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DESIGN AND CONSTRUCTION OF A
PVDF FRESNEL LENS

M. Z. Sleva and W. D. Hunt

School of Electrical Engineering and Microelectronics Research Center
Georgia Institute of Technology, Atlanta, Georgia 30332-0250, USA

Abstract

The design, construction, and performance of
an experimental broadband polyvinylidene flouride
(PVDF) Fresnel lens are discussed. Since PVDF
is characterised by an acoustic impedance which is
closely matched with that of human tissue, this work
is motivated by the potential application of a lens of
this type in medical imaging, particularly for shallow
features such as the carotid artery. A model for the
lens is proposed. A general pressure transfer function
is derived, which is used to obtain theoretical on-axis
and focal plane beam profiles. Two identical lenses
were tested in a water tank, and experimental self-
convolution profiles are reported.

I. Introduction

The objective of this work is to build an experimen-
tal wideband Fresnel lens using polyvinylidene flouride
(PVDF) and to investigate the theoretical and experi-
mental beam profiles of the lens. The long-term goal is
to use a lens of this type for imaging shallow features
such as the carotid artery. PVDF was chosen, primar-
ily, because of its acoustic impedance (~ 4 MRayls),
which is closely matched with that of human tissue
and water (~ 1.5 MRayls). In addition, it has been
reported extensively that PVDF transducers exhibit
wideband performance when properly designed [1].

A disk-shaped transducer may be used to realise an
acoustic Fresnel lens by depositing or etching a Fres-
nel sone plate (FZP) electrode pattern on one face of
the transducer while maintaining a full electrode on
the opposite face as illustrated in Fig. 1. The radii
which define the pattern and, consequently, the ring-
shaped sone boundaries are determined from Fresnel
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diffraction theory [2], and are given by:

T = ,%‘\_(.o_'-?)]l/’ ; m=13835,... (1)

where g, is the focal length, and X is the acoustic wave-
length in the medium into which the transducer is ra-
diating. The sone plate electrode pattern is an am-
plitude grating since acoustic signals are excited only
from those sones which are covered by the electrode.
Ideally, the excited signals are of equal amplitude and
are in phase.

Figure 1: Zone plate configuration and definition of
sone boundaries.

An alternative method of synthesizing an acoustic
lens is to use a Fresnel phase plate (FPP), which is a
phase grating also described by Eq. (1). For a phase
plate, all of the sones excite acoustic signals of equal
amplitude; however, a x phase shift is introduced be-
tween the signals generated at adjacent sones, The
phase shift may be obtained electrically by either driv-
ing adjacent sones in anti-phase or by poling adjacent "
sones anti-paralle]l to one another [8]. Alternatively,
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the phase shift may be obtained acoustically by etch-
ing grooves in a seperate material to provide a x phase
retardation between adjacent sones. The grooved ma-
terial is then affixed to the transducer [4,5]. At fre-
quencies useful for imaging, it would be difficult to
provide adequate electrical isolation between adjacent
sones using the former methods since the dimensions of
the pattern would be relatively small. Using the latter
method with a PVDF transducer, the required groove
depth is too great to etch chemically for any useful lens
material (e.g., lucite). In addition it would be difficult
to adequately pack the grooves with coupling gel in a
clinical situation. For these reasons it was decided to
use a sone plate, which is relatively easy to fabricate.
The remainder of this paper discusses the modelling,
construction, and performance of a PVDF sone plate.

II. Development Of Transfer Function

For a practical application, a lens is designed to
meet predetermined physical specifications and focus-
ing performance characteristics, which typically in-
clude operating frequency, F-number, focal length,
side-lobe levels, and depth of focus. The beamwidth
and side-lobe levels ultimately determine the achiev-
able resolution in the transverse direction. The depth
of focus determines the achievable axial resolation pro-
vided the transducer has sufficient bandwidth. It is of
interest then to determine, during the design phase, if
the required focusing performance can be achieved for
a given F-number at the frequency of interest. Quanti-
tative asessments of the focal point location and depth
of focus may be obtained from the relative pressure dis-
tribution or beam profile on the lens axis. Likewise,
quantitative assessments of beamwidth and side-lobe
levels can be made from the focal plane beam profile.
Both beam profiles may be generated from a general
pressure transfer function.

