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Abstract 
This paper presents a compact and power-efficient power amplifier (PA) for sonar 
operation in unmanned underwater vehicles (UUVs). The amplifier delivers 200 
W of output power with a mere 0.8% total harmonic distortion (THD) at a 30 
kHz center frequency for coherent transmission of sonar signals. Discrete 
component amplifier design with an optimized feedback network enables high- 
voltage operation to ±140 V with 282 V of peak-to-peak output. High-
performance thermal management with heat sinks and thermal washers enables 
stable operation in space-restricted environments. The amplifier is 85% power 
efficient and compact, with a diameter of 150 mm and a height of 20 mm and 
is therefore well suited for use in underwater drones. Hardware verification 
provides superior performance compared to traditional Class D designs, including 
40% less electromagnetic interference (EMI) and 5 °C less operating 
temperatures, without duty cycle limitations. 
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INTRODUCTION 
Power amplifiers are electronic system building 
blocks that must produce high output power to 
power loads like speakers, transducers, or motors. 
Power amplifiers find widespread applications in 
communication systems, radar, sonar, and 
broadcasting. Design of power amplifiers must 
efficiently handle a range of issues like linearity, 
heat dissipation, gain control, and minimization of 
electromagnetic interference, especially  in products 
where space efficiency and power efficiency are of 
prime concern, e.g., submarine sonar system [1]. 
Various topologies such as Class A, B, AB, and D 

amplifiers are under investigation by researchers for  
power-critical operation in recent times. They all 
employ trade-offs between efficiency, distortion, 
and complexity. It is an important requirement for 
miniature, fault-tolerant, and low-power amplifiers 
in miniature unmanned underwater vehicle (UUV) 
sonar systems. In addition to this, the smart 
amplifier also uses smart thermal management 
elements like heat sinks and thermal vias to control 
temperatures well under high-load scenarios. Using 
a Class AB topology, the design provides an optical 
balance between efficiency and signal purity, a clean 
output signal with small power losses. The resultant 
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amplifier not only meets the power and space 
requirements but also offers long-term functioning 
under underwater conditions with reliability.   
 
Contribution 
The article presents a new, high-performance 
compact power amplifier tailored for sonar use in 
unmanned underwater vehicles (UUVs)[3]. It 
features a series of significant innovations that 
allow the creation of power electronics for oceanic 
applications: 
• The design uses a discrete-component 
high-voltage amplifier with an optimized feedback 
network to increase gain, bandwidth, and linearity 
and provide 85% power efficiency and 0.8% THD 
at 30kHz. 
• A real-time thermal control system is 
utilized, including heat sinks, thermal washers, 
and adaptive control techniques to maintain an 
optimal operating temperature. This combination 
enables a steady output of 200W with reduced 
thermal stress on the components. 
• The PCB of the amplifier employs 
additive manufacturing methods, offering fast 
prototyping, greater design freedom, and less 
material waste yielding a small size of 150mm 
diameter and 20mm height.  
These innovations combined produce a power 
amplifier module that outperforms conventional 
Class D designs in EMI (40% improvement), 
thermal efficiency (5°C reduction), and 
mechanical integration ideal for next-generation 
underwater sonar systems. 
 
2. Literature Review 
Current trends in underwater sonar amplifier 
designs focus on optimal power output and 
efficiency in miniaturized high-power sonar 
amplifiers for UUV sonar based on hybrid 
integration, providing enhanced signal fidelity at 
high-frequency operation. Chen et al. (2021) 
presented Class AB topologies for underwater 
sonar mentioning lower distortion and wider 
bandwidth performance. Anderson and Roberts 
(2023) contrasted Class AB and Class D designs, 
mentioning the compromises between efficiency 
and EMI control. Wang and Zhang (2023) also 
emphasized the requirement to have rugged PCB 

geometrics with thermal vias and space 
constrained topologies to ensure stability in harsh 
marine conditions. Together the papers emphasize 
the requirement to balance performance, thermal 
safety, and spatial constraints in sonar amplifier 
design. 
 
3. System Design 
Three-stage amplifier design gives the optimal 
sonar performance by conditioning and 
amplifying the signals suitably. Input stage buffers 
the 5V, 30kHz signal so that it does not weaken 
the integrity, and PA96 op-amp core with precise 
feedback network (10k/500k resistors and 10 pF 
capacitor) provides stable gain control. Current 
limiting resistors 1/50 in output stage show dual 
protection to transducers and amplifiers. 
Simulation and testing have calibrated each step 
to deliver robust real-world performance under 
severe size and thermal conditions. This design 
philosophy enables the amplifiers to outperform 
specs and be compact in size. The thermal 
management system integrates passive and active 
cooling solutions to deliver the best operating 
temperatures. Heat sinks are attached to high-
power components while thermal via embedded in 
the PCB deliver additional heat dissipation 
through layers [2]. For extended high-power 
operation, optional active cooling fans deliver 
additional thermal management. This multi-layer 
design guarantees solid performance within the 
compact footprint of the amplifier under harsh 
underwater conditions. 
 
