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[bookmark: _Hlk144474599]1. XRD measurements of α-Ta (110) film
[bookmark: _Hlk102659573][bookmark: _Hlk144123915]Figure S1 shows three XRD curves of α-Ta (110) film, two of which were immersed in fresh piranha solution 6 and 12 times for 20 minutes each, and the other one, as a comparison, was not immersed in the piranha solution. θ‐2θ scans were performed on the films in the range from 30° to 110°. In addition to the substrate peaks, we see two prominent peaks corresponding to the α-Ta (110) and α-Ta (220). We estimated the grain size of the three spectra to be roughly 45nm based on the FWHM of the α-Ta (110) peaks. The structure and grain size of the α-Ta (110) films remain stable under the influence of corrosion and the high temperature of the piranha solution.
[image: ]
Fig. S1 θ‐2θ XRD scans of α-Ta (110) films, colors indicate the film without immersion in piranha solution, and with immersion in piranha solution once and twelve times, respectively.

2. XRD measurements of α-Ta (111) film
[image: ]
Fig. S2 θ‐2θ XRD scans of α-Ta (111) films

Fig. S2 shows that there are three sharp peaks, two of which are substrate peaks, and the one at around 107° is the peak of α-Ta (111), which indicates that the sample is a pure α-Ta (111) film.

[image: ]3. AFM and TEM images of α-Ta (111)

Fig. S3 (a) AFM image of α-Ta (111) film oxidized by air measured over a 2μm×2μm area. (b) The oxide layer thickness of α-Ta (111) in air.

Fig. S3 (a) shows the surface morphology of α-Ta (111) oxidized in air with fine and dense grains in triangular. Fig. S3 (b) is the TEM image of the oxide layer on α-Ta (111) film which shows the thickness of about 2 nm.

[bookmark: _Hlk144475918]4. Angle-resolved XPS spectra of α-Ta (110) 

[bookmark: _Hlk144129917][bookmark: _GoBack][image: ]Figure S4 shows the fitting data and angle-resolved XPS spectra from 0° to 75°of α-Ta (110) films. The angle is defined as the angle between the normal direction of the wafer surface and the direction of the signal acceptance. Ta2O5 is the major chemical composition of the α-Ta (110) film surface. In air, the oxidized layer on the surface of α-Ta (110) contains a small amount of Ta3+[Fig.S4 (a)], and after oxidation by piranha, it contains only Ta5+ [Fig.S4 (b)]. 

[bookmark: _Hlk144129960]Fig. S4 (a) XPS fitting data of α-Ta (110) oxidized in air at θ=0°. (b) XPS fitting data of α-Ta (110) oxidized in piranha at θ=0°. (c) and (d) are angle-resolved XPS spectra of α-Ta (110) films. The colors indicate the angle in degrees between sample and detector. The two peaks at low binding energy belong to 4f7/2 and 4f5/2 orbitals of Ta metal, and the two peaks at higher binding energy correspond to the same orbitals of Ta2O5. 

5. Angle-resolved XPS spectra of α-Ta (111)

Figure S5 shows the fitting data and angle-resolved XPS spectra from 30° to 85°of α-Ta (111) films. The angle is defined as the angle between the normal direction of the wafer surface and the direction of the signal acceptance. The α-Ta (111) surface oxide layer consists of Ta2O5 and other sub-oxidation states (Fig. S5 (a)). After the oxidation with piranha solution, its chemical composition was redistributed, with a significant increase in Ta2O5, but small amounts of sub-oxidation states remained (Fig. S5 (b)).
[image: ]
Fig. S5 (a) XPS fitting data of α-Ta (111) oxidized in air at θ=30°. (b) XPS fitting data of α-Ta (111) oxidized in piranha at θ=30°. (c) The spectra vs. angle of α-Ta (111) film in atmosphere. (d) The spectra vs. angle of α-Ta (111) film after once oxidation of piranha solution. The colors indicate the angle in degrees between sample and detector.

6. Structure of the CPW
[image: F:\2022-01-17-达芬奇项目2022年目标\文章\2023-03 投稿版-Ta2O5\2023-08-24 Scientific Report 投稿\2023-09-01 SCI REP 投稿文件\Fig. S6.emf]Figure S6 shows the structure of one CPW on the chip. The CPW were designed with center conductor and insulating gap widths of w = 10 µm and g = 6 µm, respectively.

Fig. S6 Optical microscopy image of one CPW
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