Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

T BYSEERA K PARE R thIR B AR S RS IR M BB B[] e R 455 1

Gkt B rERX B I HEF HE XA BB B4 FERK
Temperature-dependent time response characteristic of photovoltaic performance in planar heterojunc-
tion perovskite solar cell

Cao Ru-Nan Xu Fei Zhu Jia-Bin Ge Sheng Wang Wen-Zhen Xu Hai-Tao Xu Run Wu Yang-Lin
Ma Zhong-Quan Hong Feng Jiang Zui-Min

5| H{5 2. Citation: Acta Physica Sinica, 65, 188801 (2016) DOI: 10.7498/aps.65.188801
7£ 26 %35 View online: http://dx.doi.org/10.7498/aps.65.188801
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/118

AT RERCH B B S &
Articles you may be interested in

TR R SRR A AT SR 1R ) £ B AR GURHE R B R FL R R R

Preparation of iron diselenide/reduced graphene oxide composite and its application in dyesensitized solar
cells

PP 22 H%.2016, 65(11): 118802  http://dx.doi.org/10.7498/aps.65.118802

T RUBRARLE A BT A IS B i o A S B 7 3t
Progress of new carbon material research in perovskite solar cells
YyH % 4.2016, 65(5): 058801  http://dx.doi.org/10.7498/aps.65.058801

Je B KOG 5 S AL AR AR AL SUR B AL

Investigation of post-annealing enhancement effect of passivation quality of hydrogenated amorphous
silicon

YE = 4.2015, 64(19): 198801  http://dx.doi.org/10.7498/aps.64.198801

Bathocuproine/Ag & & N T- I G WG AR 841 28 AR e 14 () 52 i)

Effects of bathocuproine/Ag composite anode on the performances of stability polymer photovoltaic de-
vices

YE = 4.2015, 64(10): 108801  http://dx.doi.org/10.7498/aps.64.108801

B B A L R L 2R A N AT 9
Progress of application research on Cu,ZnSnS; thin film and its device
PP 2E4%.2015, 64(6): 068801  http://dx.doi.org/10.7498/aps.64.068801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.188801
http://dx.doi.org/10.7498/aps.65.188801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I18
http://wulixb.iphy.ac.cn/CN/abstract/abstract67357.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67357.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67357.shtml
http://dx.doi.org/10.7498/aps.65.118802
http://wulixb.iphy.ac.cn/CN/abstract/abstract66766.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66766.shtml
http://dx.doi.org/10.7498/aps.65.058801
http://wulixb.iphy.ac.cn/CN/abstract/abstract65354.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65354.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65354.shtml
http://dx.doi.org/10.7498/aps.64.198801
http://wulixb.iphy.ac.cn/CN/abstract/abstract64074.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64074.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64074.shtml
http://dx.doi.org/10.7498/aps.64.108801
http://wulixb.iphy.ac.cn/CN/abstract/abstract63698.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63698.shtml
http://dx.doi.org/10.7498/aps.64.068801

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 18 (2016) 188801

FERTEEAH K FHAE

ihim E HE R ISR 1% e

F} 16 Ml Sz 5 14

) /U keERY BAY EX Y KEHEY HED
RE#D HRRY pED  HFxeg?
1) (EMAEII R, REDCODR S B0 ROD Bea9c0%, i LS, i 200444)

2) (BEREMIR, BRIV E R E M90S, MPDsFARATEHEAREE, B 200433)
3) (LR TEEMELR, BilF  200444)

(2016 4 3 A 27 HIH]; 2016 4 5 A 26 HIKEME LR )

AT TE T B BRA™ B BE AN /) AR IR T Dl ARk BE PRI TR] mig MR . 45 SRR W, 5 BRI B B HL it
JOARPERE T e — B DG RS A e BIRe e . HBEAE TARR IR, s oa ORI REIE B A8 € I 7 e
T R, 2 I BIREE 5, LT i H s 2 B R IR B PR AR T K. e L2 T, i L s AR IR T R A
23 TR, KRR GBI T B R P B ) i 8 RS TR A A I I gt AR Ak, I DL IR
Al B A BT RCR A, SR BT 0 B AR R LA IR 15 B W] B 28 . X WBRER T A @RI
JCMERT R AR T AR, ESERE AR ) B T IE R BN A S A & I R AR AR R IR L. XA B T B B

FEESERE™ K BH E F It b 3 T s L.

