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Abstract: Due to the simple preparation process, low cost and excellent photoelectric conversion efficiency,
organic-inorganic hybrid perovskite solar cell has become a research hotspot in the field of photovoltaic
technology. The perovskite optical absorption material has the advantages of high extinction coefficient, high
carrier mobility, long carrier diffusion distance, long carrier lifetime, adjustable band gap, and a variety of
preparation methods. In recent years, the efficiency of perovskite solar cells increased from the initial 3.8% in
2009 to the current 22.1%. In order to obtain long-term stable and high efficient perovskite solar cell at present,
main research ideas have the following aspects including new structure design for solar cell, morphology design
for functional layer, interface modification between each functional layer, selection of hole transport material and
selection of counter electrode. Based on the review of the research progress of the perovskite solar cell, we first
introduced the structure and working principle of the perovskite solar cell in this paper. Besides, the preparation
process and various modification methods of electron transport layer were emphatically summarized. The electron
transport layer plays a role in the transport of electrons and blocking holes in the structure of the perovskite solar
cell. The energy level of electron transport layer can be controlled by doping technology to obtain better
photoelectric conversion efficiency. The introduction of modification material on the electron transport layer can

improve the morphology of the perovskite optical absorption layer, which can enhance the transmission and
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collection efficiency of the charge to improve the photoelectric conversion efficiency of the device. Afterwards, the
synthesis optimization methods of the perovskite films were also discussed. The morphology and crystallinity of
perovskite films can directly affect the optical trapping efficiency and short circuit current density. Therefore,
high quality perovskite thin films were obtained by means of synthesis optimization, solvent engineering and
annealing engineering. Moreover, we analyzed the reasons for the poor stability of perovskite solar cells, and then

put forward the strategy to improve the stability of the solar cell. Finally, the commercial prospects of perovskite

solar cells are forecasted.
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T

0 5l

R AR K i P, vl AT St R AT B A Y VR A
I P9 O P B A e 8 O DY R, 601 358 ) — - -
BT L TE SR LAR P 85 R 28 K BH g Fi Tt 28058 DA
3.8% 4 F 22.1%M, 2009 4F , Miyasaka 552 & 48
B ER R R 2 ALK S (CHANHLPb L) 5 | i 2 R
A K BH 1 H 1t (DSSCs) AR R A5 Bk IR 7 i 4%
¥4 FTO/TiO/MAPbLyPt, Lil F I, ¥ fif #6 H 4803k 2,
i R R VRS LA BT, T AR A T LA ) AR SR SRR I
SR B AR IR B 3.89%,2011 4F | Park S5PH] 2~
3 nm 1 22 AL 5 (CHNHLPb L) 7 b i s Ak
M, CH;NH3Pbl, & - S8 Y Tio, WOt 2 i s 7E
530 nm b M Hh i RCR A B 78.6%, TE AM 1.5G
(100 mW - em™?) SGHRF 1G4 ik B 6.54%
HR: T 85 B b AL A VAR P A 5T D S 5 A il L I
FL Y R AR MEAN A PRI Park S5 23 7 XA& i
4 B} (Spiro-OMeTAD)VE 2y [ 25 B fff 7, B A A&
fig e, e 7 AR INER E M 1E AM 1.5G(100
mW-em?) JGHT , BIBECRIAF] 9.7%, 2013 4F,
Griitzel 55 1R FH % SL TR AR A L 42 i Sk ) 1 A
& MAPDL, HLACRAG BE T, ATk
15%75 47, 2014 4F | Seok Z5OR HIR A1 7l (y- T N BE
AR A 34— % 4R ) CHNH,PbI,_Br,
HEME DL PTAA fE b2 sfE i 2, Wt 80K 38
16.2% , Seok Uil it {4k & % TiO, L 2R )Z WY
MAPbI; J5 % 5 MAPbI, 2 55 2 55 B iR 2
# 5] 17.9%, 2015 4F, Seok SR F—F 5T (19 50 1 4
EMRTEARAT T 5] BOE B B KU F5 K07 (FAPDL)
WM | H AL LA A (MA PD L) 14 6 33 2 i i [l o
Bi, DS BRI S R HE T F 20.1%, 2016 4F
Griitzel S5O U HI 4 25 (Cs*) 2 5 (CH;NH,) Al
K 3 (CH(NHL), ) E I E5 BR0 25 4 (ABX) I A*ES

