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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Steps 3.7, 3.9, 3.10, 3.11, 4.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Step 3.10 is the most difficult procedure in our experiment due to the multiple parameters that need to be controlled. The different synthesis parameters will induce different results. After several repeated tests, we can ensure that the sample can be synthesized under the optimum parameters to obtain the best quality sample.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Two labs are in the same building, and the distances between the two labs are within approximately fifty meters.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to synthesize a high c-axis zinc oxide thin film by plasma enhanced chemical vapor deposition and use the as-synthesized film combined with a platinum interdigitated electrode as a sensing layer for an ultraviolet photodetector device. (Intro)
This is accomplished by first using a plasma enhanced chemical vapor deposition system to synthesize the high c-axis zinc oxide thin film onto a silicon(100) (pronounced silicon one-o-o) substrate under the optimum synthesis parameters. (P1, use P1.pptx)
The second step is to manufacture the interdigitated pattern onto the zinc oxide thin film surface by conventional optical lithography in a clean room. (P2, use P2.pptx. Show top left Si(100) image. Make green and white striped Photomask appear and lower onto Si(100) image. Make “UV light exposure” and purple arrows appear above Photomask. Make Photomask disappear and orange Photoresist change so it looks like bottom left Si(100) image.)
Next, radio frequency magnetron sputtering is used to deposit a thin conductive platinum layer on the top of the zinc oxide thin film, and then the sample is immersed in acetone in an ultrasonic cleaner to remove the photoresist. (P3, use P3.pptx. Show bottom left Si(100) image from P2 and make gray sections appear to look like top left Si(100) image of P3.pptx. Make orange rectangles with gray squares disappear. If possible, turn top right image over to look like bottom blue square.)
The final step is to perform a rapid thermal annealing process for obtaining an Ohmic contact interface between the platinum electrode and the zinc oxide thin film. (P4, use P4.pptx. Show bottom blue square from P3 and left Pumping system in P4 and make blue rectangle move into Pumping System. Make orange circles appear followed by right graph.)
Ultimately, the real-time photocurrent response measurement is used to show a fast responsivity and high reliability under the UV light. (P5, show Figure 10.jpg.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: The purpose of this section is to introduce you to the viewers, but we want to move quickly to the protocol, so we limit each person to one statement each. I’ve selected a suggested statement for you below, but please feel free to switch your statement if you’d prefer to make a different one. 

1.1. Chung-Hua Chao: The main advantage of this technique over existing methods, like conventional chemical vapor deposition, is that lower synthesis temperature and high aspect ratio condition is available, and high deposition rate, good surface uniformity, and chemical composition of nano-scaled structures can be finely controlled.   

1.2. Da-Hua Wei: This method is a useful technique in the film coating field. The plasma is generated by a RF power supply, and the working space is between the showerhead and sample stage. The working space contains the chemical reactions of reactant gases that can enhance the synthesis quality and reduce the synthesis temperature. The gas composition could change the stoichiometry of the films.
1.3. Chung-Hua Chao: The implications of this technique extend toward the chemical synthesis process of reactant gases, because we can manipulate the gas flow rate ratio of the different reactant gases. In this study, diethylzinc and carbon dioxide are used as zinc and oxygen precursors for synthesizing zinc oxide thin film.
1.4. Da-Hua Wei: This technique provides a method for synthesizing a zinc oxide thin film onto a silicon substrate, and can also be applied to the synthesis of other functional materials onto more flexible substrates, such as graphene and 2D materials onto polyhydroxybutyrate.

1.5. Chung-Hua Chao: Generally, individuals new to this method will struggle because a lot of parameters need to be controlled during the synthesis including working pressure, precursor gas flow rate, RF power and synthesis temperature.
1.6. Da-Hua Wei: I first had the idea for this method, when I discovered that plasma enhanced chemical vapor deposition has been widely employed in the synthesis of several types of functional thin films which usually only require low process temperature. Namely, many functional thin films synthesized on polymer substrates are accessible using the plasma chemical vapor deposition method.
1.7. Chung-Hua Chao: Visual demonstration of this method is critical as the synthesis steps are difficult to learn, because the above-mentioned parameters are all interdependent for synthesizing thin films using the plasma enhanced chemical vapor deposition technique.    

Protocol (read by voice talent at JoVE):
2. Substrate Preparation and Cleaning

2.1. First, cut 10 millimeter by 10 millimeter silicon substrates from a silicon(100) wafer [2.1.1-MED]. 

2.1.1. *Film as written

2.2. Use an ultrasonic cleaner to clean the silicon substrates with acetone for 10 minutes, ethyl alcohol for 10 minutes, and isopropanol for 15 minutes [2.2.1-MED-over the shoulder].
2.2.1. Show talent placing silicon substrates into ultrasonic cleaner with one of the above mentioned solvents and turning cleaner on
2.3. When finished, rinse the substrates with deionized water three times [2.3.1-CU]. Then, blow-dry the substrates with a nitrogen gun [2.3.2-MED].  
2.3.1. Show close-up of one of the substrates as talent squirts water onto it from a wash bottle; show one rinse

