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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  26
Number of Shots:  57 (12 SC)

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Answers will be slightly edited in accordance with journal guidelines.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.





Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation and Transfer of Exfoliated van der Waals Crystal Flakes onto the Piezoceramic Substrate 
Authors: Please check if the title is appropriate

Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, obtain the bulk material such as a van der Waals crystal for characterization [1-TXT]. Thin the material by repeatedly cleaving it using adhesive tape until the preferred thickness is reached [2].
2.1.1. WIDE: Talent placing the crystal on the work surface.TXT: Choose: MoSe₂, MoS₂, WSe₂ or WS₂
2.1.2. Talent repeatedly peeling adhesive tape to cleave a bulk crystal and reduce its thickness.

2.2. Transfer the thinned fragments from the tape to a polydimethylsiloxane or PDMS stamp by laminating the PDMS onto the tape [1]. After approximately 5 minutes, peel back the PDMS so that flakes remain on the PDMS for subsequent transfer [2].
2.2.1. Talent laminating the PDMS stamp onto the adhesive tape containing thinned fragments.
2.2.2. Talent peeling back the PDMS stamp with flakes remaining on its surface.

2.3. Clean the piezoceramic surface by rinsing it with acetone in a certified chemical fume hood [1]. Dry the surface using clean, dry air or nitrogen [2].
2.3.1. Talent rinsing the piezoceramic surface with acetone inside a chemical fume hood.
2.3.2. Talent drying the piezoceramic surface with a stream of clean, dry air or nitrogen. 

2.4. Now, apply a very thin layer of an adhesive medium to the piezoceramic in a chemical fume hood [1].
2.4.1. Talent applying a thin layer of adhesive medium onto the piezoceramic surface.

2.5. Immediately place the PDMS carrying the flake onto the wet adhesive on the piezoceramic [1]. Press gently to ensure contact [2]. Wait approximately 30 seconds and peel off the PDMS so that the material remains on the piezoceramic [3]. Verify adhesion by visual inspection or confirm under an optical microscope if needed [4].
2.5.1. Talent placing the PDMS stamp with the flake onto the adhesive-coated piezoceramic.
2.5.2. Talent gently pressing the stamp to ensure contact with the surface.
2.5.3. Talent peeling off the PDMS stamp, leaving the material on the piezoceramic.
2.5.4. Shot of the transferred material on the piezoceramic surface. 




3. Fabrication of Electrical Contacts and Integration of the Piezoceramic Sample into the Measurement Circuit
Authors: Please check if the title is appropriate
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Arrange the materials to create separate electrodes to enable the application of an alternating current voltage across the piezoceramic [1].
3.1.1. Talent arranging the materials on work surface.

3.2. Place the prepared piezoceramic with the transferred sample on the stage [1] and secure it mechanically with silver paste while ensuring electrical contact with the bottom electrodes of the piezoceramic [2].
3.2.1. Talent placing the piezoceramic with the transferred sample onto the sample stage.
3.2.2. Talent applying silver paste to secure the piezoceramic and establish electrical contact with the bottom electrodes.

3.3. Form the top electrical contact using silver paste and copper wire [1]. After applying the silver paste, allow it to dry and cure at room temperature for approximately 10 hours before proceeding [2].
3.3.1. Talent applying silver paste and attaching a copper wire to create the top electrical contact.
3.3.2. Talent placing the sample aside for curing.

3.4. Then, insert the mounted sample into the optical setup [1]. Connect the electrodes to the alternating current voltage generator and to the ground using insulated wires [2]. Keep all exposed conductors insulated and positioned away from the optical path [3].
3.4.1. Talent placing the mounted sample into the optical setup.
3.4.2. Talent connecting insulated wires from the electrodes to the alternating current voltage generator and ground.
3.4.3. Talent arranging insulated conductors away from the optical path.




4. Measurement of Lock-In AC Component Proportional to ΔR and the DC Component Proportional to R
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Turn on the halogen light source and set it to maximum output [1]. Ensure that the optical chopper is not obstructing the monochromator entrance slit [2].
4.1.1. Talent switching on the halogen light source and adjusting it to maximum output.
4.1.2. Talent checking and showing that the optical chopper is clear of the monochromator entrance slit.

