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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   Yes
400 m

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. No


Current Protocol Length
Number of Steps:  28
Number of Shots:  50 

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


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Angella Th’ng: My research examines the changes in thermoelectric performance of manganese-doped bismuth telluride thin films deposited through controlled co-sputtering.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B roll: 3.7.1


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Angella Th’ng: Existing methods fail to adequately examine the impact of manganese doping on the thermoelectric performance of bismuth telluride thin films. This protocol addresses this gap through systematic investigation.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Angella Th’ng: This protocol allows researchers to co-sputter manganese dopant on bismuth telluride film and evaluate how dopant input level changes thermoelectric performance.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Describe the most important consideration or challenge when performing this protocol.
1.4. Angella Th’ng: The key challenge of this protocol is to maintain stable plasma and sputtering conditions to incorporate manganese reliably and consistently.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.8.2


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Angella Th’ng: Future studies can be built by optimizing thermoelectric properties post-synthesis and fabricating a thin-film thermoelectric generator for device-level testing.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



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


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Pre-deposition Preparation for Thin Film Deposition
Demonstrator: Angella Th’ng 
2.1. To begin, place the prepared and cleaned soda lime glass substrates on the rotating substrate holder to evaluate deposition stability during target conditioning [1]. Close the chamber door and initiate pump-down [2]. Apply gentle pressure around the chamber door at the start to ensure proper sealing [4] and confirm the pressure drop on the gauge [5].
2.1.1. WIDE: Talent placing the test substrates on the rotating substrate holder inside the sputtering chamber. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent closing the chamber door and initiating pump-down on the sputtering system.
2.1.3. Talent applying gentle pressure around the chamber door seal.
2.1.4. Shot of the chamber pressure dropping on the system gauge.
2.2. Monitor the chamber pressure using the system vacuum gauge integrated with the sputtering system controller [1]. Continue pumping until the chamber pressure reaches less than or equal to 5 × 10−3 Torr [2]. 
2.2.1. Show the chamber pressure reading on the sputtering system vacuum gauge.
2.2.2. Show the chamber pressure reaching less than or equal to 5 × 10−3 Torr on the controller display.
2.3. Switch on the cooling system and set the temperature to 288 Kelvin [1] to ensure continuous circulation of recirculated deionized water through both sputter guns prior to plasma ignition [2].
2.3.1. Talent switching on the cooling system and setting the temperature to 288 kelvin on the controller.
2.3.2. Shot of recirculated deionized water flowing through the cooling lines connected to both sputter guns.
2.4. Introduce high-purity argon gas at 4 standard cubic centimeters per minute [1]. Allow the gas flow to stabilize for approximately 2 to 5 minutes, or until it remains steady at greater than or equal to 3.9 standard cubic centimeters per minute [2].
2.4.1. Talent introducing argon gas into the sputtering chamber at 4 standard cubic centimeters per minute.
2.4.2. Show the stabilized argon gas flow reading at greater than or equal to 3.9 standard cubic centimeters per minute.
2.5. Set the substrate rotation to 10 rpm in a single fixed direction and maintain continuous rotation throughout pre-sputtering and deposition [1]. Power on the radio frequency power supply and the matching-network controller [2].
2.5.1. Talent setting the substrate rotation speed to 10 revolutions per minute on the controller.
2.5.2. Talent powering on the radio frequency power supply and the matching-network controller.
2.6. Adjust the matching-network settings for both radio frequency guns using the Minimum or Maximum function until the Load value reaches 50 watts and the Tune value reaches 50 watts [1]. Switch the controller mode from Manual to Auto matching [2].
2.6.1. Show the matching-network controller while adjusting the Load and Tune values to 50 watts using the Min/Max function.
2.6.2. Show the controller mode being changed from Manual to Auto matching.
2.7. Minimize the reflected power prior to plasma ignition and confirm that the reflected power remains less than or equal to 5 watts as the acceptance threshold [1].
2.7.1. Show the reflected power decreasing on the system controller before plasma ignition, and show the reflected power stabilized at less than or equal to 5 watts.
2.8. Set the radio frequency power to 50 watts on the bismuth telluride gun and 10 watts on the manganese gun before plasma ignition [1]. Ignite the plasma for both guns and confirm stable plasma by observing a steady glow maintained for approximately 1 to 2 minutes without visible flicker or sudden pressure spikes [2].
2.8.1. Show the radio frequency power settings of 50 watts for the bismuth telluride gun and 10 watts for the manganese gun.
2.8.2. Talent ignites the plasma for both sputter guns with a shot of stable plasma glow inside the sputtering chamber.
2.9. Once stable plasma was achieved at both guns, pre-sputter both targets for 15 minutes to remove surface contamination and native oxides after stable plasma is achieved [1].
2.9.1. Talent performing pre-sputtering with stable plasma inside the chamber.
2.10. Remove the test substrates after pre-sputtering [1]. 
2.10.1. Talent removing the test substrates from the rotating substrate holder.

