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Abstract—The paper presents selected acoustic power 

amplifiers from among those currently available. The results of a 

series of measurements characteris ing the amplifiers are 

presented. The measured amplitude and phase characteristics as a 

function of frequency for four selected amplifiers are analysed. The 

spectra of the output signal in the band from 4 kHz to 30 kHz are 

presented. The usefulness of the selected amplifiers in 

an underwater communication system is assessed. 

 
Keywords—power amplifier; transmitter; underwater 

communication; amplitude; phase; spectrum 

I. INTRODUCTION 

UE to the attenuation of radio waves underwater, 

ultrasound technology is used increasingly broadly in this 

environment [1]-[3]. Systems that provide communication in 

both a simple configuration, i.e. a single user with another user, 

and in a more complex structure, such as a user exchanging 

information with other users within a network of devices, are 

particularly desirable. The needs are large and are used in the 

currently strongly developing energy and oil industries, but also 

in fishing and military applications. Such systems are often used 

to control devices located under the water surface. In such 

devices, one of the main components is a power amplifier, 

which is one of the components in the transmission path. Its task 

is to amplify the generated signal to the level of voltage value, 

and therefore electrical power, making it possible for the 

connected transducer to generate an acoustic wave with the 

desired parameters. 

The article presents tests of amplifiers in order to assess the 

possibilities of their use in the considered underwater 

communication system. The outputs of acoustic power 

amplifiers have a low output impedance. They are ready for use 

with loads typically between 2 and 8 Ohms, while the electrical 

impedance of hydroacoustic transducers typically ranges 

between the single hundreds and the single thousands of Ohms. 

This requires the use of matching circuits of the amplifier output 

impedance to the impedance of hydroacoustic transducers in the 

transmission paths of the systems. [4]-[7]. 

Due to the fact that in this article the authors limit themselves 
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to assessing the suitability of the tested power amplifiers for 

underwater communication systems. Therefore, only 

measurements of electrical parameters of signals at the amplifier 

output were performed and hydroacoustic parameters were not 

measured, which is a separate research issue. The studies were 

conducted for resistive loads and optimal values for the tested 

amplifiers. 

II. SELECTION OF POWER AMPLIFIERS 

Existing and developing underwater acoustic communication 

systems use narrowband and broadband signals. In order to send 
a signals through the underwater channel, the signal 
representing the symbol is converted into a form that is resistant 
to the phenomena occurring in the channel. This is 
accomplished using an appropriate modulation technique. 
Typically, coherent modulations are used for transmission in the 

less demanding vertical channel to realize high-speed data 
transmission, and incoherent modulations in the horizontal 
channel. Both modulations occur with a single carrier frequency 
or multiple carrier frequencies. Many communication systems 
are based on various types of spread spectrum techniques such 
as chirp spread spectrum (CSS), direct sequence spread 

spectrum (DSSS), and frequency-hopping spread spectrum 
(FHSS). Other efficient communication systems use the 
orthogonal frequency division multiplexing (OFDM) technique. 
[8]-[13] 

Modern power amplifiers operate in class D. This is an 
architecture characterised by a high efficiency of around 90%. 
They are distinguished by much lower losses compared to 

earlier designs of class A, B and AB power amplifiers. Their 
operating principle is based on the well-known pulse width 
modulation (PWM). The key advantage of using PWM is 
efficiency. Since the amplifier transistors are either fully on or 
fully off, they are only in an intermediate state for a brief time, 
during which the greatest energy losses occur. These features 

allow for a compact design. For the above-mentioned reasons, 
the focus was on the selection of amplifiers operating in class D. 

Table I lists selected amplifiers, which differ in the range of 
supply voltage values, minimum load resistance value and 
output power. The voltage range is between 10 V for the 
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TPA 3223 and 53 V for the TPA 3255. The minimum and 
maximum supply values mean that, for example, the TPA 3250 
amplifier can be supplied with a voltage from a minimum value 
of 12 V to a maximum value of 36 V. However, the supply 
value affects the value of the output power. For lower supply 
voltages, we will obtain a lower value of the output power. The 

output power values given in the table are only possible when 
the system is powered at the maximum value. The TPA 3255 
amplifier has the largest range of supply values and output 
powers. The TPA 3223 amplifier has the lowest load value, i.e. 

