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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? 
2.3., 2.4., 3.3., 4.1., 4.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3. and 2.4. are the most difficult aspect of this procedure.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 
Y, two locations, 3 miles apart



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

1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. [bookmark: _GoBack][bookmark: OLE_LINK35][bookmark: OLE_LINK36]Xiang Zhang: This new protocol for aluminum nitride quick growth on nano-patterned sapphire substrate with graphene interlayer can be used for the rapid and inexpensive generation of high-performing, deep ultraviolet-LEDs [1].

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

1.2. Chen Zhaolong: Using directly grown graphene as buffer layer, the aluminum nitride template shows great potential in the application of aluminum gallium nitride-based deep ultraviolet-LEDs [1].

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


Section - Protocol
2. [bookmark: OLE_LINK25][bookmark: OLE_LINK26]Atmospheric-Pressure Chemical Vapor Deposition (APCVD) Growth of Graphene on Nano-Patterned Sapphire Substrate (NPSS) and Nitrogen (N2)-Plasma Treatment
2.1. To begin, rinse the NPSS (N-P-S-S) with acetone, ethanol, and deionized water three times [1] and dry the NPSS with a nitrogen gun [2].
2.1.1. [bookmark: OLE_LINK27][bookmark: OLE_LINK29]WIDE: Talent rinsing NPSS, with acetone, ethanol, and water containers visible in frame
2.1.2. Talent drying NPSS
2.2. Load the NPSS into a three-zone high temperature furnace with a long, flat temperature zone [1] and heat the furnace to 1050 degrees Celsius [2].
2.2.1. Talent loading NPSS into furnace
2.2.2. Talent setting temperature
2.3. Stabilize the temperature for 10 minutes under 500 standard cubic centimeters per minute of argon and 300 standard cubic centimeters per minute of argon of hydrogen [1].
2.3.1. Argon and hydrogen parameters being set Videographer: Important/difficult step
2.4. Then introduce 30 standard cubic centimeters per minute of argon of methane into the reaction chamber for the growth of the graphene on the NPSS for 3 hours [1].
2.4.1. Methane parameter being set Videographer: Important/difficult step
2.5. At the end of the growth reaction, switch off the methane [1] and allow the NPSS to cool naturally [2].
2.5.1. Talent switching off membrane
2.5.2. Talent removing cooled methane from furnace
2.6. Rinse the cooled substrate with deionized water [1] and dry the NPSS with a nitrogen gun [2].
2.6.1. Talent rinsing NPSS
2.6.2. Talent drying NPSS
2.7. Then etch the graphene-NPSS by nitrogen-plasma with a nitrogen flow rate of 300 standard cubic centimeters per minute for 30 seconds and a power of 50 watts in a reactive ion etching chamber [1].
2.7.1. Talent placing substrate into chamber and setting parameters and/or initiating etching
3. Metal-Organic Chemical Vapor Deposition (MOCVD) Growth of Aluminum Nitrogen (AlN) on Graphene-NPSS and of Aluminum-Gallium-Nitrogen (AlGaN) Multiple Quantum Wells (MQW)
3.1. For MOCVD (M-O-C-V-D) growth of aluminum-nitrogen on graphene-NPSS, edit the MOCVD recipe for aluminum-nitrogen growth [1] and load the graphene-NPSS and its NPSS counterpart into a homemade MOCVD chamber [2].
3.1.1. WIDE: Talent editing recipe
3.1.2. Talent loading materials into chamber 
3.2. After heating for 12 minutes, the temperature will stabilize at 1200 degrees Celsius [1]. 
3.2.1. Shot of stabilized temperature readout
3.3. Then introduce 7000 standard cubic centimeters per minute hydrogen as ambient, 70 standard cubic centimeters per minute trimethylaluminum, and 500 standard cubic centimeters per minute ammonia for 2 hours [1].
3.3.1. Talent setting chamber gas parameters Videographer: Important step
