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Fig. 1 Molecular structures of LDP-PCPDTBT and PC, BM
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Fig. 2 The J-V characteristics of devices 1, 2 and 3 under the

photo-condition
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0.77% ¥ K3 1.22% , 55 K T (FF) M 28.6%
R 31. 7% . th e w] 1, A = 20 4y 3 3R v g
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Table 1 The photovoltaic parameters of devices 1, 2 and 3

Devices V,.(V)  J_(mA/ecm®) PCE (%) FF (%)
1 0. 66 4.08 0.77 28.6
2 0.65 5.12 1.02 30.6
3 0. 65 5.93 1.22 31.7
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Fig. 3 The UV-Vis absorption (a) and XRD (b) spectra of devices 1, 2 and 3
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Fig. 4 The scanning electron microscopic (SEM) images of devices 1 (a), 2 (b) and 3 (¢)
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Fig. 5 (a) The hole-only J-V characteristics under the dark
condition for devices HO-1, HO-2 and HO-3
(b)) Theelectron-only J-V characteristics under the dark

condition for devices EN-1, EN-2 and EN-3
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Fig. 6 The XRD spectra of devices HO-A, HO-B, EN-A

and EN-B
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Fig. 7 (a) The hole only J-V characteristics under the dark
condition of devices HO-A and HO-B; (b) The electron only J-
V characteristics under the dark condition of devices EN-A and

EN-B
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Fig. 8 The J-V characteristics of devices 4 and 5 under the

photo-condition

Table 2 The photovoltaic parameters of devices 4 and 5

Devices J..(mA/cm?) V..(V) FF (%) PCE (%)
4 4.78 0. 67 34.0 1.09
5 5.69 0. 69 34. 4 1.35

PE. &5 4 FIARF 5 7E 300 ~ 900 nm I K [FEl N
B IR 25 )R K, an il 9 (a) B . 2 A2 R 7
260 =19. 65° H A, an &l 9 (b) firow , BT X 2
AR PCy, BM 4 4y 2 45 i (H 2 %A
L LDP-PCPDTBT #4475 41 1%, 156 B LDP-PCPDTBT
54 F T TR X — S 5 884 HO-B R [F (I
Kl 6), e &M T a4 f15 bR PC,, BM
WA T LDP-PCPDTBT f4 45 & i 782 , & 10 45
AR 4 RS R IIE . —F B ALY Ry
fE M A DBO J&5 , 7F MR i R 1w 1 30 7 — L8 [B
TR MTTAT , AT BB 2 BT = B A9 DBO JE B 4% & 1
PR KR ER 2,45 MIFOLIRMEREE R ZEHR T
B WAL R TR SR Y.

L BB TR A 1 09 45 74 O 1TO/Ti0,/LDP-
PCPDTBT: PC,, BM: PMMA (10:30: 3)/LiF/Al,
DBO i ¥ F & 45 mg/mL, L) %% ¢} EN4 3£ 75,
DBO Y iE K 50 mg/mL = 2H 43 % ¥ 2 ¥ Wi A
TiO, W F 0y B AN G, PRI R Sk F H s . 4
B 11 (a) FioR  TE45 € LR T , a5 1 EN-4 (1 11 B
WE T A EN-2, BB in A DBO fEfg i 2 4 &
AR R PC, BM 41 A3 1) SR AR R B RN HL T AL
iR ), X AR 4 S5 HERRIE T A 2 A B
JRIAL 25 R T A% 1 Y 45 #9  1TO/PEDOT :
PSS/LDP-PCPDTBT: PC,, BM: PMMA (10:30:3)/
MoO, 10 nm/Al,DBO {1 £ 43 524 45 F1 50 mg/
mL, 5355 LA HO-4 FigsfF HO-5 FoR. anfgl 11
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Fig. 11 (a) The electron only J-V characteristics under the

b 5 um

Fig. 10 The SEM images of devices 4 (a) and 5 (b)
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~HO0-2 > HO-4. X &K H,DBO ¥ 5 PC, BM
RE—ITIHBIR T LDP-PCPDTBT A 9 % 2 1,
PR LAS £ HO-4 B9 LT L/ T 8% fF HO-2; (BB 45

dark condition of devices EN-2 and EN-4; (b) The hole only J-
V characteristics under the dark condition of devices HO-2, HO-

4 and HO-5
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YR IR MBS PMMA | B T 8% 748 P g 19 i
— i ARG R S B L R Y A R, A
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MORPHOLOGIES AND PERFORMANCE OF ORGANIC SOLAR CELLS
USING LOW POLYMERIZATION DEGREE ALTERNATING COPOLYMER

Gui-fang Li', Yang Zuo', Lei Chen', Ji-dong Zhang’, Dong-hang Yan®, Da-shan Qin'
(! Institute of Polymer Science and Engineering, School of Chemical Engineering , Hebei University of Technology, Tianjin 300130)
(* State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry
Chinese Academy of Sciences, Changchun 130023)

Abstract The ternary blend films composed of low polymerization degree poly[2,6-(4 ,4-bis-(2-ethylhexyl) -
4H-cyclopenta[ 2,1-b;3,4-b’ ] dithiophene ) -alt-4 ,7-(2,1,3-benzothiadiazole) ] ( LDP-PCPDTBT),[6,6 ]-
phenyl-C61-butyric acid methyl ester ( PC,,BM) , and polymethylmethacrylate ( PMMA ) were fabricated with
and without using 1, 8-dibromooctane ( DBO) as solvent additive. The role of PMMA was to enable the
formation of the smooth and continuous thin films spun from the solution onto the conducting substrate. In
addition , the good stability of the PMMA against the heat,oxygen and water attacks was useful for achieving the
long lifetime of organic solar cells. The LDP-PCPDTBT and PC,, BM phases in the PMMA matrix were
amorphous and crystalline , respectively, regardless of the additive processing. The crystalline aggregation of the
LDP-PCPDTBT was hampered by the PC,, BM molecules, though the additive processing was able to promote
the degree of crystallinity of the LDP-PCPDTBT. However, with the additive processing the phase separation of
the LDP-PCPDTBT and PC, BM components in the PMMA matrix was optimized, leading to the improved
electron-transporting property and thereby an increase of 32.4% in the power conversion efficiency of solar
cell,,compared to without the additive processing. The current research indicates that the low polymerization
degree alternating copolymers can be recycled as efficient electron donors in association with PMMA | helpful
for reducing the material cost of organic solar cells.

Keywords Organic solar cells, Ternary blend films, LDP-PCPDTBT, PMMA, 1,8-Dibromooctane