2.3.2. *Film as written
3. PECVD Chamber Preparation and Synthesis of ZnO Thin Films

3.1. Next, set the working distance between the showerhead electrode and sample stage at 30 millimeters [3.1.1-MED-over the shoulder]. Place the substrates on the sample stage of the reaction chamber so that they are 3 centimeters from the diethylzinc inlet [3.1.2-CU].  
3.1.1. *Film as written

3.1.2. *Film as written
3.2. Open the rotary pump and gradually open the gate valves and butterfly valve [3.2.1-MED].  
3.2.1. Show talent using control panel of PEVCD chamber to open rotary pump and valves

3.3. After the background pressure of the reactor chamber is lower than 30 millitorr, close the gate valves and butterfly valve, which connects to the rotary pump [3.3.1-MED-over the shoulder]. Then, open the turbo pump and relative gate valves to reach a high vacuum of 3 times 10 to the minus 6 Torr [3.3.2-CU]. The ion gauge filament will be lighted for detecting high vacuum.
3.3.1. *Film as written

3.3.2. Show close-up of vacuum gauge reading Note: We only showed the vacuum gauge reading of 4 times to the minus 4 Torr because to reach the high vacuum must spend at least 4 hours.
3.3.3. Added shot: CU: Show the ion gauge filament light radiation.
3.4. After 2 hours, open the heat controller [3.4.1-MED] and heat the sample stage to the synthesis temperature [3.4.2-CU].
3.4.1. *Film as written 
3.4.2. Show close-up of control panel as talent sets temperature, TEXT: 200, 300, 400, 500, and 600 °C for different experiment parameters Note: We only showed the 400 °C.
3.5. When the temperature and pressure reach the necessary conditions, close the turbo pump [3.5.1-MED] and then open the gate valves and butterfly valve connected to the rotary pump simultaneously [3.5.2-MED-over the shoulder]. 
3.5.1. *Film as written

3.5.2. *Film as written
3.6. Next, open the gas inlet valves and turn on the argon gas flow controller simultaneously [3.6.1-MED]. Flow the argon gas to 10 sccm (pronounce s-c-c-m) into the chamber [3.6.2-CU].  
3.6.1. *Film as written
3.6.2. Show mass flow controller as talent adjusts flow rate of gas
3.7. Set the chamber pressure to 500 millitorr [3.7.1-CU]. Turn on the RF generator and matching network [3.7.2-MED]. Then, set the RF power at 100 watts for purging the sample surface for 15 minutes [3.7.3-MED-over the shoulder]. At the same time, the plasma generated in the chamber shows a plum color.  
3.7.1. Show close-up of pressure gauge as talent sets pressure
3.7.2. *Film as written

3.7.3. *Film as written

3.7.4. Added shot: CU: Show the plasma color in the chamber

3.8. After purging the samples, turn the RF power down to 70 watts [3.8.1-CU]. Turn on the carbon dioxide gas controller and gas inlet valve [3.8.2-MED]. 
3.8.1. Show close-up of RF power as talent turns it down
3.8.2. *Film as written
3.9. Next, flow the carbon dioxide at 30 sccm into the chamber [3.9.1-MED-over the shoulder]. Set the working pressure at 6 Torr [3.9.2-MED]. At the same time, the plasma color will change to white.
3.9.1. *Film as written
3.9.2. *Film as written

3.9.3. Added shot: CU: Show the plasma color in the chamber
3.10. After the chamber pressure reaches 6 Torr, flow the high pure argon as carrier gas at 10 sccm for carrying diethylzinc into the chamber and open the ball valve connected to the diethylzinc simultaneously [3.10.1-MED-over the shoulder]. At the same time, start the synthesis of the zinc oxide films [3.10.2-CU]. At the same time, the plasma color will change to blue.
3.10.1. *Film as written

3.10.2. Show inside of chamber where sample is located as film is being synthesized, TEXT: Continue synthesis for 5 min

3.10.3. Added shot: CU: Show the plasma color in the chamber

3.11. After the zinc oxide films have been synthesized, seriatim turn off the RF generator, ball valve, heat controller and all of the gas flow controllers along with gas inlet valves [3.11.1-MED]. Then, remove the sample when the sample stage temperature cools down to room temperature [3.11.2-MED-over the shoulder].

3.11.1. *Film as written

3.11.2. *Film as written, TEXT: Cooling rate is approximately 1.8 °C/min
4. RTA process

4.1. At this point, place the as-fabricated platinum zinc oxide sample into a rapid thermal annealing, or RTA, system [4.1.1-CU]. Use the mechanical pump and gate valve to pump down the RTA chamber pressure to 20 millitorr [4.1.2-MED-over the shoulder].  
4.1.1. Show close-up of sample as talent places it in system
4.1.2. Show talent turning on mechanical pump and opening gate valve
4.2. After waiting until the chamber pressure reaches 20 millitorr, flow argon gas at 0.3 milliliters per second into the chamber [4.2.1-MED] and set the working pressure to 5 Torr [4.2.2-CU].
4.2.1. *Film as written

