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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? 
3.6
4.1
4.2
4.3
4.4
4.6

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
4.4

5. Will the filming need to take place in multiple locations? 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. Masashi Kato: Carrier lifetime is an important parameter for semiconductor devices and materials. We need a convenient method of evaluation for carrier lifetime. And here we introduce microwave photoconductivity decay, so called μ-PCD [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Masashi Kato: μ-PCD is commonly adopted because It is a noncontact and nondestructive method. Another advantage is its insensitiveness to surface roughness, which allows the evaluation of materials of any structures [1]. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Introduction of Demonstrator: (Said by you on camera)

1.3. Masashi Kato: Demonstrating the procedure will be Takato Asada, a student from my laboratory.  
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.




















Section - Protocol
2. Preparation of the Sample and Aqueous Solutions
2.1. To begin this procedure, prepare an n-type “4H-SiC” (Voice talent, “4H-SiC” is pronounced as “4 H silicon carbide”) epilayer [1-TXT]. Using an ultrasonic washer, wash the sample with acetone for 5 minutes, followed by water for 5 minutes [2]. Subsequently, use a nitrogen gun to remove moisture on the sample surface [3].
2.1.1. MED: Talent holding/ showing the epilayer. Text: See Table of Materials in the accompanying manuscript.
2.1.2. CU: Close up of the sample as it is placed in acetone in the ultrasonic washer
2.1.3. CU: Close up of the sample as a nitrogen gun is used to remove its moisture
2.2. Next, prepare 1 molar of sulfuric acid, hydrogen chloride, sodium sulfate, sodium hydroxide, or 1 weight per cent of hydrofluoric acid [1]. Prepare an aqueous solution to be measured [2].
2.2.1. MED: Talent places the labeled tubes of sulfuric acid, hydrogen chloride, sodium sulfate, and sodium hydroxide on a bench
2.2.2. MED: Talent pours chemicals into water
2.3. Then, pour the aqueous solution into a quartz cell [1-TXT]. Transfer the prepared sample into the cell and immerse it into the aqueous solution [2]. 
2.3.1. MED: Talent pours the aqueous solution into a quartz cell. Text: Quartz cell: 5 mm x 20 mm x 40 mm (Videographer Comment: The close-ups (later takes) were mis-slated as 2.3.2)
2.3.2. CU: Close up of the quartz cell as the sample is placed into it and immersed into the aqueous solution  (Videographer Comment: The correct takes for 2.3.2 are slated as 2.3.2 REAL)

3. Preparation of the Measuring Equipment 
3.1. To prepare the measuring equipment, turn on the power supply of the 266-nano meters pulsed laser to excite the light source [1]. Then, set the laser mode on standby [2]. Connect the pulsed laser and an oscillator with a BNC cable [3]. 
3.1.1. MED: Talent turns on the power supply of the 266-nm pulsed laser
3.1.2. CU: Close up of the laser as it is set to standby
3.1.3. MED: Talent connects the pulsed laser and an oscillator with a BNC cable
3.2. Turn on the oscillator and input a 100 Hz pulse wave to the pulsed laser [1]. Subsequently, connect a photodiode to the oscilloscope with a BNC cable for triggering the acquisition [2]. Then, turn on the photodiode [3].
3.2.1. MED: Talent turns on the oscillator and inputs a 100 Hz pulse wave to the pulsed laser
3.2.2. MED: Talent connects a photodiode to the oscilloscope with a BNC cable
3.2.3. CU: Close up of the photodiode as it is turned on
3.3. Next, put on the safety glasses [1]. Irradiate the pulsed laser and place the aperture of the microwave waveguide on the optical path of the laser light at the direction perpendicular to the light [2]. Install a half-mirror on the optical path of the pulsed laser and reflect the pulsed laser to the photodiode [3-TXT].
3.3.1. MED: Talent puts on the safety glasses
3.3.2. CU: Close up of the blue color spot by laser light 
3.3.3. MED: Talent installs a half-mirror on the optical path of the pulsed laser and reflects the pulsed laser to the photodiode. Text: See Figure 1 in the accompanying manuscript
3.4. Afterward, turn on the oscilloscope [1] and set the trigger threshold at a voltage that is sufficient to detect signal from the photodiode [2]. Then, check the trigger frequency with an oscilloscope and tune it if necessary [3].
3.4.1. MED: Talent turns on the oscilloscope
3.4.2. CU: Close up as the trigger threshold is set 
3.4.3. CU: Close up of the oscilloscope to show the trigger frequency
3.5. Subsequently, set the laser mode on standby [1]. Connect a Schottky barrier diode in a microwave waveguide for reflected microwave detection and a signal input channel of the oscilloscope with a BNC cable [2].
3.5.1. MED: Talent sets the laser mode on standby
3.5.2. MED: Talent connects a Schottky barrier diode in a microwave waveguide and a signal input channel of the oscilloscope with a BNC cable
3.6. Next, apply a 9.5 Volts operating voltage to a Gunn diode [1]. Place the quartz cell on the stand in front of the aperture as close as possible and fix with tape [2].
3.6.1. CU: Close up of the Gunn diode as 9.5 Volts are applied
3.6.2. MED: Talent places the quartz cell on the stand in front of the aperture as close as possible and fixes with tape

