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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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

Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/account/file-uploader?src=21812733

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 08/28/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  16
Number of Shots:  47 

Interviews 

Authors: Answers are slightly edited in accordance with journal guidelines. 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. Suemy Batista: Our semiconductor research focuses on developing non-destructive analytical tools to identify and map chemical composition with nanometer-scale precision and sensitivity.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Paul H. Davis: AFM-IR addresses the limitation in existing methods by combining atomic force microscopy’s nanoscale spatial resolution with infrared spectroscopy’s chemical composition information.
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. 
1.1. 
1.2. 
1.3. Nolan H. Olaso: This protocol enables nanoscale chemical analysis of patterned wafers and semiconductor devices to inform process development and troubleshooting.
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. Benjamin R. Bailey: The most important consideration is ensuring a strong photothermal AFM-IR response through judicious IR wavenumber, laser alignment, and cantilever resonance selection.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

Are there any additional methods or analyses that can be performed following this procedure?
1.5. Corey M. Efaw: Following this procedure, AFM-IR can be combined with electron microscopy, XPS, or TOF-SIMS for comprehensive semiconductor device analyses. 
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


Protocol  
Title Card:

AFM–IR Measurement Setup and Acquisition
· Set up the AFM–IR system for tapping mode AFM-IR by loading a sample and an appropriate probe, adjusting the optical microscope focusing, approaching the surface, aligning the red AFM laser to accurately measure cantilever deflection, and closing the instrument enclosure to purge the system.
· Tune the cantilever to optimize the Drive and Detection mode resonance frequencies for AFM topography and IR signal acquisition.
· Engage the probe and optimize AFM scanning parameters to acquire a high-quality AFM topography image of the sample.
· Identify an IR-active feature of interest in the AFM topography image.

