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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  sort of – we use a scanning electron microscope (SEM), so most of the work will be performed inside of the SEM and viewed through the computer screen attached to the SEM. 
Can you record movies/images using your own microscope camera? (Y/N) yes
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.  The system is an FEI Helios 650 Nanolab microscope.  All filming must be done by screen recording.  The computer attached to the microscope runs windows XP. 

2. Does your protocol include software usage? (Y/N) yes
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Other than the screen capture steps, it would be beneficial for the viewers to see steps 2.1-2.3 and 2.6 to understand how to mount the sample onto the aluminum stub and secure it into the SEM.  

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
The most difficult aspect of this procedure is fine tuning the ion beam and sample alignment. To ensure success, one must do very careful focusing and adjustment to the ion beam to ensure consistent results, otherwise the line patterns will not be suitable depth and pitch. Alignment of the sample is also essential, otherwise the lines will not be in the correct spot. 

5. Will the filming need to take place in multiple locations? (Y/N) no
If yes, how far apart are the locations? 



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Dr. Evon Ereifej: The use of focused ion beam lithography, or FIB, allows researchers to improve the cell-surface interaction by designing material surfaces that have increased biocompatibility and integration with the native tissue [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

1.2. Dr. Allen Hunter: With FIB, features can be etched on a variety of materials, such as silicon, metals, and polymers. Non-planar surfaces can also be used and post-processing can be performed on individual devices [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Dr. Allen Hunter: In general this method can be used on other microscopes. However, different microscope manufacturers have unique versions of the patterning software, which must be optimized for each system [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.


Introduction of Demonstrator: (Said by you on camera)

1.4. Dr. Evon Ereifej: Demonstrating the procedure will be Ms. Shreya Mahajan, a graduate student from my laboratory [1]/[2].  

