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S1. Additional Experimental Details
S1.1 Fabrication of BZT Ceramic
Ba(Zr₀.₂Ti₀.₈)O₃ (BZT) powders were prepared using the conventional solid-state reaction method. High-purity BaCO₃, TiO₂, and ZrO₂ powders were weighed according to stoichiometric composition and ball-milled in ethanol for homogenization. The dried powders were calcined at 1000 °C for 4 h to ensure phase formation.
The calcined powder was re-milled, pressed into circular pellets (radius: 4.37 mm), and sintered at 1350 °C for 4 h. Silver paste was coated on both surfaces to form Ag/BZT/Ag capacitors.
S2. Electrical Measurement Conditions
• Capacitance and dielectric loss were measured over a frequency range of 1 kHz to 1 MHz.
• Leakage current density was measured under DC bias using a source meter.
• All measurements were carried out at room temperature.
S3. Simulation Parameters (COMSOL Multiphysics)
S3.1 Thickness-Scaled Ag/BZT/Ag Model
• Dielectric thickness: 104 nm
• Lateral radius: 4.37 mm
• Dielectric assumed homogeneous and defect-free
• Electrostatic boundary conditions applied
S3.2 Pt/ZrO₂/BaTiO₃/ZrO₂/Pt Thin-Film Model
• BaTiO₃ thickness: 100 nm
• ZrO₂ barrier layers: 2 nm each
• Electrodes: Pt (high Schottky barrier contact)
• Series dielectric model considered for capacitance calculation
Electric-field-dependent conduction mechanisms were incorporated to evaluate leakage current density.
S4. Energy Density Calculation
Energy density was calculated using:
W = 1/2 ε₀ εᵣ E²
where ε₀ is vacuum permittivity, εᵣ is relative permittivity, and E is the applied electric field. Breakdown field values obtained from simulation were used to estimate maximum energy density.
S5. Key Supporting Numerical Values
	Structure
	Energy Density (J/cm³)
	Leakage Current Density (A/cm²)

	Bulk Ag/BZT/Ag
	≈ 0.84
	10⁻⁶ – 10⁻⁸

	Thickness-Scaled (104 nm)
	≈ 45
	≈ 10⁻²

	Pt/ZrO₂/BT/ZrO₂/Pt
	≈ 6
	≈ 10⁻⁴


S6. Summary
This supplementary information provides additional fabrication details, measurement conditions, and simulation parameters supporting the comparative analysis of bulk, thickness-scaled, and interface-engineered capacitor architectures.
