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Abstract: Perovskite solar cell is a star of the new generation of photovoltaic
technology with the greatest application potential due to its simple preparation
process and rapid efficiency improvement. At present, the mainstream perovskite
solar cell adopts p-i-n structure, using carrier transport materials to extract electrons
and holes respectively, so as to realize electric energy output. However, the
dependence of traditional p-i-n perovskite solar cell on electron transport layer and
hole transport layer makes it not a cost-effective cell, and greatly increases the risk
of device stability. Therefore, the design and preparation of perovskite p-n
homojunction to realize carrier separation and transmission is considered as an
important direction of structural innovation. In recent years, it has been reported
frequently that perovskite photoelectric materials exhibit flexible conductivity from
p-type, intrinsic to n-type depending on self-doping or external impurities doping.
Furthermore, the perovskite p-n homojunction has been developed by a combined deposition method, which provide the
possibility for designing and preparing perovskite homojunction solar cells (PHSCs). PHSCs abandon the traditional
electron transport layer and hole transport layer, simplifying the device structure. It can not only improve the working
stability and reduce the production cost, but also further release the application potential of perovskite solar cells in the
field of flexibility and translucency, which can promote the practical popularization of perovskite solar cells. Nevertheless,
the PHSCs is still in its infancy, and there are many technical problems to be solved which restrict its efficiency and stability
improvement as well as its scale and industrial production. Firstly, the doping degree of perovskite materials should be
further increased for high efficiency perovskite homojunction. It means that more accurate self-doping method and
exogenous doping processes for heavy doping perovskite need to be developed. Secondly, the stability of the perovskite
homojunction should be enhanced to promote the practical application, which requires us to start with the three aspects of
inhibiting perovskite decomposition, blocking ion migration, and developing the supporting encapsulation technology to
carry out relevant research programs. Thirdly, it is an important task for the industrialization of PHSCs to realize the large-
scale preparation through combined deposition method, preservation transfer of perovskite films or superficial doping
technology. In this paper, the research progress of PHSCs is reviewed in terms of p-type/n-type doping process and
perovskite homojunction. The basic structure, working principle and existing technical problems of PHSCs are discussed
in detail. This work has wide ranging impacts beyond solar cells, including emerging applications in light emission,
photoelectric detector and neuromorphic computing.
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Fig.1 Self-doping mechanism of perovskite materials.

(a) Valence spectra of CH3NH3Pbl; films formed by one-step solution method with different annealing temperatures and the energetic levels of the
corresponding perovskite films; (b) annealing temperatures dependent carrier concentration and carrier mobility in perovskite films (circle) and the
spiro-MeOTAD film (square) by Hall measurement; (c) photoemission spectra of perovskite samples annealed at 100 °C for 10 and 100 min.
UPS secondary electron cut-off spectra and XPS valence spectra; (d) composition dependent carrier concentration (circle) and carrier mobility
(square) in perovskite films; (e) the formation energies of intrinsic point defects in CH3NH3Pbls; (f) schematic conductivity type conversions in
perovskite films by excess CH3NHjsl (left side) or excess Pbl, (right side). Possible point defects in perovskite films caused by composition
variation were illustrated correspondingly. (a, b) Adapted from Wiley publisher 24, (c) Adapted from Royal Society of Chemistry publisher 3.
(d, f) Adapted from AIP publishing publisher 3. (e) Adapted from AIP publishing publisher 3.
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Fig. 2 Exogenous doping mechanism of perovskite materials.

(a) Calculated formations energies of defects formed by group-1A and -IB elements as functions as the Fermi levels at I-rich/Pb-poor and

1-poor/Pb-rich conditions. The vertical dotted lines indicate the Fermi level pinning, the Fermi levels are referenced to the VBM; (b) calculated

total DOS and partial DOS for acceptors of Oy, S;, Sey, and Tey; (c) the Seebeck effects for organo-metal halide perovskite films based on lateral

Au/perovskite/Au device design (Single: CH3sNH3Pbls, Mixed: CH3NH3PbIcCls); (d) illustration of energy band bending in the perovskite layer with

PEIE film. (a, b) Adapted from ACS Publications publisher 3. (c) Adapted from Elsevier publisher 7. (d) Adapted from Elsevier publisher 7.
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Fig. 3 Perovskite p-n homojunction.

(a) Schematic diagram of p-type and n-type perovskite energy bands; (b) electric field structure and energy band diagram of perovskite homojunction;

(c) diagram of carrier transport in perovskite homojunction structure; (d) AFM topography images of the perovskite solar cells cross section (Vy, = 0).

The dashed blue lines are used to identify the layers in the device; (e) the corresponding KPFM images. The color scale bars of the KPFM indicate the

relative scales of the surface potential; (f) potential profiles of the device under the various bias voltages; (g) electric field profiles under the

various bias voltages. (c-g) Adapted from Springer Nature publisher °.
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Fig. 4 Basic principles of perovskite solar cells.

(a) Schematic diagram of perovskite homojunction photovoltage effect; (b) the working mechanism of perovskite homojunction solar cell.
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i o 2% T S S U R LB A . (HAS BRAT R
JiR 4 B I B AR AT A TP B B, A VR 2 4
HACRMFEENESR T DA S 7 [ A (7]
AR R o

FATINTY s K RS BRI 5 45 A BH i i At
Fo] EEN=TTHEIT . 58—, ZU— PR SR
MBS 2IKEE . 55K H B B 5 2R 2
HEFA L H 2 —, Do sy + ok
BRI R EARIE, BT AR A B 2%
IRFE I BEAR PR S FL e R EL, e T TE s
MRS RLIE, LOSRY mIKEREA S
2% [, WFFUE 85 BRA R R B SN2 2 44 R
MIE, NSLOUESERT [H 5 45 i P L it St a
AREER . 55—, AT A B 45 1A € 1k
PSR MR R A B B T IE R R, XA A5k
B BHE B 5 28 RS AFAE T IR KU . 5 2 e PE A
B RUBREE BT ANBEAL, W] RE & BEARAS B AT 41
BHOHB 2L, k985 B p-n&h X6 2L Bt 119
g BAE A o R, JF A 8 7T A2 A R B A&
figt RS B [R] o 45 Pt AR A E P ) B ST
o = TP RAGERD" [R5 p-nh KT AR 4 HoR
FEPRES PR R I DR RS . B5 R R IR R B
7% S 5B R BORAE il % KT ARG Bk A p-nlR] R 45 07
T RS2 P8 77, & SEBLES B (] 5 45 A B v it T
M AR A 7 ) EE TS 1A

A GRS BRAT [R5 45K BH it 538 149
R AR 28R PRI O STt e, 1R TS AR
17 ) S5 235 K BH P PR S A SR B, O 0 v A 1) 43¢
ARAE AN IR SREAT T S5 B . SRR
5 3 HLURR TR (K05 2 TR SR AR G BB, HLAS
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J5t 45 K BH et B A AT SR BB BRI AL, A
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