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1.1 {H5NEE

PTB7-Th, TH53F45 (M,) 114000, Z 53 R KL (PDI) 2.2, HI4E K 1-Material Inc. /A7,
N2200, M,y 84000, PDI 24 3.1, JE[H Polyera /A ; PTB7-Th Fl N2200 9 fk-#45 U1 Scheme 1 fif
. AE(CB), PRSI F] HRE(MT) , 28 LA PR A A5 (3,42 P 4
W) : B LRI ER (PEDOT : PSS) , % [H Heraeus 23 ).

“F CH,
PTB7-Th N2200

Scheme 1 Chemical structures of the Donor ( PTB7-Th) and Acceptor(N2200) polymers

SPI3800 T /R SCIFET 1 B 4485 (KPFM ) A1 SP13800 Y J5 1 1 B i85 (AFM) , H A Seiko Instrument
Inc 23 ) ; Lambda750 BUSGE4FY61EAY , SE[E Perkin Elmer 2] ; D8 Discover I X BFZEA7 4T (XRD) Y, &
[ Bruker /A F]; Thermo ESCALAB 250 %! X HF4 i FRE % (XPS) 1Y, & EPEB K /R BHE A A
Keithley 236 J 0N FRITAX, BRI & T RHCA FRA F.

1.2 XITFE

TEPEA EAL IS (1TO) BRI L EHI/E PTB7-Th: N2200 —JCiR A AR A Y K FHEEE . &1k
R LA 2 VR . 25 oK . RN S N B A T8 P W 0k, BROHE 7S 20 min; SRS AR
T IF2R4E 20k 25 min, 7EIEIE FHER— )22 24 nm JEAY PEDOT : PSS 1E R25 ULk )2 s FEIE T 140
C AL 50 min, RJEHEBATEF P, JH PTB7-Th: N2200( TR 1:1, MHEEH 14 mg/mL)
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Fig.1 Contact potential difference( CPD) images of the active layer with methanol
solvent vapor annealing different time obtained from KPFM
t/min; (A) 0; (B) 1; (C) 2; (D) 3.

SRR HH ) J5T 1) 2 T8 ) PR R R — 1 HL T DA (A P 3% 30 e (A i 3 T T s 22 0 B/ N RE B, T
WH @ =E, - E Fon, b, @ BRI E, FREZSGES; E, ZRPORREH. A SCP R RE AT
TRIE, B R R AAR R @ =51 +e(C,, - C,,) , . 5.1 HEMRAHE (V) ,
e NICHLAT, C, RSP Z M A RE M i 3422 | C . IAREH S REMh Z 0] B3 ik rp 300 . dlad it
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WP EEAE P AERT 2 min.
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Fig.2 Surface topographic AFM images with methanol annealing
t/min; (A) 0; (B) 1; (C) 2.
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Fig.3 XPS spectra for element F, (A) and N, (B) of active layers with

methanol solvent vapor annealing
t/min; a. 0; b. 15 c. 2.

2.3 RUKEFLE RIS

AT HRZE WP EEXT PTB7-Th: N2200 VR4 AR ER A HZCR , Ml 1T o aigmgs ik (Bl 4).
B 4(A) AT AE W, BB 2505 6 E I 7E 480 ~880 nm Z (8], 2 ARG 98457 F 650 11 710 nm
Ak, WU P 5 B TR A AR O, R ITA R BE 28 I A U TE M E AL AR, 1B 4(B) A R ZE 25 AT S
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Fig.4 Vis-NIR absorption spectra(A) and XRD pattern(B) of the crystallization of PTB7-Th : N2200
in films vapor annealing by methanol
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Fig.5 Conventional N2200 : PTB7-Th organic bulk-heterojunction solar cells device stack( A) and current
density-voltage characteristics of polymer solar cells(PSC) devices with methanol solvents treatment
under 100 mW/cm AM 1.5G solar illumination based on PTB7-Th : N2200 active layer(B)
t/min: a. 0; b. 1; c. 2.

Table 1 Photovoltaic parameters of the PTB7-Th : N2200 based solar cells measured under
100 mW/cm* AM 1. 5G solar illumination

Annealing time/min Vo’V J../(mA - em™?) FF(%) PCE(%)
0 0.78 8.94 0.50 3.51
1 0.80 9.56 0.51 3.89

2 0.80 9.86 0.50 3.97
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Transform of Work Function of Poor-solvent Induced
Active Layer Surface in All-polymer Solar Cells’

LI Hongai', SONG Chunpeng', QU Yi'** | ZHANG Jidong®"
(1. State Key Laboratory of High Power Semiconductor Lasers, Changchun University of Science and
Technology, Changchun 130022, China;
2. State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, China;
3. College of Physics and Electronic Engineering, Hainan Normal University ,
Haikou 571158, China)

Abstract The binary of blend poly { 4, 8-bis [ 5-( 2-ethylhexyl ) thiophen-2-yl ] benzo [ 1, 2-b : 4, 5-b’]
dithiophe-ne-alt-3-flu-orothieno[ 3 ,4-b ] thiophene-2-carboxy-late | (PTB7-Th) : poly { [ N, N-bis ( 2-octyldode-
cyl) -napthalene-1,4,5,8-bis ( dicarboximide ) -2, 6-diyl ] -alt-5,5’-( 2, 2’-bithiophene ) | (N2200) ( PTB7-Th :
N2200) active layer films were annealed by methanol solvent. The difference of contact potential between
active layer and gold-coated tip were increased from 37 mV to 160 mV, which means the surface work function
decreased from 4.71 eV to 4.59 eV. XPS result showed that more N2200 diffused to surface of active layer
during vapor annealing because there was a stronger interaction between poor polar solvent methanol and
N2200. Such diffusion lead to the decrease of work function which was beneficial to promote energy match
between electrode and active layer and the formation of better ohmic contact, which resulted in the over 10%
enhance of power conversion efficiency of corresponding organic solar cells.

Keywords All-polymer solar cell; Solvent annealing; Work function of active layer surface; Diffuse
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