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Abstract:

For development of Scanning tunneling microscope (STM), we have designed and developed an
elaborate experimental setup for determination of static and dynamic characteristics of piezoelectric actuators.
Using this setup, we have obtained static as well as dynamic characteristics of Piezoelectric tubes (BaTiOs,
Pb(Zr,Ti)Oz) and results on Piezoelectric response as well as the effective factors such as the hystersis creep
and fatigue on performance of actuators. These results are important in the contest of development of
piezoelectric based Scanning tunneling microscope (STM).

PACS No.: 68,35Bs, 68.35Ct

Introduction:

The trends towards minimization in science and technology require more and more precise on
submicron scale. High precision positioning is also required in modern analytical instruments with very high
resolution [1-3]. Scanning tunneling microscope (STM) is very fine precession positioning device having
subatomic resolution. Piezoelectric devices allow for extremely fine positioning because of piezoelectric
effect.

STM and Atomic force microscopy (AFM) [4] are latest one having subatomic resolution [5,6].

In STM, a sharp tungsten tip is brought so close to the surface (5 to 10 A% that the electron wave
function of the tip and sample overlap by applying small bias voltage (2 mV to 2 V) between tip and sample
which gives tunnel current nanoampere range [7-9].

The tip is mounted on three orthogonal piezoelectric transducer. As the tip is scanned along the surface
there is change in tunneling current as the separation between tip and sample. The tunneling current is kept
constant by feedback loop that applies correction voltage to Z transducer, which is normal to surface.

To convert this correction into absolute displacement, it is necessary to know the piezo-sensitivity for
small and fast changing voltages. STM is not merely a static instrument, the sensitivity of tube sets the

available scan size but the response of the feedback loop and the speed of scanning are ultimately determined
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by tubes dynamic response. It was therefore, felt that a systematic study of static and dynamic response is

required to develop and experimental setup for scanning tunneling microscope.
Laser based displacement measurements:

Michelson interferometer can be used for the measurements of small displacement ranging from few
hundred A° to few thousand of A° This can be done by replacing micrometer assembly by the device on
which measurements are to be made. The mirror is mounted on the device and the shift in fringes are
observed, which can be calibrated into distance. For slow motions normal laboratory level setup consists of
sodium or mercury lamp can be used to observe the fringes either through a telescope or directly by necked
eyes. For dynamic measurements, however, these sources are inadequate so the techniques of visual
observation, a combination of laser and laser detector has to be used. The essential parts are schematically

represented in figure (1).
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Fig. 1. Block diagram of experimental setup.

Two plane mirrors M1 and M2 highly silvered on their front surfaces to avoid multiple internal
reflections. M2 is fixed M1 can be mounted on piezo tube [10,11], by applying voltage to piezo tube M1 can
be moved along the precise straight. The parallel glass plate P1 and P2 of equal thickness cut from a single
optically plane plate and are mounted vertically parallel to each other on a heavy frame are inclined at 45° to
the interferometer arm [12,13]. The rare side of P1 is covered with a film of silver of such thickness that one
half of the amplitude of incident wave is reflected while the rest is transmitted through it.

The wave reflected at M1 crosses the plate P1 twice while the optical path of the other wave is absence
of P2 lies in air. The light reflected from M2 passes twice through P2 and optical path AM1A and AM2A is
completed [14].

The two waves shall interfere constructively or destructively, the optical path difference between them
is either even or odd multiple of A/2.

A =2n(\/2) for maxima

A = (2n+1)(A/2) for minima
Moving M1, i.e. by applying high voltage to pezotube, can alter the path difference between two coherent

beams. Thus, any point in the field of view appears alternately bright and dark. Depending on the orientation
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of M2 with respect to M1 interference fringes of different shapes are formed, i.e. straight circular, elliptical,

hyperbolic etc. As the beams have traveled over different distances, interference fringes will be formed on

detector, for high-speed readout is required, i.e. PIN diode is used.

Development of experimental setup for piezo calibration:

The piezoelectric ceramic tube is fixed on holder of Michelson interferometer, the tube has silver
coating and poling is along the radial direction. The parameter concerned here is piezo expansion coefficient
d31 defined by

(7))
I \v
where | is increase in original length for increasing applied voltage and t is the thickness of the tube. The piezo
expansion coefficient d31 is defined as by applying electric field along the poling direction yields elongation
along radial direction resulting in contraction along the length of tube and vice versa [15,16].