To calculate a transfer function relating the pressure
at an arbitrary point to the pressure at the lens, the
lens is modelled as a series of concentric, ring-shaped
radiators mounted on an infinite, rigid bafle. All radi-
ators are assumed to be uniformly excited with equal
amplitude and in phase. In addition, it is assumed that
the spatial distribution of the acoustic field immedi-
ately in front of the lens is an exact replica of the FZP
electrode pattern. It has been shown that the latter as-
sumption, which neglects mechanical aberrations, may
result in inaccurately computed beam profiles [6]. The
aberrations are caused by the finite spatial cut-off fre-
quency of the transducer material and reflections at
the front and rear of the transducer due to impedance
mismatches [7]. The design used in this work takes ad-

822 — 1990 ULTRASONICS SYMPOSIUM

vantage of the low acoustic impedance of PVDF to cir-
cumvent the problem of multiple reflections. The lens
is backed with an impedance matched material, result-
ing in negligible reflections at the rear. The impedance
ratio of PVDF to water is about 2.7:1, resulting in a
normal reflection coefficient of magnitude 0.45 at the
front interface, so reflections at the front face of the
lens are minimal. The cut-off frequency, however, is a
function of material properties of the PVDF |3,6].

For the general case of a radiator of area S, mounted
on an infinite, rigid baffle in the =0 plane and uni-
formly excited with an impulsive velocity, ¥ = v,6(t)3,
the potential at an arbitrary point B at f, is given by
the Rayleigh Integral:

olt7) = 22 / / : f—(-t—;i)-ds. @)

In Eq. (2) Ve is the speed of sound in the medium (in
this work, taken to be water). The integration need be
carried out only over S,, as this is the only surface for
which the integrand is nonsero since it is assumed that
the Sommerfeld radiation condition applies and that
the baffle is rigid. From Eq. (2) the required transfer
function is found to be:

P(wor)l = // ‘wR/"t )

where P and P, are the pressures at point B and at
the face of the transducer, respectively.

Equation (3) can be applied directly to the case of
an FZP if S, is the area defined by the sone plate
electrode pattern. This is carried out by calculating
the individual contributions to the total pressure at a
given point from each radiating ring (sone) and then
summing all the contributions. The geometry appro-
priate for calculation of the pressure at an arbitrary
point due to a single ring-shaped radiator is shown in
Fig. 2. Using cylindrical coordinates as defined in the
figure, P(w,7) = P(w,r.,$,3). The on-axis response
for the n* ring-shaped radiator is found in closed form
as:

Po(w,0,0,5) .. wuy, .. Wig,
= ysin — y8in -

) S Ve Ve
wup, wu.,.
cos Ve _+ v, (4)

where u,, = (a2 + 5?) 2 and up, = (82 + 2%) Y3, The
total pressure at a point on the s-axis due to a plate
with N sones then is given by the following summation:




111111‘7""'.

P{w,0,0,2) 2% e wup, .. Wug,

n=1

wup, Wiy,
Ve + cos &7 ] : (5)

Setting # = 2, in the expressions for u,, and u, ob-
tains the total pressure at the focal point. For a point
off-axis, Eq. (3) must be evaluated numerically. For a
sone plate with N sones, the total pressure at a point
in the focal plane is given by:

P("’- ) ¢)zo) =

F,
N 2x pb, e—juRIVg ¢
g[[o ot r:dr,d«b] (©)

where the primed variables refer to the radiator sur-
face.

cos
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2

Figure 2: Geometry for calculation of pressure at ar-
bitrary point B due to a single ring-shaped radiator.

