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Fig. 1. Schematic diagram of perovskite/silicon tandem solar cell with metal nanospheres and structural parameters for simulation:

(a) Cell model; (b) schematic diagram of diameter and period of metal nanospheres; (c) refractive index; (d) extinction parameter.
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Fig. 2. Dependence of weighted average transmittance on feature size and period of different metal nanospheres.
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Optimized structural parameters and cor-

spheres.

D/nm  Pm  T/% A%
Flat — — 73.16 76.83
Au 110 355 75.28 82.78
Cu 110 295 76.33 83.10
Ag 110 245 78.59 83.61
Al 105 205 79.15 83.84

Sy 2 AR 4 R A RO R b Y e 1 Y
HEEHLH, B 3R T 4 M a R TS BB ECT
VAR ECES . W C LA R ek . B 3 AT LA H,
FERLUL A I BE L, 4 Fh 4 AR Gk m A
BT 1. FEEMEIEK, Au, Cu, Ag, Al i KIEG
B s R 8.5, 5.9, 3.6, 3.7, HI4 )@ 5 A5G
WV E PR T T 4 S LA kT, WSS T

9
a Au

@
o
o
2t
(9]
2 6F —— Scattering
2 —— Absorption
5 5 — Extinction
el
s
g 3
5
Zz 2r

1F

400 500 600 700 800 900 1000 1100 1200

Wavelength/nm
4

(c) Ag

Normalized cross section

0 . . . . . . .
400 500 600 700 800 900 1000 1100 1200
Wavelength/nm

LB IRNT 540 5 I = IR A B VR F A5, [l Ast
AT LUE ARG O BH 2 R o i, O
EE 3 SRR UEH 4 m X6k 0 45 s ik
DI O i ok 3, 4R G 0 W R FE A
b AN RS N, TE 4 FR AR 1T EIE
HRAETE 3 DL ERIE(E, BRI =
PR35 AT — M A FIE X, T R BUIR S
XA RE R 4B UK ER I RT3 K, BRI &R
HL I W AR AN 5T, o TR B8 T AT 1Y
SRR, i LA 7 U Bk AR Py R iR 5 42
gl XFEOLT, &R B TAAE 2 A IRIE, 14
Fetik b R A 2 AN T GG, SCiik [29] tAaE
TR B

FEARALSERN b, 21T 4 PR gkeR
XPESERAT /i 28 2 A i i oy A L 355 % () 1
fR GO, RIS 5] A TCZE A FL A R L 555, 45
WE 4 Frs. B 4(a) MR 4(b) 43550 A 1Rt )
o W AL G T R R R R - T 45 A A L
4 T 4 JR AR BRI 5 | AN ERAG 85008 R T Fa b g T
WA 23R FFAH N7 1) B M 07 Ak 3, G AL e 7 it 2
A, X5 2 M 3 158458 —80 BRI,

7

(b) Cu

AR

400 500 600 700 800 900 1000 1100 1200
Wavelength/nm

[}
T

Normalized cross section

(d) Al

Normalized cross section

0 . . . . . . .
400 500 600 700 800 900 1000 1100 1200
Wavelength/nm

3 T 0 K BR B A A AR RO ARDOS TROL | I A O 3%

Fig. 3. Relative extinction, scattering and absorption spectra for different metal nanosphere with optimized parameters.
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Abstract

Perovskite/silicon tandem solar cells, by combining perovskite as a top absorber material and crystalline
silicon as a bottom absorber material, can expand and enhance the utilization of solar spectrum. Therefore, such
a tandem structure shows great potential to break through the Shockley-Queisser (SQ) limit of 31%—33% for
single-junction (SJ) solar cells and is considered as one of the most promising approaches to achieving the
higher performance in photoelectric conversion of solar cells. Reducing the optical losses from the surface and
interfaces of cell device and making more photons propagate into the active layers are the key factors for
achieving the goal. In this paper, the enhancement of spectral response and energy conversion efficiency of
perovskite/silicon tandem solar cells depending on Au, Ag, Cu, Al nanosphere are studied by using the finite
difference time domain method and rigorous coupled-wave analysis. The results show that owing to the
introduction of metal nanosphere, the transmittance of photons propagating into the active material is
promoted significantly. Therefore, the cell device achieves an apparent increase both in total absorbance and in
quantum efficiency. The observed weighted average transmittance and energy conversion efficiency are increased
from 73.16% and 23.09% to 79.15% and 24.97%, respectively, with an 8.14% improvement for the

perovskite/silicon tandem solar cells coated with the optimized Al nanospheres.

Keywords: metal nanostructure, optical properties, plasmon, tandem cell
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