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Authors: Please fill out the Procedure Highlights and Critical Steps in the summary below.
[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps      3.4, 3.5, 3.6, 3.12, 4.5
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success. 
[bookmark: Text3]Step(s)      3.5, 4.5
E.  Filming: Will filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Three different labs in the same building.

Authors: You do not need to use the “track changes” function if you would prefer not to; please use whichever editing method you are most comfortable with.

[bookmark: Introduction][bookmark: _Hlk513362273]1. Introduction (Opening Author Interviews)
Authors: The video will open with brief statements by the authors about the goal and significance of this work. The introduction is limited to 150 words in total. Each author may give one statement in the introduction. Each statement is limited to 30 words.
- Please do not write in this space -
[bookmark: IntroStatements]A.  [Required] Interview Statements (Said by you on camera. Don’t forget to smile!)  
Authors: Please complete the following two statements about the significance of your protocol and fill in the names of the speakers. Each author may give only one statement in the introduction unless only one author will speak in the video.

Please limit each statement to 30 words. You may modify the prompts to suit your protocol.
1.1. Author A (Avrutin): This method can help answer key questions in the voltage control over current in ZnO-based heterojunction field effect transistors with_2-dimensional electron gas________ field about/such as using Schottky contacts_________________.
1.2. Author B (Ding): The main advantage of this technique is that the gate of field effect transistor _can be defined in one photolithography step__________.

B.  [Optional] Statements for Additional Authors (Said by you on camera. Don’t forget to smile!)
Authors: These optional statements allow additional authors to help introduce your protocol. Please remember that the introduction (sections A-C) cannot exceed 150 words and that each author may give only one statement in the introduction.

Please limit each statement to 30 words. You may modify the prompts to suit your protocol.
1.3. Author C: The implications of this technique extend toward therapy, diagnosis, application, production, imaging, etc. ofnew generations of high-frequency, high-power field effect transistors by taking advantage of high electron velocity in ZnO__________ because __________.
1.4. Author D: Though this method can provide insight into the nature of instability of Schottky contacts on ZnO____________, it can also be applied to other systems, techniques, models, reactions, etcZnO-based devices., such as solar-blind photodetectors, chemical and biosensors etc.____________.
1.5. Author E: Generally, individuals new to this method struggle because ____________.
1.6. Author F: (Technique/specific step) is/are difficult to learn without visual demonstration because _____________.


Authors: Interview statements will be edited for length and clarity. Please note that you will discuss your protocol further in the conclusion. To explain the background or essential technique for one or two steps of your protocol, please see the optional Author Protocol Interview section.


C. [Conditional] Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
Authors: Please fill out this section ONLY if one or more demonstrators have not given a statement in sections A or B. Please limit this section to 30 words.
1.7. Author Name: Demonstrating the procedure will be (Demonstrator Name), a technician, postdoc, grad student, etc. from my laboratory. (Introduce additional demonstrators in the same way.)
1.7.1. (Author Name) speaks towards the camera, interview style.
1.7.2. (Demonstrator Name) looks up from workbench, desk, hood, or microscope and acknowledges the camera.
ANNOTATION KEY FOR PROTOCOL AND RESULTS
Shots and other visuals are listed in chronological order under the step in which they will be shown. Visuals are matched to the voice-over script with the annotation [#-TYPE], where # is the third digit of the three-digit visual number and TYPE is an abbreviation for the type of visual. The types are:

WIDE: Wide zoom (as seen from ~1 m away)
MED or MED-Over shoulder: Medium zoom; can be positioned from an over-the-shoulder perspective
CU: Close-up; for fine detail or manipulations of small devices
ECU: Extreme close-up (as seen from ~1 cm away)

SCOPE: Video microscopy filmed through microscope eyepieces with a “scope kit”.
SCREEN: Screen capture footage generated by authors.
LM: Figures, tables, animations, or videos (‘lab media’) provided by authors prior to or during scripting. This is primarily used in the Results section.

TXT: A text overlay will be shown with this shot. The text is included with the shot description.

