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Abstract—The article presents the results of experimental determination of the structure of surface vibrations of a
two-dimensional phased ultrasound probe using transient acoustic holography in the frequency range from 0.1 to
10 MHz. It is shown that this method makes it possible to detect individual elements operating with parameter
deviations from the nominal values, including inactive ones. A comparison is made with the results of echo pulse
measurements for each element, as well as measurements of the electric capacitance of the elements.
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INTRODUCTION

Multielement ultrasound (US) arrays are widely
used in medical diagnostics and nondestructive test-
ing. In most modern ultrasound scanners, one-
dimensional (linear) ultrasound arrays are used,
which, due to special phasing of signals from various
elements, allow echo pulse visualization in a two-
dimensional area—a flat site perpendicular to the
array elements. Improvement of obtained images in
comparison with the simplest DAS (delay and sum)
construction method is achieved with new signal pro-
cessing algorithms [1, 2] and recognition methods [3,
4]. In recent years there has been a trend of using two-
dimensional arrays, which can significantly improve
ultrasound visualization or the therapeutic application
accuracy by not only covering a three-dimensional
area, but also by more efficient compensation of aber-
rations when ultrasound methods are used in inhomo-
geneous media [5].

When using such arrays, the elements are usually
considered ideal, which is often a very rough approxi-
mation. In reality, it is important to be able to control
the state of separate elements, as well as their ability to
emit and receive signals in the required frequency
range. It is also desirable to estimate the state of the
protective and matching layers on the emitting sur-
face, the quality of electric contacts between piezo-
electric elements and their supply wires, etc. When
determining the nature of the emitted ultrasound
field, developers sometimes limit themselves to a set of
electric characteristics of elements using various
approximations (for example, assumptions about the
piston nature of element-surface oscillations). For a
number of applications, this may be unacceptable in

level of accuracy of the predicted field due to a number
of defects and the inappropriateness of the approxi-
mations used [6]. The nature of source-surface oscil-
lations can be determined by well-known methods,
e.g., laser vibrometry [7] or schlieren visualization [8].
However, both of these methods cannot directly
obtain the quantitative field distribution in a liquid
working medium. The first method works in air, while
acoustooptic interaction occurs in a liquid, which
introduces significant interference [9, 10]. The second
method makes it possible to simply obtain a qualitative
picture of the ultrasound beam in a transparent fluid,
but to obtain quantitative distributions, it is necessary
to use a complex and high-precision tomography
scheme. For a quantitative characterization of the
radiated pulsed field, this study proposes transient
acoustic holography [11].

In a broad sense, holography is the recording of
complete information about a wave (holograms). In
the case of a harmonic wave, not only the amplitude,
but also the phase of the wave is recorded. According
to the general properties of the solution to the wave
equation, it is sufficient to make such a recording on
some surface surrounding the visualized object. For
acoustic waves, several holography options have been
proposed and implemented in analogy with the optical
recording principle [12—14]. Later it became clear that
in acoustics it is possible to avoid the use of interfer-
ence with an auxiliary reference beam, since, due to
the relatively low signal frequency, it is quite easy to
directly record the amplitude and phase of the wave at
each point of the measurement surface, then recreate
the original field numerically. Moreover, in the case of
nonsinusoidal signals, it is possible to record the full
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temporal waveform of signals at points on a specified
surface. Such an approach was developed in [8, 11,
15—17] for the case of megahertz-range ultrasound
waves propagating in fluids. The essence of the
method is numerical calculation of the vibration
velocity of the transducer surface based on the experi-
mentally measured acoustic pressure distribution on a
certain surface in front of the source. Mathematically,
the problem is reduced to solving the inverse problem
of finding the unknown field values at points of the
source surface based on the known field values at
points of a certain area of the surface in front of the
source (hologram).

