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The following paper presents an idea of minimising the number of connections
of individual piezoelectric transducers in a row-column multielement passive matrix
system used for imaging of biological media structure by means of ultrasonic pro-
jection. It allows to achieve significant directivity with acceptable input impedance
decrease. This concept was verified by designing a model of a passive ultrasonic
matrix consisting of 16 elementary piezoceramic transducers, with electrode attach-
ments optimised by means of electronic switches in rows and columns. Distributions
of acoustic field generated by the constructed matrix model in water and results of
the calculations conformed well.

Keywords: ultrasonic projection; directional ultrasonic transducer matrix; multiele-
ment ultrasonic probe; electrode attachment optimisation.

1. Introduction

The ongoing search for improved ultrasonic imaging performance will con-
tinue to introduce new challenges for beamforming design (Thomenius, 1996).
The goal of the beamformer is to create a narrow and uniform beam with low
sidelobes over a depth as long as possible. Among the already proposed imag-
ing methods and techniques are: elevation focusing (1.25D, 1.5D and 1.75D ar-
rays) (Wildes et al., 1997), beam steering, synthetic apertures, 2D and sparse
arrays, configurable arrays, parallel beamforming, micro-beamformers, rectilin-
ear scanning, coded excitation, phased subarray processing, phase aberration
correction, and others (Drinkwater, Wilcox, 2006; Johnson et al., 2005;
Karaman et al., 2009; Kim, Song, 2006; Lockwood, Foster, 1996; Now-
icki et al., 2009). The most common complication introduced by these meth-
ods is a significant increase in channel count. Generating narrow ultrasonic wave



92 K.J. Opieliński, T. Gudra, P. Pruchnicki

beams in biological media by multielement probes, built as matrices of elementary
piezoceramic transducers in a rectangular configuration, can be realised by us-
ing transducers having spherical surfaces, ultrasonic lenses, mechanical elements
(e.g. a complex system of properly rotated prisms), focusing devices or electronic
devices, which control the system of activating and powering individual matrix
elements in a proper manner (Drinkwater, Wilcox, 2006; Ermert et al.,
2000; Granz, Oppelt, 1987; Green et al., 1974; Nowicki, 1995; Opieliński,
Gudra, 2009; Opieliński et al., 2009; 2010; Ramm, Smith, 1983; Thome-
nius, 1996).

Exciting individual transducers of the multielement probe using pulses with
various delay is a universal method of focusing and deflecting a beam (Johnson
et al., 2005; Thomenius, 1996). Adequate delays between activations of each
successive elementary transducer allow shaping of the wavefront and the direction
of its propagation. The total delay ∆t required to deflect a beam through angle
of θ and to achieve a beam focus depth of F , can be expressed by the following
formula (Ramm, Smith, 1983):
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where c – ultrasonic wave propagation velocity in a medium, d – the distance
(pitch) between the centres of adjacent ultrasonic transducers of a linear probe,
n – the number of elementary transducers in the activation sequence, t0 – initial
delay, required to compensate negative delays. If the value of delay between
activation of each successive transducer grows linearly, the wave beam is deflected
through θ = arcsin((∆t · c)/(n · d)) angle (Somer, 1969). If the delay between
activation of each successive transducer of the linear probe changes as a parabolic
function of time, it will result in focusing of the beam (Fig. 1). This method of
focusing is the most popular in case of linear USG probes.

a) b)

