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Fig. 1. (a) Four terminal structure and (b) two terminal structurel'” of the perovskite / silicon tandem solar cells; optical constants

of (c) perovskite and (d) c-Si absorbers!!0:7.
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Fig. 2. (a) Light spread process simulated by OPTOSP!;
(b) the optical model built by JCMsuitel*2.
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Fig. 3. (a) Light analysis process of optical admittance method'”); (b) structure and (c) optical loss analysis of solar cells with
CH;3;NH4Pbl; as absorber!'; (d) tunnel junction optical loss analysis of perovskite / silicon tandem solar cells?.
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Fig. 4. (a) Solar cell structure using PDMS as anti-reflection coating/®; (b) EQE comparison with and without PDMSI®); (c) solar

cell structure using LM foil as anti-reflection coating!®; (d) (e) optimized result using LM foil as anti-reflection coating/®7.

3 MRS Z 0 d R SRR R

Table 3. Using anti-reflection coating to reduce reflection loss of device.

ARC Structure / (mﬁccmz) JSCI;I(IIIEZ‘-];?F) Year  Ref.
LiF LiF /ITO/SnO,/PCBM/perovskite /NiO /ITO /silicon 21.3 1.6 2018 [22]
LiF LiF /ITO/TiO,/perovskite/spiro/p-uc-SiO :H/defective layer /silicon 16.7 14 2016  [65]
LM foil LM/IZO/Sn0,/Cg/ peroxésilfg;éigiz?//glg‘o/nc—SiO_,l.:H/a—Si:H/Si/a— 194 93 2018 [67)
PDMS PDMS/ITO /na-Si:H /ia-Si:H/C-Si /ia-Si:H /pa-Si:H/ITO /Ag 37.5 3.0 2017 [69]
LiF LiF /120 /Sn0,/Cyy/perovskite /PTAA/ITO /ne-SiO :H(n) /silicon 19.2 14 2019 [71]
LiF LiF /ITO/SnO,/PCBM/ perovskite /NiO/ITO /silicon 19.0 14 2017 [73]
MgF, MgF,/ITO/Sn0,/Cqyy/ perovskite /NiO/ITO/silicon 19.8 1.0 2018 [74]
MgF, MgF,/1ZO /spiro/ perovskite /Ti0,/ITO/Ag 19.55 1.5 2019 [72]

BEAFHRBE AR FL AR, RIS ek m SN X 6 BRFELATHANIE 6(a) Bz, 2352 H:
UG BRAT THUH Tt ) B J2= A 1 B9 S S0 R AR ™ A T A G P Tt 90 7 2 PR 8 T A 0L L T4
H. 2016 4, fif 22 UK RAF BT K% Santbergen IASAE AL G T T Fp ez 8 = B b a4 b L B XL
SR T 6 FhIEB A IR e A X B SR AR F TE 7] 230 4 o P P T A R 19 2 2 R T LA S 386
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Fig. 5. (a) Solar cell structure with LiF as anti-reflection coating/™l; (b) optimized result with LiF as anti-reflection coatingl™);
(c) solar cell structure and optimization result with MgF, as anti-reflection coating!™.

