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OMeTAD/Au ¥ n-i-p B4 [ 5 Joi 45 Hth, Kot
FERBoR =B 7 19.3% 9.,

Z n-i B4 P TH 7 R 45 45 M 10 B K, Guo 55
YR A WK BH HL U A p-ien P T R 45 A R,
UK & B IE AT A ([6, 6]-2K 3 -C61-T R H ik,
PCgoBM) 1E N HL T 1% i )=, FF%f LA PEDOT:PSS
PE N2 AL )=, )& 3 — > p-in 28 45 K
08 B 0 7 TR 45 OK BH b, 45
ITO/PEDOT:PSS/CHsNH3Pbl3/PCgBM/BCP/
AP TARNLER AN B 3 (b) Fros, A5 ERH W6 Ja 72
A AR B AR /23 A i 2 A R/ A%
= SR A B, BT R E R
F| PCgoBM B LUMO fe g, 1 = 7 o i 5 860~
JZ £ PEDOT:PSS/CH;NH3PblI3 %t [fif % # %] PE-
DOT:PSS 2, f&H ITO UdE. B7E p-i-n BLAHEL
W et () ] &t A2 7F PEDOT:PSS 2R i 1R X i@
I — 2B e Rk 4 5 50 B B A R R S R
FERUSZ, DR HI45 FAS AR 2 R A 20—30 nm ),
178 376 AN R T K BH O 78 43 WAL, A1 Ik i v 1 R 3R 82
MK, RA3.9%. FIFHAHFE AL, S8 E
P JZ 0 5 B2 T DU 0 i R BE G R i R
B AR T JEL B K B 110 nm, %1 6 B
R DR B 7.41% ). 3K Bl p-ien B P T S
gERVE LR st HR S TiO, B PR 2, A R
e TR RSB R . thAh, & IR )=
P RE A AEAMGIR N &, AR T SR A K AR
PG BRI PH FE b 1) 2. 20 3k DA H vt 65 40 380 i %
T2 AW, HAET, p-i-n B2V 0 5 5 45 KB
FL Y ) ' L B e R DT T 12% PR3 @t
BB ARAK, RS R HI R DR T £ 16.31% B2,

4 PSRRI R

A n-i-p A p-i-n PP 100 5757 45 45 R R BH F
b, AR AN F i, B ek /2 d J= A
FHERE" /W7 A a2 X S N e AT 1
BORI LA A B OCEE B VIR TR A BRI R
A DG R 1, 32 IR B AE T 45 8K /2%

&40 2 VS ERAT / L A% 2 S i A A k) 2 TR) e 6%
TE R R AP RE R UTEL. DL p-i-n 5 A 45 6K HL it N
%, MEER A EH, PCgoBM 1 LUMO fE 2% (~3.9
eV) 585k CH3NH3Pblz 134 A6 (3.9 eV) dE
HULHD, fgfE BRI o7 R 45 58 2] PCeo BM 3R
B E GRS, [N, PCsoBM EHREH
HPEBR, 2081 cm? V- 1s™1) 3L 455 A 1)
L7 B PR 7% 31 8 W AR T pl Wi g

