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Abstract In this study, a type-Il GaP/SiH heterostructure was predicted and constructed, with an in-depth
investigation into its structural, electronic and optical properties. The research revealed that the GaP/SiH
heterostructure was a typical van der Waals heterostructure, exhibiting excellent energy and thermodynamic stability.
It had a bandgap of 2.24 eV, and the arrangement of the type-1I band structure effectively suppressed the
recombination of photogenerated charge carriers. Furthermore, it was found that the electronic structure of the
heterojunction can be precisely modulated within a certain range by applying different biaxial and uniaxial strains.
The GaP/SiH heterostructure also demonstrated excellent light absorption performance in the visible and ultraviolet

regions, with an absorption coefficient reaching up to 2.34x10° cm™

. The outstanding performance exhibited by the
GaP/SiH heterostructure provides a reference for the design of optoelectronic devices.
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2004 4F-, Novoselov Fll Geim 555 UE 15 HUBGR 25 19 77 75 B S il 24 H B i1 2 A0 A8, LR 4
A A2 B2 00 . W, BEAE SR HOR B B GBS TSR R T 1Y S R e, AR
AL AR BN T AN G 25 . SAEGHCRPIRE HE , X 88 Z 2R AR UL R Gy i ek | R ek
TR LA R w8 A AT LA O IR M B B R . BRI, BRI AR E S B o - S5, FH 47547
TE—SEJR BRIV, AR B L o H -3 O G R DA A2 WS TR AN A2 el HOR BRIA B TUBI 1Y)
N FHRCR S, SR e, RESZIGA ST B, il i 4 T EBE S (Y AR 52 i 4544 (van der Waals
heterostructure, vdWH) , AT LUA B0 Z4EARHA LT 10T, 28l SE Rl F2 4t T nl g,

TEICIIHTE D, Sl R FE b A B LA AT S I M B, s T RERE (SiHD P AR R, 2
SiH Y A8 S HCH 0. 389 nm, S5HFRE , HA GBI AREEHTER (2. 93 V)2 KT, SiH XS AT WLOERY I
WCRE 74855 , 1X AT RERR M HAE G N 098 . TARALZ SiH IR, IR TR 25T H2 SiH
) S BT A5 A BT . A, BP/SiH 5 B4 #4 i TE B R AR T BROT 3 5 T ORI R B teAh, X
SiH/GaSe il SiH/InSe 5 51 45 (1) 1545 S R WY, XU 0 AR T A 500 1545 B A S 4548, DN = Gk
R SR, XSS R LE AT DO DR IR A Rt i . Bl , VERII~V ARG W21 SR b
BHE LN L, WK (GaP) DB A | 580 G B Rk LU RS AU AR G e e, TEOGHL AR
P KOS 2 GG R Tz e o, T4 GaP MR R B TN Jr i &R, HAA 0,388 nm
MRS A, AMURBL T MR FiER 3, i HILRT IR REAr 4504 R P Z 8 0 A s P 1 1 T (W)
T S

ASCHET % B RS 1 5 — PR B AAL, BFSY T GaP B2 | SiH HL)2E DL ) GaP/SiH 5 Bi 45 ) 45
BRI G AR . S5 R, GaP/SiH R Bi s YA e e A5 M . Ak i Bl . I Reai RS LA
RS G T, A — R R AR S 24l . O T 32 T fif GaP/SiH 5 B 4S 14 L IaT ) 42 fih
PE, BT T HLAT 2 B 25 AT R AT AR . b, IR ERER T U A8 e BN AR S BT 4 ) 1) L RE A
A A2, GaP/SiH 5 25 A 23 AR 5 A FS U 1 LA K HE (e i 6 A

1 t&EFHE

KT B RS IS — kR, 38 2 g DS B B (VASP) I T GaP 2 | SiH L
JZH GaP/SiH 5 J5T 45 i 245 K4 R R -2 5T (T SOBR BE G AL (GGA) 28 4 SE Bk 7 BR T 1Y) Perdew-
Burke-Ernzerhof (PBE ) 4172 p& J7 72 4 i i, 15 e FIAH SR 2. 150 & 4 # O AL AN & 3 F 38 1 1 T 3
IFRIBIRE A 600 eV. LA 5 0 Rt adb a7k SRS SR, 3 ERAERE FE R 10x10x127. S T BR AT RHE
W h FLAAE BRI, VS 2l ST — A 2. 2 nm B ELES 2 . AL, ZER A Bk R v A T A
FAIT o Bl A% BORAS , 67T @, b5 10 BT AR S8 204k . (8 Grimme $2 4 19 250 4 B 1E 2%
FEVZ PR EEE (DFT-D3) 138 5 45 )2 (] () yu A AR A 0 Y. 1 B Re 1 ) USSR 1 23301 R 1x107 eV
HI1X1072 eV/nm. AL, 6 S 09 HSE06 Z4 ki pRit 5 T Fra S5 F i v T RE 41 2.

