the RF power to 240 W [1.5] and open the substrate shutter [2].

2.14.1. Talent introducing oxygen into chamber
2.14.(1.5) Added Shot:Talent setting the RF power
2.14.2. Show the plasma on chamber 

2.15. Start the deposition and set the deposition time to achieve a final thickness of 100 nanometers [1]. 

2.15.1. Talent starting deposition/setting deposition time TEXT: Different deposition rate expected/deposition condition
 
2.16. As soon as the deposition is complete, close the shutter [1] … turn off the radio frequency [2] … close the gases [3] … and decrease the substrate temperature to room temperature [4].

2.16.1. Talent closing shutter
2.16.2. RF being turned off
2.16.3. Gas(es) being closed
2.16.4. Talent decreasing temperature

2.17. As the substrate temperature reaches room temperature, introduce air to reestablish the ambient pressure before opening the chamber [1] and removing the substrate [2].

2.17.1. Talent introducing air
2.17.2. Talent removing substrate

3. Solar Cell Construction

3.1. For solar cell construction, protect both side of the substrate with a piece of tape [1] and use a spin coater at 4000 rotations per minute for 30 seconds to deposit a mesoporous titanium dioxide layer onto the niobium oxide layer [2-TXT] [3]

3.1.1 WIDE: Talent place tape onto substrate
Talent placing substrate into spin coater TEXT: See text for all solution preparation details
 3.1.2. Added Shot: Titanium dioxide solution being added onto the niobium oxide layer

3.2. Then place the substrate in the oven according to the indicated warming sequence [1-TXT].

3.2.1. Talent placing substrate into oven TEXT: Heat 270 °C 30 min, 370 °C 30 min, 500 °C for 1 h 

3.3. When the oven reaches room temperature, use the spin coater to deposit two layers of lead iodide into the titanium dioxide layer at 6000 rotations per minute for 90 seconds [1], placing the substrate onto a hot plate for 70 degrees Celsius for 10 minutes after each deposition [2].

3.3.1. Talent placing substrate into spin coater
3.3.2. Substrate being placed onto hot plate

3.4. After the second hot plate incubation, drop 300 milliliters of methylammonium iodide solution onto the lead iodide layers [1] and wait 20 seconds before spinning at 4000 rotations per minute for 30 seconds [2]. 

3.4.1. Talent placing substrate into spin coater
3.4.2. CH3NH3I being added onto substrate, with CH3NH3I container visible in frame

3.5. At the end of the spin, place the substrate on a hot plate for 10 minutes at 100 degrees Celsius [1] before depositing Spiro-OMeTAD (spy-roh-Ome-meO-tad) solution on top of the perovskite layer in the spin coater at 4000 rotations per minute for 30 seconds [2].

3.5.1. Talent placing substrate onto hot plate
3.5.2. Spiro-OMeTAD solution being deposited, with Spiro-OMeTAD container visible in frame

3.6. Then store the films in a desiccator in air overnight to oxidized Spiro-OMeTAD [1].

3.6.1. Talent placing substrate in a desiccator

3.7. The next morning, screech the perovskite film to expose the FTO [0]. uUse a shadow mask [1] to deposit gold contact in an evaporator machine at a rate of 0.2 angstrom/second until the thickness reaches 5 nanometers [13] before increasing the rate to 1 angstrom/second to obtain a 70-nanometers of gold contact [2]. Then the cell is ready to be tested [4]
3.7.0 Added Shot: Talent screeching the film to expose the FTO film
3.7.1.  Gold contact being deposited (This shot was moved and filmed with the number as bellow - 3.7.3 - the number was also changed by the videographer)
3.7.1 Added Shot: Substrates with a shadow mask
3.7.2. Talent increasing rate
3.7.3. Gold contact being deposited 
3.8.1 Added Shot: Showing the perovskite solar cell done
 


Section – Results
4. Results: The Effects of Oxygen Flow Rates on Reactive Sputtering 

4.1. [bookmark: _Ref521507642]In the sputtering system, the deposition rate is strongly influenced by the oxygen flow rate, decreasing when the oxygen flow increases [1].

4.1.1. LAB MEDIA: Figure 1

4.2. For example, from 3 to 4 sccm there is an expressive decrease on the deposition rate [1]. 

4.2.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize data line from 3-4 sccm

4.3. When the oxygen is increased from 4-10 sccm, however, the deposition rate becomes less pronounced [1].

4.3.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize data line from 4-10 sccm

4.4. The niobium oxide phase formed is dependent on the oxygen flow rate [1] and for flows less than 3 sccm, niobium dioxide is the main phase formed [2].

4.4.1. LAB MEDIA: Figure 2
4.4.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize dotted data line in Figure 2A inset graph

4.5. For flows higher than 3.5 sccm, the oxygen volume is too high to generate niobium dioxide. Instead, niobium dioxideniobium pentoxide is observed as the main phase [1].

4.5.1. [bookmark: _GoBack]LAB MEDIA: Figure 2: JoVE Video Editor please emphasize dotted data line in Figures 2C and 2D inset graphs

4.6. Electron microscopy images show the nanometric spherical particles of the films deposited at 3.5, 4, and 10 sccm [1]. In contrast, the film deposited at 3 sccm reveals sheet-shaped particles [2].

4.6.1.   LAB MEDIA: Figure 2: JoVE Video Editor please emphasize sphere(s) in Figures 2B, 2C, and 2D
4.6.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize sheet(s) in Figure 2A

4.7. The films deposited by reactive sputtering in different oxygen flow rates demonstrate different electrical properties [1].

4.7.1. LAB MEDIA: Figure 3

4.8. The conductivity of the films increases when 3 sccm of oxygen is used [1].

4.8.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize black data line and red dot less then 3 sccm

4.9. When the oxygen flow rate is increased to 3.5, 4, or 10 sccm, a decrease in the conductivity is observed [1].

4.9.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize blue, red, and green data lines and red dots from 3-10 sccm

4.10. The performance of perovskite solar cells also depends on the niobium oxide used [1], as a cell made with electron transport layers deposited at 3.5 sccm has the best performance with the highest short-circuit current [2].

4.10.1. LAB MEDIA: Figure 4 
4.10.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize red and black data lines and Eff (%) values




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. [bookmark: _Hlk12873788]José H. D. da Silva- Lucas J. Affonço: (Step: 2.12.) Remember to check that all of the parameters are correctly set and that the gas valves are opened before beginning the deposition of the niobium oxide films [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Roberto A. R. Ramos: The niobium oxide films can also be deposited by the spin coating of chemical solutions, however this method does not allow the deposition of niobium oxides with different stoichiometries [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.3. [bookmark: _Hlk12873324]Silvia L. Fernandes: This development aids in the analysis of how the conductivity of the oxide in the electron transport layer influences the efficiency of perovskite solar cell performance [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.4. Lucas J. Affonço: Take care when using the chemicals for the perovskite deposition, especially lead iodide, and be sure to follow all of the laboratory safety rules [1].
5.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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