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Fig. 1. Schematic diagram of nano trapping?: (a) Schemat-
ic diagram of nano-trapping structure; (b) Mie resonance;
(¢) low-quality-factor Fabry-Perot standing-wave resonance;

(d) guided resonance; (e) diffracted modes.
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Fig. 2. Structure and performance of perovskite cell made byTavakolil® form Department of electronic and computer engineering,

Hong Kong University of science and technology®®: (a) Schematic structure of the perovskite solar cell device with nanocone PDMS

film attached on the top and flexible glass substrate/tin doped oxide transparent electrode/zinc oxide/perovskite/spiro

OmeTAD/gold; (b) QE measurement of perovskite devices with and without a PDMS nanocone film; Electric field in the active lay-

er (¢) without and (d) with PDMS nanocone film with red showing a high generation rate and blue showing a low generation rate.
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Table 1.  Photovoltaic parameters of perovskite solar cells with (‘ARC’) and without (‘Ref’) an anti-reflection coating

placed at the air/glass interface of the cell.

Jso/mA -cm 2 Voo/V FF/% PCE/%
Device structure Source
Ref ARC  Ref ARC Ref ARC  Ref ARC
PDMS/FTO glass/TiO,/MAPbIL,/PTAA /Au 206 212 109 1.09 766 766 17.17 17.74
LMF /Glass/ITO/PEDOT:PSS/MAPbI,/PCBM/BCP/Ag 207 217 111 111 709 712 163 171

LMF: Light management foil

AN 2(a) FE 2(b) Frzs. SR F B0 BR 227058
% (FDTD) XA TCa K B G A5 1 T 85 R0 15 Pk =
W LG 3 g AR R PR AT T RSO B, ]
2(c) FIE 2(d) Fi7R. @R &, R
5 BE ARG, SR LG, Y AGUREE RS, XA
JCHLIE R BE AT T R, a5 RS 2
ZIAID GRS, AT A E TS e R T i F R
JE, W .

DL T A AR R YU S Z, T
¥ A 126 B OG5 M R T BT R S ZE 0N Brdlec R,
PDMS P8 U163 ] 45 - B 0 K 254 B71 foul 48
SEGEM B8 SR N 1 T, FETT SR L JH TR
FHH HRCR AN Z 2 0 5 0T, PDMS PR M
a8 & FIE AR G5 J B L N 20.7 mA /em? 42
FH#] 21.7 mA /em?, O 4 573 4544 7 3% I A
20.6 mA /em? $#£ T3] 21.2 mA /em?.

3.2  SIIEPRNEH

RS ER T HL AR I S A —E PR
SE, AR NSO L N AR R AR, KR
FREMI LR A ROE R, SRIMEES BT F b 5]
ABGICZEA, Hs 2] 7 2 PR, X TES N 4
T BRI B AR IE RS BOR, — e E
YRR TR, 25518 U EE U B A B L F-/
2 A REE B A, I DRSS TR =45 i
Rk, TR B TE . AR A SRR, R A
JEIAE GRS B AR B A ETL JZ2 FEsEk-
JETT LA S 251G 5 A KA AR S s B PRk
KRR R ST/ INR SO A E S5 4 g DA T TR) 4
HET SRR R RIEAR.

AT A bR 55 1Ol S0 SnOy:F(FTO)
R, t g T EA SO BACEE A Y I a1 85 Bk K H
LY. LSRN 3(a) iR, & 3 44 H T IETEL
PR CES A I BBk 16 1 J2 0 T8 35 235 4 K r b i
W5 FVEEITZ. I 3(b) ME 3(c) XFHenT I,

51 FTO #HIEAH L, A K F400HE FTO %K Z
SR T M AT AR S SRR, SRR
WG, B 3(d) MmICREE 2 iR, Toit 25
R TE M2 2 LA AE ST FTO #HIKZ B
FEH A A SRR, I L R T RO RUR B B
M), W2 AT T £ 7E 1 3k B 500800 nm A W WA B
BAERTE, BOURFom A A R ACR. # 3(e)
PRI -V ARr - BH, SO B 5 A
A T FLTB A EIM SRR, TRIE R RT S AkeT 1E
PEIZ S T REE R eE, PORHER G A2 BERR AR, St
W T AW, H2E R, FITER] 3(d)
WAz T 28 4 2 % B 300500 nm A — 5 b I Wi 44
i, I H o TRt S i R s, A I
) £ FH o A5 46 % B 3 B 17.3 mA /em? $2 5 &
19.8 mA /cm?, R 10.9% & £ 13.3%, B
T RAFI B CRRE.