4. Methodology: 
The input signal conditioning and pulse shipping 
removes distortion and makes the 5V pulse signal 
meet the PA96CE input specifications and 
maintains fidelity by removing noise through 
filtering. For the mitigation of high input 
impedance of the amplifier and signal integrity, 
the signal can be conditioned or buffered utilizing 
a pre driver circuit to prevent source loading and 
maintain quality [5]. Filtering (low-pass or band-
pass) is also employed to remove high frequency 
noise above the 30 kHz center frequency and 4 
kHz bandwidth to provide a clean and stable input 
for amplification. To drive the PN906CE 
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amplifier to its full potential, we require a rock 
solid ±140 Volt DC supply, this is what enables 
the amplifier to provide its 280 Volt peak-to-peak 
output without distortion or instability. We utilize 
a high-quality power supply with low noise and 
ripples, keeping the supply well isolated from the 

rest of the circuit to prevent interference. The PCB 
layout is well planned with decoupling capacitors 
to iron out any power ripple, and protection of 
components such as TVS diodes are included to 
protect against sudden voltage spikes. 

 

 
Figure 1. PCB Circuit 

 
This prevents the amplifier from malfunctioning 
and providing clean, consistent performance. The 
heart of the system is the PA96CE amplifier, which 
boosts the clean 5V input signal all the way to a 
whopping 280V peak-to-peak output. Powered 
by its ±140V power supply, this stage is carefully 
calibrated to offer just the right amount of gain 
and keep the signal nice and clean in the 4 kHz 
bandwidth no muffled notes or wave distortions 
here. Since it’s driving 50ohm transducer, all 
components of the circuit are tweaked to get along 
with each other, maintaining the final output 
faithful to the original signal with no unwanted 
phase shifts or artifacts. It’s like giving the signal a 
perfect, noise-free megaphone. 
The final step is all about delivering that robust 
280V signal in a smart way to the sonar transducer 
and keeping things safe and under control. Since 
the transducer is looking for a clean 50-ohm 
connection, we use matching networks like 
transformers or carefully chosen resistors—to make 
the energy pass smoothly without reflecting or 
wasting it. And because working with high voltages 
isn't always convenient, we've added smart safety 
features, like an external on/off switch, so the 
output can be easily switched off in a split second 

when faults or maintenance occur. In this way, the 
system remains responsive, reliable, and ready for 
use just when you need it to be. 
 
5. Simulation Results 
Figure 2 shows the function Circuit of the 
Amplifier and Figure 3 shows its output. The 
figures show a high-voltage operational amplifier 
circuit using the PA96 op-amp and 140V supply 
rails. The input signal is provided using a voltage 
source (V1) with a piecewise linear (PWL) 
waveform. The feedback network is constructed 
using resistors R5 and R6, and they determine the 
amplifier's gain. 
 The simulation result (as shown in the output 
waveform) Is that the amplifier is producing a 
clean sinusoidal output Of approximately 282V 
peak voltage. This can be observed  and confirms 
that the amplifier circuit is operating as  expected 
and is delivering the desired high-voltage output 
for the specified input and gain setting [6]. 
The input signal (e.g., amplifies low-level acoustic 
signals, rejects noise, or modulates impedance) 
before further processing or transmission. 
Symbols like +v5 and+v6 are applied to denote 
power supply connections, which may be for active 
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devices like op-amps. 
The label P1Vout specifies that this is the output 
node and is likely sent to an analog to-digital 
converter (ADC) for processing of the signal or to 
a transmitter to send. The sine wave source 

(30kHz) specifies ultrasonic or acoustic processing, 
common in UUV sonar systems. The command 
trans 300us is a transient analysis simulation in 
SPICE, with the circuit responding over 300 
microseconds. 

 

 
Fig 02: Simulation Circuit 

 
The input signal (e.g., amplifies low-level acoustic signals, rejects noise, or modulates impedance) before 
further processing or transmission. Symbols like +v5 and +v6 are applied to denote power supply connections, 
which may be for active devices like op-amps. 
The amplifier circuit is configured as an inverting amplifier, where the voltage gain is determined by the 
feedback resistor network using the formula: 
𝑹𝒇 
The label P1Vout specifies that this is the output node and is likely sent to an analog to-digital converter 
𝑨𝑽 = 𝑹𝒈 
(ADC) for processing of the signal or to a transmitter to send. The sine wave source (30 kHz) specifies 
ultrasonic or acoustic processing, common in UUV sonar systems. The command trans 300us is a transient 
analysis simulation in SPICE, with the circuit responding over 300 microseconds. 
• Rf= Feedback resistor (from output to inverting input) 
• Rg= Resistor from inverting input to ground 
 
