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In organic thin-film solar cells, indium tin oxide (ITO) is usually used as the material of trans-

parent electrode. However, since indium, a rare-metal, is a strategic material and ITO has low

flexibility, alternative materials are required for the transparent electrode. In this study, we pro-

pose an organic solar cell with a 40-nm thick silver electrode with randomly aligned nanoholes

with 100 nm diameter (plasmonic electrode) in place of the ITO electrode. Figure 1(a) shows

an AFM image of the plasmonic electrode we fabricated. The measured transmission spec-

trum of the plasmonic electrode is shown in Fig. 2(b). The transmittance of the silver film with

the same thickness is only 27%, while that of the plasmonic electrode increases up to 40% at

500 nm wavelength. Although the transmittance of the plasmonic electrode is not enough, the

structure converts the incident light into surface plasmon polaritons (SPPs) propagating in the

interface between the silver film and active materials in the whole visible region. Since the life-

time of SPP is sub-pico second order, the converted SPPs are efficiently absorbed by the active

materials. This increases the photon conversion efficiency (PCE) of the proposed solar cells.

Our proposed plasmonic solar cell is based on the inverted-type organic solar cell. Figure 2(a)

shows the layer structure of the plasmonic solar cell. The layer structure of the inverted-type

solar cell, we fabricated for a comparison, is also shown in Fig. 2(b). In the plasmonic solar

cell the 100-nm thick ITO electrode is replaced with a 40-nm thick plasmonic electrode. The

thicknesses of other layers are identical in both solar cells. We employed a colloidal lithography

for the fabrication of the plasmonic electrode. First we immobilized silica particles with 100 nm

diameter on a glass substrate, and then deposited a 40nm-thick silver film on it. Finally the

particles were removed with Scotch tape.

Figure 2(c) shows measured I-V characteristics of the plasmonic solar cell and the inverted-

type solar cell. Table 1 summarizes the characteristics of both cells. The obtained PCE of

plasmonic solar cell wasη = 1.55± 0.44%, which is slightly higher than that of inverted-type

organic solar cell,η = 1.47± 0.41%. The open circuit voltage,Voc, and the fillfactor, FF, of

plasmonic solar cell were higher than those of inverted-type organic solar cell, while the short

circuit current,Jsc, of plasmonic solar cell was lower than that of inverted-type organic solar

cell.



　

　　

　　Fig. 1: (a) AFM image of the plasmonic electrode and (b) the transmittance of a 40-nm thick

silver film and a 40-nm thick plasmonic electrode.

　

　　

　　Fig. 2: (a) Layer structure of the plasmonic solar cell, (b) that of the inverted-type organic solar

cell, and (c) I-V curves for 1-SUN irradiation.

Table 1: The characteristics of the plasmonic solar cell and the inverted-type organic solar cell.

Voc (V) Jsc (mA/cm2) FF (%) η (%)

Plasmonic solar cell 0.534± 0.037 5.90± 0.81 48.4± 8.51 1.55± 0.44

Inverted-type organic solar cell 0.501± 0.030 6.73± 1.17 42.8± 6.02 1.47± 0.41