4.2.2. Show pressure gauge reading as talent sets working pressure
4.3. Next, set the heating rate to 100 degrees Celsius per minute [4.3.1-MED-over the shoulder]. Anneal the sample at 450 degrees Celsius for 10 minutes [4.3.2-CU].  
4.3.1. Show talent setting heating rate on heat controller
4.3.2. Show close-up of heat controller as talent sets annealing temperature
4.4. After allowing the annealed sample to cool to room temperature, remove it from the chamber [4.4.1-MED].
4.4.1. *Film as written
5. Results: Synthesis and Characterization of ZnO Thin Films 
Authors, the purpose of this section is to serve as a concise overview of the experiment’s results and has a 200-word limit. Therefore, I had to further modify this section in order to meet this requirement due to the additions made to the last draft.
5.1. X-ray diffraction indicates that the film synthesized at 400 degrees Celsius had the strongest 0002 (pronounced o-o-o two) diffraction peak [5.1.1-LM]. When the temperature increased to 500 degrees Celsius, the 0002 diffraction peak became weaker with the appearance of a 10[image: image3.png]


0 (pronounced one-o-one bar-o) diffraction peak [5.1.2-LM].  
5.1.1. Figure 4.jpg: Highlight green curve. Make “ZnO (0002)” label with arrow appear above relevant peak in curve when “had the strongest 0002 diffraction peak” is mentioned in voiceover.
5.1.2. Figure 4.jpg: Highlight orange curve. Make “ZnO (10[image: image5.png]


0)” label with arrow appear above relevant peak in curve when “with the appearance of a 10[image: image7.png]


0 diffraction peak” is mentioned in voiceover.
5.2. In situ optical emission spectroscopy indicates that emission peaks for zinc, oxygen, carbon monoxide and some decomposition species of diethylzinc were detected during the synthesis [5.2.1-LM]. 
5.2.1. Figure 5.jpg: Highlight relevant peaks and make labels appear above those peaks when mentioned in voiceover.
5.3. Field emission scanning electron microscopy images reveal that the zinc oxide thin films show different surface morphologies with different synthesized temperatures [5.3.1-LM]. 
5.3.1. Figures 6.jpg: If possible, add temperatures to images for clarity (A – 200 °C, B – 300 °C, C – 400 °C, D – 500 °C, E – 600 °C).
5.4. The films synthesized at 300 and 400 degrees Celsius [5.4.1-LM] show a strong near-band edge emission and a negligible deep-level emission in the photoluminescence spectra [5.4.2-LM]. In addition, the near-band edge emission shifts to a low wavelength with increasing temperature [5.4.3-LM].
5.4.1. Figure 7.jpg: Highlight green and blue curves.

5.4.2. Figure 7.jpg: Draw a square around left green and blue NBE peaks when “a strong near-band edge emission” is mentioned and draw a square around the part of each curve where the DL peak should be when “a negligible deep-level emission” is mentioned.
5.4.3. Figure 7.jpg: Make vertical black arrow located superimposed on NBE peaks appear.

5.5. The transmittance measurement shows that the zinc oxide thin films synthesized at 200, 300 and 400 degrees Celsius have good transparency [5.5.1-LM] with an average visible transmittance higher than 80% [5.5.2-LM]. 
5.5.1. Figure 8.jpg: Show graph (A).
5.5.2. Figure 8.jpg: Show graph (B).
5.6. The I-V curves are symmetric, reflecting an MSM Ohmic contact behavior between the film and platinum electrode [5.6.1-LM].  
5.6.1. Figure 9.jpg
5.7. The platinum combined with zinc oxide UV photodetector shows a fast responsivity and high reliability with over 5 times turning switching on and off circles at a bias of 5 volts [5.7.1-LM]. 
5.7.1. Figure 10.jpg
6. Conclusion (said by authors on camera)
Authors, as in the interview section, we limit each person to one statement each. I’ve selected a suggested statement for each of you below, but please feel free to switch your statement if you’d prefer to make a different one. 

6.1. Chung-Hua Chao: Once mastered, this technique can be done in about seventeen hours if it is performed properly.

6.2. Da-Hua Wei: While attempting this procedure, it’s important to remember to ensure that the synthesis parameters are correct because any setting errors will result in different experimental results.

6.3. Chung-Hua Chao: This present study provides an effective method to fabricate a zinc oxide based UV photodetector.
6.4. Da-Hua Wei: After its development, this technique paved the way for researchers in the field of materials science and physics to explore optoelectronics for sensor applications in zinc oxide based materials.
6.5. Chung-Hua Chao: After watching this video, you should have a good understanding of how to completely synthesize zinc oxide thin films by plasma enhanced chemical vapor deposition.
6.6. Da-Hua Wei: Don't forget that working with diethylzinc can be extremely hazardous and precautions such as wearing a protective mask and eye protection should always be taken while performing this procedure. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

53097_Figure4.pptx

53097_Figure5.pptx

53097_Figure6A.pptx

53097_Figure6B.pptx

53097_Figure6C.pptx

53097_Figure6D.pptx

53097_Figure6E.pptx

53097_Figure7.pptx

53097_Figure8A.pptx

53097_Figure8B.pptx

53097_Figure9.pptx

53097_Figure10.pptx
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