1 Ω. Two of them, the TPA 3250 and TPA 3251, can be loaded 
with a minimum resistance of 1.5 Ω. On the other hand, the 
amplifier with the highest output power can be loaded with a 
minimum  impedance of 2 Ω. 

All the tested power amplifier starter kits can operate in three 
output configurations. The first configuration assumes 

independent four-channel operation, as shown in Fig. 1a. 
The second structure shown in Fig. 1b assumes independent 
two-channel operation. In this arrangement, the first load should 
be connected in series between output A and output B, and the 
second load between output C and D. In this case, the output 
voltage is doubled compared to the four-channel setting. The 

third arrangement shown in Fig. 1c assumes the operation of the 
power amplifier with a single load. In this case, the two output 
channels are paralleled. That is, output A is connected to output 
C and output B is connected to output D. The single load is 
connected in series between outputs A and C and outputs B and 
D. Such a connection of the load to the amplifier module 

doubles the output current of the power amplifier compared to 
the first and second configurations while simultaneously 
doubling the voltage. 

 
(a)         (b)        (c) 

 

Fig. 1. Output configurations of the selected power amplifiers  (a) 4 channel-

single-ended (b) 2 channel-bridge-tied load (c) 1 channel-parallel bridge-tied 

III. INFRASTRUCTURE OF MEASURING STATION 

The block diagram below (Fig. 2) presents the measurement 
system used to perform all measurements necessary to plot the 
characteristics presented in the article. 

 
Fig. 2. Block diagram of the measuring station 

In the photo (Fig. 3), we can see the equipment used during the 
measurements. These are two power supplies with output 
parameters of 30 V and 5 A. They were connected in series to 
obtain a supply voltage of 48 V. A function generator generated 

the test signals, with a 10% duty cycle and a continuous signal. 
These signals were fed to the power amplifier evaluation boards 
and were simultaneously measured using an oscilloscope. The 
measurement of the voltage of the amplified output signal was 
performed using a differential probe, while the measurement of 
the output current was performed using a current probe. Three 

power resistors with values of 2.2 Ω, 3.9 Ω, and 4.7 Ω were used 
as the load. 

 
Fig. 3. Infrastructure of the measuring station 

IV. MEASURED PARAMETERS 

In order to determine the suitability of the selected power 
amplifiers, four evaluation modules with the selected 
TPA 3250, TPA 3251, TPA 3223, TPA 3255 amplifier circuits 

installed were tested. For this purpose, four types of 
characteristics were measured. The basic characteristic is the 
response of the evaluation board circuit to excitation with a 
signal with given amplitudes in the range from approx. 
100 mVpp to approx. 3.5 Vpp. These characteristics provide 
information about the output power that can be obtained with a 

specific input signal amplitude at the specific load value. The 
amplitude characteristics of the amplifier circuits were 
measured as a function of frequency. The value of the amplifier 
output amplitude should not depend on the frequency and 
should be constant over the entire usable range of the frequency 
band, assuming that the input signal amplitude remains 

constant. This condition is quite difficult to meet for most power 
amplifiers and in practice linear changes in amplitude are 
accepted. The third in order are phase characteristics as a 
function of frequency. All the above characteristics were 

POWER 
AMPLIFIER

GENERATOR

DUMMY 
LOAD  

OSCILLOSCOPE

Uin Uout

Iout

TABLE I  

SELECTED POWER AMPLIFIERS 

Parameters Amplifier 

Name TPA 3250 TPA 3251 TPA 3223 TPA 3255 

Architecture Class-D Class-D Class-D Class-D 

Power Supply 
(max/min) [V] 

36/12 36/12 42/10 53/18 

Load (min) [Ω] 1.5 1.5 1 2 

Output power 

(mono/stereo) 
130/70 350/175 400/200 600/300 
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measured for three loads with values of 2.2 Ω, 3.9 Ω and 4.7 Ω. 
The signal spectrum was also checked in the band of the 
expected use of the underwater communication system, i.e. from 
4 kHz to 30 kHz. Spectrum verifications were performed for 
continuous operation and with a duty cycle of 10%. 