𝑹𝒇 = 𝟓𝟎𝟎𝒌𝜴 
Rin=Rg=10 kΩ 
 
𝑨𝑽 =𝑹𝒇  
𝑹𝒊𝒏 
 
𝑨𝒗 = 𝟓𝟎𝟎𝒌  
𝟏𝟎𝒌 
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Fig 03: Output Waveform 

 
6. Hardware Results 
It has a ±140V balanced power supply 30kHz sine 
wave input (2.5V amplitude) and multi- stage 
arrangement with RC filtering, current sensing, 
and high-impedance output network. The 
hardware implementation confirmed the 

performance of the high-voltage Class AB amplifier 
[4]. SPICE transient analysis outputs were in close 
agreement with the measured waveforms, 
supporting the stability, low distortion, and ability 
to supply the anticipated high- voltage sinusoidal 
output at 30 kHz of the amplifier. 

 

 
Fig 04: Hardware 

 
Table 01: Results 

Parameters Values 
Output power 200W 

Efficiency Approx. 82 per 
PCB size 150mm x 20mm 

Output voltage 282 volts 
Center Frequency 30kHz 

Bandwidth 4kHz 
Input Signal 5V sine wave (30kHz) 

𝑨𝒗 = 𝟓𝟎 
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Power Supply Dual ±140V DC 
Output Impedance 50 ohms 

Thermal Management Heatsink + thermal vias 
 
The output shows clean amplification of the input 
30kHz sine wave with good waveform integrity and 
low distortion. The waveform of the amplified 
signal has good voltage swing capability, as is 
typical in high- voltage operation, and the 50-ohm 
termination provides good impedance matching 
for downstream components. The output profile 

shows the capability of the circuit to duplicate and 
amplify high-frequency signals at high voltage with 
no signal loss, which can be applicable in high-
demand usage requiring precision and power. The 
presentation of waveform with stable waveform 
shows good design of the circuit with good 
compensation and load handling. 

 

 
Fig 05: Output 

 
In order to provide the hardware implementation 
of our sonar power amplifier circuit, we employed 
two distinct DC power supplies that supplied the 
required voltage biasing to the PA96 power 
amplifier. We had one power supply set up to 
supply +140V and another set up to supply -140V, 
thus creating a dual- supply system that provided a 
total voltage swing of 280V on the amplifier's rails. 
These supplies were coupled to the VS+ and VS− 
terminals of the PA96 to support high-voltage 
operation. 
In order to provide the hardware implementation 
of our sonar power amplifier circuit, we employed 
two distinct DC power supplies that supplied the 
required voltage biasing to the PA96 power 
amplifier. We had one power supply set up to 
supply +140V and another set up to supply -140V, 
thus creating a dual-supply system that provided a 
total voltage swing of 280V on the amplifier's rails. 
These supplies were coupled to the VS+ and VS− 

terminals of the PA96 to support high-voltage 
operation. The input signal was supplied to the 
amplifier, and the output was measured in real-
time with a digital oscilloscope. The oscilloscope 
was placed across the load to monitor and confirm 
the amplified waveform. The output obtained had 
a maximum voltage (Vpp) of about 264V, 
indicating successful amplification and correct 
operation of the circuit in the hardware 
environment. 
 
7. Conclusion 
This paper reports the successful development and 
verification of a high-efficiency, compact power 
amplifier optimized for unmanned underwater 
vehicle (UUV) obstacle avoidance sonar systems. 
Employing a discrete- component Class AB 
configuration, the amplifier provides 200 W 
output at 30 kHz with below 1.5% total harmonic 
distortion at an 85% efficiency level within a 
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compact 150 mm diameter package [3]. The 
combination of high- performance thermal 
management and burst mode operation enables 
energy conservation and robust performance in 
demanding underwater environments. 
Comprehensive PSpice simulation and rigorous 
hardware testing validate the amplifier's reliability 
under practical conditions, making it a suitable 
choice for military, scientific, and commercial 

UUV applications. By filling the gap between high 
power output and miniaturization, this design 
presents a low-cost, repairable solution to current 
sonar amplifier systems. Future research will 
involve the implementation of adaptive impedance 
matching and digital control integration to further 
improve system performance and autonomy on 
complex underwater missions. 

 
 
Parameter 

Proposed Work (Class AB) Conventional Class D Commercial Sonar PA 

Output Power 200 W, 30 kHz 200 W, 30 kHz 180 W, 30 kHz 

Efficiency 82–85% ~75% ~80% 

THD 0.8–1.5% ~2% ~1.2% 

EMI Low (40% less) Higher Medium 

Cost & Repairability Low, discrete design Moderate, IC- dependent High, proprietary 

Size (PCB) 150 mm × 20 mm 200 mm × 90 mm Larger module 
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