Fig. 1. The method of focusing a beam of a linear multielement probe by delaying
activation of elementary transducers according to a parabolic function for sector n = 8:

a) activation of the first sector, b) activation of the second sector.
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In the example shown in Fig. 1, transducers 1 and 8 of the linear multielement
ultrasonic probe are excited first. Next, transducers 2 and 7 are activated, followed
by 3 and 6. Finally, transducers 4 and 5 are activated. The delay between the
activations is determined so that the resultant wave focuses at P1 (Fig. 1a). This
is followed by similar activation of a sequence of pairs of 8 transducers 2–9, which
generate ultrasonic wave beam focused at P2 (Fig. 1b), etc. The reception of the
reflected waves occurs in reverse order in the linear USG probe. The wave reflected
at point P reaches individual probe transducers at various instants of time. If the
time variations are balanced, phases of all waves will be in accordance and the
resultant signal will be amplified. The typical linear USG probes are constructed
from 64 or 128 transducers, which allows generation of a sequence of 57 or 121
independent beams shifted in relation to each other by the distance d equal to the
distance (pitch) between the centres of adjacent transducers (Nowicki, 1995).
Figure 2 shows the relation, calculated on the basis of formula (1), of the total
delay ∆t required to focus a beam in tissue with the focusing depth of F = 3 cm
to distance d between the transducers of a linear probe, where the parameters
of the number of transducers in a sequence focusing in succession n = 2, 3, ..., 8,
θ = 0◦, c = 1500 m/s, t0 = 40 µs were assumed for the calculations.

Fig. 2. The relation, calculated using formula (1), of the total delay required to focus a beam in
tissue with the focusing depth of F = 3 cm, in function of the distance d between the centres

of adjacent transducers (pitch) of a linear probe for focusing sequences n = 2, 3, ..., 8.

Calculations show that delay times between activation of each successive
transducer of the linear probe shaped on the basis of spherical function of time,
can be similar or shorter than pulse duration (e.g. for f = 2 MHz and length of
10 cycles of the burst pulse, its duration is 5 µs), which makes it necessary to use
a separate generator with regulated delay in the sending system of each transducer
of the focusing section. In case of multielement ultrasonic matrices (Opieliński,
Gudra, 2009; Opieliński et al., 2010) used for projection imaging of internal
structure of biological media (transmission method, as in case of roentgenography
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(Ermert et al., 2000; Granz, Oppelt, 1987; Green et al., 1974; Opieliński,
Gudra, 2005; Parmar, Kolios, 2006)), introduction of delays of propagation of
pulse ultrasonic wave for individual transducers can result in imaging the errors
associated with side lobes. This method of focusing makes it also necessary to de-
velop synchronised delaying systems and sophisticated technologies of attaching
a large number of electrodes to the surface of minute piezoceramic transducers, by
integration of some of the electronics with the transducer array enabling minia-
turization of the front-end and funneling the electrical connections of a 2D array
consisting of hundreds of elements into a reduced number of channels (Eames,
Hossack, 2008; Opieliński, Gudra, 2009; Opieliński et al., 2010; Wygant,
Karaman et al., 2006; Wygant, Lee et al., 2006; Yen, Smith, 2004).

The experimental results have shown that using double ultrasonic pulse trans-
mission of short coded sequences based on well-known Golay complementary
codes, allows considerably to suppress the noise level (Drinkwater, Wilcox,
2006; Trots et al., 2008). However, this type of transmission is more time-
consuming.