T2 9% O o6 Bk R0 B[] 43 9 2% % O i AR
AT DAL %2 B S R AE AL . BN B IS
B [6,12,36=401 - Gratzel 25 A Snaith 25 %5 A) FH  JA]
PR OCCE T T A F MR (B3 AL A
BEPCooBM 175 AL 444 Kt spiro-OMeTAD) X 5
KRG K AE R, BT T T 7R S A T
2 R B RS IR 9501 4 spiro-OMeTAD 1 A%
TR KZ, PCeoBM AE N H 77 K JZ PUFLLE B AH
[) 2% 4 1) %% 1) CH3NH3 PbIs 55 £k 8 26 . i i i)
R = AN FE i (CH3NH3Pbl;, CH3NH3Pbl3/spiro-
OMeTAD 5 CH3NH3Pbl3/PCgoBM) )% & 1
P (B4 (a) ATHIL 24 spiro-OMeTAD 5t PCgoBM
5 CH3NH;Pbl; 2 filt % 5% 5 2 45 7 1 )5, fe
fig K W B AR CH3NH3PbIs () 2% % & 7 77 &,
CH35NH;PblI; 5 spiro-OMeTAD J¥ i 5 i 45 45 #)
J&, W5 B K TR 46 5 1) 8%, T PCeoBM
Xf CH3NH3PbIs i ¢ Ot %% K fg 77 B 58, v #4
POt wh R OCK N R 46 2%, o ok 5E i 9%
I B K i B #E CH3NH3Pbls /spiro-OMeTAD 5%
CH3NH;3Pbl3/PCeoBM 57 [ 4b it 5 I3 T- ) 151 24
BP0 9. PAJR KON 600 nm bk b & 6 I X =
ASRE 3R AT BOK, IR L AE 760+£10 nm Ak %O
25 98 (I 4), 15 % CH3NH3PbI; 8] 5% )% 7 7 N
4.5+0.3 ns. MR % 0 B B A TR
H D, ALK Lp = /Dt HET i M2
HI 9 H#CK 4 950 8 130 nm A1 110 nm, P& K3
A4, 47E CH3NH3PbIs £ H T spiro-OMeTAD
8. PCooBM K = J5, e A 800 85 kA (1) %
B, v LUK 26 7 A 4 o) B K 3 0.64£0.03 AN
0.37+0.02 ns. X 8 i ¥ £ CH3NH3Pbl; /spiro-
OMeTAD Jt il 8% CH3NH3Pbl3/PCgoBM F ],
CH3NH;3PbI; 52 2 UK JT 77 AL 1T g 6 s
B HHAE T AT 2 5 spiro-OMeTAD 5, PCgoBM
JE G R AR HAeT o B (R TR B L AR =
PCBM I, 2250 3 25 5 UE i 2 spiro-OMeTAD
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e w10 15
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(a) CH3NH;3Pbl; a5 615 (b) 76010 nm ALK R 43 #5661 (c)
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(e)

S PES

BEHED T 7 A RO G R BT P A R i e (36

). I 2 R (1 Theterojunction = 1/ TPerovskite +
1/7or) AT LATHE H R ST Ak 1 H e B RS I ).
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g R 3 K A 1 5 AL G R R IR R 2H BL DMISO
Y7 % Pbl, 2, DMSO 5 Pb2+ 512 a3 i)
M HAEFHELZE T Pbl,y M4s ol f2, o7 LAA3 213 5)
ML Pbly 2. XFEERMEEAFRT5
CH3NH3 L i PR T8 78 73 [ 8L, A B il R K /N 7 A
5] BRI SR 2. LR 7 v £ 145
SR 88 I L 2 17 R P m-i-p AT R AT A B H vl B
R A E R 1, 6 R R FTIA 13.5% (691,
Yang PR R 2H F) F 728 V50 B 0 R A RO

il A 7 T R A AR 1OO), L e ik
(a) * TiO,
0 20 30 40 50 60

20/(°)

B /nm
K12 FTO/c-TiOo FEJRAGHT 2, ilid Pbly E4 CH3NH3I A4+ 150 °C 3Bk 2 h JEA M & 53 (a)
X FLATHEEE; (b) CHsNH3Pblg E R BRER (GRS P SR ); (o) Bk xUE T ) Bas
W (BRI = 4t R E); (d) AT B (661

5.2 EFEREHMRL

1E p-i-n B EGERAT /& 0 I ~F THT 7 o 45 K FH FRL
M 5 I E ST AR AL E M B PCgoBM,
Ce0, PC70BM K ICBA, H.r#5 % FH )28 PCgoBM.
HTE TAE R, & #0520 LUMO ReZk 1)
re K 2k L AR A L R P AR 2. BT ICBA
I LUMO N 3.74 eV 17 & F PCgoBM ] LUMO
REZL (3.9 eV), KA, F5EKH"/ICBA )it 45 Fi it A
AT LS ERA /P CooBM HLI 51 0.1—0.2 V I HF %
1% 2793 Huang LLICBA {1 524K AT LK fi it

100 nm

—100 nm

%13 3 (1) Pbly il B Tt CH3NH UKy A Jn #4453 3
(1) CH3NH5I A4 1, 38 KA A I J5 A7 S 87 AR B
CH3NH3PbIz. #3 | f) CH3NH3Pbl; )2 1) XRD i
Bl B AR ) AR TR a1 12 P

"] LA t CHsNHPbIg & 44 45 b s ok
JSTR (B HCK =) R E &5 4 RS9t
2 THOFL RS BE /N, 8 DL spiro-OMeTAD 4 %5 70 f:
= 1) 2% T n-i-p B P TH S 0T 4 R HL I, 2Rk B
12.1%.

