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Abstract; Perovskite solar cells (PSCs) based on organic metal halide perovskite materials as photoac-
tive layer have been obtained a certified power conversion efficiency of 25.2% and are considered to be
one of the most commercially viable solar cells. In the device structure of PSCs, the electron transporting
layer is one of the most basic components. The selection of the electron transporting materials is closely
related to the film quality of the photoactive layer, the rapid extraction of interface charge and the matc-
hing of bandgaps. Therefore, the electron transporting materials play an important role in the regulating
the photovoltaic performance and stability of PSCs. This paper reviews and summarizes the research pro-
gress of metal oxide electron transporting materials applied in PSCs, emphasizes the nanostructure and
preparation process, photoelectric characteristics and classification, doping and surface modification of

metal oxide electron transport materials, and looks forward to its future development.
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Fig. 1 Typical metal oxides with FTO and lead methyl aminoiodide( MAPbI, ) energy levels
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Tab.1 Comparison of photoelectric performance, advantages and disadvantages of typical metal oxides
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Fig.2 TiO, nanostructure. (a)SEM cross-section of TiO, nanorods. (b)Top view of TiO, nanorods SEM cross section. (c)

TEM image of TiO, nanorods™™ . (d)SEM cross section of TiO, nanowire. (e)Top view of TiO, nanowire SEM™™'. (1)

Top view of TiO, nanotubes SEM. (g) SEM cross section of TiO, nanotubes .
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Fig.3 ZnO nano-structure SEM. (a) Nanosheet'®. (b) Nanowires'®’. (¢) Nanoscale chips[zg] . (d) Nanorod. SnO, nano-

structures™™!. () Y-doped nanosheet™!. (f) Preparation of nanosheets by electric spraying'®!. (g) TEM images of

nanotubes ™. (h) Nanoparticles™*'!.
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Fig.4 Pictures of SEM. (a)Nb,O; nanoparticles'®’. (b) Cross section of WO, __-based devices”™ . (c¢)a-Fe,0, nanoparti-

cles™’. (d)In, 0, nanoparticles. (e)In,0, with PCBM modified nanoparticles'™*’.



555 0

SRArAE, S BT BRET A B RE AL b b i SR A vl 7 BRI AT o i 487

e R BEE G A R T AR G AR 4R 1
AP Qin AEPY AR T T O Tk il &
T In, O ARSI 4(d) ~ (e) Fian, il Xf
In, O, T3R5 VR0V 182 AR KR BE i P Ak, il 4
T PCE it 13% my a4 7E s 5Ll |, ] PCBM
HIATE In, 0, 5 10 £ FL 3 24 SURE U8 1 25 14 1
PCE #F— 255 14.83% ., HHi M1k, In,0, 1E
Shy LT AT J2 1 2 ) R B 2 R DA R AR B
BT E L, S 3 O B BRI R -
PCE, ff#bRix— ) B, Chen 25115 11 51 AR
1) TiO, R XS In, O, #EATEM, 45 2 & I 72
TR T B A ek e A 0 AR A4 T S R
16.38% 1] PCE,
3.1.7 a-Fe,0,

R (a-Fe,0,) BIAE R IHTHEA R
I AR E M © 22 Bk N R A 8 2 F 2 A R G k)
AL BH HL 3t R %) o-Fe, 0, J2 AL Bk P R
SEM ST FA, W BA o B SRR, 5
TiO, H ., a-Fe,0, M) F 77 GE & F K ( = 0. 3
eV), H, T 3 OSSR o o 113[39[‘,0“1:6203 it
PR TS T AR, PR EL A AR i 0 B SR A RR e
IR E M . Bouhjar 28 il £ T 3947 o #i
M a-Fe,0, YUK F1E i F 1551 )2, &l
4(c)im, B EBUTRUE b8 ekn 2 HA
B B R AR HE T AT H A Y 4 S S s
Luo & IR A ML ER T a-Fe,0, 41K 5
VERH AL 2, 5 Tio, MM fLEHM I, a-Fe,0,
LT 2 B A B 3 O R I T PR LR
IR B Ak B 36 M, B RSB T 18, 2% 1
PCE Fl R 47 ()6 Fa e ok
3.1.8 Htb=naBAAAY

Cr,04 J&—FPfifi it £ & 1Y n B R R}
HX G KA R A TE K B R SV T AR
PF AR ELA W i R e VB R PSCs B L P15 4
IR BEAE AT RAkE G A il i A R v 32 3] JR] 16 2R
BERY TR . Dong 45 I FH BE VR ¥4 1 UK £
THERMY Cr, 0, UK A AE N ML )2 5 v
FHAE PSCs 1, 52BL T 16. 23% (1) PCE, 7543 IE W
T HAE R AR R R R N T i T