4.2. Route the beam to the charge-coupled device camera [1] and align the spot on the selected region of the sample using the XYZ microcontrollers [2]. Then, adjust the iris diaphragm aperture to set the spot diameter on the sample [3].
4.2.1. Talent directing the beam path toward the charge-coupled device camera.
4.2.2. Talent adjusting XYZ microcontrollers to align the light spot on the sample.
4.2.3. Talent adjusting the iris diaphragm to control the spot size on the sample.

4.3. Switch the signal path from the charge-coupled device preview to the silicon PIN photodiode detector [1].
4.3.1. Talent switching the signal path from the charge-coupled device preview to the silicon PIN photodiode detector.

4.4. Next, configure the preamplifier by setting the bias voltage, filter type and cutoff, input offset, gain mode, and sensitivity to achieve a stable signal without saturation [1]. Document the selected values [2].
4.4.1. Talent adjusting preamplifier controls to set bias voltage, filter type, cutoff, input offset, gain mode, and sensitivity.
4.4.2. Talent recording the configured preamplifier settings in a notebook.

4.5. Configure the lock-in amplifier to display the in-phase X component [1]. Set the reference frequency to match the alternating current voltage generator frequency and select the internal reference source [2]. Then, choose an appropriate time constant and sensitivity [3].
4.5.1. Talent setting the lock-in amplifier display to the X in-phase component.
4.5.2. Talent adjusting the reference frequency and selecting the internal reference source.
4.5.3. Talent setting the time constant and sensitivity on the lock-in amplifier.

4.6. Now, enable the alternating current voltage generator and set the desired amplitude [1]. Verify that the signal reaches the piezoceramic without overdriving the device [2].
4.6.1. Talent turning on the alternating current voltage generator and adjusting the voltage amplitude.
4.6.2. Talent checking the signal delivery to the piezoceramic to avoid overdriving.

4.7. Launch the acquisition application and select the measurement channel corresponding to the X lock-in output [1]. Enter hardware-consistent parameters including time constant and sampling rate and specify the output text file path for saving the data [2]. Define the spectral range in wavelength or photon energy and set the monochromator step size according to instrument limits [3].
4.7.1. SCREEN: Opening the acquisition application and selecting the measurement channel for the X lock-in output.
4.7.2. SCREEN: Entering time constant, sampling rate, and defining the output file path for data saving.
4.7.3. SCREEN: Setting the spectral range and monochromator step size in the acquisition software.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21412573 


4.8. Start the scan and allow it to continue uninterrupted until the end of the programmed range [1]. Estimate the total duration as the number of steps multiplied by the time constant and plan accordingly [2]. 
4.8.1. SCREEN: Initiating the scan in the acquisition software.
4.8.2. SCREEN: Display of scan progress and timing parameters during acquisition.

4.9. After completion, turn off the alternating current voltage generator without disturbing the sample position [3].
4.9.1. Talent switching off the alternating current voltage generator, leaving the sample undisturbed.





5. Measurement of Additional DC Reflectance Component (R) using Chopper-Referenced Lock-In Mode
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Confirm that the alternating current voltage generator remains off [1].
5.1.1. Talent verifying and showing that the alternating current voltage generator is switched off.

5.2. Maintain the beam position on the sample without alteration [1]. If focus is uncertain, route the beam to the charge-coupled device preview [2], refocus and re-center the spot [3], and return the signal path to the photodiode [4].
5.2.1. Talent ensuring the beam remains fixed on the sample.
5.2.2. Talent switching the beam path to the charge-coupled device preview.
5.2.3. Talent adjusting focus and re-centering the beam spot on the sample.
5.2.4. Talent switching the signal path back to the photodiode detector.

5.3. Start the optical chopper using its controller and set the frequency equal to the previously used modulation frequency [1]. Verify that the chopper reference output is connected to the lock-in reference input [2].
5.3.1. Talent operating the optical chopper controller to start the chopper and set the frequency.
5.3.2. Talent checking the connection between the chopper reference output and the lock-in reference input.

5.4. Keep the preamplifier settings unchanged. Configure the lock-in amplifier to display the referenced reflectance R and select the chopper controller as the external reference source [1]. Set input parameters identical to the previous measurement and adjust the time constant and sensitivity to maintain a stable signal [2].
5.4.1. Talent setting the lock-in amplifier to R display and selecting the external reference source from the chopper controller.
5.4.2. Talent adjusting time constant and sensitivity while keeping other parameters consistent.

