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Abstract: Translucent perovskite solar cells have the advantages of integrating lighting and power
generation, and have huge applications in the fields of new energy vehicles and building integrated
photovoltaic systems. Photovoltaic systems are mainly located on the top or roof or area of the car to
achieve maximum light in the sun. The translucent solar cells are integrated into the car body or
space at a height that can nutritionally increase the capacity and increase energy production. How-
ever, how to ensure the photoelectric conversion efficiency of the translucent solar cells and have a
good light transmittance has always been a defect in the light transmission of the scientific community.
The design of new device structures, light-absorbing layers and transparent coatings have yet to be
resolved. In terms of structure design, material selection and preparation technology, the latest
research progress is summarized, and the development direction of the current research and the

future development direction are discussed.
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Fig. 1 (a)Optical transmittance spectra of the NiO, /perovskite films on the quartz substrates. (b) Graphs of the semi-transpar-

ent NMP processed perovskite films with/without BiPy-I modification
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Fig.2 (a)The thickness of the perovskite film is >300 nm

without thiourea vapor. (b)The thickness of the per-

ovskite film is > 300 nm with thiourea vapor. (c¢)
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Fig.3 (a)The structure of absorbed layer. (b)Neutral color perovskite solar cells. (¢)SEM image of microstructured perovs-

kite film. (d)Effect of SEM image surface coverage on AVT of microstructured perovskite films.

2014 4%, AHERE: Eperon S5 B IR G | ATUEZE A FI
P R S 375 B AR FBH BB L Tt A AR 2, 5
TR & SR 25 A 1Y 5 Bk 2, H PCE A F|
3.5% ,AVT iK% 30% 1, FEERH T L« &7 1%
JE ARSI A Rl Ok, T 3 IX (AT 454k ) I
FIRBEN , R, B2 EE M, I H, R
TS REI B 1) R A 2 bt 2 PR £ TR T
AR YU FE 10 A e S G I BT, o el A i 1
JE AT DASR R REE Py 7 I DA o 5 328 3 T IR Y

AR PHAERL , 1€ 3 (¢) L F i fBE (SEM)
FRE SR TR S S T RIS ECK Y AVT,
WL SEM UG X 3 1 7 55 R AT T i A, R B
AVT 57 5 R B BRI ZMC R, i 3(d) i
Mo PRIMERT LAAS 536 38 o 44 o 2 1 114 7 2 3 v
DASEEN AVT BAREE ], 2015 4, Eperon S57E )5
SLRRFFE R B, anAAE ] HC (NH, ), Pbly A4S
R AR CHyNH, P, CL 52 7= A4 K i Ak
B AR NITRRFHEBRE 1.57 eV I8/ 1.48 eV, iR



408 K ot

E

543 %

5 PCE, IR v, L PCE #5551 5. 2% ,
AVT 4 28% , [RIHHFF LV, R R J AT
FrEEF  nE 4 Fos, 7350, BR T RENUE LA 5
PEERT TS F A1 0 T D A TP s 1.2, %
FHEURIEAE AL E AL A4 L i & T ES H 5k 2,

—~
o
~

14
12F
10F
o
8.

S N A
L —

Current density/ (mA *cm™)

IS

I Y

0 0.2 0.4 0.6 0.8
VIV

T AR A T KA VR FE (R () A B B 3 ik
P TR 2 R IR 2K M (Polystyrene , PS) 2013 4,
Zhang S HIX A5 A48 1A P LA BRAT IF AL
B WIOR BHAE it TR AR A5 B0 5 KRR PS 2, 4%
£ PCE 358 11.7% 3% ME2 AVT 4 36.5% 31

(b) 60

= FA
501 — MA

40
301

20t

External quantum efficiency/ %

0 1 1 1 1 1
500 550 600 650 700 750 800 850 900
A/nm

El 4 (a) MAPbI; F1 FAPbI, K PH&E i th 5 J-V #i 4% (b) MAPbBL, Al FAPbI, & BH fE Hi it i 4k & T 5% % (EQE)

