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K1 (a) ITO/PEDTO: PSS/CH3NH3Pbl3/PCBM/Al #54KkH" K BHBE A ith 23 45/ B (b) X BIAE 2 A S e
Fig. 1. (a) Device schematic of the typical perovskite solar cell with ITO/PEDTO:PSS/CH3NH3Pbl3/PCBM/Al

structure; (b) related energy levels of each layer.

118801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 11 (2017) 118801

3 XBRERE LM

ME 1 (b) Be e B mT LUE 858007 2 1 &
17 I A PCBM J2 B s AR o5 4 7 $LiE (LUMO)
Z I8 AR/ R 22, PEDOT:PSS 1) 3h 8 3R
ERHT Z CH3NH3PbIg B A 7 T 0 #20, =
TAL = 5 AR a2 B RE G VS ER T R I e
Z0AH M UT L, 3% 6] 980/ T 2% H e (17 45 2 IR B
[, It B AN i PCBM 2 () fig %k A4 R A
254k, 221,

A J-V PRI R E AMLLS R R AT
1, B2 ) AW SR J-V I, R 18
FIVEAN S5, FEARBCNSAS. 3T s vl db 2

0 ]I

|
w
T

Pure

Current density/mA-cm~?2

—15 F

|
o
T

|
©
T

—12 +

+PS
+DIO
PS+DIO

(a)

0.4 0.6 0.8 1.0

Voltage/V

0.2

& 2

PCBM 5 il 45 11 R e 43 21 10.83% t Ha 3% 4 3%
RO LA E (Js) N 15.41 mA Jem?, T H
JE (Vo) 790.97 V, AR T (FF) 4 0.72, HECHH
(Rs) H3.617 Q-cm?. A PS J5, FF % H R4
FE]1.01 V, H R AL A A AR Ak, ER I H BE sk
/N92.883 Q-cm?; AN DIO J&, FF % s $ e
F1.01 V, HEHEAFE S F] 16.32 mA /cm?, BHEH
BH Bk /N A 2.883 Q-cm?; I XA N7 PS #1 DIO
Z G, T RA 3RS, IT %o s & 2
1.00 V, %5 8 R $E T+ 3 16.39 mA /cm?, [FIK FF
P2 0.77, HFECHFHIF/N R 2.025 Q-cm?, BT
IR R 0 TR A AR, BRI EEIA T T
Joo FIFF W38 0, 4 &8+ 2% (EQE) W 2 (b) B
N, UGN 2 J5 A B R R Tt

0.8
0.6
<3
S 04r
= +PS
+DIO
0.2 —v— PS+DIO
(b)
0 . . . .
300 400 500 600 700 800
Wavelength /nm

(MFIFRAL) (a) AF PCBM 2K J-V E; (b) EQE K

Fig. 2. (color online) (a) Current density-voltage curves and (b) external quantum efficiency (EQE) spectra

of the devices processed from PCBM solutions with different additives.

®1 BSH

Table 1. Parameters for devices processed from PCBM solutions without and with different additives.

Voc/V Jse/mA-cm™2 FF/% PCE/% Average PCE/% Rs/Q-cm?
PurePCBM 0.97 15.406 72 10.83 10.77 £0.24 3.617
PCBM+PS 1.01 15.423 73 11.35 11.38 £0.12 2.883
PCBM+DIO 1.01 16.328 73 12.06 12.04 £0.15 2.655
PCBM+DIO+PS 1.00 16.389 7 12.56 12.53 £0.15 2.025

BT AR R 50, PSAE Ras ] L3R T
PCBM &R %6, 0] DAk s 52 i &, M e o
(1) FL A5 8 22 0T DAYR /D R T R i 5| RS 1) F e
&, XA R TR T E it 8 R T LR, DIO
T RCE LA IR, BE AR 4 Hh Vs #F PCBM, 7 4b
DIO B3k s 4333 °C, & T AR 71 SR 1 A
132 °C, FrLAfE PCBM &5 i FEh ¥ R 2818,