Increase of directivity and intensity of the wave generated by the multiele-
ment ultrasonic probe can be achieved by simultaneous in-phase powering (no
delays) of sequences of many elementary transducers (using one generator) in
the sending system (which will however result in the probe’s input impedance
decrease), or by simultaneous receiving of the ultrasonic wave by means of se-
quences of many elementary transducers (Chiao,Thomas, 1996;Hoctor,Kas-
sam, 1990; Karaman et al., 2009; Lockwood, Foster, 1996; Trots et al.,
2009;Wygant,Karaman et al., 2006; Yen, Smith, 2004). Such sending probes
are usually activated by low-power generators of sinusoidal burst-type pulses, the
generated voltage values of which are low (a couple of tens of volts peak-to-peak)
and output resistance of about 50 Ω. If the probe’s impedance is close to output
impedance of the generator, it results in a decrease of amplitude of activating
pulse voltage, which in turn causes decrease of intensity of the ultrasonic wave
generated in the medium. Figure 3 shows examples of calculations of acoustic
field distribution for a 16-element piezoceramic transducer matrix in a 4× 4 ar-
ray at various distances to the matrix with one, two, three and all of its columns
being activated in succession. In the far field, on a plane which is perpendicu-
lar to the Z axis, distribution of the field generated by multielement probes with
simultaneous activation of a group of elementary transducers has successive max-
imums and minimums (Fig. 3). The position of the maximums and minimums
and amplitude of the main lobe and side lobes depends on dimensions of the
probe’s elementary transducers, the distance between them and the length of the
wave radiated into the medium. The main lobe occurs for angle θ = ϕ = 0◦,
along the axis of symmetry of the active matrix elements. The other maximums
occur for angles θ = arcsin(nx · λ/d) and ϕ = arcsin(ny · λ/d), where nx and
ny indicate the number of active transducers in horizontal and vertical plane
of the matrix respectively. If the distance between adjacent transducers is small
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Fig. 3. Simulation of acoustic field distributions for a 16-element piezoceramic transducer matrix
(size: 1.6 × 1.6 mm, d = 2.5 mm, f = 2 MHz) in a 4 × 4 array at distances of z = 25, 50 and
100 mm, with one, two, three and four of its columns being activated in succession (distribution

geometrical centre overlaps with the matrix centre).
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enough (d < λ/2), there are no side lobes in 90◦ sector. However, it is difficult
to satisfy this criterion because for 2 MHz frequency, the wave length in tissue
is about 0.75 mm, which necessitates the use of elementary transducers smaller
than 0.375 mm.

However, there are various mechanisms that suppress grating side lobes (a few
wavelengths short excitation pulses, apodization weighting functions, a differ-
ent transmit and receive geometries, random element spacing) and hence allow
this criterion to be somewhat relaxed in practice (Drinkwater, Wilcox, 2006;
Karaman et al., 2009; Kim, Song, 2006; Lockwood, Foster, 1996; Thome-
nius, 1996; Yen, Smith, 2004).

Recently in the medical imaging field, a number of authors have suggested
the use of arrays with large numbers of elements and investigated methods of
selecting the optimal numbers and distribution of elements for the transmit and
receive apertures (Drinkwater, Wilcox, 2006). The development of 2D arrays
for clinical ultrasound imaging could greatly improve the detection of small or
low contrast structures. Using a 2D array, the ultrasound beam could be symmet-
rically focused and scanned throughout a volume (Lockwood, Foster, 1996;
Yen, Smith, 2004). The majority of 2D ultrasonic multielement matrices are
designed for miniature 3D volumetric medical endoscopic imaging as intracavital
probes, provided unique opportunities for guiding surgeries or minimally inva-
sive therapeutic procedures (Eames, Hossack, 2008; Karaman et al., 2009;
Wygant, Karaman et al., 2006; Wygant, Lee et al., 2006). It can be con-
cluded, basing on worldwide literature review, that most of the 2D ultrasonic
arrays is assigned to work of the echo method (Drinkwater, Wilcox, 2006);
there are not so many developments of 2D matrices designed for ultrasonic pro-
jection imaging (transmission method) (Ermert et al., 2000; Granz, Oppelt,
1987; Green et al., 1974; Opieliński, Gudra, 2005; Parmar, Kolios, 2006;
Opieliński, Gudra, 2009; Opieliński et al., 2009; Opieliński et al., 2010).
This paper presents an idea of minimising the number of connections between
individual piezoelectric transducers in a row-column multielement passive ultra-
sonic matrix system, used for imaging of biological media structure by means of
ultrasonic projection (Opieliński, Gudra, 2005). It allows to achieve significant
directivity and increased wave intensity with acceptable matrix input impedance
decrease. This concept was verified by designing a model of a passive matrix
consisting of 16 elementary ultrasonic transducers, with electrode attachments
optimised by means of electronic switches in rows and columns.

