BRI F(AARBRR)
Journal of Ludong University ( Natural Science Edition) 2024,40(4) :343—353

Doi:10.20062/j.cnki.CN 37-1453/N.2024.04.007

ERNULYERT MRNHEIZWARER

e E> e
OB &

(IR B BRI WA B, Br R 250101)

E 48 ke EEky h THRA RS GRS, ot R B A SR 79 O B FRT T /7 B, A
SCARFG B B P (R TN, 4 T 2R 8 SR e AR T, 8 T E A PERe it e
PEo AR WFGE AN i A PR A i A SR A T B, I i a4 ki b
YIS B AL, 0 FRBHAE f it SRR RIES A AR S M B R rp B AR AR B T I A 4R
o ANEEIR R T W ANy I AR AR AT ST R R BT L T 4SS T A B R AR AR A
PHE TR TZE S = BN, B 125 A0 ot Fbs B R R 210 B8k 0 A R} ) I i Re A i — 2548
b, A IS RS IS R S Ak

KB  JE s A SR A T I RS ROR

FESHES.047 XERERE. A XEHS:1673-8020(2024) 04-0343-11

H 1839 4F CaTiO, #i KUK, 5 CaTiO, &5 B NIEIRE A2 ST K2R, Ho %
PB4 AR bR, JEAEOK, RS R AR ORI K
SR BT bR TR R, PSR B ST R A SR R
AAEE R TR IR TN R ORI AL AR, 1
WL KR FY B D B2 1 SR ek T R 45 T B R SRR
K BERE FL I P B AR G bR — | ST 4 R 1 Ak
PIEEERT PRI B TR B R T . 1 A E
S T f ORGSR, 2000 4F A5 HL- ToHL 24 Ak 45
KOS ERTT bR B BN R R R IR | | e
FEHUE T 3. 8% O L R 3% | 56k b1 k)

R R PERENE S AR BE A 18 A, AT 2 — VSR AN 2 s — 2 LU s TR AL
BRI B OETED T SRR Fn AT AR S B PR A IS, AR T i
KIS [ AN FER A T KA S, 14 R A WEVR S ITE S E SRR L, Wl R S ST
ST, e JLAE RO B TA] B 454K K B A APV R W, 1207 1 AT LG aof ke 2 R
b 1) B T2 T B R 4R B 31 26% LA 1Y) #E TEFNFRE O AR K TR 45 S 80 A5 Bk A T T
T 22 ik A B B F b L AR O BRSSO . R, AR A BEE E R ERI NG
SEERT BRI S K B RE FL S 3 7o 5, WA AR G A B 2 2
HARIIEET R AT MoRs I S ay IR TR,

BB RS T S I 2014 4F L H IR R GE T — Fh il & A

B T PR R S L BRI s e RS BRE™ SR A 0K PH B B M YR IR O ik
RUCEEAT MR SR M C e 2 R T — 2D IR W AL K R = A
R A P B M SO S AT, (FAPDL CL) M SEMliohh R . X 5 i
H i, T4 48 i e s sk bRk s 3= UCORE I &0 Y 8 6 Ay = it fe By 85 Bk B

Wk H #1.2024-08-20; & 71 H 1 :2024-09-03
EEEH T SR (1977—) , &, RIFFSE & B9 O 1o W RHE S IR 58 BHE M . E-mail : 191523972@ qq.com

y




344 BARRFAM (A RBERR)

540 45

(NH,CH==NH,PbL,_ CL,) HI T4 VL4 #4 i A BH fiE
L PSR OGIREE RS . 38— 2P IATE 140 <C
MIZAET  Z A A& B T AR 46 FAPDBL,_ Cl,
FRERW 2, i FHIX — 2Dk 2 1 S R K FH B

MR R AP RO RLERE , S R IR B ik
B 7.519%  ZIT AL AL T 85 BT 9 R Y il
B2 R AR R T ARE B0 45 R
2k

BT Jm kA SR ARk 8 T 2 Mk kAR

Fig.1 Metal halide perovskite material preparation process and development process
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Fig.2 One-step solution method
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Fig.3 Two-step solution method
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Fig.4 Anti-solvent method
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Fig.5 Hydrothermal synthesis
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Fig.6 Co-evaporation schematic diagram

