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Fig. S1: FE bulk CIPS structural configurations with different Cu occupation patterns and
different polar displacement between Cu and In cations. Cu, In, P and S atoms are in red,
blue, gray and yellow colors, while polar displacements of Cu and In atoms relative to high
symmetric paraelectric reference state are indicated by red and blue arrows respectively.
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Table S1: Relative energy for different structural configurations for FE phase of bulk CIPS
appeared in Fig.S1.
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Fig. S2: Depolarization field ¢; of CIPS bilayer can be simulated by fitting the slope of
macroscopic-averaged electrostatic potential profile along the out-of-plane direction within
CIPS bilayer.

Table S2: Our calculated relative energy and net magnetic moment for the nonmagnetic
(NM) and hypothetic ferromagnetic (FM) CulnP3Ss monolayer.

CuInPQSG NM FM
AE (meV/f.u) 0.00 -1E-4
Heell (MB) _ 0.00




Table S3: Calculated Born effective charges Z* for each atom in FE CIPS bulk and monolayer.

bulk monolayer bulk monolayer

Atom z y z z y z Atom z Yy z x Yy z
Cu z 029 0.15 -0.07 035 0.16 0.00 S -0.81 0.36 -0.42

8

y -017 028 001 -0.16 0.35 0.00 y 010 -2.16 -0.11
z -0.02 000 061 000 0.00 040 z -019 002 -0.70
Cu z 029 -015 -0.07 S z -081 -0.36 -042 -0.85 -0.37 -0.43
y 017 028 -0.01 y -010 -2.16 0.1 -0.10 -2.18 0.1
z -0.02 000 0.61 z -0.19 -0.02 -0.70 -0.14 -0.03 -0.72
Cu z 029 015 -007 035 016 000 S =z -081 036 -0.42
y -0.17 028 001 -0.16 0.35 0.00 y 010 -2.16 -0.11
z -0.02 000 061 000 0.00 040 z 019 002 -0.70
Cu z 029 -015 -0.07 S z -081 -0.36 -042 -0.85 -0.37 -0.43
y 017 028 -0.01 y -0.10 -216 011 -0.10 -2.18 0.11
z -0.02 000 0.61 2z -0.19 -0.02 -0.70 -0.14 -0.03 -0.72
In z 399 -037 002 399 -039 000 S z -1.62 056 032 -1.65 0.56 0.31
y 039 399 001 039 399 0.00 y 084 -1.34 028 083 -1.39 0.32
z 005 -0.03 209 000 000 218 z 008 014 -0.65 005 014 -0.72
In = 399 037 0.02 S z -1.62 -056 0.32
y -039 399 -0.01 y -0.84 -1.34 -0.28
z 005 003 2.09 z 008 -0.14 -0.65
In = 399 -037 002 399 -039 000 S z -1.62 056 032 -1.65 056 0.31
y 039 399 001 039 3.99 0.00 y 084 -1.34 028 083 -1.39 0.32
z 005 -0.03 209 000 000 218 z 008 014 -0.65 005 014 -0.72
In = 399 037 0.02 S 1z -1.62 -056 0.32
y -039 399 -0.01 y 084 -1.34 -0.28
z 005 003 2.09 z 008 -0.14 -0.65
P z 277 004 003 279 005 000 S z -231 038 019 -229 038 0.12
y -0.04 276 003 -0.05 279 0.00 y 048 -1.27 024 046 -1.28 023
z 000 007 082 000 0.00 080 z 024 019 -0.87 018 015 -0.72
P 2z 277 004 003 S z -231 -03%8 0.19
y 004 276 -0.03 y -048 -1.27 -0.24
z 000 -0.07 0.82 z 024 -019 -0.87
Pz 277 004 003 279 005 000 S z -231 038 019 -229 038 0.12
y -0.04 276 0.03 -0.05 279 0.00 y 048 -1.27 024 046 -1.28 0.23
z 000 007 082 000 0.00 080 z 024 019 -0.87 018 015 -0.72
P 2z 277 004 003 S 1z -231 -03%8 0.19
y 004 276 -0.03 y -048 -1.27 -0.24
z 000 -0.07 0.82 z 024 -019 -0.87
P 2 278 070 -001 278 069 000 S z -1.14 -0.18 -0.29
y -0.72 279 -001 -0.69 278 0.00 y -0.28 -242 -0.01
z -0.11 -0.05 090 0.00 0.00 095 z -023 -0.07 -0.78
P 2 278 070 -0.01 S 1z -L14 018 -0.29 -1.17 019 -0.26
y 072 279  0.01 y 028 242 001 027 -240 -0.01
z 011 0.05 0.90 z 023 007 -0.78 -0.23 0.08 -0.72
P & 278 070 -001 278 069 000 S z -1.14 -0.18 -0.29
y -0.72 279 -0.01 -0.69 278 0.00 y -0.28 -242 -0.01
z -0.11 -005 090 000 0.00 095 z -023 -0.07 -0.78
P 2 278 -0.70 -0.01 S z -L14 018 -0.29 -1.17 019 -0.26
y 072 279  0.01 y 028 -242 001 027 -240 -0.01
z 011 0.05 0.90 z -023 007 -0.78 -0.23 0.08 -0.72
S 2 204 061 013 205 059 012 S z -1.88 070 0.12
y -034 -095 -043 -0.33 -0.98 -0.43 y 063 -1.68 0.22
z 012 -013 -0.71 0.09 -0.11 -0.72 z 007 020 -0.71
S 2z 204 061 013 S 1z -1.88 -070 0.2 -1.89 -0.68 0.14
y 034 -0.95 0.43 y -0.63 -1.68 -0.22 -0.61 -1.68 -0.22
z 012 013 -0.71 z 007 -020 -0.71 004 -0.24 -0.72
S 2 204 061 013 205 059 012 S z -1.88 070 0.12
y 034 095 -043 -0.33 -0.98 -0.43 y 063 -1.68 0.22
012 -013 -0.71  0.09 -0.11 -0.72 0.07 020 -0.71
S 204 061 013 S -1.88 -0.70  0.12 -1.89 -0.68 0.14

