2012 2013

Study of field effect transistors using transition metal oxides
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We have achieved electron field effect mobility higher than 10 cm2/Vsec in Ti02 FE

Ts with perfectly cut-off characteristics. In addition, we have observed characteristic enhancement of the
photo-conductivity, which has a peak below 1 eV from the TiO2 conduction band edge. The high mobility is
directly related to the reduction of characteristic peak. Both are controlled by the annealing condition,

particularly ambient. Concerning V02, it was epitaxially grown on single crystalline Ti02, and V02 film sh

ows uniform film characteristics without any cracks in case that the thickness is thinner than 10 nm. Furt
hermore, we found that Hf02 which was grown by Ar-sputtering included a huge amount of Ar inside Hf02, and

that Ar had a specific effect on the structural phase transition of Hf02 at a high temperature.

TiO2 HFO2 FET V02



ReRAM

1GZO

ReRAM

TFT

TiO2 V02

HfO2

TiOx X

ReRAM

TFT

High-k

(High-k
)
GI-XRD
Ti-O XPS
nm High-k
TiOo2 FET
TFT
TiO2 Sio2
VvO2
VvO2 TiO2
VO2 PLD
HfO2
PLD
(1)TiO2
TiO2 TFT
10cm2/Vsec
TFT 10
SiOo2
TiO2
TFT

TiO2



(2)VO2

VvO2 FET
VO2
TiO2
10nm
VvO2
10nm
VvO2 FET
(3)HfO2
HfO2
Ar
Ar
Ar
Ar
HfO2
cubic monoclinic
Ar
cubic
Ar

3
(1)Y. Chikata et al., Japanese Journal of
Applied Physics, Vol. 52(2013), 021101-1
021101-6, ,
"Quantitative Characterization of
Band-Edge Energy Positions in High-k
Dielectrics by X-ray Photoelectron
Spectroscopy”,
DOI:10.7567/3JAP.52.021101.
(2)S. Hibino et al., Japanese Journal of
Applied Physics, Vol. 51 (2012) 081303-1
081303-5, ,
"Counter Dipole Layer Formation in
Multi-layer High-k Gate Stacks",
DOI:10.1143/JJAP.51.081303.
(3)S. Hibino et al., ECS Trans. Vo.l. 50,
No.4 (2012) pp.159-163, ,
"Interface Dipole Cancellation in
SiO2/High--- k/SiO2/Si Gate Stacks",
DOI:10.1149/05004.0159¢cst.

16
) , ; : ,
,  Mobility Enhancement in TiO2
Channel TFTs by Decreasing In-Gap
States in The Film and Mitigating Grain
Boundary Adsorption , 2014 74

, 2014 3 20
) , : : ,
, Tio2 TFT
2014 74 ,
2014 3 20
(3) 1 1 1 1
- VvO2
, 2014 74
, 2014 3 18 ,
(4) 1 1 1 1
- VvO2
2014 74

, 2014 3 18

(5)G. Oike, T. Yajima, T. Nishimura, K.

Nagashio, A. Toriumi,

"High Electron Mobility (>16 cm2/Vsec)
FETs with High On/Off Ratio (>106) and
Highly Conductive Films (6>102 S cm) by
Chemical Doping in Very Thin (~20 nm)
TiO2 Films on Thermally Grown Si02",
IEDM 2013, Dec. 10, 2013, Washington DC,



USA..
(6)G. Oike, T. Yajima, T. Nishimura, K.
Nagashio and A. Toriumi,

"Significant Conductivity Enhancement of
TiO2 Films by Both Field Effect and
Chemical Doping",

2013 International Conference on Solid
State Devices and Materials (SSDM),

Sep. 26, 2013, Hilton Fukuoka Sea Hawk,
(Fukuoka).

(7)T. Yajima, G. Oike, T. Nishimura, K.
Nagashio and A. Toriumi,

"High-Mobility TiO2-Channel TFTs with
Optimized Anatase Microstructures",

2013 International Conference on Solid
State Devices and Materials (SSDM),
Sep.26, 2013, Hilton Fukuoka Sea Hawk,
(Fukuoka).

(8)T. Yajima, G. Oike, T. Nishimura, K.
Nagashio and A. Toriumi,

"High Mobility Polycrystalline
TiO2-Channel Field Effect Transistor",
Workshop on Oxide Electronics20,

Sep. 24, 2013, Singapore.

9) , , , ;
, 100nm
vVO2 , 74
, 2013 9 16
(10) 9 b ’ ’
Ti02 TFT ,
2013 60 ,
2013 3 29 ,
(11) , , ; )
) TiO2
TFT , 2013
60 , 2013 3
29
(12) 9 ’ 9
, , cubic HfO2
, 2013 60
, 2013 3 28
(13) 9 ’ ’
, Ar
HfO2 Ar
18 , 2013
1 25
(14) , , , )
, TiO2 TFT
18 , 2013 1 25

(15)T. Iwai, Y. Nakajima, T. Nishimura, K.
Nagashio, and A. Toriumi, "Role of Ar on

Structual Phase Transformation of
Sputtered HfO2",

2012 International Conference on Solid
State Devices and Materials (SSDM),

2012 9 27 .
(16)S. Hibino, T. Nishimura, K. Nagashio,
K. Kita, and A. Toriumi, "Counter Dipole
Layer Formation in Si102/High--k/Si02/Si
Gate Stacks", 2012 IEEE Silicon Nano
electronics Workshop Jun.10,2012, Hilton
Hawaiian Village ,Hawaii, U.S.A.

0

http://www.adam.t.u-tokyo.ac.jp/top.html

(n
Akira Toriumi
50323530
2
3



