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Abstract

First-principles calculations based on density functional theory (DFT) have been employed to in-
vestigate the electronic structure and band properties of WS:/AIN heterobilayers. Among the six
WS:/AIN heterobilayers configurations considered in this study, the A: stacking configuration
(where W atoms are aligned above N atoms and S atoms are aligned above Al atoms) is identified as
the most stable structure. All WSz/AIN heterobilayer systems exhibit type-1I band alignment, with
intrinsic band gap values ranging from 1.45 eV to 1.82 eV, enabling efficient separation of photons
and electron-hole pairs. According to our findings, electronic properties and band gap widths can
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be tuned through different stacking configurations while maintaining type-II band alignment. Cal-
culations of binding energy and interlayer spacing also reveal the relationship between stability
and various stacking patterns. This degree of control indicates the potential application of WSz/AIN
heterobilayers in future atomic-scale electronic devices.
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Figure 1. (a) Atomic structure diagram of WSa; (b) Energy band structure diagram of WSy; (¢) Atomic structure diagram of
monolayer AIN; (d) Energy band structure diagram of monolayer AIN
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Table 1. Lattice constants (a), layer spacing (%), bond lengths (dGe-C, dW-S), and binding energies (E») of the 1 x 1 x 1

WS2/AIN hetero-bilayer
F1.1x1x1H WSY/AIN RRNEHNREEER (). BEIFEMN). B (i drs) A RLESE(E)

Stacking model a=b(A) dan (A) dw-s (A) hA) EyeV)
A 3.146 1.817 2.408 2.886 -0.274
Az 3.141 1.814 2.407 3.504 —-0.160
Bi 3.141 1.813 2.407 3.506 —-0.159
B2 3.148 1.818 2.405 2.888 -0.272
Ci 3.143 1.815 2.408 3.198 -0.217
C 3.145 1.816 2.407 3.180 -0.214
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Figure 2. Side and top views of the atomic structure of WS2/AIN hetero-bilayer in six stacking modes (a) Ai-stacking; (b) Az-
stacking; (c) Bi-stacking; (d) Ba-stacking; (e) Ci-stacking; (f) Cz2-stacking

& 2. WSYAIN B EME M AFES SRR FEH AL E FFALE(2) Ai-stacking; (b) Ax-stacking; (c) Bi-stacking;
(d) Bz-stacking; (e) Ci-stacking; (f) Cz-stacking
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Figure 3. Energy band structure diagrams of WS2/AIN hetero-bilayer with six stacking modes (a) Al-stacking; (b) Az-stacking;
(c) Bi-stacking; (d) Ba-stacking; (e) Ci-stacking; (f) Cz-stacking

3. WSyYAIN RRMBEHI<FHHES R B EEFL54[E (a) Ai-stacking; (b) Ax-stacking; (c) Bi-stacking; (d) B2-stacking;;
(e) Ci-stacking; (f) Cz2-stacking

DOI: 10.12677/japc.2025.141001 5 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.141001

VT 45

(a) A -stacking () B,-stacking (e) C,-stacking
6 : Total 6F 1 [—Total 6 " [—"Toual
0 %@—% 0 %—C@? 0 %—Cﬁ&
S S L o NN SN s T
| = | = )| =
0 ;,’x_—::a-ccm—a—cc% 0 W‘—c@: 0 -c>—__<:>-c¢:%.-.—<:::\//¥__
85l | 8l | [y |
s ! 1 L I L ! ! s 1 L I 1 L L L s L L L I I L 1
g3 = g0 = g3 =
20 %—:—% =0 {%—:—ﬁ% 20 M}—a’;@;—:—c@(————_
g -l3 F oy . i 2 S - LN % L

, D

s o~ b5o o

L8 LG88
T~

z =

=~ o -~ 5009
- 8 T8
.I i}

=z =

. . D

- 2 = S5 9o o

-8 L8888

L >

—N

4 3 2 1 0 1 2 3 4 4 3 2 1 0 1 2 3 4 -4 3 2 1 0 1 2 3 4
Energy(eV) Energy(eV) Energy(eV)
(b) A,-stacking (d) B,-stacking ® C,-stacking
6 E — Total 6 E —Total\ 5k i Total
f Y !
6F I 6 | sk I
R P R N
3+ [ —f 3k [l 3F ! [—W
0 w—m—‘—% 0 .—,"’/&—.—‘w—chr‘-——:———o—‘—m 0 -{(":”»%—Cw
» I @« i @ |
3 3t ! 2 3t i g 3t i
‘(g 1 1 1 l 1 1 1 s 1 1 1 : 1 1 1 8 1 1 1 l 1 1 1
23 t—s 23 — 23 i —
20 {%}%—-":fk—ﬁ—% Soof 2 oF
z i 2z ' z i
E3F E3F B3k
Al = o D = ol =2
0.0 P T 00 . e O
ik ! T 03t i
AL i S S i S S
00 :\wﬂm—_— 00 ) 00 ”—:%——
Wb R I L ASE L
4 -3 2 1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
Energy(eV) Energy(eV) Energy(eV)

Figure 4. Density of states (DOS) plots for six stacking modes of WS2/AIN hetero-bilayers (a) Ai-stacking; (b) Az-stacking;
(c) Bi-stacking; (d) Ba-stacking; (e) Ci-stacking; (f) Cz-stacking

& 4. WSJ/AIN RRMEHSMES R RSZHE(DOS)E(a) Al-stacking; (b) Az-stacking; (c) Bi-stacking; (d) Be-
stacking; (e) Ci-stacking; (f) Cz-stacking
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