5.5. In the acquisition application, select the lock-in R channel [1] and match the time constant to the lock-in setting and define a new output text file path [2]. Name the files to encode the sample, location, and acquisition parameters for pairing datasets [3].
5.5.1. SCREEN: Selecting the lock-in R channel in the acquisition application.
5.5.2. SCREEN: Entering the time constant and defining a new output file path.
5.5.3. SCREEN: Naming the output file with sample details and acquisition parameters.

5.6. Now, set the same spectral range and monochromator step size as used previously for the same spot on the sample [1]. Start the scan and allow it to run to completion [2].
5.6.1. SCREEN: Setting spectral range and monochromator step size identical to the previous scan.
5.6.2. SCREEN: Initiating and running the scan to completion.

5.7. After completion, turn off the optical chopper [1]. If no further measurements are planned, turn off the light source, monochromator, and other instruments [2].
5.7.1. Talent switching off the optical chopper using the controller.
5.7.2. Talent powering down the light source, monochromator, and associated instruments.

5.8. After labelling the datasets, compute and plot the normalized ΔR/R (delta R by R) spectrum versus photon energy to identify optical transitions [1]. Finally, fit the spectrum using the Aspnes line-shape model [2] by selecting a resonance window, refining parameters iteratively, and validating the fit based on residuals and stability [3].
5.8.1. SCREEN: Display the final ΔR/R spectrum plotted versus photon energy with clear resonance features visible.
5.8.2. TEXT ON PLAIN BACKGROUND:

5.8.3. SCREEN: Display the final fitted curve overlaid on the ΔR/R data along with the residuals plot and extracted fit parameters.

Authors: We are above our 55-shot limit (as per our journal guidelines) and hence the analysis part has been summarized in the last step. Please show only the final plots of the above shots. The clips should be only 10 to 20 seconds long.








Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 140.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Strain-modulated alternating-current reflectance ΔR (delta R) [1] and a reference direct-current component proportional to reflectance R were obtained from a single spot in tungsten disulfide [2].
6.1.1. LAB MEDIA: Figure 6A. Video editor: Highlight the red ΔR trace
6.1.2. LAB MEDIA: Figure 6A. Video editor: Highlight the blue R trace

6.2. The baseline-corrected ΔR/R spectrum showed clear excitonic resonances [1].
6.2.1. LAB MEDIA: Figure 6B. Video editor: Show the black ΔR/R curve 

6.3. The Aspnes third-derivative fit reproduced the ΔR/R spectrum [1].
6.3.1. LAB MEDIA: Figure 7A. Video editor: Keep flashing the cyan curve above the black curve.

6.4. The model was decomposed into 4 components [1], and their sum was shown by a dashed line [2].
6.4.1. LAB MEDIA: Figure 7B. Video editor: Highlight the 4 colored curves labelled Fit Peak 1, Fit Peak 2, Fit Peak 3, and Fit Peak 4
6.4.2. LAB MEDIA: Figure 7B. Video editor: Highlight the dashed black line labelled cumulative fit peak

6.5. The ΔR line shape was preserved [1] while the amplitude increased monotonically as the alternating-current voltage was increased from 100 to 1200 volts [2].
6.5.1. LAB MEDIA: Figure 8A. 
6.5.2. LAB MEDIA: Figure 8A. Video editor: Sequentially highlight the curves from 100 V curve to the 1200 V curve as the signal becomes larger (dark blue to light blue curves sequentially)

6.6. The peak magnitudes at selected energies scaled linearly with the applied voltage amplitude [1].
6.6.1. LAB MEDIA: Figure 8B. 

6.7. Increasing the lock-in time constant from 3 seconds [1] to 10 seconds [2] and 30 seconds reduced high-frequency noise and revealed weaker features in molybdenum disulfide [3].
6.7.1. LAB MEDIA: Figure 9A. Video editor: Highlight the blue curve labelled 3 seconds
6.7.2. LAB MEDIA: Figure 9A. Video editor: Highlight the red curve labelled 10 seconds
6.7.3. LAB MEDIA: Figure 9A. Video editor: Highlight the gray curve labelled 30 seconds



NOTE to the Authors:

Guidelines for submitting the SCREEN footage:

Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3.mp4, 1.5.1.mp4, 3.2.1, 3.1.3, etc.). Shot numbers are 3-digit bullet numbers.

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we wont be able to use them.
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