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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y  (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) Y for simulation, N for experiment 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.) Steps 2.5, 2.6, 4.1, 5.2, 6.1.
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.) Step 2.6
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________


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 aim of this study is the fabrication of a C84-embedded silicon substrate heterojunction, and subsequent analysis to obtain a comprehensive understanding of the electronic, optoelectronic, mechanical, magnetic, and field emission properties of the resulting materials. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mon-Shu Ho: Nanomaterials have evoked a raging trend of material revolution. With the help of scanning probe microscopy, we would be able to identify the characteristic of nanostructures on surfaces with sufficient resolution. 
1.2. Wen-Jay Lee: Using molecular dynamics simulation, we can monitor the time-dependent atomic and mechanical behavior of the indentation process. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Wen-Jay Lee: All the simulations were performed with parallel computing in the Advanced Large-scale Parallel Supercluster of NCHC, and all the experiment work was done in the NanoScience Lab of NCHU. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Mon-Shu Ho: Demonstrating the procedure will be Che-Fu Chou, Pei-Fang Chuang, Ya-Chi Huang, and Wei-Pin Tsai from my laboratory. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Protocol (read by voice talent at JoVE):
2. Fabrication of Hexagonal-Closed-Packaged (HCP) Overlayer of C84 on Si Substrate 
2.1. First, subject a Si(111) (pronounced silicon one one one) substrate to cleaning, involving the application of a solvent followed by heating in an ultra-high vacuum system for the removal of the oxide layer and impurities from the surface of the substrate [1-MED-TXT]. 
2.1.1. [bookmark: OLE_LINK38][bookmark: OLE_LINK39]Talent rinses substrate with solvent, places it in HF bath and turns on heating element. TEXT: See supporting material for more information. 
2.2. For C84 (pronounced C eighty-four) deposition on the silicon surface, pre-heat a K-cell evaporator with an external power supply through heating filaments to 500 degrees Celsius to promote the outgassing of impurities [1-MED-over the shoulder]. 
2.2.1. Talent connects K-cell evaporator to power supply and turns power supply on. 
2.3. Next, load C84 nanoparticles into a K-cell container [1-MED]. Then, resistively heat the K-cell to 650 degrees Celsius to vaporize the C84 nanoparticles [2-MED-over the shoulder]. 
2.3.1. Talent places nanoparticles (previously placed on air-laid paper) into K-cell container. 
2.3.2. Talent adjusts power supply to set temperature.
2.4. Now, evaporate the C84 nanoparticles in straight lines until they strike the silicon substrate through a controlled valve…[1-MED-over the shoulder] at a pressure below 5 times 10 to the minus eight Pascal [2-CU]. 
2.4.1. Talent at computer clicks button in software to manually opens the shutter valve. 
2.4.2. Vacuum gauge showing pressure reading. 
2.5. Following this, pre-anneal the Si(111) substrate in an ultra-high vacuum system at 900 degrees Celsius to obtain the 1 by 1 structures [1-MED-over the shoulder]. Reduce the temperature to 650 degrees Celsius for 30 minutes for the deposition of the C84 nanoparticles on the surface of the substrate [2-CU]. 
2.5.1. Talent places substrate in ultra-high vacuum system and adjusts power supply to set temperature.
2.5.2. Infrared thermometer showing temperature reading as talent adjusts power supply.
2.6. Anneal the silicon substrate at approximately 750 degrees Celsius for 12 hours, during which time the powdered C84 nanoparticles self-assemble into a highly uniform fullerene array on the surface of the Si(111) substrate [1-MED-TXT]. 
2.6.1. Talent adjusts power supply and checks temperature of infrared thermometer. TEXT: 750 °C, 12hr.     
3. Measurements of Electronic Properties of C84-embedded Si Substrate
3.1. At this point, place the C84-embedded silicon substrate on a scanning probe microscopy, or SPM, sample holder [1-MED]. Transfer the sample from the exchange chamber to a sample preparation chamber [1.1]. Introduce the holder into a UHV-STM scanning head system [2-MED-TXT], and transfer the sample to an observation chamber [2.1]. Then, sweep the applied sample bias from minus 5 to 5 volts [3-MED-over the shoulder]. 
3.1.1. *Film as written
3.1.1.1 [Added Shot] Sample transfers from exchange chamber to sample preparation chamber.