For example, [1-MED] in step 2.1 indicates that shot 2.1.1 should be filmed with medium zoom. Annotations are placed at the end of the voice-over segment to be illustrated by the corresponding shot. For more information, please see our video guide to the format of JoVE scripts.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
[bookmark: _Ref471483340][bookmark: _Hlk513363659]Authors: This is the script of the instructions for your protocol. To ensure that filming lasts only one day, the protocol is restricted to 60 shots in approximately 30 steps. Each step is limited to 3 lines of voice-over text (excluding annotations). The video article focuses on the aspects of the procedure that benefit from visual demonstration, but all essential steps must be mentioned.
2. Growth and Preparation of GaN Template by Metal-Organic Chemical Vapor Deposition
2.1. To begin the procedure, load a 2-inch sapphire substrate into a metal-organic chemical vapor deposition instrument and prepare the system for deposition. [1-MED-Over shoulder-TXT]
2.1.1. With a substrate already having been loaded into the instrument and the instrument having been prepared, talent turns on the optical reflectance monitor and starts the recipe file. (TEXT: See text for details.)
Authors: Do you have a preferred type of sapphire substrate (e.g., c-plane)? Do you have a preferred substrate thickness? C-plane sapphire with a thickness of ~380 um.
Authors: Do you turn on the optical reflectance monitor from the instrument computer, or do you turn it on somewhere else? Does it take time for the reflectance monitor to get ready? (i.e., would there normally be a delay between turning on the reflectance monitor and starting the recipe?) We turn on the monitor on another computer; the delay is around 30 s.
2.2. Once the system is ready, ramp the reactor pressure to 30 Torr and the substrate temperature to 1,055 °C in a H2 atmosphere over the course of 3 minutes to desorb residual contaminants. [1-SCREEN]
2.2.1. *To be provided by authors: Screen capture footage of setting the reactor pressure to ramp to 30 Torr and the substrate temperature to ramp to 1055 °C over 3 minutes.
Authors: As many actions in this section seem to be computer-based, it would be ideal to show them with screen capture footage to ensure that the visuals correspond well to the instructions. Please mark any actions listed as screen capture footage that would not be performed in the software and indicate how they are performed instead.
Authors: Do you set up the temperature and pressure ramps manually for each one, or is this all run automatically from the recipe? If it runs automatically, can you see the recipe proceeding through each step from the software? It runs from the recipe, we can see the recipe proceeding.
2.3. Then, ramp the substrate down to 938 °C. Set the trimethylaluminum flow rate to 12.6 sccm and the ammonia flow rate to 7 sccm. [1-SCREEN] Wait 3 minutes for the flow rates to stabilize before starting the low-temperature AlN layer growth. [2-SCREEN]
2.3.1. *To be provided by authors: Screen capture footage of setting the substrate temperature to ramp down to 938 °C, setting the TMAl flow rate to 12.6 sccm to vent, and the NH3 flow rate to 7 sccm.
2.3.2. *To be provided by authors: With the substrate temperature and the TMAl and NH3 flow rates now stable, screen capture footage of switching the TMAl flow to the ‘run’ path to start AlN growth.
Authors: Do you ramp the substrate temperature down over 3 minutes? If not, what ramp rate do you use? If so, do you start ramping down the substrate temperature and open the TMAl and NH3 flows simultaneously? We switch TMAl from vent to run to start growth after substrate temperature ramping down over 3 mins and stabilizing for 2 mins, NH3 was already open.
Authors: Do you let the NH3 flow rate stabilize while flowing it over the substrate, or do you flow the NH3 to vent while the flow rate stabilizes? We flow the NH3 to the reactor while the flow rate and substrate temperature stabilize
Authors: If this step runs automatically, is a 3-minute countdown shown in the MOCVD instrument software? If so, are countdowns shown for every timed step? Countdowns are shown for every timed step.
2.4. Over the course of 6 minutes, grow about 20 nm of AlN on the substrate, as measured by reflectivity oscillations. [1-SCREEN-TXT] After that, without interrupting growth, ramp the substrate to 1,110 °C in 3 minutes. [2-SCREEN] Continue the AlN growth until the layer is 300 nm thick. [3-SCREEN]
2.4.1. *To be provided by authors: With the growth underway, screen capture footage of switching to the reflectivity oscillation measurement software to check the thickness. (TEXT: See text for reflectivity oscillation measurement system specifications.)
Authors: You do not need to add any text overlays to the screen capture footage; this will be done during video editing.
2.4.2. *To be provided by authors: Screen capture footage of setting the substrate temperature to ramp to 1110 °C in 3 minutes.