Spql0]
Fig. 4

tion. (b)External quantum efficiency (EQE) spectra for representative MA and FAPbI; solar cells
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Fig.5 Schematic illustration of structure(a) and charge separation(d) in conventional planar PSCs. Structure(b) and charge

separation(e) in PSCs with organic (PCBM) scaffold. Structure (c¢) and charge separation (f) in PSCs with organic

(PCBM) -inorganic (TiO,) scaffolds. From left to right: the interface area in the perovskite layer becomes larger

[32]
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Fig.6 (a)The structure of PEDOT: PSS. (b) Band diagram of semi-transparent perovskite solar cell with PEDOT: PSS elec-
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Fig. 7

(a) Semi-transparent solar cell with MoO, buffer layer. (b) Semi-transparent solar cell with ZTO nanoparticles between

HTL and ITO electrode. (c)J-V characteristic of solar cell with molybdenum oxide and Au electrode over time. (d) Sta-

bility test of semi-transparent perovskite solar cell efficiencies in ambient room condition. (e)J-V characteristic of semi-

transparent perovskite device with AZO!®] .
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(a) Schematic illustration of the PSC architecture. (b)SEM image in cross section of a complete device. (c)Enlarged

Au

Fig. 8

view of the multilayer top electrode and schematic of its structure. (d)Simulations( shaded dashed lines) and experimen-
tal data(solid lines) showing the transmittance of Au(black), b-MoO;/Au(red) and b-MoO;/Au/t-MoO; (blue). (e)
SEM image of Au film. (f)SEM image of b-MoO;/Au film. The insets show photos of the two samples[#?!.
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B9 (a) il Au G AgNWS HURZEHIR ZIEL; (b) S FREETE SEM B4 (¢) A FTO M/ B AN BRI, AN 375 B 46 il |
HRYRLR W4 R RAOREIE R PSC (Y J-V k),

Fig.9 (a)Schematic illustration of devices with UTA Au layer + AgNWs composite metallic electrode. (b)SEM cross-sectional im-

age of complete fabricated device. The colored area is marked to indicate different components. The inset shows the image of

the full fabricated cell taken in front of background. (c)J-V curves of the PSCs fabricated with opaque Au electrode, AgNWs,
ultrathin Au layer + AgNWs illuminated from FTO side and illuminated from transparent electrode side*’.
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Fig. 10

(a) Photo of free-standing CNT film lifting by tweezers to transfer onto other substrates.

('b) Schematic of

CH;NH; Pbl; perovskite solar cell with CNT film electrode. ( ¢) Characteristic J-V curves of CH;NH;PbI;/CNTs and
CH;NH; Pbl;/Au solar cells under AM 1.5 condition, inset: band diagram of CH;NH;Pbl;CNTs perovskite solar
cell. (d)Cross section SEM image of CNT film after spiro-OMeTAD infiltration. (e) J-V curves of solar cell with