Perovskite

"'a W e

BTG L R FR B 5] 1.06 V B3 AL Z R, Ceo Y
LUMO REZ AR A 4.5 eV, (KT PCsoBM A ICBA,
BRI B Co Eiﬁ% LN 2 A A, B 2 A A
FL TP i J2 4 77 EE B R ' R OB R BT 0
f%%%itﬁrwmﬂlﬂiium% A E AR 2 A A
R R T S kL A) SR B BT AR E )
FTAE PSR R S B A 10 R I A R R B AE
Rltk, 2 )2 & Bk 2 s F A i A = S 0T 45
EREBRIRAS  Fe 2tk P304,

Seok ZEHWF 5T T PCgoBM K JE FE X 8 4: P BE 1)
e B B PCooBM J2 £ 4 i o 1) 4 i
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B, AT 0 e ) R B B A R B AR, &
WK EK. PCqoBM JZ J5 5 1E 24 i, H it (1) 31
70 PR R B IR AR AR B T iR AL (R 4R AR AR
JELJE 258 PCoo BM X E 4R 2 I 5 A 52 42, H
WS 2 B, SEURRRT . &t
PCeoBM JE AL G, 7 T BRARH T UREE 1 34 22,
G R ERALEI PCooBM 25 Al HLfR 2 7] 5 7%
BE— 2 LiF, 7T DO Bt oR 32 81 14.1%.

X HL T 6 2 Rk — 2 A A T DL 58 BH £
2 RE S $R v R BT ) B A A A
G E GRS SR A B Al .
)& S RT A PCooBM AITICBA I HOMO fig%

Tu

R 5.9 eV 567 eV, AN B 5T i A U
Pige 7). Ak, 20 SRR 51N 45 ER
W/ & ® 0T o 45 K BH FE . Snaith 45 DLEK
TR 5 TR Big N AT B4R, 7E PCgoBM 5 Al L HK 8] 4
A—J2 TiO, B PCeoBM/TiO, X JZ L TUE R,
LA CH3NH3PbIs MG 2, H4 2R e m 5 9.8% (11,
AL AR B 02 X H RS A R BOP
PEl NBIE #8548 Al ik 8], T 0UZ L
TAEH /25 I JZ PT33:401 SRl 02 45 1 3 R %
(RAEYURA G Al AR v 5 & 47 )2 (R 3R 1231,

Zhang % 1 PCeoBM 5 Ag 0] 5] A\ & H fi#
JE 281, 5 R AR R RE N BT T A AR, PR AR 4R
IR (1) Dy R 5, AT B A FRL T PCgo BM [ 45 ) HY
M N4 22, B2 T T IR EE R YL Bis-
Ceoo 72— M'E WG AT AV T, EREW R H
AR A ST TR Re T HEA, BRI B AR
HLT 18], Jen 244 HL R F 454K K BH Hath o o 7
4612 PCooBM I Ag 4 J& A% FTH A& 4 199,521,
Bis-Ceo 7E1% 5111 F AR [F R R3] 1 45 57 1 fe iy HF
FIRIAVEF, FEAE RS E Ag AR IR 26 A R 3R4S 1 2
TG

£ n-i-p B 18] 57 51 45 X BH FLB i T AR B =
T A 1R Ti0,, {HZARE TiO, [ L T1%
B A% RIS, 572 7O B S 7% i A AH UL,
RO SHBERERAMEL @S & BB, 7T LU
TiO, M SR H6 x 1076 S/em $#E i F]2 x 1075
S/cm, %fH Y spiro-OMeTAD [ HL T Z B ILAL, A
T P 7 H R 2 ) A i ek D R 2R, A
T 2 5 a1 L R e s R, ZnO B B A E &
T TiO [ L 11T 78 2 4 F R AU B0 Ti0, 2 1E
N T AL E. Lee 55 F IS I -#E RVEAEITO R
T il % 7 ZnO JZ1E A BT AEHZ PO AT iR

HL /28 o0 B 03 i L R, #E ZnO 5 A5 5K
TR SiEiR T — )2 PCgoBM. MEBEZ ffE b
PCgoBM HE U 48 45 Bk o 7= A= ) Fe 1~ 5 250X
B S, FEH 3 Zn0O, Wk ITO W e, [Flmt
ZnO [ IR 6.89 eV, REMEA R 25X, LA
spiro-OMeTAD N2 AL JZ ), HEh IR AT BA
EF)12.2%. Kelly Z5PL ZnO 9K i+ # 4 7 BT
fEi )2, A5 7 HAM BTG, /35 /ITO
I b £ I LI AR S IA 15.7%, FERMAR B
IR BIE E] T 10.2%.