2.4.3. *To be provided by authors: Screen capture footage of checking the reflectivity measurement software, which shows that the layer is now 300 nm thick.
Authors: I have written the screen capture descriptions with the assumption that the MOCVD software and the reflectivity oscillation measurement software are separate. If this is not so, please revise the descriptions as needed. You are right, the software are in two computers.
Authors: Can the MOCVD software detect the layer thickness from the reflectivity measurement software and automatically advance to the next step? We jump to the next step manually.
Authors: Can the reflectivity software differentiate between layers when showing the layer thickness, or does it just show the total thickness of the combined layers? We manually calculate the thickness based on the reflectivity spectrum.
2.5. Then, switch the trimethylaluminum flow to vent and then to idle. Start the trimethylgallium flow and allow it to stabilize at 16 sccm. Ramp up the ammonia flow to 7,000 sccm and let it stabilize for 1 minute. [1-SCREEN]
2.5.1. *To be provided by authors: Screen capture footage of switching the TMAl flow to the vent line, and then to the idle line; then, switching the TMGa flow to the vent line and setting it to 16 sccm; then, ramping the NH3 flow to 7000 sccm.
Authors: For how long do you let the TMGa flow stabilize? 2mins
Authors: Do you have a preferred ramp rate for the NH3 flow? We ramp the NH3 flow to 7000 sccm in 2 mins.
2.6. Ramp the reactor pressure to 76 Torr over the course of 1 minute. Then, ramp the substrate temperature to 1,117 °C in 1 minute. [1-SCREEN]
2.6.1. *To be provided by authors: Screen capture footage of setting the reactor pressure to ramp to 76 Torr in 1 minute and setting the substrate temperature to ramp to 1117 °C in 1 minute.
Authors: Do you ramp the gas flows, the pressure, and the temperature in sequence, or do you ramp them all at once? All at once.
2.7. Grow about 400 nm of GaN on the substrate. An initial decrease in reflectivity will be observed during GaN nucleation. [1-SCREEN] The reflectivity will recover to the original level when the GaN islands coalesce. [2-SCREEN]
2.7.1. *To be provided by authors: Screen capture footage of switching the TMGa flow to the run line, and then switching to the reflectivity software to show the reflectivity decrease from GaN nucleation.
2.7.2. *To be provided by authors: Screen capture footage of the reflectivity measurement recovering to its initial level, showing that the GaN islands are coalescing.
Authors: How does the reflectivity decrease appear in the software? (i.e., is it a decrease in the thickness measurement, or can you see a direct readout of reflectivity?) We can see it directly.
Authors: How quickly does the reflectivity recover? (i.e., within seconds or within minutes?) Within minutes.
2.8. Then, ramp the substrate temperature to 1,130 °C over the course of 2 minutes. [1-SCREEN] Grow about 2.5 nm of a high-temperature, semi-insulating GaN layer. Switch the trimethylgallium flow to vent and then to idle to stop the growth. [2-SCREEN]
2.8.1. *To be provided by authors: Screen capture footage starting with the reflectivity software showing that the GaN layer is 400 nm thick, and then switching to the MOCVD software and setting the substrate temperature to ramp to 1130 °C in 2 minutes.
2.8.2. *To be provided by authors: Screen capture footage of the reflectivity software showing that the HT-GaN layer is ~2.5 nm thick, and then switching to the MOCVD software and switching the TMGa flow to the vent line and then to the idle line.
Authors: Do you leave growth uninterrupted when ramping the substrate temperature to 1130 °C? Yes
2.9. Afterwards, cool the newly-formed GaN template to room temperature and unload it from the reactor. [1-SCREEN] Slice the template into six equally-sized pieces. [2-MED]
2.9.1. *To be provided by authors: Screen capture footage of setting the substrate to cool to RT over 40 minutes.
2.9.2. Talent slices a pre-made GaN template into six equally-sized pie-shaped pieces with a diamond scriber.
2.10. Next, in a fume hood, heat a hotplate to 220 °C. [1-MED-Over shoulder] Prepare a 1:1 mixture of concentrated hydrochloric acid and deionized water. [2-MED]
2.10.1. Talent sets the hotplate to 220 °C.
2.10.2. Talent slowly adds HCl to a container of water labeled as ‘1:1 HCl:H2O’.
Authors: What volume of 1:1 HCl:H2O do you usually make? Do you have a preferred type of container? 100 mL:100 mL
Authors: Is the mixture 1:1 by weight or by volume? 100 mL:100 mL.
Authors: Is this indeed DIH2O, or do you use a different grade of water?
2.11. Then, place 150 mL of concentrated hydrochloric acid in a quartz beaker. [1-MED-Over shoulder] Slowly add 50 mL of concentrated nitric acid to obtain an aqua regia solution. [2-MED]
2.11.1. Talent pours 150 mL of concentrated HCl into a quartz beaker labeled as ‘aqua regia’.
