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Abstract 

La2O3 is known as a promising high permitivity (high- ) oxide for the gate insulating film of field-effect 

transistors (FETs). One common problem of high-  oxides is its high concentration of charged defects, which 

causes degradation in electrical properties of FETs. In this study, we report our analysis on the effects of a 

cerium oxide deposited on La2O3. Cerium oxide, in which CeO2 and Ce2O3 co-exist, acts as an oxygen 

reservoir owing to its multivalent nature. Thus, the oxygen chemical potential is expected to remain constant 

throughout the oxide film regardless of the ambient condition, suppressing the formation of charged defects. 

This model was found to be surprisingly valid according to formation energy analyses on charged defects 

associated with oxygen vacancies and interstitials using first-principles calculations. 

 

 

LSI

high-  

[1],[2]

La2O3

[3] La2O3

high-

VO
+2

IO
-2

LSI

 

La2O3

[4] La2O3

EOT

Ge

[5]

 

La2O3

Ce
4+

Ce
3+ CeO2

Ce2O3

La2O3

high-k



 

 

 

XPS  

n Si HF

MBE

RF

10-6
 Pa

 

1 Ce3d5/2

Ce
4+

Ce
3+

 

 

 

 

 

 

 

 

 

Figure 1  XPS analysis of cerium oxide 
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Figure 2 Formation energy of each defect (IO
-2 

and 

VO
+2

) as a function of µO  in La2O3. µO  is 

referenced with µ
O

O2
. The vertical broken line 

indicates the µO

CeO2/Ce2O3  determined by Eq. (3) 
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Figure 3 Schemitic illustration of defect 

compensation mechanism with CeOX in 

different conditions  
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