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S1. Structure of six two-dimensional van der Waals (2D vdW) materials

@ o9 ) ,
(#] © TiSe, 00e-00 cOo-0o o0o-0o | O-INySe,
Q a=b=704/3\ oQ o000 o0Qo—Qo 0000 a:b:?_OGA
Q ) o o0 o o0 00 o0-0
.
© % (d)
g ¢ ﬁ’ | CulnP,Te, CuBiP,Te,
b—ad ©| a=p=604A a=bh=7.06 A
69 ¢
o——0
o
(e) 3 (f) 3
60 Q09 _
P @ | AgPiTe, | g @ g AgBPTe,
PO @| a=bh=7.034A b—o @ a=b=T7T14A
¢—o—¢ é © ¢
o b
3 g

Fig. S1 Optimized structures of bulk (a) TiSe», (b) a-In2Ses, (c) CulnP>Tes, (d) CuBiP;Tes,

(e) AgInP>Tes, and (f) AgBiP2Tes with their lattice parameters along the a and b axes.

S2. Ferroelectric properties of four CulnP2S¢-family vdW materials
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To validate the ferroelectric properties of the CulnP>S¢-family members discussed in the
main text, we calculated their ferroelectric-paraelectric phase transition energy curves in
Fig. S2 and their polarization values in Fig. S3. These phase transition energy curves were
estimated by using the climbing-image nudged elastic band (CI-NEB) calculations,' and
the polarization values of four ferroelectrics were calculated using the Berry phase
method.?* The plane-wave energy cutoff was set to 400 eV, and the structural relaxations
were converged with an energy threshold of 10°® eV. Eight intermediate images were
interpolated between the left and right ferroelectric phases to construct a possible
ferroelectric-paraelectric phase transition pathway, which was subsequently refined using
CI-NEB calculations. To accurately capture the quantum polarization effect, 12 linearly
spaced interpolation points are generated along the ferroelectric direction for the Berry-
phase spontaneous polarization calculations. The calculated energy barrier and polarization
are 0.18 eV/fu. and 4.3 uC/cm? for CuBiP2Tes, 0.16 eV/f.u. and 2.0 uC/cm? for CulnPTes,
0.15 eV/f.u. and 3.0 uC/cm? for AgBiP,Tes, and 0.07 eV/f.u. and 0.4 pC/cm? for AgInP,Tes

respectively.
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Fig. S2 Ferroelectric-paraelectric phase transition energy curves of bulk (a) CuBiP,Tes, (b)
CulnP,Tes, (c) AgBiP>Tes, and (d) AgInP,Tes based on the CI-NEB calculations. The
reaction coordinate values of —1, 0, and 1 correspond to the left ferroelectric, paraelectric,

and right ferroelectric phases respectively.
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Fig. S3 Polarization curves of bulk (a) CuBiP,Tes, (b) CulnP>Tes, (c) AgBiP,Tes, and (d)
AglInP>Tes based on the Berry phase method. The reaction coordinate values of —1, 0, and
1 correspond to the left ferroelectric, paraelectric, and right ferroelectric phases

respectively.
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S3. Band structure of metal electrode TiSe:
Since the metal electrode is needed for ferroelectric tunnel junctions (FTJs), we calculated
band structure (Fig. S4) of TiSe: to prove that it is metallic without bandgap. Thus, TiSe:

can be used as the metal electrode in our designed all-vdW FTlJs.
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Fig. S4 Band structure of TiSe;.
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S4. All optimized device structures of model FTJ for 32 accessible resistance states

Here, we list all optimized device structures of the
TiSe»/CuBiP,Tes/CulnP,Teg/a-InaSes/AginP.Tes/ AgBiP2Tes/TiSe.  model FTJ for 32
accessible resistance states in Fig. S5. All 32 states remain stable, each with a distinct

polarization configuration.
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Fig. S5 Optimized device structures of model FTJ for all 32 accessible resistance states.
The states are arranged in ascending binary order and grouped into panels (a)-(h), each

containing four consecutive states: (a) 00000-00011, (b) 00100-00111, (c) 01000-01011,
(d)01100-01111, (e) 10000-10011, (f) 10100-10111, (g) 11000-11011, and (h) 11100-11111.
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