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OPTICAL AND ELECTRICAL PROPERTIES OF 
MULTI- LAYERED ORGANIC CELLS 

MASAAKI IIZUKA, SHOICHI MURAGUCHI, SHIGEKAZU KUNIYOSHI, 
KAZUHIRO KUDO AND KUNlAKl TANAKA 
Department of Electrical and Electronics Engineering, Chiba University, 
1- 33 Yayoi- cho, Inage- ku, Chiba 263, Japan 

Abstract We have fabricated photoelectric cells using multi- layered organic 
dycs and evaluated their photoelectric properties. These cells have both 
functions of color filtering and bias voltage dependence of the dissociation of 
photoexcited excitons. The photocurrent spectral sensitivity of the 
multi- layered cells can be controlled by the bias voltage. 

INTRODUCTION 

Recently, photoelectric cells using organic dyes have attracted much attention because 
of their peculiar characteristics. In the study of photovoltaic cells, C.W.Tang have 
reported the high photovoltaic conversion efficiencies (more than 1%) of two layered 
organic cells using K.Kudo et al. 
reported that the photocurrent spectral sensitivity of the three layered cell using 
inorganic and organic materials was changed by the external bias voltage. in the 
present work, we have fabricated multi- layered cells using p- , n- type organic dyes 
and evaluated their photoelectric properties comparing with the simulation results of a 
carrier generation model in the layered organic cells. 

phthalocyanine and perylene derivatives. ' 

2 

W a R E n C A L  SECTTON 

The photocurrent in multi- layered cells is generated at near the p- n heterojunctions 
and Schottky contact. The mechanism of carrier generation for organic 
scmiconductors is not as simple as that for inorganic scmiconductors. Because the 
photoexcited excitons play a dominant role in organic layers. Therefore the 
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(dielctric constant c ,) 

Second layer ?-I?- (dielctric mostant c 2) 

dissociation of excitons need 
enough electric field and can be 
changed by the external bias voltage 
(voltage dependence of dissociation 
of photoexcited excitons). Figure 1 Light transmission and reflection 
Furthennore, the organic dye layers at the junction 11, IT and IR are 

intensity of incident,transmission 
work as the optical filter as well as and reflection light. 
the photoactive layer for the carrier 
generation. These functions can be utilized the design of the spectral sensitivities in 
photovoltaic cells. We employed the equation of carrier generation in organic layers 
in a similar manner reported by A.K. Ghosh et al. 

For normal incident light, the transmittance T and reflectivity R in energy are 
expresscd by 

R= I IR 1 / 1  11 I = I r I ’  
whcrc t and r are the Fresnel’s coefficient for transmission and reflection light, 
respectively. Figure 1 shows light transmission and reflection at the junction. 

3 and K.Yamashita et al. 

T= I IT I /  111 I = ( & I / & Z ) ” ~ *  I t I 

EXPERIMENTS 

P- type and n- type organic dyes used in the present work are phthalocyanine 
derivative(CuPc), quinacridone derivative(QC) and perylene derivative(PTCD1). 
Their chemical structures are shown in Figure 2. Organic dye films and metal 
electrodes are formed by a standard vacuum cvaporation technique. The structure of 
the cells is shown in Figure 3. Optical absorption spectra and photocurrent spectra 
under the several bias voltages are measured. Current- voltage characteristics under 
the dark and illuminated states are also measured. 

O Q ! 9  

Figure 2 Ckmical structures Figure 3 Cell structures 
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MULTI-LAYERED ORGANIC PHOTOVOLTAIC CELLS [355]/57 

RESULTS- 4N_D. DISCUSSION 

Thickness Dependence of Organic Layers on Photocurrent Spectra 
Figure 4 shows the photocurrent spectra in the Au/CuPc/PTCDVAVglass cell. In this 
case, the thickness of PTCDI is changed(25, 65, 95nm) and that of CuPc is 
fixed(70nm). Optical absoxption spectra of each layer are also shown in Figure 5.  
The photocurrent decreased gradually with increasing the thickness of PTCDI, and the 
photocurrent peak shifts toward longer wavelengths. A reasonable explanation for 
these phenomena is that the light intensity arrived to the photoactive CuPc/PTCDI 
heterojunction decreases with the increasing the thickness of F'TCDI and the optical 
absorption spectra of PTCDI change sharply around 6OOnm. 

0 
500 550 600 650 400 450 500 550 600 650 700 

Wavelength [nm] WdVelenglh [nm] 

Figure 4 Photocurrent spectra Figure 5 Optical absorption spectra 

Optical and Electrical Properties of pnp Cell 
The multi- layered organic cell has a p-n-p layered structure of 
Al/CuPc/PTCDVQC/lTO. The thicknesses of the CuPc, F'TCDI and QC layers are 
70, 65, 120nm, respectively. Optical absorption spectra of each organic film are 
shown in Figure 6. In the multi-layered cell, the Al/CuPc junction is a Schottky 
contact, the QC/ITO junction is a Ohmic contact and CuPdPTCDI, QCPTCDI 
junctions are p-n heterojunctions. Figure 7 shows the photocurrent spectra of the 
cell for light incident on the IT0 side. The positive bias is defined as the positive 
voltage applied to the IT0 electrode and the positive current flows toward A1 
electrode through an external circuit. In the case of positive bias, the photocurrent 
spectra have a peak sensitivity at 6OOnm. For negative bias, however the peak shifts 
toward 640nm. In this structure, the dissociation of photoexcited excitons will occur 
at the Al/CuPc Schottky contact and CuPcmTCDI, QCPTCDI p- n heterojunctions. 
In order to determine the dominant junction for the dissociation of excitons, we 
analyzed the photocurrent spectra using the photogenerated camers calculated by the 
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equations including the exciton 
diffusion and the transmission and 

- : 
L 

reflection effect of each layer. .g 
$ 
s 

Figure 8 shows the spectra of the 
.9 number of photogenerated carriers 

obtained by the calculation in the 
AVCuPc/PTCDVQC/ITO cell. In 

AVCuPc Schottky contact lager than 

400 450 500 550 600 650 700 

Wavelength [nm] 
this CalCUlatiOn, the UUTkrS from the Figure ,Optical absorption spectra 

of organic dyes 
other junctions. Comparing Figure N- ;;;I;;: ,~~ ~ 

a 0 . .. .. ... .- - - . !xu a , --I..' , 'i b'%-*L-n .... - show a good agreement with the ij .2.0x10 

5 -4.0~101 / 1. 

8 :;::;;;a / 

for the exciton. These results 8 .~.oxIo.' 
-1.2~10.' 

for the exciton dissociation under 
the negative bias is the AI/CuPc 

P.. . \.*..*. 7 and 8, the photocurrent spectra $ ::;$ <-+%$-.A il 

-.,. . .. .. -4  - 

number of photogenerated carriers n. >.&.. 

Lu 

indicate that the dominant junctions 4w 450 SO0 SSO 6W 650 700 

Wavelength [om] 

Figure 7 Photocurret spectra of pnp cell 

junction. 

CONCLUSION 

We have investigated photoclcctric 
properties of multi- layered organic 

depends not only on the kind of 
organic dyes but also on their 
thickness, and are shows a good agreement with the calculation by the model of 
carrier generation in the organic photovoltaic cells. These results demonstrate that 
the spectral sensitivities of multi- layered organic cells can be controlled by the 
external bias voltages. 

c 
P 

400 450 500 550 M)o 650 700 
cells. The spectral sensitivity Wavelength [nm] 

Figure 8 Photogenerated carriers 
of pnp cell 
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