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MAS R T 25 S OPLER, A5 Bh T 48 7R T 71U AE A5 4K
W R R VR, IR Sk — P A — TR
ERUEE T 25t E R IR TR S

AL/ N, N-Z B L (DMF) AT
W B (GBL) P9 Al A [\ ¥ 7, e ) T H i Y A
(CH3NH3PbI3) #5850 W, 70 7l A H — 22 ¥ W
L& T A FLAS R OK BH B FEIBER 1, 3 1S 2 T
2.8% F110.1% KOG BB . AR BT 2
TWUBE (SEM) H 5 43 #6325 H 7 B3 8% (HRTEM)
IRNTIEFL T AR L B P R 45 ik e, S5 6
X I 26407 5 (XRD) #4840 0] WL S 6 1E (UV) il
W, M T TR Ph2 B T B RS LA AR AT
KA )V AT R R R

2 Eh#a-
2.1 WLERR (MAI) AR

B, B e A5 ) R i 7K R S R e . 1 45
1E 5 A W IO BRI 15 mL(27%, 0.078 mol),
= HUEMLER 12.5 mL(45%, 0.066 mol), Y fRE I
I S N T ARIE SR 76 4 R M. 36 = FIbeiii g
TOK A P T S AR R M B VR S R
VERE N = VRS A IF R R N SR
PR R LIE N Ny S CARIE R A B MR OB
FEAa, IR . KRR RS 2 e 28RN
1 60 °C/KUTIEZE. FEZ& I FE 2o b Hh 1 B ik,
FREEie 28 RN A KE AR, FIERA
N B RTEK S, DO FHE R IR L. =)
AFFEARZET, A AR B IE TR ARE, B4
WWEZE. I K& 1 TG /K Tk 87 e e 25 7= 4,
I AGEPYAE R A G, KAV 60 °C K
FHEAEHT 12 h, 33 A kR, BIBE .
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FREUZE BE IR LU ) P, 1 MAI, i\ DMF &)
FEBLFE 1 hy 3843 40 wt% M58 DMF ¥, FREY
5 B IR EE IR PbIg A1 MAT, hi N\ GBLAE R, N &
60 °C H-4HE 1 h, $£15 40 wt% FIF54KH GBL %K.

2.3 BHHE

R B BIES BRAT HLtAE FTO B AL i b ) 25
B Bk AN 3% 1 h B K I ZI vh, SR K

81 25 B 1K, TRTER RN G 7K 2 T 7 3 e I T .
2130 nm JF 1] TiOy % 2 H TiO, &K 7E 550 °C
A BB 0.5 hifil5. TiO HER 1] £ % F
sk B fEEUE R AR AL TiO,
B (K G EERRE 2.5 %), 16 550 °C 23S H ke
Fe/NE ) 43 29 500 nm & 1) TiOo /M FLE. 7E TiO,
A FLZ A8 4000 r/min §E4: H FEEBL DMF ¥
W, FEFEF N 100 °C I 0.5 h 73 2 B & 45
BRI, 7E TiO /L2 L A# H 4000 r/min g ik
TR B H AR L) GBL VAR (60 °C), HAEFEHM
M 100 °CHN# 1 h 15 2 B O R854k M. 153
() 5 — 384> 3£ 47 XRD, SEM, HRTEM F1 UV il
W o A R e B L, A AR E R
7 spiro-MeOTAD WIS RIEW (B¢ 7 BUT Hent g
tBP F1 = (=4 TP AL R T ) 22 Li-TFSI), 3000 r/min
e AP RERAMN 12 h. ZJEES UL H)Z
APEZ 100 nm B Ag LK.
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BH G R RL2% 48 F AM 1.5G 3E% Fr, KA e Th it
B 658 100 mW /em?. F5ERA HL It AR o T AR
F20.16 cm?. FHENTJZ 1] & KB JORETF-EHH N
FERIR, JE SRR AR S S AT, R i A A
40% LR

