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[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk508614122][bookmark: OLE_LINK177][bookmark: _Hlk97066240][bookmark: _Hlk530993844]The Ta80Co20 film was fabricated via magnetron co-sputtering of Ta and Co targets with 99.99% (at mass percent) in purity on a 2-inch-diameter Si (100) wafer substrate. The Si wafer was cut into small pieces of squares in advance to facilitate the follow-up CTC treatment. The deposition chamber was pumped down to a pressure lower than 1×10-4 Pa, and high purity Ar (99.9995%) gas flow was tuned to 100 sccm, regulating the pressure of 1 Pa during deposition. The sputtering power for Ta and Co targets are 300 and 75 W, respectively. The deposition time is about 2 h and the thickness of the fabricated TaCo film is measured to be about 2 μm. CTC treatment was then applied to the TaCo film. In each cycle, the films were firstly dipped into liquid nitrogen for 1 min, then immediately immersed in hot silicone oil for 1 min. A whole CTC treatment includes 15 cycles. According to previous studies [1, 2], the effective thermal temperature in the CTC treatment is about 0.42–0.62 of the glass transition temperature, Tg. In this study, Tg is about 1100 K, and the temperature of oil was set to be 573 K (which is the boiling point of the silicon oil for heating and 0.48 of Tg). The samples before and after CTC treatment are denoted as as-deposited and CTC573K samples. For comparison, an annealed sample was prepared at 573 K for half an hour. Micro-compression tests of the as-deposited, CTC treated and annealed samples were conducted on the Nanoindenter (Bruker, TI980) with a flat-end conical tip (Synton), under displacement-control mode and at a strain rate of 5×10-3 s-1. The micro-pillars were prepared via the dual-beam focus ion beam (FIB, NX5000) system, and the aspect ratio is 2:1 with 500 nm in diameter. To assure the repeatability of the test results, the micro-pillar compression test for each sample is repeated three times. The morphology of deformed micro-pillar samples was observed by scanning electron microscopy (SEM, JSM-6700F). The hardness values were also measured with Nanoindenter equipment (Bruker, TI980) by using the standard Oliver-Pharr method under load control mode with a diamond Berkovich indenter [3]. The middle area of each sample was mapped by 64 indentations with 30 μm spacing in the radial direction and 30 μm over the height. The loading and unloading rates were 1 nm·s-1. The maximum load (Fmax) was 10 mN and the holding time at the Fmax was 2 s. High-resolution transmission electron microscopy (HRTEM, Talos F200X) analysis was carried out to observe the microstructure changes. The samples for HRTEM analysis were also prepared via the FIB system. The elemental distributions on the nanoscale were analyzed by energy-dispersive X-ray spectroscopy (EDS) in transmission electron microscopy (TEM). For high-angle annular dark-field (HAADF) imaging, a probe semi-convergence angle of 10.5 mrad and collection semi-angle of 58–200 mrad were used. X-ray photoelectron spectroscopy (XPS, AXIS UltraDLD) was used to determine the bonding states. 
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Fig. S1 XRD patterns of the as-deposited, CTC treated and annealed samples.
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Fig. S2 XPS of the as-deposited, CTC573K and annealed samples.
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