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[bookmark: _Hlk216470102]Supplementary simulation results for the small-scale structure of Silicon/MAPbI3 heterostructure
In the following, the wavefunctions, potential, electric field, and energy levels in the simulated structure are examined in order to investigate more precisely the effects of the selected parameters and models. Fig. S1 shows the wavefunctions corresponding to the conduction-band and valence-band edge states for the simulated structure under zero-bias conditions. As observed in Fig. S1, due to the close alignment of the conduction-band edges in silicon and MAPbI3, the conduction-band-edge wavefunction is spread throughout the entire structure (including the substrate and perovskite) ( ). In contrast, owing to the valence-band offset between the two regions (), the valence-band-edge wavefunction is localized within the silicon substrate.
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Fig. S1 (a) Conduction-band edge wavefunction and (b) valence-band edge wavefunction for the Si–MAPbI₃ structure.
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Fig. S2 presents the potential and electric field in the simulated structure. For a more detailed analysis, Fig. S3 and Fig. S4 present the potential and electric field profiles along a vertical cross section as well as along the silicon surface. Part of the variations in the electric field and potential originate from the band-edge offsets, while another part arises from the impurity distribution and the zero-potential boundary conditions applied to the electrodes. As shown, although the electric field in the perovskite region is nonzero, its magnitude is small compared to that within the silicon substrate. The electric field in the perovskite region results from carrier transfer from the perovskite into the silicon substrate.
(a)
(b)
Silicon
Silicon
MAPbI3

MAPbI3


Fig. S2 (a) Potential and (b) electric field in the Si–MAPbI₃ structure, simulated using the ATLAS software.
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Fig. S3 (a) Potential in the HFET with a perovskite barrier, and (b) and (c) the potential along the vertical and horizontal cut lines (silicon surface).
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Fig. S4 (a) Electric field in the HFET with a perovskite barrier, and (b) and (c) the electric field along the vertical and horizontal cut lines (silicon surface).
Fig. S5 illustrates the energies corresponding to the conduction- and valence-band edges. In Fig. S5 (c), the energy levels across the mid-plane of the structure and along the direction perpendicular to the surface are also shown. These results have likewise been obtained under zero applied bias. As expected, the curvature of the energy levels within the perovskite (MAPbI3) region is small, owing to the intrinsic treatment of this layer. The slight discrepancy between the bandgap values entered into the software and those displayed in Fig. S5 (c) arises from the use of a quantum model for this structure. In other words, the levels shown in Fig. S5 correspond to the lowest-energy states of the conduction band and the highest-energy states of the valence band, calculated using the Schrödinger equation.
An examination of the current density provides a useful perspective on carrier transport in the Si–MAPbI3 structure. Fig. S6 presents the electron and hole current densities on a logarithmic scale. The simulations in this section were performed under an applied bias of 0.1 V between the two electrodes. As shown in Fig. S6, the current in this structure is predominantly carried by electrons and is generated primarily at the perovskite–substrate interface. However, the reduction in electron current density near the electrode held at positive potential (electrode 1) is due to the introduction of impurities beneath the perovskite layer (associated with the effect of the linker molecules). Consequently, carrier transport in this region occurs mainly via tunneling.
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Fig. S5 (a) Conduction-band and (b) valence-band energy levels in the Si–MAPbI₃ structure, and (c) the conduction- and valence-band energy levels shown at the mid-plane of the structure along the direction perpendicular to the surface.
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(b)
Fig. S6 Electron (a) and hole (b) current density (in logarithmic scale) in the Si–MAPbI3 structure under an applied voltage of 0.1 V between the two electrodes.



Supplementary Simulation Parameters and Simulation Result
Table S1 Simulation parameters in the ATLAS software
	Structure Parameters

	25nm
	Silicon thickness

	30 nm – 5 nm
	MAPbI3 thickness

	350 nm
	Drain/Source doped length 

	50 nm
	Gate-Source space 

	100 nm
	Drain-Gate space

	250 nm
	Gate length 

	300nm
	Drain/Source length

	1100 nm
	Total length

	Contact Parameter

	4.64
	Gate workfunction 

	Doping Parameters 

	1018 cm-3
	Drain/Source doping 

	Intrinsic
	Channel doping

	3.26×1012 cm-3
	Barrier doping 

	2×1020 cm-3 Gaussian Char=6 Å
	Surface doping 

	Trap

	2.1×1013 cm-3
	Density
	 Energy Level*= 0.1
	Donor

	4.4×1013 cm-3
	Density
	 Energy Level*= 0.3
	Donor

	6.5×1013 cm-3
	Density
	 Energy Level*= 0.1
	Acceptor

	Material Parameters

	23.3 F/m [1]
	Permittivity
	MAPbI3

	3.93 eV [2]
	Electron affinity
	

	1.56 eV [3]
	Bandgap 
	

	0.76 [4]
	Electron effective mass
	

	0.35 [4]
	Hole effective mass
	

	1.66×1019 cm-3 [5]
	NC
	

	5.41×1018 cm-3 [5]
	NV
	

	0.7 cm2/V.s [6]
	Electron mobility
	

	0.4 cm2/V.s [6]
	Hole mobility
	

	11.8 F/m
	Permittivity
	Silicon

	4.17 eV
	Electron affinity
	

	1.08 eV
	Bandgap 
	

	2.8×1019 cm-3
	NC
	

	1.04×1019 cm-3
	NV
	

	1000 cm2/V.s
	Electron mobility
	

	* The energy distance between conductance band and trap level for acceptor trap, and the energy distance between trap level and valence band for donor trap [7].
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Fig. S7 Impurity distribution (on a logarithmic scale) in the HFET with a perovskite barrier.
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Fig. S8 Current density at the barrier–substrate interface for the HFET based on the Si–APS–MAPbI3 structure with a 30 nm perovskite layer under equilibrium (VDS = 0.05 V).
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