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Enhancement of Short-circuit Photocurrent in 
Merocyanine LB Film Cell Utilizing Surface 

Plasmon Polariton Excitation 

KAZUNARI SHINBOa, A U R A  BAB Aa, HIRONORI TSURUTAa, 
TAKAAKI EBEa, FUTAO KANEKOa, KEIZO KATOa and 

TAKASHI WAKAMATSU~ 

aNiigata Univ., Ikarashi 2-8050, Niigata 95G2181, Japan and bIbaraki Natl. 
Coll. of Tech,, Nakune 866, Hitachinah, lbaraki 312-0011, Japan 

In this study, photocurrents enhanced by the surface plasmon polariton (SPP) excitation were 
observed in a merocyanine (MC) Langmuir-Blodgett (LB) film cell. The excitation of the 
SPP was carried out by the incidence of a laser beam in the attenuated total reflection (Am) 
measurement system. The excitation of the SPP induces the strong absorption of the incident 
light and large photocurrents in the device. 

Keywords: surface plasmon polariton; attenuated total reflection measurement; photoelectric 
effect; merocyanine; LB film 

INTRODUCTION 

Recently, several studies of organic photoelectric devices have been 
reportedI’l. For development of photoelectric devices with high 
efficiency, it is quite important to evaluate optical and electrical 
properties and structure of the devices. The ATR method is one of 
usefid measurements of evaluating optical constants and layer structure 
of ultrathin films using the SPP excitation‘’’. In this method, the SPP 
due to incident light are resonantly excited on surface of metal 
electrodes and strong electromagnetic fields, that is, evanescent fields 
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localized at the interfaces. 
It is very difficult to obtain high efficiency in conventional 

organic photoelectric devices because of the light transparency of thin 
organic layer, the light reflection of electrode in the cell, and so on. In 
this study, enhancement of the light absorption and the short-circuit 
photocurrent (I,) utilizing the SPP excitation in the ATR system was 
investigated for an MC LB film photoelectric cell[31. 

EnERIMENTAL DETAILS 

The MC dye indicates ptype conduction and was used for an organic 
layer in the device. The MC LB film photoelectric cell with MgF, layer 
was set on the prism as shown in Fig. 1. The excitation of the SPP was 
carried out using the ATR method. The layer structure of the sample 
enables the SPP excitations at the interface between the MgF, and the Al 
thin film and at the interface between the Ag thin film and the air due to 
the Otto and the Kretschmann configurations, respectively[z1. The ATR 
propaty and the I, in the device were observed simultaneously. 

RESULTS AND DISCUSSON 

Figure 2 shows the ATR curve as a hnction of the incident angle of the 
laser beam at 594.1 nm. The large dip at around 74' and the small one 
at around 43' were caused by the SPP excitations at the MgFJAl and 
the Ag/air interfaces, respectively. The calculated curve fitted the 
experimental one. The strong excitation waa obtained at the MgFdAl 
interface because of the strong evanescent fields !+om the prism. The 
same tendency was observed for the incidence of the laser beam at 632.8 
nm. The dielectric constant and thickness of the each layer which were 
calculated from the ATR curves are shown in Table1 and Fig.1, 
respectively. 

Figure 3 shows the I, curves as a function of the incident angle of 
two laser beams at 594.1 nm and at 632.8 nm. The peak angles of the 
cufves almost corresponded to the dip angles of the ATR curves in Fig.2. 
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FIGURE 1 Structure of the photo- FIGURE 2 The ATR 
electric cell fabricated in this work. curves of the cell. 

TABLE 1 Dielectric This result indicates that the SPP 
excitation causes the large I,, in 
the device. The large peak at 
around 74' and the small one at 
around 43' were also considered 
to be due to the strong SPP 
excitations and weak one at the 
each interface, respectively. 

The light absorptions in the 
cell were calculated by the  
transfer matrix method[41 using 

the constants obtained from the ATR curves. The calculations were 
carried out for the absorptions at 38, 43.3 and 73.6" of the incident 
beam angles and exhibited no SPP excitation at 38' , the weak SPP 
excitation at the Adair interface at 43.3' and the strong SPP excitation 
at the MgFJAI interface at 73.6" . It was concluded that the 
enhancement of the absorption depended upon the SPP excitation. The 
light absorptions as a hnction of the incident angle were also calculated 
at 594.1 nm and at 632.8 nm. The calculated curves shown in Fig.4 
almost correspond to the I,, curves in Fig.3. It indicates that the increase 
of the incident light absorption dominates the enhancement of the I,, in 
the device. The difference between the large I,, at 594.1 nm and the 
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FIGURE 3 The incident angle FIGURE 4 The calculated 
dependence of the I=. light absorptions in the MC layer. 

small one at 632.8 nm in Fig.3 was caused by the strong absorption at 
about 600 nm due to the J-aggregation in the MC LB film. 

CONCLUSION 

The SPP excitations at the electrodes of the metal thin films enhanced 
the short - circuit photocurrent of the cell in the ATR configuration. The 
enhancement of the current was caused by the increase of the incident 
light absorption. This method is greatly useful for the development of 
new photoelFtric devices with high efficiency. 
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