3.1.2. *Film as written. TXT: UHV-STM: Ultra-high vacuum-scanning tunneling microscope.
3.1.2.1 [Added Shot] Sample transfers to observation chamber.
3.1.3. Talent at computer inputs applied sample bias parameters in software.
3.2. Next, click on the “I-V” measurement item to measure the tunneling current “I” at atomic resolution [1-SCREEN][1-MED]. Choose at least 20 particular locations on the C84-embedded silicon substrate for the measurements [2-SCREEN][2-MED].  
(Erin Note: It’s unclear whether these shots were actually filmed. These were not indicated in the shoot Notes, so Authors might still need to generate these screen captures.)
3.2.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_3.2.1. 
3.2.2. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_3.2.2 – talent points to section of image on screen with cursor.
3.3. To measure the band gap energy, obtain I-V curves as previously described from the surfaces indicated in the text protocol [1-MED][2-SCREEN]. 
3.3.1. [Added Shot] *Film as written (Erin Note: Similarly, it’s unclear if this was actually filmed-not in shoot notes.)
3.3.2. [Originally 3.3.1] SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_3.3.1 – talent clicks on “I-V” measurement item and points to section of image on screen with cursor.
3.4. Following this, place the C84-embedded silicon substrate on a field emission, or FE sample holder [1-MED]. Insert the holder into the FE analysis chamber [2-MED-over the shoulder]. Then, evacuate the chamber to a pressure of approximately 5 times 10 to the minus 5 Pascal for the FE measurement [3-CU].  
3.4.1. *Film as written
3.4.2. *Film as written
3.4.3. Pressure reading as talent turns on appropriate pump.
3.5. Increase the applied voltage manually on the substrate from 100 to 1100 volts [1-MED]. Measure the corresponding field emission current as a function of applied voltage using a high-voltage source measurement unit with a current amplifier [2-MED-over the shoulder]. [2-Add SCREEN]
3.5.1. *Film as written
3.5.2. Talent at computer checks the field emission current in the software. Add SCREEN：Talent at computer checks the field emission current in the software.
3.6. Now, place the testing substrate in the center of the sample compartment of an optical emission measurement system [1-MED]. Then, focus a helium cadmium laser source with 325 nanometer emissions [2-MED-over the shoulder].  
3.6.1. *Film as written
3.6.2. Talent at computer focuses laser source in software. *Film as written
3.7. After setting up the spectrometer, acquire the photoluminescence spectrum by collecting and analyzing the emitting photons [1-MED] [2-Add SCREEN].
3.7.1. Talent at computer starts the acquisition in software. 
3.7.2. [Added Shot/SCREEN] Talent at computer starts the acquisition in software. (Uploaded as 3.7.1 [Add Screen])
4. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Measurements of Surface Magnetism 
4.1. Magnetize samples of the C84-embedded silicon substrate prior to magnetic force spectroscopy, or MFM, measurements by applying a magnet with a field strength of approximately 2 kilooersted [1-MED-over the shoulder].  
4.1.1. Talent places samples on magnet.
4.2. After placing the magnetized sample on the MFM sample stage [1-MED], observe the microstructure of the fullerene in the magnetic domain embedded within the silicon substrate using MFM in lift mode with the application of magnetization perpendicular to the surface of the sample [2-SCREEN-TXT]. 
4.2.1. Talent sits at computer and opens software.
4.2.2. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_4.2.2 – talent switches to MFM lift mode and starts measurement in software. TEXT: Use nano-scale PPP-MFMR cantilever for measurements.
4.3. Following this, magnetize samples of the C84-embedded silicon substrate and C84 clusters on the C84 embedded silicon substrate prior to SQUID experiments by applying a magnet with a field strength of approximately 2 kilooersted [1-MED-TXT].
4.3.1. Talent places samples on magnet.  TEXT: SQUID: Superconducting Quantum Interference Device.  
4.4. Place the magnetized sample in the SQUID [1-MED]. Then, apply a sweeping magnetic field in a range of approximately 2 kilooersted [2-MED-over the shoulder]. Obtain the magnetization loops plotted versus the external magnetic field in SQUID measurements at room temperature [3-SCREEN]. 
4.4.1. *Film as written
4.4.2. Talent at computer inputs sweeping magnetic field range in software.
4.4.3. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_4.4.3 – talent sets initial setting and selects data mode showing in the software. The diagram will appear on the screen following these steps.
