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Abstract

Perovskite solar cells have attracted much attention due to their low cost and excellent photoe-
lectric performance. The quality of the perovskite active layer plays a vital role in the performance
of the solar cells. In this paper, urea as one of the Lewis bases has been added into the precursor
solution of perovskite, and the effects of urea addition on the microstructure of perovskite thin
films and the photovoltaic properties of the cells have been studied. It is found that the addition of
urea in perovskite precursor is a promising strategy for obtaining compact and flat perovskite
film with large grain size. The high quality of perovskite thin film reduces the grain boundaries of
film, and suppresses the recombination of carriers. It therefore improves the photovoltaic per-
formance of assembled perovskite solar cells. An optimum energy conversion efficiency of 18.90%
was achieved in the cell with urea addition of 10% in the perovskite precursor.
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1. 5|8

FERA AR A BORIEMRI BHK AT - T BOK BEFEIR I I T 45 & AR S5 A0 R ) MR
[1] [2] [3], PRIULAES G PRI G T RHF TAE 1) 2 G R 7L . BT Bh™ VS 2 26 ¥ K BH /g
Mt B AR & AW AR AR A (4], T FR I R B I 40 3R 7 0 A LA RN
3.8%RTHEI T ILTENT 23.2% [5], AT LARIAL Gy (1) 5 e vt AN L e v B e v AR B 55 o 5K )24 9 FILIB IR
EEE, AMGEBEWWBCKEE. PR FIER, RS 5 Sk SR TR 852
1 R0 B B v A A R B R e R . SR L SR AR D L BRI ST KA A R DU AL
I AR B AU IR T E A, RS T IIEAE R, ek o I RRIERT[6] [7]. XPESEREE R
TR HEAT B LASR S S BT 2 () 45 o SRV Ak S5 5 ™ 22 e 1 7 T 55 R 5 G T S5 DG S5 W SR $2 1 Fi it
REA 8 ZRIE(8] [9]. BT 54N R8RS 1 LB T B RAFIIBCAIRE /7, 7EESERAT R K 51 NI,
T T E R B A R AR AR SRR S R TSR 12 R B2 —[10] [11]. Jen S5 AERH T
1,8- ¥ K£(DIOYAT LA PO 24, T4k 72 45 it i A2 rh 13 712 [12], Jiang 2 AoH FBEEUL %A
SERING R T FLAS AR RBHAE HL i, RT3 T 23.32%MIR0K[13]. ABERH i & i R 51 AR N7 AN
BT TR IS R BA fg il 8%, G T IH BR A BB v A T 3 AR A2 B M [ 14] [15]0 B T45
BRA Hh AR B 1 Rl AR NS 5 R, RS 50 Wi IR 2. BRNRZEAE N 43 s ISR 30 455 B ™ JE 4k 1] 1)
FMEAER, 23R 55 & KRS R 1) —Fh VR 10] [11]. ATHAMIBEFE[10] [11] R B RET X 5 W
RS I FIFP S GRE b, SREG A I Sy BTk (10 S I e TR B BT 4 R R R, EERAS R = A AR
FEANEth, AN TR EE IR R SRR ISR, IO TR EARER SR 5 R R JC 4R BR AN B AL, BT, #E— DAk
PRI & RS RN I SA% 5 45 il 2, DR PR KGRI 5 B v 8t 28 G J 22
o ARSCAE— B IERI AR R I R h, ZEESERA TSRV F 5 N IR FRAE AN, PEAIRF 78 7 AR & &R
FOUN IO R R I 4 i 1 SRTHD TR SR 2 2% LV e A B B R T S S5 AR FE LR, R IE SR T 454K
1 B RE LI 4 06 HE P
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2. SCLRERSY
2.1. HRAR

TR RIS #4461 mg PbL, 739 5 47, Al —@EMIRE, WHIBE 0% 5% 10%.
15%- 20% JR % (urea 5 PbL, [MEE /K B 73 LU EL) TR G, K 159 mg MALL 75 uL DMSO #1 640 pL DMF
BEIRA, 70°CHHE 2 h 59K 5 4, /3alS EiRB PoL IR G35), 45 CH;NH;PbI,
(IES & 958

ZERESMBERR: KA % Spiro-OMeTAD, # 72.3 mg Spiro-OMeTAD. 28.8 uL TBP. 17.5 uL
BEER(0.52 g/mL £ 3 1 Z B EBOIMAE] | mL SUREREIRA, SEIEHFE 30 min .