2. IR System Optimization and Calibration 
Demonstrator: Suemy Batista

2.1. To optimize infrared, or IR (I-R), beam alignment and laser [1], click the Align icon in the NanoIR (Nano-I-R) window to open the Load Tip Wizard window [2]. Adjust the IR focus using the up and down arrows in the Center Align Laser window to identify the focal position that produces the smallest, most circular visible laser spot [3]. Center the visible alignment laser on the back of the cantilever directly above the probe tip using the Align Laser Navigation arrows [4]. Click Finish to close the Load Tip Wizard window [5].
2.1.1. WIDE: Talent seated at the NanoIR instrument, operating the computer to begin the NanoIR software workflow.
2.1.2. SCREEN: Show the cursor clicking the Align icon in the NanoIR window and opening the Load Tip Wizard window.
Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/account/file-uploader?src=21812733
2.1.3. SCREEN: Show the cursor adjusting the up and down arrows in the Load Tip Wizard window and the green visible laser focus spot changing accordingly.
2.1.4. SCREEN: Show the cursor adjusting the Align Laser Navigation arrows and the green visible laser spot moving accordingly.
2.1.5. SCREEN: Show the cursor clicking Finish and the Load Tip Wizard window closing.
2.2. Click the Optimize icon in the NanoIR (Nano-I-R) window to open the IR Optimize window [1]. Adjust the slider bar at the top of the IR Optimize window to select an area larger than 200 by 200 micrometers [2]. Click Scan to raster the IR beam [3].
2.2.1. SCREEN: Show the cursor clicking the Optimize icon in the NanoIR window and opening the IR Optimize window.
2.2.2. SCREEN: Show the cursor adjusting the slider bar and selecting an area larger than 200 micrometers × 200 micrometers.
2.2.3. SCREEN: Click Scan to raster the IR beam.
2.3. If necessary, adjust the IR focus to compensate for differences between the visible alignment and IR beams by clicking Tools and selecting Focus Capture [1]. Select the Number of Focus Captures and the focus Start and End points [2]. Click Focus Capture to simultaneously optimize beam alignment and focus [3].
2.3.1. SCREEN: Click Tools and select Focus Capture.
2.3.2. SCREEN: Set the Number of Focus Captures and the focus Start and End points.
2.3.3. SCREEN: Click Focus Capture to optimize beam alignment and focus.
2.4. Repeat beam optimization at additional wavenumbers when spectra or chemical maps will be acquired across a broad spectral range [1]. Click OK to close the IR Optimize window and save the settings [2].
2.4.1. SCREEN: Repeat beam optimization at additional wavenumbers.
2.4.2. SCREEN: Click OK to close the IR Optimize window and save the settings.
2.5. Click the Pulse Tune icon in the NanoIR window to open the Laser Pulse Tune window [1]. Set a Tune Range of approximately 100 to 200 kilohertz centered on the nominal difference-frequency pulse rate identified during probe tuning [2].
2.5.1. SCREEN: Shot of cursor clicking Pulse Tune icon in the NanoIR window and opening the Laser Pulse Tune window.
2.5.2. SCREEN: Shot of the Tune Range being set to approximately 100 to 200 kilohertz centered on the nominal difference-frequency Pulse Rate.
2.6. Click Acquire to sweep the laser pulse repetition rate over the selected Tune Range about the Pulse Rate [1]. Verify that a prominent isolated Gaussian-shaped resonance peak without a significant shoulder is observed [2]. Select the identified resonance peak [3].
2.6.1. SCREEN: Shot of cursor clicking Acquire to sweep the laser pulse repetition rate over the selected Tune Range about the Pulse Rate.
2.6.2. SCREEN: Show a prominent isolated Gaussian-shaped resonance peak without a significant shoulder.
2.6.3. SCREEN: Select the identified resonance peak.
2.7. Reduce the Tune Range to 50 kilohertz or less [1]. Refine the selected pulse repetition rate by locating the maximum of the resonance peak [2].
2.7.1. SCREEN: Reduce the Tune Range to 50 kilohertz or less.
2.7.2. SCREEN: Adjust the pulse repetition rate to the maximum of the selected resonance peak. 
2.8. Enable the phase-locked loop or PLL (P-L-L) under Auto-Tune [1]. Set the PLL  bandwidth to 30 kilohertz or less around the selected resonance by defining the corresponding minimum and maximum allowable frequencies [2]. Set the PLL threshold slightly above the observed pulse-tune noise level [3]. Click OK to close the Laser Pulse Tune window and save the settings [4].
2.8.1. SCREEN: Enable PLL under Auto-Tune.
2.8.2. SCREEN: Set the Minimum and Maximum allowable frequencies to define the PLL bandwidth. 
2.8.3. SCREEN: Set the PLL Threshold to approximately 1.1 times the observed pulse-tune noise level.
2.8.4. SCREEN: Click OK to close the Laser Pulse Tune window and save the settings.
2.9. Select Tools and choose IR Background Calibration from the main menu [1]. Click New to acquire a background spectrum [2]. Confirm that the Pulse Rate and Duty Cycle match the values established during IR optimization [3]. Set the spectral Resolution equal to the value planned for sample acquisition [4].
2.9.1. SCREEN: Select Tools > IR Background Calibration from the main menu.
2.9.2. SCREEN: Click New to acquire a background spectrum.
2.9.3. SCREEN: Verify that the Pulse Rate and Duty Cycle match the established values.
2.9.4. SCREEN: Set the spectral Resolution equal to the value planned for sample acquisition.
2.10. Select the Start and End Wavenumber to encompass the entire spectral range intended for sample measurements [1]. Set Power to 100% [2]. Set Backgrounds to Average to 5 acquisitions [3]. Click Acquire to collect the averaged background spectrum [4]. Click Save to save the background spectrum and automatically close the Collect Background window [5].	Comment by Lakshmi Priya: This is retained as a separate step in accordance with JoVE’s guidelines.
2.10.1. SCREEN: Enter the desired Start Wavenumber and End Wavenumber values in the Collect Background window.
2.10.2. SCREEN: Set the Power field to 100%.
2.10.3. SCREEN: Set Backgrounds to Average to 5.
2.10.4. SCREEN: Click Acquire and display the averaged background spectrum after acquisition.
2.10.5. SCREEN: Click Save to save the background spectrum and close the Collect Background window.