III. Calculated Beam Profiles

A 7 sone, 15 mm diameter sone plate was de-
signed for a focal length of 27.2 mm (F-number =1.81)
at a center frequency of 10 MHs, which is the half-
wavelength resonance frequency for a 110 um thick
sample of PVDF. The on-axis beam profile is shown
in Fig. 3(a). From the plot it is seen that the actual

focal length is 26.9 mm, 1.1% shorter than the design
length. The magnitude of the pressure is normalised
to the value at the actual focal point. The depth of
focus, defined as the distance between the points at
which the pressure is 3 dB below that at the focal
point, is about 4 mm. Of interest is the significant
subsidiary focus formed within the near-field, which is
a result of the phase sampling inherent to a Fresnel
lens [8]. Defining the sones according to Eq. (1) for a
phase plate yielde a phase sampling rate of only twice
per period.

The calculated on-axis profiles are shown in Figs.
3(b) and 3(c) for the lens operating at 8 and 12 MHs,
respectively. It is seen that the focal length increases
with increasing frequency as does the depth of focus.
The change in the focal length with frequency is pre-
dicted by Eq. (1). The magnitude of the subsidiary
focus becomes larger, relative to the main focus, with
increasing frequency. To further investigate the be-
havior of the subsidiary focus, the on-axis prifile was
plotted for a 4 sone, 11 mm diameter lens designed for
the same center frequency and focal length as the 15
mm lens. Thus the F-number is increased to 2.36. The
profile is shows in Fig. 4. From the plot it is apparent
that the magnitude of the subsidiary focus becomes
comparable to that of the main focus as the number
of sones is decreased. In addition, the deviation of the
true focal length from the design value increases as the
number of sones is reduced. For the 11 mm sone plate,
the actual focal length is 26.2 mm, 3.7% shorter than
the design length.

The frequency independent focal plane profile for
the 15 mm sone plate is shown in Fig. 5. The profile for
an ideal spherical lens with the same focal length and
diameter is shown also. It is seen that even for 7 sones
the ideal profile is a reasonably good approximation.
The 3 dB beamwidth for the sone plate is about 0.3
mm, and the magnitude of the first side-lobe is about
18 dB below that at the focal point.

IV. Construction and Performance
Testing of A 15 mm Zone Plate

The 7 sone, 15 mm diameter sone plate described
in the previous section was fabricated using 110 ym
thick PVDF with gold electrodes. The FZP pattern
was etched photolithographically. Since the features
of the pattern are relatively large (on the order of 1
to 10 mils), an inexpensive laser-generated photoplot
was used as a mask. Using a compresion jig, the PVDF
was affixed to a polished composite backing material
consisting of casting epaxy and tungsten dust of 2.15
pm average particle sise. The volume percent of tung-
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sten required to achieve an acoustic impedance match
to the PVDF was calculated using the Reuss model
for the bulk modulus of composite materials [9]. The
transducer and backing material were housed in a plex-
iglas case, and electrical contacts from the electrodes
to a coaxial cable were made using silver epoxy. Three
more identical lenses were fabricated in the same man-
ner.

The zone radii of the mask used to expose the FZP
pattern were measured, and it was found that there
were significant deviations from the desired values, es-
pecially in the outermost regions, due to the limited
resolution of the laser-generated artwork. Beam pro-
files were calculated using the measured values. The
focal length deviated from the ideal case by less than
2%, and the focal plane profile exhibited only minor
differences.

