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Investigation of electronic structure and interaction of phosphorous incorporated
in the Si(100) surface

Sagisaka, Keisuke
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Phosphorous-silicon heterodimer incorporated in the Si(100) surface was
investigated by means of scanning tunneling microscopy (STM) and density functional theory (DFT). A
comparison between experimental and simulated STM images obtained with various sample biases determined
the structure of the P-Si heterodimer: The P atom is buckled down to the surface while the Si atom is

buckled up to vacuum. This result rejects the previously suggested structure of the P-Si heterodimer.
Scanning tunneling spectroscopy and DFT calculation revealed an intense density of state around the Fermi

level and this state causes the bright feature of the P-Si heterodimer in the STM images. Furthermore, we
found a candidate associated with phosphorous in an STM observation, which is predicted by DFT to bear a
spin polarized charge density near the Fermi level. This will be experimentally investigated in the

future.



(D 10nm

2009

(1TRS2009) 10nm

« )
Si(100)
(ST™)
STM

(DFT)
10nm
4 —hk&:22nm (20124F) 2f (=
57 7om | 2021%) S

CMOSFZUURE—

Tv*»ﬁbﬁ%muTwthzzﬁ
S LER—R U hitEaEl _%#’ﬁ_'—&li'é'

1 CMOS

DFT

(1) Si (100)

STM
Si(100)
G
P
)
P
p Si (100)

InP
(5x108 Pa, 20

P-Si

255 eV

(P-Si
(2) DFT
Si(100)
®
(1)ST™
n
sec)
550
STM
78K
(2)DFT ST™
P-Si
DFT
8 Si
8x8
15
ST™

Tersoff-Hamman

@ 2 P-Si
Si (100) STM

1
Si(100)
vasp
GGA-PBE
4
10
P-Si
Si Si-P
k
Monkhorst-Pack
r
vasp
STM
bskan
Si



550 n

2P

Si1(100) ST™ :-1.5
v, :0.3nA, 1 78K,
:20 nm x 20 nm.
Si
STM
P-Si
3 P-Si STM
-1.5v Si
(+0.6V)
Si
STM +0.8V
Radny STM
DFT
P Si
ST™M
[Phys. Rev.

B 74, 113311 (2006), J. Phys. Chem. C 111,
6428 (2007)] STM

Radny

3 n Si(100)
STM
p
0.1eV
p
P
Radny
P-Si
P
P
0.2eV
Si
P
P-Si

Ef is shifted
by 0.1eV

P-Si
DFT

STM

STM

0.15eV

Si (100)
P

P-Si

DFT

P-Si
STM

Si

STM



(2)DFT Si (100)
P
P
Si (100) 10K
P-Si
P
P
P
P
DFT
STM 3 STM 2
P-Si
P-Si
+0.6V  STM P
STM
STM
®

SOI(Silicon on Insulator)

10 T T T T T
—Si
——P-Si
P-vacancy? | ]
§~ 4
S 1
=
=
O 1 1 e | 1 1
1.5 10 -05 00 05 10 15
Sample Bias (V)
4 Si(100) P-Si
P-Vacancy STM™

SIMOX S0l

BOX  (200nm 250nm)
(
) Q
CMP
S5pm
SOl
1
Keisuke Sagisaka, Michael Marz,
Daisuke  Fujita, David  Bowler,

“ Adsorption of phosphorous molecules
evaporated from an InP solid source on
the Si1(100) surface” , Physical Review

B 87, 155316-1-8 (2013), DOI:
10.1103/PhysRevB.87.155316,
4
STM
", 2015,
2015 3 10 , (
).
,“ STM DFT -

2014, 2014 3
14, ( ).
Keisuke Sagisaka, “ Adsorption o
phosphorous on Si(100) studied by STM
and DFT” , Condensed Matter Physics
Seminar at the University of Liverpool,
February 11 (2014), Liverpool, UK.
Keisuke Sagisaka, Daisuke Fujita,
David Bowler, “ STM study of
phosphorous on Si(100) surface” , The
10th  Japan-Russia Seminar on
Semiconductor Surfaces (JRSSS10),
September 26-28 (2012), University of
Tokyo, Tokyo.

http://ww.nims.go.jp/nanophys6/index.h
tml

o
SAGISAKA, Keisuke

70421401