2.11.2. Talent slowly pours 50 mL of concentrated HNO3 into the aqua regia beaker.
Authors: What size beaker do you usually use? 300 mL
Authors: How do you mix together the HCl and HNO3? Directly add HNO3 from a bottle into the beaker with HCl.
2.12. Heat the aqua regia solution on the hotplate until the solution is orange-red and bubbling. [1-MED] Then, boil one GaN template piece in the solution for 10 minutes. [2-MED-Over shoulder]
2.12.1. Talent places the aqua regia beaker on the 220 °C hotplate.
2.12.2. With the aqua regia now orange-red and bubbling, talent adds a GaN template piece to the aqua regia.
Authors: What tool do you use to get the pie-shaped piece in and out of the solution? We use a basket (Poly tetra fluoroethylene) to hold the sample during cleaning.
Authors: Do you usually set a timer for the acid treatment and the rinsing times? Yes.
2.13. Rinse the template in flowing deionized water for 3 minutes. [1-MED] Then, soak the template in the hydrochloric acid and water solution for 3 minutes. [2-WIDE]
2.13.1. Talent rinses the template in flowing DIH2O.
2.13.2. Talent transfers the template from the flowing DIH2O to the 1:1 HCl:H2O solution.
Authors: Do you hold the template under a stream of DIH2O, or is it placed in a beaker with DIH2O constantly overflowing the beaker? Is the flowing DIH2O set up in the fume hood, or is it in a sink? It is placed in a beaker with DIW constantly overflowing in the fume hood.
Authors: How do you transport the acid-treated piece to/from the flowing DIH2O? We use a basket (Poly tetra fluoroethylene) to hold the sample during cleaning.
2.14. Rinse the template again in flowing deionized water for 5 minutes, and then dry it with N2 gas. [1-MED] Immediately load the clean template into the molecular beam epitaxy instrument load-lock and start pumping it down. [2-MED-Over shoulder]
2.14.1. Talent removes the template from flowing DIH2O and begins drying it with a stream of N2.
2.14.2. Talent places the template in the MBE load-lock and starts pumping down the load-lock.
Authors: How quickly do you need to put the template in the load-lock and start pumping down the load-lock? (e.g., within 5 minutes) around 5 mins.
Authors: You may wish to film step 2.14.2 after filming section 3 so that you can set up the MBE instrument with a sample ahead of time, film section 3, and then vent the load-lock afterwards.
3. Molecular Beam Epitaxy (MBE) Growth of BeMgZnO/ZnO Heterostructures
3.1. After pumping down the load-lock for an hour, prepare the Zn, Mg, and Be effusion cells. [1-MED-TXT] Turn on the reflection high-energy electron diffraction system and load the GaN template into the MBE chamber. [2-MED]
3.1.1. With the effusion cells already prepared per 2.1 in the manuscript, talent looks at the effusion cell parameters in the MBE software. (TEXT: See text for details.)
3.1.2. Talent transfers the template into the MBE chamber from the load-lock.
3.2. Next, ramp the substrate to 615 °C at 13.6 °C/min and hold it at that temperature for 15 minutes to desorb residual contaminants. [1-SCREEN] Then, start ramping the substrate down to 280 °C at 13.6 °C/min. [2-SCREEN]
3.2.1. *To be provided by authors: Screen capture footage of setting the substrate temperature to ramp to 615 °C at 13.6 °C/min and to hold at that temperature for 15 minutes.
3.2.2. *To be provided by authors: With the substrate temperature now at 615 °C, screen capture footage of setting the substrate temperature to ramp down to 280 °C at 13.6 °C/min.
Authors: Are the processes in this section run automatically, or do you set the temperatures and open and close the shutters manually in the software? If the processes run automatically, are the steps of the process shown as it runs?
3.3. When the temperature reaches 550 °C, open the Zn cell shutter to expose the GaN surface to the Zn flux. Turn on the O2 plasma power supply, set the power to 100 W, and confirm that the O2 gas line is closed. [1-SCREEN]
3.3.1. *To be provided by authors: With the substrate temperature now at 550 °C, screen capture footage of opening the Zn shutter, turning on the O2 plasma power supply, setting the power to 100 W, and using the cursor to point out that the O2 line is closed.
Authors: If the O2 plasma power and the O2 flow rate are not controlled by the MBE software, please change the shot descriptions accordingly. If they are not controlled by the software, please also note how far apart the power supply and gas flow meter are (i.e., how far the demonstrator would have to move to get from one to the other). O2 plasma is not controlled by the software, both the plasma power supply and flow rate controller are in the same cabinet.
3.4. When the template temperature reaches 280 °C, set the O2 plasma power to 400 W. Set the O2 flow to 0.3 sccm to ignite the plasma, and then decrease the flow to 0.25 sccm. [1-SCREEN]
3.4.1. *To be provided by authors: With the substrate temperature now at 280 °C, screen capture footage of increasing the O2 plasma power to 400 W, setting the O2 flow to 0.3 sccm to ignite the plasma, and then decreasing the flow to 0.25 sccm.
