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ABSTRACT

Some performance characteristics of controllable composite transducers, comprising an apodised disc
piezoceramic transmitter and an integral polymer film receiver are described and verified on an experimenta)
basis. Apodisation of the transmilter, via a resistive taper electrode design is utilised to control the spatial
distribution of the generated ultrasonic field. The wideband receiver may comprise a single element
polyvinylidene (PVDF)} layer or altematively can be configured as a one dimensional multi-element anoular
array. Using this combination the composite devices are shown to produce enhanced signal quality, particularly
in applications such as imaging and materials characterisation where some form of inverse signal processing is
required.

1. INTRODUCTION

Ceaventional thickness mode piezoelectric transducers often suffer physical limitations which can restrict
severely their application range. Examples include aperture diffraction and multi-mode mechanical vibration,
both of which introduce complex field behaviour with a resultant spatial variation in acoustic pulse profile. Data
interpretation with respect to propagation medium characteristics and any associated inverse signal processing
is thus limited to restricted regions within the transducer sound field.

This problem has attracted considerable attention and severa! techniques for controlling the spatial field
of disc transducers have been reported in the literature [1,2,3). One method which the authors have found
successful [3) is illustrated in Figure 1, where a continupusly varying resistive taper and appropriate choice of
electrode pattern permit suppression of plane or edge components associated with circular aperture diffraction.
As shown in Figure 1, with "edge wave’ suppression, the resistive taper is utilised in order Lhat the applied
electric field decreases from a maximum at the centre to zero at the edge in a controlled fashion. A particular
feature of such & shaded transmitter is that the radial modes associated with some ceramic devices are suppressed
[3]. Altematively, the resistive taper is employed such that with “plane wave' suppression the electric field is
maximum at the disc edge and is reduced 1o 2ero in the centrs, again in 8 controlled manner. Apodisation in this
fashion results in axial focusing which is particularly applicable to imaging applications [3].
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Although atiractive, such apodised structures, with their fixed beam characteristics, possess limited
flexibility. This problem may be avercome by incorporation of & separute PVDF receiver positioned within the
front face matching layer, Whea configured as an ennular amay, this device provides wideband seception in
conjunction with variable beamforming for specific applications.
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Figure 2: Typical meceiver confl ion within
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The combination of an apodised ceramic transmitter (which may be utilised for reception} and PYDF reception
array is particularly attractive for operation into Jow impedance media, where the relative sensitivities of the two
transducer materials are employed for maximum benefil. A typical receiver configuration is shown in Figure

2, where each element may be configired as a separate receiver or electronically controlled to enable reception
beamforming.

In the following sections the principal features of the apodised transmitters are reviewed, followed by
a series of examples illustrating the enhanced behaviour of the new composite devices.

2. REVIEW OF TRANSMITTER CHARACTERISTICS

The theory covering behaviour of the apodised transmitters is described elsewhere [3) and only the main
results are repeated here. In a centre shaded device (CSD) the excitation voltage distribution across the aperture
of a disc transducer is shown in Figure 3a and described by Equation 1.
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Where Vs is the applied excilation voltage. This type of transducer is expected to demonstrate smooth field
characteristics, with minimum spatial variance of the radiated pressure wavelet[3].
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Figure 3: The volinge digtribution nperture functions of (a) a
centre shaded device (CSD) (b) en edge shaded device (ESD).

On the other hand, with an edge shaded device (ESD), the aperture distribution decays from the
transducer periphery towards the centre in & controlled manner. The appropriate voltage distribution function
is shown in Figure 3b and described by Equation 2.
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This type of device, although displaying near field structural variation, is expected to generate g highly
focused bearn which is collimated along the transducer axis [3).

Figure 4:Field directivi y of (A) C ional disc iter {B) Centre shaded device
(C) Edge shaded device. 1-Experimem 2-Theory

The principal features of both CS and ES transducers are illustrated in Figure 4 which compares the
field directivity characteristics with those of non-apodised ‘conventional’ transducers. In each case the
Iransducers comprised 30mm diameter PZT-5A discs operating under transient conditions at 4 centre frequency
of IMHz into a water load. A scanning wideband membrane hydrophone was used to detect the peak pressure
component which is plotied as a function of axial and latera) distance.
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It is mpparent that the C3 transmitter generates a relatively smooth field structure when compared with
the other devices, while the ES device demonstrates improved axial focusing beyond the near/far field boundary.
Theoretical predictions are in broad agreement except in the very pear field where radial and head wave
interference may be obseved on the experimental data. It is interesting to quantify the extent of spatial invariance
associated with the new transducer structures. Table 1 indicates the normalised cross—correlation coefficient
obtained for the three transducers at axial ranges of 20mm, 60mm, and 120mm.

