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Recent progress of interfacial layers for inverted inorganic perovskite solar cells

SHU Qianwen , LI Yixiao , FENG Lai’
(School of Energy, Soochow University, Suzhou 215006, China)

Abstract: In recent years, cesium based inorganic perovskites (CsPbX;) are of great interest due to their high
thermal resistance, low cost and tunable bandgap, which have been used as absorbers to for the development of
novel thin-film solar cells. Currently, the photovoltaic performance of inverted perovskite solar cells (PSC) still leg
behind that of regular solar cells, though the inverted solar cells are more stable and more promising as top layer of
tandem solar cells. Therefore, the device structure of inverted solar cell remains to be further optimized. To ap-
proach this aim, researchers have developed a series of organic and inorganic interfacial layers, including hole-
transport-layer and electron-transport-layer, with the aim of optimizing the inverted inorganic perovskite solar
cells. Herein, we address the recent progress of organic and inorganic interfacial layers from the perspective of ma-
terials and processing techniques. A variety of material systems are compared to summarize their features. This
work also discuss their bottlenecks and try to provide potential solutions for achieving ideal interfacial layers.

Keywords: inorganic perovskite; inverted solar cells; electron/hole transport layer; organic/inorganic materials;

photovoltaic property; stability
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(ln W R PR s ), HAK B AR e a2, KR
il F 5% A 2% Ak PSC 114 52 Bs Iz FH DL SRl Ak ik A

DA 5 4% & B TCHLBA 5 - (40 Cs™) RS 45 &
F A HILFH B T 7] B B2 TEHLES 8k (U0 CsPbXg, X =
CL Br, ). S5AHL/ AL ERT F L, 2Tl
B ERET ELA B A R I AR e P, DR 3
KBABE L 1 S B T80, BEAk, T4 5L T HLES
BROIE H HA BRI BR (517 eV)P, AR TR
FL b 5 2 A B 194 K BH B FR b DC i ) £ & J2 K PH g
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3, IS ECRHLES R Pt o0 g, I Tl
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PSC H (1 AL 1 2 07 T A5 Bk 2w, 4 i 2
AAGH BT M2 oIae, RICH n- A L5 2
(ETL) Al p-Hl 75 5 A& 55 )2 (HTL), % & £ JCHLES B
W B REAT 20 A LA SCs B b ek, AL R B BT
G 2Pk . TR, P20 TR E T8
WA RHAE T 52 B AL 1T 2 6 T LS ER 0T 2 19 R 9 UC i
DA ROxt Bk g 9 A7 Rk AL, DT HE 3l TEHL PSC 11
— k. MG T RE AL 2 A X T AR S Bk 2
WA BT, PSC — i AT LA 43 81 B 4544 (p-i-n)

FNE B 258 (n-i-p) (B 1) Hob, IE &858 08814
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T (4-HEFHIEIE) Z K 1-9,9'- 12 7 (Spiro-OMeTAD)
fEH HTL, w1 FHW . RREtg 2, AT
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(a) (b)

Top electrode Top electrode

Hole transport layer Electron transport layer

Perovskite layer

Electron transport layer Hole transport layer

Rear electrode Rear electrode

E1 EE (a) AEIE (b) 50 KBAREH A5 H = B R
Fig.1 Device structures of conventional n-i-p (a) and inverted p-i-n (b)

perovskite solar cells
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Table 1 Structure and performance of inverted inorganic perovskite solar cells (PSC) reported in recent literature

Device structure Key improvement

Voo/V. Jsc/(mA-cm™) FF/%  PCE/% Ref.