2 HR5HE

21 HHMFnEFHER

FEFRGT T F E 1Y) GaP/SiH S i85 2 117, JE X 01 4R 0 WA 52 GaP A1 SiH AFRHIES T 245 A8 A Ak A ot
XPEG . TCA) S5 RAL 5 A B2 GaP 254, LA A8 H 5CR 0. 389 nm, L, Ga—P H#4 0. 228
nm. PR B B2 SiH ) S H O 0. 388 nm, Y ¢ 3l 7 18] 19 R 77 51 o H—Si—Si—H, Hid, H—Si
B 5 Si—Si S /302 0. 150 F10. 236 nm[ & 1(C) 1. ILJ5 , {8 HSEO06 ZAkiz ok 433l 158 T A
B EE TR L 1(B)FI(D) ], Hr, GaP B~ 2. 68 eV, #1H7 IH ( Valence band maximum, VBM)
159717’ (Conduction band minimum, CBM )43 547 F K S AN T 55, f—Fp R () [a) ey B K . X
SIHT T, ‘ERHBR 2. 93 eV, VBM FI CBM 43 HI T T A5 HIM 55, 02— Fhla) s B ARk kL. LA
LRSSk 13,22, 30,31 JH0E B BA 3.
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Fig.1 Top-side views of the optimized atomic structures(A, C) and the corresponding electronic energy

band structures(B, D) of GaP monolayer(A, B) and SiH monolayer(C, D)
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Fig.2 Top and side views of H1(A), H2(B) and H3(C) stacked structures of GaP/SiH vd WH
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Table 1 Calculated equilibrium lattice constants(a), interlayer distances(d), binding energies(E,) and

PBE

band gap values(E,

, E}**) for the initial GaP monolayer, the initial SiH monolayer and the

three configurations

Structure a/nm d/nm E /eV EL’HK/eV E:Smé/eV
GaP 0.389 — — 1.72 2.68
SiH 0.388 — — 217 2.93
HI1 0.388 0.306 -0.10 —
H2 0.389 0.261 -0.13 —
H3 0.389 0.235 -0.15 1.30 2.24
Pl 3 g H3 440 T80 7 R [ 2 60 B 5 S 1O 245 4 fl e
ARfl . wp UL, M4JZ B R 0. 235 nm B, H3 #47LH
2 N N > 002k
ARATILE G BRI T ccBiaE 5
P PR, Bl S A 50 EE S O H3 R ALY 2 o6l \
GaP/SiH vAWH . (HfFERMR, HIMRZ & \ 0235
N . ) ) s g “0lorF :
[B]BE R F B AR AR Y H 7 F1 P 7 242 4% @ . ’ "
2, ] Gab/SiH H Gab J2 I SiH B2 F1 0 oup o N
HEAVER M fEte . Rk, GaP/SiH &ML 1) 3% 0.15 0.20 0.25 0.30
A B R Interlayer distance/nm
O =] .

TE 52 GaP/GaSe 3 4% 54 15 22 Hy FLAS AR 4T Fig. 3 Bi.nding 'energy varit.es of the H3 configuration
with the interlayer distance
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[E4(A)]. HZHSE06 224kiZ BRiTEL GBI R 2. 24 eV, 50T (B2 GaP FILEAZ STH AH e B i3 PRI .
I 4(A)FTLLR I, GaP/SiH vdWH A VBM 5 CBM ¥ T I, 2—Fh Bk S . Hidr, Ml
Toi ek SiH BT#k, 1 SIS B GaP BTk, X — IS 3R GaP/SiH vdWH HA TR HES , X FPagHr HES
SER IS HL RS RS ] B AR B, b, RS SO BRR B AE AR R A REZ . XA
ML SRR T RS O B R G, DO e 55 S b R U A BB 45, T 38 v
Ke BN I RE R s . Ah, HE—23 T GaP/SiH vdWH RUHE %53 (DOS) [ 4(B) ]. 455R%H],
GaP/SiH vdWH ] CBM 221 GaP HLZ2 1Y Ga TR BTk, 1M VBM T2 SiH B2 Sion R visk, 5 Bk
It —3K.
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Fig. 4 Electronic energy band dispersion(A) and density of states(DOS)(B) of GaP/SiH vdWH calculated
using the HSE06 function
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R p(2) s P(2) e Fp(2)gu(eVimm) 535K GaP/SiH vdWH |, B2 GaP FIEAZ SiH A HL T2 . GaP/
SiH S SRS R YT 2 57 1) A 12 22 20 s T8 BEUNIR S (A IR, 24 Ap>O B, ARFEHFIIRLER; 2,
Ap<O F/RHL TR EL. B 5(A)IGREE/R T GaP/SiH SR 4h # il = 4224y o T3 5, Hirh, B @
X IR AR B RFEEL, B TR SRR Aol . 145 R, 78 GaP/SiH
SEREMTE UG , PR R GaP )2, 25/ CREELESIH 2, T T —~H SiH 4811 GaP (UM AL L7 . 1
ZEREPDCIGIE, B th S AN BT B A, IR AR SO0 . FEN RS ERTT, B
TR SO SR A B, P REEAESIHZ, 25 P UREETE GaP 2 . X Ptk (1) oL fp 28037 40 25 ok 2
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Fig. 5 Planar mean electron density of GaP/SiH vdWH(A) and the electrostatic potential distributed
along the z-axis of GaP/SiH vdWH(B), SiH monolayer(C) and GaP monolayer(D)

