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Fig. 1. (a) Structure of carbon electrode perovskite solar cell; (b) energy level diagram of carbon

electrode perovskite solar cell; (¢) cross-sectional FESEM image of PSC; (d) the deposition procedure

of perovskite layer.

3.1 NALZHWIKEX ST KPHRER M
HISZ M

I FL = E ALK (m-TiOy) 7] DL 85 2k 7 2 5
FL A 2 B o T ARG R, A IRV TR T LA K
BB L, R R SR S AR, B
DLEE 5 %, 5 THAE, JF B A S B0 2
FEAER R, AT B R N E A AL
AR E S SHBEFRSRNNES, TESY
M) EEL - B A, TRT I A L SR A Ak ) JE 3 0o f it
SWAAR K. BT LA, SR FH AN [A) % 3Ok 52 A L — A Ak
K J2 T S o A R e FL Tt R [ 2 i, AR S
1 — 58 W E A FL Ak K% A 1500, 1600, 1700,
1800 r/min PY /> ¥ 38 K 70/ FL — E A EK 2 10
JE RS RS R R s . B2 (a)—(d) M

FTO/c-TiOs/m-TiO /Perovskite £5 4 I 75 i1 AN ]
e A AL AR BT IS P AT T, AN P A
1E— WA AL = HAER, 1500, 1600, 1700,
1800 r/min 33 a8 4 FL = A ER 1 J5 2
A 710, 615, 520, 470 nm. ME 2 (a) FIE 2 (b)
AR E E LA RILIR R, AR, XaiE
BCRE DL M BE 22, RCRAR; A2 () FIE 2 (d)
AE A LA BRI S BU%, Jlb TR R
BEL, $&n 7 F b AR L R, AT B T I R
MBI R T PG H, 7R A L S B IR R T
AN [F] )5 B 1) CHsNH3Pbls 85 260 78 55 )2, 454k
AEAFREE LB E RN A AR, A
FF m-TiO,/CH3NH3PbIs 5 i 45 1 i 1270, fr
PA, AL = A RS B0 2 5, BT R R
. B2 (e) MK 2 (f) NFTO/c-TiOy /m-TiOy £

228801-3


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

¥ 38 % 3k Acta Phys. Sin.

Vol. 67, No. 22 (2018) 228801

L SRR TSR L. M mT UK AL
Lo 2, A EE, AS). B 2 (g) ME 2 (h)
AL AL 43 A5 ¥ 50, B R T8 8 S A fL
AR R M S A R A VR S ) 5 T R RS
P R I T ST T IR AT, B 3 AL
TR R TSR R TR A (a)—(d)
F H BT N AFM B (e)—(h). M (e)—(h) 7T
DL, R Y PSR RE R A IR 2019, 17.2, 13.2,
20.5 nm, 7£ 1700 r/min F, £5EKH0 Sk 38 5), #
W P A /N, 7 5 AR v, TR & S R
VeI AT 2 2 A L SR I AP () SR T, b

B e ok e A . g O, L TR e e 28

FRNRE AL, BRI, Bl 4(a) A
FTO /c-TiOs /m-TiOs /CHsNH5PbL, I £ [ 7 7]
L AR AR A T i R R SR AR SO 1, BT 4 (b)
FE LR N E I ) J-V 2R, SRR, NFLEE
TN 1700 v/min B, 58 AMRIROE 1S 50 B s, 3R
FEERH RRBEE L 25 A BUR MR 0, B A, o
FLI5 50 4341, 4H 268 B A5 AR AT K BH A H it 1 Rl 2 A
& G AL R A EOR B B A R FE I, KA 4
FE S, R K H A8 i J 2 AN ER AT RO = 4 i T
L ARTH B2 EL, NS A8, AT ER T
(AR, AT oG M RE.

