
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 100 200 300 400 500 600 700 800 9001000as depo
Annealing temperature(oC)

EO
T(

nm
)

EOT increases due to
excess silicate formation

W(60 nm)/La2O3(3 nm)/n-Si
Annealing time=30 min

Conclusion

Purpose of This Work Fabrication Process

Results

D. Kitayama1, T. Kubota1,T. Koyanagi1, K. Kakushima2, P. Ahmet1, K. Tsutsui2, 
A. Nishiyama2, N. Sugii2, K. Natori1, T. Hattori1 and H. Iwai1 

Tokyo Tech. FRC1, Tokyo Tech. IGSSE2

Precise Control of Silicate Reaction 
with La2O3 Gate Dielectrics for EOT of 0.5 nm

Source/Drain
pre-formed Substrate

La2O3 e-beam evaporation 
@ 300oC under ~10-6 Pa

Metal dry etching

SPM, HF-last treatment

Backside contact formation (Al)

Post metallization annealing (PMA)
Contact hole formation

Al wiring for S/D

n-Si Substrate

capacitor transistor

W deposition by RF-sputtering
in-situ

TiN deposition by RF-sputtering

La2O3+Si+nO2→La2SiO5, La10(SiO4)6O3
La9.33Si6O26, La2Si2O7

Silicate reaction could be controlled by changing thickness of oxygen contained 
metal.

La2O3 can easily achieve a direct contact of high-k/Si
by forming La-silicate

Control the oxygen supply by changing W thickness

Purpose
E. J. Preisler, et al., Appl. Phys. Lett., vol.85, p.6230(2004)

W electrode supplies oxygen to gate dielectric

Oxygen supply
Excess Deficient

Excess silicate formation
(EOT ↑)

Oxygen vacancies
(mobility ↓)

A proper transistor operation with small EOT of 0.5 nm has been confirmed.
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Control the silicate reaction 
by metal thickness
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(c)

Smaller S. S. is 
obtained with a 
thinner W film. 

Operation of nFET
with EOT of 0.5 nm 

is succeeded.

Comparing the hump 
shapes at weak 

inversion region, 
smaller Dit is obtained 

with thinner W film

Formation of La-silicate 
might be contribute to 
positive fixed charges

Origin of Vfb shift and 
hump shapes can be 

explained by this model.

Silicate reaction could be 
controlled by changing 

thickness of W film.

Higher temperature 
annealing is necessary 

to eliminate the 
hysteresis for thinner 

W film

TiN capping is 
effective to suppress 
the silicate reaction

Increase of EOT can 
be suppressed with 

thinner W film

Almost no change in 
the EOT from the as-

depo condition can be 
obtained with thin W 

and TiN capping.

Relatively low µeff must be improved by reduction of fixed charges such as 
oxygen vacancies or defects induced by metal.