5. Measurement of Nanomechanical Properties by AFM 
5.1. To measure the stiffness of the C84-embedded silicon substrate, first place one of the substrates on an AFM, or atomic microscope, sample stage [1-MED-over the shoulder]. 
5.1.1. *Film as written
5.2. Next, obtain force measurements under atmospheric conditions from the appropriate silicon substrates [1-SCREEN-TXT]. 
5.2.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_5.2.1 – talent starts measurement in software, the cantilever and sample images are displayed on the screen. TEXT: Clean Si substrate, C84-embedded substrate, SiC-coated substrate.
5.3. Obtain force measurements as previously described using the AFM in a UHV system from the appropriate silicon substrates [1-SCREEN-TXT]. 
5.3.1. Talent at computer obtains force measurements in the software. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_5.3.1 – talent starts measurement in software, the cantilever and sample images are displayed on the screen. TEXT: Clean Si substrate, Si(111)-7x7 substrate, C84-embedded Si substrate, SiC-coated substrate. 
6. Measurement of Nanomechanical Properties by Molecular Dynamics Simulation
6.1. To prepare the silicon substrate, turn on the oSSD (pronounced O-S-S-D) software [1-MED-over the shoulder]. Click on the “Search” button to show the “Search Criteria” panel. Choose silicon substrate, elemental type, reconstructed structure, semiconductor elec, diamond lattice, 111 face, and 7 by 7 pattern. Then, click on the “Search” and “Accept” buttons to display the “Structure list” panel. Click the desired structure “Silicon one one one,” seven by seven surface. Now, click the “File” button and save the coordination file as a .xyz file [2-SCREEN]. 
6.1.1. Talent at computer opens software.
6.1.2. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.1.2.
6.2. Next, turn on the OVITO software [1-MED-over the shoulder]. Load the .xyz file into the software and use the “Slice” command to capture a supercell of the Si(111)7x7 (pronounced silicon one one one, seven by seven) surface structure with the appropriate size, 26.878 x 46.554Å2, in the x and y directions. Use the “simulation cell“ command to adjust the cell size in the x and y directions, and shift the cell to the origin point 0. Use “Affine transformation,” and click “Transform matrix” to shift the model 5.714 Å in the normal direction. Use the “Slice” command to cut the bottom-most atom layer in the normal direction. Export the data file with the format of LAMMPS. With “LAMMPS data File format”, the cell boundary will be defined.  [2-SCREEN-TXT].
6.2.1. Talent at computer turns on software.
6.2.2. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.2.2. TEXT: 26.878 x 46.554 Å2. (Video Editor: overlay should appear at mention of “of the appropriate size in the x and y directions” in second sentence).
6.3. Reload the data with the format of LAMMPS into the OVITO. Use the “Wrap at periodic boundaries” command to rearrange the structure inside the cell. Use “Affine transformation,” and click “Transform matrix” to shift the model 84.6 Å in the normal direction. Use the “simulation cell“ command to adjust the cell size 150Å in the z direction. Export the data file with the format of LAMMPS. Reload the data into the OVITO. Use “Show Periodic Images” to duplicate a 5 by 3 supercell in the x and y directions to enlarge the size of the substrate. Export the data file with the format of LAMMPS. [1-SCREEN]
6.3.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.3.1. 
6.4. After preparing a coordination file of the Si(111) supercell with the appropriate size, load the data into OVITO. Use “Show Periodic Images” to duplicate a 5x3x8 supercell in the x, y, and z directions to enlarge the size of the substrate. Use “Affine transformation,” and select “Transform matrix” to shift the model to the origin point in the z direction 37.6184 Å. Export the data file with the format of LAMMPS. [1-SCREEN]
6.4.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.4.1. 
6.5. Combine the data files of the Si(111)7x7 surface and the Si(111) substrate models using a text editor. The Si(111)7x7 substrate model is ready. [1-SCREEN]
6.5.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.5.1. 
6.6. To prepare the C84 fullerene monolayer, download the coordination file of the C84 fullerene from the web [1-MED-over the shoulder]. Use a homemade program to duplicate 7 by 7 C84 fullerenes arranged in a honeycomb structure [2-SCREEN]. 