500 nm

2 FTO/c-TiO2/m-TiO2/Perovskite it 7E A [l H AL AL k13 BT K (2)—(d) ! FTO/c-TiO2/m-TiO2
STER A E AN FL B R B AL SRR TS E (e)—(h)  (a), (e) 1500 r/min; (b), (f) 1600 r/min;
(¢), (g) 1700 r/min; (d), (h) 1800 r/min

Fig. 2. Cross-sectional FESEM images on spinning m-TiO2 at different speed in FTO/c-TiO2/m-TiO2/Perovskite
and the SEM images of m-TiO2 on spinning m-TiO2 at different speed in FTO/c-TiO2/m-TiO2: (a), (e) 1500 r/min;
(b), (f) 1600 r/min; (c), (g) 1700 r/min; (d), (h) 1800 r/min.
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Fig. 3. The SEM and AFM images of perovskite on spinning m-TiO2 at different speed: (a), (e) 1500 r/min;
(b), (f) 1600 r/min; (c), (g) 1700 r/min; (d), (h) 1800 r/min.
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Fig. 4. (a) UV-vis absorption spectra of the perovskite films and (b) the current density—voltage curves of
PSCs for spinning m-TiO2 at different speeds.
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Fig. 5. (a) Steady-state photoluminescence (PL) spectra of MAPbI3 at different speed; (b) the J-V curves of
PSCs for spinning MAPbI3 at different speed under AM1.5 (100 mW /cm?); (c) the XRD patterns of perovskite on
4000 r/min; (d) time-resolved PL spectra of MAPbDI3.
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Table 1. Parameters of J-V curves of PSCs when spin-

ning pervoskite at different speeds.

Speed/rmin~! Jsc/mA-em~? Voo/V FF/% PCE/%

2000 19.89 0.93  47.89 8.86
3000 17.75 0.90 35 5.59
4000 21.75 0.93 55 11.11
5000 15.8 0.91 45.7 6.57
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Fig. 6. (a) The XRD patterns of initial perovskite film
and the perovskite film after 15 days; (b) the stability
of the carbon-based HTM-free PSCs with a relative
humidity of 40%-50% at room temperature.
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Abstract

Carbon based perovskite solar cells (C-PSCs) have attracted much attention because of their high stability and
low-cost of production. However, due to the high interfacial resistance and the low energy level matching between
perovskite and carbon electrodes, the maximum power conversion efficiency (PCE) is less than that of the metal-based
perovskite solar cells. In this paper, a carbon-based perovskite solar cell is fabricated with the device structure of FTO/c-
TiO2/m-TiO2/CH3NH3Pbls/Carbon. The perovskite films and carbon based perovskite solar cells are characterized by
scanning electron microscope, atomic force microscope, X-ray diffraction (XRD), UV-Vis absorption spectrum, the
steady-state spectrum, the time-resolved PL (TRPL) spectrum, and an electrochemical workstation. In addition, the
internal mechanism of the efficiency improvement of carbon-based perovskite solar cell is discussed in depth. Then,
the rotation speeds of mesoporous TiO2 layer (TiO2 paste diluted by ethanol with mass ratio of 1 : 4) are 1500, 1600,
1700 and 1800 r/min and the speeds of perovskite layer (CH3NH3sl and Pbly at a 1 : 1 molar ratio are stirred in a
mixture of DMF and DMSO (9 : 1, v/v)) are 2000, 3000, 4000 and 5000 r/min; When the speed of m-TiO; layer is
1700 r/min and the speed of perovskite layer is 4000 r/min, the mesoporous TiO2 layer thickness is about 500 nm,
Thickness of CHsNH3PbI3 capping layer is about 400 nm. The cooperation of these two layers eventually leads to the
high-quality perovskite with enlarged grain size, prolonged photoluminescence lifetime, lowered defect density, increased
carrier concentration, and the finally enhanced photovoltaic performance. The device obtains the highest PCE of 11.11%
with an open circuit voltage (Vo) of 0.93 V, a current density (Js) of 21.75 mA/cm? and fill factor (F'F) of 55%. At the
same time, the stability of the carbon-based perovskite solar cell is also studied. The XRD is used for initial perovskite
and the perovskite after 15 days to investigate the photo- and humidity stability of the full cells without encapsulation.
The device exhibits excellent air stability with only 5% degradation when aged in ambient air at room temperature with
40%-50% humidity without any encapsulation after 15 days, which is better than the metal based perovskite solar cell.

Our results open the way for making cost-efficient and stable PSCs toward market deployment.

Keywords: carbon electrode, perovskite solar cell, film quality, efficiency
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