3 #R 5%
3.1 5T BRIFER KRB hR

R W IR AE A FL)Z L R R P 5 an 1 1
. B (a) A FSERH DMF ¥ 7 4000 1/min JE i
FEFEH 4100 °C 1B K 30 min J5 )3 TH 50
WERT N ILE R L T — EAEH A B
78 @ (capping) JZ, %ZHIFZKE3—5 um, %8
0.5—1 pm FIEPIR AR R, N FLUEA KB E.
FEFE KRB ECT (B 1 (b)) /T LLE R, £RIR ik
oAy, BRI GE E A B M ZER. MH &
PSR TR RS, St A I R B S B 5. AL rp 4
F2[1 A FL)Z 1T LATE M 0 E H TiO, MkL. 32— 25
R (B 1 () R AT LUE H, PR S AR 16 5 24 200
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T b 3R 85 BRI ) R Al B 3R spiro-
MeOTAD, 785 Ag Hitlk, HAEpi i, Hik#
VESLR NS I0 30 oy BT ik, waith J-V 2R P 3 fir
7N, A% FH GBL ¥ 7 i) % (9 F vl 28 26 1K 10.1%,
TF % B (Voo) N 0.85 'V, 45 B L (Ise) N 20.5
mA /em?, HAFTF (FF) 5 0.58 (K 3 £1.2k), 1fifdi
DMF ¥ 711 il 2% (1) FL it AR AN 2.8%, Voc N 0.75
V, I, 410.3 mA/ecm?, FF N 0.37( 3 HB4). X
FEATVREL TS BRI A8 A0 1k AN 45 P o e Tt R
SR E TR, F5EKNT (1 GBL & W 4% 1 I 18
Sk, BRI AL TiO, #8220, B 1k ETL Al
HTL B2 filids s i daff & 4 191, Br LA A GBL
T % () FELVB T B H 1 B R s T8 DMF V39
1) % 1A EEL b v ) S 34 50 R DAk D FLTR &5
P A7 75 5 B0 05 R o [l 8, 2 o R 1 ok
K HEmE A L. 3 A GBL ¥ 77 % 145
IR T SR B R FEAIR, T DA v P A AE TR )
R AR, WREE B WD AT A MER. B5ER
GBL ¥ T B 8 JEAE A FL TiOo 7 F 3 78 1t 52 4,
A F Tl A o R 1 ok A B A i B R A A ),
M B AR T FEL A 5 B % 422 ik el B 301 3t fof
F GBL % 71 il #& B IR Voo, Tse X FF 8EH
JRHZ —.

20F
JFEEHE = 0.85 V
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B3 AFLEMESERE MK B T B I - R i 2k (L1482
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3.2 5T EFRAE‘RPHTHEIERR

T XS AN [ 35 ) 0 495 BR AT I8 YL FR) S A
WEFT, ATV ERE ) DMF #5803 ) 7 35 AN
S5 TE S S ERET GBLIE A & ¥ £, X2
T B BELES BRAT DA R 5 P AT A A
ENEE -9 1i0R

N T W FUAS [FE R A, D0 AR 5 BR A 45 i 14

WA, TSR T A ERET RT SR 448 7E DMF, GBL
IV AR AT R, 2 R & 7 85860 DMF 3 )
AR GBLIEW. 2% T, B4 DMF ¥
(40 wt%) JE it B, A 1 BB BT
(B4 (a) £2), 2R RE SO JE A Hom#4 22 80 °C
I, P8 o R R R B AR (B 4 (a) £7). 54K
W GBL R AE % i T A K& B EUTiE, (HHRLFE N
W60 °C JTUTIETH &, A8 T LIHE IR I, 4k 48
M 80 °CJa, Wl A BEUUEN (K4 (b)

). BOUTE R B
(a) (b)
80 «C 80 «C
DMF -GBL

4 5EH DMF R (a) RETER GBL W (b) Hik
iS4 H B

B R AT IR A TE VR A R R — AN A
TR, BARNLEL ARG BB R, SR AR
WV AR FE RN ER POt B+ 5 IA 740+ MAT D
RLAE F 555 2 U)AH OC. SEEG R B, % i N Pbl, 78
DMF ¥ 71 s n] DU A, T In#Z 60 °C i, Pbl, £
DMF )75 A 5 de v AT IE 30 wt% A AT, T Bl A&
I, GBL ¥ I # A G B 1) B Phl. X7
SYEH] T Pb2t B 1 5 DMF %31 BB A7 78 iz
T GBL 7. In#E RS 80 °CHf, Pbly, MAI
(1) DMF ¥ 0% A KR AL, T 7E GBL I,
& MAPDI dnfRHT H, UEBIE SRR, BT MATER
Pbl, {148 B A FH 0o, {9 7 GBL 4> T M\ Pb2+
B R, I MAT ER Pbl, 45 A5 4k
gk

R AR S SRR AR, 2SS H0
1 Oo HISEWZS 5y 53 i, 18143 XRD B0 o B — 2
FIR . AT R B 2SR, XRD
FEMAI UV AR A EEF B P H %, ZEBAA
e A IR, [FIRT, CRAEIN R 55 R A G B
/NT40, HAFE S FE )£ 58 S 10 min A B 58 R0
R, DA CR AT 145 SR r R .