To date, several different acoustic holography ver-
sions have been proposed. One effective way to con-
vert the wave field from plane to plane is the angular
(spatial) spectrum method, which is used both for cal-
culating the propagation of acoustic fields from plane
sources [18, 19] and for backward recalculation [20],
i.e., for holographic reconstruction by backpropaga-
tion. The angular spectrum method can be generalized
to the case of cylindrical or spherical sources [21, 22].
A large number of publications are devoted to near-
field acoustic holography, which is characterized by
recording of a hologram at a relatively close distance
from the source, on the order of the wavelength. This
holography version was significantly developed in air
acoustics, where it is already used to find the velocity
or pressure distributions on vibrating surfaces of various
devices. In this case, inhomogeneous waves are taken
into account, which, as is known, carry information
about small-scale details of the field at the source [23].

In this study, the method of transient acoustic
holography is proposed and tested to determine the
sensitivity of elements to radiation and the correspon-
dence between the element and channel number of the
ultrasound system. In the experiment, a 384-element
ultrasound array with a center frequency of 2 MHz
(Medelkom, Lithuania) was investigated. When cali-
brated in the 0.1-10 MHz frequency band, it was
demonstrated that the proposed method has a high
spatiotemporal resolution, which makes it possible to
visualize the vibrations of individual elements and
detect defects on the surface of the source.

THEORETICAL CONSIDERATION
OF THE METHOD

In most ultrasound applications in medicine and
nondestructive testing, the transducer dimensions are
much larger than the wavelength, and the studied
areas of the medium are at a distance much greater
than the wavelength from the source; therefore, it is
not necessary to take into account evanescent waves,
in contrast to a number of holographic problems of
hydroacoustics in the kilohertz range [12, 13]. The
developed acoustic holography option is based on the
principle of wavefront reversal, based on invariance of
the wave equation in a nonabsorbing medium with
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respect to the time reversal operation [24]. To carry
out forward or backward propagation, in some cases, it
is convenient to use the Rayleigh integral method,
which is especially convenient when studying nonpla-
nar radiating surfaces vibrating according to a har-
monic law [15]. Due to the linearity of the problem, it
can easily be generalized to the case of nonstationary
(in particular, pulsed) sources [17]. In this case, at
each point of the hologram, not the amplitude and
phase of the signal are recorded (as is done in the study
of monochromatic sources), but the full waveform.
This approach, as already noted, is valid when study-
ing vibrations of the surface of a source and/or a mea-
surement surface with a nonplanar shape, e.g., focus-
ing [16].

When the surface of the scanned area (hologram)
and the surface of the source are plane-parallel, faster
calculation is possible using the angular spectrum
method. Note, however, that the speed of calculations
is usually not a problem, so the choice of a particular
method (Rayleigh integral or angular spectrum) is not
critical. For definiteness, let us formulate the analyti-
cal regularities of forward and backward propagation
of the ultrasound pressure field, which varies with time
according to an anharmonic law, using Fourier trans-
form. Let us consider a plane z = 0 located directly at
the surface of a planar ultrasound source in water. The
acoustic pressure distribution p(x,y,z = 0,7) in this
plane is determined by the nature of vibrations of the
source surface, which is unknown. Due to the linearity
of the problem, it is convenient to consider the propa-
gation of each harmonic component of the signal
S(x,y,z,m) independently of others. The spatial
structure of the field of each harmonic is the depen-
dence of the actual amplitude and phase of this har-
monic on the coordinates, which can be conveniently
reduced to the spatial dependence of the complex
amplitude, considering the function S (x, y,z,®) to be
complex. Within the framework of the angular spec-
trum method, this dependence can be reduced to

P(kx,ky,z,u)) by moving from spatial coordinates

(x,y,z) to mixed (k,,k,,z) using the 2D spatial Fou-
rier transform:

oo

P(ky k2, 0) = I j S(x,y,2,0)e " dxdy, (1)
where
S(x,y,z,0)= Ip(x,y,z,t)e’“”dt. ()

Here k,, k, are the projections of the wave vector k (o)
for each harmonic component on the axis x and y,
respectively. The z axis corresponds to the main direc-
tion of propagation of the ultrasound field.
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Using the introduced notation, it is not difficult
using the initial field on the plane z = 0 to express the
angular spectrum of the harmonic field component on
a plane far from the source at a distance z;; taking into
account the acquired phase incursion

k.zy = \k* = k. — k}z, where k = k (0) = o/c(o

the wavenumber and ¢ is the sound speed at a glven
frequency in the medium (for the considered case—in
water):

