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Research Progress of Perovskite Solar Cells
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ferrous Metal Industry of China, Changsha 410083, China)

Abstract: Development of perovskite solar cell is very fast in recent years due to its low cost and high photoelectric
conversion efficiency. The perovskite solar cell is generally composed by the compact nanocrystalline layer, light ab-
sorber CH;NH;PbX; (X= Cl, Br, I), hole transporting layer, and counter electrode. Among these components, the light
absorber species and its preparation techniques, hole transporting material species and the structure design of the de-
vice are the most important factors, which directly affect the photovoltaic performances of perovskite solar cells. This
paper summarizes the effect of the light-absorbers, hole transport materials, processing parameters, and device struc-
tural design on the photovoltaic properties of perovskite solar cells according to recent research progresses in this field.
And the development trends of the perovskite solar cells are proposed.
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Fig. 1 Schematic diagram of current generation mechanism of perovskite solar cells (a) and cubic perovskite crystal structure (b)"?
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Fig. 2 Band-gap position for corresponding absorber materials of perovskite solar cells



11

W BE, A BSERETORH BE Rt W ST 1133

1) n B TiO, b, FRUIARZS 7L AR, H Hraf s
SER IR0 A 0 28 AR A AR R i T 1
Aol 000, ST SR 5 R B A K B i r v R P
W 6#E B Wannier-Mott Y301~ AN AE S 10T 43 5,
BAERNAERE 73 B 2, RGBT p A
Aln BUMELZIH, e = gk, $Em T 40
() R LT,

2 RS HIR RN

2.1 DR R E NG

FI R 2 RS AR K B fig Fb b, S5 P AR IR
JeRRHE CHNH3PbI;, HEERZh 1.5 eV, g
SR 400~800 nm ()R] WLOG, LUAET AL mE B & )
N719 &t — Ao g 21, ek [22]47 38 CH;NH;Pbl,
WAL B R A S e, O AR bk
A AR A SR, AR TR B RIS R I T
R, AR A BH A Rt BE S S B R RO L
FEAL IR JEIA

Park ZEPRFST RN, 24 TiO, Wi 4 3.6 um
I, PORRAEHL AR CHNH;PbI; il A Lh AT 5L
Yl Tt 10 AL R . Gritzel 252
W45 () CHNHSPbL; YA E TiO, 4K 2k I,
F PEF 1E 29 25 7R S Rk 4 185 ™ S FH fig L it
LR 9.4%, H. 526 K B A FL IR H s it
TiO, 9K 2K B H B8 i B . 2013 4, Gritzel 4]
BN BRI 2 U AR B AR 4 CH3NHPbI 63 P2,
BRI BH BE b KOG R R R A 15%, H
PR e MR

% CH3NH;Pbl; 2 4}, CH;NH;Pbl; CL* 1 & B
IR 2 RO B, fE 1% kL B 24 /b & & T
F AR TR R, o A R o
HiPEfE. Sanchez 2% Lt T ] CH;NH;Pbl;,Cl, Fl

CH;NH;PbI; 1 kW 751 i 46 145 EK A7 K BH i Fe it
RINB I F U B a1 R AR - 8.0% 32
4 9.2%. Snaith 2504 CH;NH;PbLCI 1 A 454k
W EATEL, F ALOs A0 TiO, 11 A FL 74 i i 1
IR PHBE LIRS T 12.3%[M0E R . B4
W9t % B], CH;NH;Pbl; A1 CH;NH;Pbl,,Cl, 7] i B AT
LRI SR e /), CH3NH3PbI o R~ R4S 7T
PO 9124 130 1100 nm; 1) CH;NH;PblIs,Cl,
HA LRI R O 43 035 1069 A 1213 nmlf?7 2,
SN I AT (AT R0 B

Ak, Teon LRI UH ] CHNH;Pb(I,_Br,)s 11
S ERET K BH g HL it RO RL, BF0 R Brifiek
PE T AT 253 R BH B vt 6 R UM . Seok
2 PO LY CHaNH; (1. Bry)s MORFP 44193 (111807,
A8 70 43 MR SCREAS BT O Y B Y, DK BH B FE Tt s
HLIE AL R TTIA 12.3%. 2014 4E, Pellet 2B vcfif
JFH #4146 T2 M % 52 2% 1) (CH3NH3)o (HC(NH,),)o.4Pbs1
VERSEA R, 2% T R 14.9% 145
BRAT K BH B i o

JUE S R WA R 5T N W B At 3
e S RERL RV AR LG, H AT T S BT WO A kLS
AEAEAG 6 N B ANE 58, 5 KRR MR AN R e,
SHGESBES . Kb gks: kb ae
TR~ R PR S5E BE A TR 5 R 2 R A 7 T
F 1 X T BT AR GTE ARV B K B fig i
(16 L 0%
22 WABEHI &AM