2. Activation method

Passive matrix is the simplest matrix control solution. There are two groups
of switches in this type of matrix, one for a selected active column and the other
for a selected active row. The transducer situated at the point of intersection of
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the selected row and column is activated in this way (Fig. 4a). The piezoceramic
transducers of the matrix are powered with a high frequency (a couple of MHz)
alternating signal. In the context of an electric circuit, the construction of the
transducers (dielectrics with sprayed-on electrodes) means that they are capaci-
tive in nature and that therefore, the activating signal can travel through inactive
transducers to other column and row lines, despite their switches being opened
(Fig. 4b).

a) b)

Fig. 4. Diagram of transducer connections in a passive matrix (a) and crosstalk occurrence (b).

The directivity and effectiveness/sensitivity of such a probe will thus largely
depend on the distribution pattern of the activating signal voltages on all elemen-
tary transducers of the matrix, which are excited in this manner (with crosstalks)
(Opieliński et al., 2009; Opieliński et al., 2010).

3. Matrix design

In order to construct a model of a passive ultrasonic matrix, a suitable PCB
(printed circuit board) was designed and produced. It was utilized as an elemen-
tary transducer pad in a 4× 4 array (Fig. 5). Piezoceramic plates were mounted

Fig. 5. Part of the designed ultrasonic matrix: a) front, b) back.
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using a designed and produced engraving laminate mesh with laser-cut openings
(openings – 1.6×1.6 mm, distance between the openings – 0.9 mm). Pz37 Ferrop-
erm piezoceramics plates, 1.6×1.6×0.9 mm, in the mounting mesh, were attached
to PCB traces (rows) using a small amount of conductive glue. Additionally, the
mounting mesh was screwed to the PCB using bolts (Fig. 5).

MAX335 integrated circuits were used as switches. It is possible to transmit
signals with up to 30 Vpp voltage value. Column traces were connected using
silver conductive adhesive with suitable hardener (Fig. 5a). The area of the matrix
that was to be submerged in water, was sprayed to achieve a transparent acrylic
coating characterised by good insulation properties, which additionally functions
as a matching layer. The area was later given additional transparent silicon rubber
coating.

Amplitude-phase characteristics of 16 transducers selected for construction of
the matrix model from a group of 280, on the basis of repeatability of the selected
fr = 2.091 MHz resonance frequency and G(fr) conductance value, show no fr

value dispersion at frequency measurement resolution of 4.01 kHz and dispersion
of ∆G(fr) ≈ 400 µS and ∆B(fr) ≈ 300 µS, with measurement uncertainty of
0.05% (Fig. 6).

Fig. 6. Amplitude-phase characteristics of 16 selected elementary transducers
for frequency range of 2.00–2.16 MHz.

4. Measurements and calculations

Figure 7 shows G(f) and B(f) relations and amplitude-phase characteristics
(G + jB) for all elementary transducers of the designed model of a passive ma-
trix submerged in water, which were measured on the receiving side using a HP
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3589A network analyser, after every transducer had been activated individually
with a suitable electronic switch (Fig. 4). In the frequency range of 1.4–2.4 MHz,
elementary transducers of the model of a passive matrix can operate at 3 reso-
nant frequencies: fr1 ≈ 1.6 MHz, fr2 ≈ 1.8 MHz and fr3 ≈ 2 MHz. However,
they are all in a broad band of ∆f ≈ 1.55–2.2 MHz (Fig. 7), for which, as it can
be assumed, the average resonant frequency is fr_av ≈ 1.84 MHz (quality factor:
Q = 2.8). All three partial resonances in this band are characterised by the Q fac-
tor of Q ≈ 10. The spread of resonance frequency values is small, while the spread
of the corresponding conductance values is in the range of ∆G ≈ 0.3–0.5 mS.

Fig. 7. Conductance G(f), susceptance B(f) in 1.4–2.4 MHz frequency range and amplitude-
phase characteristics of 16 elementary transducers of the developed model of a passive matrix,

in the 0.8–2.4 MHz frequency range.

