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Fig. S1 Relative Raman peak position changes after In deposition on InSe.
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Fig. S2 Photo-switching characteristics of the InSe field-effect devices with different metal

contacts, Au, FLG, and In (A = 850 nm, P = 0.5 mW cm™, Vps =0 V).
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Fig. S3 Schematic of the fabrication process for our self-powered InSe photodetector. (a) A
Si02/p-Si substrate, (b) deposition of an Au bottom electrode on the SiO»/p-Si substrate, (c)
transfer of an InSe flake on the Au bottom electrode, (d) 15-nm-thick In deposition, (e) stacking
a FLG flake on the In/InSe, and (f) metal electrode deposition on the Au bottom electrode and

the FLG flake.
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Fig. S4 (a) Atomic force microscope (AFM) image of the FLG/In/InSe/Au heterostructure and

(b-d) surface profiles of the InSe, FLG, and Au in the heterostructure along the blue, green,

and orange lines in the AFM image.
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Fig. S5 (a) Raman spectra of the FLG/In/InSe/Au, In/InSe/Au, In/InSe, and InSe. (b) Raman

spectra of the FLG/In/InSe/Au, In/InSe/Au, and FLG/In regions of the photodetector.



Fig. S6 Optical micrographs of the multiple self-powered InSe photodetectors: (a) sample #1,
(b) sample #2, (c) sample #3, and (d) sample #4. Region 1 (yellow), Region 2 (blue), and

Region 3 (red) are marked in each optical micrograph. The scale bar denotes 10 um.
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Fig. S7 In as a function of the areas of (a) Region 1, (b) Region 2, (c) Region 3, (d) Region 4,
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and (e) InSe. (f) R-squared of the regression line in graphs (a—e).
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Fig. S8 Effective (a) R and (b) D* of the multiple self-powered photodetectors as a function of

P.



(b)

Fig. S9 Optical micrographs of the (a) type 1, (b) type 2, and (c) type 3 devices. The InSe/Au
(red), In/InSe/Au (red), FLG/InSe/Au (yellow), FLG/InSe (blue), and FLG/In/InSe (blue)

regions are marked in each optical micrograph. The scale bar denotes 10 pm.
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Fig. S10 (a) InSe-Au and (b) InSe-In models for density functional theory (DFT) calculations.
For geometry optimization, the uppermost four layers of Au and In were fixed in bulk geometry,

and the two other layers of the metallic surface were allowed to relax.



Fig. S11 Calculated projected band structures of InSe (a) layer A, (b) layer B, and (c) layer C
extracted from the InSe-Au model, and those of InSe (d) layer A, (e) layer B, and (f) layer C
extracted from the InSe-In model. All bands are aligned with respect to the Fermi level Er of
the contact (Au or In) (dashed purple lines) and the solid purple lines indicate the conduction

band minimum edge determined based on the layer C projected bands.
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Fig. S12 Ips versus Vps curves of the In-contacted InSe device at Vg from -50 V to 50 V in

steps of 10 V.
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Fig. S13 (a) Optical micrograph of the InSe VFET. (b) Raman spectra of the InSe and SLG in

the InSe VFET.
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Fig. S14 (a) Schematic side view of the type 1 device. The arrows schematically describe the

directions of Vyertical and Viateral, the components of drift velocity along the out-of-plane and in-

plane directions, respectively. (b) Viateral, Leh and 7iaeeral Of the type 1 and 2 photodetectors as

functions of Vii/Lch, Where Viateral = fiateral Voi/Leh is the lateral drift velocity, fiateral = 150 cm?/Vs

is the in-plane mobility, and Tiateral = Len/2Viateral 18 the transit time along the lateral direction. (c)

Tlateral aNd Tvertical O the type 1, 2, 3, and 4 photodetectors as functions of Vpi/Lch.
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Fig. S15 (a) Light/laark (P = 0.5 mW cm™), (b) R, and (c) D* (P = 0.025 mW cm™) of the type

1-4 photodetectors as functions of wavelength.
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Fig. S16 DFT-derived plane-averaged electrostatic potentials (Ves) of the a) In six-layer slab
model, b) Au six-layer slab model, and ¢) InSe three-layer slab model. Work functions (®) are
extracted by Evac — Er (horizontal dashed lines in (a) and (b)). The calculated @, = 4.10 eV
and @, = 5.15 eV match well with experimentally reported values.!? Ionization energy (IE)
is extracted by Evac — Evem (horizontal dashed line in (c)). The calculated /Ejse = 5.80 eV is

well match with a experimentally reported value.?
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