1997 4% I o vt TR LR 4
(PbI, ) F1TH AL 45 ( MAT) A 5] B o 5 T4 5]
W b, LIRS 20K (RNH, ), PbI, 54K LA B =
AH B LAk 4% ( CH,NH,PbL, B{ MAPbIL, )
TERILZE K R R, PhL, Al MAT 23 5 m #4742 |
FEEAEAT S F T S N BB R S50, X — T2
DL 5 26 T REAS Ak 7 V815 R T IR A 1 25 & R

AENIRAT RS A 0 52, DA TS 428 ol S8 1) 2 1
= HORE R

2013 4, Liu %5 il i 2 e L R H AR il
T MAPDL CL,_ 41 J 0 A5 BK AT AR, S5 30 SR
FHAEALH (PHCL, ) Fi B LML Ab £ ( MAT) [A] B T4
()7 105, o e 5 K R IS, T il 4 T R 1y
A TS R AT IS Bk AR, g R R A R 1Y
7R R R A A5 B VR R %) 4 B, I8 T 1
SERI ARSI T AT 15%1%) PCE,

2019 4, Li 200 58 3o PR 3t 28 2 AR 61 45 19
HE AR A TCHLES BRI ) B0% 45 = B
RIS A M LED g8 52 0 T 48 5 10 Ok
K IFUESE T 2 PUR Y 4 TCALES EK ™ i 5 2L
A AR 58 S BRI FK RSB ) Bt i AR
FEPE,

2020 4, Fr Ny EE v T.K % Annalisa Bruno
AIBA A MAT FUBLIE 5 (PBL) JE28 & il 48 T
MAPbL, W2 IR SE T 4k 28 & MAPbL, K FHL
A AT ATPE T IF Ll T I R A 0 B
o HILF-TCRARR 7, iZ A 7E 85 CHELE T A
1000 13600 h J& , KE A PSCs 1 PCE 43 54
FRERI 4R PCE /4 95% 11 80% L) |,

2022 4F | Jf He K 2 Ty e AT Al T — A
PhCl, A1 3% 22 B 25 28 R 5 ik, il 25 A5 8k
KFHREHL M PCE ik 24. 4% , X —BIH 5 AR F
PhCL, 53 B, 76 45 K0 T ) AR R op
ARCEE T A S5 R RS
T s ol L2 25 % 1 S BRSSO AR Y o AR B 3
Pl T B R R v ) I RN AR A I A G R
MK g B 7 7 At ) G PR RE L 2024 4R 1% 1A
BASE 3o T BB 128 AR A BHAS B2 2R A ER
WHARESEEL T 26. 41% W858k 0K FHAE FL L PCE
2o s K RRGET R A A A R O S
T AL P RE RS E P, 5 2028 25 B I B Ak 10 T e
TR T R A %) S T 2 fi, A R0 w8 T F g 1 4
FUEHROR

55 202K B BT T, U 2% A ik sk e
T HTBR AR 28 K BN R — 28 & i & N 2R B
FE TP RS, Btz Ah 0 2% % vk nl DL
OIS iy b s o A o A A SRS, O L1 s Ok
() PSC YRR T 2 IR HAGE K il L PSC BIRCR

2021 4F | Lee 25 0 338 T —F B 102 3 2
DUREA , H T il 48 = AU K0~ K FH g e i, 38



348 BARRFAM (A RBERR)

540 45

IRIRZE K 3 FIHTIRIAM B} UL AT (PbL,)  H
ML) (FAT) AR (Cs) |, B )2 M 455k 1
JE AR A AL E TR S 2 TR 2, A
TORR I 2 B B0 it 42 o) 05 K ™ TR S 19 2L o R R
B, Ui e B H ke . DORRZE IR e by
FITEIRAE 60 C 1Y B2 RS HE4T 30 min AR
Ko X—id R B TR R Y 25 0
FIBRE 38 AR )2 A 45 it S5 2 A0 L i 4% T 5
R, X — RN ACERAE , B &SN RS
BRAT K PH B8 H L A i e RN 21, 32%

