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Research Progress of Cs,AgBiBrg Perovskite Solar Cell
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Abstract: In recent years, organic-inorganic hybrid perovskite solar cells have received a lot of attention for their
excellent performance and low manufacturing cost. However, the toxicity of lead in organic-inorganic hybrid
perovskite solar cells and instability inhibits its further commercialization. Double perovskite Cs,AgBiBrg possess
excellent stability, low toxicity, long carrier lifetime, and small effective carrier mass, and is considered as a promising
photovoltaic material. It has been applied in solar cells and displayed superior performance. However, the power
conversion efficiency of Cs,AgBiBr4 perovskite solar cell still lags behind organic-inorganic hybrid perovskite solar
cells, and its development faces various challenges. This review firstly introduces the crystal structure and the structural
parameters such as tolerance factor of Cs,AgBiBrs. And then, the progress of thin film preparation technologies such
as solution processing method, anti-solvent assisted film forming method, vapor deposition processing method,

vacuum-assisted film forming method, spray-coating method are summarized, and the advantages and disadvantages
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of various preparation technologies are discussed. The performance optimization strategies of Cs,AgBiBry perovskite

solar cells are analyzed from three aspects: element doping, additive engineering, and interface engineering (interface

energy level matching and interface defect passivation), and the research progress in recent years is reviewed. Finally,

the challenges faced by Cs,AgBiBr4 perovskite solar cells are pointed out, and future research directions are prospected

from three aspects: precursor solvent engineering, bandgap engineering, and device degradation mechanism.
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Ton doped Cs,AgBiBrg perovskite solar cells

(a) SEM images of Cs,AgBiBry, Cs 99Lig 01 AgBiBrs(Cs), Cs.99Nag o1 AgBiBrg(Cs-Li), Cs;.99K.01AgBiBrs(Cs-Na), and Cs 99Rbg 0 AgBiBre(Cs-K)
films; (b) J-V curves of Cs,AgBiBrs perovskite solar cells (w/o0: Cs,AgBiBrs, w Li": Cs; 99Lio01AgBiBrs, w Na™: Cs; 9oNag o AgBiBrs, w K
Cs1.99K0.01AgBiBrg, w Rb*: Cs1_99Rb0_01AgBiBr6)[54]; (c¢) Band structure diagram for CszAgBiBr6[571; (d) Tauc plots of Cs,AgSb,Bi;_Brs (x=0, 0.25,
0.50, 0.75) films®*); (e) Crystal structure diagram of Cs,AgBiBrq_,,S,; (f) UV-Vis absorption spectra with inset showing corresponding Tauc plots
(right) of Cs,AgBiBrg_»,S, film'®”. Colorful figures are available on website
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P3HT/MoO3/PTAA (HTL-3)(& 7(b)). FH T HTL-2 Al
HTL-3 ] HOMO &% H A B FEHE 5 B RRAE, Al
Cs,AgBiBrg/HTL-2 I Cs,AgBiBrg/HTL-3 [ 75% 655
A A X (S AN 2 2 ) L O £ ) VA 2 o
HLJE A 2.04 mA/em® $2 T+ F] 2.29 mA/em® A
2.66 mA/em®, it LR 1.36%RTHE] 1.62%
FT1.82%. SEIKRUL, BT Cs,AgBiBrs I AL B
WK, TEAN-TEHL AL A5 SR A K BH B HL it 5
JVZ I Spiro-OMeTAD Al PTAA %5 /AL 4 )2 I
VCRCHANERAR, 38 )75 2 & B A BI% HOMO e
1025 A% i S A o