3. IR Spectral Acquisition and Chemical Mapping
Demonstrator: Nolan Olaso

3.1. To acquire a point IR spectrum, identify the feature of interest in the previously acquired Atomic Force Microscopy or AFM (A-F-M) topography image [1]. Using the Microscope window point-and-click navigation function, position the AFM probe over the selected feature in the Imaging View [2].
3.1.1. SCREEN: Select the feature of interest in the AFM topography image.
3.1.2. SCREEN: Position the AFM probe over the target location in the Imaging View using the Microscope window point-and-click navigation function.
3.2. Define the desired spectral acquisition range in the NanoIR window [1]. Set the spectral Resolution to match the value used during IR Background Calibration [2]. Select the desired IR laser Power from the Power dropdown menu [3].
3.2.1. SCREEN: Enter the Start Wavenumber and End Wavenumber values in the NanoIR window.
3.2.2. SCREEN: Set the spectral Resolution in the NanoIR window to match the value used during IR Background Calibration.
3.2.3. SCREEN: Select the desired IR laser Power from the Power dropdown menu.
3.3. Specify the number of spectra to acquire [1]. For spectral averaging, select the Co-average Spectra checkbox and specify the number of Co-averages from the dropdown menu [2]. Click Acquire to start IR spectrum acquisition [3].
3.3.1. SCREEN: Enter the desired number of spectra in the NanoIR window.
3.3.2. SCREEN: Select the Co-average Spectra checkbox and choose the desired number of Co-averages from the dropdown menu.
3.3.3. SCREEN: Click Acquire to begin spectrum acquisition and display the IR spectrum as it is collected.
3.4. Export the acquired spectrum by selecting File and choosing Export in Analysis Studio [1]. Repeat spectrum acquisition at additional locations as needed [2].
3.4.1. SCREEN: In Analysis Studio, select File > Export to export the acquired spectrum.
3.4.2. SCREEN: Select another feature in the AFM topography image to acquire an additional spectrum.
3.5. To perform IR mapping of the vibrational mode of interest, set the IR Wavenumber in the NanoIR window to the amplitude maximum of the vibrational mode of interest based on the previously acquired IR spectrum [1]. Select the IR Imaging Enabled checkbox in the NanoIR window [2].
3.5.1. SCREEN: Enter the IR Wavenumber corresponding to the amplitude maximum of the vibrational mode in the NanoIR window.
3.5.2. SCREEN: Select the IR Imaging Enabled checkbox.
3.6. Click the Scan icon in the AFM Scan window to begin AFM scanning [1]. Simultaneously acquire the AFM topography image and the corresponding IR amplitude map [2].
3.6.1. SCREEN: Click the Scan icon in the AFM Scan window.
3.6.2. SCREEN: Display the AFM topography image and the corresponding IR amplitude map updating simultaneously during the scan.
3.7. Save the AFM topography image and IR mapping data by clicking Capture, selecting End of Frame from the Microscope window toolbar [1].
3.7.1. SCREEN: In the Microscope window toolbar, select Capture > End of Frame to save the AFM topography image and IR mapping data.


