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Photovoltaic Effect of Polymer Solar Cells Doped with Sensitizing Dye
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Abstract: We introduced sensitizing dyes into the bulk-heterojunction (BHJ) photovoltaic (PV) layer of
polymer solar cells (PSCs). The sensitizing dyes doped were Bis(tetra butyl ammonium) cis—dithio cyanato
bis(2,2"-bipyridine-4-carboxylicacid-4'-carboxylate) ruthenium (II) (N719 dye) and the BHJ PV layer used
was made of poly (3-hexylthiophene) (P3HT) and phenyl Cg-butyric acid methyl ester (PCBM). It was
found that the N719 dyes increase the photovoltaic performance, i.e., increasing open-circuit voltage and
short-circuit current density with improved fill factor. For the P3HT:PCBM PV cells doped with the N719
dyes (0.24 wt%), an increase in power conversion efficiency of 4.0% was achieved, compared to that of

the control cells (3.6%) without the N719 dyes.
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Fig. 1. Device structure and energy band diagram for
the studied polymer solar cells with N719 dye.
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Fig. 2. 2-D topographical AFM images for P3HT:PCBM
(a) and P3HT:PCBM:N719 (b) films, after thermal
annealing at 150 for 10 min.
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Fig. 3. The J-V characteristics of the BH] PSCs with
the P3HT:PCBM PV layer doped with (red curve) and
without (black curve) the N719 dyes (a) in the dark and
(b) under light illumination.
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Table 1. Summary of device performance of PSCs with different concentration of doped N719 dye in P3HT:PCBM

PV layer.
Concentration Voe Jse FF PCE Rs
of N719 (wt%) (V) (mA/cnt®) (%) (%) (Qem?)
0 (reference) 061 99 59.6 36 12.4
0.12 062 10.1 629 39 11.1
0.24 062 10.1 639 40 95
0.48 062 96 638 39 10.1
0.72 062 89 635 35 119
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A S7AEe ma, Vocrk 061 VA 062 VE Fig. 4. (@) IPCE spectra of P3HT:PCBM solar cells
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spectra of the P3HT:PCBM BHJ] PV layers doped with
(red curve) and without (lack curve) the N719 dye. Green
curve shows optical absorption spectra of pur N719 dye.
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