In order to investigate the focusing ability of the
lenses, two identical lenses were positioned in a water
tank parallel to one another, separated by the appro-
priate confocal distance at 8, 10, and 12 MHs. At
each frequency, a gated RF signal was transmitted by
one of the lenses as it was scanned orthogonal to and
through the lens axis. The voltage developed across
the terminals of the receiving lens was recorded as a
function of distance from the axis. Since the lenses are
identical, the received voltage versus distance plot is
proportional to the self-convolution of the focal plane
profile of a single lens [10]. PVDF is very susceptible to
electromagnetic interference, and a significant amount
of RF feed-through was observed, making it difficalt to
isolate the delayed acoustic signal on an oscilloscope
trace. The receiving lens was shielded with an alu-
minum cage fitted with a silver-painted mylar acous-
tic window, making it poasible to isolate and trigger
on the acoustic signal.

The Normalised received voltage plots are shown
in Fig. 6. Since the focal plane profile is well-
approximated by the ideal lens profile, it is expected
that the self-convolution should resemble the pressure
profile with little spreading. The experimental plots,
however, are significantly wider than the calculated fo-
cal plane profile. In addition there is a lack of symme-
try about the lens axis, especially at 8 MHs. Although
some aberration effects are expected, it is not believed
that it is the cause of the deviation in the experimental
results. The measurement system offered no vernier
control over the orientation of the lens faces. The
lack of symmetry in the data suggests that the lenses
were not parallel. The data, however, gives evidence
of focusing, but it is impossible to make a meaningful
quantitative assessment of the performance with the
present measurement system. Currently, efforts are in
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progress to retrofit the measurement system with the
necessary vernier control to generate accurate profiles.

V. Summary

In this paper theoretical beam profiles were gen-
erated for Fresnel sone plates. The on-axis profiles
revealed the presence of significant subsidiary focci,
which become increasingly larger in magnitude relative
to the main focus as the number of sones is reduced.
The focal plane response for a 7 sone lens was shown
to be fairly well-approximated by the ideal profile,

The construction of a 7 sone, 15 mm PVDF sone
plate was discussed, and experimental self-convolution
results were presented. Limitations of the present mea-
surement system are believed to be responsible for the
poor results, and no quantitative assessment of the fo-
cusing performance was made. Efforts are in progress
to improve the measurement system.
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TRANSIENT ANALYSIS OF A PVDF FRESNEL ZONE PLATE

M. Z. Sleva and W. D. Hunt

School of Electrical Engineering and Microelectronics Research Center
Georgia Institute of Technology, Atlanta, Georgia 30332-0250, USA

Abstract— In this paper a method of estimating tran-
sient beam profiles for polyvinylidene fluoride (PVDF)
Fresnel zone plates is presented. The plane and edge
wave convolution integral approach is used to calculate
the pressure, p(t,7), at an arbitrary point due to the
transient pressure, p (1), at the front surface of the zone
plate. This technique exploits the circular symmetry of
the device to generate an analytic expression for the
spatial impulse response, k(r,7). Theoretical estimates
of p (7) are obtained using a lossy Mason model, which
makes it possible to investigate the effects of various
excitation signals on the beam profiles during the de-
sign phase. The dielectric and mechanical loss pa-
rameters used in the model are estimatéd from simple
input impedance measurements of an air-backed, air-
loaded sample of PVDF. Model results are presented
for a 3-zone Fresnel zone plate, demonstrating the util-
ity of the analysis in excitation signal design.

1. Introduction

An acoustic Fresnel zone plate can be realized by depos-
iting a zone plate electrode pattern on the front of a disk-
shaped transducer while maintaining a full electrode on
the back [1], as illustrated in fig. 1. The zone radii are
determined from Fresnel diffraction theory [2] and are

.given by

where z, is the focal length, and A is the acoustic
wavelength in the medium into which the device is
radiating. The problem addressed in this work is that of
developing a model for the zone plate transducer which
can be used to predict the pressure waveform at a point in
the field of the device when it is excited by an arbitrary
signal. This work is motivated by an interest in
investigating various wideband signals for potential use in
a catheter-based tissue characterization system using a
focused transducer. The approach taken by the authors is

m=1,3,5,. (1)

to treat independently the electromechanical model of the
PVDF film and the acoustic model of the zone plate

