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Abstract ; To investigate the influence of interface charge on the performance of organic photovoltaic
cells (OPVs), the single/double acceptor based planar heterojunction (PHJ) OPV based on P3HT
donor were fabricated. Firstly, the effect of poly (3-hexylthiophene) (P3HT) film thickness, P3HT
solvent, and the drying time of P3HT film on device performance was studied. To further improve
the P3HT/SubPc PHJ performance, the cascade structure of ITO/PEDOT: PSS/P3HT/ chloroboron
(II') subnaphthalocyanine ( SubNe)/boron subphthalocyanine chloride ( SubPc)/BCP/Al including
double acceptors was fabricated, and the influence of SubNe thickness was also investigated. In the
single acceptor system, by using the mixed solvent ( V( chloroform): V(ODCB) =1:1) and drying
in air for 10 min, the obtained P3HT film achieves the highest performance. While in the cascade
structure, the power conversion efficiency ( PCE) firstly rises then declines with the increase of

SubNec thickness. When the SubNc thickness is 5 nm, the PCE is the highest. The photovoltaic
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parameters of cascade cell are all improved compared with the single acceptor based cells. Finally,

to get insight into the physical mechanism between the interface charge and device performance, the

effect of SubNec thickness on the dielectric characteristic of cascade cells was studied.

Key words: organic photovoltaic cells; P3HT; device performance; dielectric property
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Fig.2 J-V (a) and EQE (b) characteristics of PHJ OSCs
with different thickness of P3HT layer, device archi-
tecture is: ITO/PEDOT : PSS (30 nm )/P3HT ( X
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Tab. 1

P3HT thickness/ V., J./ FF/ PCE/
nm V (mA-em™@) % %
48.5 0.83 0.75 53.47 0.33
43.4 0.83 0.82 57.12 0.39
37.5 0.85 1.07 45.00 0.41
31.2 0.83 1.29 43.26 0.47
27.3 0.81 1.12 45.69 0.42
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Tab.2 Performance of PHJ OSCs with different post-treatments of P3HT layer (from CB) at the architecture of ITO/PEDOT:
PSS(30 nm)/P3HT(31.2 nm)/SubPc(20 nm)/BCP(10 nm)/Al(100 nm)

Drying time/min Annealing V../V J./(mA + em ™) FF/ % PCE/%
10 Yes 0.83 1.29 43.26 0.47
30 Not 0.84 1.12 47.24 0.44
30 Yes 0.83 1.08 45.82 0.41
40 Yes 0.84 0.98 39.84 0.33
60 Yes 0.83 0.83 40.12 0.25
60 Not 0.85 1.10 45.00 0.41
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Fig.3 J-V (a) and EQE (b) characteristics of the single-acceptor based PHJ OSCs with different post-treatments of P3HT layer
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Fig.4 J-V (a) and EQE (b) characteristics of the single-acceptor-based PHJ OSCs with P3HT film fabricated from various solvents,
and the device structure is ITO/PEDOT: PSS(30 nm)/P3HT(31.2 nm)/SubPc(20 nm)/BCP(10 nm)/Al(100 nm).
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Tab.3 Summarized performance of the single-acceptor-based PHJ OSCs with P3HT film fabricated from various solvents

Solvent V,./V J./(mA + em™?) FF/ % PCE/%
CB 0.76 1.11 56.84 0.48
ODCB 0.74 1.18 54.57 0.48
CF: ODCB 0.78 1.23 61.09 0.59
CF 0.77 0.89 60.71 0.41
(a) RMS: 0.73 nm (¢)  RMS:0.87 nm
4.66 nm 5.95 nm

0 nm

b
b 4.93 nm

0 nm

B 5
RAWH, BT 2 pm x2 pum,

(d)

AR 9 PIHT A AFMOE . (a) AR (CB) 5 (b) 1,2 485K (ODCB) ; (¢) #f)j (CF) ; (d) CF: ODCB

Fig.5 AFM images of P3HT films fabricated from different solvents. (a) Chlorobenzene (CB). (b) 1,2-dichlorobenzene
(ODCB). (c) Chloroform (CF). (d) CF: ODCB. Scanning size; 2 pm x2 wm.
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Fig.6 J-V (a) and EQE (b) characteristics of the double
acceptors based cascade PHJ OSCs with various Sub-

Nec thicknesses
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5 0.79 2.09 47.32 0.79
7 0.83 1.49 54.00 0.67
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