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The problem of determining and understanding the role of tip electronic states is one of the central and critical scientific
problems in scanning tunneling microscopy (STM) and spectroscopy (STS). In this paper, we described a theory and a
practical method for in-situ characterization of the tip electronic states. The method consists of a deconvolution procedure,
from which the density of states (DOS) of the tip is recovered from the measured tunneling spectra. The tip DOS, obtained
from deconvolving an experimental tunneling spectrum, can be compared with predictions of first-principle numerical
calculations of various realistic tip structures, or independent measurements, for example, field emission spectroscopy and
photoemission spectroscopy. The reference tunneling spectrum of the sample can be obtained using a flat-DOS blunt tip, for
example, following the tip-treatment process described by Feenstra et al. Using the deconvolution method, we analyzed the
STM and STS data published by Pelz. The results indicates that the W tip picked up a Si cluster in the middle of a scan on a
Si sample. To further clarify the role of tip electronic states in STM imaging process, a set of new experiments is proposed.

1. Introduction

Soon after the first atom-resolved images were
obtained by scanning tunneling microscopy (STM)
[1] the importance of the tip electronic states in
the imaging process was noticed by Baratoff [2],
who conjectured that a single dangling-bond state
protruding from the apex of the tip is probably
the origin of its unprecendented atomic resolu-
tion. Since then, atomic resolution has been ob-
served on every metal surface and semiconductor
surface using STM, showing corrugation ampli-
tudes much greater than the corrugation of the
Fermi-level local density of states (LDOS) [3].
Feenstra et al. observed atomic-resolution images
on Si(111)2 X 1 [4] and proposed that the high-
resolution images on the Si(111)2 X 1 surface de-
pend strongly on the arrangement of atoms on
the apex of the probe-tip [5]. Atomic resolution
has been repeatedly observed on all kinds of
close-packed metal surfaces [6-9], for example,
Al(111), Au(111), and Cu(100). The observed cor-
rugation amplitudes are more than an order of

magnitude greater than the predictions based on
the s-wave model [3]. Conversely, the corrugation
amplitudes observed on graphite are more than
one order of magnitude smaller than the predic-
tions based on the s-wave model [10,11], which
also needs an explanation.

Numerous experimental and theoretical stud-
ies indicate that the STM imaging process de-
pends dramatically on the tip electronic structure.
Wintterlin et al. [8] found that atomic resolution
on close-packed metal surfaces can be easily ob-
tained after an electrical tip-treatment proce-
dure. In a review of STM studies on metals,
Behm [9] summarized that with such a tip-treat-
ment procedure, atomic resolution were observed
on many other metal surfaces. Therefore, the
atomic resolution in STM is not specific for cer-
tain surfaces, but rather depends on specific tip
states [9]. Ohnishi and Tsukada [12] calculated
the electronic states of various kinds of W clus-
ters, and concluded that there is a high possibility
that a d,. state exists on the apex of a W tip.
They also concluded that the tunneling current
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