The Mason model, modified to account for dielectric
and mechanical losses, is used to develop a transfer func-
tion relating the pressure, P (), at the face of the trans-
ducer to the exciting voltage V(®w). The zone plate
radiator is modeled as a series of concentric ring-shaped
radiators and a center disk-shaped radiator mounted on an
infinite rigid baffle. The plane and edge wave analysis for
baffled planar pistons is used to generate a general expres-
sion for the spatial impulse response, h(t,7), of the zone
plate. Finally, the transient pressure, p(t,7), is obtained
from the convolution of h(t,F) with p,(7), where p, (9 is
the inverse Fourier transform of P,{®). Thus the transient
analysis can be carried out for a zone plate design once
the loss properties are determined for a sample of the
PVDF film from which the transducer is to be constructed.

Fig. 1. Diagram of a 3-zone Fresnel zone plate transducer.

2. Electromechanical Model of the
Transducer
The PVDF zone plate transducer is modeled as a lossy
transducer of area A, equal to the total area of the zone
plate electrode patten. The Mason model, modified to
account for dielectric and mechanical losses, is used.
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Thus the zone plate transducer is assumed operating in
thickness mode.

The relatively wide bandwidth of a properly designed
PVDF transducer is due to the low acoustic impedance as
well as the significant dielectric and mechanical losses
associated with the material. The losses must be ac-
counted for in the electromechanical model [3]. The clas-
sical Mason model (fig. 2) may be modified to account for
dielectric and mechanical losses by making the substitu-
tions [4],

€* - e'(w)[1-jop(w)] (2a)

¢P = P! +/Ww)] , (2b)
where £'(w) and c¢%(w) are the frequency dependent
dielectric permittivity and elastic "constant", respectively.
®w) and y(w) are the dielectric and mechanical loss
tangents, respectively.  Substitution (la) results in
replacing the bulk capacitance of the transducer, C,, with
the lossy capacitance, C,", given by

C; =€e5(w)[1-jo(w)]4/l (3)

for a transducer of area A and thickness /. The method of
Brown and Carlson [5] is used to estimate £(®) and ¢(w)
from input impedance measurements for an air-backed,
air-loaded sample of PVDF over the frequency range of
interest as follows:

Below resonance the input impedance of the sample is

approximately that due to C,” so that
Z;y = {weS(0)[j + @lw)14/l} . (C))
Estimates of £{w) and. @(w) can then be made using
¢(w) =-1/tan{0;) (5a)
e =I{|Zalod JQ*@+1},  (5b)

where |Z,] and 6, are the magnitude and phase of the input
- impedance, respectively. Since (5) do not hold near
resonance, approximations for £(w) and @(w) must be
obtained there by smoothly interpolating the results
through resonance. Once €’(®) and @(®) have been
determined, the series resonant frequency, @, can be
estimated from the =zero-crossing frequency of a
least-squares linear fit to a plot of the reactive portion of
the series impedance, Z, (fig. 2) versus frequency in the

vicinity of resonance [5]. The acoustic velocity, v, is
calculated using v; = w,//x.

Substitution (1b) results in replacing the acoustic propa-
gation constant, B, of the piezoelectric material with the
complex acoustic propagation term, B,’, given by

Bz = 0 /pa/{cP[1+/W(0)]}

= o[ 1 = /y(@)/2] [pa/cP(®) , for (@) << 1. (6)

In (6) p, is the material density. If (6) is rewritten
Bz = Be(w) —jo(w) = Ba()1 —jo(w)/Ba(w)], then W(w)
can be expressed in terms of the acoustic attenuation
coefficient, o(w), as follows:

V() = 20(®)/Ba(), (7

where B,(w) = (o,/p./c"((o) .