Imaginary part of amplitude-phase characteristics of passive matrix transduc-
ers (Fig. 7) points to their capacitive nature (Co ≈ 160 pF, in which connection
cables capacitance is about 100 pF, Ro ≈ 3 kΩ, |Z(fr)| ≈ 2 kΩ). Individual
transducers of multielement probes, which were designed earlier, with separated
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electrode attachments (classic matrix) showed capacitance of Co ≈ 10 pF, resis-
tance of electric losses Ro ≈ 30 kΩ and impedance in resonance: |Z(fr)| ≈ 7 kΩ
(Opieliński, Gudra, 2009) (for comparison: if all 16 transducers of the ma-
trix were activated using the same voltage U , the system impedance would be
|Z(fr)| ≈ 440 Ω). These values suggest that in case of a passive matrix there
is a phenomenon of increasing transducers’ capacitance and reducing their resis-
tance, resulting from parallel connection of all the elements of the matrix. This
in turn confirms occurrence of crosstalks in such a system (Fig. 4b). Calculations
and measurements of voltages show that after the electrodes are connected to
a given row and column of the model of a passive matrix (Fig. 4), the trans-
ducer at the point of intersection of that row and column will be activated by
the supplied voltage U ; all the other transducers in this row and column will be
activated by voltage of 0.4U and the rest of the transducers of the matrix will be
activated by voltage of −0.15U (Fig. 8). This phenomenon seems advantageous
in the context of achieving a directional beam of ultrasonic wave and reducing
the matrix input impedance.

Fig. 8. Image of crosstalks in the model of a passive matrix, after activation of a transducer
in the second column from the left and third row looking from the bottom.

Hydroacoustic measurements of the constructed transducer matrix model
were performed using a set-up presented in Fig. 9.

Fig. 9. A block diagram of the set-up for automatic measurement of 3D acoustic
field distribution for a model of a passive matrix.
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The transducers of the matrix were activated with burst pulses with rep-
etition frequency of fp = 100 Hz, filled with a sinusoidal signal of frequency
f = 2.09 MHz and length of 10 cycles. The pulse amplitude was 20 Vpp. Acoustic
field generated by the probe’s elementary transducers was measured in water, on
a plane that was parallel to the surface of the matrix (perpendicular to the direc-
tion of propagation), at the distances of 25 and 50 mm from the probe’s surface,
in the area of 20× 20 mm (geometrical area centre in the receiving probe axis).
The receiving probe, the diameter of which was 5 mm and operating frequency
was fr = 5 MHz, was situated centrally in relation to the surface of the matrix
as it is seen in Fig. 10. Then by electronically activating individual transducers
of the matrix (No. 3.0, 3.1, 2.0, 2.1), the computer controlled set-up measured
acoustic field (Fig. 11, Fig. 12) automatically moving (by means of step motors)
a receiving probe in the area of 20× 20 mm, with a 0.5 mm step. The receiving
probe was characterised by the highest sensitivity and smallest diameter among
all ultrasonic transducers available to the team, that operate at the frequency
range of f = 1–5 MHz. Due to limited spatial resolution of the measurement
probe (smoothing of field distribution) and its determined directivity (minimi-
sation of values outside axis), the pseudo-3D acoustic field distributions U(x, y)
measured by means of an oscilloscope were additionally imaged with limited dy-
namics ULD(x, y) = (20 · log(U(x, y))−A1) ·A2; this allowed observation of small
values U(x, y) ∼ p(x, y) (Fig. 11, Fig. 12). The A1 and A2 coefficient was spe-
cially selected in order to level out maximum and minimum measurement values
ULD(x, y) with calculation values p(x, y) for every distribution.

Fig. 10. Marked position of the receiving probe in relation to the surface of the matrix
and marked measured elements of the matrix.