TEABERT/H AR5 Z I AL E, Luo 257 %
T BA AL 2 (Ceo/TIO) ) Cs,AgBiBrg 454k
WOKBARE I, BT Ceo MR (4.0 eV)t T TiO,
(K] 577 (—4.1 eV) Al Cs,AgBiBrg 15717 (=3.6 eV)Z [H]
(B 7(c)), TERCT RERBRIE, R H 74 A5 B[] AN
50 ns 4FRE A 7.9 ns, HLTFERE ML, AHRN A1
IFER LR A 0.87 V HRFFF] 1.01 V, FEEHGA
1.54 mA/cm® ¥4 K 3] 2.25 mA/em?, 6 HLIEEHAE M
0.93%2 T3] 1.57%. 54, EAHL-THLREEK
WK PHAE HL it SnO, HLF &5 2 O3 2112 BT,
HAOIE T H TR ML . SnO, T &
b TiO, T4l 0.4 eV i47, H 5 Cs,AgBiBrg 115
Hr UCACIS F H F  B Sa FR RA E2 , (HH
T M TC R N FRIE o
332 FEEREHEL

CsrAgBiBre I3 [ A7 1E VT 2 Bif, KA IE
IR B T DA SR AL # T 2 A B, Li
s L7435 B 3R 2L N 0% IR S (PMIMLA) /R A
Cs:AgBiBry/ < N AL HZ M A1 Z, KL PMMA 4
FH-C=0 EfeHlRENE 5 Cs,AgBiBre iR R TH KL
R Ag" RAMBEAE, Btk fiHrE, WA 8(a)
Bz~ . 7E PMMA BlAC TR S, A% PRIE 78 F R AN 0.99
V BCE] 0.89 V, ST EEM 1.14 V
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T3 1.18 V, YeHFEH R I 1.78%3 T+ 2.25%.
Li 2PN T Y-6 AINTE 2.8 218 S Va7 o,
1E Cs,AgBiBre/ % /AL K /2 51 5] N Y-6 47 H (]
2. Y-6 5 FHFH-C=N FI-N=C-S—F ft a5 5l
b Ag RSP AR Ag AT (Agy) AR ik }iu(AgBI)@%
B (& 8(b)), BRFEEEE M 4.05x10' cm”® BEAK 2
3.14x10" cm >, HH R 3e4F (IR HUE A 1.08 V 32T
B 1.28 V, JLHLEIRAZEE N 2.50%FE T F 3.31%. It
b, Yang Z5UCTg BUA HLYLARE — (DU T 3480 I KX
(5 Bt AR ) 02,2 - B ML g -4,4'- — R TR ET (IT)(N719)
Bt Cs,AgBiBre/ = /AL i 2 LI, BT 2811
W PRIE 7 R AN 1.88 V BRI E] 0.53 V, BRIA% K
KBEIK. 45, 5IANNTI9 J5, FEmas 7R i a
0.83 ns AL E| 0.59 ns, 27 MAZ R 5R(E 8(c)),
FH . 2241 [ FF % HEL T M 0.998 V- TH 3] 1.06 V, )t HL B
PRI 2.10%$E T+ 2] 2.84%.
TR S T A5 R K PH A8 FL VB K 52 6 T, FRak
JEIER B BIREIR . Ak, 8 ] £ ik AR A 2R S T
W2 Ja SR PTR ) ESAR R M i & . EA P

TEMLZ A0S ER A IS BH R He b A MRS S T 30T 4 S IR 7
BN EMHOH LRI T . £ Cs,AgBiBre £54k
BB AE I, Li 25770 MXene(TisCo T A
TiO, TIE 2 DIRE B T4 41 )= Ti;CoT.@TiO,, K
TisCoT, FFHI-F RS EEML Cs,AgBiBr T JI5 it 1 2% o7
(B 8(d)), kK2 M 1.58x10" cm™ [4 K FI
4.23x10" em o A0S ZR1F I R A 0.93 V 2T
F0.96 V, JoHEHFIN 2.00% T 2.81%.
Wang 2 U814 i #2 56— 242 35 A7 42 9 (C-Chl) B4k
m-TiO, {5, &I C-Chl AE 5411 Cs,AgBiBre/ HL T
FE 4 2 1 R FH I B - K A, BT K
A FLh ) ST AL R BHPTAN 1731.0 Q PR E] 318.5 Q,
FREEHE M 1.02 V IEINE] 1.04 V, JEHE SR
2.28%F 2 3.11%.
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