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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) N
Can you record movies/images using your own microscope camera? (Y/N) Y 

2. Does your protocol include software usage? (Y/N) Y
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.  
All of 2-Mechanical Uniaxial-strain Device Setup and all of 3-the Strain Application 
For the STM Experiments part, the user needs to be very familiar with the software. It’s not a step by step here is how to do it, but rather understanding functions of all the software panels.
Note: All the steps from 2, 3, and 4 are most important. The experiment would not succeed without following each of the steps listed in those sections. 

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.) 
Step 2.4-cutting the iron-tellurium sample, it can shatter into small irregular shaped pieces that cannot be used. Since they are not precut, aligning the sample along the b axis is quite a challenge. To ensure success, cut the sample carefully. 
 Step 4.2-Cleaving is a random process, you have no idea how the surface is like, whether it cracked as a result of the cleaving process, if its flat or if all of the sample cleaved or not. 

5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Nearby rooms


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

1. REQUIRED Interview Statements:  

Why is your protocol significant?  

1.1. MARIAM KAVAI: This protocol is significant because it is a visualization of the integration of uniaxial strain device with scanning tunneling microscopy. It involves both applying strain and visualizing the manipulation of structural domains in STM.


What is the main advantage of this technique?

1.2. IOANNIS GIANNAKIS: The main advantage of this technique is that it allows for increased amounts of strain since it’s a mechanical device.  Its surface effects are able to be visualized using scanning tunneling microscopy.


OPTIONAL Interview Statements:  

Can this method be applied to any other systems?

1.3. JUSTIN LESHEN MARIAM KAVAI: In HTSC, by deliberately tuning and manipulating broken symmetry states, one can control and understand superconductivity. This process can be applied to any material provided it’s a single crystal and it is STM compatible.


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.4. JOEL FRIEDMAN: There is a lot of device testing to determine the setup’s response to varying conditions, including how much strain can be achieved. It’s a very challenging experiment where patience and absolute understanding of what you are doing is key.


Why is visual demonstration of this method critical?

