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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____   
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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.1.3, 2.2.2, 2.3.14, 2.3.17, 2.3.19_________________________________________

D.  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. (Please do not list entire sections.) __2.2.2, 2.3.14_________________________

E.  Will the filming need to take place in multiple locations? (Y/N) _N_  
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this procedure is to use the focused-ion beam technique in order to observe ohmic contact fabrication on the individual nanostructures of layer semiconductor materials. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Ruei-San Chen: This method can help answer key questions in the nanotechnology field, such as how to make good ohmic contacts on individual nanomaterials without post annealing treatment. (Take 3)
1.2. Ruei-San Chen: The main advantage of this technique is that the focused-ion beam metal deposition approach provides highly reproducible electric contacts on individual layer semiconductor nanostructures. The whole process is also relatively simple in comparison to other techniques such electron-beam lithography.   (Take 5)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
N/A
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.3. ** Ruei-San Chen: Demonstrating the procedure will be Wei-Chu Shen, a graduate student from my laboratory. 

1.3.1. Interview style: Author saying the above – Take 2.  Combined with 1.3.2
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.  
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)  
N/A

Protocol (read by voice talent at JoVE): 
2. Exfoliation of MoSe2 Layer Nanocrystals
2.1. After structural characterization of the molybdenum diselenide layer crystals, as described in the accompanying text protocol, begin fabrication of the molybdenum diselenide layer nanocrystal devices. [2.1.1 - MED]
2.1.1. Talent sets out the tools to exfoliate the sample.

2.2. First, clean a pair of tweezers with acetone and then alcohol. [2.2.1 - CU]
2.2.1. *Film as written (MCU slated as 2.1.2)
(CU slated as 2.1.2a)

2.3. Use the tweezers to pick out 4 to 8 pieces of the molybdenum diselenide layer crystals with a shiny surface and an area larger than 0.5 mm by 0.5 mm. Put each crystal on a piece of dicing tape with an area of 20 mm by 60 mm. [2.3.1 - CU]
2.3.1. *Film as written

2.3.1a – ECU

2.3.2 – Wide shot better angle

2.3.2a – CU 

2.4. Then, fold the tape in half to exfoliate the layer crystal.  Repeat this action approximately twenty times. [2.4.1 - CU] Usually layer crystals can be stripped into numerous micrometer-sized crystals. [2.4.2 - ECU]
2.4.1. *Film as written (slated as 2.3.4)
2.3.4a – ECU (no good – focus)
2.4.2. Extreme close up of stripped crystals. 
3. Dispersion of the Layer Nanocrystals onto the Device Template
3.1. Obtain 3 silicon dioxide-coated silicon substrates with 16 pre-patterned titanium/gold electrodes on the surface. [3.1.1 - MED] The area of each template should be approximately 5 mm by 5 mm square.  [3.1.2 - ECU]
3.1.1. Talent opens up container holding pre-patterned substrates.  (2 takes, different angle)
3.1.2. Close-up of the templates.

3.2. Place the dicing tape with the layer nanocrystal powder upside-down on each device template.[3.2.1 - ECU]   

3.2.1. *Film as written

3.3. Tap the dicing tape lightly so that approximately 10 to 100 pieces of the molybdenum diselenide layer crystals [3.3.1 - CU] fall onto each template.  [3.3.2 - ECU]
3.3.1. Talent taps the tape to release the crystals.
3.3.2. Extreme close up of crystals on the tape.

4. Electrode Fabrication by Focused-ion Beam 
4.1. Mount the prepared templates on a focused-ion beam holder using conducting copper foil tape. [4.1.1 - CU] Then, load the holder into the focused-ion beam chamber. [4.1.2 - MED]
4.1.1. *Film as written

4.1.1b - ECU
4.1.2. *Film as written

4.1.2b – CU Take 2
4.2. Evacuate the chamber to 1 x 105 mbar by clicking on “Pump”. [4.2.1 - SCREEN]
4.2.1. Screen capture video as talent performs the above step. 

4.3. For the SEM mode, set the electron beam current to 41 pA and the acceleration voltage to 10 kV. [4.3.1 - SCREEN]
4.3.1. Screen capture video as talent performs the above step in the order listed. 

4.4. Next, for the FIB mode, set the ion beam current to 0.1 nA and the acceleration voltage to 30 kV. [4.4.1 - SCREEN]
4.4.1. Screen capture video as talent performs the above step in the order listed. 

4.5. Then, warm up the ion beam system and the gas-injection-system. [4.5.1 - MED Over the Shoulder]
4.5.1. *Film as written

4.6. Turn on the electron-beam by clicking the button “Beam On” and focus the image at a low magnification of 100x. Next, set the z-axial working distance to 10 mm for SEM mode. [4.6.1 - SCREEN]
4.6.1. Screen capture video as talent performs the above step in the order listed. 

4.7. Now, increase the magnification to 5,000x and focus on the sample. [4.7.1 - SCREEN]
4.7.1. Screen capture video as talent performs the above step in the order listed. 