HIT$2TH PCBM (45 & 5 &, % Rt B 5 ey s 30
S BN, BRI AR Ak R v TR
B2 PE BRI T2 B T PCBM HL 7% i1 /= M g
ek, JATHEAT 7 LR RAJSE. el 1
FAN[H CH3NH3Pblz /PCBM (A FEAR s b HE) J2
AR SO, Gl 3 (a) B, FTEAE Y, PCBM H
PN DN =P R AR S Ea R A R e
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frERE, W9k T WS RS R 2| PCBM JZ )
NBET). X B DL

3

(a) —— Perovskite/PCBM
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O 1 1 1
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Wavelength/nm
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10001}
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100F

B3 (MTIRE) (a) 2ET AR PCBM JZ (AN
TR f IR OGS I (b) £ F ITTO/CH3NH3Pbls/
PCBM (AN [E 7R INFAIALEE) RIS 1] 43 3% R 06 3 it &

Fig. 3. (color onmline) (a) UV-vis spectra of the
CH3NH3Pbl3 /PCBM layers, the PCBM layers were
processed from PCBM without and with different
additives; (b) time-resolved photoluminescent decay
curves of ITO/CH3NH3PbI3/PCBM (with different
additives).

#£2 %F ITO/CH3NH3Pblz/PCBM (R[EE N7 ik
) IR ) 3 F0 R G Ik 4 RS 2

Table 2. Parameters for time-resolved photolumines-
cent decay curves of ITO/CH3zNH3PbI3/PCBM (with
different additives).

et B1 7i/ns By T2/ns Bz T3/ns

PurePCBM 0.1748 0.401 0.0372 3.945 0.0042 19.089

PCBM+DIO 0.1577 0.671 0.0175 2.832 0.0031 16.18
PCBM+
DIO+PS

0.1676 0.551 0.0247 1.906 0.0034 15.329

TR EGAS ) 28 v E H A A B e,
AT T AE PCBM H I N AS [8]4s Jn 571) J&5 1
ITO/CH3NH;3Pbl;/PCBM {# i 1) & 6 5k ith 2%
(6 F 1), Wk 3 (b) B, WO K 480 nm,
PRI A 760 nm, X RABERE 2 K. R
IR 2 (VO ) R =88 A, AT EA
XA

I =1Iy+ Byexp(—t/71) + Byexp(—t/T2)
+ Bsexp(—t/13), (1)

K T NRIGIREE, T NV KGR, B, Nl
TREA 1, o NFE A, PLEITFE S R K 257
Gl XFEAZ AR BIUEEL, E LT ¥ A
7 231 OR R (W RF b BT 38 73 i SR gk A7 X6 bE S R
2. W EAa P ARN
B¢ + Bo73 + B37?
() = 317'11 + B2TZ + BgT:j . @
1F 5 4 1TO/CH3NH3Pbl; /PCBM (pure), 1TO/
CH3NH3Pbl3/PCBM (with DIO) A1 ITO/CHs-
NH;3Pbl3/PCBM (with PS & DIO) {5 6 7
oy B%1 4 5.13, 4.45F13.19 ns. 7] W% iy
TR B, I U B O BT B AR A ER 2 AN
PCBM JZ 2 [B) fif B A3 Bk B, 9 5 00 v s
BRI &, HH B FRAEHF A LR
XUt B L A A 2 A i e 1A 1 e B AR R 7
IINAR B, 0 2 WA 77 b B S FRE 1 R B
i, R WX N7 4L FE PCBM £ $2 T 2% 44 1) L 1
e BE.
TN 7 JE, PCBM [ JZ 1) 3% 1 2 50 1. 15
B 7 oE, B4 B o8 2 CHsNH; Pl EANH
PCBM /21 10 pmx 10 pm J& -+ 77 88 (AFM)
TESE. ko be R I, Jois IR Ab B2 ) PCBM B
JEHERE N 1.270 nm, ¥RINF PS AL PCBM i
JEHRLRE BE M 0.975 nm, ¥ 07 DIO 4k 2 i) PCBM
IS 2R RS 09 0.990 nim, XUFR AN Ak 2 Y PCBM
i 2 RS B 9 0.806 nm.  H M AT AR H 458, XU
TS 077 Ak 21 () PCBM JIE 2 3R B HE 1 # /0N 1R S
B, W2 B S . NS ISR PS S5 2 By BAAT A
$2 7+ PCBM i )2 i & & RN K7+ 2 I PS 1
T PCBM IR, T R 1 36 & i & BT i
IR 2. DIO [ 55 (333 °C) HLiw 71 CB B i 55
(132 °C) SR 2, EEFER SRR R G E
Inggg, {45 PCBM 4 i f5 B IM&z g, A4 145 .
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Fig. 4. (color online) AFM height images of PCBM layers were processed from PCBM: (a) Without additives;
(b) with PS; (c¢) with DIO; (d) with PS and DIO.
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Fig. 5. (color online) J-V curves of devices measured by forward (from short circuit to open circuit) and reverse (from
open circuit to short circuit) scans: (a) Without additives; (b) with PS; (c) with DIO; (d) with PS and DIO.
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Abstract