3.4. For MOCVD growth of aluminum-gallium-nitrogen multiple quantum wells, lower the chamber temperature to 1130 degrees Celsius to grow 20-period aluminum-nitrogen/aluminum 0.6-gallium 0.4-nitrogen layer superlattice with periodic changes in trimethylaluminum flow to adjust the deposition component [1-TXT].
3.4.1. Talent lowering chamber temperature TEXT: Ambient gas H2 unless otherwise indicated
3.5. Set the mole flow rates of trimethylaluminum, trimethylgallium, and ammonia for aluminum-nitrogen to 50 standard cubic centimeters per minute, 0 standard cubic centimeters per minute, and 1000 standard cubic centimeters per minute, respectively [1].
3.5.1. Gas flow parameters being set
3.6. For aluminum-gallium-nitrogen, set the trimethylaluminum, trimethylgallium, and ammonia to 32 standard cubic centimeters per minute, 7 standard cubic centimeters per minute, and 2500 standard cubic centimeters per minute, respectively [1].
3.6.1. Gas flow parameters being set
3.7. Lower the temperature of the MOCVD chamber to 1002 degrees Celsius [1] and introduce a silicane flow for the growth of a 1.8-micrometer aluminum 0.55-gallium 0.45-Nitrogen layer [2].
3.7.1. Talent lowering temperature
3.7.2. Talent introducing silicane flow
3.8. Grow 5-period aluminum 0.6-gallium 0.4-nitrogen aluminum-0.5-gallium0.5-nitrotgen multiple quantum by switching the trimethylaluminum from 24 standard cubic centimeters per minute to 14 standard cubic centimeters per minute, and trimethylgallium from 7 standard cubic centimeters per minute to 8 standard cubic centimeters per minute, for each period at 1002 degrees Celsius [1].
3.8.1. Talent switching gas flow parameters 
3.9. Deposit a 50-nanometer magnesium-doped p-type-aluminum 0.65-gallium 0.35-nitrogen electron blocking layer at 1002 degrees Celsius [1]. 
3.9.1. Talent depositing EBL
3.10. Set the mole flow rates of trimethylaluminum, trimethylgallium, and ammonia at 40 standard cubic centimeters per minute, 6 standard cubic centimeters per minute, and 2500 standard cubic centimeters per minute, respectively [2]. 
3.10.1. Talent setting flow rates
3.11. Deposit a 30-nanometer p-aluminum 0.5-gallium 0.5-nitrogen cladding layer with an ammonia flow of 2500 standard cubic centimeters per minute [1] followed by deposition of a 150-nanometer p-gallium-nitrogen contact layer with an ammonia flow of 2500 standard cubic centimeters per minute [2].
3.11.1. Talent depositing cladding layer
3.11.2. Talent depositing contact layer
3.12. Set the mole flow rates of trimethylgallium and ammonia to 8 standard cubic centimeters per minute and 2500 standard cubic centimeters per minute, respectively [1] and the hole concentration of the p-aluminum-gallium-nitrogen to 5.4 x 1017 centimeters-cubed [2].
3.12.1. Talent setting flow rates
3.13. Then lower the temperature of the chamber to 800 degrees Celsius [1] and anneal the p-type layers with nitrogen for 20 minutes [2-TXT].
3.13.1. Talent lowering temperature
3.13.2. Talent annealing layers TEXT: Ambient gas: N2
4. AlGaN-Based Deep Ultraviolet Light-Emitting Diode (DUV-LED) Fabrication
4.1. For aluminum-gallium-nitrogen-based deep ultraviolet-LED fabrication, spin photoresist 4620 onto the wafers and the lithography for 8 seconds of UV exposure time, 30 seconds of developing time, and 2 minutes of rinsing time [1].
4.1.1. WIDE: Talent spinning photoresist onto wafers and lithography Videographer: Important step
4.2. For inductive coupled plasma etching of p-gallium-nitrogen, set the etching power to 450 watts, the etching pressure to 4 millitorrs, and the etching rate to 5.6 nanometers/second [1].
4.2.1. Talent setting ICP parameters Videographer: Important step
4.3. Place the etched sample into acetone at 80 degrees Celsius for 15 minutes [1] followed by washing in ethanol and deionized water [2].