5.3 ZNfRMIERMIL

TEESERE B PH Lt b 28 /AR SRt 2
i e EE 4H BB 7y . CH3NH3PbIs [ H77E 5.4 €V,
L5 F AR 23 ) AR D R B AN DL L, 2> R
JeHLE [ F . 78 n-i-p L H I spiro-OMeTAD
J B R 2 AR S A RE. e B[R] 4 O 6
TEAE 70 K BI, spiro-OMeTAD AEML 5 IT IR K5 ER
W R AR R AR BT, A S RS AR L I S ERAT
HEERS B 2 UL 2, S LA 4 85 {H 2 spito-
OMeTAD i #% & 51, [A] I W U506 3 5 45 5k
W2 (R oy Sl B S, AR T3 R R .

Lee 258 FH PBDTTT 5 () 74 45 (R 3L 50 K &
PTB7-Th At # spiro-OMeTAD, il 4% T n-i-p AL 1)
S TH] S 3 45 B 01 PTB7-Th B A 10 5 1 45 7%
& i 1 B RN B g 45 4, L OT B ] DLk B
1.5%1072 em?-V— 1571 5.2 eV ) HOMO fe 2 fdi 55
TRERS H S AR IR (1) #4316 2 PTB7-Th )2, — )=
F SRk MoO,, JE# B T PTB7-Th 5 Ag M2 1]
R PG T T FLBH, FR I A A e R T IA 5 11.04%,
5 DL spiro-OMeTAD S %% /A% i |2 (1) 2% 14 1 5 A
T, IX AR R A A R R AR A TR Y
B,

1E p-i-n BYES ERA™ /5 0 05 T 1T 7 S5 &5 DK PH HR
o ASERY I AT N 5.4 eV, 5 1TO K Zh ik %
(4.8 eV) Z 015 0.6 eV e &%, M HITO/E N
W B 5 85 KA O TR S 2 4 i 2 7™ R PR AR O H
JEf UL SRR KRR, EREYEH
21 b 5w 0 BH AR AS 1 44 L PEDOT:PSS # h&
Th 1 B8 A 21 45 KB K BH H R B SR A& 45 TTO FH
i 272941 PEDOT:PSS f& i ITO 7 3K A3 i
(TR, A6 15 S R 2 % 0 R 1Y) 2 R 8 A 1
F|PEDOT:PSS #% ITO A &4 1 4.
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PEDOT:PSS KLk #y 4.9—5.2 ¢V, 5 CHs-
NH3PblI; 1 HOMO B Z [AI/FEH 0.2—0.5 eV ]
feZi 2. Nk, £ PEDOT:PSS/CH3NH3PbI; Hif
SRAFEERRREDUL. N T BIKA IR, 12
o LY PR B 4 350K Lee 2644 Nafion LAAS [H] LL 5145
APEDOT:PSS, 7£ ITO ik &k ). Nafion
MR E T, BRI A HRRE, 72
MR SRR R A . BRI TR
HE (UPS) M3 B, ad 895 Nafion Lufgl, v] LKt
PEDOT:PSS L% 4.9 eV Fe s # = 2) 5.4 eV,
B N Y, (15 SESERY (0 S B oE 5 T
TR, ReE iR m AR R L.

£ PEDOT:PSS 1% i ¢ /X L itk b, 9 7
A B Lk AR B B BH AR, 8 AT L5 N LT
BEL 445 /2% 7 A% B 2 8 v FELAT 19 40 B 28036, 1 Poly-
TPD 9. PolyTPD i) HOMO fEZ% ~ 5.4 eV, 545
KA A 7 U D, 4> 25 43 21 25 7 BE 0% R 4% i3
F| polyTPD ] HOMO fg 2 L. [FiF, PolyTPD [
LUMO R8N 2.4 eV, i m T E5 500 (1) 5 45 BE )
(3.9 eV), FUILEA RIFM A FRHELEE T, BEREH U
1) BELAS H - FAS R 2 A 38 3 FH AR