T, U O L R B AR AR B 21,19 H IR e MRS
FPEE  E R IR T A 250 h )5 U5 18% 0t
FL G 3R 00O SRl | A 5 B Ve 1 o T 200k el
SR R 2 B R T w R A O Y
P Griitzel S0OF) FH 3 Y JE 9 45 2 TR (PMMA) /F
A RS A B 4 1 5 Ak R A O AR K A
TEEES— e EREIL S A S BT AR T A
L0 6 21.6% , INIERBCRE LA E] 21.02%

ARSI e SOk gE s TR T P M 5T S
SRR BH AR L P BIF ST T AR, AR TSR AR
PH B L Tt A 45 W A0 T VR DR BE | 5 RS T M TG
JERESERTT 2 W £ T2 X AuAe i, JFHE T4
A 7R B A H Sl ) e 1 DA B R B T A AR T AR R
FHBE AL Tt Bl Ak P i 55

1 $5%cF BKPHEE
[R3E

5 K A 7R A B i H Sl 3 AR 45 4 P I 5 H B
(FTO B¢ ITO)  Fi 516502 FSERE 16 L2 | 25 X AL
JZ TR AR A L, e JLAR ARG KT L
WAy &, ARAS T AR E 1R A A K
TRURBHRE L, B 1 A5 Bk 78 K B A8 Ha Tt 45 4
PO DAL 1 RT D 5 Bk 78 A B A L vl 245 40 £ 5 A 0L
SERAN- 25, B 1 (a)Je A W25 #4115 R 78 K
FHAE N, &1 (a)Zc B b 09 B M 45 4 Dy FTO/SUR
R I FLIZ 55K 2178 TR i 2 O Bk, A LR
B TiON, ALOL™>Y Zr0, 45 o Bl 1(a) 47 K AT HE
b 25 ¥ 0 FTO/EUE 2 /499 K B B 51 + A5 5K B J2 /25 71
Tk J2 I HUR  — AR [ 0 G5 AR VR R L 1
JEHEE TR IR R R BN T i AR R S
R 1 T A PR L S R S 25 R ) I RS
X R R K PH g FL T TP AR R R LR
ZnO 94 K s 003 Ti0, 90 K B2 B 510067 Ti0, 94 K

A B0 THE



%7 W

SR SCHA A B BR T R B AE HL b 1R A T2 R AR T 1099

counter electrode

‘glass substrate

(a) Mesoscopic perovskite solar cell

counter el

counter electrode

counter electrode

(b) Planar perovskite solar cell

B kR B R S A () A LG 4 AL B R A LB P 0 (1) 90K 91 5 B 960 (5 )
() P 1 45 M 1855 5 25 o s (2 ) 5 6 805 2 B 280 T o 1) 5 52 280 0 5 60 80 K B o

o (£ 1)

Fig.1  Structure diagram of perovskite solar cells (a) mesoscopic structure: mesoscopic perovskite solar cell (left); mesoscopic

perovskite solar cell based on nanorod arrays (right); (b) planar structure: conventional planar perovskite solar cell (left);

compact layer-free perovskite solar cell (middle); inverted planar perovskite solar cell (right)
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Fig.2 Schematic diagram of energy level and charge transport in perovskite solar cells,an perovskite (1) generating electrons and

hole carriers that rapidly relax (2) to the conduction band (CB) of ETL and (3) to HOMO of HTL, respectively

S, TR M B R A Y R T A AR A T 4 Ak 7E A AL AT K
WRURPARE M b, AR R — M B R R
YR 2 E
2,11 BUREmH &

FEASERT TR FHBE L M rh  BUR 2 A PAE
— R AEEEERTJE A L 3005 B S R (A
FTO ITO FlZE 3R 55), 2B ULz 5
PR () R, AR BIBHAY 25 S SR AR TP Y
HAESMIEN, SU5EM M EEE4
TiOf> Zn0™ Sn0,=% CASPA | 3502 )2 i Ak 27 il &
J5 1 B IS 9 IR B ik H Ak 2E TR
00 RO 2 0 B R £ T R o AR O A
T SFH VAR | H 28 R DURE T 2 UURER |
TR R 0S5 R RO S () G 34— B0 R R
5 )R R A5 55 R TR K PH A8 F Tt 1) Y R R (O I FRL
JE V., HEEFEH T FF), O8] i 1 30w 2
14 ] B T 20 e 5 A 78 O B i il v 08 2 1Y
SERRUEAL, DLRAS B 2R e A Bk K FH RE
HLYHE  TiO, 5855k 2 M RO REAHIC L, H BLAT 38
o OGP R A A R AR R BRI TiO, 0% 2
H N TSR AR BHBE L b Park 25044351
FHBE U ik A 5 - Ak kil 2% 1 Tio, & E, Jf i
11 rvEREtbE B 3(a) 2 e R B 45 19 TiO, BUE )2