CeO, JEARH EE MM LY n B2 S
ARE, AT R 57 B (3.0 ~3.6 eV) (RIS
LB R AP AL 25 R T S A N 2 1R
AW AL g R IR A B — o B i A%

BB Wang 4517 8 1 5 S R S L BT IR A
BT CeO, HLF- 1% % )2, X8 1 X i 9K {4 75 v e
FEVEATACAL R AT 52 R 14. 32% 1Y PCE, 7E CeO, /55
B2 B 2 18 51 PC,, BM &4 2 )5, PCE A
E—2LHETEE] 17.04% , 2019 4, Pandey %5 * #£
W T AR E R CeO, 1E N H F1& 52X PSCs
PERERIREIR, S R ER, 24 & = 1. 96 B, #4354
T 16.5% 1 PCE, & T « = 1. 88 3844 b ,
—:H PCBM #4181 CeO, St hn T #81F 8%
HLPE SR RCRE— 20 T3 18.2%

HEAb, Jb 5T K2 AR B AL R Cs, CO,
SRABME 1TO I H B 842, 5165t
HIRSEEE AR L , Cs, CO, RERS Ak B8 1 28544 5 1
HT 7, HE B, Cs,CO, MMk T
ITO 555k )2 I BE VLI, f Jo 4R A5 T i 350%
B
3.2 =nEE&EKY

=& E A LY (W Zn,Sn0, BaSnO, Fl Sr-
TiO, , KL N EL 5 From ) RO S5 i f v fig
(FHTIER RSB ) M5 B T1EH Ak,
2 HATF R S 2 —

3.2.1 Zn,Sn0,

Zn,Sn0, Bk 3.7 eV, L FiE B E R
10~15 em® - V7'« 7' HEFABUTE R 0. 23m, ,
Profa%ich 1,37, R EAT B 4719 f 24 PR se A
FCHEN ) BRI ZAh, Zn,Sn0, b B BI04k
FRETE  REIETERRME BRI AT ALY R Hh e e A7
£, Dou 5 FF K T — Flogr 04 [l i v Bk T 250k
il % Zn,SnO, i B I 4% H N A 7E PSCs
Zn,Sn0, REWS b 3 45 = a1 PN R A 2 1 $2 I
iz e a5 T 20. 1% %) PCE,

3.2.2 BaSnO,

BaSnO, & —F B A 80 450 1Y n ALY &
T HAR BN 3.2 eV, BRIILARIR A9 2540 B FH T 45
FiEARAR OIS BFIERIA, La’* #8241 BaSnO,
HEER TR FEEFEN 320 cm® - V' e 5710
F T8 i 1 AR R R S R R AR L) S A
45K, R BaSnO, 1E K PSCs 1), T 15 % 2 W ok
TRAMEEST . Shin %7 7EAK T 300 C &M
Hl & T La’* 7219 BaSnO, #8 & LW ik, ff
PSCs [EaAS PCE 353 T 21.2% , iZesF4E 1 000 h
GG A REAR 93% HIHI 4R PCE,



488 K St

¥R

541 4

3.2.3  SiTiO,

BEERT 25 1Y SITiO, JE—Fhily B Tio, Al
() n B SR B SO, VR L B RZ R
PIE T GEERT WOCHOR A AL SRS, A
FITFEEERE SEIE AR BB i, Bera 257 11K
4 SITiO, VENHFAE A BN T PSCs 1, i 2

W TS ER T 2 2 fn M 5 7 35 . Neophytou
SRR T4 T SO, VE N TAERZ , 23
1) PCE RE8iA%] 19% ; 5 AR AL R AT oL 25
JEAIEL, SITIO, W/ T 48 ZM R AT WL Rl PN £ 2 24
WAL, B 2 MR = T RS AR E P #E 1000 h I E
FE FIGHRST N OREE 80% HIRTHARICR .

Hybrid halide perovskite

500 nm

5 nm
—

E5 (a)Zn,Sn0, ZALAKL 4T (b) La-BaSn0, HKK T SEM ™) (¢) ~ (d) SITiO, QA FRAE TEM B A A%

TEM &',

Fig.5 (a)SEM diagram of Zn,SnO, porous nanofibers' ™. (b)SEM diagram of La-BaSn0, nanoparticles!™’. (c¢) - (d)TEM

and high resolution TEM images of SrTiO, nanoparticles'™’ .
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Fig. 6  (a)Device architecture schematic diagram. (b)PSCs with different active areas(2 mm X5 mm, 5 mm x5 mm, 10 mm x 10

mm, 15 mm x 15 mm). (c¢)Device PCE and FF with four different active areas
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Fig.7 (a) Device cross-sectional SEM. (b) J-V curves of

PSCs measured at reverse and forward scans'®’.
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Fig.8 Summarize the doping of TiO, electron transport materials so far in the periodic table( Orange indicates the doping that is

emphasized, Grey is generally doping, Green indicates the potential doping in the future)
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