BERH DMF W ik R, 40t 30 s e,
Ui B 7 DMF ¥ 55 > 73 A ] S8 5, SR i
EREE G, IX 3R B o %A S B A A B K
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5 H5EK° DMF # (a, b) FIE5EKT GBLIEW (¢, d) £/ 4L TiO2 FNE_EHEIR MBI XRD K & 2SR i 5]

W (PSEATT RV HE et )

W ERRMG. B 5 () PR EE 2 DME %
T IR J5 AT XRD B, 20t B 3l 2 eI 56
JEEF-EHH 100 °CHI# 0.5 h 5 PSR T
XRD 3. f7F 14.17°, 28.49° F143.27° [ 43 5l
Xt (110), (220) F1(330) #hif, X = ANMERFER
B 7S ER A 5 M R A7 B4 T SEL KR ) 5 55 0 T BA
e FRFE b S B I R A B S R I 2. R
PR B, A 4 1 v 165 o TS R 45 A ) DR
55, U B R B E AR B CA A S AR
I ERAN—3 . B 100 2 BiA =AM BR
U 4 & Pbly, MAIFTEL 45 DMF 41 = o4k
2, ZBE R LA 6t R B DMF [(AF7E. X
YA = H AR BRI AR R, EBER M E&EA
HUHEZE (MOF) 4544, 185 BB 4 45 H) 1D T 1) R 0K
SR B, EMAE T B4 TP BCE BRI E] (35 h)
J&, BB SR WNR, X RPIEFEBIT, X F
MOF 25 ¥4 2 AN FE 1, 43 12007 14 ) 05 K 0™ 45 H)
g, 23k 100 °C HNFGR K, B ) E0 T T ) 2T
EEAR R, NGRS T RRER > T
RANE B SR A 2. XRD B (B 5 (a)
2T48)10° Z BT I = AN 2%, ARG ERD 45 # 1g
V) 353 A [ R EE D o e, 3K 5 IR 8 03B K AL B,
AT 58 & Kk, MOF 25 M ¥4k iU ek h 45 4.
LAMR I EE (B 5 (b)) 45585 XRD 25 £ 0] LR
P HGE . B 2R VA A 1 R T 8 IR, 4T

LRAETER T 100 °C I 0.5 h 5 4R
WL 0 1 R R R WA T AN 770 o 46 TR U
AF AR 5, IX 55 SR AR TE A5 ER AT 5 A IR IR —
F o] BN I o A AL AT AR T SR 2
FEELE 770 nm AL H B EH, R RLTIR
oK Kb FEL (R R U A R A R S B G

5 (c) /2R GBL Ui i I 200 3R k.
(1 XRD P, B A 0 (10 A7 B RTRE X 5% 25 # B
VLB SE A AL RS R, TSR AN IR (B 5 (d))
WAE B ES R IR A7 . B4k GBL G A 28
BLDMEF ¥ e R, 2N 24 GBL A HIE A
SEAXET, EHERTAH BT HY A5 .

3.3 HIBEfERE

BT ERSLI IS, AT H 7 FALHE K
fiEREAS ER™ £ DMF ¥ VU1 GBL W H 1 AN 7] 45
e AT oM. W6 FTR, AR AT BLAy pl = A
B WIEIRE (K6 (a), 5 BER L Pl AT MAT
TR 5 B0 DMF 80 GBL W, W 2 3t Xt
T DMF M5, il FIERE NG (B 6 (b)), 4R
PR TR T A EASH. Pbly i3t
(1) [Pble)— N A)Z. JZ 18545 & MATfEE A2 10
DMF 731, =& H[F1ERHE B Pbly- MAI-DMF =
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IR MOF 458y, 1T Pbl, 5 DMF 43 [8] fic A7 A A
g, FrUL DMF 7 1 A7 7EBH 1B T Pbl, 1 MAT
SRR 7 N (RS T T i i Y A TR e 2
11100 °CIE K 4FE0.5 h (6 (c)), DMF 431 M
ZE % H 5 8 MOF 45 #3135, Pbly, A1 MAT A 5%
MAPDI; 45458, DMF 41 1) 3% H 528 S 80 T IR
A S5 AR RS i, A8 15 B 28 T8 R B B it A
FEAFL TiOo B 78 BRI, 17 B I o w2
FI 217 IR & R 2 THORLRE (B 1 (b)) LA R B AT B3
(B 1(b). B2 (a)) & 6P, tH27E DMF & i
TR AR,

