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WOTE function modulation in the heterostructures of semiconducting and insulating
oxides
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Work function plays a key role in any types of surface and interface
functionalities which involve an electron transfer across the solid surface or interface. Surface work
function is one of the most important parameters in catalytic functionalities and in efficient electron
emitters. In addition, work function is fundamental to design diode junctions and metal-oxide-insulator
(MOS) field-effect transistors (FETs). We have controlled work function in the form of heterostructures
by using chemically stable oxides and nitrides. Specifically, by introducing charged defects in magnesium
oxide thin films we have realized the work function as low as 2 eV.




T. Susaki, A. Makishima, and H. Hosono,

Phys. Rev. B 83, 115435 (2011)
Rev. B 84, 115456 (2011)

p

MBE

1) MgO
Nb:SrTiOg
MgO

eV

MgO

Phys.

MgO

Work function [eV]

2.0(RT gep0§iti0q

Il Il

0 5 10 15 20 25 30
Film thickness [nm]

700
MgO
M il m “ _
— vacuur vl ff CBM
CBM b,
Fermi level Fermi level
- +|/ -~ VBM
- +|”
\_VBM
+++
(a) (b)
(a)
(b)
[0



2
n SrTiO;

CH3N SrTiO 3
MBE

pn

CU3N

)
—
o

N

T
°
.Il
Zmfm ]
-
PEERETT BRI AR TTTT BEERE T

Carrier conc. (cm™

17 Ll L

1012 1013 1014
Cu flux rate (cm?s™)

MBE
CH3N
Nh Ne

SrTiO 3 CU3N

Fe304

(3) CuO/TiO,

TiO, CuO

TiO, CuO

CuO
TiO, CuO

10

D. Gilks, Z. Nedelkoski, L. Lari, B.
Kuerbanjiang, K. Matsuzaki, T. Susaki, D.
Kepaptsoglou, Q. Ramasse, R. Evans, K.
McKenna, and V. K. Lazarov, “Atomic and
electronic structure of twin growth defects in
magnetite”, Sci. Rep. 6, 20943,1 — 8, ((2016))
DOI: 10.1038/srep20943,

H. Yanagi, Y. Iguchi, T. Sugiyama, T.
Kamiya and H. Hosono, “N-type conduction in
SnS by anion substitution with CI”

Appl. Phys. Express 9, 051201,1-3, (2016)
DOI 10.7567/APEX.9.051201,

D. Gilks, D.M. Kepaptsoglou, K. McKenna,
L. Lari, Q.M. Ramasse, K. Matsuzaki, T. Susaki,
and VK. Lazarov, “Atomic study of
Fe;0,/SrTiO; Interface”, Microsc. Microanal.
21 (Suppl 3), 1299-1300, (2015) DOLI:
http://dx.doi.org/10.1017/S143192761500728X,

K. Osako, K. Matsuzaki, H. Hosono, G. Yin,
D. Atarashi, E. Sakai, T. Susaki, and M.
Miyauchi, “Examination of interfacial charge
transfer in photocatalysis using patterned CuO
thin film deposited on TiO,”, APL Materials 3,
104409,1-5, (2015) DOI: 10.1063/1.4926934,

H. Yanagi, C. Sato, Y. Kimura, I. Suzuki, T.
Omata, T. Kamiya, and H. Hosono, “Widely
bandgap tunable amorphous Cd-Ga-O oxide
semiconductors exhibiting electron mobilities
>10 cm2V-1s-17, Appl. Phys. Lett. 106,
082106,1-4 (2015) DOI  10.1063/1.4913691,

K. Matsuzaki, T. Okazaki, Y.-S. Lee, H.
Hosono, and T. Susaki, “Controlled bipolar
doping in Cu;N (100) thin films”, Appl. Phys.
Lett, 105, 222102,1-4 (2014) doi:
10.1063/1.4903069,

T. Susaki, N. Shigaki, K. Matsuzaki, and H.
Hosono, “Work function modulation in
MgO/Nb:SrTiO; by utilizing highly
nonequilibrium thin film growth”, Phys. Rev. B



90, 035453,1-6
10.1103/PhysRevB.90.035453,

(2014) doi:

D. Gilks, L. Lari, K. Matsuzaki, R. Evans, K.

McKenna, T. Susaki, and V. K. Lazarov, “A
STEM studly of twin  defects in
Fe;04(111)/YZO(111)”, Electron Microscopy and
Analysis Group Conference 2013 (EMAG2013),
J. Phys.: Conf. Ser. 522, 012036,1-4 (2014)
doi:10.1088/1742-6596/522/1/012036,

D. Gilks, L. Lari, K. Matsuzaki, H. Hosono,
T. Susaki, and V. K. Lazarov, “Structural study of
Fe304(111) thin films with bulk like magnetic
and magnetotransport behaviour”, J. Appl. Phys.
115, 17C107,1-3 (2014) doi: 10.1063/1.4862524,