R PRERTOKPIBE Fith, IS TRIm R, B il A, BT RUR

PACS: 88.40.H-, 73.50.Pz

15 =

HHLEE =85 K0 (CH3NH3 PbIs) #4 8}
BNy e — PR A B AT S RO RAR, i
FHAE 550 nm AL N 1.5 % 10% em !, FE N719 Gkt
(R R E Rk — AN S L 9F B AR g
B ARIER] T 1 pm 23, T seAER BEERET K PH ik
HAL YA 7E A fE IR 26 4 (STC)(AML.5, 1000 W /m?,
25 °C) FIR1F ML L 3% (PCE) &4 & W]
1 3.81% [ P 42 o 28 20% . H 2, i —
SE R 4R AN R A AL B IR S P TH 2 IR A B
HLVB AR HEAE STC 441 T R H B = 1 PCE, {H 72
FEARIR LT 20 B 1 7™ 2 ' AR M e %2 ek I
GO A sERR R T, BRI RE S R AEE K

DOI: 10.7498 /aps.65.188801

AR AL, IR T OBV R 328 2 5 BRI e Th 2
AFasE. Bln, AN FLALESERE R BH A st ) 2
F Yt T AE 6 % 2 300 K i, PCE AJ LLIA £ 16.13%.
T 2433 FE PR K 2 200 K i, PCE B8 F% %1 2.42%, &
TEIE ] T 85% (01 [AIRE, 75F1H R4S AR K PBH fig

M R B, MR 298 K R %3 233 K, PCE
M13.6% FFEEIT 1.7%, iR 87.5% 7. H5H
B, U e, ST MR S SR E
SR () 38 0 & AR 2R ARk, IR in R B IX
RORAE E R K PH % F v Th R ] e TR AT
— B RS A BRI B RRE. T AT HROE A AR R
FH B8 FELVB G R P AR L B SR, B0 18 2 ) Fth B
T o 7 4 (671 S AR T B AR IR T DR B B W] RS A
IR R AR P e B (8] ) B2 202 BT k. DR, X4

* B KSR N FH R T B I 5K e . (k5 KTF2015_01) FIE K B ARFHES S (S : 61274067, 60876045) ¥ Bt .

T EE#E. E-mail: feixu@staff.shu.edu.cn
1 #fE1E#. E-mail: runxu@staff.shu.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

188801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.188801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 188801

BT K BH B F LR AN )30 25 T B [ i o7 4 3 4T
WFF, AT LUK H 5 R U P R el B A 3 — 25 )
W, AT RARTHIR AR f LA SR N B AR, BT DL
XoF A5 S AL 285 B A 1 R SIS A AR

ASCHEFE T T B S R OK BH B FE I 7E A [
TARIRE (200—325 K) B AR P §E 1) B 8] i 5
Retk. WRFCR B, IR AE N, B A B
BEARG, BT RS TB) (R 388 m, Rt 1 6 AR M i 2 i
PRIERIRR e, X RE S AR M B e
. JRRRWII, Rt R AV [ Y ) AT AR
# (EQE) Wi, UESE T AR #0717 B AU 2L
KRR, FEOLRMER R E, X EHTREE
Ykl B B T HERR SR AR AL FE3A BE S B e
— B fE, HL AR S G VE Bl () EQE 42 =,
KR T E PR, RIS, NEEY
WA FTEL. TAE m AR T, bR MR SR A A
B G R (R AR AR, T HL, MR B e, A
RILBIITEE S (Vo) BRI Rk Mg oK. X2
T HL R S AR S L SR BR iR B, LA 3R
WTEARBERIRR. X g R R AR K
BE FELI B IR P B TR A K ) R IR A B AR e, 1
15 B R 8 BT T e S WA R AT &
TS,

2.1 HIFEFE

FRATIAE B — 2 i vk ) 4 1 TR S R K
PR AE VR O Bk, AR, SB35 B KR
SnO:F(FTO) #of I BEAT 1 7515 U, AR ZL1H
4 em?. ZJ5, I IREIR T 125 % Ti0, i SR 14
WL LS mL OBEE T A, BREMT, FEA T
A 2 mol/L i) HCLIE WK 70 uL, B H A 700 pL
VO 5 I REER. B A PRI\ B, IR
P, B E 24 ho T % TiOL BU% 2 W, FAT
120 uL TiO, AT IRARVEMIEIRE FTO 41K £, ¥
#2500 v/min, FFEE30 s. Z JFREAT IR K AL EE
1B KR EE 9500 °C, B [A] 24 30 min. CH3NH;I &
I RN A AR, B e, R SR
W5 SR K E LA T - 1A BEJR i N B
FEVK AR G DRI BRI 78 70 Bk, L s B 58
4. ZJa, e 7 R AN G R T R4 3 CH3NH;1

