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Figure S1. Stoichiometric analysis of SrRuO3 bottom electrodes grown at different laser repetition frequencies. a) Ru-3d core-level XPS profiles of target and SrRuO3 films, and b) Ru/Sr ratio extracted from the Ru-3d core-level XPS profiles. 

The Ru/Sr ratio of each SrRuO3 film was calculated using the areas of Ru-3d 3/2 and Sr-3p 1/2. To set the reference Ru/Sr ratio, the Ru-3d core level of the target was measured, and the Ru/Sr ratio of the target was set to 1. The Ru/Sr ratio increased from 0.74 to 0.90 with decreasing laser repetition frequency for SrRuO3 growth from 10 to 2 Hz (Figure S1).
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Figure S2. Work function characterization of SrRuO3 bottom electrodes grown at different laser repetition frequencies. a) UPS profiles of SrRuO3 electrodes, and b) secondary-electron-edge regions of the UPS profiles. 

UPS analysis was performed to determine whether the work function of the SrRuO3 electrode changed with its surface state, and whether it affected the leakage current characteristics of the capacitor. A few calculation results have shown that the work function of perovskite electrodes can change according to the surface termination states.33,34 However, in our experimental results, all SrRuO3 films grown at the different repetition frequencies, which led to differences in stoichiometry, showed identical work functions of 5.12 eV (Figure S2). 
In the case of the RuO2-terminated surface, RuO2 can oxidize and form a volatile RuO4 phase as follows: 
RuO2(s) + O2(g) → RuO4(g). 
Therefore, SrRuO3 presumably has only an SrO-terminated surface, and the work function of SrRuO3 did not change with the laser repetition frequency. 

	
	
	
	2 Hz
	5 Hz
	10 Hz

	Fitting parameter
	Trap energy level
	
	0.72 eV
	0.12 eV
	0.07 eV

	
	Mean hopping distance
	
	3.8 × 10−9 m
	-
	-


Table S1. Fitting parameters for the investigated conduction mechanisms (2 Hz: hopping conduction; 5 and 10 Hz: P–F emission). 


The fitting parameters—trap energy level and mean hopping distance—were derived by fitting the obtained data using fixed parameters. Because the leakage current characteristics of the 5- and 10-Hz-grown capacitors were fitted with respect to P–F emission, unlike the 2-Hz-grown capacitor that was fitted with respect to hopping conduction, the mean hopping distance was not derived by fitting. The presence of a deep defect (0.72 eV) was deduced for the 2-Hz-grown capacitor. This capacitor-defect level corresponds to oxygen defects in perovskite oxide dielectrics, such as SrTiO3 and BaTiO3.35,36 Additionally, the calculations revealed the existence of shallow defects of 0.12 and 0.07 eV in the 5- and 10-Hz-grown capacitors, respectively. 
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