4.8. Once focused, input a tilt angle of 52 degrees into the navigation menu to tilt the angle of the holder. [4.8.1 - SCREEN]
4.8.1. Screen capture video as talent performs the above step in the order listed. 

4.9. Next, select rectangular and square shaped molybdenum diselenide layer nanocrystals with a thickness ranging from 5 to 3000 nm for electrode fabrication. [4.9.1 - SCREEN]
4.9.1. Screen capture video as talent performs the above step in the order listed. 

4.10. Take SEM images of the targeted pristine material at different magnifications ranging from 1,000x to 10,000x before electrode fabrication. [4.10.1 - SCREEN]
4.10.1. Screen capture video as talent performs the above step in the order listed. 

4.11. Next, switch to focused-ion beam mode and take an image using snapshot mode to reduce the exposure time of the targeted material under ion beam bombardment. [4.11.1 - SCREEN]
4.11.1. Screen capture video as talent performs the above step in the order listed. 

4.12. Define the electrode deposition area by first selecting the platinum deposition mode and then input the thickness as 0.2 to 1.0 micron. [4.12.1 - SCREEN]
4.12.1. Screen capture video as talent performs the above step in the order listed. 

4.13. Next, introduce the capillary of the gas injection system into the chamber by clicking on the “platinum deposition” box in the “gas injection” block. [4.13.1 - SCREEN]
4.13.1. Screen capture video as talent performs the above step in the order listed. 

4.14. Take another image using the snapshot mode and modify the position of the electrodes if the originally defined pattern shifts slightly. [4.14.1 - SCREEN]
4.14.1. Screen capture video as talent performs the above step in the order listed. 

4.15. Then, turn on the focused-ion beam deposition.  After deposition, draw the capillary of the gas injection system back by unclicking the platinum deposition box. [4.15.1 - SCREEN]
4.15.1. Screen capture video as talent performs the above step in the order listed. 

4.16. Next, switch to the scanning electron microscope mode and take images at different magnifications of the completed devices with two or four electrodes. [4.16.1 - SCREEN]
4.16.1. Screen capture video as talent performs the above step in the order listed. 

4.17. After taking the images, set the tilt angle of the holder return to 0 degrees and take additional top-view images at different magnifications in order to estimate the material width and electrode inter-distance. [4.17.1 - SCREEN]
4.17.1. Screen capture video as talent performs the above step in the order listed. 

4.18. When finished, turn off the electron-beam and ion beam systems and cool down the gas injection system.  Also, vent the chamber with nitrogen gas [4.18.1 - SCREEN] and then take the holder out of the chamber. [4.18.2 - MED/CU]
4.18.1. Screen capture video as talent performs the above step in the order listed. 

4.18.2. *Film as written (Slated as 4.18.1)
4.19. Finally, close the chamber door and evacuate the chamber one last time.[4.19.1 - MED Over the Shoulder]  
4.19.1. *Film as written

5. Results: Characterization of Ohmic Contacts 
5.1. Representative field-emission scanning electron microscope images of the two-terminal and four-terminal molybdenum diselenide devices are shown here. [5.1.1 - LM]
5.1.1. Figure 2c-d (Video Editor: Label 2c as “2-Terminal” and 2d as “4-Terminal”.

5.2. After using AFM to estimate the height of a number of nanoflakes, [5.2.1 - LM] the ohmic contacts of the devices can be characterized by measuring the current vs. voltage relationship.  The current-voltage curves of this device follow a linear relationship, confirming the ohmic contact condition of the molybdenum diselenide devices. [5.2.2 - LM]
5.2.1. Figure 2e-f
5.2.2. Figure 2a-b (Video Editor: Highlight the axes when mentioned in the first sentence.)

5.3. A cross-sectional transmission electron microscopy image of the platinum/molybdenum diselenide interface shows that an alloy layer of about 25 to 30 nm was formed between the platinum and molybdenum diselenide because of ion beam bombardment.[5.3.1 - LM]
5.3.1. Figure 3a (Video Editor: Highlight the “alloy” layer when mentioned.)
5.4. A high resolution TEM image of the interface shows that an amorphous alloy is formed at the surface of the single crystal molybdenum diselenide.[5.4.1 - LM]
5.4.1. Figure 3a-b (Video Editor: Pull Figure 3b from the square marked “4” in Figure 3a.)
5.5. This alloy consists of a mixture of molybdenum, selenium, and platinum at a ratio of 2 to 4 to 1.[5.5.1 - LM]
5.5.1. Figure 3e (Video Editor: Label image as “EDX Spectrum”)

6. Conclusion (said by authors on camera) 
6.1. Ruei-San Chen: Once mastered, this technique can be done in 8 hours if it is performed properly. 
6.2. Ruei-San Chen: After its development, this technique paved the way for researchers in the field of nanotechnology and material science to explore electric properties in layer semiconductor material systems. 
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. 
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 are included in the email accompanying the finalized script.
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