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In situ testing and calibration of tube piezoelectric scanners
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The tube scanner, a piezoelectric ceramic tube with the outer metal coating sectioned into four quadrants, is widely used
in scanning probe microscopes. Based on stress-and-strain analysis, we obtain analytic expressions for the deflections of tube
scanners, which are found to be in good agreement with the results of finite-element analyses and experimental
measurements. Also, we show that by applying an AC voltage on one of the quadrants, an AC current of well-defined
intensity and phase is generated from each of the other three quadrants to the ground (inner metal coating). This current
can be used to measure the piezoelectric coefficient and to inspect the uniformity and geometrical accuracy of tube
scanners. A combination of those who results provides an easy and accurate method for testing and calibrating tube scanners
in situ, for example, in a vacuum chamber or in a cryostat.

1. Introduction

The tube scanner was invented by Binnig and
Smith in 1986 [1]. It soon became the predomi-
nant design of piezoelectric scanners used in
scanning tunneling microscopy (STM) and scan-
ning force microscopy (SFM). A single PZT tube,
with the outer (or inner) metal coating sectioned
into four quadrants, and with voltages applied on
them, can generate displacements in three di-
mensions. Its advantages over the tripod scanner
are significant: higher electromechanical con-
stant, higher resonance frequency, and much
smaller size, which greatly simplifies vibration
isolation. Here, we show that the “cross talk”
between the different channels provides a simple
and accurate way for testing and calibrating tube
scanners, especially for measuring the piezoelec-
tric constants in a cryogenic environment. The
piezoelectric constant varies with temperature in
a complicated manner, and also with the particu-
lar batch of materials used by the manufacturer
and with time (the aging effect). Therefore, for
tube scanners, in situ testing and calibration can
be done frequently with little effort.

2. Deflections of tube scanners

An analytic treatment of the displacement and
deflections of a piezo tube is published elsewhere
[2]. Simple analytic expressions for the deflections
of a piezo tube are obtained for piezoelectric
tubes with one end fixed to a base plate, and
another end fixed to a rigid block, as shown in
figs. 1 and 2. The two ends, are allowed to have
relative displacement freely. In this case, the stress
and strain patterns at different cross sections
along the entire length of the tube are identical.
Also, we assume that the wall thickness of the
piezoelectric is much smaller than the diameter.
Therefore, the variation of strain and stress over
the wall thickness can be neglected.

The evaluation of the displacement in the z-
direction is straightforward. Because the tube
scanners are poled in the radial direction, by the
definition [3] of the piezoelectric coefficient ds,
we have

Az =VLdy, /h, (1)

where V' is the voltage applied between the inner
metal coating and the outer metal coating, L is

0304-3991 /92 /$05.00 © 1992 - Elsevier Science Publishers B.V. All rights reserved