3. Co-Sputtering Deposition Procedure for Mn-Doped Bi₂Te₃ Thin Films
3.1. Before loading the substrates for the deposition run, remove dust from the chamber interior and the sample-holder region using a clean rubber blower [1]. Keep the viewing window protected with a clean petri dish lid for plasma observation [2].
3.1.1. Talent removing dust from the chamber interior and sample-holder region using a clean rubber blower.
3.1.2. Talent placing a clean petri dish lid over the viewing window.
3.2. Inspect the targets to ensure that they are properly seated, centered, and in good condition [1]. Verify that each target is firmly clamped and properly centered within the sputter gun [2].
3.2.1. Talent inspecting the sputtering targets inside the chamber.
3.2.2. Talent checking that the targets are firmly clamped and centered within the sputter guns.
3.3. Place the cleaned substrates symmetrically near the outer region of the rotating holder at approximately 5 to 10 millimeters from the holder center [1]. Align the longer side of each substrate parallel to the holder edge [2]. Fix the target-to-substrate distance at 55 millimeters for both sputter guns [3]
3.3.1. Talent placing the cleaned substrates symmetrically on the rotating holder near the outer region.
3.3.2. Close-up shot of the substrates aligned parallel to the holder edge.
3.3.3. Talent confirming the 55-millimeter target-to-substrate distance for both sputter guns.
3.4. Pump down the chamber to a base pressure of 5 × 10−5 Torr or lower [1]. For the first deposition run, continue evacuation for at least 5 hours or until the base pressure stabilizes at the target value [2]. Confirm base-pressure stability when the pressure drift remains less than or equal to 5% over approximately 10 minutes [3].
3.4.1. Talent initiating chamber pump-down for the deposition run.
3.4.2. Show the chamber pressure decreasing during evacuation.
3.4.3. Show the stabilized base-pressure reading with less than or equal to 5% drift over approximately 10 minutes.
3.5. Stabilize the cooling system at 288 kelvins after reaching base pressure [1]. Set the argon flow to 4 standard cubic centimeters per minute and allow it to stabilize [2]. Maintain substrate rotation at 10 rpm [3].
3.5.1. Talent setting the cooling-system temperature to 288 kelvin.
3.5.2. Show the argon gas flow stabilized at greater than or equal to 3.9 standard cubic centimeters per minute.
3.5.3. Show the substrate rotation speed set to 10 revolutions per minute.
3.6. Confirm the matching-network settings for both guns and enable Auto matching on the controller [1].
3.6.1. Show the settings for both sputter guns and enable auto matching
3.7. Initiate the bismuth telluride gun at 70 watts for easier plasma ignition [1]. Increase the power by 5 watts every 10 seconds until reaching 100 watts [2]. Start the deposition timer only after the bismuth telluride power readback remains at 100 watts for approximately 30 seconds and plasma stability is confirmed [3].
3.7.1.  Show the bismuth telluride gun initiated at 70 watts on the power controller.
3.7.2. Show the gradual increase of the bismuth telluride power in 5-watt increments until reaching 100 watts.
3.7.3. Show the stable 100-watt power readback and the deposition timer being started.
3.8. Deposit the films for 30 minutes while maintaining stable plasma conditions during the deposition process [1].
3.8.1. Talent monitoring the sputtering system during the 30-minute deposition process.
3.9. Using the same parameters, repeat the deposition steps for manganese at radio-frequency powers of 10 watts and 15 watts, using fresh substrates [1].
3.9.1. Talent loading fresh substrates for subsequent manganese power conditions.
4. System Shutdown, and Post-Deposition Sample Handling
4.1. Initiate shutdown through the system controller by switching off the radio frequency output first [1]. Reduce the argon flow to 0 standard cubic centimeters per minute while keeping the cooling system active until the chamber is vented and the sputter guns return to near-ambient temperature [2].
4.1.1. Show the radio frequency output being switched off on the controller.
4.1.2. Show the argon flow reduced to 0 standard cubic centimeters per minute while the cooling system remains active.
4.2. Confirm that the turbomolecular pump has stopped completely and the speed reading is 0 before venting the chamber [2].
4.2.1. Show the turbomolecular pump status indicator on the controller.
4.3. Vent the chamber slowly using dry nitrogen through the vent valve to allow gradual pressure equalization and minimize particle disturbance [1].
4.3.1. Talent slowly opening the vent valve to introduce dry nitrogen into the chamber for venting.
4.4. Open the chamber only after the pressure returns to approximately atmospheric pressure at approximately 760 Torr, and the chamber door can be released without resistance [1].
4.4.1. Talent opening the sputtering chamber after confirming atmospheric pressure conditions.
4.5. Wear a mask and gloves during sample removal to reduce contamination and exposure to fine particles [1]. Remove the deposited samples from the chamber [2].
4.5.1. Talent wearing a mask and gloves before handling the samples.
4.5.2. Talent removing the deposited samples from the chamber.
4.6. Transfer the samples into a clean petri dish [1]. Store the samples in a vacuum storage container and perform characterization within 24 to 72 hours after deposition [2].
4.6.1. Talent placing the deposited samples into a clean petri dish.
4.6.2. Talent placing the petri dish into a vacuum storage container.
4.7. After sample removal, rough-pump the chamber for  10–15 minutes to reach the required pre-TMP pressure, minimizing exposure to ambient air and moisture [1].
4.7.1. Talent initiating rough pumping of the chamber after sample removal.