6.6.1. Talent at computer downloads coordination file.
6.6.2. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.4.2.
6.7. Next, use the homemade program to lay the C84 monolayer on the Si(111)7x7 surface with a distance of 3 angstroms [1-SCREEN]. 
6.7.1.  SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.5.1.
6.8. Use the “Load_data” command to load the simulation model in LAMMPS script. Then, setup the “Region” and “Create_atom” commands to create a 5 nanometer spherical probe [1-SCREEN].  
6.8.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.6.1.
6.9. Finally, prepare an input script of LAMMPS for indentation simulation and calculate the detail mechanical properties [1-SCREEN]. 
6.9.1. SCREEN: *To be submitted by Author, 54235_Lee_SCREEN_6.7.1.

7. Results: Characterization of C84-embedded Silicon Substrate by Nanomeasurements and Molecular Dynamic Simulation 
7.1. A monolayer of C84 molecules on a disordered Si(111) surface was fabricated using a controlled self-assembly process, and a series of topographic images measured by UHV-STM with various degrees of coverage are shown here [1-LM]. 
7.1.1. JOVE_Fig.doc (Figure 1): Show all four images, then zoom into each image with the remaining images grayed out in the background.
7.2. The electronic and optical properties of the C84-embedded silicon substrate were investigated using STM and photoluminescence analysis techniques [1-LM]. The excellent material properties of the samples demonstrate how nanotechnology can be used for the control of matter at the atomic- and nano-scales [2-LM]. 
7.2.1. JOVE_Fig.doc (Figure 2): Highlight top left plot (a) at mention of “STM” and bottom right plot (d) at mention of “photoluminescence”. 
7.2.2. JOVE_Fig.doc (Figure 2)
7.3. The MFM and SQUID results show the surface magnetism of C84-embedded substrate [1-LM]. 
7.3.1. JOVE_Fig.doc (Figure 3): Highlight left image (a) at mention of “MFM” and right image (b) at mention of “SQUID”.
7.4. [bookmark: _GoBack]The UHV-AFM results demonstrate the potential of the C84-embedded silicon substrate as an alternative to semiconductor carbide in nanoelectronic devices for high-temperature, high-power, high-frequency applications, as well as in magnetic and microelectromechanical systems [1-LM]. 
7.4.1. JOVE_Fig.doc (Figure 4): Highlight bottom four images at mention of “UHV-AFM” results.
7.5. The molecular dynamics simulation process on the nanoindentation of C84-embedded substrate is shown here [1-LM]. 
7.5.1. LAB MEDIA: 02_PIname_Movie1.avi
7.6. The mechanical properties of the fullerene embedded substrate is shown here [1-LM]. The corresponding snapshots as a function of indentation depth can be seen here [2-LM]. 
7.6.1. JOVE_Fig.doc (Figure 6): Show plot without insets.
7.6.2. JOVE_Fig.doc (Figure 6): Make insets appear.  
7.7. The results of indentation force as a function of indentation depth are used to calculate the hardness, reduced modulus, and loading stiffness of the C84 monolayer [1-LM]. 
7.7.1. JOVE_Fig.doc (Figures 7 and 8): Highlight or zoom into left plot of Figure 7 at mention of “the hardness”, highlight or zoom into right plot of Figure 7 at mention of “reduced modulus”, show Figure 8 at mention of “loading stiffness of the C84 monolayer”. 

8. Conclusion (said by authors on camera)
8.1. Mon-Shu Ho: It's now a popular perception that nanomaterials will bring up epochal developments in science and technology because of their unique chemical, physical, and mechanical properties.
8.2. Mon-Shu Ho: With only one monolayer of fullerene, we can dramatically change the properties of silicon substrates
8.3. Mon-Shu Ho: In our study, fullerene embedded silicon substrates have a wide band gap, good field emission properties, high strength and ferromagnetic characteristics. I believe our proposed substrates would have better performance in a wide variety of nanotechnology applications.
8.4. Wen-Jay Lee: After watching this video, you should have a good understanding of how to perform experiments and simulations for surface measurement. 
8.5. Wen-Jay Lee: The demonstration of these comprehensive techniques will pave the way for researchers to explore the fundamental properties of materials. 


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.
7.5 - 01_PIname_Movie2.avi - Process of the molecular dynamics simulation on the nanoindentation of C84-embedded substrate

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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