RO 2 2 BN R A FH RE F it 5 O B
AR oY, HUURREOR JJBER K AN o R S 1
PR PHRE B 1 B HeR . HATES B RO
JEIDTREAR B3 O — 7P byt
R BB D R R AR TR P4

R 1 AESEEMEMEETERT K PHRE Rt AL REFIRE R

Table 1 Photoelectric conversion efficiency of perovskite solar cells with different light absorber materials

Perovskite light absorber ~ Compact nanocrystalline layer

Hole transport layer Counter electrode 1/% Reference

CH;NH;Pbl, TiO,
CH;NH;PbI, TiO,
CH;NH;PbI, TiO,
CH;NH;Pb, TiO,
CH;NH;Pbl, TiO,
CH;NH;PbL,Cl TiO,+ALO;

CH;NH;Pbl;Cl, TiO,
CH;NH;Pbl; Cl, TiO,
CH;NH;Pb(I, Br,); TiO,

(CH3NH3).4(HC(NH2)2)0.4 Pbs TiO,

P3HT Au 4.24 [20]

D-n-A conjugated copolymer P Au 6.64 [20]
- Pt 6.54 [21]

PFF Au 9.40 [23]
spiro-OMeTAD Au 15.0 [3]
spiro-OMeTAD Ag 12.3 [26]

P3HT Au 9.2 [25]
spiro-OMeTAD Au 19.3 [5]

PTAA Au 12.3 [30]
spiro-OMeTAD Au 14.9 [21]
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Table 2 Processing parameters for preparing perovskite photoactive absorber thin film and corresponding photoelectric
conversion efficiency

Perovskite photoactive

111 1 0,
Deposition methods absorber Processing parameters nl/% Reference
One-st CH.NH.PbI CH;NH;PblI; film: spin at 3000 r/min for 20 s, 75 3
fe-step IR dried at 40°C for 3 min and 100°C for 5 min ’ [33]
o . CH.NH.PbI CH;NH;PbI; film: spin at 2000 r/min for 60 s 72 18
ne-step ST dried at 105°C for 45 min ’ [38]
o . CH.NH.PbL. Cl CH;NH;1:PbCl, = 3:1, spin at 2000 r/min for 30 s 193 s
ne-step R dried at 90°C for 60 min and 100°C for 25 min ’ (3]
Pbl, film: spin at 2000 r/min for 30 s
Two-step CH;NH;Pbl, dried at 110°C for 15 min 12.1 34]
CH;NH;I powder is spread on Pbl, film, dried at 150°C
Pbl, film: spin at 3000 r/min for 20 s
T . CH.NH.PbI dried at 40°C for 3 min and 100°C for 5 min 13.9
wo-step SRR CH;3NH;I film: spin at 4000 r/min for 20 s ’ [33]
dried at 105°C for 5 min
Dual CH3NH3IPbC12 =3.5:1
var-souree CH;NH;Pbl,,Cl, CH,NH;! film : dried at 120°C for 5 min 15
vapor deposition [35]

PbCl, film : dried at 325°C for 5 min
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i DRI AT R Y 7 2 DB (ALD)Y B A
AR M B CH3NH;PbL; 54 itk 2 5l N T
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Table 3 Effect of hole transport materials on perovskite solar cells

Structure of the perovskite solar cell Hole transport layer J/(mA-cm?) Voe IV n/% Reference
TCO/TiO,/CH;3;NH;Pbl;_Cl,/metal none 22.20 1.030 17.90 [48]
FTO/TiO,/CH;3;NH;Pbl;/Au none 7.38 0.699 3.30 [27]
FTO/TiO,/CH;NH;Pbl3/Al,03/Au none 10.67 0.789 5.07 [27]
FTO/TiO,/ CH3NH;Pbls/Au none 17.80 0.905 10.49 [53]
ITO/TiO,/ CH;NH;PbI,Cl/Au P3HT 21.30 0.900 10.80 [14]
FTO/TiO,/ CH3NH;Pbls/Au Spiro-OMeTAD 16.70 0.855 8.40 [44]
FTO/TiO,/ CH3NH;Pbls/Au PTAA 16.50 0.997 12.00 [44]
FTO/TiO,/CH;NH;Pbl; Cl,/Au Spiro-OMeTAD 1243 0.84+0.03 8.60 [24]
FTO/TiO,/CH;3;NH;Pbl; Cl,/Au P3HT 1242 0.93+0.06 9.30 [32]
FTO/TiO,/CH;3;NH;Pbl;/Au Cul 17.80 0.550 6.00 [45]
FTO/TiO,/CH;3;NH;Pbl;/Au CuSCN 19.70 1.016 12.40 [46]
FTO/ CH3;NH;Pbl; Cl,/Au Spiro-OMeTAD 21.97 1.060 14.14 [47]
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