P(kxakyazﬂa ) P(kx,ky’o w)G(kxakyasz(D)’ (3)

i/‘”—;—kj—kﬁz,,
Gk ky,zg,0)=e'* ) 4)

Thus, the angular spectra of the acoustic pressure
field on parallel planes z are related by propagator G,
which makes it easy to recalculate the field from one
plane to another. In this case, the obtained expressions
immediately make it possible to solve the inverse prob-
lem in the classical formulation of holography: for a
known (from measurements) field on the hologram
plane z = z, to find the field at the source. Indeed,
multiplying the right- and left-hand sides of expres-

where

p(x,,0,1) =

where

P (kyokyr 2, 0)

fT{TP(x, Y2t e’(‘”"k*""‘y”dt}dxdy.

—oo

(7

—oo

As noted above, calculation of the field using the
obtained formulas is possible only for plane-parallel
surfaces. For real measurements, however, deviation
of the transducer and hologram surfaces from the
mutual parallelism is inevitable [16], which formally
makes the proposed method not directly applicable to
real conditions. This, however, is not a serious prob-
lem, since even a monochromatic hologram is a set of
data on the full three-dimensional spatial structure of
the field in the region of interest, which means that
even in the case of mutual nonparallelism of surfaces,
information about the field along the required surface
can be reconstructed with the angular spectrum
method. For example, with linear deviations on the
order of the wavelength on the transverse scale of the
hologram, with the direct application of the method,
the reconstruction error is a few percent [16]. In the
case of large deviations or if it is necessary to correct
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sion (3) by G', we obtain an explicit expression for the
angular spectrum on the surface of the source z = 0:

=i /%z—kf—kf,z,,
P(kx,ky,zH, )e ¢ . 0%

It should be noted here that for k,, k, values outside
a circle with radius w/c, the power of the exponent will
be a positive real number, which with the inevitable
noise introduced into the function P (k,,k,,z,,®) in
holographic measurements will lead to an exponential
increase in errors in determining the initial field.
Therefore, as noted above, in problems with large
wave dimensions, inhomogeneous (evanescent) waves
are mandatorily excluded from consideration, which
in the angular spectrum method is carried out by using
only spectral components in the limit of the so-called

radiation circle (k,,k,) € X, which is determined by
the condition (k. k,) :k; + k, < wz/cz.

It is convenient to write the final expressions for
calculating the initial field at the source using transfor-
mations inverse to (1), (2) and relation (5) p(x, y, O,t),
based on the measured field along the plane surface of
the hologram p(x,y,zy,t), which were used in this
study:

[wt kyx— k}y+ k -k ZHJ
&

P (k,,k,,0,0) =

xo My

dk.dk, ; dw, (6)

the resulting larger error, it can be compensated by
introducing additional phase factors in the transform
(7), which was analyzed in [25].

EXPERIMENTAL

The proposed method was experimentally verified
with a two-dimensional transceiver array of piezoelec-
tric elements in the form of a plane square matrix (see
Fig. 1). The matrix is square, planar, and 20 X 20 ele-
ments in size (with a total of 400 elements). The form
of each matrix element is a square measuring 1.45 X
1.45 mm. The gap between adjacent elements is 0.05 mm
(the matrix period is 1.5 mm). Of the 400 available ele-
ments, 384 are controlled (operational); divided into
three groups A, B, and C with 128 elements each (the
distribution of elements into groups is shown in Fig. 1b),
each is controlled using a separate cable that connects
to the output of a Verasonics system (the connector
type conforms to Canon ZIF DL5-260PW6A).

The center frequency in transceiver mode for the
minimum value of the reactive component of the
impedance is in the range 1.9—2.3 MHz. The relative
bandwidth in transceiver mode at a level of 6 dB with
a minimum value of the reactive component of the
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Fig. 1. (a, ¢) Two-dimensional ultrasonic transducer. Size of working area is 30 X 30 mm. (b) Layout of 384 active elements on
front surface of sensor, divided into three sectors A, B, and C with 128 channels each.

