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Abstract

Lead-free copper-based halide perovskite CsCuzls crystals have emerged in the field of scintillator
materials due to their high quantum yield and fast decay characteristics. Their faster luminescence
decay and unidirectional efficient charge carrier transport make them highly favored in the field of
X-ray detection and imaging, showing great application potential. To reveal the impact of irradia-
tion defects on the luminescence properties of CsCu:zls scintillators and the underlying physical
mechanisms, this study employs first-principles methods to focus on calculating the effects of irra-
diation-induced vacancy defects on the electronic structure and optical properties of CsCu:l3 crys-
tals. The findings indicate that Cs and Cu vacancy defects introduce shallow levels into the band gap
of the material, which not only expands the luminescence pathways of the crystal but also signifi-
cantly increases the radiative recombination rate. In contrast, I vacancy defects form deep levels in
the band gap, acting as non-radiative recombination centers and thus suppressing luminescence
performance. Moreover, the presence of I vacancy defects also enhances the self-absorption of visi-
ble light in CsCu:lIs scintillators, weakening the light signals entering the photomultiplier tube and
thereby affecting the detection efficiency of scintillator detectors. This study reveals the micro-
scopic mechanisms of damage in CsCu:ls scintillators under high-energy radiation, providing im-
portant theoretical basis for the performance optimization and damage protection of CsCu:lI3 scin-
tillators in practical applications.
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[1]o BRAESERMBARR 2, EAZEY: . sz A M, RS5O P BRI RN 25 (B KL T B 22 55 2
AR R T S S BB [2] . AR A ORI TAE R BRI ASE], A S 4A00 28 1T DLy A SRR 28
DA R A RN 25 R AR PRI B8 o FEIX MO RS, RARAARERIN 2% DR ORI (1) 12 e A0 35 A 2 FH Bl T i2 1
—RERIM LS, T UG R RS R (0 X SR p SR FE N RSN L AN KT L. X S At
HL A (PMT) S e B HUE 5 BUMK TS 5, AT SE IS 20 S 2 A

KRR AT R RS T2 & 2R, & DN RN 5 1 S B 2 10 4 o LA R 5 s ] LA 399 1) 1903 4F William
Crookes B IRAESER SR 3 =68 o BT IRICINARILAR[3]. AR GE INBRARKRE AT 73 APZE: TEHLINARA R
AHUNERIA, 5 X 2T HAL S ey AN EEHI [4] [5]. TeHLINARAE th AL G R i, 3 R —Fif
HNEZMERE . mAKLHINEESE Nal:Tl. CsETI #1 BiaGes012(BGO) [6]-[8]. A LI KRR A HL
RIS N R, A8 S 7 A — S T e AL A P R . ST A HLIA SRR LS AL
e PR RN SR AR TN R [9] o BEE R AR BIRFE, X IR I ZE Rtk i sy, 56 K 1A R T 7 48
BE AR B RO S BRI B = (Y R A AR o AR G TN R A A e ke R DA R BT R, BRI
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ST R PR AR, 42 a8 b A D B AR FE VAU G o AT G 3 mT 8 R 06 R PR el ] S 7t b A% S A
PR SRR S . 1245 001E, SIA N - NN TENLE )R s (L ES R Ol 2 N T IR A R M0 45
18], R, AR T4 Aae, K2 EEHL - USSR MRHE SR R B2 I RaE PERTEAIG
Foth . MEZ T, TN ) O B LR A SR e v, RENEIE A2 KPR I /R . FE 4
HUESERR INERE T, A2 s AR LR B P ARBRARITE @ik, T2 22 R . CsCuqls A2 HEEAGERA™
F e — N HER RS (B SR R, R PR P BRI, 2R M A A v S0 2 PR ) 4 g TR 4 VS A
RN EL . M B — gy, REAESCDLIR (A R R RO FEAT B 16, TR AR RS A%, X
—HEPEAEHAE X SR UG U LA MR IR 34 [14] . AP, CsCuals BRI H PR A e alRp ik, A LR
HIE & T FALBR S (CT) B X SRR [15]. UTEEK, £E X S LRARM BRI, CsCuqls HIM U 1
2RI I AL AP RE o

VB BE R S R R T MR AR SR DN 455, CSCuala B BRH™ PR R A4 AN W JE G 22 1 s HE A2 0 £ I R 220
b MRHERZ BARIR S8 T R AR R AHUAE RENE AL ST AR . ATROUL I 1 RESR
B, ERBESRAVERIIEI T, CsCuals INARIA f &7 AL B A S B, A A B R R s o A B 2 22
TR SR ANEEAL, TR E BRI T A IR R T R EAREE . RS G A RO R A
FHEERRW. AENRE, BIEAONIE, RTREESERZ WA CsCuals INFRA A G RE I ELIE T 5L
FEANFART BE = o Oy 1 $ 705 IR R I S M TR MR AR RO RE HOTR IR D BN, ASSCR 38— PR B TSR,
HRWTFE T CsaCuals dRARTLEAN [F) 23 A I 2 A8 N FIERIE T BGRE « FE T SRR 2 M 0T AT e 4 R,
CsCuqls 1 | 2L I 2 ARS8 [F) 5| IR IR SR RES, P /BRI R Al FRARINARIA R ROEPERE
BEAN 1 2 LR B 4 i IR AR AT OB ORISR 2, 358 176 A SOLIK E WISCRE D, B PR R (A0
PRHRI AR . XL RPN AL CsCuals NIRRT AL T 5 2 1 BB {4

