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Abstract Development history of perovskite solar cells is briefly reviewed. Perovskite solar cells are solid-state
dye-sensitized solar cells. The microcosmic mechanism of perovskite solar cells is put forward. Energy levels of the
Ti0O, /CH; NH; Pbl; /spiro-OMeTAD junction are given, showing that the conduction band minimum and valence band
maximum of CH; NH; Pbl; are well positioned for electrons injection into TiO, and holes transfer to spiro-OMeTAD,
respectively. Photovoltaic performance parameters of perovskite solar cells such as short-circuit current density, open-
circuit voltages, power conversion efficiency and fill factor are summarized. The power conversion efficiency, short-
circuit current density and open-circuit voltage of perovskite solar cells exceed that of a-Si thin film solar cells, while
the fill factor approaches that of the latter. A conclusion is drawn that perovskite-based solar cells are expected to rea-
lize industrialization and become the next generation thin-film solar cells. The bottleneck of marketization for perovs-

kite-based solar cells is the fabrication of expensive hole transportation layer. The researches aim to resolve it are sum-

marized.
Key words perovskite solar cell, solid-state dye-sensitized solar cells, a-Si thin film solar cells
0 3= silicon, a-Si) 8 JIE < BH AE FL 1t 54 RHE0 1k K BH BE Fi i (Dye
=

sensitized solar cell, DSSC) . F #L 3tk (Organic photovol-

BE 2013 4, R B &0 /T 100 GW, H taic, OPV) K FHAE H th FI4E 4k B (Perovskite) < BHAE H b (1

Hh 85 V0 A — A PR RE R B RE HL Tt FOA 2 5 — AR RK
FHAE R » T 2 955 A o ek 90 RS K I 8 v Tt A0 e £ 58/ B £
TN PAAE AL b . 58 AR FH AE A Mt 5 AR U S 0 e
R R EI R RE AU — UK PHAE L it » 2 22 N D iy
H A E A DI BR AT LU RE R e R B - ] v T P
it MR R A AR S AR AR YA 0 45 . Bl
JUAF . — o i) K FH BE HL 1t BB SR K BH AE L 1t 57 425882
HL L B RE B R |y 2009 4R R 3. 50048 i E 2013 4R Y
15, 400X T T 4 AEmE] . & 172 3 ik (Amorphous

x B K E AR LB XI973 %)) (2012CB934303)

PR JEIRE . & 1 Al A B K FH RE FE b A4 4 e 3k
M o AT TUAECRRZ ) FIC B SRS I I8 12 M e 5853
AR (NP NEA AT S

1 $54K% KFHRERMMARA 2

1839 4F , 4k 2 Wil M12£ R von Perovski B IR & BLAEEK -
THETFSH/RINAERAY . Bal. A EEa LTy
Jo s FEGI I D M5 R 81 445 5 PR AR A )3 i 3 4 T
o T A AR ) R K B e P b T T P A R

AW B L1979 4 & FF R 7w Ror O AR R R E RN KA A Email: 12110720026@{udan. edu. cn



« 18 - A FIR AR

2015 %6 A (L)% 29 5% 6 A

FHERE R CHyNH,PbL . J& T2 K. WA 2 fron . 5k
W4 E A ABO, .

1 . //‘V’
121w a-Slv________,' :

- . )
1ol MDssc ‘ ¢

[ J
/

8 /.‘

@
6 orPV &

o—o—*

4 ¢
2

Efficiency/%

O )
o—® Perovskite

T T T
2000 2005 2010 2015

B 1 L3R PR AL st B B R M
Fig. 1 Power conversion efficiency of several kinds of

thin film solar cellst"

2 SR EHRTERE

Fig. 2 Schematic of perovskite structure

PR R PHBE L M A F R B O AT, O il el 5

WEWE RS . TERAE R 10 pm JRZAL TiO, KT
& BA LIRS P2 F B SR K FH RE HL Tib E 1 % 46t
BORCM 120, Era, Miti KHG1E# BRI E5ER0 25
Py S A ALY e AR BAT D0 R B R 0E AR R O HL
HA SR AR T B R,

FHERAT K BH BE L b A9 % A5 45 T UM 1L K BH AE L Tt
PR R E . WASTRHER FRBE R i 2 4L TIO, S KT
A B E ST Bt LA SR AR P A 5 R <5 i T HL A
. ZAL TIO, B T2 ARG R e 2 1h B B B 22 11 e
BHACE Z ARG, ARG GOk 258 WA SN .
HWAHFRTE D 10 pm ()RS o 1T 25 1 ek Ak K B
AE FL T AR B 7 — L A 5K LG A0 0 8 A 3 I B SR A 7
PR IR AE 2 pom DL VR RRAR, TEHLIY 1 F AT L
i1 PhS 2 14 KR SRR CETVD LB I e 52 3
IO IR TR LLAMRC T L S T SR B S A
AR} Miyasaka S5F 2006 441 2008 4R I8 T LTS
R4 CH;NH, Pl F1 CH;NH;PbBrs 7 %48 i) ik K
FHAE Lt » HC AP LU 25 SR ¢ SR A 5 o B 25 UG i )2 1
FI A GORHEAL A BH AE H It 7E — D RS R R B IR R &
FHE T 0. 400, IS T /1, HUARIBUVR 28 XA R i
L AR iR e AL R R 206001 2009 4F 3% M BA
CH;NH;PbL 84l JHES T /1, 480 JsOn A v fife i il 12
155 R K FH RE Fi b g et e AR 3] 3. 501, Park it
A I R i Ak B THO, AL AL ES k™ il 5 T2, S
fig Jo o CH, NH, Pl Ak 14 K BH AE i it (19 BE 18 FE 4R 0k