In order to assess the occurrence of additional components at 

the amplifier output with frequencies that are an integer multiple 
of the input signal frequency, the total harmonic distortion 
(THD) was calculated for continuous operation and operation 
with a 10% duty cycle in accordance with formula (1). Un means 
the RMS values of the harmonics of the measured output signal, 
while U1 is the RMS value of the fundamental frequency. The 

summing took into account the first 5 harmonics (M=5). The 
calculations were made for signals generated at the edges of the 
assumed transmission bands. 

𝑇𝐻𝐷 = 100 ∙ √∑ (
𝑈𝑛

𝑈1
)

2
𝑀
𝑛=2  [%]      (1) 

 

V. MEASUREMENTS RESULTS 

Figure 4a, Fig. 4b, and Fig 4c show graphs of the output 
power values of the selected amplifiers as a function of the input 
signal amplitude expressed in Vpp. Figure 4a shows the results 
obtained by loading the output of each of the amplifier 
development kits with a resistance of 2.2 Ω. The graph shows 

that the highest output power was obtained for the TPA 3255 
amplifier and the lowest output power was obtained for the 
TPA 3223, but it has the largest range of input signal values, 
which translates into an increase in the resolution of the output 
power settings. 

 
(a) 

  
(b) 

 
(c) 

Fig. 4. Output power of the power amplifiers for  (a) 2.2 Ω (b) 3.9 Ω 

(c) 4.7 Ω load 

Figure 4b shows the output power measurements after loading 
the amplifying circuits with a resistance of 3.9 Ω. In this case, 
we see a slight increase in the range of the input signal values 
for the TPA 3255 and TPA 3251. Such an increase in the input 
signal amplitude range had a positive effect on increasing the 
resolution of the output power settings. For the TPA 3255 with 
a 3.9 Ω load, we also see a slight increase in the output power. 
In Fig. 4c we can see the measurement results for the highest 
value of the load resistance of the amplifier system, i.e. 4.7 Ω. 
In accordance with the assumptions, with the increase in the 
load impedance value, the value of the output power for each of 
the amplifiers decreased. 

In Fig. 5a, Fig 5b, Fig. 5c, and Fig. 5d, the characteristics of 
the output power as a function of the input signal amplitude 
value for three different load values are presented for each 
power amplifier separately. These graphs show which load 
value is the most advantageous in terms of output power and the 
input signal amplitude range. These graphs show the agreement 
of the measurements with the theory. For a lower load 
impedance value, a higher output power value is obtained. The 
exception is the TPA 3255 amplifier, whose results are 
presented in Fig. 5d. This amplifier achieves its maximum 
output power for a load of 3.9 Ω. For this load value, the 
amplifier also has the largest range of the input signal voltage 
amplitude. 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Fig. 5. Output power of the amplifiers (a) TPA 3250 (b) TPA 3251 

(c) TPA 3223 (d) TPA 3255 

Figure 6a, Fig. 6b, Fig6 c, and Fig. 6d, contain the amplitude 
characteristics of the selected amplifiers as a function of 
frequency from 1 kHz to 100 kHz. In the graphs, the amplitude 
value is expressed as the root-mean-square voltage. It can be 

seen that the amplitude of the output signal as a function of 
frequency does not change much in the tested band, i.e. from 
4 kHz to 30 kHz. It is almost constant for the loads 3.9 Ω and 
4.7 Ω, and only increases and then falls rapidly at around 
60 kHz. The maximum value of the amplitude appears in the 
area of the cutoff frequency of the LC filter placed at the output 

of the evaluation boards module. In all cases, in the cutoff 
frequency area it can be seen that the highest amplitude is 
obtained for the load of 4.7 Ω. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 6. Amplitude characteristic for (a) TPA 3250 (b) TPA 3251 