@ U, ®

\L”M\

*W

“""'{H!W’“ “““  ady J

0 H ‘
S 10 20 30440 50 60 70
t, us
Scanning
Us M hydrophone
transducer
Hologram
plane -20 0 20
X, mm

Fig. 2. (a) Measurements scheme with hydrophone moving along plane of hologram in front of the transducer at distance of
25 mm. (b) Typical temporal waveform of electric signal at hydrophone at one spatial point of hologram when source is excited
in second mode (see text for explanation). (c) Distribution of electric signal peak values along hologram surface.

impedance is no less than 40%. The housing of the
array with three compatible cables is waterproofed to
provide immersion in water at room temperature to a
depth of 1 m and remain under the specified condi-
tions for up to 10 days.

Holographic measurements were carried out on a
special experimental stand. The investigated ultra-
sonic array was immersed into a tank with degassed
water and was fixed during measurements. In front of
the transducer an ultrasonic sensor was located, a
Golden Lipstick HGL-0200 capsule hydrophone
(Onda Corp., USA) with a built-in electric signal pre-
amplifier (Fig. 2a). The nominal diameter of the sens-
ing area of the hydrophone is 0.2 mm; the sensitivity at
a frequency of 2 MHz is 0.21 V/MPa.

During measurements, the hydrophone could be
positioned in automatic mode. For this, a UMS-3
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micropositioning system (Precision Acoustics, UK)
was used, which allows 3D scanning with a step of
1 um and a guaranteed positioning accuracy of 6 um
using a feedback system with magnetic linear encoders
on each of the three axes.

The hologram of the ultrasound field was recorded
via detection of the hydrophone signal at the nodes of
a plane square grid with a resolution of 0.25 mm, ori-
ented parallel to the radiating surface of the sensor at a
distance of 25 mm from it. The corresponding number
of grid nodes was chosen as 241 X 241; i.e., the size of
the scanning area was 60.25 x 60.25 mm, which
exceeded the transverse dimension of the ultrasound
beam: the size of the working zone of the sensor was
30 x 30 mm with all elements excited. The center of
the scanning area was established opposite the center
of the ultrasonic sensor, which ensured almost com-
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plete registration of the radiated acoustic beam within
the scanning area.

The positioning system was located above a 1 X
0.5 X 0.5 m tank, which for measurements was filled
with degassed filtered water. The tank walls were made
of 12 mm plexiglass. Filtration, degassing, and bacte-
ricidal treatment (a UV lamp) was done with a water
treatment system (Precision Acoustics, UK). The
hydrophone signal was transmitted to an oscilloscope
(TDS5054B, Tektronix Inc., USA) connected to a
computer via a GPIB bus and a VISA virtual session
via LAN. Centralized control of the measurement
process was performed by computer using a program
written in the LabView environment, which is part of
the Precision Acoustics positioning system.

The signal was recorded within a time window of
100 ps. The specified duration was sufficient to record
a pulsed acoustic signal recorded by the hydrophone.
The hydrophone signal was recorded with a sampling
step of 40 ns, which for the selected time window
forms 2500 recording points. To reduce the noise level
for each spatial point, averaging over 32 samplings of a
periodically repeating signal was performed. Figure 2b
shows a typical waveform of an electric signal recorded
by the hydrophone at one of the points of the holo-
gram plane during pulsed excitation of the ultrasonic
array elements (a 60 us window containing a signal is
shown).

The investigated transducer was connected to two
Verasonics V-1 systems (Verasonics Inc., USA) with
the ability to control 256 channels each. Two groups of
array elements A and B (Figs. 1a, 1b) were connected
by two connectors to the first Verasonics system, and
group of elements C was connected by a third connec-
tor to the second Verasonics system. Two modes were
used. In the first mode, all sensor elements were
excited synchronously by the same signals, represent-
ing three electric voltage periods in the form of a
meander with a frequency of 2 MHz and a peak volt-
age of 10 V. In the second mode, the elements of the
three groups were excited by the same signals, but with
a delay of (n — 1):392 ns, where 7 is the number of the
output channel of the Verasonics system within the
range 1—128 for each of the three groups. The two sys-
tems were synchronized with an external generator
(Agilent 33250A, Agilent Technologies, USA). These
pulsed signals were periodically repeated at a fre-
quency of 100 Hz.

