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The Scanning Probe Microscope 

on the piezoelectric material. The louse can be 
clamped electrostatically to the ground plate by apply
ing a voltage to the metal feet. By elongating and 
contracting the flat piezoelectric material along with 
appropriate clamping sequence of the metal feet, the 
louse can move in any direction on a horizontal 
plane. Wu and Ng (1991) have implemented a simi
lar piezoelectric walker with electromagnetic 
clamping that can operate in any orientation. 

Another widely used coarse approach mechanism 
is based on friction and inertia. Pohl (1987) was able 
to inertially move a mass that was placed on a plat
form attached to a piezoelectric ceramic. The mass 
moves forward when an asymmetrically varying volt
age is applied to the piezoelectric ceramic. A similar 
principle was used by Besocke (1987) to move a 
sample mounted on three piezoelectric tube scanners. 
The STM tip was mounted on a fourth piezoelectric 
tube scanner identical to the other three. By mount
ing the sample on an inclined plane, coarse approach 
could also be achieved. Another implementation of 
the inertial coarse approach mechanism, that is com
monly used, was developed by Lyding et al. (1988). 
These authors used two concentric piezoelectric tubes. 
In this design, the inner tube is used for scanning the 
tip over the sample. The outer tube is used for iner
tial translation of the sample into tunneling range. 
The sample is mounted on rails that are attached to 
the outer piezoelectric ceramic. This arrangement 
also provides thermal compensation in the z direction. 
This is in addition to the thermal compensation in the 
x and y directions due to the symmetric design of the 
tube scanner. 

In air, mechanical devices such as differential 
screws, stepper motors, or DC motors are used. A 
mechanical reduction is used to improve the resolu
tion of the motor for tip approach. 

Vibration Isolation 

Amplitudes of vibrations between the tip and the 
sample have to be reduced to below the desired reso-
1 ution of the instrument. This is achieved by rigid 
construction of the STM and isolation of the system 
from external vibrations which can excite the relative 
motion between the tip and the sample. 

Sources of vibrations affecting the STM are 
building vibrations, vibrations caused by the move
ment of people, and acoustic vibrations. Typical 
building vibrations are between 10 and 100 Hz, with 
amplitudes ranging from a few hundred Angstroms 
for higher frequency components to several thousand 
Angstroms for lower frequency components. These 
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vibrations are produced by equipment running at or 
near the line frequency and by the associated harmon
ics. The vibration spectrum of buildings usually con
tains its largest maxima near the third subharmonic of 
the line frequency, i.e., 15 to 20 Hz with amplitudes 
ranging from 1000 A to 5000 A (Pohl, 1986). 

Other sources of excitations are the irregular vi
brations caused by movements of people, which cause 
frequencies in the 1 to 3 Hz range. The amplitudes 
for these vibrations are typically similar to the highest 
amplitude of the building vibrations. The instrument 
is also susceptible to acoustic vibrations. These 
vibrations can be reduced by placing the instrument 
in an acoustic isolation enclosure. 

For atomic imaging the amplitude of these vibra
tions needs to be reduced to less than 0.1 A. Several 
methods of active and passive vibration isolation sys
tems have been used with the STM. For use in air, 
where size and construction materials are not impor
tant, a simple and very inexpensive isolation system 
incorporates a large mass hanging from elastomers. 
The resonance frequency of this system is inversely 
proportional to the square root of the stretched length 
of the elastomer and is kept around 1 Hz. Another 
vibration isolation system used in air is an air table. 
Air tables are massive, expensive, and provide poor 
isolation from horizontal vibrations. In vacuum sys
tems, care must be taken that the vibration isolation 
system is compatible with ultra-high vacuum (UHV) 
requirements. The original vibration isolation system 
used by Binnig et al. (1982) was magnetic levitation 
of the STM on superconducting lead, which was insu
lated and cooled directly by liquid helium. This sys
tem was tedious and difficult to implement. More re
cent UHV compatible STMs use either a spring sus
pension with eddy current damping (Binnig and 
Rohrer, 1982) or a passive system of stacked metal 
plates separated by Viton spacers and springs (Gerber 
et al., 1986). 

Electronics 
In order to keep the tip within the tunneling dis

tance of the surface, a feedback mechanism is em
ployed. The schematic of the electronics for the 
STM is shown in Figure 4. The tunneling current be
tween the tip and sample is converted to a voltage by 
a current detection circuit. This voltage is compared 
with a reference value to produce an error signal. An 
integrator is used to convert the error signal to an 
output voltage which adjusts the position of the z-di
rection ceramic. The tunnel current is then sampled 
and the feedback loop is repeated. The voltage sent 
to the z-direction ceramic is stored as a function of x 
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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 CaCI2/H 20/HCL (Musselman and Russell, 
1990), NaN0 3/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) + 80ff ----- > Wo/- + 4H20 + 6e

Cathode: 6H20 + 6e- ----- > 3Hi(g) + 60ff. 

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 (lbe 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 et al. (1987) 
have indicated the possibility of oxidation of as-pre
pared tungsten tips. Auger electron spectroscopy of 