3.5. Wait 1 minute, and then open the O2 shutter to start the low-temperature ZnO buffer layer growth. [1-SCREEN] Record a RHEED pattern along the [100] azimuthal direction every 5 minutes during growth. [2-SCREEN]
3.5.1. *To be provided by authors: Screen capture footage of opening the O2 shutter to start the buffer growth.
3.5.2. *To be provided by authors: Screen capture footage of starting to record a RHEED pattern after about 5 minutes of deposition.
3.6. After about 15 minutes, the RHEED pattern will change from 2D mode [1-SCREEN] to 3D mode, indicating a buffer thickness of about 20 nm. [2-SCREEN-TXT]
3.6.1. *To be provided by authors: Screen capture footage of a recorded 2D mode RHEED pattern (e.g., the pattern after 5 or 10 minutes).
3.6.2. *To be provided by authors: Screen capture footage of a recorded 3D mode RHEED pattern (e.g., the pattern after 15 minutes). (TEXT: 2D mode: stripes; 3D mode: elliptical spots)
3.7. Close the Zn and O2 shutters to stop the growth. Then, increase the O2 flow rate to 0.4 sccm. Start ramping the substrate to 730 °C at 13.6 °C/min. Ramp the lower zone temperature of the double-zone Zn cell to 345 °C at 10 °C/min. [1-SCREEN]
3.7.1. *To be provided by authors: Screen capture footage of closing the Zn and O2 shutters, increasing the O2 flow rate to 0.4 sccm, setting the substrate to ramp to 730 °C at 13.6 °C/min, and setting the lower zone temperature of the Zn cell to ramp to 345 °C at 10 °C/min.
3.8. Wait for 5 minutes when the substrate reaches 730 °C, and then start monitoring the ZnO surface by RHEED. [1-SCREEN]
3.8.1. *To be provided by authors: With the substrate already having been at 730 °C for 5 minutes, screen capture footage of waiting with the substrate temperature displayed for 2-3 seconds, and then switching to the RHEED software and starting to record the RHEED pattern.
Authors: If the system runs this process automatically, does it have a countdown timer for the 5-minute wait? It is controlled manually.
3.9. When the pattern changes from 3D mode to 2D mode, indicating that the buffer layer has been annealed, ramp the substrate down to 680 °C. [1-SCREEN] Then, grow a 300-nm-thick high-temperature ZnO layer in about 140 minutes. [2-SCREEN]
3.9.1. *To be provided by authors: Screen capture footage starting with showing a RHEED pattern indicating 2D mode for ~3 seconds, and then switching to the MOCVD software (if applicable) and setting the substrate temperature to ramp down to 680 °C.
3.9.2. *To be provided by authors: With the substrate at 680 °C and the O2 flow rate at 3.2 sccm, screen capture footage of opening the Zn and O2 shutters to start growing the HT-ZnO layer.
Authors: Do you ramp down at 13.6 °C? Ramp rate is 13.6 °C/min.
3.10. Next, set the O2 flow rate to 0.3 sccm. Ramp the Be cell to 820 °C at 10 °C/min and the Mg cell to 480 °C at 15 °C/min. Ramp the substrate temperature down to 325 °C at 13.6 °C/min. [1-SCREEN]
3.10.1. *To be provided by authors: Screen capture footage of setting the O2 flow rate to 0.3 sccm, setting the Be cell to ramp to 820 °C at 10 °C/min, the Mg cell to ramp to 480 °C at 15 °C/min, and the substrate to ramp to 325 °C at 13.6 °C/min.
Authors: Do either of the zone temperatures for the double-zone Zn cell need to be set or changed for the BeMgZnO growth? We do not change Zn cell temperature for BeMgZnO growth. 
3.11. Once the substrate temperature stabilizes, increase the O2 flow rate to 1.25 sccm. Then, concurrently open the Zn, Mg, Be, and O2 shutters to start the BeMgZnO barrier growth. [1-SCREEN]
3.11.1. *To be provided by authors: With the substrate temperature having stabilized at 325 °C, screen capture footage of setting the O2 flow rate to 1.25 sccm, and then opening all four shutters concurrently.
Authors: Do you wait for the O2 flow rate to stabilize before opening the shutters? If so, for how long do you wait? We increase the flow rate gradually, when the setting reaches the value, the flow rate is almost stabilized, so we do not wait.
Authors: How do you usually say BeMgZnO aloud? (i.e., do you use an abbreviation or acronym, or do you just say the element names?) We usually say Beryllium Magnesium Zinc Oxide, you may say BMZ.
3.12. Grow an approximately 30-nm-thick layer of BeMgZnO over the course of 12 minutes. Periodically acquire RHEED patterns to monitor the growth mode evolution. [1-SCREEN]
3.12.1. *To be provided by authors: A few minutes into the BeMgZnO growth, screen capture footage of switching to the RHEED software/window (if applicable) and starting to acquire a RHEED pattern.
Authors: At what time intervals do you usually acquire RHEED patterns? We acquire RHEED patterns in the middle and after the BeMgZnO growth.
3.13. Then, close the Mg and Be shutters to stop the BeMgZnO growth. [1-SCREEN] Leave the Zn and O2 shutters open for 1 more minute to grow a roughly 2-nm-thick ZnO cap layer. Close the shutters when finished. [2-SCREEN-TXT]