The measurement result was a transient hologram,
which was a set of 58081 records of the time profile of
the hydrophone signal in various positions corre-
sponding to the nodes of a measurement grid with a
size of 241 X 241. The typical distribution of peak val-
ues on the plane of the hologram in the second mode
(within a time window of 100 us for each spatial posi-
tion) is shown in Fig. 2c. Based on these data, using
the backpropagation algorithm in accordance with the
above-described method (6)—(7), the procedure for
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reconstructing the distribution of oscillations of the
surface of the sensor under study was carried out. As a
result, the distributions of the time dependence of the
acoustic pressure and normal component of the vibra-
tional velocity on the surface of the array were found.
By calculating the spectra of the indicated depen-
dences, we also found the spatial distributions of the
signal amplitudes corresponding to the vibrations of
the array surface under continuous (harmonic) exci-
tation at different frequencies within the effective radi-
ation band of the sensor.

In addition to hydrophone measurements, echo
pulse measurements were carried out for each element
of the array. For this, one sector of elements A, B or C
was connected to the Verasonics V-1 system, for which
an emission protocol was formed using the above-
described signal to excite only one element of the con-
nected 128-element group. The signal was emitted into
water, where at a distance of 50 mm the plane surface
of a brass block was located, parallel to the transducer
surface. The signal reflected from the surface of the
block fell back on the surface of the transducer, after
which it was recorded by 128 channels of the receiving
path of the ultrasound system connected to the current
group of elements. Recording signals from all elements
of this group, not just the emitting one, made it possi-
ble to identify elements electrically closed to each
other, operating in parallel. Initially, these measure-
ments were carried out in order to compare the sensi-
tivity distributions of the elements in the transceiver
with the distribution obtained as a result of holo-
graphic reconstruction, which corresponds to the sen-
sitivity distribution in the emitting mode. As it turned
out, there was a discrepancy in the table of pin con-
nections to the transducer elements, which did not
allow for a correct comparison of the distributions.
The use of the second emitting mode (see above),
together with measurement of the hologram, made it
possible to establish the correct channel number—ele-
ment relationship for all 384 active elements.

At the final stage, as an additional control of the
obtained distributions, the electric capacitance of all
active elements with supplied cables was measured.
This was done with a digital RLC E7-8 meter at the
contacts of the connectors in accordance with the
established connection of the connector contacts with
the piezoelectric elements of each group.

RESULTS AND DISCUSSION

According to the described method, the field on
the transducer surface was reconstructed from the
measured holograms (Figs. 2b, 2¢). The angular spec-
trum for each spectral band (when expanded in time
harmonics) was calculated numerically using expres-
sion (7), where the integral Fourier transforms were
replaced by a set of fast Fourier transform (FFT) oper-
ations. In some cases, before the transformations, the
spatiotemporal calculation domain was supplemented

ACOUSTICAL PHYSICS Vol. 67

No. 3 2021



BROADBAND VIBROMETRY OF A TWO-DIMENSIONAL ULTRASOUND ARRAY

325

(b) (c)
1.0 — \ ﬂ‘ \
B ‘\ I ‘H\/\ . \/\\’\ N\~ éoz j’ \ ‘/\
a2t g [N
0.8 "oV =0 J 1t \\
_10 | N\) \‘v“‘ \/ \_~
061 E 2 3 4 0 2 4 6 8 10
g (d) ()
04 - i 1.0 -
N ““/\‘ \““‘\ f\ é ‘\“ ‘\‘
0.2 \ |\ f \ / /™ 0.5 |\
[\ | ‘\\// % / \
20 J N
2 3 4 0 2 4 6 8 10
X, mm 1, us f, MHz