The organic-inorganic metal halide perovskite materials have excellent optical and electrical properties such as high
absorption coefficient, high carrier mobility, long carrier lifetime, tunable bandgap, facile fabrication process, etc. Owing
to the above excellent properties, the power conversion efficiency (PCE) of perovskite solar cells (PSCs) has increased
significantly from 3.8% to 22.1% in the last few years. The PSCs have attracted intensive interest in recent years and
show great commercial potential. Previous approaches to increasing the PCE of PSCs have focused on the optimization
of the morphology of perovskite film. However, there are relatively few studies on the electron transport layer (ETL)
in the typical p-i-n sandwiched structure. In this work, the PCE of PSCs with device structure of ITO/PEDTO:
PSS/CH3sNH3Pbls/PCBM/ALl is improved from 10.8% to 12.5% by using polystyrene (PS) and 1,8-diiodooctane (DIO)
as binary additives during the deposition of phenyl-C61-butyric acid methyl ester (PCBM) layer. With the addition
of PS, a highly smooth and uniform PCBM ETL is formed due to the increase of viscosity. The morphologies of
the PCBM films prepared with and without PS are analyzed using an atomic force microscope in the tapping mode.
The root-mean-square surface roughness decreases from 1.270 to 0.975 nm with the addition of PS increasing, which
is more effective in preventing electron and hole from recombining at the interface between the perovskite layer and
the top electrode. Addition of DIO improves the morphology of PCBM, which plays an important role in charge
dissociation, charge transportation, and charge collection. From the time-resolved photoluminescence decay curves of
ITO/CHsNH3Pbls/PCBM (with different additives), it is clear to conclude that the exciton dissociation between the
perovskite layer and PCBM layer is faster and faster. Electrons and holes can be quickly separated, indicating that charge
transport performances of electron transport layer with the addition DIO turn better. The addition of two additives is
a simple and low-cost approach to improving the morphology of the electron transport layer, which provides a path-to

the further improvement of the performance of p-i-n PSCs.

Keywords: perovskite solar cells, electron transport layer, additive, the properties of charge transport

PACS: 88.40.H-, 73.50.Pz, 72.80.Rj, 73.40.—c DOI: 10.7498/aps.66.118801

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61575019, 51272022, 11474018),
the Specialized Research Fund for the Doctoral Program of Higher Education of China (Grant No. 20130009130001), the
National Key R & D Program, China (Grant No. 2016YFB0401302), and the Fundamental Research Fund for the Central
Universities, China (Grant No. 2016JBMO066).

1 Corresponding author. E-mail: zhengxu@bjtu.edu.cn

118801-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.118801

	1引    言
	2实验材料与方法
	Fig 1

	3实验结果与分析
	Fig 2
	Table 1
	Fig 3
	Table 2
	Fig 4
	Fig 5


	4结    论
	References
	Abstract