3.13.1. *To be provided by authors: Screen capture footage of closing the Mg and Be shutters.
3.13.2. *To be provided by authors: Screen capture footage of waiting for ~3 seconds with the Zn and O2 shutters still open, and then closing the Zn and O2 shutters. (TEXT: See text for sample unloading procedure.)
4. Schottky Diode Fabrication
4.1. To begin, sonicate the BeMgZnO/ZnO heterostructure sample in acetone and methanol for 5 minutes each, in sequence. [1-MED-Over shoulder] Rinse the sample in deionized water for 5 minutes and dry it under a stream of N2 gas. [2-MED]
4.1.1. Talent removes a labeled container of acetone holding a heterostructure sample from a sonicator, transfers the sample to a labeled container of methanol, and places the methanol container in the sonicator.
4.1.2. Talent finishes rinsing the sample in DIH2O and starts drying it with N2 gas.
Authors: Do you cut a ~20 mm x 20 mm piece from a pie-shaped sample before the diode fabrication? We cut a rectangular piece from the pie-shaped sample for Hall-effect measurement, the rest is used for diode fabrication.
Authors: How do you rinse the sample in DIH2O? (i.e., do you soak the sample or do you agitate it in the water?) Soak in the beaker and flush with running water.
Authors: How far is the N2 source from the DIH2O? (i.e., how far would the demonstrator need to move when bringing the rinsed sample to the N2 gas?) The same location.
4.2. Then, spin-coat the sample with i-line positive photoresist. [1-MED-Over shoulder] Soft-bake the photoresist at 100 °C for 140 seconds. [2-MED]
4.2.1. Talent applies photoresist to the sample, which is already fixed on the spin-coater.
4.2.2. Talent places the coated sample on a hotplate (or other heat source) at 100 °C.
Authors: About how much photoresist do you usually apply to the sample? Several drops until sample fully covered.
Authors: Do you bake the sample on a hotplate? Do you set a timer for the bake time? Yes.
4.3. Mask the sample and expose it to a 6.5-W UV lamp for 2.38 minutes. [1-MED-Over shoulder] Post-bake the photoresist at 110 °C for 80 seconds. [2-MED]
4.3.1. Talent places the masked sample under the UV lamp and turns on the UV lamp.
4.3.2. Talent places the exposed sample on a hotplate set to 110 °C.
Authors: Does the UV lamp have a built-in timer? Yes.
Authors: Do you post-bake the sample on a hotplate? If you use hotplates for the pre- and post-bake, do you use the same hotplate for both? We have two hotplates for pre- and post-bake.
4.4. Then, shake the sample in photoresist developer for 60 seconds with a shaking frequency of 1/s. [1-MED] Rinse the developed sample in deionized water for 3 minutes and dry it under N2 gas. [2-CU]
4.4.1. Talent places the post-baked sample in a container of developer, places the container on a shaker (if it is not already on the shaker), and starts shaking the sample.
4.4.2. Talent rinses the developed sample in DIH2O.
Authors: What are the shaking frequency units? (e.g., rad/s, Hz, etc.) Hz
4.5. Next, treat the sample with remote O2 plasma with an O2 flow of 35 sccm and an RF power of 50 W for 5 minutes. [1-MED-Over shoulder]
4.5.1. Talent places the sample in a plasma treater, sets the O2 flow rate and the RF power, and starts the plasma treatment.
4.6. Lastly, load the sample into an electron beam evaporator and deposit 50 nm of Ag. [1-MED-Over shoulder] Lift-off with acetone to form the contacts, [2-MED] and clean and dry the sample with methanol, water, and N2 gas. [3-ECU]
4.6.1. Talent loads an O2-treated sample into an electron beam evaporator.
4.6.2. Talent places a silver-coated sample in a container of acetone and agitates the sample to lift-off the extra Ag.
4.6.3. A close-up view of a clean, dry Schottky diode.
Authors: When you return the revised script, please also attach screenshots (still images) of each window that you would use in the MOCVD software, the LabVIEW-based reflectivity measurement software, and the MBE software (including the RHEED software, if it is separate) to your reply email.
If the ramp rates and setpoints are all changed automatically during the process so that a researcher would only need to start the growth recipe, please also include screenshots of the recipe designing window. This will help ensure that the pacing of the screen capture footage matches the voice-over.
Authors: As some steps in your procedure have long reaction or waiting times, you may need to prepare the products of those steps in advance so that filming can easily move from step to step. Please see the General Preparation section at the end of this document for more information about preparing to demonstrate your protocol. 
[bookmark: AuthorProtInterviews]OPTIONAL: AUTHOR PROTOCOL INTERVIEWS
Authors: You may provide a brief statement about the single most critical step of the procedure. If there are two critical steps, you may provide two statements, but this is the maximum. Please limit each statement to 40 words.

