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Fig. 1. Introduction of tandem PVs: Schematic illustration showing light absorption in single (a) and multijunction (b) PVs; four-

terminal (c) and two-terminal (d) tandem PVs; (e) crystal structure of metal halide perovskites!'’).
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Fig. 2. (a) Structure of two-terminal (2T) perovskite/heterojunction tandem solar cells (PTSC), and scanning electron microscopy
(SEM) of 2T PTSC!M; (b) four-terminal (4T) PTSC structure, and SEM of each single-junction solar cell!*19.
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Fig. 3. Mechanism of photo-induced halide polarization: (a) Nucleation of an I-rich phase from an I/Br mixed phase under light ir-

radiation??; (b) band gap of different compounds as a function of relative bromine concentration, z %
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Fig. 4. Structure of supramolecular amyloid iodine and its mechanism of interaction with perovskitel!7.
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Fig. 5. Piperazine iodide-optimised structure and performance of perovskite heterojunction tandem solar cells®?.
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Fig. 6. Molecular structure of HTL. Molecular structure and side view of (a) MeO-2PACz, (b) MeO-4PADBC, and (c) MeO-4PAD-

BC anchoring on NiO, nanoparticles as HTL in PSCP.

H BB (1-T B ) O o n] DL sz 3k 2+ 44k,
15 2 5k 1k S )2 K FHRE FEL Yt 25.7% RO ST A
iIF PCE.

PR T DL U3 2 1 4 fd M 2 rh i AN e S 3
TP R LA R, TR AT el
FEHLEI S & TG B O, Su 45 O] & H —Fiol:
25 A2 A A S EALARSS & i — IR SR, F
FH EL bR s 35 P B 5 0 W FL -8 0, FE b AR i
i Elm 43 #5345 43 BUOE A5 2R 0 1Y i AL Im
mn e S P, SE PSSR BRI I SRR, B
R FEFE 1.04 cm? AT PCE ik 3 23.41%. %6
A ERAT H 3L i 2 S B - 3l
0 o —FhFBL. I TE SnO, Gk B A
JKFERER (FOA) (& 7), B PRk e/ MU ] 52
TR S 140 5 T 2 f 106), Y P 8 TN R i AR 5 AR
KT SnO, SE5ERY T AL AL DL H.

KT B 2 L M S R TR A 5 ARG S 1k
X ER R AR ZOBUN 67 TP R4 108) L IE T SR 1k
B 190 ) % % oy Wi/ 17O A5 K AT TR AR R
FEAE R BB, TSR0 45 2 A 5 38 i LR =
PTSC PEREM T —.

4 5L R R B it

PTSC S H it A% 55 1 158 31X S 30 e 25 VC i )
B R AR . BRI S R A A
WAL A TTAR, X S I 3R I 5 A0 E A T Re A T
JH#E U HAE P PTSC B2k vh X il 4% T 25
FRUREE. BEAh, SRS AR 00 F it -5 5 o 445 )1 H 3t
fyHE] TCO it g PTSC Fm it bk &

SRR, HUBR IR RE | DU DT X AR i i
X B J2= L PR REAR AT BRI

4.1 RHEmET5EIEZEMRL
PR RE Fr R A TS GNP RNV 1.5 pm
PLE, SEXEETE 1.4 pm VA b, BE B S0m 45 1
FBARAEEASHEAE R BH A PR T 2k I 5,
1o R LA ' AT ik 2 sz B 4 2 (1) 25 52 i) I 465
R BRURR S5 45 S 38 ) . — R mT LAGE i 1 2 o 4
TR e S T I SR Y Ly, SR [111] & e T RN
FRHE [100] & ) 10T BN, 1 4 =7 25 2 i 6 g ok
SRR . De Bastiani 25 (720 £ fitk 2 10 4% i 40
AT S B ER AT VR BE R TR 5T, & Bt Ak 2 i
R IR L2 198 32 52 i S R T AN [R) 4 IS A
MIESERT i AOEEUR LGk . (PL) HEAR, X
SERERE (S AR A 0. F T o B B A AR
W R R R S A B R R Y EE SO
& FIE RS 0 E A SO n T 5 ek
B T P - B AR AR R DT A AL A IR sk
. XS PN AR EL PL G [ ARG e e O
B, IS B 4E 44 S b PCE #ik 28.1% AYRAL
BEERT /1 B J2 A BH B FL 3.