The method of Tumbull ef al. [6] is used to estimate o
and the coupling coefficient, k, at ©, from input im-
pedance measurements. The assumption made in this
work is that a and k are constant over the frequency range
of interest and are equal to their respective values at @,. ¥
is estimated at resonance using (7) with B.(w,) =4n/l. v
is assumed constant and equal to this value. Finally, the
acoustic impedance, Z,, is found using Z, = p. 0,//x.

Z,tan B 112
N . tan P
-C, Z,cscPul | 7Z,tan .12
— :®
+ C, L+
) Ty, Z¢  ZreP.(w)
—> =k, JC.ZI

Fig. 2. The classical Mason model for a thickness-mode
transducer terminated with acoustic impedances Z, and Z,.

3. Acoustic Model of the Zone Plate Radiator
The zone plate is modeled as a series of concentric an-
nuli and a center disk vibrating as planar pistons mounted
on an infinite rigid baffle. It has been shown [7] that
PVDF transducers are well approximated by a simple pis-
ton model. The approach used to calculate the transient
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field of the zone plate is the plane and edge wave con-
volution integral method of Lockwood and Willette [8],
which is summarized here.

For an arbitrary point at 7= r 7. + 22 in the field of the
device, the pressure, p(1,7), due to the transient pressure,
(0, at the surface of the radiator can be found using the
convolution expression

pe=£3(p0*heD).  ®

where v, is the speed of sound in the medium (taken to be
water), and h(t,7) is the spatial impulse response of the
device. h(1,F) can be found analytically for a disk
radiator. For a point on the axis of symmetry (z axis) of a
disk of radius g in the z= 0 plane, (8) reduces to

p(t,z) =po(t) * [8(71) —d(T2)], &)

where 1) =t-2z/v, and 1 = t- (22 + @) /v, The
interpretation of (9) is that the transient pressure is due to
a plane wave originating at the center of the disk and an
inverted "edge wave," each delayed by the appropriate
travel time,

For the general case, it has been shown [7] that, for
re <a, h(t,F) is given by

h(t,F) =0, vut<z
= Vw, Z<th<R1
= (vW/1)0/2, Ry <Vt <R3

=0, vwt> R, (10a)
and, forr. 2 a, by

h(to F) = 0! vt < RI
= (V/n)0/2, Ry <Vwt<R,

=0, vwt>R,. (10b)

In (10) R|=J(a-r._.)2+zz s Rz=,[(u+r,)2+zz , and

0/2=cos{(r2 + (V)2 -2 - az)/(Zr,J(v.,:)2 -z2)}.
The analysis can be extended to treat an annulus with
outer radius g and inner radius b by subtracting the im-

pulse response of a disk of radius 4 from that of another
disk of radius a [9]. Thus p(s,F) due to a zone plate with
N zones (N-] annuli plus the center disk) can be ex-
pressed as

pth= X {40t hn)].  ap

where h,(1,7) is the spatial impulse response of the n*
zone.

4. Results for a 3-Zone Fresnel Zone Plate

The transient analysis is demonstrated for a zone plate
with three zones and a focal length of 5 mm. The diame-
ter of the zone plate is 3.68 mm, resulting in an f-number
of 1.36. The necessary material parameters used in the
lossy Mason model were calculated from impedance mea-
surements for an air-backed, air-loaded 1 ¢cm’® sample of
PVDF using an HP 8753B network analyzer. The thick-
ness of the sample was 109 um, and the density was deter-
mined to be 1.86 g/cm®. The relative permittivity and
dielectric loss tangent curves are shown in fig. 4. Table |
lists the remainder of the calculated material parameters
for the sample. Assuming an impedance-matched backing
(23 =2,) and water loading (Zr = 1.5 MRayls), the trans-
fer function P,(®)/V(w) was calculated for the zone plate
transducer. The transient response was calculated for
points along the z-axis for one-, three-, and six-cycle tone
bursts of frequency f;=2nw, using (11), where p(?) is
the inverse Fourier transform of P (). The resulting tran-
sient beam profile for each case is shown in fig. 3.