This will be an interview shot following the listed step of the protocol. Please specify who will be speaking and the step that each statement should accompany.
Optional interview statement 1: Author Name, Step X.X: (Statement about step X.X)
Optional interview statement 2: Author Name, Step Y.Y: (Statement about step Y.Y)

RESULTS (Spoken by voice talent at JoVE; animated by video editor at JoVE.)
Authors: The representative results section presents the outcome and validation of your procedure. For example, syntheses would include product characterization and the reaction scope. Device or instrument fabrication and use would present examples of recorded data or products generated.

The results section is limited to 200 words. Please review the narration and proposed animations to ensure that they correctly summarize your results and appropriately highlight the relevance of your procedure.
5. Results: Characterization of Zn-Polar Be0.02Mg0.26ZnO/ZnO Heterostructures and Ag/Be0.02Mg0.26ZnO/ZnO Schottky Diodes
5.1. RHEED patterns of the low-temperature ZnO buffer layer [1-LM] initially showed elliptical spots, indicating a growth mode of 3D islands. [2-LM] Annealing at above 700 °C produced a 2D surface morphology. [3-LM] The subsequent layers both grew in 2D mode. [4-LM]
5.1.1. Figure 1, left half: Video editor: Highlight the ‘20 nm LT-ZnO’ label and arrow pointing to the ‘Before annealing’ and ‘After annealing’ rectangles, which are the RHEED patterns being discussed.
5.1.2. Figure 1, left half: Video editor: Emphasize the ‘Before annealing’ image. The elliptical white spots are characteristic of ‘3D mode’.
5.1.3. Figure 1, left half: Video editor: Emphasize the ‘After annealing’ image. The pale stripes are characteristic of ‘2D mode’.
5.1.4. Figure 1, left half: Video editor: Emphasize the bottom two images (300 nm HT-ZnO and 30 nm BeMgZnO), which show the patterns of the subsequent layers.
5.2. Atomic force microscopy showed a small increase in root-mean-square roughness with each layer. [1-LM] X-ray diffraction showed reflections consistent with (0002) reflections of ZnO, GaN, and BeMgZnO. [2-LM]
5.2.1. Figure 1, right half: Video editor: Emphasize each of the three panels, one by one, from top to bottom. RMS is the root-mean-square roughness. 
5.2.2. Figure 2 (Figure 2.tif): Video editor: Add the caption ‘High-resolution XRD triple-axis scan of Zn-polar Be0.02Mg0.26ZnO/ZnO (50 nm)’*. On “reflections…”, add ‘34.46°’ by the ZnO label, ‘34.54°’ by the GaN label, and ‘34.75°’ by the BeMgZnO label in the graph.
Video editor: Please show this caption throughout Figure 2 being shown.
5.3. The broadening of the BeMgZnO reflection was attributed to [1-LM] the thinness of that layer. [2-LM] Hall effect measurements of the heterostructure showed a decrease in sheet carrier concentration with decreasing temperature, [3-LM] with saturation at about 13 K. [4-LM]
5.3.1. Figure 2 (Figure 2.tif): Video editor: Highlight the broad hump spanning approximately 34.6 to 34.8 on the x-axis, which is the broad BeMgZnO reflection.
5.3.2. Figure 2 (Figure 2.tif): Video editor: Retaining the highlighting above, also emphasize ‘Be0.02Mg0.26ZnO’ and ‘50 nm’ in the caption.
5.3.3. Figure 3 (Figure 3.tif): Video editor: Highlight the red line and boxes and emphasize the left y-axis so that the focus is on the sheet concentration. (Note that the x-axis is on a logarithmic scale from right to left.)
5.3.4. Figure 3 (Figure 3.tif): Video editor: Highlight the red boxes to the left of the leftmost tick mark on the x-axis, which indicates the data collected between 10 and 20 K.
5.4. The electron mobility monotonically increased with decreasing temperature. The observed values at [1-LM] 293 K and [2-LM] 13 K were consistent with literature values. [3-LM] These trends indicate the presence of 2-dimensional electron gas at the BeMgZnO/ZnO interface. [4-LM] 
5.4.1. Figure 3 (Figure 3.tif): Video editor: Highlight the blue line and blue circles and emphasize the right y-axis so that the focus is on electron mobility.
5.4.2. Figure 3 (Figure 3.tif): Video editor: Add extra emphasis to the rightmost blue circle, which is the value at 293 K.
5.4.3. Figure 3 (Figure 3.tif): Video editor: Also add extra emphasis to the leftmost blue circle, which is the value at 13 K.
5.4.4. Figure 3 (Figure 3.tif): Video editor: Highlight both lines and emphasize the x-axis.
Authors: How do you usually say BeMgZnO/ZnO aloud?
5.5. Current-voltage curves at room temperature for Ag/BeMgZnO/ZnO Schottky diodes showed [1-LM] forward currents increasing exponentially with applied voltage up to 0.25 V, [2-LM] after which voltage drops across the series resistance became apparent. [3-LM]
5.5.1. Figure 4 without the ‘best device’ label: Video editor: Add the caption ‘Schottky area: 1.1 × 10-4 cm2’*.
Video editor: Please show this caption throughout Figure 4 being shown.
5.5.2. Figure 4 without the ‘best device’ label: Video editor: Highlight the portion of each line that decreases (roughly from -2 to 0.25 on the x-axis) and emphasize the portion of each y-axis containing that decrease (to emphasize that the y-axis is exponential, so the decrease is correspondingly exponential).
5.5.3. Figure 4 without the ‘best device’ label: Video editor: Highlight the increasing portion of each line (starting at about 0.25 on the x-axis), which corresponds to the voltage drop.
5.6. The similarity between the curves indicated high in-wafer uniformity of the sample. [1-LM] The highest apparent Schottky barrier height was observed [2-LM] with an ideality factor of 1.22. [3-LM]
5.6.1. Figure 4 without the ‘best device’ label: Video editor: Highlight each curve to emphasize the similarity between them.
5.6.2. Figure 4 with the ‘best device’ label (Figure 4.tif): Video editor: Emphasize the upper left diagram and highlight the ‘Φap = 1.07 eV’ text, which is the apparent Schottky barrier height.
5.6.3. Figure 4 with the ‘best device’ label (Figure 4.tif): Video editor: With the upper left diagram still emphasized, highlight the ‘n = 1.22’ text, which is the ideality factor.
[bookmark: FigureRevRequest]Authors: Please upload the left half and the right half of Figure 1 as separate images, including the relevant text labels in the center in those images. (i.e., ‘20 nm LT-ZnO would be in the left half, but not the right half.) Please also upload a version of Figure 4 without the ‘Best device…’ label. See the Provided Media section for more information about uploading files for video inclusion.
Authors: Does the above description accurately reflect your results? See the instructions below to make changes.