PEDOT:PSS B H T 85 £k Hi it 2 7y >k — &
AFIgm, PEDOT:PSS B A W, 145 4k0 #4
L K AR U, R PEDOT: PSS £ i 2% 14
MK TAEf e . EREY AR+, NiO,
W SR PEDOT: PSS KRB ITO, R H B
U B 28 OSCEE A 1 170-731 NiO, B R IFHIIE 6
P, AR T, A R sk, I B Dh ek 2oeT DL
o R SR B AR A B 5 20 E 5.0—5.6 2 ] AT I
5. RTINS NiO, B Zh B3 18] i T E g
BRI 2 AR R R i e A R A9 B
HeHE 0L IR ANiO, 8 SRR, S RERL A
2.1 eV, iZ i T CH3NH3Pbl; [ § 4 (CB, 3.9 eV),
REA 2K A A 4 B B A% if it CH3NH3Pblg
fEITO/NIiO, £ AR A2 e il ny & (B 13),
NiO,, W85 R %< 6 A AR 3 13 K AE 1 B =
TR EAS AR 17 NiO,, & AR DA 3L % 7% 1101,
Guo 55 ¥ F H NiO,, il # U |2 /B 32 )2 W2 45
P & 7 A LA ER T R BH L, SR8 T8 10%
FRG R G 4 o 14404 B AT 7E NiO, S0 2 3%
JE b A LR 7 w5 A, LA A AR
— € MIMEEE. Docampo 55 ¥ 7E W 5T H & B NiO X
CH3NH3Pbl; A 2% 8 KAEH, (H2 H T ENIO,
F R AR METE A R A R T, B S RN

&, S8 PCeBM E 5NiO, 2B, it
R RE A 22 U % NiO, 210 H UVO b B AT LA
PR AL, JEOGE R REYE, AR T E R E
FEERHT T AT K. 43 UVO AL NiO, 1,
R A AT LUk ) 5.4 eV, 5 PEDOT:PSS [ 3 & %
5.1 eV AHLL, SESERT B R S ANUCIE. BRitk
AN, VR 1) S A R TR B R SR
B, e v oS 7 5 AR T, D U HL B E.
I, VBT S Y 0.62 V2 E 0.92 VO
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T ¥ 20%, DB R T Rk & B FE bR
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L SIS s Ml A AT SR THI I 1 2 1 i A i St
FERERTT I Fa e M 1R . CH3NH3PbIs 5 i i T 1%
PRV, FIULAE NSRS N R 5 i, BB 3
Be, P ek B TS AR AR IR, XSRS AR
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VRS ) % ) HL I AR A ey LA R R E 10.1%;
PRI, WA &SR I AR, BT R
To 7 A 2 T BT R /IN R IE | 35 1 3% 2 P A
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Abstract

The development of highly efficient and low-cost solar cells is the key to large-scale application of solar photo-
voltaic technology. In recent years, the solution-processed organic-inorganic perovskite solar cells attracted considerable
attention because of their advantages of high energy conversion efficiency, low cost, and ease of processing. The am-
bipolar semiconducting characteristic of perovskite enables the construction of planar heterojunction architecture to be
possible in perovskite-based solar cells. This kind of architecture avoids the use of mesoporous metal oxide film, which
simplifies the processing route and makes it easier to fabricate flexible and tandem perovskite-based solar cells. Planar
heterojunction perovskite solar cells can be divided into n-i-p type and p-i-n type according to the charge flow direction.
Two interfaces are formed between perovskite film and hole/electron transport layer, where efficient charge separation
can be realized. Hole and electron transport layers can form separated continuous paths for the transport of holes and
electrons, thus beneficial to improving exciton separation, charge transportation, and collection efficiency. In addition,
this planar architecture avoids the use of high temperature sintered mesoporous metal oxide framework; this is beneficial
to expanding the choice of the charge transport materials. In this paper, we review the recent progress on the planar
heterojunction perovskite solar cells. First, we introduce the material properties of perovskite, the evolution of device
architecture, and the working principle of p-i-n type and n-i-p type planar heterojunction perovskite solar cells. Then, we
review the recent progress and optimization of planar heterojunction perovskite solar cells from every aspect of perovskite
preparation and the selection of electron/hole transport materials. Finally, we would like to give a perspective view on

and address the concerns about perovskite solar cells.
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