0.34 -0.95 043
0.12 0.13 -0.71

-0.63 -1.68 -0.22 -0.61 -1.68 -0.22
0.07 -0.20 -0.71 0.04 -0.24 -0.72
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Fig. S3: Macroscopic-averaged electrostatic potential profile for graphene/CIPS bi-
layer/graphene heterostructure along the out-of-plane direction. Abrupt change of electrostatic
potential in vacuum region and the non-zero slope of macroscopic-averaged electrostatic
potential within the bilayer region are also indicated.
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Fig. S4: Band structure for graphene/CIPS monolayer/graphene heterostructure calculated
from ATK software. Fermi energy level is set as energy zero.



Table S4: Calculated planar lattice parameter a, b and the overall thickness d for vdW stacking
graphene/CIPS monolayer/graphene heterostructure through VASP and ATK softwares
respectively.

VASP ATK
a (A) 9.942 9.938
b (A) 12.791 12.764
d (A) 10.19 10.07
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Fig. S5: Our simulated tunneling transmission spectrum for graphene/CIPS mono-
layer /graphene FTJ device under different bias voltage, where FTJ device with upwards and
downwards oriented FE polarization are included for simulations. The vertical dashed line
represents energy range corresponding to the bias voltage window.



Table S3 summarizes our calculated Born effective charge Z* for all atoms along different
Cartesian axes in FE CIPS bulk and monolayer. Similar to FE polarization, Born effective
charges are also nearly independent on system dimension, as corresponding Z* only changes
slightly from the bulk to monolayer. In and S ions have planar Z* in larger magnitudes (i. e.
3.99 and -2.42) than their nominal valence states, indicating the strong covalent character
for In-S bond. It is noted that all cations in CIPS have the out-of-plane Z* values smaller
than their nominal valence states, which is likely due the negative piezoelectricity effect of
FE CIPS system.! Typically, we predict out-of-plane Z* = 1.63 for Bi cation in BiTeCl
monolayer, a prototypical 2D material with negative piezoelectric response,” which is also
smaller than its nominal valence state.

Fig.S3 and Table S4 summarize the energy band structure and lattice parameters for
graphene/CIPS monolayer/graphene heterostructure calculated using ATK software. Obvi-
ously, ATK can predict similar electronic and structural results, as compared to VASP.

Transport properties such as I — V' curve is further simulated using a self-consistent
approach with the combination of DFT and non-equilibrium Green’s function (NEGF) for-
malism as implemented in the ATK package.® Electron transmission through the scattering
region is described by the Landauer-Biittiker formula® and the transmission current can be
obtained self-consistently under a given bias voltage. The double-(-polarized(DZP) basis
set is adopted for electron wave function expansion. The Brillouin zone of graphene/CIPS
monolayer /graphene FTJ device is sampled using a 5x2x51 Monkhorst-Pack k-point mesh.
The PBEsol functional is also employed for transport properties calculations and the electron

temperature is set to be 300K.
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