Results
4. Results 

4.1. Spectral differences between the polymer [1] and the silicon dioxide substrate were observed in AFM–IR spectra [2]. 
4.1.1. LAB MEDIA: Figure 6A. Video editor: Highlight the orange spectrum labelled 'PMMA'.
4.1.2. LAB MEDIA: Figure 6A. Video editor: Highlight the blue spectrum labelled 'SiO₂'.
4.2. The polymer pattern was mapped at the 1730 wavenumber or reciprocal centimeters carbonyl absorption peak [1]. 
4.2.1. LAB MEDIA: Figure 6B. Video editor: Highlight the bright “B” patterned shape.
4.3. Silicon nitride films patterned atop silicon ridges alternating with silicon dioxide trenches were evaluated using AFM–IR [1]. 
4.3.1. LAB MEDIA: Figure 7A.   
4.4. Spectra from silicon dioxide trenches exhibited the characteristic silicon–oxygen–silicon stretching mode at 1120 wavenumbers [1], whereas silicon nitride-covered ridges did not [2]. 
4.4.1. LAB MEDIA: Figure 7D. Video editor: Highlight the spectrum labelled 'SiO₂'.
4.4.2. LAB MEDIA: Figure 7D. Video editor: Highlight the spectrum labelled 'SiN'.
4.5. Chemical mapping at 1120 wavenumbers showed the chemical composition correlated with the substrate topography [1]. 
4.5.1. LAB MEDIA: Figure 7C and 7E. 
4.6. AFM–IR identified the silicon dioxide trenches [1] and indirectly identified polypyrrole [2]. 
4.6.1. LAB MEDIA: Figure 7F. Video editor: Highlight the vertical strip (brown with little blue and green) in the center of the image
4.6.2. LAB MEDIA: Figure 7F. Video editor: Highlight the green and blue textured regions on the left and right sides of the image.
4.7. AFM–IR mapped the primary photoresist region [1], and residual contamination [2], with minimal photoresist signal observed beyond the photoresist boundary [3]. 
4.7.1. LAB MEDIA: Figure 8A. Video editor: Highlight the region labelled 'Site A' within the area marked 'PR'.
4.7.2. LAB MEDIA: Figure 8A. Video editor: Highlight the red circled region labelled 'Site B' within the contact area.
4.7.3. LAB MEDIA: Figure 8A. Video editor: Highlight the red circled region labelled 'Site C' farther from the photoresist boundary.
4.8. Spectra confirmed residual photoresist in contaminated regions such as Site B [1], while Site C lacked photoresist-related absorption bands [2]. 
4.8.1. LAB MEDIA: Figure 8B. Video editor: Highlight the spectra labelled 'Site B' showing similar peaks near 1600 reciprocal centimetres.
4.8.2. LAB MEDIA: Figure 8B. Video editor: Highlight the spectrum labelled 'Site C' showing no corresponding photoresist-related peaks.
4.9. AFM–IR assessed interface cleanliness [1] and identified localized chemical contamination [2]. 
4.9.1. LAB MEDIA: Figure 8A. Video editor: Show the mapped contact region containing the labelled Sites A, C, and B.
4.9.2. LAB MEDIA: Figure 8B. Video editor: Display the three spectra labelled 'Site A', 'Site B', and 'Site C'.
4.10. A pulse-tune sweep revealed multiple contact resonances [1]. 
4.10.1. LAB MEDIA: Figure 9A.
4.11. Employing different resonance frequencies resulted in substantial differences in spectral quality [1]. 
4.11.1. LAB MEDIA: Figure 9B. Video editor: Highlight the spectra labelled '177 kHz' and '1139 kHz'.
4.12. Relative Q-factor [1] and signal-to-noise analyses showed that the selected contact resonance affected sensitivity [2]. 
4.12.1. LAB MEDIA: Figure 9C. Video editor: Highlight all the small squares in the plot.
4.12.2. LAB MEDIA: Figure 9D. Video editor: Highlight all the small squares in the plot.
4.13. AFM–IR chemical maps acquired at 1730 wavenumbers using pulse repetition rates of 177 kilohertz [1] and 1139 kilohertz [2] showed that the higher-quality resonance condition produced improved chemical contrast and image quality [3]. 
4.13.1. LAB MEDIA: Figure 9E. Video editor: Highlight the B shaped pattern.
4.13.2. LAB MEDIA: Figure 9F. Video editor: Highlight the B shaped pattern.
4.13.3. LAB MEDIA: Figure 9E and F.
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