2.2, SBHHIE

HY 20 mm x 20 mm T8/ ITO, KRR ZEE /K. WA k. 228 7K B# = E R 20 min,
HTF % o SnO, KRS BB TR AR 1:4 RATRAHE], HILLL 3000 r/min 5438 e R 7EIE Ve 1%
(9 1TO #HEE E, 4kLL 100°CH#E LN 30 min 76 ITO #JE FIREHEH SnO, B F4E 52 4 B iR i
4 () CH;NH;PbI; Hi SRAR I W 5377 LA 4000 r/min 4% 8 BEIR AL T 1) 1TO 41 i€ b 35 s, 7E e dr i 72 i
240 uL [ 208 ZBAE R IRIE R, K e iR BT (AL S E 100°CII# & ENFA 20 min, B W] 153 80%
FASART . BT, A 8 Spiro-OMeTAD VAW LA 4000 r/min F%% 8 75 1] £ 47 B A5 BRI |
i 20 s SR STUEGE . 1E 107 Pa UL F 764 60 nm JEH4AE 9 H b .

2.3. FIEMR 5%

FE S TSR 45 A48 i JSM-7 100F 437 % 5 43145 1 S A (SEM) R AIE 5 4 AH 45 #4018 i X 281 (XR D,
8 [ Bruker, D8)M: #E&HBOET I GER A UV-vis 260655, UV-3600)I13K; Hi it ) o' H k
BE SR FH AR A Ea s J-V #h£R I £ 4535 [ Newport Oriel Yil, 5 B A 2402 $5 V) BE T, MR 41
NFRHEGIE AML.S, SEFE 100 MW/em®s NSHHEET - 7 H08R (IPCE)i# it CIMPS-2 Bt i fh 2%
MR ARG EEEIR; HE 20 AME @ TR-960 R {H HEIF-27 M6 (FTIR, K )M HEBK
JeGiEE T PL600 AL REMOGRLEE 73 B R Gu ik AT RALE .

3. ZREWiE

K1 g T IR INASIRIVR FE R 25 1) CH3NH;PL #E R ) SEM JESRE].  T- K45 4% IR Z IS B0 1 B
il #5111 CHsNH;PbI; #15E, M 1)l LE H, FEP@ PRS2 300 nm, (85 1 ] UM 5 £ B 2 1)
g, R IP R ZE . X IRE SN S%ATATIRR, o & D8 B W S Ris A 35 K, W& 1(b)
fian: BEGRE S ERTE] 10%, F5ER0 SR R ML R340, 384 dhn RSP ik 2 1.5 pm, R T
WP, RS @RS E 80, WE 1o)fin. MIRERIREER] 15%FM 20%, fmItbef i
AR RS, WK 1d)s B )P RBRRIRA, 4546 2 i XRD MEREE 5, X85 TR REY
AAESR B T ASARE I 1K) POl ShRLAHT B[ 16]. SCRRIRIE, H5EKE & AL AL /> &) PoL, BB A Bh T
Bifb R, (HRME POl FREARZE, WATRERCAER TIE G5, SRR kR FR[17].
B L(OZEH TN 10% R 28 5 A5 AR K BH g B b (O 8T SEM P, o] DL S EEHT 2 kiR, AR S

] 2 N AR PR R S AR AT SR 45 1) CH;NH,PbI, Y XRD fi75H & . B XRD 75t
BRI LR B, ABERE R BLA B 1 s b, 76 20 A 14.2°, 28.4°Ab HATIRBLIIAT G, 20 5%t v T
VY75 AHES KA CH;NH;POI; F1(110), (220) &b HIATS, X5 3CHkHRIE — 3 [ 18], B ESEN IR =K 3
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FIRFZ IR IIIEIN, R A S R SR AR I SR K, T P, SRR BT K. AT A R
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Figure 1. SEM images of perovskite thin films prepared with different contents of urea addition: (a) 0, (b) 5%, (c)
10%, (d) 15%, (e) 20%, and (f) a typical cross-sectional image of peroskite solar cells with 10% urea addition
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Figure 2. XRD patterns of perovskite thin films prepared with
different contents of urea addition: (a) 0, (b) 5%, (c) 10%, (d)
15%, (e) 20 %

2. HNMAEIRE PR EH & H0$58K0 E R XRD EliE: (a) 0,
(b) 5%, (c) 10%, (d) 15%, (e)20%
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Vel 3 g5 M T RTINS [R]9AR F8E B 2 (0 05 AT T SRV b 48 PO ™ S JBE 11 8 - m DYl o e RSty T
DL, SRR Z 64 M ER S L, IRINT 10%3 B R 2 il £ M5 KA EAE 350~500 nm ¥
Bl Y RSO R, X T BB BRI 10%R 35, BRI A &5 i BE A P, ok RSO,
WD T AR ERFE, DRI FE P T AR ORI (21, MR R IR 10%LLU5, BEE R RIK
FE IR 38 IR B2 S T PR AT, I 1T i -5 A P9 PR A7 TE 1) P, 45 2, PO, I RE L CH,NH,PI £54KH™
fiK[21], =Y 474E Pl I, SEHEAE 350~500 nm i P IROG 1 BE RS . BT FE AL TE 750~800
nm 2 [AIFIER RN T B R AR, MR Tauc 70T, 45 BIESEREAORIZEHY 58 FELE 1.59 +0.03 eV i,
X 55 SR FPRIE ) CH;NH;PbI; 85 EK0 220 58 B 5 — 5221
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Figure 3. UV-Vis absorption spectrum of perovskite films pre-
pared with different contents of urea addition