K. Matsuzaki, H. Hosono, and T. Susaki
“Magnetotransport Properties across Verwey
Transition in Fe;O4(111) Epitaxial Thin Films”,
Appl. Phys. Express 6, 073009,1-4 (2013) doi:

10.7567/APEX.6.073009,
22
C. Sato, Y. Kimura, H. Yanagi,

“Post-annealing atmosphere and temperature
effects on amorphous Cd-Ga-O thin films”,
E-MRS 2016 Spring Meeting, Lille, France
2016 5 3 )

Cd-Ga-O
2016 ( ) (2016 3
14 )

2015 1 30 )

K. Matsuzaki, T. Okazaki, Y.-S. Lee, D.
Gilks, B. Kurbanjan, L. Lari, V. K. Lazarov, H.
Hosono, T. Susaki, “Controlled bipolar doping in
Cu;N (100) films grown by plasma assisted
molecular beam epitaxy”, The 2015 E-MRS
Spring Meeting, Lille, France (2015 5 12 )

LaAlO;/(Nb:)SrTiOs
VS 76

2015 9 14 )

A. Maeda, K. Matsuzaki, D. Gilks, B.

Kurbanjan, L. Lari, V. K. Lazarov, H. Hosono, T.
Susaki, “Cu;N(100) epitaxial films on
SrTiO;(100)” The 9th International Conference
on the Science and Technology for Advanced
Ceramics (STAC-9)

(2015 10 20 )

T. Susaki, S. Ueda, K. Matsuzaki, T.
Kobayashi, Y. Toda, H. Hosono “Hard X-Ray
Photoemission Study of LaAlO;/(Nb:)SrTiO;”
The 9th International Conference on the Science
and Technology for Advanced Ceramics
(STAC-9)

(2015 10 21 )

K. Matsuzaki, H. Hosono, T. Susaki
“Epitaxial growth of bipolar conducting Cu;N
(100) thin films” EMN 3CG 2015 Hong Kong
(2015 12 16 )

C. Sato, Y. Kimura, H. Yanagi
“Post-annealing effects on electrical properties of
amorphous Cd-Ga-O thin films” The 9th
International Symposium on Transparent Oxide
and Related Materials for Electronics and Optics
(TOEO-9)

(2015 10 21 )

Y. Iguchi, T. Sugiyama, H. Yanagi, X.
Zewen, T. Kamiya, H. Hosono “Demonstration
of n-type conduction in bulk SnS by aliovalent
anion doping” 2015 MRS Fall Meeting (Boston,
USA) (2015 12 1 )

Y. Iguchi, T. Sugiyama, H. Yanagi, X.
Zewen, T. Kamiya, H. Hosono “Synthesis of
n-type conducting bulk SnS” The O9th
International Symposium on Transparent Oxide
and Related Materials for Electronics and Optics
(TOEO-9)

(2015
10 20 )

Xiao Zewen
n SnS
76

2015 9 14 )

T. Susaki, “Structural and Magnetotransport
Studies of Epitaxial Fe;O, Thin Films”
Collaborative Conference on Materials Research
(CCMR) 2014 (2014 o6 24

)

“Bipolar
conduction in Cu;N epitaxial films grown by
molecular beam  epitaxy” The  Eighth
International Conference on the Science and



Technology for Advanced Ceramics (STACS) (

) (2014 6
25 )
PLD MgO/Nb:SrTiO3
74
(2014
9 17 )
p/n
74

(2014 9 18 )

H. Yanagi, C. Sato, Y. Kimura “Band
alignment and band gap control of amorphous
oxide semiconductor: a-Cd-Ga-O”, E-MRS 2014
Fall Meeting (Warsaw, Poland) (2014 9 18

)

C. Sato, H. Yanagi, T. Kamiya and H.
Hosono, “Band Alignment of New n-Type
Amorphous Oxide Semiconductor: a-Cd-Ga-O”,
Materials Science Engineering (MSE
2014)( Darmstadt, Germany) (2014 9 24 )

T. Susaki, N Shigaki, Y Hamana, K
Nakamura, H. Hosono, “Controlled
WorkFunction in MgO Films Grown by Pulsed
Laser Deposition”, The 7th  International
Conference on the Science and Technology for
Advanced Ceramics (STAC-7)

2013 6 20 )

K. Matsuzaki, D. Gilks, L. Lari, V. K.
Lazarov, H. Hosono, T. Susaki, “Annealing
Effectson Magnetotransport Propertiesof Fe;O4
and FeO, Films”, The 7th International
Conference on the Science and Technology for
Advanced Ceramics (STAC-7)

2013 6 20 )

@  T. Susaki, “Work function control in
LaAlO3/SrTiOs and in MgO/SrTiO;”
Collaborative Conference on Materials Research
(CCMR) 2013 (Jeju, Korea) (2013 6 26 )

@ T. Susaki, “Work Function Control in Oxide
Thin Films” The 12th Asia Pacific Physics
Conference of AAPPS (

)2013 7 15 )

http://www.msl.titech.ac.jp/~susaki/

ey
SUSAKI, Tomofumi

20332265

(2
YANAGI, Hiroshi

30361794



