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ToWhat Extent Can We Observe Semiconductor Surfaces Using NC-AFM ?
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(Received August 6, 2001)

In this review article, we clarified what we can image on semiconductor surfaces using noncontact atomic force mi-
croscopy (NC-AFM): 1. We can image covalent bonding force on Si(111) 7x 7 surface. 2. We can discriminate S ada-
toms from Sb adatoms on Si(111)5/3x 5,/3-Sb surface with a Si tip and a Sb adsorbed tip. 3. We can image tilted dan-
gling bond on Si(100) 2x 1 surface. 4.We can image individua hydrogen atom on Si(100)2x 1: H monohydride sur-
face. 5. We can measure atomic strain around missing dimer. 6. We can image a potential map on Si(111) v/3x +3-Ag
surface by measuring NC-AFM image as a function of tip-sample distance. 7. We can selectively control atomic force
by placing an adequate atom on the tip apex. 8. We can pull up lower Si atoms constituting buckled Si dimer by increas-

ing attractive force between tip and sample surface.
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Fig.1 Schematic model of force mapping on Si(111)7x 7
where S tip with a dangling bond approached (a) to-
ward on adatom (Sa) and (b) toward off adatoms (Sh).
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Fig.2 Force mapping of Si(111)7x 7 using noncontact
AFM. (a) Noncontact AFM image of Si(111)7x 7
and the line profile along the white solid line. (b)
Comparison of frequency shift curves on adatoms
(Sa) and off adatoms (Sh).
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Fig.3 Schematic model of orbital mixing. (a) Observation
of Si adatom or Sb adatom with Si tip. (b) Observa-
tion of Si adatom or Sh adatom with Sb tip.
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Sb atom pickup

Fig.4 NC-AFM images of Si(111)5,/3x 5,/3-Sb. (a) Clean Si tip. (b) After 0.03 nm approach toward the sample. In
case of (b), clean Si tip picked up Sb atom at the site encircled by dotted white circle and became to be Sb tip af-

ter that. Scan areas are 14 nmx 14 nm.
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Fig.5 Schematic models of top views and side views of (a)
Si(100)2x 1 active surface and (b) hydrogen passi-
vated Si(100)2x 1 : H monohydride inactive surface.
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Fig.6 NC-AFM images and line profiles of (a) Si(100)2x 1 active surface and (b) hydrogen passi-
vated Si(100)2x 1 : H monohydride inactive surface.
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Fig. 7 NC-AFM image of Si(100)2x 1 surface and table of averaged lateral shift
Ax(nm) of dimers toward missing dimers. N means the N-th neighbor di-

mer of missing dimers.
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Fig. 8 Schematic models of top view around missing dimer
(a) on Si(100)2x 1 surface and (b) on Si(100)2x 1 :

H monohydride surface.
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Fig. 9 Tip-sample distance dependence of NC-AFM image obtained with the clean Si tip. (a) Image at the rather far dis-
tance of Z[0 0.2-0.3 nm, (b) image at the near distance of Z 0.05 nm and (c) image at the close distance of Z
0.03 nm.
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Fig. 10 Tip-sample distance dependence of NC-AFM image obtained with the Ag adsorbed tip. (a) Image at the rather
far distance of ZO 0.19 nm, (b) image at the near distance of Z[J 0.06 nm and (c) image at the close distance of

ZO donm.
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Fig. 11 Tip-sample distance dependence of NC-AFM image on Si(100) at 5 K obtained with clean Si tip. (a) Image at the
rather far distance, (b) image at the near distance and (c) image at the close distance. Scan areais 17.4 nmx 18.8

nm.

Si(100)C(4x2)

Si(100)2x1
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Fig. 12 Schematic side view of Si(100) at 5 K under NC-
AFM measurement with clean Si tip. (a) Side view
a the rather far distance where origina c(4x 2) is
stable. (b) Side view at the close distance where each
nearest Si atom is pulled up by Si tip and tip induced
2x 1 structure appears.
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