1.5. IOANNIS GIANNAKIS: Visual demonstration of this process is critical as it gives an insight into making and using the described device with STM, which is a complex process.
Section - Protocol
2. Mechanical Uniaxial-strain Device Setup
2.1. [bookmark: _Hlk528773443]To begin, disassemble the U-shaped device and place it into acetone.  [1] Clean the device, the micrometer screws, the Belleville spring disks, and the base plate by sonicating them for 20 minutes.  [2]
2.1.1. MED: Talent stands at bench disassembling the device and placing it into acetone
2.1.2. CU: Talent places the device into the sonicator and turns it on.
2.2. Then, transfer them into isopropanol [1-TXT] and sonicate them for an additional 20 minutes [2]. 
2.2.1. CU: Talent transfers the parts to IPA TEXT: Caution: This process should be carried out in the hood
2.2.2. Added shot: Talent places the device into the sonicator and turns it on
2.3. Once clean, bake the device components in an oven for 15 to 20 minutes to get rid of any water residue and to degas. [1]
2.3.1. MED: Talent places the components into an oven and sets a timer for 20 minutes
2.4. Then, using a sharp razor blade, [1] cut the iron-tellurium sample to 1 millimeter by 2 millimeters by 0.1 millimeters in size. 
2.4.1. MED: Talent looks through optics cutting sample with razor blade
2.4.2. SCOPE: Talent cuts sample
2.5. Finally, assemble the parts together. The opening inside the U is 1 mm and can be tuned smaller or large by a pair of micrometer screws located on the sides of the device. [1]
2.5.1. ECU: Talent screws in one of the micrometer screws into the device
3. Strain Application 
3.1. In two separate dishes, mix silver epoxy and nonconductive epoxy according to the instructions on the epoxy data sheets.  [1]
3.1.1. CU: Talent mixes epoxy in 2 separate dishes
3.2. Then, apply a thin layer of silver epoxy to create an electrical contact, and mount the sample across the 1 millimeter gap so that its long axis is oriented along the b-axis of the iron-tellurium sample.  [1]
3.2.1. ECU: Talent applies epoxy as described
3.3. Place the sample holder and sample into a convection oven and bake them for 15 minutes to again cure the epoxy. [1-TXT]
3.3.1. MED: Talent places the items in an oven and sets a timer TEXT: Bake: 15 min, 120°C
3.4. Once the sample has cooled, cover its two sides with nonconductive epoxy so that the sample is firmly supported on the device. [1] Then, place it back into the oven to cure the epoxy. [2-TXT]
3.4.1. ECU: Talent applies epoxy as described
3.4.2. MED: Talent again places sample into the oven and sets a timer TEXT: Bake: 20 min, 100°C
3.5. Using an optical microscope, examine the position of the sample from all angles to check for parallel alignment of the sides of the sample with the gap.[1]
3.5.1. SCOPE: Talent examines the sample
3.6. With everything now prepared, begin to apply compressive strain by rotating the micrometer screw 50 degrees while observing the surface of the sample. [1] There should be no cracks or bending of the sample after the pressure is applied. [2]
3.6.1. ECU: Talent tightens a screw 50 degrees
3.6.2. SCOPE: Talent again examines the sample
3.7. Next, screw the device onto the base plate.  [1]
3.7.1. CU: Talent screws device into base plate
3.8. Once secured, apply a thin layer of silver epoxy from the base plate onto the U-shaped device to create electrical contact between the sample and the plate. [1] Place the sample into the oven to cure the epoxy. [2-TXT]
3.8.1. CU: Talent applies epoxy as described
3.8.2. MED: Talent sets sample into oven and sets timer TEXT: Bake: 15 min, 120°C
3.9. Once cooled, check the electrical contact using a multimeter. [1]
3.9.1. CU: Talent shows electrical connectivity with multimeter
3.10. Then, use a thin layer of nonconducting epoxy to glue an aluminum post onto the sample so that it is perpendicular to the a-b cleaving plane.  The post should be the same size as the sample. [1] When the post is correctly positioned, bake the assembled device until the epoxy is cured. [2-TXT]
3.10.1. CU: Talent applies the aluminum post to the sample
3.10.2. MED: Talent places the sample into the oven to cure TEXT: Bake: 20 min, 120°C
4. STM Experiments
4.1. First, transfer the device to the scanning tunneling microscope [1] by placing it into the loading dock of the variable-temperature, ultrahigh vacuum scanning tunneling microscope. [2] [3]
4.1.1. MED: Talent opens the loading doc
4.1.2. CU: Talent places sample into the loading doc
4.1.3. CU: Talent transfers sample into the analysis chamber Author note: (For technical reasons we Didn’t film this part)
4.2. Using an arm manipulator, knock off the aluminum post in ultrahigh vacuum at room temperature, to expose a freshly cleaved surface. [1]
4.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. Author note: (This is a physical process we carry out, not something we monitor on a screen, so we took actual video of the step)
4.3. Immediately transfer the device in situ with another set of manipulators to the scanning tunneling microscope chamber and to the microscope head, which has been cooled down to 9 degrees Kelvin. [1]
4.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. Author note: This is a physical process we carry out, not something we monitor on a screen, so we took actual video of the step)
4.4. Allow the sample to cool down to 9 degrees overnight before carrying out the next steps and maintain this temperature during the experiments. [1]
4.4.1. SCREEN: To be provided by the authors – Screen capture video showing the temperature dropping/raising after adding the sample. Authors, please upload this screen capture to your project page. Author note:  (we took actual video of the step showing our temperature controller temp drop, we don’t have a way of monitoring temperature on the computer yet)
4.5. Once the temperature equilibrium has been reached, prepare the platinum-iridium tips prior to each experiment by field emission on a 1-1-1 copper surface that has been treated with several rounds of sputtering and annealing. [1]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. Author note: Preparation of the copper surface is a physical process we carry out, we have no way to monitor it on a screen, so we took actual video of the step. In the video, it should show copper sitting on an e-beam heater inside the analysis chamber, and then there is a glow once the annealing process starts. Field emission of the tip is a complex process, you might have to remove this part 
4.6. Once the temperature equilibrium has been reached, using the voltage applied to the piezoelectric materials in the microscope, move the sample stage to align with the tip….  Then, approach the sample. Once the tip is a few angstroms away from the sample and the tunneling current registers on the oscilloscope, it is ready for taking topographs. [1]
4.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. Author note: (We will upload the screen video showing the aligning of the stage in X and Y, and a process called feedback detect which is approaching the sample) We also took video showing the actual tip outside of the microscope. So you can use that image as an inset or something when explaining this section. 
4.7. Once the tip is a few angstroms away from the sample and the tunneling current registers on the oscilloscope, it is ready for taking topographs at different setpoint biases and setpoint currents. [1]
4.7.1. [bookmark: _GoBack]SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. Author note: (We won’t show this step on video, too complicated to get there, you can keep the voice over 4.7 so that there is a smooth transition to the results) 


