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Figure 4. Schematic of STM electronics. A 486
microprocessor and a digital signal processor con-
trol the scanning, feedback, data acquisition, and
image processing.

and y position and related to the topography of the
surface.

With the advent of the digital signal processing
(DSP) boards, the feedback, x and y scans, data ac-
quisition, and image processing are performed in the
computer. This has resulted in significant reduction
in complexity of the electronics. Figure 4 is a sche-
matic of the electronics, including the data acquisition
and analysis system.

STM Probes

Probe tips are a key component of the STM.
They determine both resolution and reproducibility of
the results. The image resolution obtained depends
both on the radius of curvature and the aspect ratio of
the tip. For atomically flat surfaces, only the atoms
on the apex of the tip are important. In this applica-
tion, STM probes can be formed by cutting a piece of
wire with cutters. For topographical measurements,
images obtained are a convolution of tip shape and
surface topography (Griffith et al., 1991).

The images can be deconvoluted from the tip ge-
ometry to obtain a more accurate surface topography
(Reiss et al., 1990). This is rarely done since the tip
geometry is not reproducible and is nearly impossible
to measure on a small scale. Therefore, high aspect
ratio probes with small radii have to be used to
minimize the convolution effects.

The STM tips are usually made from either tung-
sten or platinum-iridium wires. Tungsten is mechan-
ically rigid but it tends to oxidize. Pt/Ir is less rigid,
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but it is inert both in air and in solutions. The pre-
dominant methods of producing tips are mechanical
cutting/grinding and electrochemical etching. For
electrochemical etching of W, solutions of NaOH or
KOH have been used. In etching Pt/Ir wires, solu-
tions of CaCl,/H,O/HCL (Musselman and Russell,
1990), NaNO;/NaCl (Nishikawa et al., 1988), and
NaCN/KOH (Heben et al., 1988) have been used.
Melmed (1991) has compiled the many techniques for
making sharp tips.

The most widely used technique for tip prepara-
tion is the electrochemical etching of tungsten as fol-
lows:

Anode: W(s) + 80OH"
Cathode: 6H,0 + 6e

----- > WO,> + 4H,0 + 6e
----- > 3H,(g) + 60H".

Solutions of potassium or sodium hydroxide are used
for this purpose.

The voltage applied between the electrodes can be
either AC or DC. The voltage between the AC-meth-
od is a self-terminating technique which makes coni-
cal tips with the radius dependent on the original
diameter of the wire used, the solution, and the
applied voltage. These tips are made by inserting a
section of tungsten wire a few millimeters into the
solution. An AC voltage of approximately 6 volts is
then applied between the wire and the second elec-
trode in the solution. The etching stops when the tip
has been formed and does not touch the solution any
longer. For a 10 mil tungsten wire, the radii obtain-
ed range from 3000 to 5000 A (Figure 5).

A sharper tip with a lower aspect ratio can be ob-
tained by applying a DC voltage between the elec-
trodes (Ibe et al., 1990). During this etching proc-
ess, the bottom part of the electrode is somewhat
shielded from the electrochemical etching process by
the heavy products of the reaction at the top (Figure
6). This causes formation of a cusp near the top of
the wire in the solution. The reaction continues at a
faster rate at the cusp than the lower part of the elec-
trode. Eventually, the weight of the electrode at the
bottom of the cusp exceeds the tensile strength of the
wire at the cusp and the bottom part drops off. An
electronic circuit senses the change in voltage across
the electrodes and shuts off the etching process. The
radius of the tip depends on the switching speed of
the electronic circuit and is usually less than 1000 A
(Figure 7).

Various researchers, e.g., Biegelsen er al. (1987)
have indicated the possibility of oxidation of as-pre-
pared tungsten tips. Auger electron spectroscopy of