ITO/PTAA/CsPb(I; 45Cly 02)3/
PCg;BM/Cgy/BCP/Al

ITO/PTAA/y-CsPbl,/PCqsBM/

BCP/Ag (PEAI) along with Csl and Pbl,

ITO/SpiPA;;/CsPbL,Br/ZnO@

Dopant-free mixture (SpiPA) of Spiro-

Sulfobetaine zwitterions were used as

additives in CsPbl; precursor solution to 1.09 14.9 70 11.4 [5]
stabilize the a phase of CsPbl; films

Tuning the crystallization of y-CsPbl; by co-

evaporating the phenethylammonium iodide 1.09 17.33 79.41 15.00 [6]

1.14 14.30 76.43 12.52 [7]

Ceo/Ag OMeTAD and PTAA was applied as HTL

E":‘S]/Sf(’jiiSXgN/CstI3/PC51BM/ Ezglllrégltgzzzil?t;e with Si-Cl to improve its 1.176 20.1 80.04 18.93 (1]
;TC%/ EEBZT:PSS/ CsPbl,/PCe BM/ Using PEDOT:PSS as HTL 0.87 8.17 69 4.88 [12]
N/CSPOL B Py BM/Cf BCP/AG high- cmperatineamneating 1223 1635 ez 1592 13
ITO/NIO,/CsPbI,Br/c-Nb,Os/ ICZ%EE%?%C%;?BET&%?&?JE? inverted 1.06 14.13 78.4 11.74  [16]

PCq;BM/Bphen/Ag PeSCs
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Device structure Key improvement Voo/V Jsc/(mA-cm™) FF/%  PCE/% Ref.
. Use the solution-processed nano-Eu,05 as
;"1;10(/)1\1/119 é/CleI\J/Il;I%Br}{eN;/IX)— the buffer layer between CsPbL,Br and 1.17 15.50 77.9 14.09 [17]
2Vs/E el P J PCg,BM films
FTO/NIO,/CsPbl,Br/ZnO@Ce,/Ag COPSTuction of all-inorganic PSCs with -, |, 15.2 77 133 [19]
inverted configuration
SLG/FTO/NiO,/CsPbl,Br/ZnO@ NiO, .HTL prepared by dlre?t current (DC) 11 15.1 75.6 12.6 [20]
Ceo/Ag reactive magnetron sputtering
FTO/NiO,/CsPbl,Br/c-Nb,Ogs/ . N
PG, BM/Bphen/Ag Doping CsPbI,Br perovskite with Sg 1.16 15.91 78.35 14.46 [21]
FTO/NiO,/CsPbl,Br/ZnO@Cg,/Ag Doping CsPbl,Br perovskite with Cr-MOF  1.30 16.51 79 17.02 [22]
ITO/NiMgLiO/MAPbI;/PCs,BM/  Preparation of NiMgLiO HTL by spray
(Ti)NbO,/Ag thermal decomposition 1.072 20.62 748 162 (24]
EE?;E;MgLIO/CSPbIZBr/PCGIBM/ Inverted inorganic PSCs based on NiMgLiO 0.98 14.18 66 9.14 [25]
FTO/NiMgLiO/CsPbI,Br/C- Carbon-coated metal oxide nanocrystals (C-
MOX/Ag MOX) as ETL 1.26 14.72 76 1400  [26]
. Doping Z ETL with TPFPB
FTOM«OJC@%QBUZnO@C&MAgL;E?g nO@Cy ETL wit and 1.23 15.87 78 1519  [27]
4
ITO/P3CT/CsPbL,Br/Zn0@Cey/Ag MO4ilYing ZnO layer with Zwitterionic 1228 1551 76.83 1462  [28]

molecules TPPPS

Notes: HTL—Hole transport layer; ETL—Electron transport layer; PEAI—2-Phenylethylamine hydroiodide; SpiPA;—Spiro-
OMeTAD:PTAA; FABr—Formamidinium bromide; FTO—Fluorine-doped tin oxide; SLG—Soda-lime glass; Cr-MOF—Terpyridyl
chromium; C-MOX—Carbon-coated metal oxide; TPPPS—3-Triphenylphosphaniumylpropane-1-sulfonate; TPFPB—Tris(pentafluoro-

phenyl)borane; Voc—Open-circuit voltage; Jsc— Short-circuit current density; FF—Fill factor; PCE—Power conversation efficiency.