Ty — TP R AR SR T2 W SR TS,
12 PRV IR A5 BBk sl AR VR A 3t A v il
o el R B A RE L KN g (442, )
P LarMer B pli% 5 fiR A K Z [ i 8l 125
RYLE T ) pb kR T SRS S . sk
RTIRVER B T AR, UG e T 454k~
TEMIES.

BN K FM R EE S T & Huang 55 9
FHA A Bl v 1 S B0 T XAk I I 2 2R 1 B
SRR BRI R FE B BBk i 9KV A s
fo, 51 FRWIARLS 25, HAEAWGE FEME
R, HR R AR sk S Bk IR IO, An
Kl 4(a) IR, TEICERECE R 22 )5, B
() R A R A T B T 1) S . an &) 4(b)
Ji7w, BUBEGES R38R T R B L I 5 A i T RS0R,
e A B RA R T 22 mA /em?, K T —>
A, HiERECRIRE] T 16.8%, WAl 4(c) Pis.
A6 5T K= W B8 [ 5K B S B & Y Shi 45 10 7E
it PR AE TR VA VRS AR RS2 B, 38 3 3 5

077101-4


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. 69, No. 7 (2020) 077101

Spiro-OMeTAD

Textured FTO

Sunlight

500 nm

(d)

Absorption/%

Perovskite on smooth FTO

20 + —— Perovskite on textured FTO
Cell on smooth FTO

~-=- Cell on textured FTO

0 . . . . . .
300 500 700 900
Wavelength/nm

' 500 nm

20 (e)
™
IE S04
S
E 15 Cell on smooth FTO x
E —#— Cell on textured FTO
.‘é
g 10
el
-
=]
3]
~ \
5 st
O Sample Ji/mA-ecm? Vo/mV FF PCE/%
Smooth 17.3 1070 059 109
Textured 19.8 1070 0.63 13.3
0 1 1 1 1 L
0 200 400 600 800 1000 1200

Voltage/mV

3 AR A1 bR S5 I AE A E5 BT i T 2 7R 2540 15 M R V) (a) ZEST FTO 3008 FA KA E5 k0T KRBTl ; (b) TESR 454
FEERA R Z R TETB AR () 70F 254 L8580 )2 B9 R TR 5L ; (d) 85 8k RBUZ 75 F [0 AN 2T FTO L A9 al DS i i
VLB 45 Bh A7 e Y 7E 24 T8 AP T FTO B A9 TT BB (o) TEGLTE AP FTO L/ E VARIEHIZE

Fig. 3. The structure and performance of perovskite cell made by Dr.Shi of our group*! of our research group: (a) Schematics of

possible incident light paths within perovskite solar cells with textured substrate; (b) surface morphologies of SEM images oftex-
tured FTO/TiO,/perovskite film; (c) surface morphologies of SEM images ofsmooth FTO/TiO,/perovskite film; (d) absorption coef-
ficient of different perovskite films without/with Au back contact; (e) performance of devices with different FTO substrates. J-V

characteristics.
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Fig. 4. Structure and performance of perovskite battery devices made by Huang et al from Department of Materials Engineering,

Monash University!*¥: (a) Schematic diagram illustrating the fabrication procedure (b) centred dark-field TEM image for a cross-

section of a textured perovskite sample deposited on FTO-glass; (¢) IPCE spectrum (solid lines) of a planar perovskite device (grey

line) and a textured.
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Fig. 5. Material structure and light trapping properties of- A o
Seong!*l, Department of mechanical and aerospaceengineer- Aﬁﬂ‘j‘lﬁ%ﬁifgv ﬁﬁﬁiﬁ%}i{)}iﬁ&ij“ﬁ%%{ﬂ% ?g
ing, Seoul National University (a) 3D illustration of moth- JIEE R P R, b 3% T A B IO BB O SE M s B R N
eye patterned mesoporous TiOy (mp-TiO,) layer; (b) elec- Al 6 F)I"/ji\‘, &l 6(&) A G(b) 5350 2 3 45 it )

tric field on active layer with Moth-eye TiO,.
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Dielectric layer

Active layer

(a)
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(a) HR A 42 )8 49 ACRL 75 WIS I 3 1 30 37 6 o8 B 3¢ 1l 2
BT HOTIEIR; (b) RIS 2 1 55 B T MOT R S5

Fig. 6. Trapping principle diagram of perovskite devices
made byPascoel™, Department of materials science anden-
gineering, Monash University: (a) Near-field Enhanced Sur-
face Plasmon Resonance of Metal Nanoparticles Embedded
near the Absorp-tion Layer; (b) surface plasmon nanostruc-

tures with periodic structures.
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Table 2.

plasmonic nanostructures, and without them (‘Ref’).