(c) TPA 3223 (d) TPA 3255 

The phase characteristics are presented in Fig. 7a, Fig. 7b, 
Fig 7c, Fig 7d. They show the change in the phase of the output 
signal relative to the input signal. Our considered underwater 
communication system assumes operation in three bands, i.e. 
from 4 kHz to 8 kHz, another band from 7 kHz to 17 kHz, and 
the third from 16 kHz to 30 kHz. Therefore, the phase 
differences between the signal with the initial and final 
frequency of a given band are important. In Fig. 7a, we can see 
the plotted phase characteristics for the evaluation kit with the 
TPA 3250 power amplifier for three different loads. For the 
3.9 Ω load, we can read that for the 4–8 kHz band, the phase 
difference is 3.7°, within the 7–17 kHz band, the phase 
difference is 9.9°, and for the third band, 16–30 kHz, it is14.1°. 
In the next figure (Fig. 7b), we can see the measurement results 
obtained for the TPA 3251. In this case, the phase difference is 
3.8° for the first band, 7.2° for the second, and 9.3° for the third. 
From Fig. 7c, we can read the phase differences for the 
TPA 3223 amplifier kit. They are 3.5°; 9.2°, and 12.4° for the 
individual bands, respectively. Fig. 7d presents the 
measurements obtained for the TPA 3255 kit. We can see that 
for the first band, the phase difference is 4.4°, for the second, it 
is 10.3°, and for the third band, 15°. These are the largest 
differences among the tested starter kits, but this kit also has the 
highest output power. Despite the highest phase deviation 
values, these are acceptable values. 
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(b) 

 
(c) 

 
(d) 

Fig. 7. Phase characteristic for (a) TPA 3250 (b) TPA 3251 

 (c) TPA 3223 (d) TPA 3255 

All phase difference data within the three frequency bands for 
each development kit loaded with a 3.9 Ω, resistance are 

summarised in Table II. 

 
The indicator that quantitatively and qualitatively illustrates 

the presence of the useful signal and other undesirable 
components is spectral analysis [14]. Fig. 8a, Fig. 8b, Fig. 8c, 
Fig. 8d, Fig. 8e, Fig. 8f present the frequency spectrum of the 
signal at the output of the evaluation module with the TPA 3255 
amplifier loaded with the 3.9 Ω power resistor. The spectra were 
recorded during amplifier operation with a 10% duty cycle. That 
is, for 100 ms the signal from the generator was amplified, fed 
to the amplifier input, and for the next 900 ms the generated 
signal was not fed to the amplifier input. For all these cases the 

calculated total distortion factor THD was below 1%, which is 
a very good value. 

In Fig. 8a and Fig. 8b, we can see the spectrum of signals with 
frequencies from the edge of the first band. Thus, in Fig. 8a, we 
see a spectrum in the range up to 50 kHz recorded at the output 
of the TPA 3255 amplifier. The difference between the 
amplified signal with a frequency of 4 kHz and the remaining 
components is 58 dB. Similarly, in Fig. 8b, we see the amplified 
signal with a frequency of 8 kHz and the remaining components 
of the spectrum. In this case, the difference is equal to 50 dB.  

 
(a) 

 
(b) 

 
(c) 

TABLE II  

PHASE DIFFERENCES IN FREQUENCY BAND FOR 3,9 Ω 

Frequency 

band 

Amplifier 

TPA 3250 TPA 3251 TPA 3223 TPA 3255 

4-8 kHz 3.7 ° 3.8 ° 3.5 ° 4.4 ° 

7-17 kHz 9.9 ° 7.2 ° 9.2 ° 10.3 ° 

16-30 kHz 14.1 ° 9.3 ° 12.4 ° 15.0 ° 
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Fig. 8c shows a spectrum of a signal with a lower frequency 
of the second band, i.e. 7 kHz. In this case, the difference in 
amplitudes between the generated and amplified signal and the 
remaining components is 50 dB. Fig. 8d shows a spectrum of a 
signal with a higher frequency of the second band, i.e. 17 kHz. 
For such amplified signal, the difference in amplitudes is about 

59 dB. 

