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Introduction

Electroacoustics is the science that bridges the gap between electrical signals and audible sound. From the humble
telephone to modern high fidelity audio systems, electroacoustics has evolved into a sophisticated field that blends
physics, engineering, and art. At the heart of every sound producing device lies an audio amplifier—a device that
takes a weak electrical signal and boosts it to a level capable of driving a loudspeaker or headphones. This article
offers a deep dive into the fundamentals of electroacoustics and the practical steps involved in designing an audio
amplifier. Whether you're a hobbyist building a DIY stereo or an engineer working on professional audio equipment,
the concepts presented here will help you understand the principles, make informed design choices, and create
sound systems that deliver clarity and power.

What Is Electroacoustics?

Electroacoustics is the branch of physics and electrical engineering that studies the conversion of electrical energy
into acoustic energy and vice versa. The core components of an electroacoustic system are:

e Transducers—Devices that convert electrical signals into sound waves (drivers) and sound waves back into
electrical signals (microphones).

¢ Signal Path—The chain of electronic components that process the signal before it reaches the driver.

* Power Source—The supply that provides the necessary voltage and current to drive the transducer.

e Control Elements—Filters, equalizers, and other circuitry that shape the sound.

In audio amplification, the goal is to preserve the fidelity of the input signal while providing enough power to drive
the loudspeaker without distortion or damage.

Historical Context

Electroacoustics has a rich history that dates back to the 19th century. Key milestones include:

1866 — The Telegraphic Ear: The first electric microphone by Alexander Graham Bell.

1900s — The Loudspeaker Revolution: Emile Berliner’s invention of the dynamic loudspeaker.

1940s — Vacuum Tube Amplifiers: The rise of the transistor and the birth of solid state audio amplification.

1970s — Class AB Amplifiers: The standard for high fidelity audio, balancing efficiency and sound quality.
5. 2000s — Digital Signal Processing (DSP): Integration of digital control and signal processing into audio

amplification.
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Each of these developments has shaped modern audio design, influencing how we build and evaluate amplifiers
today.

Fundamental Principles of Electroacoustics

Transducer Types

Understanding the different transducer types is essential for amplifier design because each has unique electrical
and acoustic characteristics.



e Dynamic Drivers — The most common type; they use a voice coil and magnet to move a diaphragm.

¢ Planar Magnetic Drivers — Thin, flat diaphragms that provide excellent transient response.

e Electrostatic Drivers — Use a charged diaphragm between two plates; high fidelity but require high voltage.

e Piezoelectric Drivers — Convert voltage into mechanical strain; often used in small speakers and headphones.

Impedance Matching

Audio amplifiers must match the load impedance of the speaker to maximize power transfer and minimize
distortion. The typical speaker impedance ranges from 4 :+ to 8 :’a An amplifier that can deliver the required current at
the given voltage without overheating is essential.

Signal Chain Overview

1. Input Stage — Receives the audio signal (e.g., from a CD player or smartphone).

2. Pre Amplifier — Buffers and amplifies the signal to a level suitable for the power stage.
3. Power Stage — Provides the necessary current and voltage to drive the speaker.

4. Output Stage — Often includes a final buffer and protection circuitry.

Designing an Audio Amplifier: Step by Step Guide

1. Define Your Requirements

Before you start selecting components, clarify the following:

e Power Output — How many watts per channel?

¢ Impedance — What speaker impedance will you drive?

¢ Frequency Response — Desired bandwidth (e.g., 20 /Hz—20 /kHz).

« Distortion Limits — Target THD (Total Harmonic Distortion) below 0.1 /%.
« Efficiency — Class of amplifier (A, B, AB, D, etc.).

« Budget & Size — Component cost and enclosure constraints.

2. Choose the Amplifier Class

Each amplifier class offers a trade off between efficiency, linearity, and complexity:

e Class A — Highest linearity, lowest efficiency (~25 /%).

e Class B — Improved efficiency (~50 /%), but suffers from crossover distortion.

e Class AB — Combines A and B to reduce distortion while improving efficiency (~70 /%).

e Class D — Uses PWM (Pulse Width Modulation) for high efficiency (~90 /%) but requires careful filtering.

For most home audio applications, Class AB is a balanced choice, while Class D is favored for portable devices.

