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Fig. S1 Optoelectrical characteristics of the Gr-SnSe; (256 nm)-Gr heterostructure. (a)

Optical image of the heterostructure. The scale bar is 5 um. (b) Atomic Force

microscopy (AFM) topography at the interface of the top graphene and SnSe;. (¢) The

corresponding thickness of the SnSe, and top graphene from (d) Responsivity and

photocurrent density by 532 nm laser as a function of light power density under V4 =

0.5V, V, = 0V. (e) EQE and Detectivity as a function of light power density. (f)

Rising and decay time of the Gr-SnSe,-Gr under a 532 nm illumination at V, = 0 V.

(g) Responsivity and photocurrent density by 635 nm laser as a function of light

power density under V4, = 0.5 V, V, = 0V. (h) Rising and decay time of the Gr-SnSe,-

Gr under a 635 nm illumination at V, = 0 V. (i) Responsivity and photocurrent

density by 808 nm laser as a function of light power density under V4= 0.5V, V, =

oV.
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Fig. S2 (Opto) electrical characteristics of the vertical Gr-SnSe, (12.2 nm)-Gr
heterostructure. (a) Optical image of the heterostructure. The scale bar is 5 pm. (b)
Atomic Force microscopy (AFM) topography at the interface of SnSe,. (¢) The
corresponding thickness of SnSe, from (d) Output characteristic curves of the device
under V, from 80 V to -80 V. (e) Transfer characteristic curves of the device
correlated to V. (f) Responsivity by 532 nm laser as a function of light power density

under V4 =0.5V, V,=0V.
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Fig. S3 (Opto) electrical characteristics of the vertical Gr-SnSe, (30.1 nm)-Gr
heterostructure. (a) Optical image of the heterostructure. The scale bar is 10 um. (b)

Responsivity by 532 nm laser as a function of light power density under V4 = 0.5V,

V,=0V.
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Fig. S4 (Opto) electrical characteristics of the vertical Gr-SnSe; (196 nm)-Gr device.
(a) Optical image of the heterostructure. The scale bar is 10 um. (b) Atomic Force
microscopy (AFM) topography at the interface of SnSe, and the corresponding
thickness of the SnSe, along the yellow line. (¢) Transfer characteristic curves of the
device correlated to V. (d) Output characteristic curves of the device under V, from
80 V to -80 V. (e) Responsivity and photocurrent density by a 532 nm laser as a
function of light power density under V4 = 0.5 V, V, = 0V. (f) Rising and decay time

of the device under a 532 nm illumination at V4, =0.5V, V,=0 V.
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Fig. S5 Thickness-dependent responsivity of SnSe, nanoflakes.
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Fig. S6 Optoelectrical characteristics of the Gr-SnSe; (96.5 nm)-Gr heterostructure. (a)
Responsivity and photo-current density as a function of light power density. (b) Light

power density dependence of the photocurrent.
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Fig. S7 Electrical properties of the FETs devices for graphene. (a) Ij-Vs
characteristic curves without the gate voltage. (b) Transfer curves. (¢) Output curves.

The scale bar is 10 pm.
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Fig. S8 (Opto) electrical characteristics of the horizontal SnSe, (242 nm) device. (a)
Atomic Force microscopy (AFM) topography at the interface of SnSe, and the
corresponding thickness of the SnSe, along the yellow line. (b) Output characteristic
curves of the device under V, from 80 V to -80 V. (c) Transfer characteristic curves
of the device correlated to V,. (d) Responsivity and photocurrent density by a 532 nm
laser as a function of light power density under V4 = 0.5 V, V, = 0V. (¢) EQE and
Detectivity as a function of light power density. (f) Rising and decay time of the

device under a 532 nm illumination at Vg = 0.5V, V=0 V.
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Fig. S9 (Opto) electrical characteristics of the horizontal SnSe, (208 nm) device. (a)
Atomic Force microscopy (AFM) topography at the interface of SnSe, and the
corresponding thickness of the SnSe, along the yellow line. (b) Output characteristic
curves of the device under V, from -80 V to 80 V. (c) Transfer characteristic curves
of the device correlated to V,. (d) Responsivity and photocurrent density by a 532 nm
laser as a function of light power density under V4 = 0.5 V, V, = 0V. (¢) EQE and
Detectivity as a function of light power density. (f) Rising and decay time of the

device under a 532 nm illumination at Vg = 0.5V, V=0 V.
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Fig. S10 (Opto) electrical characteristics of the Gr-SnSe, (256 nm)-Gr compared to
the horizontal SnSe; (242nm) device under V4= 0.5V, V, =0 V. (a) I4-V curve of
the device. (b) Output characteristic curves of the device under V, from -80 V to 80 V.
(c) Responsivity by 532 nm laser as a function of light power density. (d) EQE and
Detectivity as a function of light power density. (¢) Time trace of SnSe, (top) and Gr-
SnSe,-Gr (bottom) under a 532 nm illumination. (f) Rising and decay time of the

device under a 532 nm illumination.
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Fig. S11 The I4-V, curves under 532 nm illumination as a function of light power
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Fig. S12 (Opto) electrical characteristics of the vertical Gr-SnSe,(~100 nm)-Gr device.
(a) Optical image of the heterostructure. The scale bar is 5 pum. (b) Transfer
characteristic curves of the device correlated to V,. (c) Output characteristic curves of
the device under V, from 80 V to -80 V. (d) I4-Vgs curve under dark condition. (e)
The I4-V, curves under 532 nm illumination as a function of light power density. (f)
Responsivity and photo-current density as a function of light power density.
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Fig. S13 Electrical properties of the Vertical Gr-SnSe,-Gr devices dependent on
different thickness: Logarithmic output characteristic curves of the device under V,

from 80 V to -80 V. (a) 96.5 nm. (b) 256 nm.

Table S1 Comparison of figures-of-merit for vertical graphene-photodetectors based

on 2D layered materials

Materials Measurement Responsivit  EQE D* Response Ref.
condition y (A/W) (%)  (Jones) time
Graphene-thick 532 nm 1.3x103 3x105 1.2x10! 382 ms This
SnSe,-Graphene V=80V 2 /32ms  wor
V=05V k
Graphene-MoTe, 1064 nm 0.11 12.9 / 24 us 1
-Graphene V,=30V
Vds =0V
Graphene-n-InSe 633 nm 10° 10° 1013 / 2
-Graphene V=0V
Vds =2V
Graphene-MoS, 514 nm / 25 / 50 ps 3
-Graphene V,=-60V
V=05V
Graphene-p-GaSe/ 410 nm 350 / 3.7x10! 2 us 4
n-InSe-Graphene V=0V 2
Vds =2V
Graphene-Ta,Os 532 nm 103 / / 0.75's 5
-Graphene V=1V
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Graphene-W Se,/ 520 nm 6.2+0.2 1490+ / 30 ps
GaSe-Graphene V=0V 50
Vg=-15V
Graphene- 410 nm 149 / 43x10" 37 ps/43
GaSe/WS,- V=0V 2 us
Graphene V=2V
Graphene-WSe, 759 nm / 7.3 / 1.6 ns
-Graphene V=0V
V=05V
h-BN-Graphene- 532 nm 0.12 34 / /
MoS,/WSe;- V=0V
Graphene V=0V
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