F) 6. 5068 LI R A iR T 1) 5 kA SPGB L T A A
—ANEC I BRIV F R B 2 A 0 AR S R A
BE DL FHIMAEL B R R iR Ink 2 — 21 Mi-
yasaka PR 2008 45 SRR E H A4 HISRE SR P [ 25 Fo A o A
UG Z . Snaith, Murakami, Miyasaka P M Park J2H
1 Gratzel BEBUHAVETF &M% T 2,2',7, 7 ~tetrakis (N, N-
p-dimethoxy-phenylamino)-9, 9'-spirobifluorene (Spiro-OMe
TAD) , HEMFE a7 U Z . 5588 CH,NH,Pb(1,Cl,__ ) F1
CH; NH;PbI; S0 K BH L it A2 — > R AR BHOG IR
A FE 080 o BR B T 806 H1 1026119 J5 ke i Bh 45 44
HoAR, Spiro-OMeTAD B SR PR 1 1 A HR L (115
[ 5 YA 0T A B B Pl il 119 B et A A R B R 31 7. 2060,
H Spiro-OMeTAD 'T/EZS/H({Z%%E’CH%NH%PIDI% 'ﬁz%@?ﬂj Yy
[Ei] 25 G HE AL R B RE HI ML AR 2012 48 A5 28 i A v 3 2%
PR RER R IE R 9. 7%, R iZ g A B H A
FIREE T R BB B AE I 500 b YR P B R B S 28 U
K 5. ALO, BUAU TiO, 1R O B 45 2. 45 5k 47
CHNH, PbL CLAE Bk 55 2R ™ K BH BE i i 3R A5 1 i
1026 B R Al ™ [ A8 Yo RHEAL A BH AE Fi vt A 1998
AR 2011 A — B R E R R g L 7R 2012 4[] ¢y T
FERH SR ATRME IS PR )2 3815 T KRR S K ., 2013 4F
VIS K 3 A4 BHAE e h, LA poly-(triarylamine) (PTAA) 1E
HTM (535352 , Hole transportation materials) (454K H™
KABEFR IS T 12. 390 M RE L L 40 . Snaith PR
FHZ IR SAEZE & DU 2 48 19 85 8k CHLNH, Pb(1,Cl;- )
VEGORIEIE 1) T 57 5T 25 55 Bk K BH 8 F b B i e 4 0%
KF] 15, 4%,

2 $5%KH KPHRERRMAYH & KB HLE

BT R BHBE R MR ) 4 T 5 KRBT B ] e
FTO(Fluorine-doped tin oxide) J2 [ 3% 3 &} I /E FHA - 7E 3= |
BE—J2 TiO, R J5 500~550 Cil k55 4L TiO,
P R e I ik B SO OB GE DR — 2 5 29 300 nm ()
CH,NH,PbL Cl, #54k#"; 4R 5 B e R Ik UL — 2 Spiro-
OMeTAD fE Rz AL Hi )2 5 B Ja F#AE R L DT — 2 ak
HENENANL . FHEKT K PH BE fE M 45 4 WL IE] 3(a) ., Hihss
TN Z Spiro-OMeTAD F1 R J7 () ZFL TiO, /858K 5™ 2
HIREE, HEE/NF 500 nm,

AR I B B HL L A 5 S — ol 7 2 G e A Ak oK B R
Hdth . B AT RN T R A R B RE LT A PN 544,
FRERTRRME A E R UZ (1 AAE ) Je 78 L F 15 5 2 TiO,
(N EDF HTM(P D Z [6], ff§ B £ 506 i Ffig 1% (UPS) Al
S AT DL EIRIBCEI FA5 A0 £S5 6k 5 CHNH, PbI, (1) 257 98
JEH 1.5 eV, MBI FHER 98 B 19 A Gt I G 555k
AR 3% 23 R B4 O FE B B HR A s 5
K TiO, /455 FES R/ HTM Z [a] (1) $L 18 i 2 A v 158
NOE BFHEA TiO, . 257G A HTM, £ 5 8154 H B
e CRF 2138 FTO B, 25 7 RA 4 s B . Hok ik &
FLARE & T B 25 X 77 AR i as o R LB 3 (b,



BT KRR B R LR X IR/ A RF

0190

CH;NH;Pbl, %% !lgj( EL B(J ﬁ’l\ % ]ﬁ 5 OMeTAD H"J 'HI\ % Tﬁ ’
CH;NH,;PbL, $58k#™ (1) S 47 IS 5 TiO, iyl ISR 450k
AR T2 7 F T .

| e 150 nm
25 AL H J2Spiro-OMeTAD
ZAUTOBMIEH: Ehyimeky- [ T500mm
ﬁUE‘TiOZ 60 nm
FTO
BRI
(a)
AR
EleV ‘
<™
—3.03
= n-46
I s

—3.43h"

FTO | TiO, CHNHPbLioMerAD, Ag
(b)
3 §55KW KPRBER MR EE (a) FOBEZE ()
Fig. 3 Structure of perovskite solar cells (a) and the
corresponding energy levels (b)
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