BeAh, gl R 5 6 90 T 2% b A oG, Bl
Hl SR EE N 65 °C $2EE 90 °C, G R ~F ME
0.4 pum B 00 1.2 um; il 248 [A]) L 5 min $E K 3]
20 min, ZXHE R FM 0.2 pm BEMF] 1.0 pm; #1425
F 5] KOH e EEM 0.75% Hahn) 2.89%, 45 1H N~
A 0.6 wm BEHNF] 2 wm. PR AT D 3 Rl As I 25 T
VR AR T AR AT R R, SEPUES R T R S
TR RS FEL Tt ) L G DR .

088801-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088801

The interfacial enginneering
at the SnOy/perovskite
interface maybe the focus
to further boost
the performance

1. Doping of SnO; layer
2. Surface passivation on SnOs
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Fig. 7. (a) Recent advances with the record PCE in PSCsl%?; (b) the device structure with record PCE and the interface engineer-
ing boosting the PCE of PSCsl%“; (c) the 3D structure of FOAIY); (d) the procedures of the FOA treatment!®; (e) energy level align-
ment of SnO,, SnO»-FOA, and perovskitel®; (f) distribution of FOA and its regulation for upper perovskite crystal growth®;

(g) the passivation function of FOA at the buried SnO,/perovskite interface.!%l.
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Fabrication of Bi-facial silicon bottom-cells
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Fig. 8. Fabrication steps for bifacial perovskite/silicon tandem solar cells/*".
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Fig. 9. Schematic demonstrations of alternative advanced sputtering designs and other alternative PVD techniques for ‘‘soft-land-
ing’”” deposition[™: (a) Magnetron sputtering; (b) facing target sputtering; (c) gas-flow sputtering system; (d) reactive plasma depo-
sition (hollow cathode ion plating); (e) ion beam sputtering; (f) pulsed laser deposition; (g) the sputtering process of oxide films and

damage mechanisms of the underlying substrate during the sputter deposition.
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Fig. 10. Nanotextured PSTSC design®®2. SEM cross-section micrographs of the front and rear side of (a) planar, (b) nanotextured,
(c) nanotextured + RDBL PSTSCs; (d) AFM image of the nanostructured silicon bottom cell front side prior to the deposition of
the contact layers’®; (e) photographs of the final PSTSC in between the front-side silver ring of approximately 1 cm? (left) and the

RDBL on the rear side (right).
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Fig. 11. Comparison between different recombination junctions. (a) J-V characteristics of fully textured perovskite/SHJ tandem

devices that feature either an ITO or an nc-Si:H recombination junction®. Top view secondary electron SEM images of spiro-TTB

as deposited on the ITO recombination layer (b) and after annealing at 150 C (c). SEM images of spiro-TTB as deposited on the

ne-Si:H recombination junction (d) and after annealing at 150 °C (e) 5.
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Fig. 12. Two possible setups for the characterization of the bifacial tandem: (a) Double light sources; (b) single light sourcel®’.
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Abstract

Efficient and stable perovskite/heterojunction tandem solar cells (PTSC) are a direction of joint
exploration in both academia and industry. Achieving efficient solar energy utilization by assembling structural
layers with different bandgaps in an optical sequence is the original design strategy for PTSC. Through the
reasonable distribution of the absorption spectra of each layer, the photoelectric conversion efficiency (PCE) of
PTSC can theoretically be increased to more than 40%. At present, the efficiency advantage of small-area
PTSC is well-established, but there are still many challenges in the commercialization of solar cell efficiency and
stability. Therefore, in this work, the two-terminal (2T) and four-terminal (4T) stacking methods are regarded
as the main structural routes, and the optimal design of the key structural layers of PTSC, bandgap
adjustment, additive regulation, optimization of interlayer transport, and optimization of the module
interconnection and encapsulation methods are focused on. Based on the existing research results, the key
problems and solutions affecting the efficiency and stability of PTSC are summarized and outlooked, aiming to
provide directional solutions to the key problems in the structural design of PTSC. In addition, from the
application perspective, it is proposed that before the stability problem of the perovskite is fundamentally
solved, the 4T PTSC is more likely to achieve product iteration and industrial efficiency improvement, with the
expectation of taking the lead in commercialization. This work emphasizes the popularization and practical
application of commercialization, with a perspective that is more in line with the market trend and close to the
industrial demand, and is expected to provide an important reference for the commercialization of PTSC in the

academic circles.

Keywords: perovskite materials, heterojunction solar cell, two terminal and four terminal tandem structure,

commercialization process
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