Fig. 3. (a) Normalized distribution of peak field values on surface of transducer, calculated from hologram in Fig. 2c. Time pro-
files of signal at centers of source elements indicated by arrows: from (b) defective and (d) normal regions; (c, e) corresponding

frequency spectra.

with zeros to avoid spectral overlap. The algorithm for
numerical calculation of the field on the transducer
surface was realized in the MATLAB environment.
Based on the results of calculating the field on the sur-
face of the source, distributions were obtained for the
two radiation modes described above: in-phase and
sequential excitation of the transducer elements. Fig-
ure 3 shows the result of reconstructing the field on the
transducer surface operating in the second mode. On
the left, the two-dimensional distribution of acoustic
pressure peaks is shown, normalized to a maximum in
a given plane. In this radiation mode, all piezoelectric
elements distinctly differ, in particular, the inactive
elements and differences in the level of radiation of
active elements.

At the edge of the working surface, in the area of
zones A and partly B, there is a clearly defined defec-
tive area, which affects about 40 elements of the array.
Within this section, in the operating frequency range
of 1-3 MHz, element vibrations are almost com-
pletely suppressed compared to all other active ele-
ments. To analyze the nature of element vibrations
(indicated by arrows in Fig. 3a) from the composition
of the defective and normal regions in Figs. 3b, 3d
show the time profiles of the emitted signals. It is
clearly seen that the overall signal level at the element
of'the defective area is much lower and the structure of
the oscillations has an irregular shape. When consider-
ing the spectral composition of the signals (Figs. 3c,
3d), a significant peak in the 5 MHz region is notice-
able, which is absent in the elements of the normal
region.

It is useful to illustrate the distribution obtained on
the surface of the source, not in the form of the two-
dimensional pattern of the signal peak values, like in
Fig. 3, but in the form of a set of monochromatic holo-
grams corresponding to the distribution of the actual
amplitude of the acoustic pressure created by the sur-
Vol. 67 No.3
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face of the source in water for the selected spectral
components. Fig. 4 shows such holograms for fre-
quencies from 1 to 9 MHz with a step of 1 MHz for the
in-phase radiation mode with all elements. It should
be noted that the presented set is only a small part of
the entire transient hologram, which usually consists
of several thousand spectral components (5000 com-
ponents for the presented transient hologram). In this
case, in contrast to the radiation mode with sequential
excitation (Fig. 3a), individual elements within the
working zone are not so distinguishable, which is
clearly seen in the distribution for a center frequency of
2 MHz (Fig. 4). This is due to the fact that in the mode
of in-phase excitation, the entire surface of the source,
together with the matching layer and gaps between ele-
ments filled with compound, vibrates as a single piezo-
composite plate, while for sequential excitation of the
elements, the active region of radiation is localized in
the area bounded by the oscillating element, with an
almost zero level in areas between elements. In this
case, a comparison is made between the distribution of
the peak values of the signal time profiles (Fig. 3a) and
the distribution of the spectral component (2 MHz in
Fig. 4), which, strictly speaking, is incorrect, but use-
ful for illustrating the difference between the two radi-
ation modes, since the distribution of the spectral
component at the center frequency of 2 MHz corre-
sponding to the one in Fig. 3a will visually repeat it.

The representation of a transient hologram as a set
of monochromatic holograms (Fig. 4) makes it possi-
ble to analyze the behavior of the defective region in
comparison to the other elements at different frequen-
cies, which is often more convenient than a spatiotem-
poral representation (Fig. 3). Thus, it is clearly seen
that in the fundamental frequency band of about
2 MHz, the defective region hardly radiates, while in
the high frequency range (5, 6, 7 MHz in Fig. 4) it
radiates much more effective than the other elements.
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Fig. 4. Distributions of real field amplitudes on surface of source for monochromatic components in range of 1—9 MHz with step of
1 MHz, calculated from hologram for mode with in-phase radiation by all elements. Defective area of elements is clearly visible, which
does not radiate at fundamental frequency, but operates at frequency of 5 MHz. Normalization of color scale is uniform for absolute

maximum of the field in the plane among all frequencies.