Table 1:Correlation table of transmitted experimentnl axial profiles.
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Note that no measurement was performed for the ESD at 20mm owing to the strong radial mode activity present
in this region. In each case, the wavelet at an avial range of 20mm (40mm ESD) was correlated against that
measured at other axial positions. Tt is apparent that the CSD demonstrates little spatial variance at all ranges,
while the ESD is reasonably consistent in the far field.

The apodised structures also possess an additional important feature. Owing to the clamping effect of
the resistive taper, the upper spectral harmonics are emphasised with respect to the fundamental frequeacy. This
is illustrated by comparing the impedance magnitude spectra shown in Figure 5. The relatively wideband
behaviour of the shaded devices is readily apparent.
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Figure 5: Impedance magnitude spectrn of (4) Conventional dise
transmitter (B} Conire shaded device (C) Edgs shaded device

3.POTENTIAL APPLICATIONS FOR THE NEW
TRANSDUCERS

3.1 Conirol of Waveler Proftle (pre-filiering)

Generation of & pre-determined acoustic waveshape is often required for high resolution imaging and
materia] characterisation |4]. Consider the following frequency domain expression describing transducer output.
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where Y(f} represents the response of the transducer,
X(f) describes the transducer transfer function.

E(f) represents the vollage excitation function applied to the transducer.

The excitation function required to generute s specific Iransducer outpul may be evalusted from
inversion of X(f) in Equation 3. That is

IE(f)Iezpw,)a'p%E:__:g:j Eqn. 4

As X(F) tends to zerp then the corresponding component in E(f) tends to infinity. In order to protect against such
discontinuities in the resulting spectrum, the spectral components are redefined by setting a threshald as
described by Equation 5.
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An appropriate threshold was set by placing the threshold at 50dB below the peak of the magnitude spectrum.
The thresholding operation does nof influcnce phase information and the phase associated with each spectral
component is retained in the modified spectrum. The required excitation function is obtained by Inverse Fourier
Teansformation afier spectral division with the modified spectrum.

Representative results for the three transducers are shown in Figure 6, where attempts have been made
to generate & hipolar square wave in a water tank. It is apparent that improved performance is obtained for the
apodised structures, as a dirsct consequencs of the extended operationsl bandwidth,
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Figure 6: Prefiltcring 10 & bipolar square wave of (A) Conventionst disc transmitter ®
Cenre shaded transmitter () Edpe shaded transmitier,
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3.2 Resolution Enhancement (Post-Filtering).

It is also possible to improve the resolution of & target structure by means of suitable deconvolution or
post-filtering. Unfortunately optimal performance is rarely achieved owing to the non-minimum phase
characteristics and spatial variance associated with conveational ultrasonic data [5]. The improvement offered
by the new transducers is illustrated in Fipure 7, indicating the reconstructed acoustic impulse response of a
layered target using 8 Two-Sided Weiner Filter [6]. A target thickness of 50mm (crown glass block in water)
was selected to emphasise the influence of spatial variation in the received pulse profiles. It is apparent that evea
with this relatively crude time domain filter, improved performance has been achieved from the apodised
transmitters.
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Figure 7: Acoustic impulse response of a 50mm glass block in water. (A) simulated ie i (B 4 Ived impul
P of jonal disc ducer (C) deconvolved impulse FEpOnIe of centrs thadedtransmitier with 30mm diameter WDF recelver
(D) d hved impul f of edge shaded iner with Smm 4 PVDF recei

3.2 Imaging Performance.

As a direct result of the finite apeture, imaging within the very near field of conventional transducers
produces object smearing. The impravement offered by a broad beam centre shaded device incorporating an
$-element, half-wavclength annular array s illusirated in Figure 8. Here, reception delay beamforming [7] was
wiilised to maximise the receive response and focus the annular array,
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Figure B:Inuging resuls ot-uuml (A) from a 30mm diameter ¢ ional dise ducerwith 50 % threaholding on received data (B) from
& cenire shaded i T s PVYDF lar array receiver with SO% thresholding on received dats.
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The objects, which were subject to a raster scan (2mm horizontal and 2mm vertical) in a water tank,
comprised a pair of 2mm diameter circular steel targets separated by a distance of 6mm and positioned 10mm
from the transducer surface. Resultant C-scan images are shown in Figure 8 A-B, for a conventional transducer
(A) and the CSD-array combination (B). In each case the transducer diameter was 30mm, with a centre
frequency of IMHz. The improvement obtained from the compoasite structure is obvious.

4. CONCLUDING REMARKS

A renge of ceramic-PVDF transducers have been described and a selection of results indicating their
potential for imaging and structural characterisation have been described. Although more complex from a
constructional viewpoint, it is anticipated that the new devices will lead to improved inverse signal processing
in ultrasonic applications. Indeed the combination of an efficient, apodised piezoceramic device and an integral
piezo-polymer film (both of which may be utilised in transmission or reception), greatly enhances transduction
and application flexibility. Evaluation of the new devices for pre/post filtering, layer peeling and improved
imaging is currently underway at Strathclyde and will be reported at a later date.
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