2022 4, G Wi 2 82 A B\ GE T —Fh A1 37 9
T LA EN FIT 28K J5 2, 6 2% = 308
RO RPHAE M Z TR E ek kg & 3 Fh
HTBRAAR AR} AL 4T (PCL, ) AL #S (PBL, ) Flft
fb#fs (Csl) I —A & A CL GamhEEZE, +
) J2 O AEAE A B FAERE S B 25 B v i 3 T s
) AR GE R AN S0, Bl 78 LS S R UL
FPKRLAE ) (FAL) 22, IF7E 170 C 1Y BREE h i 4T
PAR KL FE PR K B SE T FAL 99"
B, IR T E5 6K A 45 P B, DT i & 46 T
I A A R P10 2t e R O PR RE L 1 AT BA
WL Cl B AR KB Cl K& 15 AREN T
EAT R 45 T T, Js D i BBk G | JE R
MR FIIER R, BiE Cl B AR L, # it
ARSI 258, B ) S 80 T 85 8k A BH BE R Yt 5
1A 24. 42% MG L LA

22 BEHRERK

FER R TS ) fh 2 T XS R R B A
R E MR = BB, X F 2 MRk ok
U, 7% & TR 1) TE A L (0 LA 32 i) 5 X6 I 2%
SRk, Bt ] e LA UE , BORUAS [R) A i A4 2 AR X ok
ULARHRERT G, DL, B % I IRl B, BF 5T 3 S
I ETRIR G, BB IR AR, B E T ESE
o PAE e B AR o E A
rh AR A AR R . VA RIRR S BRI IGE
K, G RZE LN IXBIET iR ZE R et
HL B I 78 R AT RHE L R 98 H R, B TR
ZRRMFEHEAE 7 Fis

XA SEBIFE 53 A AT & T — i a7 B e )
5, 3 FRRZE R RO ST O AL B
KBHBE L, Hm M2 8 CsPbBr, ™ o T 528
X — 5Bl s ( CsBr) AR ALY (PbBr, ) B K
P B8 — 2 LU IR A OF e il sl R 90, PE R 28 R T

FEREZE G T, R inFiE 450 €, AT I F)
FAFFUURR B L I 45T 19 CsPbBr, A,
X—IE R TR 20 DU R $e 4 T —
FivaT 4 HARE BRI A BOR o S 7RI Y
SCHLPERE , FEARFSE T CsBr #1 PhBr, B ()
Pl T e 24 FEE o R SR RS2, S RS
PR A Y PbBr, 5 CsBr #Y b, i 56 % #H .
AR BT B LR D S A TR Y 4 T i
MRAETEE WD B A S g 7oK
FHREHLIAY PCE, 2, TEAR AL S5 F T B2 52 8
T 8.65%M) PCE,

K7 PRREA R R R A

Fig.7 Schematic diagram of single-source thermal evaporation
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Fig.8 PLD schematic diagram
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Research Progress on the Fabrication Processes of
Metal Halide Perovskite Materials

CAI Xinyan

(‘Shandong Institute of Scientific and Technical Information, Jinan 250101, China)

Abstract ; Metal halide perovskites have become a research hotspot in the field of photovoltaics and optoelec-
tronic devices due to their excellent optoelectronic properties, such as high light absorption coefficient, long car-
rier diffusion length,and tunable bandgap.The fabrication processes and parameters directly influence material
quality and determine the performance and stability of devices.In recent years, researchers have successfully
fabricated metal halide perovskite materials with high crystallinity and low defect density by optimizing fabrica-
tion methods and conditions, applying them in various optoelectronic devices, such as solar cells,
photodetectors , and light-emitting diodes, achieving significant performance improvements.This review summari-
zes the research progress in the fabrication of perovskite materials using different methods, compares and analy-
zes the characteristics of various fabrication processes,and discusses strategies to optimize film formation by ad-
justing process parameters. With the continuous improvement of fabrication techniques and diversification of
material systems,the quality of perovskite materials can be further enhanced , bringing the commercialization of
perovskite devices closer to realization.

Keywords : metal halide perovskite ;fabrication processes ;solution method ; vacuum technology
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