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Behavior of Si Adsorbate Deposited from STM Tip onto the Si(111)7x 7 Surface
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We investigate adsorption of Si atoms on the Si(111) 7x 7 surface by STM experiments and by molecular orbital cal-
culations. In experiments where Si atoms are deposited from an STM tip, not only “staying” Si adsorbates but also
noise-like “diffusing” Si ones are observed. To identify their geometries, stable positions, transition states and electron
density iso-surfaces for extra Si atoms on cluster models are obtained using molecular orbital calculations. Calculated
stable geometries for both one and two Si atoms agree well with the observed STM images of the staying Si adsorbates.
For one Si atom, however, calculated energy barrier around a rest atom is only several tenth eV, while it is more than 1
eV for two Si atoms. Therefore, we propose that the staying Si and diffusing Si adsorbates correspond to two Si atoms
and one Si atom, respectively.
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Fig. 1 STM topographic images of staying Si adsorbates (a) between a rest
atom and a corner adatom, and (c) between a rest atom and a center
adatom on the Si(111) 7x 7 surface. (b), (d) Magnified contour maps
of each Si adsorbates. Images were taken at a sample bias of 2 V and a
tunneling current of 0.6 nA.

¢ Si adsorbate
@ Corner adatom
@ Center adatom

O Rest atom

Fig. 2 Distribution of staying Si adsorbates around the rest
atom of the Si(111) 7x 7 surface. Deposited Si adsor-
bates on an upper center adatom side are transferred
to an equivalent lower-right center adatom side by

mirror reflection. Fig.3 STM topographic image of a noise-like diffusing Si
adsorbate inside a half unit cell of the Si(111)7x 7
surface.
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Fig. 4 (a) The most stable structures and (b) the second most
stable structures of the SiisHis cluster model with an
extra single Si atom calculated by semi-empirical AM
1 method of Mopac 97 and ab initio method of
Gaussian 98 with 6-31G basis.
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Fig.5 Optimized structures and electron density iso-surfaces
of the Sis;Has cluster model with extra Si atoms ob-
tained by AM 1 method. (a) The second most stable
structure for one extra Si atom, (b) the most stable
structure for two extra Si atoms, and (c) the most sta-
ble structure for three extra Si atoms are shown. Ad-
sorbed extra Si atoms are indicated by arrows.
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(a) Stable positions (small solid circles), transition state positions (small

open circles) and diffusion paths (dashed lines) for an extra Si atom on
the Sis:Has cluster model, and (b) total energy difference curve for an ex-
tra Si atom. Representative stable and transition state positions are labeled
as lato 1h, and Tlato T1e, respectively.

— 21—



488 0000 0230 080 020020

00000000000010000 sib0obo0o200
gboooooooooboooooobooooobooooon
gooooooooooooooooOoobwooo
fo0OOoOoOoooooooooooooooooOlan
goosioooooooooooooO0oOoooboOoo
go000001e0000000000TIeOOOOO
O0poooo0o0ooo0oooooooowmooo
gbooooooooboooooooboooobooooon
godO001oevOOOOOOOOOOOODRODOOD Si
gooooooooboooooobooooboooon
goooooooobooooooboooooboooon
goooooooooooooosibooooooo
00000o00oo0ooooooooooooooooo
oo0oo0o0oo0oood

Fig. 7000000000000 OOO100SIO0O
gbooooooooboooooooboooobooooo
gsijooooooooooooooooooooo
0000000000FRg. 7000000000000
gooooooboOoooboooAO0OOOOOooO
goooooooooooooosibooooooo
0o00oooOo0o0oo0o0oooO0O0O0dobbenO
O0MFg.70b00200000000100000
goooooOoo0BOOO0Om@McOOODOOOODO10
goooooooobooocOoOoooooobooboo
BOOOCOOOOOODOOODOOOOODOOODOO
goooooosioo10o0o00o0ooooooooo
gooooboooboooobooooooooooo
00000 Fg.6000000000CO0O0OOOOO
goooooOoooobOOoAOOQOOODOOOOOO
oooopoooosibobooooooooooooo
0000o00o0oooooooo

Fig.80a0 0 200 SiDO00O0O00OOO0OOOOOO
goboooooooboooooobooooboooon
goooooooooboooooobooooboooon
Da0000000000000000000000O
gooooooooooooOooOo200sicooo
0o000o0o0ooooz20000000002(00000
00000000o00o0ooooooooooooooo
0ooooooooosicogoooooooooo
000000000002000000029evO0O0
O00OFg. 8000000000 0O0O0ODOOODOOOO
gboooooooobooooooboooobooooon

Fig.80b0O0 200 sibO00O0O00O00O0O0COO
goooooooooboooooobooooooboooon
goo0ooddododzab000000000000000
gooOooooz2f00 siob0 200000000000

Fig. 7 Total energy surfaces for one extra Si atom above the
SisiHa cluster model. (a) Total energy surface at a
height of plane A (at a stable position above a center
adatom), (b) one at a height of plane B (at the second
most stable position), and (c) one at a height of plane
C (at the most stable position). Positions of plane A,
B and C are shown on the cluster model in (d) and

(e).
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(a) Stable configurations (small solid circles) and transition state configu-

rations (small open circles) on the SisiHa. cluster model for two extra Si
atoms, and (b) total energy difference curve for two extra Si atoms. Rep-
resentative stable and transition state configurations are labeled as 2a to

2h, and T2a to T2f, respectively.
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