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Kwansei Gakuin University 
Report of Research Outcome 

 
2024/03/13                                                     

 
To President 
 

      Department：Science and Technology 
Position：Postdoctoral fellow   

Name：Endah Kinarya Palupi  
 
I report the outcome of the research as follows. 
 

Name of the  
Fund/Program 

□Sabbatical leave with grant  □Sabbatical leave with no grant  
□KGU Joint Research   □ Individual Special  Research 
⊠Postdoctoral  fel low 
※Please report by designated form as for “International Research 

Col laboration”.  

Research 
Theme 

Development of solut ion-processed oxide thin f i lm transistor: electrical  
characterization of amorphous indium si l icon oxide 

Research  
Site/Venue 

Fuj iwara Laboratory, Graduate School of Science and Technology 

Research 
period 

2023/04/01 ～  2024/03/31 （  12 month）  

 
◆  Summary of the research outcome （ approx .  2 ,500  words）  
Please write down the outcomes in detail  regarding the research theme above. 
While sputtered amorphous indium-gall ium-zinc-oxide (IGZO) semiconductors dominate 
industr ial appl icat ions due to their uniformity and stabil ity, solution-processed alternatives 
hold immense promise. Solut ion processing offers advantages such as simplicity, 
cost-effect iveness, homogeneity, and precise composit ional control.  This alternat ive 
enables cost-effect ive production and scalabi l ity,  making them ideal for  next-generation 
electronic devices. The fascinating properties of oxide semiconductors are delved into with 
a specif ic focus on indium sil icon oxide (ISO) thin f i lms. Si l icon (Si)  was introduced as a 
doping mater ial because of i ts high bond dissociat ion energy with oxygen (799 kJ/mol).  
ISO fi lms are developed using a solut ion process, which offers the potential for low-cost 
and high-throughput manufacturing. The Fuj iwara Group has ini t ial concerns centered 
around fabr icat ing indium si l icon oxide (ISO) thin f i lms on a hydrophi l ic substrate. The 
outcome was nothing short of exhi larating: a successful deposit ion result ing in a TFT with 
a mobili ty of 8.1 cm²/Vs. Solut ion processing was starting to l ive up to its  promise. Armed 
with accomplishments in hydrophi l ic, we investigate hydrophobic substrates. Advantages 
in terms of uniformity,  stabi l ity,  and process compatibi l i ty  are offered by deposit ing an 
oxide semiconductor thin f i lm on hydrophobic substrates. 
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These considerat ions contr ibute to improved TFT performance in display applications. My 
stand on this research roadmap was clear: delve into the structural and electr ical propert ies 
of ISO fabricated on a hydrophobic substrate. Extensive research was conducted on the 
device fabrication and post-fabrication treatment.  

On device fabricat ion, material explorat ion on indium oxide and sil icon rat ios results in 
the ISO phase diagram; pure indium oxide has a polycrystal l ine structure; by adding a 
sil icon doping, s il icon stabi l izes the f i lm structure to be an amorphous phase up to 8 at%; 
above 8 at% si l icon doping, i t  forms a crystal l ine phase. Based on the phase diagram, the 
structural model was constructed, and the optimum doped-sil icon concentrat ion was 
estimated. In addit ion to the material  rat ios, the optimum fi lm thickness was explored by 
invest igat ing spinning speed, spinning time, and layers. The opt imum annealing 
temperature is  also determined by the investigation and analysis of the annealing 
temperature dependence of crystall izat ion temperatures.  

In the electr ical invest igat ion, FET measurements with post-fabrication treatments were 
conducted. The transfer and output curves of ISO TFT device show signif icant differences 
between measurements just after fabrication and 14 days after fabricat ion. Parameters 
such as mobil ity, on/off rat io, and threshold voltage are analyzed from the transfer 
character istics. On 0th day, a high off-current and a signif icant negat ive value of VTH were 
observed. Negative VT H and high off-current wil l affect transistor performance and can 
cause operat ional problems. After 14 days of storage, off-current decreased and VTH shifted 
in posit ive directions, indicat ing better  device operat ions. In addit ion to that,  output 
character istics are also analyzed, parameters such as total resistance, contact resistance, 
and channel resistance are est imated. On 0th day, just a l inear zone was observed, whi le  
on the 14th day, the output character istics show a linear and saturation zone, indicat ing 
that the device is operating as desired.  

The differences between 0th day and 14th day are due to the formation of oxygen 
vacancies as an impact of the vacuum treatment. In the fabr icat ion stage, the thermal 
evaporat ion deposit ion method was adopted for the deposited electrodes. This stage 
requires a high vacuum at a high temperature, and i t is now known that this condit ion 
causes an oxygen desorpt ion phenomenon, which creates vacancies in the ISO system. 
According to analysis of temporal evolution, this vacuum effect can be reduced by storage 
in air/ oxygen. Oxygen from the environment is adsorbed, result ing in a decrease in oxygen 
vacancies and al lowing the device to operate with appropr iate characterist ics. The 
reduct ion of oxygen vacancies on the transfer curve was indicated by the increase in the 
on/off  rat io and threshold voltage, which is  shif t ing toward posit ive. Mobil ity doesn’t change 
because it is estimated by a similar  slope. Meanwhile,  the oxygen vacancies on the output 
curve was indicated by a clearly observed linear relat ions between total resistance (RT) and 
channel lengths (L).  From the s lope of the RT vs. L plot,  channel resistance (RCH) can be 
estimated, and then contact resistance (RC) can be determined by extrapolat ing RT vs. L 
relation to L = 0. Detai led relation between RCH and RC, and their gate voltage (VG) 
dependence wil l c lari fy the effect of oxygen vacancy on the TFT device performance. 

Deadl ine：Within two months after f inishing the research period.  
Sabbatical leave with grant: Submit this report to President with confirmation by the dean of  

school you belong to. 
※Postdoctoral  fel low is required to submit this report with confirmation by the dean of graduate 

school before the end of  employment period.  
Where to submit：Organization for Research and Development and Outreach (NUC) 
◆We put this report on the web of KGU. If  there is any problem about i t  because of di f f icul t ies on 

your research, please let us know. 