1.4.1. Interview style: Author saying the above 
1.4.2. Shreya looks up from workbench or desk or microscope and acknowledges the camera.
Section - Protocol
2. Aligning the Focus Ion Beam (FIB) to the Silicon Probes
2.1. To prepare for mounting, use fine-tipped or vacuum forceps to carefully pick up the clean strip of silicon probes [1]. Place them onto a clean aluminum stub used for scanning electron microscope FIB imaging and etching [2-TXT]. 
2.1.1. Talent uses fine tipped and vacuum forceps to carefully pick up the clean strip of silicon probes. Videographer, the authors consider this an important step for filming.
2.1.2. Clean aluminum stub as talent places the probes there. Videographer, the authors consider this an important step for filming. TEXT: Scanning electron microscope = SEM
2.2. Use a toothpick to place a tiny drop of silver paint on the edge of the silicon substrate surrounding the probes [1]. 
2.2.1. Talent uses a toothpick to place a tiny drop of silver paint on the edge of the silicon substrate surrounding the probes. Videographer, the authors consider this an important step for filming.
2.3. Secure the strip down by spreading the silver paint around the sides of the silicon substrate surrounding the probe [1]. Allow the silver paint to dry completely before placing the aluminum stub into the SEM-FIB (S-E-M-fib) [2].
2.3.1. ECU: Substrate and probes as talent spreads the silver paint around the sides. Videographer, the authors consider this an important step for filming.
2.3.2. Author comment:  This step was redundant since it happens later in 3.5
2.4. Next, click on the vent button in the beam control tab to vent the SEM-FIB chamber. Press Shift plus F3 to perform home stage. Confirm the selection by selecting the Home Stage button in the popup window [1].
2.4.1. Try 2 Steps 1 to 12.mp4 – Video editors, please show 0:03-0:30. 
2.5. After the Home Stage is complete, move the stage to coordinates: X equals 70 millimeters, Y equals 70 millimeters, Z equals 0 millimeters, T equals zero degrees, R equals zero degrees [1]. 
2.5.1. Try 2 Steps 1 to 12.mp4 – Video editors, please show 1:40-2:00. 
2.6. Once the chamber is vented, put on clean nitrile gloves and open the chamber door [1]. Insert the aluminum stub holding the probes into the top of the stage adapter [2-TXT]. Secure the aluminum stub by tightening the set screw on the side of the stage adapter and ensure that the height is adjusted appropriately. Use the 1.5 millimeter hex wrench for this task [3-TXT]. 
2.6.1. Talent opens the chamber door with gloved hands. 
2.6.2. Chamber as talent inserts the aluminum stub holding the probes into the top of the stage adaptor. Videographer, the authors consider this an important step for filming. TEXT: See text for mounting the non-functional silicon probe for FIB lithography
2.6.3. Aluminum stub as talent secures it by tightening the set screw on the side of the stage adapter with a hex wrench and adjusts the height. Videographer, the authors consider this an important step for filming. TEXT: See text for adjusting and securing the stage adapter 
2.7. Carefully swing the navigation camera arm open until it stops. The microscope stage will automatically move to a position beneath the camera. Watch the live image shown in Quadrant 3 of the microscope user interface [1].
2.7.1. Try 2 Steps 1 to 12.mp4 – Video editors, please show 3:14-3:33. 
2.8. Once the brightness level auto adjusts to an appropriate level, acquire the image by pushing the button down on the camera bracket. This takes approximately 10 seconds [1].
2.8.1.  Try 2 Steps 1 to 12.mp4 – Video editors, please show 3:55-4:10. 
2.9. Swing the camera arm back to the closed position. The stage will return to the original position [1]. 
2.9.1. Try 2 Steps 1 to 12.mp4 – Video editors, please show 4:16-4:24. 
2.10. Carefully close the microscope chamber door. Watch the CCD camera image in Quadrant 4 while closing the door. Ensure that the samples and stage are a safe distance away from any critical component in the microscope chamber [1].  
2.10.1. Try 2 Steps 1 to 12.mp4 – Video editors, please show 4:25-4:35. 
2.11. Select the Pump with Sample Cleaning button in the user interface software to start the chamber vacuum pump and built in plasma cleaner. Wait for approximately 8 minutes for the pumping time and plasma cleaning cycle of the microscope chamber to be completed [1].
2.11.1. Try 2 Steps 1 to 12.mp4 – Video editors, please show 4:36-4:56. 
2.12. Once the icon in the bottom right corner of the user interface turns green, press the Wake-Up button in the beam control tab which turns on the electron and ion beams.  Select quadrant 1 and set the beam signal to electron beam. Then, set quadrant 2 to ion beam [1].
2.12.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 0:05-0:26. 
2.13. Now, set the SEM voltage to 5 kiloVolts, the SEM beam current to 0.20 nanoAmps, the SEM detector to ETD, and the detector mode to Secondary Electron [1-TXT]. 
2.13.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 0:27-0:42. TEXT: ETD = Everhart Thornley Detector
2.14. Set the FIB voltage to 30 kiloVolts, the FIB beam current to 24 picoAmps, the FIB detector to ICE (ice) detector, and detector mode to the secondary electron [1-TXT]. 
2.14.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 0:55-1:11. TEXT: ICE = Ion Conversion and Electron Detector
2.15. Double click on the silicon probe in the navigation camera image, quadrant 3, to move the stage to the approximate location of the probe. Click on quadrant 1 to select it as the active quadrant and hit the pause button to start SEM scanning [1].
2.15.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 1:18-1:48. 
2.16. Set the scan dwell time to 300 nanoseconds and turn off scan interlacing, line integration, and frame averaging. Set scan rotation to 0 in the beam control tab, right click on the beam shift 2d adjuster, and select zero [1]. 
2.16.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 1:49-2:12. 
2.17. Adjust the magnification to the minimum value by turning the magnification knob counterclockwise on the microscope user interface panel. Adjust the image brightness and contrast using the knobs on the user interface panel or the Auto Contrast Brightness toolbar icon [1].
2.17.1.  Try 2 Steps 13 to 39.mp4 – Video editors, please show 2:12-2:25. 
2.18. Move the stage by double-left-clicking the mouse on a feature to center it. Then, move the desired silicon probe to be patterned into the center of the SEM image. Locate an edge or other features such as a dust particle or scratch [1]. 
