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Abstract: In recent years, three-dimensional (3D) metal halide perovskite solar cells (PSCs) have emerged as a
research hotspot in photovoltaics due to their exceptional power conversion efficiency. However, 3D perovskites tend
to degradation under moisture, heat, and illumination, which caused adverse phase separation, ion migration, and
surface defect formation. These issues result in interfacial heterojunction structure failure and device performance de-
terioration, significantly hindering the commercialization of PSCs. It has been demonstrated that two-dimensional
(2D) perovskite materials can not only passivate defects of 3D perovskites but also provide a robust protective barrier
based on their superior hydrophobicity. Consequently, the construction of 2D/3D heterostructures has been estab-
lished as a potent strategy to simultaneously enhance the efficiency and stability of PSCs. This review systematically
summarizes recent advancements in the utilization of 2D perovskites to enhance the performance of 3D PSCs. First-
ly, the crystal structures and unique optoelectronic characteristics of 2D perovskites are categorized. Subsequently,
improving the performance of 3D PSCs with 2D perovskites is elaborated from four specific dimensions: crystalliza-
tion dynamics and thermodynamics control, interface engineering, additive engineering, and template-induced crys-
tal-oriented growth. In conclusion, the present discussion focuses on contemporary challenges and puts forward a se-

ries of perspectives on future development directions for this field.

Keywords: perovskite solar cells; 2D perovskite; power conversion efficiency ; stability

s HHA: 2026-02-28; &1T H#A: 2026-03-09
EeWB: EXAARREES (22372114,62575204) ; 1LHT64 A AR 54 (202203021211143)

Supported by National Natural Science Foundation of China(22372114,62575204) ; Shanxi Provincial Natural Science Founda-

tion(202203021211143)



1238 K b/

¥R 58471 %

e

1 3]

B 4 3K 8 U5 R HF 821 K DA K A R R H
£ )" HE R R T i ALY AT EE A R TR A R TR g
PEAEHLRAIE 15 YL B 27 ) o R i 2 1 B fig TR
TR M ZHE R B BRY, 4 Bkn] A B R & L AR
T 2021 49 3. 1 TW B4 5] 20304E 189 7. 1 TW .,
1E 2030—2050 4F Z [H] , 4 4F 16 75 #h 58 630 GW 11
KHAECR K =

i kA PH AE F Dy 2 S 2k i R R DU
HAGE M MR RE AN H R R P A B AR BT 5
ST ARG B HOE H AR R (PCE)
P Y v A -ZE O LSRR o AR A5 AR T K
FH BE H1 1 (PSCs) K H: 5 PCE G ALAS A % , i Ky
K PH RE H 3 A7F 9% A B0

PSCs Hfff FH 19 85 5K 0 14 ) 2 1k 2% 20 ABX,
M) = 4B R . Hod A A AL e L — # BH
B (F I CHNH . Cs™) B R IV %4 & e R (Bl an
Sn™ \Pb™) X MR EICER (FIan T Br) . FEAH Y45
R SRS B BHES T 64 X I 7 4
Bl T2 B BX 6 1E /N THIAA . 3X 26 BX o /\ A 38 o L=
00 AE = 2 25 ] AE A, I8 Ji— A I BR 2 At £ o9 2%
117 A 57 BH B W0 350 78 78 R 8 /4> 3K A 19 /T A4 [ B
(ST TR ZS O 5 12 X BB TR

PSCs K H Z Z B 1) =R 450, E 2 &
B HL S AR ) (TCO) HL B A58k 0™ e s 4 2 i 7
& )2 (ETL) %5 7 A% % )22 (HTL) Fl 4x J& A Al 41
BLo o, AR HT IR M 2 SRR LR R 0 Ot A Ak e
F15 B IR R BE R AR R A T 4 Ak
G500 K BH G I 7 6 o HL - 23 SR AE P A
HL 37 T RE SBR B R BK 3 T, 62k HL 7 R0 28 43 Sl
B ETL 1 HTL % £ 5l RO 12 iy 22 %5 1 Al A, 75
L8 A A H I S B R BB R e S B

FH, 545 = 4 (3D) 45 8k ™ K FH AE L it 19
PCE B #f3d 27%", {H K 1] T VR A8 52 kAR SR J2: B ]
FERT b AL DAY B, G R A T IR
FOCHR A SR, 3D 854k 0 b1 05 & AL % i
MBI, PR P 2", X & HF 3D
B ER AT A R RS R ORE L NS A L B A AL XA T
RN PR E T, S Y fIR A K
il 4 BB R 1 AN AR M ) Bl AN LA B S T
I B R ) 2 B ARLRORN K S T A I K
A KRR SRy LS b oA
A S bl Az R A R A A0 A I B A R  E L IR

KRR T EVE TR, 3 S e B A A il v Ak 25
— G R PR St sk e g i A AT B Ak R 3R AR
T 1k BE PSCs 1 06 B 251 .