¥R B, ¥ CHsNHsDB AN H 25 60 °C
T 12 ho N T BB AT IR AR IA R, B SR
CH3NH3I M PbCly #3 K A3« 1 W EE R L i T
N, N-— H 3 H L% (DMF) %57, i$k 12 h, 4l
AR, Z )5, BL20 uL 85ERH Al 5% A 7 7 i
#F TiO, b, 3% 4 3000 r/min, £F4260 s, F it
47100 °CiB K 90 min, 13 2F5 K0 ez, o
AL ¥ ZE MR (HTM) B % 2 ¥ spiro-MeOTAD
(0.170 M, 1 M = 1 mol/L), X =% H e i B 10 fz
B (0.064 M), 4-BUT FERERE (0.198 M) ¥ T 5K &
ERRATERF (1: 0.1 v/v). BL20 uL HTM Al 4K
PRV W U TS RV |, %3 v 2000 1/min,
FRELET A2 30 s, B RHT AT HTM i) 2% 33 78
AP ITFERN TR &E, BidHRERTN
Jr ikl 4 (Au) AR, FAE RUE A28 0.1 cm?.
BRI 1 (a) Fis. B (b) 4 7 b6
HF R (SEM) # 1 . nLAEH, FTO B4
49300 nm, TiOs BU% 2 JEEZ124 30 nm, F5E0 T
2 B 254 300 nm, HTM J£4] 500 nm.

I-V/EQE

na WAl b b———— 1 pm
A

1 (MFIRE) (a) FEIAESERE KA A8 RIB S5 &
REAREE; (b) P B ES e KB BE it SEM A K

Fig. 1. (color online) (a) Structure of planar perovskite
solar cell and the schematic of measuring system;
(b) the cross sectional SEM image of planar perovskite

solar cell.
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Fig. 2. J-V curve measured under AM 1.5 G illumi-

nation.
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Fig. 3. (color online) J-V curves measured at different scan rate within the temperature range from 200 to
325 K. A, B, C, D and E represent the J-V curves measured in forward scan (—0.1 V to +1 V) and the scan
rates are 10, 0.1, 0.01, 0.0033, 0.0017 V/s. F and G represent the J-V curves measured in reverse scan and

the scan rates are 0.0017 and 0.01 V/s.
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Fig. 4. (color online) Open-circuit voltage (Voc), short-circuit current (Jgc), fill factor (FF) and maximum

output power (Pyipp) measured at different scan rate (S) within the temperature range from 200 to 325 K.
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Abstract

In recent years, perovskite solar cell (PSC) has achieved power conversion efficiency as high as over 20 %, making it
competitive with high-efficiency thin film solar cells such as CulnGaSe and CdTe solar cells. However, the critical issue
of reliability and stability for PSC should be addressed since a significant degradation of photovoltaic (PV) performance
at low temperature has been found regardless of planar mesoporous PSC. To reveal the degradation of PV performance
in PSC, the temperature-dependent PV performance of the planar PSC is investigated in detail. A PSC sample is loaded
into a cryostat chamber connected to a compressor and illuminated by a halogen lamp. The operating temperature
varies from 200 K to 325 K and the current-voltage (J-V') characteristic of planar PSC is measured at different scan
rates from 10 V/s to 0.0017 V/s. At a fast scan rate of 10 V/s, the PSC shows a low PV performance at either low
temperature or high temperature. The short-circuit current (Jsc), open-circuit voltage (Voc) and maximum power
point (Puvpp) are found to decline with the temperature decrteasing. Moreover, the J-V curve also shows the S-shape
characteristic. This suggests that the inefficient transport of photo-generated carriers occurs in the PSC. Ions such as
Pb?"T, CH3NH?*' and I-vacancies cause the screening effect of built-in field and the photo-generated carriers cannot
be separated nor collected efficiently. As a result, Jsc¢ and Voc show small values in J-V curves measured at a fast
scan rate. However, the degradation in PV performance is temporary. The PV performance gradually reaches a steady
state at different operating temperatures with scan rate going down to 0.0017 V/s. The Pupp and Vo increase with
temperature decreasing. These results indicate that a long illumination time is necessary for PSC to reach a steady state.
After long-time illumination under biased condition (i.e., J-V curves measured at slow scan rate), the built-in field is
compensated for by the external bias and the ions piling in the interface regions have enough time to diffuse towards
the opposite direction. Thus, the screening effect of built-in field is reduced and the PV performance of PSC reaches
a steady state. According to the result of device simulation, the increasing Voc at low temperature is attributed to
the enhanced built-in potential difference and the reduced recombination rate of carriers. The temperature-dependent
external quantum efficiency measurements of planar PSC before and after light illuminationis are performed to investigate
the mechanism of carrier transport. It reveals that the separation and collection efficiencies of photo-generated carriers
can be improved significantly after light illumination due to the fact that the screening effect of built-in field is reduced.

These findings help understand the carrier transport mechanism in planar PSC.
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