The calculations of acoustic field distribution of the designed passive matrix
submerged in water (Fig. 11, Fig. 12) were performed using the method of nu-



102 K.J. Opieliński, T. Gudra, P. Pruchnicki

F
ig
.1

1.
C
om

pa
ri
so
n
of

m
ea
su
re
m
en
ts

of
ac
ou

st
ic

fie
ld

di
st
ri
bu

ti
on

of
th
e
de

si
gn

ed
m
od

el
of

a
pa

ss
iv
e
m
at
ri
x,

w
it
h
ca
lc
ul
at
io
ns

in
th
e
fo
rm

of
ps
eu

do
-3
D

gr
ap

hs
.



Narrow Beam Ultrasonic Transducer Matrix Model. . . 103

F
ig
.1

2.
C
om

pa
ri
so
n
of

m
ea
su
re
m
en
ts

of
ac
ou

st
ic

fie
ld

di
st
ri
bu

ti
on

of
th
e
de

si
gn

ed
m
od

el
of

a
pa

ss
iv
e
m
at
ri
x,

w
it
h
ca
lc
ul
at
io
ns

in
th
e
fo
rm

of
gr
ey
sc
al
e
co
nt
ou

r
gr
ap

hs
.



104 K.J. Opieliński, T. Gudra, P. Pruchnicki

merically summing the fields of the elementary transducers shaped as squares,
the sides of which were a = 1.6 mm (Opieliński, Gudra, 2006):

p =

∣∣∣∣∣∣∣∣

N−1∑

n=0

M−1∑

m=0

−j
ρ c k a2

2π R (m,n)
· Vo(m,n) ·




sin
(

ka sin(θ(n))
2

)

ka sin(θ(n))
2




·




sin
(

ka sin(ϕ(m,n))
2

)

ka sin(ϕ(m,n))
2


 · ej(ω t−kR(m,n))

∣∣∣∣∣∣∣∣
, (2)

where p – acoustic pressure, ρ – water density, c – sound velocity in water, k –
wave number, a – transducer’s side length, M – number of matrix rows, N –
number of matrix columns, R(m,n), θ(m,n), ϕ(m,n) – polar coordinates of the
distribution point modified in relation to the position of the transducer in the
matrix, Vo(m,n) – acoustic velocity for a matrix transducer. Graphic illustration
of the calculation algorithm is shown in Fig. 13.

Fig. 13. Graphic illustration of the developed algorithm for calculation of acoustic field
distribution for flat matrices of ultrasonic transducers.

Value of acoustic pressure p(x, y, z) for all active elements of the matrix is
calculated as a sum of pressure values pmn for a single element in many points
of the medium with specified acoustic velocity value Vo(m,n). If the orientation
of matrix in the coordinate system is as shown in Fig. 13, the following formulas
are valid:

r(n) =
√

x(n)2 + z2, (3)

R(m,n) =
√

r(n)2 + y(m)2 =
√

x(n)2 + y(m)2 + z2, (4)
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sin θ(n) =
x(n)
r(n)

=
x(n)√

x(n)2 + z2
, (5)

sinϕ(m,n) =
y(m)

R(m, n)
=

y(m)√
x(n)2 + y(m)2 + z2

. (6)

If we adopt designations for individual transducers as shown in Fig. 13 for the
number of rows m = 0, 1, 2, ..., M−1 and columns of the matrix n = 0, 1, 2, ..., N−1,
it is possible to define the modified coordinates x(n) and y(m) in the following
way:

x(n) = x + (N − 1− 2 · n) · d

2
, (7)

y(m) = y + (M − 1− 2 ·m) · d

2
. (8)

Modification of x and y coordinates results from the fact that it is nec-
essary to virtually shift the field distribution point P (x, y, z) to coordinates
P ′(x(n), y(m), z) in such a manner, that it would be possible to sum the complex
values of acoustic pressure generated by each elementary transducers of the ma-
trix (for which acoustic velocity is specified by value Vo(m,n)) at point P (x, y, z).
Acoustic field generated by the probe’s elementary transducers (transducer ac-
tivated by the applied voltage U , all other transducers in this row and column
activated by voltage 0.4U , the rest of the transducers of the matrix activated by
voltage −0.15U) was simulated using formula (2) in water, on XY plane parallel
to the surface of the matrix (perpendicular to the direction of propagation) at
the distance of z = 25 and 50 mm from the surface of the matrix, in the area
x × y = 20 × 20 mm (geometrical centre of the area overlaps with the centre
of the matrix) (Fig. 11, Fig. 12). The following parameters were assumed for all
the calculations: ρo = 1000 kg/m3, c = 1490 m/s, fr = 2 MHz, a = 1.6 mm,
d = 2.5 mm, M = N = 4, Vo(i) ∼ U(i) (for the activated transducer it was
assumed that Vo = 0.1 m/s).