2.18.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 2:26-2:55. 
2.19. Increase magnification to 2000x by turning the magnification knob clockwise. Adjust the focus of the SEM by turning the coarse and fine focus knobs on the microscope user interface until the image is in focus [1]. 
2.19.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 2:59-3:32.
2.20. Once the image is in focus, select the Link sample Z to working distance button in the toolbar. Confirm that operation was completed by looking at the Z-axis coordinate in the navigation tab.  The value should be approximately 11 millimeters. Type in 4.0 millimeters in the Z-axis position and push the Go To button with the mouse [1]
2.20.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 3:33-3:56. 
2.21. Move the stage in X and Y to locate the shoulder of the silicon probe. Position it as close to the center of the SEM as possible. Change the stage tilt to 52 degrees by typing in “52” in the T coordinate and hitting enter [1]. 
2.21.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 3:57-4:33. 
2.22. Observe whether the shoulder of the probe appears to move up or down in the image. Use the Stage Z slider to bring the shoulder of the probe back to the center of the SEM image. Only adjust the Z position, do not move the X, Y, T, or R axis [1].
2.22.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 4:35-4:51. 
2.23. Run the built-in “xT Align Feature” command located in the stage drop down menu. Use the mouse to click on two points parallel to the edge of the probe. Make sure the horizontal radio button is selected in the popup window, and click finish [1]. 
2.23.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 4:52-5:08. 
2.24. The stage will rotate to align the probe with the X-axis of the stage. Adjust the stage in X,Y by using the mouse to put the lower shoulder of the probe in the center of the SEM image again [1].
2.24.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 5:09-5:20. 
2.25. Select the FIB in quadrant 2 and make sure the beam current is still 24 picoAmps. Set the magnification to 5000x and the dwell time to 100 nanoseconds. Type Ctrl-F (control F) on the keyboard to set the FIB focus to 13.0 millimeters [1]. 
2.25.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 5:21-5:41. 
2.26. In the beam control tab, right click in the stigmator 2d adjuster and select zero. Also, right click in the Beam Shift 2d adjuster and select zero. Set the scan rotation to 0 degrees and click the auto contrast brightness button in the toolbar [1].  
2.26.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 5:42-6:01. 
2.27. Look for an image of the probe shoulder in quadrant 2. Use the snapshot tool to acquire an image with the FIB. Confirm the probe shoulder is in the center of the FIB image, if not, double click on the probe shoulder to move it to center [1]. 
2.27.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 6:02-6:28. 
2.28. Move the stage to the left by pushing the left arrow key on the keyboard approximately 10 to 15 times [1]. Take another snapshot and observe whether the probe side is still in the center of the FIB [2].
2.28.1. [bookmark: _GoBack]Talent repeatedly pushes the left arrow key on the keyboard.
2.28.2.   Try 2 Steps 13 to 39.mp4 – Video editors, please show 6:37-6:45. 
2.29. After repeating these steps until the edge of the probe shoulder is perfectly aligned with the X axis of the stage, use the FIB to move the stage back to the lower shoulder of the probe [1]. 
2.29.1.   Try 2 Steps 13 to 39.mp4 – Video editors, please show 7:00-7:37. 
2.30. Save the stage position in the position list by clicking the Add button. Change the FIB beam current to 2.5 nanoAmps and make sure the magnification of the FIB is still 5000x. Run the auto brightness contrast function and set the FIB dwell time to 100 nanoseconds [1].  
2.30.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 8:21-8:50. 
2.31. Hit the pause button to start scanning. Adjust the FIB focus and astigmatism, as quickly and precisely as possible, using the Coarse and Fine focus knobs and the X and Y stigmator knobs on the user interface panel. Hit the pause button to stop the FIB scanning [1]. 
2.31.1. Try 2 Steps 13 to 39.mp4 – Video editors, please show 8:51-9:40. Some of the inactivity in the middle can be cropped out or sped up.
3. Writing an Automated Process for Etching 
3.1. Within the Nanobuilder software, select the microscope dropdown menu and select Set stage origin. Select the microscope dropdown menu and then select Calibrate Detectors [1].
3.1.1. Try 2 Steps 40 to 51.mp4 – Video editors, please show 0:35-0:50.
3.2. On the microscope user interface, click in Quad 1 once with the mouse to select Quad 1. Click OK to start the calibration. The process will take about 5 minutes. Make sure the ETD and ICE detectors calibrate [1].    
3.2.1. Try 2 Steps 40 to 51.mp4 – Video editors, please show 0:51-1:10.
3.3. Within the software, select the microscope dropdown menu and choose Execute to start the patterning sequence [1]. When the pattern is complete, close the software [2].
3.3.1. Try 2 Steps 40 to 51.mp4 – Video editors, please show 3:09-3:26
3.3.2. Try 2 Steps 40 to 51.mp4 – Video editors, please show 26:34-26:40.
3.4. Hit “Vent” in the microscope user interface beam control tab to shut down the microscope beams and start the vent cycle.  While the chamber is venting, move the stage to the suitable coordinates [1-TXT]. 
3.4.1. Try 2 Steps 40 to 51.mp4 – Video editors, please show 28:59-29:55. TEXT: X=70 mm, Y= 70 mm, Z = 0 mm, T=0°, R=0°
3.5. Once the chamber is vented, put on clean nitrile gloves and pull open the chamber door [1]. Loosen the set screw on the stub adapter using the 1.5 millimeter hex wrench [2]. Remove the aluminum stub containing the patterned probe from the chamber [3].
3.5.1. Talent opens the chamber door with gloved hands.
3.5.2. Stub adapter as talent loosens the set screw using the 1.5 mm hex wrench.
3.5.3. Talent removes the aluminum stub containing the patterned probe. 
3.6. Carefully close the microscope chamber door. Watch the CCD camera image in Quadrant 4 while closing the door. Ensure that the stage adapter is a safe distance away from any critical component in the microscope chamber [1-TXT].  
3.6.1. Try 2 Steps 40 to 51.mp4 – Video editors, please show 31:06-31:26. TEXT (as last sentence is narrated): See text for mounting and etching the functional silicon probe using FIB