Bl 3. ARIMARIRERZFIE 5T ERAERIN - TSR
Wik

Bl 4(a)F1E 1 2l gh T I AN [RI9R BE PR 28 A5 AR K R e B iy J-v TR A6 R Re 24k il
J-V A B AR S HOT ULE 5 AR R 225 (0 F i AR EL, 50 JR 2% 2205 11 e vt ) I PR 2
FEQ) MR ZE R 7 (FR)#A Frd . iR R IIREE N 10%0F, e st e bk e A, Bemirl
HHR (PCE)IL S 18.90%, Xt N IITF % B R (Vo) 5% HELIAL 55 T (J o) R 78 IR F-(FF) 70 5108 1.11 V.
21.62 mA/em® F1 78.60%, #&fF PCE A ELARIRINIR K MM K T 19.2%. X —J7 1 & H 5 10%0 K& K
BRI SRR ) S P A VR R RS BRI B B R, A KRR A T R R Y S A RN
MFHE IR MES23]: A, & 10%F R ZE IR P A5 B0 A 350~500 nm P B A & B A
SRR IR, A B TR A5 50w X o R 8 B o R R ST B34 R AN+ 2 G R X b A B T
AL Vo B3R E[24], BT, BEESERD ATIETIRESEME S, 3N vV, il B, fE
PREGEN 10%I AR K Vo (L11V), TG, BERESEHP B, #BE P AAE—ER PbL AT,
Voo A TP [ 4(b) NAE IR Z AN 10% PR 2% FL S % BRI AR (IPCE) i o I 10% K 2 1
FRERH HLLAE 350~750 nm YU Rl N B A T IPCE MR, X5 3 M6msc i 4 - —%#. B IPCE 1
HARIN S AN 10% 58 2% 109 H7 3R H1 4% A0S R 4L (0 s G 0. 20 BIA #2017 mA/em® A1 21.33
mA/em®, X5 B PRIA ) T B30 [ 4(0)h H T 100 AN I FR 2% 1) 4% A4S AR 41255 1) mi it 4 0
100 MM 10%JR 25 il 46 IS ERAT 2H 256 1 Fa It 2H P RE R G R (PCE) Gt . i Geit EIRT LR, R
NIRRT AR b, PRI INEE B8 7 b R AL ISR . [ 4(d) RN INR Z AN 10%)R
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Figure 4. Performance of perovskite solar cells without and with different contents of urea addition: (a) J-V
curves, (b) incident photocurrent efficiency (IPCE) spectra, (c) statistic graph of the power conversion effi-
ciency (PCE) (100 cells was counted for each), and (d) stability graph of the energy conversion efficiency

MY (a) -V BiZk, (b) ASHEERIRMZEPCE)
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Table 1. Photovoltaic performance parameters of cells prepared with different contents of ureaaddition

= 1L ORMAEIRE R R EH SR AR RE S

urea Vo (V) i (mA/cm?) FF (%) PCE (%)
0 1.09 20.36 71.10 15.85
5% 1.10 20.53 74.31 16.83
10% 1.11 21.62 78.60 18.90
15% 1.09 21.63 76.86 17.38
20% 1.08 20.58 75.84 16.96

5(a)FIE 5(b)2r AR SR N ARSI R Z AN 10% 8 K (KA R0 8 B8 (B B4 2R ) I e 5 b SlUk
Fe(PL)FAR 18] 73 HE e R FE(TRPL) G . B S(a)f LA H, I 10%0E 2 5 AR IR =6 & A 8k
B LG, RS UGG WA B 5 P S o, Tl WAV N PR 25 PO A X ) 4% A S AR e, L ARSR A B St
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U251, IINIRER A, F84s PL MO A BN, XA 4= 450 A JE I X, X AT RERE t
TAGERE SRR B R SR A[26]. B & S(b)FS R A TRPL i, I M CHE S 1 AR R 55
BRI R A BIA T 10 A7 d EH 60.8 ns & EiE 112.2 ns, BT AR ariem 1L —fF, XAl ae i TR shL S
BRI PR RIS I 1 A P9 R SR R B (27, BRI T G 175 i S 35 B K, 2H 20 PV O A Rt B B2 T
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Figure 5. (a) Steady-state photoluminescence (PL) and (b) time-resolved photoluminescence (TRPL) of
perovskite film on glass, respectively
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FEXUFE TR, RSN T H B T iR GE EE[28], MAJRE)G, C=0 M%ifkzhF S=0
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Figure 6. (a) Fourier transform infrared (FTIR) spectra of Pbl,/MAI
and urea/Pbl,/MAI precursor solutions, respectively; (b) the C = O
stretching vibration and (c) the S = O stretching vibration in FTIR
spectra, respectively
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