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Fig. 1 Crystal structure (a) and the first Brillouin zone,as well as high symmetry

point path of the primitive cell (b) of Cs, AgGaBr; double perovskite
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Fig. 2 Formation energies E(., (a) and lattice constants a (b) of the

double perovskite Cs, AgGaBr; as a function of pressure P
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Table 1 Elastic constants C; of Cs, AgGaBr,double perovskite under different pressures

P/GPa Ci1/GPa C./GPa Ci./GPa e Pk
0 39.47 14.98 10. 46 stable

5 74.15 27. 20 14.75 stable
10 107.15 35.92 18.05 stable
20 165. 57 50.99 23.32 stable
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G it 8 22 11 D ] P 28 B 0 0 A 6 5 o AT 48 7 Ak 2 B R AR AR AR . B 4 Ca) — (D ARSI ROR
P=0,5,10,20 GPa Ny ELF 2R, al I 2| Ag' 55 Br Z B RINHA T ES, RUEN]ZE
A E AR R A RS T 51 S 0 F e (DA BV R 0 8 B 3 b B B X T IR R A R S A 1Y
Fa BV RIS CBEM . BT 2T Cs, AgGaBrs WU LW 7E A ) FE J1 45 10 F By 31 ) 2= Fa s 1k
#EAT T 5000 2 AIMD 40l & — 0 B[R] ROEEFEHI 8 1 fs, Q8 4 Ce) R, Bl & 7 09 3 58
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Fig. 3 Three-dimensional views of Youngs modulus (a) — (¢),shear modulus (d) — (f),

and Poisson’s ratio (g) — (i) for Cs, AgGaBr; under varying pressure
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Fig. 4 Electronic localized functions projected along [100] direction and ab initio

molecular dynamics simulations of Cs, AgGaBr; under different pressures
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Fig. 5 Band structures of Cs, AgGaBrs; double perovskite under different pressures

F2 AEEHNT Cs;AgGaBrs WBHKT WEHRE . FHEEURBRFIBE
Table 2 Effective mass, bandgap values and carrier mobility for Cs, AgGaBr,

double perovskite under different pressures

BT/ m, FBER/(em? « V1es )

P/GPa E,/eV HF V1N HF 257X
I'—K I'—L I'—K I'—L I'—K I'—L I'—K I'—L
0 1.05 0. 50 0.58 0.55 0. 60 25.91 20. 06 22.10 19. 35
) 0. 85 0. 27 0. 29 0. 44 0.46 163. 74 145,77 78.62 75.50
10 0.79 0.23 0. 24 0. 38 0.40 293.13 273.09 136. 49 125. 67
20 0.73 0.21 0.22 0.29 0. 34 421. 65 410. 07 259.11 201.73
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S 7 I 200 A T ) A R Y R N e R TE 20 GPa L i T— 1L J7 [a] (9 HL A7 &K
JE AR I /INE 0. 22 m,  AHEE T 0 GPa(0. 58 m ) FEAR T 29 63 % . [, 45 1 F M &5 it 4/ F [
D7 T 25 A BB B L X R TR E R R IR AR T, BRI TR RITERA TR0 % &
I 2 7 T LT I B O Feynman 3555058 0 %007 B i E B 45 R L B Ak SR A 1 JE AR
Ty CRFZ I8 T8 FAHEAEND 8RS8, JF Hooe IR 1T 3R 2% @ 5 is #e (& T oL -5 1
AHEAE D 8 A KA 5, 25 9 R, Cs, AgGaBrg #8771 B 5 5 it in s 7 52 1F 40 56, 7%
=LA EFTHEFREMN 20,06 cm® « V! o s K F 410, 07 cm? « V7! o o7 K S Sk 1Y
20. 4445 I T—=K) 7 A28 7GR W 22, 10019, 35)em? « V! o s YR TFE 259, 11(201. 73)
cm? o Ve s ' T MAPDBL (165 cm? « V! o s P AR R BT, A1 R 5 m 59 B 7T
FAR L T 28 N GEB 3 E— DR SE T MRHE B F 52 09 75 0 X [8] 4R R A n B p 2 RRR
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Table 3 First excitonic peak of &, (@) ,refractive index n(0) ,reflectivity index

R(0) of Cs, AgGaBr double perovskite at various pressures

P/GPa
0 5 10 20
W Mg eV 1.86 0.98 0. 90 0.85
n(0) 3.51 4.07 4.14 4.67
RO 0.31 0.37 0.38 0.42

3 Fie

AW FE 4 M T AR R J1%F Cs, AgGaBry SUEGER T S AR 25 0 A ) 24 Fae 1 L 7 45 F FDk
BRI, 7E 0~20 GPa (9 J1 5 Bl 4 . Cs, AgGaBry WS Bk 19 25 22 B 1 A\ T AR R 7 19 4
TRRE 90 L L TR e Sy B0 T 2 6 SRV D 1% g 2% 08 L 43 30 07 24 DL 0% R 4 I B /D L axX BE
AL R Cs, AgGaBry 1E1Z I 30 Bl N ¥ R F5 R 47 (0 25 0 Fi g ke e vk, 7R IEAT,
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T R W R, L 5 s SRS R R ) 13 0 e 3RS KU DLy [ L iE
BFEM 0GPa FH 20,06 cm? « V! o s T E 20 GPa BfAY 410. 07 cm® « V! o s LR R JFSE R
20. 44 £ W T>K(L) F 1M 125 7GF B % 22.10(19.35)em® « V7! o s K S 259, 11(201. 73)
em® « Ve s RS T AN EUE R, StsE Bl sz 2 I E I, 20 GPa T Cs, AgGaBrs FE4L
O X W R ER 101, 56 X B AZ J ) o AFURE AR AE T O AR5 T R i R AL, kS, R ik
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First-Principles Study on the Influence of Pressure on the
Photoelectric Performance of Cs; AgGaBrs Double Perovskite

ZHAI Xiangyu, LI Kai,ZHANG Yuqi,ZHANG Min
(College of Physics and Electron Information , Inner Mongolia
Normal University , Hohhot 010022 ,China)

Abstract: Based on density functional theory,we have systematically investigated the structural
stability,electronic structure,and optical properties of Cs, AgGaBr; double perovskite under hydro-
static pressures ranging from 0 to 20 GPa. The results indicate that Cs, AgGaBr; double perovskite
exhibits excellent structural and thermodynamic stability across this pressure range. Electronic
structure calculations using the HSE06 hybrid function reveal that Cs, AgGaBr; is a direct bandgap
semiconductor. As pressure increases from 0 to 20 GPa, the bandgap decreases from 1. 05 eV to
0. 73 eV. Furthermore, the effective mass decreases with increasing pressure, while the carrier mob-
ility exhibits an opposite trend. At 20 GPa, the electronic mobility along I'>L direction reaches
410.07 ecm® « V7! « s7!,representing 20. 44 times the value at 0 GPa (20.06 cm® »+ V™' « s '), The
optical properties of the material are highly sensitive to pressure. Meanwhile the absorption coeffi-
cient in the red-light region, reflectivity, and refractive index increase as pressure rises. A notable
trend is that the absorption coefficient decreases as pressure increases for photon energies above
1. 79 eV. The study demonstrates that applying pressure can significantly enhance the carrier mobili-
ty and red-light absorption capability of Cs, AgGaBrg; double perovskite,opening up broad prospects
for its application in infrared detection and optoelectronic storage fields,and providing a theoretical
basis for the study and technological innovation of optical material.

Key words: pressure; Cs, AgGaBr; double perovskite; electronic structure; optical property;

first-principles calculation