REEF AN | GRS L A2 e A5 Bk
FLIHL R AR AN K -5 4 AR I 17 P A
S5 ARGA OK A 1 B T RO Y, O A K
S 1) Jey KA B T IR AR A K 254 5 B TIA
SEPRIFI AR 25 . B R TR SR
PUEL: F Kang 45 00 H454 HIF 90K 2k Btk ) il 25
w5 B O R N ROV AR T 35% 1Y
DA AOR, JRREAR DM SR, A h 5 1 i
T S LS WA IC R, 7] DL iE— 2D 4
FIRCR. — LB SRS Pk S BT AR S R A
A FLAB R LI 1 S 42 LSBT S i RO
R 2 3, ALOs 48 80 nm Au@SiO,
BRIERFAKRIRL Y Al,O5 74891 40 nm Ag@Ti0,
BRIE % 72 40 K ok 62 ALO, v A K
40 nm PYERTE QK UL FI R K AR 031, 7F TiO, S48
11100 nm S4REG S HERKIETEAR I 9K BORL 04, —
Fift 4 40 K ORE (60 nm) /T1O, 44 K 2T 2 Sz 242 (651 1)
K TiO, SZHEH Au 4K BkE (60, 25 3 BT gl ok
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SERBIR 5 AL 23 0803 i b R IR, 38 2% Fia
fRFEL R R A

A TR EHOCAOR ST I L i 25

Photovoltaic parameters of perovskite solar cells with the same fabrication parameters, with (‘NSs’)embedded

Jso/mA-cm ? Voc/V FF/% PCE/%
Source NSs

Ref NSs Ref  NSs Ref NSs Ref  NSs
[61] Au@SiO, 80 nm spheres 14.8 16.9 1.02 1.04 64 67 10.7 114
[62] Ag@TiO, 40 nm spheres 17.3 19.7 1.03 1.04 64 67 114 137
[63] Au@SiO, 40 nm rods 13.9 174 1.17  1.16 66 68 10.7  13.7
[64] Au-Ag 100 nm popcorn 15.5 16.5 0.92 0.95 63 66 8.9 10.3
[65] Au/TiO, Fibres 19.6 20.8 0.85 0.99 62 70 10.3 144
[66] Au stars 20 nm 21.1 23 1.05  1.08 69 71 5.2 17.7

4 HwHRZE
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Abstract

In recent years, nano-structures used as light harvesting have been widely used in perovskite cells to
enhance the photon absorption of cells. The introduction of trapping structures in perovskite cells can change
the photon propagation in the cell and the photon energy absorbed by the cell. The nano-structure used in
different interfaces of perovskite cells can increase the absorption of light by the device to different degrees, and
ultimately improve the efficiency of the solar cell. Therefore, the effective light trapping structure has become
trending in the application of perovskite cells. How to effectively apply the such nano-structure is the key to
improve the power conversion efficiency(PCE) of perovskite cells. So far, there is three ways including surface
antireflection nanostructure, texture structure and plasmon nanostructure to apply to perovskite solar cell. The
first one is ordered and disordered antireflection nanostructure that enhance the absorption of light on the
surface of perovskite cells and makes visible light scatter at the interface of the nanostructure to reflection
probability, the second one is texture structure that can not only improve the light absorption but avoid the
formation of short-circuit channel inside the cell, the third one is plasmon nanostructure that can further
improve the absorption of the thin film absorption material in the long band, so as to achieve the effect of
improving the light utilization and cell efficiency. The trap structure is expected to achieve good photon
absorption performance in wide spectral range and wide incidence angle range under the condition of reducing
the thickness of active layer. At the same time, it has the advantages of good repeatability, easy to simulate
and easy to change the structure. Therefore, using various trap technologies to design efficient trap structure
has become a research hotspot in the field of solar cells. So far, most of the reports on the trapping structure
have been applied to the silicon-based thin film solar cells, but few of them have been reported on the
perovskite cells. This paper starts from the description of the perovskite cell with different nano-structures,

comparing and summarizing the different structures, and analyzes the advantages and Disadvantage.
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