At a frequency of 8 MHz, a boundary between the
defective and working areas can be noted.

To control the distributions obtained from the
hologram, elementwise echo pulse measurements
with reflection from a brass block in water were carried
out (Fig. 5a), as well as measurements of the electric
capacitance of the elements, the technique of which is
described in the previous section. Figure 5b shows the
results of echo pulse measurements using the supplied
channel wiring circuit for the elements attached to the
transducer. The structure of the distribution of electric
capacity had a similar structure and is not presented
here. Due to the irregular structure of the obtained
distributions, it was decided to compare the channel
numbers with the corresponding elements using the
second radiation mode with sequential excitation of
the elements. For this, the hologram was measured;
the field on the surface of the source was reconstructed
in the time representation and the time points at which

only one element within each sector A, B, and C radi-
ated were selected. The channel number active at that
moment was chosen from the radiation protocol and
was assigned to the active element on the hologram of
the surface of the source. Thus, a new diagram of the
correspondence of the channel and piezoelectric ele-
ments was determined, according to which the sensi-
tivity distribution in the echo pulse mode correspond-
ing to the real one was constructed (Fig. 5c). For con-
venience of comparison, the resulting distributions are
shown in Fig. 6. There is good agreement between the
field structure on the surface of the source at the cen-
ter frequency (Fig. 6a), the sensitivity distribution of
the elements in the echo pulse mode (Fig. 6b), and the
electric capacitance distribution of the elements with
the supply cable and connector (Fig. 6). On all three
distributions, the elements of the defective area are
highlighted against the elements of the working area.

ACOUSTICAL PHYSICS  Vol. 67 No.3 2021
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Fig. 5. (a) Measurement scheme for determining relative sensitivity of elements by echo pulse method. Amplitude distribution of
received echo signal over sensor surface: (b) for use of supplied layout of correspondence between channel number and position
of element; (c) for determination of correspondence by transient holography method.
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Fig. 6. Comparison of distributions based on results of: (a) holographic reconstruction of field on surface of two-dimensional
array for frequency of 2 MHz in in-phase radiation mode (see text); (b) elementwise echo pulse measurements using brass block
at frequency of 2 MHz; (c) elementwise electric capacitance measurements.

The specified defect was most likely unrelated to
any problems with the electric connection. It seems to
have been cause by mechanical reasons, since (a) the
lower boundary of the defective area is uneven and
does not pass along the line of separation of elements
and (b) the defective area affects two groups of ele-
ments (A and B), which are connected by different
connectors of the Verasonics system. This defect is
most likely not delamination between the matching
layers, since, as already noted, in the frequency range
of 3.7—7 MHz, this are, on the contrary, radiates well,
while the rest of the region is suppressed. The probable
cause of the defect may be a thickness of the matching
layers at this spot differing from nominal.

It should be noted that in the areas of the surface
outside the defective area, the vibrations of various
elements are identical with high accuracy, except for
certain small areas. A single inactive element, clearly
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visible in sector B at the center frequency (Fig. 6a), is
associated with a defect in the radiating channel of the
second Verasonics system, since when this sector is
connected to the first connector of the other system
(Fig. 6b), the element becomes active; the integrity of
the cable and absence of problems with the contact of
the element are also confirmed by the almost uniform
level of the electric capacitance (Fig. 6).

CONCLUSIONS

The article shows the possibility of using transient
acoustic holography to determine the nature of surface
vibrations of a multielement two-dimensional ultra-
sound array in order to detect defects and calibrate
according to the level of the radiated field in different
modes. It is also shown that the method can be used to
identify the scheme of correspondence between the
channel number of the radiating system and position
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of the element on the surface of the transducer, which
can be very useful in the absence of a factory scheme.
It is shown that the results obtained using the transient
acoustic holography method are in good agreement
with the results of independent elementwise echo
pulse and electric capacitance measurements.

The method is very promising for characterizing
virtually any ultrasound transducers operating in com-
plex modes, making it possible to obtain quantitative
spatiotemporal distributions not only on the surface of
the source, but also in any region within the accuracy
limits of the method [16].
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