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Supplementary Fig. 1. Optical transmission spectrum of a heat-treated (400 s at 700 °C) La–Ca–Cu–O (LCCO) film with a thickness d of ~250 nm deposited on a SiO2 glass substrate obtained by UV-Vis-NIR spectrophotometry. The dip at the wavelength of 800 nm is from the instrument. The optical transmittance T is approximated by T = T0exp(−αd), where α is the absorption coefficient of the LCCO film and T0 is the transmittance for α = 0, which is assumed to be ~80% from the transmittance at the wavelength of ~1300 nm. For the 532-nm probe light in Raman spectroscopy, T is 12%, and accordingly, the penetration depth α−1 is obtained as ~130 nm.


Supplementary Table 1. Parameters set for the analytical fitting in frequency-domain thermoreflectance (FDTR). (upper table) Wavelength and beam radius of the pump and probe light. (lower table) Thickness d, thermal conductivity K, volumetric specific heat C of each layer, and thermal conductance GLCCO, where the layers and interfaces are listed in order from the top to the bottom. Gg/Au, GAu/IL, dIL, and GLCCO are the initial undetermined parameters.

	
	λ (nm)
	w (μm)

	Pump
	488
	18*

	Probe
	532
	23*



	
	d
	K (W/(m K))
	C (MJ/(m3 K))
	G (MW/(m2 K))

	Cover glass
	150 μm
	1.01
	2.11
	–

	Interface
	–
	–
	–
	Gg/Au = 50

	Au
	80 nm
	220*
	2.51
	–

	Interface
	–
	–
	–
	GAu/IL = 50

	IL (DEME-TFSI)
	dIL = 700 nm
	0.132
	1.92
	–

	LCCO film
	500 nm
	–
	–
	GLCCO  4**

	Si
	500 μm
	1501
	1.61
	–



* See Methods in the main text regarding the evaluation.
	** For the initial state A; see Fig. 3 in the main text.
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Supplementary Fig. 2. Cross-sectional transmission electron microscopy image near the substrate surface of an LCCO film sputtered on a SiO2 glass substrate. The sputtering conditions are the same as those in the main text, except for the substrates. A homogeneous area with a thickness of ~100 nm on the substrate is observed, which is expected to be amorphous/nanocrystalline LCCO, and the subsequent deposition of the polycrystals whose size increases as the depth becomes shallower.
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Supplementary Fig. 3. Time dependence of the charging and discharging current |I| for the voltage application, corresponding to Fig. 2c (Raman) and Fig. 3d (FDTR) in the main text. For both measurements, the charged carriers are estimated to be ~1014 cm−2 from the transient current after switching voltages, and the leak current density is approximately 100 nA/cm2.
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