2. WHERBESE %
21 REME

2 AL ERAT N FRAE CsCuls J& T 1E2C &, FTJ& 2 [RIAE Y Cmem. £ CsCuals [ i 45 #4
Cs &1 4l NIRRT [Cuzls] 2 HITE SCHL )\ AR 250, B AR S B — 2R A5 B RRAE, T[]
1L HR . AFFFCRAEE 1 x 1 x 2 ) CsCuqls FIEIRAA, 58 74 Cs L8Rk (Ves)s —4> Cu fi
FRBE (Vo) LEPIAS | ALEREE (Vi Vi) fE N BIAN R TCZR A shie , - anlsl 2 Fos.

22. HE8GFE

AHIFFE B BV 1 SRR AR I T 2 B2 bR ERVE HE 42 /1) VASP (Vienna Ab initio Simulation Package) % {4
& LSER[16] [17]. fETFHESEIM R E T, KBRS (PAW) 5 A B % F 7 5 4 HL 7 (8] R AH HL
{EFA[18] [19], iEHY Perdew-Burke-Ernzerhof (PBE)FE ) XU FE UL ALL(GGAYE N A e R BLIZ BRI [20]. A
B AR S ARG B P, P TRI E #RBT BE & B v 500 eV, £ ik WA IE 12 6 S48k b 58 05 78 40 i 2
CsCuals INFRAM B TH L ER . RS AR, BATRH 25 7ot 4 5%, % & Hellmann-Feynman
TSR AE 0.01 eV/A, T FEIER AL R ISRAER 1.0 x 1075 L FREE. NHERGI IR AT HLIH X
Ry, A8 JUAIRAL R T E W TS R 3 x 3 x 3 [ Kk AR HEAT RRE, AR S5 45 L kS ff 1k F ]
HFEPE21].
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Figure 1. The crystal structure diagram of CsCu:ls
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Figure 2. The structure of defect system in CsCu:ls scintillator: (&) Vcss (b) Veus (€) Viz. (d) Vi, the red dashed circles

indicate the positions of the vacancy defects
2. CsCuzls (XK A ERFAKR R RBEHIER: () Vos, (D) Veus (©) Viny (d) Vie, H ATt B4 A [F B3R R 2 AR
B E

3. HRGITR
3.1. ERPAFUALEETT R

FEGRBEATE BE R THE h, ASCRIUY — MR & 5L, X —I7 308 R R k mUBURE T VA TS A 2
B, MR IR EOT A A BRI B . BREE o AEPOATAS q FPABRIETZEE Er IOTHEL A IR

DOI: 10.12677/nst.2025.133016 157 MRS HEAR


https://doi.org/10.12677/nst.2025.133016

FREE, X

Eq :Ea_EtotaI+Zni:ui+q(EV+EF) 1)
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Figure 3. The range of chemical potential limits corresponding to the equilibrium growth conditions of CsCuzl3
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Figure 4. The relationship between the formation of different charge states of vacancy defects in CsCu:ls and the Fermi energy
level, with the valence band maximum (VBM) and conduction band minimum (CBM) set at 0.00 and 1.83 eV, respectively.
Only the charge states with the lowest formation energies for each defect are presented
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Figure 5. The band structure of CsCuzls: (a) initial system; (b) Vcs; (€) Vcu; (d) Vi. The red lines indicate the positions of the
defect levels
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Figure 6. The projected density of states of CsCuzls: (a) initial system; (b) Vcs; (€) Vcy; (d) Vi
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Figure 7. The dielectric function of the CsCuzls primitive and defect system: (a) the real part and (b) the imaginary part

[ 7. CsCuzls ¥1Ia 1A R ARG RN E R (a) SEEBF(D) FEH

@~ (b) ~
g30 —Primitve | § 12 Primitive
é 25} - VCS — - VCs
£ 20} — Vo / A\ — Va
. / \ v,

5
15}
(]

—_
o
T

Absorption coefficient (10* ¢

Absorption co
W

(e}
>'
)
|
)

0
3

[«
—_

80 440 500 560 620 680 740
Photon Energy (eV) Wavelength (nm)

Figure 8. The variation of the absorption coefficient of CsCuzls scintillators in the primitive system and defect system with (a)
photon energy and (b) wavelength
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