Section – Results
4. Results: FIB Etched Nano-architecture on the Surfaces of Intracortical Probes and Microelectrodes Affects Neuron Density and Electrophysiology 
4.1. Shown here are SEM images of the non-functional single shank silicon probes with FIB etched nano-architectures along the backside of the shank [1].
4.1.1. LAB MEDIA: Figure 1_Filming.jpg 
4.2. The final dimensions of the etched nano-architecture were 200 nanometer wide parallel lines, spaced 300 nanometers apart, and had a depth of 200 nanometers [1]. 
4.2.1. LAB MEDIA: Figure 1_Filming.jpg – Video editors, please emphasize, or zoom into, the bottom right image.
4.3. To determine how etching nano-architectures into the probe’s surface affects the neuronal density immediately around the implant, the neuronal nuclei were stained and quantified [1].
4.3.1. LAB MEDIA: Figure 2_Filming.jpg – Video editors, please zoom into the left image panel. 
4.4. Neuronal survival is presented as a percentage of the background region from the same animals… [1] in distances of 50-micron bins away from the implant site [2]. 
4.4.1. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed into the left panel, please emphasize the y-axis.
4.4.2. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed into the left panel, please emphasize the x-axis.
4.5. There were significantly more neurons around the nano-architecture probes at 100 to 150 micron distance from the implant site [1] compared with the smooth control implants at 4 weeks post implantation [2]. 
4.5.1. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed into the left panel, please emphasize the red bar at 150 with the star. 
4.5.2. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed into the left panel, please emphasize the blue bar at 150 (next to the red one with the star). 
4.6. Nano-architectures were also FIB-etched along the backside of functional single shank silicon microelectrodes and electrophysiological measurements were quantified to investigate how etching nano-architectures affects the electrode performance [1].  
4.6.1. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed in, move over to the right panel.
4.7. Electrophysiological results showed increased percentage of channels recording single units from the nano-architecture microelectrodes… [1] compared with the smooth control microelectrodes [2]. 
4.7.1. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed into the right panel, please emphasize the red part of the plot.
4.7.2. LAB MEDIA: Figure 2_Filming.jpg – Video editors, staying zoomed into the right panel, please emphasize the purple part of the plot.
4.8. No statistical analysis was performed for the nano-architecture microelectrode because only one was implanted for a proof-of-concept pilot study [1]. 
4.8.1. LAB MEDIA: Figure 2_Filming.jpg


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Dr. Evon Ereifej: FIB etching allows researchers to investigate how the addition of topographical cues on medical devices can improve the cellular response and ultimately the performance of the device [1]. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
5.2. Dr. Evon Ereifej: The breadth of medical devices that these methods can be applied to is limitless since FIB can be performed on a range of materials, surface geometries, and most importantly, already manufactured devices [1]. 

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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