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S1: Projected band structure of N-S-AB-2 calculated by HSE06 method

Table S1. The band edge positions of CBM, VBM, and the type of band gap and band alignment of N-S-AB-2
heterostructures in different component thickness simulated by HSE06 method, together with PBE result for
comparison. The Fermi level is set at zero eV.

Heterostructure  Functional CBM VBM Band gap Type Band Alignment

PBE 0.10 -0.110 Indirect type-1I
NALMSAL-AB2Z  yopos 075 -0.218 Indirect type-II
PBE -0.07  0.040 Indirect type-I1I
NQL)-SALYAB2 g0 014 0.007 Indirect type-III
PBE -0.07  0.050 Indirect type-111
L)-S(1L)-AB-2
NGL)-S(L) HSEO06 -0.18  0.003 Indirect type-II1
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Figure S1. (Color online) Projected band structure (left panel) of GaN/MoSSe heterostructures in parallel
polarization case for N-S combinations with different GaN thickness (a) 1L, (b) 2L, and (c) 3L, together with their
projected density of states in right panel. The blue and red dotted lines denote the contribution of GaN and MoSSe,

respectively. (d) A schematic of band alignment transitions with increasing GaN thickness.

S2: Band alignment of N-S-AB-2 tuned by changing polarization strength through varying
MoSSe thickness
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Figure S2. (Color online) Projected band structure (left panel) of GaN/MoSSe heterostructures with N-S
combination in different MoSSe thickness with (a) 2L and (b) 3L, together with their CBM and VBM charge density
isosurfaces (right panel). The blue and red dotted lines denote the contribution of GaN and MoSSe components,
respectively. (d) The band alignment transition of the heterostructure with GaN thickness changing from 2L to 3L.

(e) Schematic of carrier distribution of p-GaN/n-MoSSe junction. The Fermi level is set at zero eV.

S3: Electronic structures of Ga-Se-AA-2 and N-Se-AB-2

Table S2. The structural parameters as lattice mismatch ratio (g), interlayer distance (d), interfacial binding
energies (Vin), and the electronic properties as vertical dipole moments (D), and electrostatic potential difference
(4V) for N-Se-AB-2 and Ga-Se-AA-2 heterostructures in different component thickness. The thickness of GaN and
MoSSe component ranges from 1L to 3L.

Combi GaN & d Vint D AV
nation  Thickness (%) (A) (J/m?)  (Deby) (eV)

1L 0.65 2.35 -0.37 0.89 3.80
N-Se 2L 0.84 2.25 -0.43 0.92 3.90
3L 0.53 2.29 -0.59 0.93 3.91
1L 0.65 2.32 -0.33 0.95 3.86

Ga-Se
2L 0.84 2.24 -0.39 0.99 4.35
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Figure S3. (Color online) Projected band structure (left panel) of GaN/MoSSe heterostructures in parallel
polarization case for Ga-Se combinations with different GaN thickness (a) 1L, (b) 2L, and (c) 3L, together with their
projected density of states (right panel). The blue and red dotted lines denote the contribution of GaN and MoSSe

component, respectively. (d) A schematic of band alignment transitions with increasing GaN thickness.
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Figure S4. (Color online) Projected band structure (left panel) of GaN/MoSSe heterostructures in inverse
polarization case for N-Se combination with different GaN thickness (a) 1L, (b) 2L, and (c) 3L, together with their
projected density of states (right panel). The blue and red dotted lines denote the contribution of GaN and MoSSe

component, respectively. (d) A schematic of band alignment transitions with increasing GaN thickness.

S4: Electronic structure of mix-dimensional heterostructures in N-S-AB-2 pattern with GaN
films in five layers (5L)
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Figure S5. (Color online) Projected band structure (lefi panel) of GaN/MoSSe heterostructures in parallel
polarization case for N-S configurations with different GaN thickness in 5L, together with their projected density of
states (middle panel). The blue and red dotted lines denote the contribution of GaN and MoSSe component,

respectively. It should be mentioned that dots in red from light to dark refers denoted different GaN layers from

bottom to top.
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S5: Schematic of the possible band alignment in GaN/MoSSe heterostructures
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Figure S6. (Color online) Possible band alignment of GaN/MoSSe heterostructures corresponding to combinations
in Fig. 8(a). Type-I alignment with both CBM and VBM contributed by (a) MoSSe or (b) GaN component. Type-II
alignment with CBM and VBM contributed by (c) MoSSe and GaN component, respectively, with(d) in the opposite
situation. Type-III alignment with CBM and VBM contributed by (e) MoSSe and GaN component, respectively, with

(f) in the opposite situation.
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S6: Calculated I-V curve of N-S-AB-2 with GaN in different thickness

The current-volt (I-V) curve is simulated based on self-consistent equilibrium Green function,

which can be expressed as,!




e p+o
IZZLO T(EV)| S, (E:Ef =V, 12) = fo(B:Ef +V, /2) ME

where f, (E;EX* =V, /2), E/® are the Fermi distribution function and Fermi level of the

left/right electrode, respectively. V, is the applied bias volt. Since Fermi distribution quickly
approaches 0 and 1 at —o and +oo, like step shape at Fermi level, the range of actual integration

can be determined as (Eﬁ —V, /12—nk,T,Ef +V, |2+ nk,T ) The factor nk,T is added to consider
the width of the Fermi-Dirac distribution, where k, is the Boltzmann constant and 7 is room

temperature. 7 (E; ¥,) is the electron transmission probability function spectrum. Calculated result

of N-S-AB-2 in representation is shown in Fig. S7. Clearly, the current can be enhanced as the

thickness of GaN increases, corresponding a higher carrier concentration in type-III case.
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Figure S7. (Color online) The calculated I-V curve for the N-S-AB-2 heterostructures in different thickness of GaN
(black) 1L, (red) 2L, and (blue) 3L.

S7: Calculated electrostatic potential energy of N-S-AB-2 in different component thickness,
together with isolated GaN layers for comparison
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Figure S8. (Color online) Calculated electrostatic potential energy distribution of N-S-AB-2 heterostructures in
different thickness of GaN (a) 1L, (b) 2L, and (c) 3L, together with GaN layers for comparison. AV denotes difference

between electrostatic potential of heterostructure and isolated GaN.

S8: Projected band structure of N(2L)-S(1L)-AB-2
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Figure S9. (Color online) Projected band structure of N(2L)-S(1L)-AB-2. The green, yellow, orange, and red dotted

lines denote the contribution of Mo, S, Se atoms, and GaN layer.
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