Authors: The results section is limited to 200 words. All results described in detail must be illustrated. Please limit the narration to 3 lines per figure panel, table, or movie. Please remove ‘Figure 1’ and ‘a)’ labels from images and include scale bars and legends.

Please use non-technical language to describe areas of figures or tables to be highlighted during the voice-over.	
Please provide the pronunciation of technical terms (phonemic or IPA) for the JoVE voice talent.

Upload new and modified files to your project folder. Please upload each figure panel separately. File naming conventions and preferred file formats are described in the Provided Media section.

Each image, table, or movie will be referenced with its file name in the final script. Your script editor will ensure that the narration and animation descriptions are correctly formatted. For example:

 5.  Results: Evaluation of Morpholino Injection and Knockdown
       5.1.    Representative results of both morpholino injection and mRNA injection are shown here. The    
    un-injected control at 48 h post-fertilization looks normal, as expected. [1-LM]
5.1.1. Figure 1 (01234_PIname_Figure1.tif): Non-technical description of areas of the figure to highlight.
       5.2.    However, embryos injected with the morpholino heg_e3i3_egfr1 (hegg E-3-I-3 E-G-F-R-1), which 
    knocks down Heg isoforms containing the first of two EGF-like repeats, exhibit brain edema. [1-LM]
5.2.1. Figure 2 (01234_PIname_Figure2.tif)
       5.3.    Injection of heart of glass mRNA also produced an obvious phenotype. At 24 h post-fertilization, 
    the heads of the un-injected controls look normal. [1-LM] Conversely, some of the embryos injected
    with the mRNA exhibit cyclopia. [2-LM]
5.3.1. Figure 3 (01234_PIname_Figure3.tif)
5.3.2. Figure 4 (01234_PIname_Figure4.tif)

To see how the narration is paired with figures, please visit http://www.jove.com/video/1597/results-example-mably?status=a3603k. File names are not shown in the final video article.

6. Conclusion (Said by you on camera. Don’t forget to smile!)
[bookmark: _Hlk513366533]Authors: The video will conclude with one or more author statements providing important reminders or discussing the scope of this technique. Please complete at least one statement below and identify each speaker. Please limit each statement to 40 words. You may modify the prompts to suit your protocol.
6.1. [bookmark: Conclusion][bookmark: _Hlk513366547]AvrutinAuthor Name: While attempting this procedure, remember to carefully clean the sample surface in step 2.12-2.14 and step 4.5 before proceeding to the next deposition steps___________.
Authors: If you use this statement, please list the relevant step (e.g., 2.5) so that we can show the corresponding footage: Step 2.12, 2.13, 2.14, 4.5____
6.2. Author Name: Seeing this method/technique performed is critical as (steps/techniques) step3.4-3.6 is/-are difficult to learn without it. A precise control of a VI/II ratio below 1.5 during ZnO nucleation on GaN ensure the Zn-polar orientation of the ZnO-based heterostructures, failure in polarity control would result in a heterostructure with no two-dimensional electron gas., and (briefly describe why those steps are essential to success).
6.3. Author Name: Following this procedure, other methods like high-resolution transmission electron microscopy and X-ray photoelectron spectroscopy  _____________ can be performed employed to answer additional questions like/aboutgain insight into the nature of ZnO/Ag (or silver oxide) interface at the nanoscale level. _____________.
6.4. Author Name: Our hypothesis that the formation of conductive silver oxide at the interface between ZnO and silver results in the stable Schottky contact. Therefore this approach paves the way towards high-quality stable Schottky contacts on ZnO and also a variety of applications which rely on Schottly contacts, including HFETs, photodetectors, chemical- and bio-sensors.This technique paves the way for researchers in (field) to explore, develop, use, etc. (methodology, model, phenomenon, material, product, outcome) in (application, location, reaction type, material type, compound, scale, demographic)
6.5. Author Name: Don't forget that working with (reagent, conditions, pathogen, instrumentation)strong acids, solvents and Be-containing compounds can be extremely hazardous. Precautions such as (specific PPE, training, automation, safety review) hazardous. Chemical-protection gear, mask, and gloves should always be taken, performed, designed, worn, etc. during/before this procedure. Also dust mask should be used during sample loading/unloading of MBE growth. However, it should be mentioned that the total amount of beryllium evaporated in the MBE system is few tens of microgramms with majority of it buried in the chamber walls in the form of Be-poor ZnBeO.

[bookmark: ProvidedMedia]Authors: Statements will be edited for length and clarity. I am happy to help if you have questions.

PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .pdf, .tiff, .png, .eps, .ai, .psd
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, move the graph to its own sheet and save the sheet as a standard .pdf file.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17724513

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


Authors: If you have trouble uploading your files or if you have questions about preparing files for the video, please contact me at tara.cass@jove.com; I will be happy to help.

Back to Results

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay between sample preparation and the experiment itself, you may need to film the experiment before filming sample preparation. Please clearly mark shots or steps that you wish to film out of order in the script.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. You will receive detailed preparation instructions in the email accompanying the finalized script.
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