Top cell on flat | Top cell on texture
-—

|

Perovskite

|
|
I
I
|
|
I
|

Spiro
¢ TTB

ne/a-Si

2T

(a)
R Ry Rs i :
i flff 2’ 3 Rear side Burial layer AR coating
ITO (40 nm) I,||I i texture Interlayer |
I}_Eliﬁ Eig Ez;_ Pekz)vs]‘iite Perovskite | Perovskite Serovakite Perovskite
a-Si:H (p) (5 nm)= i |
a-Si:H (i) (5 nm) -3i c-Si | c-Si
¢-Si (160 nm) |
a1 (1) (5 mm ) W
a-Si:H (n) (5 nm)/
ITO (100 nm)
Ag (300 nm)
(b) Device A Device B Device C (c)
Flat/Flat Flat/Tex Tex/Tex
Air Air Airx
= Recomb junctio
Q
éh SnOs (5 nm)
. Perovskite Perovskite Perovskite
% Fy=1.56 eV (var.) E, =156 eV (var.) Fy=1.56 eV (var.)
[aM | -,
ITO (20 nm) 61
. (n)nc-SiO,:H var. & 5L i
Tlg (i)a-Si:H (5 nm) ‘E
g - . ) ° 4 —
5] c-Si c-Si c-Si <
g (250 pm) (250 pm) (250 pm) \E, 3r d
2 3
E (i) a-Si:H (5 nm) w5 2
n (p) a-Si:H (5 nm) 1
AZO (70 nm)
Ag 0
2T
rear
texture

El 6

double-
side texture

(a) AT V- T ik JEG PEL b 1) 285 2 FEL T L 5 T 70 00 (L O TP 4H A 4 LA R 1 o 1) 2 1) 2 S22 P Y 5 44 L R A OU TR o 280 ) i i

FEL T I L A 2 PR Tt N 1 OSSP L TR L Yt 4 R O R 8 2 AR R T, (b) - TR A L T A 8 A ik
VA ST i) 298 14 A DA G Pl b 9 5 A /e S5 T 4 8 2 AR 4 K 17015 () A B TR A 280 L XSUTET o 28 140 8 11 R DG BURE X L P 281

Fig. 6. (a) Perovskite/silicon tandem solar cell structure with flat silicon, single-side textured silicon with/without interface layer,

tandem solar cell with double-side textured silicon and burial layer, solar cell with anti-reflection layer and double-sided textured

structurel™; (b) perovskite/silicon tandem solar cell structure with flat silicon , one-side textured silicon and double-side textured silicon

as bottom cell™; (c) comparison of optical loss of devices with one-side texture, double-side texture devices?’.
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Fig. 7. (a) Atom force microscopy (AFM) of substrate with hexagonal sinusoidal nanostructure®; (b) AFM image of perovskite
growing on this substrate??; (c) AFM image of flat perovskitel??; (d) EQE curve of solar cell without dimple structurel??; (e) EQE

curve of solar cell with dimple structure®; (f) and (g) structure image of perovskite with moth eye texturel™; (h) EQE curve of

device with moth eye textured perovskite!7”.
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Fig. 8. (a) Structure of perovskite/silicon tandem solar cell with submicron pyramids textured structurel™; (b) EFV results of
devices™; (c) comparison with the other light trapping structures™; (d) comparison of reflection loss of the device using four kinds

of structurel™.
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Fig. 9. (a) Slotted and (b) prismatic structure of SiO, to reduce parasitic absorption of perovskite solar cells™; EQE comparison of
tandem solar cells (c) before and (d) after optimizing for parasitic absorption!™); (e) optimization for parasitic absorption of ITO
with both optical and electrical considerations!™!; (f) optimization for parasitic absorption of ITO only considerate optical aspect!™.
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Abstract

Perovskite/silicon heterojunction tandem solar cells have developed rapidly in recent years, and their
efficiency is enhanced from 13.7% to 29.1%. As is well known, the optical loss has a great influence on the
efficiency. Due to the complex fabrication process of tandem solar cells, it is important to obtain high-
performance tandems through optical simulation. In this paper, optical simulation methods are mainly
summarized from two aspects: commercial software and self-built model. Then, the progress of optical
simulation is analyzed in terms of reflection loss and parasitic absorption. Finally, what should be paid more
attention to in the optical simulation of tandem solar cells is pointed out. The efficiency limit of
perovskite/silicon heterojunction tandem solar cells can reach up to 40%, but there remains much room for

improvement. The research on optical simulation will lay the foundation of developing the tandem solar cells.

Keywords: perovskite/silicon tandem solar cells, optical simulation, reflection losses, parasitic absorption
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