Results
5. Results 

5.1. X-ray diffraction patterns confirmed that all samples retained the rhombohedral bismuth telluride phase across the manganese power series [1].
5.1.1. LAB MEDIA: Figure 4. 
5.2. The dominant diffraction peak shifted toward higher 2 theta values with increasing manganese input [1]. The crystallite size generally decreased from 14.23 nanometers at 0 watts to 8.35 nanometers at 15 watts, consistent with peak broadening at higher manganese power [2].
5.2.1. LAB MEDIA: Figure 5. 
5.2.2. LAB MEDIA: Figure 5. Video editor: Highlight the wider peak shape of the 15 watt manganese curve compared with the narrower 0 watt curve.
5.3. Surface field-emission scanning electron microscopy images demonstrated clear changes in film microstructure with increasing manganese input [1].
5.3.1. LAB MEDIA: Figure 6. 
5.4. The 0-Watt control film showed larger polygonal grains with distinct grain boundaries [1], while the 5-Watt Manganese-doped film exhibited a more compact surface with finer grains [2].
5.4.1. LAB MEDIA: Figure 6. Video editor: Highlight 6A.
5.4.2. LAB MEDIA: Figure 6b. Video editor: Highlight 6B.
5.5. Films deposited at 10 Watt and 15-Watt Manganese power appeared denser, with fewer intergranular gaps than the 0-Watt and 5-Watt samples [1].
5.5.1. LAB MEDIA: Figure 6. Video editor: Highlight 6c and D.
5.6. Elemental composition analysis confirmed that manganese incorporation increased with increasing manganese target power [1].
5.6.1. LAB MEDIA: Table 3. Video editor: Highlight the “Mn (at.%)” column showing the increase from 0.00 to 0.59 across the power values.
5.7. All films exhibited a negative Seebeck coefficient, confirming n-type conduction behavior, and the magnitude of the Seebeck coefficient generally increased with temperature for all samples [1].
5.7.1. LAB MEDIA: Figure 7. Video editor: Follow the plotted lines from left to right and emphasize the marked points on the right side.
5.8. The highest Seebeck coefficient magnitude was observed for the 15-watt film, reaching minus 162.08 microvolts per kelvin at 523 kelvins [1].
5.8.1. LAB MEDIA: Figure 7. Video editor: Highlight the pink 15-watt manganese curve 
5.9. All films exhibited semiconducting transport behavior, where resistivity decreased with increasing temperature [1].
5.9.1. LAB MEDIA: Figure 8. 
5.10. The maximum power factor was achieved for the 5-watt film, reaching approximately 529.33 microwatt per meter per kelvin squared at 523 kelvins [1].
5.10.1. LAB MEDIA: Figure 9. Video editor: Highlight the red 5 watt manganese curve 
5.11. Although the 15-watt film exhibited the highest Seebeck coefficient magnitude, the increased resistivity reduced the power factor to 300.59 microwatt inverse meter inverse kelvin squared [1].
5.11.1. LAB MEDIA: Figure 9. Video editor: Highlight the pink 15-watt manganese curve 
.
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