
 

 

Spontaneous Orientation Polarization in Organic 
Semiconductors: From Fundamentals to Device Applications 

 
Masaki Tanaka1,2,3 

E-mail: m-tanaka@cstf.kyushu-u.ac.jp 
 

1. Center for Organic Photonics and Electronics Research (OPERA), Kyushu University, 

744 Motooka, Nishi, Fukuoka 819-0395, Japan 

2. International Institute for Carbon Neutral Energy Research (I2CNER), Kyushu 

University, 744 Motooka, Nishi, Fukuoka 819-0395, Japan 

3. Department of Applied Chemistry, Graduate School of Engineering, Center for 

Molecular Systems (CMS), Kyushu University, 744 Motooka, Nishi, Fukuoka 819-

0395, Japan 

 

Molecular orientation in organic thin films is one of the most important factors in 

controlling the performance of organic electronic devices. Spontaneous orientation 

polarization (SOP) is a phenomenon that originates from molecular orientation control 

and allows the fabrication of thin films exhibiting spontaneous polarization without the 

need for any additional polarization process. SOP formation is attributed to the inclination 

of the permanent dipole moments of vacuum-deposited polar molecules in glassy films[1]. 

Our group has developed molecular design principles for the control of SOP. 

Specifically, through the tuning of intermolecular interactions during vacuum deposition, 

we controlled the spontaneous head-to-tail orientation of polar molecules along the film-

growth direction, thereby achieving both enhanced SOP and polarity control. Furthermore, 

we have demonstrated that controlling the properties of organic–organic interfaces using 

SOP can improve the performance of organic thin-film electronic devices, including 

organic light-emitting diodes (OLEDs) and organic photovoltaics (OPVs)[2-6]. 
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