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Development of dopant atom devices based on silicon nanostructures
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Silicon technology has continuously developed by utilizing statistically
averaged effect of many dopants. This research project aims at developing individual dopant
atom devices for ultimately miniaturized devices. As a result, in order to step forward for practical
application, we have succeeded in high-temperature (room temperature) operation with help of a quantum
d?t formation due to a few dopants. Based on these results, dopant device technology has launched for new
electronics.



FET

PRL(2010)
2
Si 1
FET
3
(¢H) FET 100K
MOSFET
45meV
100K
PRB(2013)

FET

FET

100K
PRB (2013)

(@3) FET

FET

Sci. Rep. (2014)



Sci.

FET

300K A, B, C

Rep. (2014)

3

(IEEE Si

Nanoelectron. Workshop 2016
)

10°
107"
<10™}

210

FET

(IEEE Si

Nanoelectron. WS 2016

)
3)

5080 55 30 (0 (meV)
1.65F
£25 o oL
N0 ii) F, - Low
O s 10 20 e,
1.60F (i) F,= oY (m) H; (5} f 3 'p- 1‘8
— 1
N ol u
;155-.gn .:x.“q] S 10 15 X
< gee O0ogg gn.f.i ...... Y (nm) .
=150 I:'“‘é.@oc;.o
~50 -12‘5‘ o075 . Og :
E) _0g,
N().UU TS PM.. LY
sl ™ GiDF,-Migh
’ 2 4 6 8 10 12
Ve (V)
2

Sci. Rep. (2015)

FET

Sci. Rep. (2015)
2
1
1,-V, Nat. Nano(2012)
0 pn
FET pn
pn
10nm
pn
1
RTS
APL(2013) _
KFM
APL(2013)
P i—
E n
B —
rox1u””| T
6.0x10°° E.. I'_H .E|1’ X . -.
— 5.0x10™" ' ™
%4_0“0* i L
] =\£15.?5 “I
5 3.0x107 e ©5
© 2.0x10™ 2I'625 Il
1.0x107° F 3
, 23
0 200 400 600 Applied bias(V)
Time (s)
(APL (2013))
®)

pn



pn

1-v
pn 1
APL (2016)
ON
® boron
® phosphor

us

poter\tial(mV)

6
/ength (f7n7)

T
—— Vsub=-0.6V
——-0.5V
—-0.4V
0.3V
+0.1V
+0.3V
+0.4V

20x10™ |

)

T10x10" }

0.0 ) .
0.00 0.05 0.10 0.15 0.20

V.(V)
BY;
APL (2016))
(6)
FET
1 P
FET Id
(APL(2011))  PSSA(2011):Editor
1
pn
RTS FET pn

APEX(2012)

Under light
10"5 i 1 i 1 1 1 1
(b} 300 350 400 450 Occurence
time (s) (a.u)
(APL
(2011))
(@)
LT-KFM
1
APL
(2008)
APL(2011)
pn
pn
APL(2013)

N

0.}o8|8
R

(/) 1enuajod oluol0a2

=,
5]
o

e
)

3

=
D

4

(A\) 1enusjod ojuoaj9|3

APL (2011)

[S)

(A 1enuajod oluondaje




1)

2)

3)

4)

5)

6)

7

33
M. Tabe, H. N. Tan, T. Mizuno, M.
Manoharan, L. T. Anh, H. Mizuta, R.
Nuryadi, D. Moraru, *“ Atomistic
nature in band-to-band tunneling in
two-dimensional silicon pn tunnel
diodes” , Appl. Phys. Lett., 108,
pp-093502-1-5 (2016). DOl :
10.1063/1.4943094
A. Samanta, D. Moraru, T. Mizuno, M.
Tabe, "Electric-Field-Assisted
Formation of an Interfacial
Double-Donor Molecule in Silicon
Nano-Transistors", Sci. Rep. 5, 17377
(2015). DOl
10.1038/srepl7377
D. Moraru, A. Samanta, K. Tyszka, L.
T. Anh, M. Manoharan, T. Mizuno, R.
Jablonski, H. Mizuta, M. Tabe,
"Tunneling 1in Systems of Coupled
Dopant-Atoms in Silicon Nanodevices",
Nanoscale Research Letters, 10,
372-1-10 (2015). DOl :
10.1186/s11671-015-1076-2
K. Tyszka, D. Moraru, A. Samanta, T.
Mizuno, R. Jablonski, M. Tabe, "Effect
of selective doping on the spatial
dispersion of donor-induced quantum
dots in Si nanoscale transistors”,
Appl. Phys. Express, 8, 094202-1-4
(2015). DOl :
10.7567/APEX.8.094202
D. Moraru, A. Samanta, L. T. Anh, T.
Mizuno, H. Mizuta, M. Tabe, "Transport
spectroscopy of coupled donors in
silicon nano-transistors", Sci. Rep.
4, 6219-1-6 (2015). DOl :
10.1038/srep06219
L.T. Anh, D. Moraru, M. Mancharan, M.
Tabe, H. Mizuta, "The impacts of
electronic state hybridization on the
binding energy of single phosphorus
donor  electrons in  extremely

downscaled silicon nanostructures", J.