(A) Inset indicates 3D differential electron density at an isosurface value of 6. 12x107% e/nm”.
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K B, (eVIIUERES Y E(eV)IRETOKAED . IR S(B) iR, THEAGEIAY GaP/SiH S5 4544 ()
HIRREH 5. 06 eV, 5 HJZHSIH(S. 18 V) Fl GaP (5. 68 eV) FRIAH L, 5 5 45 44 1) I o8 B80T BT [ A1
[ES(COF(D) |, A B+ 7 B R A b BRIE AR 0T, 2T i T 1288 5 Sl T2 R i S ik
AE. ULAN, T IR AR R B AN DR 2 S B TR E A0 . YRR A, 25 ) pRi
AR PR RE ) ) pR B R AR, RN PRI AR PR BEGGA BT, X R far i B 25 S 8O
AR TR — A N 3 R 322 Ll 3l 6 B E A 40 A AT AR B, 7E GaP/SiH 5 5 45 S T Ak s B — A
AV=2. 43 eV {2 fil# 2 (Contact potential difference, CPD), J5 15 b i Hr i AL s 37— 2. X xd
TR S TS A v i LT R R DL R A R A A
2.3 XA ES R 2 E N IS X BE T S HI RO RN

NS AT LA S 4R R A B A BN G, A PR R AR RO S . XS B AT B K
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s a Fa, S50 NN AR 5 IR R S5 R I A B 50 M e > OBHMURNPN AR, & < OB 2R FE48
A% X} GaP/SiH 5 BT 4514 it /il -8%~14% (A 1w A2 , i HSEO6 24 4bZ G #1148 T AR RIS T A HL -
HWE6(A) ], EIhLr izl R G0 REREFT G NN AR ARk, RO R G HA R8I et R mT ik
ATLAR IR, Yt 4 AR B, Rk e B BRI AR R R B . I H S ARS8 A 0~—29% B, 7 B
AN FESEIN ; SO, B I AR 5 BE R, e BRI . B 6 (CORTIL, 24 it i AU 1y 25 S —6% I,
GaP/SiH 5 256 by () Bl S, (AR AR RF IR AR HES )y XL ez, Mt inhi A AR, GaP/SiH
L5 VBM A CBM UG 2R FEANAR | Bl S A AR (3G, 5 B sl N . 24t i 149 i Fr {2
B, GaP/SiH 5B 45 1 B R 0 eV, POEMSZEL T AP0k 0] &8 M B i % A48 . A, AR AR o 7
H, GaP/SiH SR Z5 IR LR IR BE T HES , S s fa i Re e bk
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Fig. 6 Band gap value and total energy of GaSe/ZnS vdWH under different conditions of biaxial
strain(—-8%—14%) (A) and interlayer spacing(0. 155—0. 355 nm) (B), the band structure of the
GaSe/ZnS heterostructure under —6% strain condition(C) and layer spacing of 0. 175 nm(D)

Jit A0 L 7 RE A S AR DRI di S S R R L 2R, DT R L B I, X S B
PERE Y HL TR H AR A R .l AR 2 (R R SEERX GaP/SiH S 545 1 T E 0 AR i . 1k
B RSN 0. 02 nm, AR TEE A 0. 155~0. 315 nm, FEAHE T A ZMEE T GaP/SiH S Jf 4%
B B 6(B) ], B2 MM 0. 195 nm I/ 0. 155 nm, GaP/SiH FJ545 SCB T BLHEA B ) ]
PR A . Ry Y EINZ A EE A 0. 175 nm IFF, GaP/SiH S 45 I REAT a5 tn i 6 (D) Frs . 1
Bl 2 AIFE A3, VBM F CBM A7 B AR AAR AL, P HEAR B SRR E T . Bk, H
AT GaP/SiH S BT 45 (I 5Z AR N, B 56 BE AR AAAE 2. 24 eV Lo AT 1T 8y, 5 IR AR R B HES1) .
IREE IR A HAT R R .
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g(w)=¢(w)+is,(w) (6)
Ao i BB, RAREEBETR; o (rad/s) AR, e(0) NENHRE, &, (0)Fle,(w)7 50
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AR AT MR B e s . i I8 (B) AT I, Bl J2 I BE A/, AT D0 DX e i A
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Fig. 8 Variation of light absorption capacity of GaP/SiH vdWH under different conditions of biaxial
strain(—-6%—6%)(A) and vertical strain(0. 175—0. 295 nm)(B)
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