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MASAAKI IIZUKA, KAZUHIRO KUDO, SIGEKAZU KUNIYOSHI 
and KUNIAKI TANAKA 

Department of Electronics and Mechanical Engineering Chiba University, 
1-33 Yayoi-cho, Inage-ku, Chiba 263-8522 Japan 

We have fabricated photovoltaic cells using merocyanine and copper phthalocyanine dyes. 
The basic parameters, such as diffusion length of the photogenerated excitons, dielectric con- 
stant, and the carrier density in organic photovoltaic cells were estimated. 

Keywords: organic film; diffusion length; excitons; dielectric constant 

Recently, photovoltaic cells using organic dyes have attracted much 
attention because of their peculiar photoelectric characteristics. For 
examples, the high photovoltaic conversion efficiencies about 1% of 
the two-layered organic cells [l] and the new functional color Sensors 
using organic dyes were reported [2-41. The photocurrent in the 
photovoltaic cells is generated near the p-n junction and Schottky 
contact. However, the mechanism of camer generation in organic 
semiconductors is not simple compared with that in inorganic 
semiconductors, because the photoexcited excitons play a dominant role 
in organic layers. Since the dissociation of the excitons needs sufficient 
energy, the efficiency of photogenerated free carriers strongly depends 
on both the wavelength of the incident light and the internal electric 
field. Therefore, for practical applications, it is important to 
investigate the basic parameters in organic cells, such as the generation 
efficiency of free carriers, the diffusion length of excitons, etc. 
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THEORETICAL SECTION 

The photocurrent in Schottky barrier type photodiodes is generated near 
the Schottky contact. We used the equation of the carrier generation in 
organic layers in a similar manner reported by Ghosh et al.[5], 

I I I  
J L a  

= c-- + c - 

where J, a, L and C are the short-circuit photocurrent, absorption 
constant, diffusion length of exciton, and constant, respectively. 

EXPERIMENTS 

P-type organic dyes used in 
the present work are a copper 
phthalocyanine (CuPc) and a 

(MC) 

merccyanine derivative (MC). 
Their chemical structures are 

shown in Figure 1. Organic 
dye films and metal electrodes 
are formed by a standard 
vacuum evaporation technique. 
The structure of the cells is a FIGURE 1. Chemical structures. 
Schottky bamer type photodiode 
(Adorganic films/AVglass). The film thicknesses of MC and CuPc 
were approximately 100 and 220nm, respectively. Optical absorption 
spectra, photocurrent spectra, cell capacitance, and capacitance-voltage 
characteristics were measured. 

(CuPc) 

RESULTS AND DISCUSSION 

Photocurrent measurement and diffusion length of excitons 

Figure 2 shows the absorption constant and the photocurrent spectra 
of the Au/MC/AVglass cell. The light was incident through the Al 
side. the results of Au/CuPc/AVglass cell are 
shown in Figure 3. The estimate of the diffusion length (L) of the 
photogenerated excitons was based on experimental data and Eq. (1). 

In the same way, 
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BASIC PARAMETERS IN ORGANIC CELLS 

480-520 nm 
520-570 nm 
570-590 nm 
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12.5 nm 620-640 nm 11.6 nm 
7.1 nm 640660 nm 7.0 nm 
7.9 nm 

The obtained L depcns strongly on the wavelengtb as shown in Table 
1. 

k0 500 600 700 
Wavelength [am] 

200 500 600 706 
Wavelength [nml , 

FIGURE 2. Photocurnnt spectra FIGURE 3. Photocumnt spectra 
and absorption constant of and absorption constant of 
MC cell. CuPc cell. 

TABLE 1. Diffusion length of the photogenerated exciton. 
MC I CuPC 

Wavelength [ , L I Wavelength I L 

Two types of exciton were observed in both MC and CuPc cells. 
One is the higher energy exciton (L is large) and the other is the lower 
enerjy exciton (L is small). A similar result was nported in 
merocyanine derivative photovoltaic cells [5] and the wavelength 
dependence of difhrsion length can be explained by modified Onsager 
model [a]. 

Pielectn 'c constant and cam 'cr density 

The dielectric constant (E) was mcBsured by using a capacitance meter 
(HIOKI 3521). The results are summanzed ' in Table 2. The dielectric 
constants obtained at llrHz of MC(E Y ) and CuPc(e c ) wen 6.4 and 
6.3, respectively. The value of E for each sample dccmscs as the 
measurcing frquency increases. The carrier density (N) estimated was 
based on the result of C-V measurement (applied triangular voltage; 
dV/dt=O.OlS~/s]). The nlationship between capacitance and carrier 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

48
 1

6 
A

ug
us

t 2
01

2 



490 MASAAKI IIZUKA er a/. 

TABLE 2. Fre uenc de ndence of the dielectric constant. 

Fre uenc Fre uenc 

10 kHz 10 kHz 
100 kHz 100 kHz 5.2 

density is therefore expressed as 

where q is elementary electric charge and I$ o is built-in potential. The 
carrier density obtained for MC and CuPc were 9.6~10 l 4  and 
3.13~10 I [cm 1, respectively. On the other hand, the N values of 
MC and CuPc obtained by the field effect measurement were 1.3~10 ' ' 
and 7x10 ' [cm 1, respectively[8,9], and were almost same values 
estimated here. 

CONCLUSION 

We have investigated basic parameters in organic photovoltaic cells. 
Two types of exciton have observed, and the diffusion lengths of the 
photogenerated exciton were 12.5 and 7.9 nm for MC, and 11.6 and 
7.0 nm for CuPc. Dielectric constants of 6.36.4 were obtained for 
both MC and CuPc and these values decreased with increasing 
measurement frequency. The carrier densities were almost same values 
obtained by the field effect measurement. 
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