Appl. Phys. 116, 063705-1-9 (2014).
DOI: 10.1063/1.4893181

R. Nowak, D. Moraru, T. Mizuno, R.
Jablonski, M. Tabe, *“ Potential
Profile and Photovoltaic Effect in
Nanoscale Lateral pn  Junction
Observed by Kelvin Probe Force
Microscopy” , Thin Solid Films, 557,
249-253  (2014).
http://dx.doi.org/10.1016/j - tsf.201
3.08.115

S. Purwiyanti, R. Nowak, D. Moraru, T.

8)

9)

10)

11)

12)

13)

Mizuno, D. Hartanto, R. Jablonski, and
M. Tabe, *“ Dopant-induced random
telegraph signal in nanoscale lateral
silicon pn diodes at low
temperatures” , Appl. Phys. Lett.,
103, pp.243102-1-4 (2013).
http://dx.doi.org/10.1063/1.4841735
R. Nowak, D. Moraru, T. Mizuno, R.
Jablonski, and M. Tabe, “ Effects of
deep-level dopants on the electronic
potential of thin Si pn junctions
observed by Kelvin probe force
microscope” , Appl. Phys. Lett. 102,
pp- 083109-1-4 (2013).
http://dx.doi.org/10.1063/1.4794406
E. Hamid, D. Moraru, Y. Kuzuya, T.
Mizuno, L. Anh, H. Mizuta, and M. Tabe,
“ Electron-tunneling operation of
single-donor-atom transistors at
elevated temperatures” , Phys. Rev. B
87, pp. 085420 -1-5 (2013).

DOI: 10.1103/PhysRevB.87.085420 _ 5

M. Hori, K. Taira, A. Komatsubara, K.
Kumagai, Y. Ono, T. Tanii, T. Endoh,
T. Shinada, “ Reduction of threshold
voltage fluctuation in field-effect
transistors by controlling individual
dopant position” , Appl. Phys. Lett.
101, pp. 013503-1-3 (2012).
http://dx.doi.org/10.1063/1.4733289
E. Prati, T. Shinada, et al.,
“ Anderson-Mott transition in arrays
of a few dopant atoms in a silicon
transistor” , Nat. Nanoechnol., 7,
443-447 (2012). DOl :
10.1038/NNANO.2012.94

M. Anwar, R. Nowak, D. Moraru, A.
Udhiarto, T. Mizuno, R. Jablonski, and
M. Tabe, *“ Effect of electron
injection into phosphorus donors in
silicon-on-insulator channel
observed by Kelvin probe force
microscope” , Appl. Phys. Lett. 99,
pp-213101-1-3 (2011). doi:
10.1063/1.3663624

A. Udhiarto, D. Moraru, T. Mizuno, and
M. Tabe, “ Trapping of a photoexcited
electron by a donor in nanometer-scale
phosphorus-doped silicon-on-
insulator field-effect transistors”
Appl. Phys. Lett. 99, pp.113108-1-3
(2011). doi:
10.1063/1.3637445

148



, (2016.3.9)

Michiharu Tabe, Daniel
Moraru, Arup Samanta, Krzysztof
Tyszka, Hoang Nhat Tan, Yuuki Takasu,
Ryszard Jablonski, Le The Anh, Hiroshi
Mizuta, Takeshi Mizuno *“ Effect of
Individual Dopants in Nano-SOI-
MOSFETs and Nano-pn-Diodes” , 228th
ECS Meeting, Phoenix Convention
Center,Phoenix, AZ, USA (2015. 10.
11-15)

Si -
SNT , 2015.2.5,
( )
", 2014 61
5
, 2014.3.19,

Michiharu Tabe, Daniel
Moraru, Earfan Hamid, Arup Samanta, Le
The Anh, Takeshi Mizuno, Hiroshi
Mizuta, “ Dopant atom devices based on
Si nanostructures” , 7" International
WorkShop on New Group IV Semiconductor
Nanoelectronics, 2014.1.27,

Michiharu Tabe,
“ Single-dopant-atom devices: dopant
observation and tunneling operation
at high temperatures” , Il Bilateral
Italy-Japan Seminar, 2013.4.29, Du
Lac et Du Parc Grand Resort (Riva del
Garda ITALY)

3
Daniel Moraru and Michiharu Tabe,
“ Nanoscale Silicon Devices” , CRC
Press , Eds: Shunri Oda and David K.
Ferry, Chapter 8: *“ Dopant-Atom
Silicon Tunneling Nanodevices” ,
2015.12 pp-181-202.
Daniel Moraru, Michiharu Tabe,
Springer, Toward Quantum Fin FET,

Chapter 13 “ Single-Electron
Tunneling  Transistors  Utilizing
Individual Dopant Potentials” , 2013,
305-324.

M. Tabe, D. Moraru, and A. Udhiarto,
“ Single Atom Nanoelectronics,

Chapter 13: Silicon-based single
dopant devices and integration with

photons” , pp. 305-327, Eds: Enrico
Prati and Takahiro Shinada, Pan
Stanford Publishing, (2013).

http://ir.lib._shizuoka.ac. jp/

http://ww.rie.shizuoka.ac.jp/~nanohome
/

@
TABE Michiharu
@
SHINADA Takahiro
A
ONO Yukinori
)
MIZUTA Hiroshi
®)

MORARU Daniel

©)
FUJIWARA Satoshi
NTT



