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The "ultimate' scanning tunneling microscopy images
of the Si 111 - 7 x7 surfaces
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Abstract Both the 12 adatoms and the 6 rest atoms of the Si 111 - 7 x7 unit cell are obtained clearly
with the highest resolution to date using ultrahigh vacuum scanning tunneling microscopy STM . It is found
that the 6 rest atoms have the same brightness as the center adatoms in the unfaulted half unit of the Si 111 -

7 x7 . The very sharp tip of less than 7A can clearly resolve the rest atoms. The total-energy calculated from

first-principles is in remarkable agreement with the experimental results.

Key words Si 111 - 7x7  rest atoms scanning tunneling microscopy first-principles total-energy cal-
culations
111 E, 0.8 eV ‘L
STM STM “ ” STM
Sio111 7 x7
= Si 111 - 7 x7 STM
STM W Pt/ Ir E, 5
12 Si 111 - 7x7
1 6 STM 7 x7
12 . Avouris  ’ 12 6
3 Omicron
Sutter UHV-STM 1 x
10 "*Pa. N Sio111
STM
* 60125103 90201036
Si 111 - 7 x7 2004 - 09 - 07
E; 0.4eV t . Email hjgao@ aphy. iphy. ac. cn

34 2005 2 - 109



0.03Q- cm. 600
C 12

1x1077 Pa
1200°C
900°C 1—2 C/s St 111
T x7
0.18 mm NaOH
: ST™M 2 Si 111 - 7x7 STM 12
Si 111 - 7x7 7.5mm x 7.5nm 7 x7
DAS - - a 0.57V b -0.57V
o 1 7 x7 9
12 . -1.5V 30nm x 30 nm.
12 2b
6 7 x7 6
Si 111 - 7x7 STM . 3 b & nm x & nm
T x7
E. STM 12 6
12
2 a
2 b
Ey
@ ).‘,O'Q}Db
24 12 6 a
30nm x30 nm 7 x7
b 8nm X 8 nm
Si 111 - 7 x7

3
5
- 2 _Q‘Q—'Q"J B
& ~1.5V

Si
1 Si 11l - 7x7 DAS

b 7x7 110 : Sutter
\ Pt/Ir
InAs 111
3 a STM

- 110-



Si A
7
Si Si Si W
AFM  Si 111 - 7 x7 s
W Si
Si 111 - 7x
7
0.8A 4.5
W STM
9 10 Vanderbilt
! 170 eV
k
6 Si 6 Si
DAS 7 x
7 6
Si
Tersoff Hamann
STM 12 13 .
STM
Y4
7A - 1.5V Si 111 -7
x7 STM
Si 111 - 7x7 6
12
Si 111 -
7 %7 12 6
STM

34 2005 2

S
A
)8
O (@
Ay
®
4 Si 111 - 7x7
-1.5V 7A
Si 111 - 7x7
STM
STM
STM

10
11
12
13
14

Binnig G Rohrer H Gerber Ch et al. Phys. Rev. Lett.
1983 50 120

Avouris Ph - Wolkow R. Phys. Rev. B 1989 39 5091
Sutter P Zahl P Sutter E et al. Phys. Rev. Lett. 2003
90 166101

Hamers R'J Tromp R M Demuth J E. Phys. Rev. Lett.
1986 56 1972

Becker R S Swartzentruber B S Klitsner T. Phys. Rev. B
1989 39 1633

Takayanagi K Tanishiro Y Takahashi M et al. J. Vac. Sci.
Technol. 1985 A3 1502

Zhang S B Cohen M L. Louie S G. Phys. Rev. B 1986 34
768

Giessibl Franz ] Hembacher S Bielefeldt H et al. Science
2000 289 422

Hohenberg P Kohn W. Phys. Rev. 1964 136 B864
Kohn W Sham L J. Phys. Rev. 1965 140 Al1133
Vanderbilt D. Phys. Rev. B 1985 32 8412

Tersoff ] Hamann D R. Phys. Rev. B 1985 31 805
Zhang S B Zunger A. Phys. Rev. Lett. 1996 77 119
Wang Y L. Gao HJ Guo H M et al. Phys. Rev. B 2004
70 073312

111-