Section – Results
5. Results: Unidirectional Modulation from Unstrained Fe1+yTe
5.1. Here is a 10 nm atomic-resolution topographical image of an unstrained iron-tellurium single crystal. The atomic structure seen corresponds to the tellurium atoms, which are exposed after cleaving the sample.[1]
5.1.1. LABMEDIA: Figure 4a
5.2. The Fourier transform of the topography shows four sharp peaks at the corners of the image along the a- and b-directions, that correspond to the atomic Bragg peaks. [1]
5.2.1. LABMEDIA: Figure 4b - Video Editor: Highlight the light spots in the corners of the image starting with the words “shows four sharp peaks”.
5.3. In contrast to the first image, this topographical image shows a topograph, obtained with a magnetic tip. Unidirectional stripes with a periodicity of twice that of the lattice along the a-axis are observed. [1]
5.3.1. LABMEDIA: Figure 4c
5.4. The Fourier transform of this topograph shows, in addition to the Bragg peaks, a new pair of satellite peaks, corresponding to half the Bragg peak momenta and, therefore, twice the real space wavelength. The new structure corresponds to the AFM stripe order of the Fe atoms just below the surface. [1]
5.4.1. LABMEDIA: Figure 4d - Video Editor: Highlight the green circles starting with the words “a new pair”.
5.5. On some parts of the unstrained sample, twin domain boundaries exist where the crystal structure with the long b-axis and the accompanying AFM stripe order rotate 90°. Here you can observe a 25 nm spin-polarized topograph of an AFM twin domain boundary. [1]
5.5.1. LABMEDIA: Figure 4e
5.6. The Fourier transform of this region shows two pairs of AFM order, highlighted by green and yellow circles. Each magnetic domain contributes to only one pair of the peaks in the Fourier transform.[1]
5.6.1. LABMEDIA: Figure 4f - Video Editor: Highlight the green and yellow circles with the end of the first sentence.



Section - Conclusion
6. Conclusion Interview Statements: 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. IOANNIS GIANNAKIS:(Step: 3.2 and 3.6) The most important thing to consider while attempting this procedure is your ultimate goal. Knowing why you are applying the uniaxial strain should guide you as to the sample orientation and how much strain to apply.
Following this procedure, what other methods can be performed?  
6.2. JUSTIN LESHEN JOEL FRIEDMAN: Following this procedure, the strain device could also be integrated with other techniques such as XRD, REXS, and ARPES.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. PEGOR AYNAJIAN: STM is a powerful spectroscopic technique that enables one to visualize electrons in quantum materials, which are very sensitive to external perturbations such as strain. The uniaxial-strain integrated STM technique will allow one to electronically tune these materials with the ultimate goal of understanding and achieving high temperature superconductivity.  
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