A series of hyperbolic fringes is formed which are seen by detector as a set of concentric circles. By
applying high voltage to piezo tube causes elongation in length the piezo, which in turn causes shift in the
fringes, which can be measured. For high frequency response the number of fringes crossing the detector hole
can be observed by connecting piezo voltage to x-axis and detector output to y-axis of storage oscilloscope.
Since the difference between the two dark fringes is corresponding to A/2. The elongation in the piezo is
accurately measured as distance between two peaks on x-y display. The PIN diode does not need external
power supply. Its output is extremely stable with respect to time and current is directly proportional to
intensity of light and cell area [17].

Electronic control system:

i) High voltage amplifier: - The basic electronic control system for piezo drive requires a voltage ramp with
variable frequency. The piezo was earlier tested and its response 16 A%volt, which means a voltage ramp of
few hundreds is required to get at least shift of A/2 [18].

The general function generator available in laboratory have +15 volt to —15volt ramp. Therefore, a
special amplifier is built for this purpose. Figure (2) shows a diagram of amplifiers, which can be designed
and fabricated. The high voltage transistor is used which are easily available in local market. The class B
amplifier concept was used, in which the Q point is located at cut off; due to this the transistor conducts half
cycle of input. The unity gain operational amplifier is in inverting configuration, which works as an adder to

shift dc level of input signal by an amount required to bring the transistor in active region.
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Fig. 2. High voltage amplifier.
ii) High voltage regulated power supply: - The high voltage amplifier works on dual concept + 300 volt to —
300 volts, which is regulated using the dual regulator IC. By using adjustable three terminal regulator type LM
317 and LM 337 as positive voltage regulator and negative voltage regulator (figure (3)).
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Fig. 3. High voltage regulated power supply.
Experimental results and discussion:

The high voltage amplifier described earlier was tested for dc and ac performance by using function
generator and storage oscilloscope. Figure (4a) show the dc response, a fairly linear response was obtained for
0 to 300 volts. Similar response was obtained for ac voltage shown in figure (4b). However, the gain was
found to be 120 in contrast to 170 for dc measurement. Figure (5) shows the bode plot of the amplifier with
the 3db point at 3.2 kHz. It can be seen that the operational amplifier characteristic satisfies the requirement

for carrying on the experiment.
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Fig. 4. (a) dc and (b) ac response of high voltage amplifier respectively.
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Fig. 5. Frequency response of Fig. 6. Dc response PZT.

high voltage amplifier.

i) Measurement of piezo tube response: - The piezo is mounted on Michelson interferometer which is
subjected to high voltage between the inner and outer electrode resulting in the elongation or contraction
along the length to tube which in turn causes shift in the fringes. For the dc measurement voltage was varied
manually and the number of fringes displayed was measured. Figure (6) shows a plot of displacement versus
applied voltage. It can be seen that the piezo exhibits hysterisis curve. For ac measurement the output of the
amplifier was connected across the inner and outer electrodes and the response was observed on the laser
detector as shown in figure (7a, b). It shows the response of detector for sinusoidal and triangular waveforms,
clearly establishing the fact that the instrument response and resolution was more than sufficient to detector
the shift in the fringes. In order to measure the displacement, the output of detector was connected to y-axis of
the oscilloscope while the ramp voltage to the x-axis of the oscilloscope. Figure (7c) show x-y display of such
measurement, the distance between the two peaks the value 60 A%volt was obtained for the ac response. It
was found that the response A%volt depends on the frequency excitation. In figure (7d) shows the variation of

piezo tube response with frequency. The maximum being near the response frequency.
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(c) (d)

Fig. 7. (a) Response of detector for sine waveform, (b) Response of detector for triangular waveform, (c) x-y

displacement with x as ramp voltage and y as detector output for displacement measurement, (d) Ac response
of PZT near resonant frequency.
Discussion and conclusion:

The significant results of the present work in the observation figure (8) that the response depends on
the frequency excitation. The response is constant up to 10 Hz, as the driving frequency is increased about 10
Hz the travel of the actuators drops sharply, and near 100 Hz it about 1/4™" of its low frequency value. Above
100 Hz the travel increases and attends maximum at 1 kHz. Although, we ware unable to measure the
response above this frequency because of the phase shift in forward and backward travel, resulting in the

phase difference between x and y setting which in turn upsets the synchronization.
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Fig. 8. Relation between displacement versus applied frequency.
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Conclusion:

In conclusion we have designed and developed an elaborate experimental setup for dynamic and static
characterization of piezoelectric actuators, using the same we have obtained important results on piezoelectric
response as well as the effect of factors such as hysterisis, creep and fatigue on performance of actuators. The
result was important in the context of development of piezo based micropositioning devices for scanning

tunneling microscope (STM).
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