and without spiro-OMeTAD[!)
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Tab.1 Summary of ST-PSCs with transparent electrodes
Device structure PCE/ % AVT/% Ref.
FTO/TiO,/CH;NH; Pbl;/Spiro-OMeTAD/PEDOT: PSS 10.1 7.3 [56]
ITO/PEDOT: PSS/FAMAPbL; _ Br,/PCBM/PEDOT: PSS: CFE/PDMS 12.5 30.6 [57]
FTO/PEDOT: PSS/MAPbCL 1; _ . /¢-TiO,/m-TiO,/Spiro-OMeTAD 13.8 10.5 [58]
PET/n-PEDOT: PSS/FA, 4sMA, 15 Pbl, 55 Bry 4s/Zn0/Spiro-OMeTAD 10.3 - [59]
ITO/NiO,/CH3NH; Pbl;/PCBM/AZO/ITO 12.5 11.84 [60]
ITO/PTAA/CH; NH; Pbl, /PCBM/AZO/ITO 13.68 12.08 [60]
ITO/PEDOT: PSS/ perovskite/PC¢, BM/AZO/ITO 12.3 - [61]
FTO/TiO,/MAPbI; islands/PTAA/PEDOT: PSS/ITO 10.6 20.9 [62]
ITO/NiO/ perovskite/PCBM/Zn0O/1ZTO 8.31 31.9 [63]
ITO/PEDOT: PSS/FAPhBr, 4 Cyy 57/Zn0-NPs/LS-ITO 7.5 68.2 [64]
ITO/NiO,/PSS/FAPbBr, 43Cyy 57/PCqy BM/Zn0O-NPs/LS-IT0O/
10.55 52.91 [64]
M-PEDOT: PSS/PTB7-Th: 6 TIC4F/ZnONPs/ITO
ITO/1Z0/Csq o5 FA s MA, 15 PbL, o5 Bry ;/PTAA/Cgy/Sn0,/ZT0 18.2 75 [65]
ITO/MoO, /1TO/MAPbI; /PEIE, PCBM/Spiro-OMeTAD - 25.2 [66]
FTO/ITO/FA, g Csy 1PbBr; 51, §/Sn0,/PCBM/Spiro-OMeTAD 15.1 - [67]
In, O5: H/ZnO: Al/MAPbL;/PTAA/PCy, BM/ZnO 16.1 80.4 [68]
ITO/Cu/ Au/BCP/MAPbI, /PTAA/PCBM/ C, / BCP 16.5 - [69]
ITO/ (FASnl, ) (MAPbI, ), ,/Cgo/BCP/Ag/PEDOT: PSS 17.6 - [70]
ITO/ copper thiocyanate ( CuSCN)/MAPbL, /PCBM/ Bis-Cq/Ag 10.7 37 [71]
ITO/bis-Cgy/ Ag/ CH; NH, PbI, /PCq, BM/CuSCN 10.3 25 [71]
ITO/Mo05/Ag/ZnS/MAPbI; /¢-TiO, /Spiro-OMeTAD 13.3 7.4 [72]
ITO/PN, N/ Ag/CH, NH, Pbl, /PC,, BM/NiO/DEA 12.6 21.5 (73]
ITO/Sn0,/MAPbL, /spiro-OMeTAD/Mo0, /Ag/ WO, 14.49 14.54 [74]
ITO/Sn0,/FAPbI, /spiro-OMeTAD/MoO;/Ag/ WO, 15.33 12.18 [74]
ITO/Sn0,/FAy s MA, 35 Cso. 1 PbL, o4 Brg og/spito-OMeTAD,/ MoO, /Ag/ WO, 13.16 16.55 [74]
FTO/Ti0,/CHyNH, PbL, _,Cl,/spiro-OMeTAD/PEDOT: PSS/ graphene 6.13 - [75]
ITO/PEDOT: PSS/CH, NH, Pbl,/Cqy/BCP/Ag/MoO, 13.49 7.1 [76]
ITO/NiO/ Csy, 175 F'Ag, 525 Pb (1o, 575 Bro, 125 ) 3/ Co/Ag/ Cep 5.1 - [77]
FTO/TiO,/MAPbI, islands/PTAA/PEDOT: PSS/ITO ( sub-module) 12.0 20.1 [78]
IT0/ AgNWs/CH, NH, Pbl, __Cl_/PCq, BM/Zn0/PEDOT: PSS 7.8 37 [79]
FTO/TiO,/polystyrene ( PS)/MAPbI;/spiro-OMeTAD/ Au 11.7 36 [80]
ITO/MUTAB/Ag/CH, NH, Pbl, /PC,, BM/PEDOT: PSS 11.8 20.8 [81]
ITO/PEDOT: PSS/CH;NH3Pbl, _ Cl,/PCq, BM/ZnO 8.49 28.4 [82]
FTO/TO,/CH; NH, Pbl, /spiro-OMeTAD/Ag-NWs-Au 1.1 - [83]
ITO/PEDOT: PSS/ perovskite/ ALD-Zn0/Ag-NW/ALD-Al, O, 10.8 25.5 [84]
SWCNT s/PEDOT: PSS/Mo0O,/MAPbI3/Cg,/BCP/Al 15.3 - [85]
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