3. Select Key Components

1. Transistors or MOSFETs — Choose devices with sufficient voltage and current ratings. For Class AB,
low noise BJTs or MOSFETs are common. For Class D, high speed MOSFETs with low Rds(on) are preferred.

2. Input Buffer — A low noise, high input impedance stage (often a JFET or op amp).

3. Feedback Resistors — Provide negative feedback to stabilize gain and reduce distortion.

4. Power Supply Components — Capacitors (bulk and decoupling), inductors (for Class D), and voltage
regulators.

5. Heat Sinks — Essential for power transistors to dissipate heat.

6. Protection Circuits — Over current, over temperature, and short circuit protection.

4. Design the Input Stage

The input stage must preserve the integrity of the source signal. A typical design uses a voltage follower (unity gain



buffer) followed by a small signal amplifier with a moderate gain (e.g., 10x). The key is to keep the input impedance
high (10 /k:™c 60©) to avoid loading the source.

5. Implement Negative Feedback

Negative feedback reduces the overall gain but improves linearity and bandwidth. The feedback network often
consists of a resistor pair forming a voltage divider that returns a fraction of the output back to the input.

1. Choose feedback ratio ;" FO 6WB FfR 6/&+6VB A0+ v-a Gclosed = Gopen/ (1 + Gopen /x /;"a
2. Ensure the feedback loop is stable; avoid phase shifts that could cause oscillation.
3. Use precision resistors (0.1 /% tolerance) to maintain consistent performance.

6. Design the Power Stage

For Class AB, the power stage typically uses a complementary push pull configuration: one NPN and one PNP
transistor (or two complementary MOSFETS). Key considerations:

e Biasing — Set the quiescent current to keep transistors in the active region.

e Current Mirror — Use a current mirror to supply symmetrical current to both halves.
e Output Coupling Capacitor — Block DC while passing audio frequencies.

« Heat Management — Attach adequate heat sinks and consider airflow.

7. Add a Class D Output Stage (Optional)

If efficiency is paramount, a Class D stage can be added after the Class AB pre amplifier. The PWM signal is filtered
by a low pass filter (LC or RC) to reconstruct the audio waveform.

8. Power Supply Design

A clean power supply is critical for audio fidelity. Use the following guidelines:

e Bulk Capacitors — 1000 /uF electrolytic per rail.

¢ Decoupling Capacitors — 0.1 /uF ceramic close to each transistor.

* Voltage Regulation — Linear regulators (e.g., 7815) for low noise rails.
« Filtering — Ferrite beads and LC filters to suppress ripple.

9. Enclosure and Wiring

Proper enclosure design reduces EMI and protects components. Use:
¢ Ground Plane — A continuous copper layer on the PCB.
¢ Shielding — Metal enclosure or grounded foil to block external interference.
e Short, Thick Wires — Minimize inductance and resistance.

10. Testing and Calibration

After assembly, perform the following tests:

Open Loop Gain — Verify with a signal generator and oscilloscope.
Frequency Response — Use a sine sweep from 20 /Hz to 20 /kHz.
THD+Noise — Measure with a distortion analyzer.

Thermal Stress — Run the amplifier at full load for several hours.

5. Short Circuit Test — Ensure protection circuits activate.
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Make adjustments as needed, such as trimming feedback resistors or adding bypass capacitors.

Key Design Considerations for High Fidelity Audio



Component Quality
High quality components reduce noise and improve stability. Opt for low noise op amps (e.g., OPA2134), precision
resistors, and thick film ceramic capacitors.

Thermal Management

Heat can degrade performance and shorten component life. Use heat sinks, thermal paste, and ensure adequate
ventilation.

Noise Reduction
Noise originates from power supply ripple, component tolerances, and electromagnetic interference. Techniques to
reduce noise include:

e Proper grounding schemes.

¢ Using low noise power supplies.

 Shielding critical traces.

« Employing differential signaling where possible.
Signal Integrity
Maintain high bandwidth and low distortion by:

e Choosing wide bandwidth op amps.
¢ Minimizing trace length.
¢ Using proper layout techniques to avoid cross talk.

Safety and Compliance

Ensure your design meets regulatory standards (e.g., FCC, CE). Include proper isolation, over current protection,
and adequate insulation.

Practical Example: Building
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