 
(d) 

 
(e) 

 
(f) 

Fig. 8. Spectrum for TPA 3255 (10% duty cycle) (a) 4 kHz (b) 8 kHz 

(c) 7 kHz (d) 17 kHz (e) 16 kHz (f) 30 kHz 

For the third band in Fig. 8e, we see the spectrum with the 
16 kHz signal. The difference, as before, is approx. 59 dB. For 
the upper frequency of the third band, the signal spectrum is 

presented in Fig. 8f. The difference in the level of the amplified 
signal to the remaining components in this case is approx. 
55 dB. 

Underwater communication systems often operate in 
conditions close to continuous operation. In order to test this 
mode of operation, long-term tests were performed, consisting 
in feeding a continuous signal from the generator to the 
amplifier input, while the recordings of the operating parameters 
at the output were performed when the amplifier radiator 
reached a stabilised temperature. The tests were performed 
without forced air flow or additional cooling. In Fig. 9a, Fig. 9b, 
Fig. 9c, Fig. 9d, Fig. 9e, and Fig. 9f, we can see the spectrum 
for continuous operation of the TPA 3255 amplifier loaded with 
the 3.9 Ω power resistor. For all these cases the calculated total 
distortion factor THD was below 5%, which is a sufficient 
result. 

In the case of the first band, Fig. 9a and Fig. 9b respectively, 
show the spectra of signals with components at the amplifier 
output with a frequency of 4 kHz and 8 kHz. The distance 
between the amplified signals and the remaining spectrum 
components is approximately 51 dB and 41 dB, respectively. 

For the edges of the second band, the distance between the 
amplified signals and the remaining spectrum components is 
42 dB, as shown in Fig. 9c and 33 dB in Fig. 9d. 

The measurement results of the third band are shown in 
Fig. 9e and Fig. 9f and the numerical results are approximately 
35 dB and approximately 58 dB, respectively. These values are 
clearly lower compared to the operation with a 10% duty cycle, 
but still acceptable [15],[16]. 

 
(a) 

 
(b) 
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(c) 

 

(d) 

 
(e) 

 
(f) 

Fig. 9 Spectrum for TPA 3255 (continuous work) (a) 4 kHz (b) 8 kHz  

(c) 7 kHz (d) 17 kHz (e) 16 kHz (f) 30 kHz 

CONCLUSION 

The paper presents a series of analyses performed on 
commercially available evaluation modules that can be used as 
ready-made power amplifiers for an underwater communication 
system. Based on the presented measurement results, the most 

suitable device for a given application can be selected, 
depending on whether it is a system focused on energy saving 
or on achieving long ranges, i.e. with high output power. The 
TPA 3255 amplifier seems to be a compromise, as it combines 
both of these features. That is, it can operate in systems focused 
on battery operation, thanks to its broad range of supply 

voltages. At the same time, it is suitable for applications where 
the highest possible output power is required. It has an 
appropriate resolution of output power settings and is 
characterised by a linear, almost flat amplitude characteristic as 
a function of frequency in the range up to 30 kHz. The phase 
characteristic is almost linear in the tested frequency range. The 

difference between the amplified signal and the remaining 
spectrum components is between 30 and 50 dB, depending on 
the signal filling time. The calculated THD values below 1% and 
below 5%, respectively, for a signal with a 10% duty cycle and 
for a continuous signal are sufficient results. In addition, the 
tested sets have features usually found in mature solutions that 

protect against thermal and short-circuit damage. Another 
important aspect is the ability to easily adapt the module to 
ensure smooth regulation of the output power by changing the 
amplitude of the input signal in a controlled manner. 
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