¥ GBL &, BT GBL#E A &, =i
WEERE GBLIE Wi+ (B 6 (). R4

HKEMH GBL 4> 1, Pbl, M1 MAILZE H P 2040,
SRR AL 78 100 °CIR KR, H
T GBL #R Pbl, 2 [B] 1AL A F AR XS 355, 78 sl
N Pbl ATMATI WA EAE R &5 £ %, PI# BHEAE K
BLERR S5 44, DRI IRV g B b H s A A
KB i AR (B16 (). 50 M GBL & H AT Hi B
w2 A6 52V R B AE LS, DRI B R ) &6 it
. M R SRS B RE ML, HT DA e
Ry, S SR A B S AN O T [ DY ) AR
K, TR 1 (d) BT 9 A e) R DY JE R 5
REER. FHERH b AR 7R 1B AR K IR R ] DLSE B
XA FL TiOo HIH R TR, FFEATAT 5 28T 1 1) 3k
R IR FE AU

, oX]o/X]o
MEk 0.5 h OEOEOE

oXJoJo X o

()

100 °C
0.5 h

6 EHEKH/E DMF ¥ GBL R P 45 S i R L 2R 1]

4 % B

KRICIEPET B AR M DME f1 GBL 4 Fi
VSR, SRAETE S BT AN TR ) H b R A R AT
M. AENFLTIO, EHEIR 185 Ak s, 1) H fLBE
YT R T PR FR AN [ R BIT R T T 2 &) 1 N
gh PRI 22 S (A BUE Ti0o /A FL TiO /85 K
W /spiro-MeOTAD /Ag 45 14 2H 3¢ faith, 73 il 3K 15
T 2.8%(DMF) #110.1%(GBL) [ i 3%, 25 &
XRD AUV &3, PE4H 8] 1 E5 R L e iR AR -k
TR R &, #2178 /£ DMF
A GBL P F i AN [F] R 25 o FE L. IXRL
HRGFI3E T SRR, R T FIH DMF %57
T GBL ¥ 751 e 3 1 A5 R AT Ve R AR T S AN & i v |
M E R Z R
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Abstract

Due to their high efficiency and low cost, organic-inorganic hybrid perovskite solar cells are attracting growing
interest recently. For the most commonly studied perovskite CH3NH3Pbls, optimization of the morphology and crys-
tallinity of CH3NH3Pbls thin films can greatly improve the efficiency of perovskite solar cells. A homogenous and
uniform perovskite film can prevent direct contact between the hole transport layer and the electron transport layer,
and thus can significantly reduce charge recombination. And the high crystallinity perovskite film facilitates fast charge
transportation and injection. Various studies have proved that solvent has a critical influence on both the morphology
and the crystallinity of perovskite thin films. In this work, we thoroughly studied the influence of the normally used IV,
N-Dimethylformamide (DMF) and r-butyrolactone (GBL) solvents on perovskite morphology, crystallinity, as well as the
solar cells efficiency. When using DMF as the solvent, the efficiency is only 2.8%, while the efficiency of the cell obtained
based on GBL can reach 10.1%. SEM and HRTEM are employed to study the morphology and crystallinity of these two
kinds of perovskite films. The perovskite film prepared using solvent DMF shows a rough capping layer consisting of
strip-like perovskite crystals, and the filling of meso-TiO2 is poor. Compared with DMF, the GBL perovskite film shows
a better capping layer structure consisting of large perovskite domains, and the filling of meso-TiO, is improved as well.
This great difference in capping layer morphology and meso-TiO: filling is one reason for the different performance.
Besides morphology, different defect concentrations in these two kinds of perovskite films are another crucial issue. By
Combined XRD and UV techniques, the mechanisms how perovskite precipitats from DMF and GBL solutions can be
disclosed. In DMF, because of its low spoiling point of 153 °C, most of DMF solvent volatilize by spin-coating, and an
intermediate MOF structure of Pbly: MAI: xDMF is formed. During thermal annealing, the unstable MOF structure
breaks down and a large amount of dislocations form in perovskite films, which highly restrict the charge transport.
However, the spoil point of GBL (206 °C) is higher than that of DMF, which makes it hard to be fully volatilized by
spin-coating. During the following thermal treatment, the solubility of perovskite is lowered with increasing temperature.
So perovskite crystallites precipitate from the GBL first and then gradually grow up with the volatilization of the excess
solvent. We finally find that coordination between the solvent and the Pblz plays a big role on the morphology and the

crystallinity of the solution-processed perovskite film, and this is responsible for the difference of the device performance.
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