4.3.1. Talent placing sample in acetone, with acetone container visible in frame
4.3.2. Talent washing sample, with ethanol container visible in frame
4.4. Spinning negative photoresist the NR9 (N-R-9) and the lithography for a UV exposure time of 12 seconds, a developing time of 20 seconds, and a rinsing time of 2 minutes [1].
4.4.1. Talent spinning negative photoresisting NR9 and lithography
4.5. Wash the sample with acetone, ethanol, and deionized water three times [1] and deposit titanium-aluminum-titanium-gold by electron beam evaporation [2].
4.5.1. Talent washing sample, with acetone and ethanol containers visible in frame
4.5.2. Talent depositing Ti/Al/Ti/Au 
4.6. Spin negative photoresist NR9 and lithography under the same settings [1] and wash the samples three times with acetone, ethanol, and deionized water without ultrasonication [2].
4.6.1. Talent spinning negative photoresist NR9 and lithography
4.6.2. Talent washing sample, with acetone and ethanol containers visible in frame
4.7. Deposit nickel-gold by electron beam evaporation [1] and wash the sample with ethanol and deionized water three times [2].
4.7.1. Nickel-gold being evaporated 
4.7.2. Talent washing sample, with ethanol container visible in frame
4.8. Deposit 300 nanometers of silicon dioxide by plasma enhanced chemical vapor deposition at a deposition temperature of 300 degrees Celsius and a deposition rate of 100 nanometers/minute [1].
4.8.1. Talent depositing silicon dioxide
4.9. Spin photoresist 304 and lithography at a UV exposure time of 8 seconds, a developing time of 1 minute, and a rinsing time of 2 minutes [1] before immersing the wafers into 23% hydrofluoric acid for 15 seconds [2].
4.9.1. Talent spin photoresisting 304 and lithography
4.9.2. Talent immersing wafer in HF, with HF container visible in frame
4.10. Wash the sample three times with ethanol and deionized water [1] and dry the wafers with a nitrogen gun [2].
4.10.1. Talent washing sample, with ethanol container visible in frame
4.10.2. Talent drying sample
4.11. After photolithography with NR9 as demonstrated, deposit aluminum-titanium-gold by electron beam evaporation [1] and wash the sample three times with ethanol and deionized water [2].
4.11.1. Talent depositing Al/Ti/Au
4.11.2. Talent washing sample, with ethanol container visible in frame
4.12. After the last wash, grind and polish the sapphire to 130 micrometers by mechanical polishing [1] and wash the sample with dewaxing solution and deionized water [2].
4.12.1. Talent grinding and polishing sapphire
4.12.2. Talent washing sample, with dewaxing solution and deionized water containers visible in frame
4.13. Then use a laser to cut the whole wafer into 0.5- x 0.5-millimeter device pieces [1] and use a mechanical dicer to cut the wafer into chips [2].
4.13.1. Talent cutting wafer with laser
4.13.2. Talent using dicer to cut wafer into chips



Section – Results
5. Results: Representative AIN Characterization 

5.1. Scanning and transmission electron microscopy imaging [1] can be used to determine the morphology of the aluminum-nitrogen on graphene-NPSS [1].

5.1.1. LAB MEDIA: Figure 1B
5.1.2. LAB MEDIA: Figure 2D

5.2. Raman can be used to calculate the dislocation densities and the residual stress [1].

5.2.1. LAB MEDIA: Figures 2A, 2B, and 2C

5.3. Electroluminescence is used to illustrate the illumination of the fabricated deep UV-LEDs [1].

5.3.1. LAB MEDIA: Figure 3B




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Xiang Zhang: Remember that the wafer must be clean before each new modification, so it is essential to rinse the wafer thoroughly before every step [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.6.1.)


 2018, Journal of Visualized Experiments	Page 11 of 12
image1.png