1 BNREERE

Z R A DL 2812 8 H T A L/ TEHL AR
PSC, JFHUAR T RAFH AR TERE . A HLA 1 2 4
e BRIy fi & Pk 43 25 0] R 43 oAy L A5 i 2 R S X
R4, i FREE A FE 50T 43 A AL/ oy R A
HURAY, T A2 Y BB R A4
1.1 BHENEHE

7 PSC 473, Spiro-OMeTAD (&l 2) J& 3k # &
B A B AR A R 2 — P IR A B
MR 2, T 2EE T p AV A AL ik
HEAL A Y Spiro-OMeTAD*, M i 2ir 3% H: 5 e 11k
IR LR 454 . B2t T p 4B 26

0-$=0 0-8-0
0 OH
PEDOT:PSS

PTAA P3CT-N \‘l;:;;,:i?'/ ’ PC,,BM
2 AHA MR 25 R R

Fig.2 Schematic structures of the unit of organic interfacial materials
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Bphen—4,7-Diphenyl-1,10-phenanthroline; ITO—Indium tin oxide
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(d) M CsPbI,Br (100) A AR5 Y i T I EE B 2 AL R AE EL 5 (€) CsPbI,Br FITGHBZH Spiro-OMeTAD ) Fh#f a3 FE XRD
MHRTR AR LRIE R (f) 7F HTL/CsPbLBr i I A9 ) B0 B e

Fig.3 (a) Schematic diagram of the inverted CsPbI,Br PSC with Spiro-OMeTAD/TS-CuPc based HTL; ((b)-(c)) Depth-dependent GIXRD patterns of
CsPbI,Br (100) plane deposited on different underlayers; (d) Plot of d-spacing values derived from CsPbl,Br (100) plane versus incidence angle;

(e) Plot of d-spacing values of CsPbl,Br perovskite and dopant-free Sipro-OMeTAD versus temperature for XRD measurement;

(f) Schematic illustration of the strain release at the HTL/CsPbL,Br interface'®

e (24 ITO 5 FTO) 45 5k 5 fin A 4. B UL,
75 JCHL PSC 4635, P3CT-N & — 5 AR 114 25 /4%
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g 2,9- -4, 7-BE 9K -1,10-40 R ARAE, Wk
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ARHE Cop TR W LR ) (K] 2) 2 — Fp 8L B () n AU
BL SR MR, A I 2 A T T B AR A,
HEA Ry ke b= foe t, W EA
HL/TEHL A4 1k PSC 40038k B 12 F T il 4% ETLM,
F L A o AR AN T v R ok, R R S
T E AR ETL (96145 . %781 & /9 Tl PSC,
PCq, BM 8 ] T i 5 ETL, {HJ& i B 19454 Ky
PEDOT:PSS/CsPbl,/PCs, BM/BCP/LiF/Al 1 2] & 2%
P, 8RN 4.88%" . X AT REIA AT LA R B AT
(i) PCs,BM J2& —Fh 55 it & i iR, oK g A &k Bl ik
PHERET A A5 MBI 5 (i) PCe BM B HOMO REZK
B, RREARHPZS o8, RECE B I B ek /
PCg,BM FLAIAAFE /™ S AL 52 5 o ST LA L[],
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&4 (a) 3£F PEDOT:PSS Fl CsPbl, ({8 & Hi i AEHT €15 (b) 3+ B-CsPbl, Ml y-CsPbl, HiHb 1 J-V £
(c) 2T P3CT-N Fl CsPbl, FY{EIE A it AU L5~ B 5 (d) Sedli bty J-v g™
Fig.4 (a) Proposed energy band diagram exhibiting charge carriers transportation under illumination for PEDOT:PSS/B-CsPbl; or y-CsPbl; based
inverted PSC; (b) J-V curves of the champion devices based on p-CsPbl; or y-CsPbI;""; (c) Schematic diagram of the inverted CsPbl; PSC with P3CT-N
based ETL; (d) J-V curves of the champion device!!
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