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Research Theme in detail ： 
<Goals> 
New energy including light-electric conversion materials are often researching for 
energy problem. However, thermo-electric conversion materials are not actively 
researched due to the low conversion efficiency. Generaly, Thermoelectric conversion 
efficiency is defined by Z (figure-of-merit) = S2σ/K. S is Seebeck coefficient 
[V/K], σ is electric conductivity [S/m], K is thermal conductivity. Thereby, 
thermoelectric material having large S (Seebeck coefficient) and σ (electric 
conductivity ),and small K (thermal conductivity) are better. However, the high  
improving of efficiency is difficult because it was difficult to improve S and 
σ simultaneously due to dependency of these physicality values n (carrier density). 
 We have proposed a multiferroic material: BiFeO3 as thermoelectric matedials. BiFeO3 
has three ferroelectric domain walls and has leakage current anisotropy because leakage 
current relate strongly with ferroelectric domain wall. This could be an advantage for 
thermoelectric properties, because the current pass anisotropy along to the domain wall 
is naturally similar to the granular structure in which the electrical conductivity and 
thermal conductivity is kept high and low. However BiFeO3 has high Sewebek 
coefficient due to the insulation, electrical conductivity is lower than conventional 
material.  
 Therefor in this study, we prepared Ba and Sr doped BiFeO3 in a-site and Co,Mn,Ni 
and Cr doped BiFeO3 in b-site to improve electrical conductivity, we considered mutual 
relation between doping effect and thermoelectric property. 
<Results> 



Fig.1 shows Jonker-Plot of Ba doped 
(10~50 %) BFO. As shown in figure, 
conductivity got nearly 1.5~3 times as 
high as BFO of single phase, and the 
Seebeck coefficient got nearly 1.5~ 2 
times as low as it. XRD patterns also 
indicated Ba (15%) doped BFO has Ba 
doped BFO matrix, and Ba (30, 40, 50 %) 
doped BFO have Ba doped BFO matrix 
and Bi doped BaFeO3. This result means 

that improvement of conductivity is due to 
doped BFO matrix and the decline of 
Seebeck coefficient is due to Bi doped 
BaFeO3 matrix. Therefore, to get high 
conductivity and Seebeck coefficident, 
BFO doped Ba except BaFeO3 is 
necessary, and Jonker-Plot shows 
Ba(15 %) is the best tendency as 

thermoelectric material.  
Fig.2 shows Jonker-Plot of Sr doped 

(5~50 %) BiFeO3O. As increase the 
doping quantity of Sr, the conductivity 
got 4~14 times as high as BiFeO3 of 
single phase, and the Seebeck coefficient 
got 1.5~3 times as low as it. XRD 
patterns also indicated that Sr was doped  

correctly in a-site of BiFeO3 ,and we 
found the reason of improving 
conductivity was carrier which was increased by doping Sr. 
Junker-plot of the samples which is doped Co 5%  Mn 5% Ni 5% Cr 5% in Fe-site is 
shown in fig. Jonker-Plot is indicated relationship between conductivity and Seebeck 
coefficient when carrier density is changed, it is showed rectilinear behavior downward 
to right, and potential of thermoelectric conversion material is found. Jonker-Plot of 
the Co doped sample showed that its capability was nearly same level by comparison 
with the past thermoelectric material. Also capability of BiFeO3 has possibillity better 
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Fig.1 Jonker-Plot of Ba doped BiFeO3 

 

Fig.2 Jonker-Plot of Sr doped BiFeO3 

 

Fig.3 Jonker-Plot of doped BiFeO3 in b-site 

 



than past material by increasing conductivity, because low thermoelectric conductivity 
is expected due to high Seebeck coefficient.  
<Achievements> 
BiFeO3 has three ferroelectric domain, and leakage current path has anisotropy because 
leakage current has mutual relation with ferroelectric domain. Because this means that 
BiFeO3 has both conductive part and insulating part in single system, it has possibility 
to control conductivity and thermal conductivity separately. Additionally this anisotropy 
looks like grannlar structure which is expected that this structure has high 
thermoelectric conversion efficiency, BiFeO3 is expected it has high thermal 
electromotive force because this anisotropy can stop thermal conductivity. 
About the laboratory I belong to（ Number of faculty members and students, Methods 
used in research activity: 
Professor: Christoph J. Brabec 
Member: about 30 people 
Comments about the workshops and seminars I attended： 
I attended seminar which is held by our laboratory 
My Ambitions： 
I want to reflect the research method and approach which I learned in Jormaney to our 
research. 
Advice and suggestions for young researchers who will visit partner schools and other 
institutions： 
I felt the most important thing in foreign country is an ability to take action. Please 
don’t take a passive attitude, please always try to conduct from oneself including 
private time. Please learn more experience and knowledge in short time of three month 
by dividing ON mode into OFF mode. 
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