For the case of one-cycle excitation, there is little near-
field structure, and the focal region is poorly defined. For
the three-cycle case, a well defined focus is present, and
there is little near-field structure except for a subsidiary
focus. Excitation with six cycles results in more near-
field structure and a significant subsidiary focus. The fo-
cal plane profiles are shown in fig. 5. While the 3 dB
beam width varies little with the number of cycles, the
side lobe levels vary significantly, decreasing with in-
creasing number of cycles. It can be concluded that for
tone-burst excitation of a zone plate with N zones, the
optimum number of cycles for a predictable on-axis pro-
file is N. However, the number of zones should be large
enough to sufficiently suppress the side lobes. It has been
shown [1] that the focal plane profile of a 7-zone Fresnel
zone plate approximates that of an ideal spherical lens
with the same f-number reasonably well.

The authors are investigating a catheter-based tissue
characterization system utilizing spread spectrum signal
schemes. One excitation scheme of interest is the un-
weighted frequency modulated (FM) chirp given by
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v =sin (2 fuwt + (=22 )2 )|, 12)

where fimax — /i is the frequency range of the chirp, and
T is the duration of the signal. On-axis beam profiles for
unweighted FM chirps from 8 to 12 MHz with T = 0.5
and 0.75 psec and from 6 to 12 MHz with T = 0.75 psec
are shown in fig. 6. From fig. 6(a) it is evident that the
chirp effectively extends the depth of focus for the zone
plate. Further extension of the depth of focus can be
achieved by increasing the duration of the chirp as in fig.
6(b). The magnitude of the near-field peak, bowever, is
comparable to the focal region. Fig. 6(c) demonstrates
that an increase in both the time duration and the
frequency range, however, extends the depth of focus
while limiting the magnitude of the near-field peak.
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Fig.3. Plots of (a) relative penmittivity, €/¢,, and (b) dielec-
tric Joss tangent, @, for the 109 um thick PVDF.

In the preceding discussion it is demonstrated that the
analysis presented in this work effectively enables the in-
vestigation of various excitation signal schemes; which, as
illustrated in figs. 4, 5, and 6, can have a significant effect
on the beam profile of a zone plate transducer. The exci-
tation signal and zone plate, however, can be designed to
optimize the shape of the profile for a particular applica-
tion. Spread spectrum signals should be chosen to opti-
mize both the signal processing and the acoustic
performance of the system.

Z, Y I, 1 4 k,
(MRayls) | Ga/s) | Mz
42 225 103 0.12 0.16

Table 1. Properties of the 109 um thick PVDF.

S. Summary and Conclusion

A method of estimating transient beam profiles for
PVDF Fresnel zone plates has been presented. This meth-
od uses the lossy Mason model for the transducer with the
pecessary material parameters determined from input im-
pedance measurements on a sample of the material. The
plane and edge wave analysis for baffled planar pistons is
used for the zone plate acoustic radiator. This approach
exploits the circular symmetry of the zone plate to obtain
a general analytic expression for the spatial impulse re-
sponse of the zone plate.

Theoretical beam profiles were calculated for a 3-zone
device driven by tone-burst and unweighted FM chirp sig-
nals using material parameters for a sample of 109 pm
thick PVDF. The results demonstrate the utility of the
mode! in excitation signal design, whichk is of interest
since the authors are investigating spread spectrum tissue
characterization techniques. The results indicate that a
signal scheme should be chosen with regard for both the
signal processing and the acoustic requirements of the ap-
plication.

Acknowledgements

This work was supported by the American Heart Associ-
ation and the National Science Foundation.

