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---------------------
DATA & FILE OVERVIEW
---------------------
Under each top-level file or folder, add description of the data, file formats, software required to open, and any other information (e.g., conditions, filenaming, etc.) to help understand, explain, and navigate the files.


1. File List
   A. Filename:        JApplPhys_HAMR_source_AllData_04_23_2025

      Short description[any information required to navigate and understand datasets]: Just one excel containing all raw data for plots in the paper, following the order of figure numbers.
2. Relationship between files: No, there is only one file.


3. Additional related data collected that was not included in the current data package: No


4. Are there multiple versions of the dataset?
No

--------------------------
METHODOLOGICAL INFORMATION
--------------------------

1. Description of methods used for collection/generation of data [Copy the methods section from the paper (if that covers it), write up more detailed methods if necessary]:

Sample synthesis
All samples were prepared by Seagate using microfabrication processes such as sputtering, reactive deposition, plasma-enhanced chemical vapor deposition (PECVD), and electroplating. Co0.33Fe0.67 films were produced by depositing a Cr adhesion layer and a Cu plating seed onto a thermally-oxidized Si wafer, covering these films with a 30-nm Co0.30Fe0.70 seed layer, and then electroplating 300-nm of Co0.33Fe0.67 alloy onto the seed layer. Thin Cr films were used as adhesion layers for the sputtered Cu and Au films, produced on thermally-oxidized Si wafers. All other films were produced on Si substrates using vacuum deposition techniques. Bare Si and thermally-oxidized SiO2/Si wafers were also provided by Seagate as reference samples, permitting the isolation of the substrate effects on the measured sample properties. The composition of the amorphous silica was close to that of SiO2, but not exactly stoichiometric. Likewise, the composition of amorphous alumina was close to that of Al2O3. 


TDTR measurements
We used the state-of-the-art ultrafast pump-probe technique, TDTR, to measure the thermal conductivities (L) of thin-film samples from RT to 500 K. For samples exhibiting thermal anisotropy, both the through-plane Lz and in-plane Lr were examined. Before thermal measurements, a thin metallic layer (e.g., Al or Pt) was sputtered onto the sample (e.g., alumina, silica, AlN, or CoFe) as a transducer. This procedure was also performed with the 300-nm SiO2/Si control samples. For the Au, Cu, and NiFe thin films the material to be tested served as the transducer layer. In TDTR, a pump laser beam heats the sample stack, causing a temperature rise at the transducer surface, followed by a cooling process. A probe beam illuminates the sample stack at a varying time delay. The reflectivity of the probe beam varies with the temperature of the transducer surface due to the thermoreflectance effect. For a small temperature rise, the variation in the probe reflectivity is linearly proportional to the temperature excursion between pump heating and probe sensing, and thus provides thermal information about the sample stack. The experimental data were compared to a 3D heat transfer model to extract the thermal properties of interest.

For through-plane thermal measurements, the thermal wave propagation in the sample stack due to the modulated pump excitation has a penetration depth of δ = , where Lz is the thermal conductivity, f is the modulation frequency, and C is the volumetric heat capacity of the sample, respectively. The thin-film sample is considered thermally opaque (Fig. 2(a)) when d is less than the film thickness d, or thermally thin otherwise (Fig. 2(b)). For the latter case, the measurement probes the second thermal interface (G2), and the dual-frequency approach can be applied to improve the data reduction reliability. For all measurements of Lz, a 5× objective lens was used to focus the pump and probe beams onto the samples’ surface with a beam spot size of w0 ≈ 12 µm (1/e2 radius). The pump beam was modulated at 1.5, 9, or 18 MHz to optimize the measurement conditions based on our sensitivity analysis.

To probe in-plane thermal transport, we integrated the beam-offset approach with TDTR, where we varied the pump spot along the sample surface while keeping the probe spot fixed (Fig. 2(c)). The out-of-phase signal (Vout) was measured at -50 ps as a function of the offset distance between the pump and probe beam spots. Lr was extracted by comparing the full width at half maximum (FWHM) of Vout to that of the model prediction. To measure Lr, the beam-offset approach was adopted in addition to routine TDTR, both of which were performed with a 20× objective lens (w0 ≈ 3 µm) and at 1.5 MHz to ensure sufficient measurement sensitivity. The detailed conditions for all through-plane and in-plane measurements are summarized in Table 2.

2. Methods for processing the data: 
<describe how the submitted data were generated from the raw or collected data>

MATLAB and Origin were used for data processing and figure generation.

3. Instrument- or software-specific information needed to interpret the data:
The plots in the main paper were prepared by Origin. 

4. Standards and calibration information, if appropriate:
All TDTR measurements on the STO and SSO samples were done after the setup was calibrated by SiO2 reference sample measurements. In this way, the reliability of the TDTR measurements was ensured.

5. Environmental/experimental conditions:
All the experiments were done within the temperature range of ~300K to 500 K.

6. Describe any quality-assurance procedures performed on the data:



7. People involved with sample collection, processing, analysis and/or submission:
List people and their role.

N.Z. and X.W. originated the research. X.W. supervised the research. X.X. and C.Z. carried out the TDTR measurements and analyses under the guidance of X.W. J. R., J. G., X. Z., and N. Z. prepared the samples. N. S. characterized the thicknesses of all thin-film samples using SEM. S.G. performed the HAADF-STEM characterization under the guidance of A.M. X. X., C. Z., S. G., N. S., J. R., J. G., X. Z., N. Z., A. M., and X.W. contributed to the writing of the manuscript. All authors discussed the data and provided input on the paper.

-----------------------------------------
DATA-SPECIFIC INFORMATION FOR: [FILENAME]
-----------------------------------------
<create sections for each dataset included>


1. Number of variables:
Information is detailed in the excel spreadsheet, figure plots, and figure captions.

2. Number of cases/rows: 
Information is detailed in the excel spreadsheet, figure plots, and figure captions.

3. Variable List
    A. Name: <variable name>
       Description: <description of the variable>
                    Value labels if appropriate
    B. Name: <variable name>
       Description: <description of the variable>
                    Value labels if appropriate

-----------------------------------
Directory Structure
-----------------------------------

Copy directory structure. 
Example: from the Windows command line: tree /a /f >listmyfiles.txt. Or copy the directory structure by hand.
Command line in Mac (first install Tree with Homebrew): tree -hF > ~/Desktop/output.txt
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