R AR B W 32)T R, 7E FTO S 3
B _FHEWR TiO, SRR, SR e 1R Kl 4 T Tio,
JEE(S-Ti0,), MBI AT UL Tio, Wil 5 FTO 7
L3 388 2 [A) A LR, 30K S B0 70k 8E FTO S H
PEIEUWCAE P 3 (b)) W I — BH B 460 fk 325 11 4% 19 TiO,
B ER AR B ) E 3b)R dek
SFF IR AR W S AE FTO 5 B B bl 4 T
J2 R I SR A H A7 B AR S A 1 T 2 5 A8 oy
TiO, HEME(A-TiO,) , H 4714 F 35 1 AT R i S5 — PH A 4L
TR 19 Ti0, 25 FTO B 38 82 il % 0 HL e v
il 45 19 Ti0, )25 FTO S Ho B3 H2 foh o X %5 W
HLF I ICEE , FH L S-TiO, BU% 2 A-TiO, 3% 21
S ESER AT LT Y L AR R F T L BRI
12.5% %2 = 5] 15.2% , 558k 1K BH 68 H itb v 1) Tio,
T2 — M B 500 YRR LS R, BRI T
FE 22 PR A Ak 5 AL K PH RE L b b i Y L
Snaith ZEPIFEMR 2500 T il 4 1 Tio, & 2, el
AR 5 nm EERE™ TiO, 98 K TR 4 B 21
RIS F AR (TN R IR L BTN A AR
(TiAcAc)) il £ BLEKE TiO, 49K TR A9 e 4 43 )
SRJE IR TE FTO ML B3 Bl b B 5 1E 150 C'F
TH 30 min, K145 Ti0, B8 )2 W (1-Ti0,), F5EK0"
9K BH BE L3 45 4 24 FTON-TiOYALOYCH;NH,PbIy



%7 W S SC A A Bk AR FH RE LT

il i 2 PR PERIT 9 ik 1101

~
)

—

Spin-coating

~—
e

Anodization

3 ()N Y TiO, BUR 2R I TEM B (b) MRS - PR S04k 1 ) 5 Tio, BUE 275 B 1 TEM [P
Fig.3 (a) Schematic diagram and TEM image of TiO, compact layer prepared by spin-coating method; (b) Schematic diagram

and TEM image of TiO, compact layer prepared by sputtering-anodic oxidation method™!
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Fig.5 (a) Schematic diagram of TNS prepared by the EPD method ;(b) Schematic diagram of TNS depositing on the FTO glass™
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Fig.6 FESEM image of the ZnO seed layer and ZnO nanorod arrays prepared for different spin coating times
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Fig.7 Schematic diagram of the preparation of mesoporous TiO, film by the induced self-assembly method combining with the

pore-enlarging effect of swelling agent, 1,3,5-trimethyl benzene (TMB)
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ZnO@Ti0, nanorod arrays
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Fig.8 Schematic diagram of (a) perovskite solar cell based on ZnO@TiO, core-shell structure nanorods arrays; (b) preparation

methods of ZnO nanorods arrays (c) preparation methods of ZnO@TiO, core-shell structure nanorods arrays
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Fig.9 (a) Top view SEM image, (b) Cross-sectional SEM image, (c) XRD pattern, (d) Photoluminescence spectrum(PL) of

Zn0 nanorods arrays film
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Fig.10  Schematic diagram of the preparation procedure for the ZnO@TiO, core/shell nanorod array films on FTO glass

substrate by using a hydrothermal method®!
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Fig.11

Schematic illustration showing the step-by-step synthesis scheme to grow the 1D ZNRs and coreshell ZnO/TiO,

heterostructured hybrid arrays. PEI is assisting the growth of high AR ZNRs/™
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Fig.12 A scheme for the formation of the TiO, layer on the ZnO-NWs, through the dippingrinsehydrolyzation (DRH) process
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Fig.13  FESEM image of ZnO@TiO, core-shell heterostructures
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Fig.14  Fabrication methods of perovskite films by (a) one-step spin-coating; (b) vacuum deposition; (c) two-step

sequential deposition; and (d) vapour-assisted deposition"™
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Fig.15 Schematic illustration of the deposition of PhI,@B@M perovskite film by a three-step method™”
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