IEEE 1992 Ultrasonics Symposium



o =
© o

o
®

o o
(-]

an
v

Magnitude of Peak Pressure
5 %

i A A L ' J

I Y N
Axial Distance [z], mm

@

o
w

o o © o =
o N ®» w o

w

e ©o
P

Magnitude of Peak Pressure

o
@
"
5
L
L
L

Axial Distance [z], mm
®)

e © © O =
5 ~wN & o o

w

Magnitude of Peak Prassure

®© © ©
»

w
5

1 & 1 PR | PR | A 1 P )

2 3 4 5 & 7
Axial Distance [z], mm

©

Fig 4. Theoretical on-axis beam profiles for the 3-zone

Fresnel zone plate excited by (a) ane~cycle, (b) threecycle,
and (¢) six-cycle tone bursts.

Fa— |

A ']
0.4 0.5

Y T TR T E—
Radial Distance [r], mm

Fig. 5. Theoretical focal plane profiles for the 3-zone Fres-
nel zone plate excited by one-, three-, and six-cycle tone
bursts.

References

(1]

[2]
3]

[4]

[51

(6

(8]

M. Z. Sleva and W. D. Hunt, "Design and
construction of a PVDF Fresnel lens,” IEEE
Ultrason. Symp., 1990, pp. 821-826.

F. A. Jenkins and H. E. White, Fundamentals of
Optics, 4" Ed., New York: McGraw-Hill, 1976.

L. N. Bui, H. J. Shaw, and L. T. Zitelli, "Study of
acoustic wave resonance in piezoelectric PVF, film,"
IEEE Trans. Sonics Ultrason., vol. su-24, no.5, pp.
331-336, 1977.

H. Ohigashi, T. Itoh, K. Kimura, T. Nakanishi, M.
Suzuki, "Analysis of frequency response
characteristics of polymer ultrasonic transducers,"
Jpn. J. Appl. Phys., vol. 27, po. 3, pp. 354-360,
1988.

L. F. Brown and D. L. Carlson, "Ultrasound
transducer models for piezoelectric polymer films,"
IEEE Trans. Sonics Ulrrason., vol. 36, no. 3, pp.
313-318, 1989.

D. H. Tumnbull, M. D. Sherar, and F. S. Foster,
"Determination of electromechanical coupling
coefficients in transducer materials with high
mechanical losses," IEEE Ulrrason. Symp., 1988, pp.
631-634. ‘

S. M. Kramer, S. L. McBride, H. D. Mair, and D. A.
Hutchins, "Characteristics of wide-band planar
ultrasonic transducers using plane and edge wave
contributions,” IEEE Trans. Ulmrason., Ferroelec.
Freq. Contr., vol. 35, no. 2, 1988.

J. C. Lockwood and J. G. Willette, "High-speed
method for computing the exact solution for the
pressure vibrations in the near field of a baffled
piston,” J. Acoust. Soc. Amer., vol. 53, no. 3, pp.
735-741, 1973,

IEEE 1992 Ultrasonics Symposium



[9] D. A. Hutchins, H. D. Mair, and P. A. Puhach,
*Transient pressure fields of PVDF transducers,” J.
Acoust. Soc. Amer., vol. 82, no. 1, 1987,

Magnttude of Peak Pressure

0 1 2 3 4 5 & 7
Axial Distance [z], mm
(a)

o o =
» W o

e
~

o
»n

o
»

Magnitude of Peak Pressure

'] i 'l A ) Y 1 L A 1 A ]

1 2z 3 4 & 6 7
Axial Distance {z], mm

®

o
t
(¥

o o =
@ o o

e
~N

g
5]

o
-

Peak Pressure Magnitude

o
(%]
9

2 38 4 6 8 7
Axial Distance [z], mm
©

Fig. 6. Theoretical on-axis beam profiles for the 3-zone
PVDF Fresnel zone plate excited by unweighted FM chirps.
(a) 8 10 12 MHz, T = 0.5 psec; (b) 8 to 12 MHz, T= (.75
psec; and (c) 6 to 12 MHz, T'=0.75 psec.

IEEE 1992 Ultrasonics Symposium



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