4. Measurement and Data Processing
4.1. To measure the carrier lifetime, turn on the laser light oscillation [1] and irradiate the light to the sample [2]. Place a half-wave plate, a polarizer, and a power meter on the optical path [3].
4.1.1. MED: Talent turns on the laser light oscillation
4.1.2. CU: Close up of the sample and the paper to show irradiation 
4.1.3. MED: Talent places a half-wave plate, a polarizer, and a power meter on the optical path
4.2. Irradiate the pulsed laser to the power meter [1]. Check the excitation intensity of the laser [2]. Then, adjust the half-wave angle for the control of the excitation intensity [3].
4.2.1. MED: Talent inserts the head of the power meter at the interspace between the polarizer and the sample. 
4.2.2. MED: Talent checks the excitation intensity of the laser
4.2.3. CU: Close up of the adjustment of the half-wave angle
4.3. Afterwards, remove the power meter from the optical path [1]. Adjust the time and voltage scales of the oscilloscope so that the peak signal is displayed on the oscilloscope [2].
4.3.1. MED: Talent removes the power meter from the optical path
4.3.2. CU: Close up of the oscilloscope as the time and voltage scales are adjusted
4.4. Subsequently, adjust the amplitude and phase of the microwave through an E-H tuner [1]. Check the oscilloscope and look for the E-H tuner where the peak signal is at maximum [2]. Failed adjustment of the E-H tuner results in signal loss [3].
4.4.1. MED: Talent adjusting the amplitude and phase of the microwave
4.4.2. CU: Close up of the oscilloscope to show the E–H tuner
4.4.3. LAB MEDIA: Figure 2- Video editor, please show Figure 2
4.5. Takato Asada: This step should be performed most carefully. A compromise of tuning the E-H tuner will cause an incorrect measurement. Tuning failure cannot be confirmed in the later processes [1].
4.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
4.6. Adjust the time scale of the oscilloscope and sketch a decay curve in the measurement area on the oscilloscope [1]. Average the signal for an arbitrary number of times to improve the signal-to-noise ratio [2]. Then, save the measurement data as an electronic file to a memory drive [3].
4.6.1. CU: Close up of the oscilloscope as it is adjusted to show a decay curve
4.6.2. CU: Close up of the oscilloscope as the signal is averaged
4.6.3. MED: Talent saves the measurement data as an electronic file to a memory drive
4.7. To process the data, import the signal data to a personal computer and plot the decay curves obtained from the experiment as a function of time [1]. Calculate the average value of background noise level, subtract it from the decay signal, and plot it as a function of time [2]. Find the peak value of the decay signal and then divide the decay signal by the peak value [3].
4.7.1. MED: Talent plots the decay curves obtained from the experiment as a function of time on the computer monitor
4.7.2. CU: Close up of the monitor to show the results plotted as a function of time
4.7.3. CU: Close up of the monitor as the decay signal is divided by the peak value








Section – Results
5. Results: Normalized and Calculated μ-PCD Decay Curves for the n-type 4H-SiC Sample in Air and Aqueous Solutions
5.1. [bookmark: _Hlk1017210][bookmark: _Hlk1017052]This plot shows μ-PCD (Voice talent, “μ-PCD” is pronounced as “mu P C D”) decay curves of the n-type 4 H silicon carbide in the air and in aqueous solutions [1]. An excitation light of 266 nanometers was irradiated to the Silicon-face of the 4 H silicon carbide in aqueous solutions [2]. 
5.1.1. LAB MEDIA: Figure 6 - Video editor- please show Figure 6
5.1.2. LAB MEDIA: Figure 6 - Video editor- please emphasize “H2SO4”, “HCl”, “Na2SO4”, “NaOH”, and “HF”
5.2. The time constant of the decay curves was longer with the sample immersed into the acidic aqueous solutions, implying that acidic solutions passivated surface states on the Silicon-face and reduced surface recombination of the excess carriers [1].
5.2.1. LAB MEDIA: Figure 6 -Video editor- please emphasize the curves of H2SO4, HCl, and HF

[bookmark: _GoBack]

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Masashi Kato: Please keep in mind physical properties of the sample. For the measurements of high conductivity samples, the signal strength will be small. In such cases, amplification of the signal will be required [1].  
6.1.1. LAB MEDIA: Video editor: Show 4.6.1
6.2. Masashi Kato: High temperature measurements can be performed by blowing.  Through the high temperature measurements, we speculate properties of defects affecting carrier lifetime [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Masashi Kato: This method has been employed widely in the conventional semiconductor industry. With this method, we can characterize quality of semiconductor materials and their surface properties conveniently [1]. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Masashi Kato: The pulsed laser is hazardous. Be sure to use safety glasses and do not wear watches to prevent light reflection [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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