Figure 14 presents a comparison between the calculations and measurements
of acoustic field distribution along the Y axis (x = 0) for the designed model of
a passive matrix and for a classic matrix, with no crosstalk (activated transducer
No. 2.1) at the distance of z = 50 mm from the surface of the matrix.

Measurements and calculations indicate that the designed model of a passive
matrix allows to achieve significantly higher directivity and amplitude of ultra-
sonic wave generated in a media than that in case of powering a single, electrically
separated transducer of a classic matrix (Fig. 11, Fig. 12, Fig. 14, Fig. 15). The
divergence angle of the beam generated by the designed model of a passive matrix
when one element is activated, is about 6–8◦ (Fig. 14, Fig. 15).

In case of separate activating of individual transducers of the model of a pas-
sive matrix, despite the crosstalk, correct shift of the maximum of the received
signal is clearly seen, which in case of projection imaging of the structure of
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a) b)

Fig. 14. A comparison between the calculations (a) and measurements (b) of acoustic field
distribution along the Y axis (x = 0), for the designed model of a passive matrix and for
a classic matrix with no crosstalk at the distance of z = 50 mm from the surface of the matrix

(activated transducer No. 2.1).

a) b)

Fig. 15. Pseudo-3D distributions of acoustic field measured for the designed model of a passive
matrix in a plane parallel to the direction of ultrasonic wave propagation in the axis of the
matrix (y = 0, activated transducer No. 2.1): a) area x = −10–10 mm, distance from the
matrix z = 25–50 mm, b) area x = −10–10 mm, distance from the matrix z = 50–75 mm.

biological media enables scanning in orthogonal projection (Fig. 11, Fig. 12).
Calculations show incoherence of distribution of acoustic field generated by ac-
tivated transducers of the passive matrix, especially in near field, which for the
designed 16-element model is about 25 mm (Fig. 16). Measurements with 5 mm
diameter ultrasonic probe showed however, that there are coherent maximums of
field distribution, which are the result of averaging on the surface of the receiving
transducer.
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Fig. 16. Modulus of acoustic pressure distribution p(z) determined numerically, using for-
mula (2) for the designed model of a passive ultrasonic matrix, along its axis of symmetry

(activated transducer No. 2.1).

5. Conclusions

Calculation and measurement results of acoustic field distributions conform
well, which means that the prepared algorithm can be used to determine acoustic
field distributions of flat matrices of elementary piezoceramic transducers in a rec-
tangular configuration. The slight differences result from the averaging character
of the used receiving probe and possible unparallel surfaces and varying effective-
ness of elementary transducers.

Calculations and measurements of acoustic field distribution of the designed
model of a passive matrix show that when one elementary transducer is acti-
vated, all other transducers of the matrix are also activated by voltages that fall
into a specific pattern. As a result of this, the matrix generates a directional
beam. Activating elementary transducers in a row-column multielement passive
ultrasonic matrix system allows a significant minimisation of the number of con-
nections of individual piezoelectric transducers. For example, for a 1024-element
matrix it is sufficient to use 64 traces printed on a PCB and supplying signal-
activating elementary transducers, instead of attaching 1024 separate electrodes
in the form of thin insulated leads soldered to the surface of the transducers and
mounting multi-pin connectors. The concept of a passive matrix allows to achieve
high directivity and increased wave intensity with acceptable input impedance
decrease.
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