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Abstract 

Titanyl phthalocyanine (TiOPc)/Poly(vinylidene fluo-
ride–trifluoroethylene)(P(VDF–TrFE)) stacking films 
were fabricated; and electrical properties were investi-
gated under light irradiation and dark condition. The po-
larization switching behavior of TiOPc/P(VDF–TrFE) 
films was changed with 650 nm light irradiation, because 
of photoconductivity of TiOPc. Under apllying threshold 
electric filed, the polarization switching current was ob-
served with light irradiation; thus the photo-responsible 
polarization switching was suggested. 
 
1. Introduction 

Ferroelectric materials have two stable spontaneous po-
larization states, hence, these materials has been used for non-
volatile memory. Poly(vinilidene fluoride) (PVDF) and its 
copolymers with trifluoroethylene [P(VDF–TrFE)] are well 
known to be ferroelectric polymers with large electric dipole 
moments[1-4]. Generally, reversible switching of ferroelec-
tric polarization could be achieved under the electrodes in 
electrode/ferroelectric/electrode capacitor structure, therefore, 
these devices are controlled with the electric-field. On the 
other hand, titanyl phthalocyanine (TiOPc) is widely used in 
organic electronics for its good stability, optical properties 
and charge mobility [5-7]. In this study, we focused photo-
conductivity of TiOPc for control of polarization switching in 
P(VDF–TrFE) thin films. Therefore, we fabricated the or-
ganic photoconductor /organic ferroelectric stacked devices, 
and investigated the photo-responsive ferroelectric properties.  
 
2. Experimental methods 

A P(VDF–TrFE) copolymer consisting of a 75/25 
VDF/TrFE molar content ratio was dissolved in methylethyl-
ketone and spin-coated onto a ITO coated glass substrate.  
Then, TiOPc was deposited on P(VDF–TrFE) layer at room 
temperature under a vacuum condition of 5×10-4 Pa. Finally, 
100 nm Al as a top electrode was deposited. The optical prop-
erties of TiOPc were investigated by ultraviolet-visible (UV-
Vis) spectroscopy; and the absorption spectrum of the TiOPc 
film exhibited a Q-band in the wavelength region between 

600 and 800 nm, thus, we used red laser (650nm) for irradia-
tion. The current density electric field (J–E) curves of Ti-
OPc/P(VDF–TrFE) films were measured under dark and light 
irradiation of red laser (650nm). Time dependence of current 
density of these films was also measured. 

 
 

 
 
 
 
 
Fig. 1 Schematic structure of TiOPc /P(VDF–TrFE) stacked device. 
 
 
3. Results and discussions 
   Figure 2 shows J-E characteristic of TiOPc/P(VDF/TrFE) 
film under dark condition and irradiation with red laser light 
(5.1 mW/cm2). In the dark condition, a strong peak at approx-
imately –50V, originated from polarization switching, was 
observed in negative electric field, however, the split peaks 
between 40 and 70 [MV/m], were observed in positive elec-
tric field. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 J-E curves of TiOPc/P(VDF–TrFE) film. Solid line: under ir-
radiation with red laser; dotted line: dark condition.  
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The peak splitting in positive electric field is due to the 
distinct behavior of charge compensation for the electric di-
pole in P(VDF–TrFE) layer between metal/ferroelectric and 
organic semiconductor/ferroelectric interfaces. Although, Pr 
of the TiOPc/P(VDF–TrFE) film were 77mC/m2 (in the pos-
itive electric field) and 79mC/m2 (in the negative electric 
field); these value were approximately equal to that of 
P(VDF–TrFE) film, thus, the dipole moment of the P(VDF–
TrFE) in TiOPc/P(VDF–TrFE) films reversed completely.  

On the other hand, under irradiation with 650 nm light, 
the peak splitting was not observed in positive electric field; 
and the peak of polarization switching was shifted to low volt-
age side, thus, the coercive electric field of the Ti-
OPc/P(VDF–TrFE) film decreased from 62 MV/m to 50 
MV/m. These results indicated that the TiOPc layer has pho-
tocarrier generation under red laser irradiation; and the polar-
ization switching behavior of TiOPc/P(VDF–TrFE) film was 
changed by photoconductivity of TiOPc layer. 

Therefore, based on the decrease of Ec of TiOPc/ P(VDF–
TrFE) film with light irradiation, we fixed threshold electric 
field to 53 MV/m; and measured J–E curves between -53 
MV/m and 53MV/m, as shown Fig. 3. 

 
 
 
 
 
 
 
 
 

 
Fig. 3 J-E characteristic of TiOPc/P(VDF–TrFE) film measured be-
tween threshold electric field. (a) under irradiation, (b) dark condi-
tion. 
 
Under irradiation, the two peaks observed indicated polariza-
tion switching, and Pr of the film were 75 mC/m2 (in positive 
electric field) and 71 mC/m2 (in negative electric field), that  
are ten times larger, approximately, than Pr measured in the 
dark condition (6 mC/m2: in positive, 7 mC/m2 in negative). 
Thus, under 650 nm light irradiation, the dipole moment of 
the P(VDF–TrFE) reversed by applying the threshold electric 
field. 

 
 
 
 
 
 
 
 
 

 
 
 
Fig.4 J-t characteristic of TiOPc/ P(VDF–TrFE) film with light iraa-
diation. 

Moreover, under applying the threshold electric field to 
the Al/TiOPc/P(VDF–TrFE)/ITO device, we irradiated the 
device with the red laser. Figure 4 shows the time dependence 
of current density with light irradiation. 

With 650 nm light irradiation at 0 s, the current increased 
sharply to maximum and decreased. The total charge calcu-
lated from this current peak was 136 mC/m2, this value is 
comparable to the Pr of P(VDF–TrFE), hence, this photore-
sponse current suggested polarization switching. The dipole 
moment of the TiOPc/P(VDF–TrFE) stacked film could re-
verse by light irradiation under threshold electric field. 

The interaction between the photocarrier of TiOPc layer 
and the polarization electric field in the TiOPc/P(VDF–TrFE) 
stacked devices will be discussed. 
 
4. Conclusions 
   In this study, the polarization switching behavior of Ti-
OPc/P(VDF–TrFE) stacking films was investigated. In the 
dark condition, in positive electric filed, splitting of polariza-
tion switching peak was observed. Under irradiation of red 
laser light (650nm), the peak splitting was not observed, and 
the coercive electric field of the TiOPc/P(VDF/TrFE) film 
decreased from 62 MV/m to 50 MV/m. Under applying the 
threshold electric filed, polarization switching current was 
observed with 650nm light irradiation, thus, the photo-re-
sponsible polarizrion switching was suggested. 
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