53D A5k M H L 2D J2 R4S Bk T 1 51 A
KA TR KA HLIH 5 - 1F A [ B% 2, 78 3D 85 860
FEVH Y W B () W BGRB8 I 5 A R B
K BNHRAH K o3 AR IR0 28 i RO, A
B, ) B )2 AT AL A R T R B AR A 5 1
R TIHAT U FEAVE T, X 3D 85 Bk a2 1 14 Bl 457 A
TR0 B B (o FC A7 B A 0 ) S B R Akl
16, R, M EE 2D/3D SR A5 E Ok B ) 3
PSCs G AR PEBE 5 52 M 0 SC B SR W o

A LEIR AT 43 2D B R Y 45 B A R A OSG
PERT , PRI 2D 55 5K 0 F 2 /55 PSCs 2% 3 AR e P
Py 1Y) Z2 FE A R VE I BLE] AL HE - R R A i
JoT ek R 4 T 8 4 A Bl ) 2R R R ) o R A
W5 2D F5 AR ET 45 AT 2D/3D T i 4 LI T AL
TRy i, R 2D 858K 55 T 3D A5 R IO
JZ2 3 B B R FE A 2 5 ds R TR T
2D AOBHE S 3D 55 B BT i 5K A (4 T e R TS in 7
FAMG AR SR S e U 3D BB AR W45 O T L 2D
R o 25 S HRA S 3D A5 AR il i I IR
BRI %% B R ARk ) 20 B i 2R Rk e S AR e 1k
a4 T 2D/3D S 45 A AR A A AR L 48
7 LA F o AR LB T A R R A A A AR e
T (A E R ML, oA PSCs P B 28 0 42 (16 2 6 3L il 55

B,
2 2D AT ARG S A
vakled

2.1 REFREMESE

2D £5 8K i T AL N IR “ B v 7 5 R RS
BILTa] B 2 2 38 o 9 18 e g ml S S A A R T
B G TR, 2D SR O SRR A
Ruddlesden-Popper (RP) ! | Dion-Jacobson (DJ) 7Y
FI Alternating cation( AC1) %

RP R 45 5k 7 (it 20K Lo, B, Xy, H P LN
KK — A DR ) RO R B o T2
RERM A O RAETE T - AR BN B B 5
¥ 1 2 Ak v ek o E A S U A S T HL)Z
T Y 3R C 2 A5 B R T BE R Y AT PIL i K R R
W47 HES T AHSBICHLIZE Z 18] o 3 A v (] 2 A 4k
G5 e R A B O 4E &R B T —IE 5



7 W JAERMG, 5 RSB S ER AT K BH BE L v i R E 5 8 R 1239
(a) Ruddlesden Popper (RP) (b) Dion Jacobson (DJ)
L =0.636 nm L, =0.634 nm
w .’m L,=0.765 nm m m L,=0.416 nm
o iy RS 7%
“ S 444 24

“YAA BA {5 4AMP
(e) Alternating cation (ACI) (d) Perovskite thickness (n)
L =0.628 nm g=5
@ i n=2 3%
& il i £,=0.314 nm n=1 %2 %
87 Q. IR Y ' 33 m .9
2y » hood 00 RS
449 44 % 2 38
L =0.634 nm L A
@ L=1269 e
AYhea g oma * Phl- " ML =1.903 nm

P 2D B ERH By SR A R B, = Rh

R 2D Ak 85 K57 2544 (n=1) : (a) Ruddlesden-Popper(RP) 4 , (b) Dion-

Jacobson(DI A, (o) ZZH BHES T (ACD A5 (D AR THLZRIEEE (n=1,2,3) T 19 RPE5H 7R T AL, AL n AT B 1T

iy i L g v A\ T B )= R (i

Y IR 3 I =11 S5 K B n—ooffy) = 254!

Fig.1 Structures of 2D perovskites. Three types of 2D halide perovskite, which are (a) Ruddlesden-Popper (RP), (b) Dion Ja-

cobson (DJ), and (¢) alternating cation (ACI), n=1. (d) RP structures for different perovskite thicknesses (n=1, 2,

3), which correspond to the number of octahedra along the stacking direction in the perovskite layers (ranging from n=1

2D halide perovskite to 3D halide perovskite (n—) )"’
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Fig.2 Classification and molecular structures of organic spacers listed in Tab.S1
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Fig.5

Illustration of the influence of the short-chain AALs (a) and long-chain AALs (b) on the crystallization of the perovskite

films"*. (¢)Trap density of states (tDOS) deduced from temperature-dependent C-f plots for the pristine CsFAMA device
and the CsFAMA device with AALs™". (d) XRD patterns of 3D and 2D/3D perovskite films"**. (&) SAXRD patterns of

HDA" and ODA"-based 2D/3D perovskite films"*’
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Fig.12  Time-resolved in situ UV-Vis absorption spectra of (a) without and (b) with 9% AcOH BA,MA,Ph,l,; perovskite film

traced during (i) spinning, resting, and ( ii —iii ) annealing process ™. (¢) Time-correlated evolution of the absorbance

of perovskite films™". (d) GIWAXS during spin coating and annealing of perovskite films'
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(a)DFT-optimized crystal structures of the 3D perovskite with an FA-I terminal surface and iodine vacancy, and DJ-

phase quasi-2D perovskite'®’. (b) GA-FTIR spectra of FATCNQ, 3D/2D, 3D/2DF5 and 3D/2DF10 perovskite films. The

glancing angle was used at 65°'°’. Schematic depiction of the energy level structure and the corresponding interfacial

structure of PSCs with (¢), (d)3D, (e), (£)3D/2D, and (g), (h)3D/2DF perovskite films'®’. (i) Schematic diagrams

of the post-treatments on the perovskite films using PEACI, without and with annealing'®"
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(a) Side-view STEM image of a typical epitaxial CsPbBry/PEA,PbBr, heterostructure formed by oriented assembly'®’

(b)The d(y,) interplanar spacing for n=1 and FA-based n=2 2D perovskites with various A’ cations: PA, BA, OA, and

PEA. The range of reported values for FAPbI; d(y)

interplanar spacing is plotted as a gray horizontal bar. Both

BA,FAPb,I; and PA,FAPb,I; exhibit a d(y;) nearly identical to the d(y;, of FAPbI;, as shown in the inset'®’. (¢)Fabri-

cation steps of a 2D crystal-templated FAPbI; thin film'®’

cess of Pb-Sn films on different 2D substrates !

. (d)Schematic of crystal growth during the film-forming pro-
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