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Abstract
Noise is an inherent and unavoidable phenomenon in analog electronic circuits, arising
from the physical properties of electronic components and devices. It limits the
minimum detectable signal, degrades signal integrity, and significantly affects the
performance of amplifiers, sensors, and communication systems. A thorough
understanding of noise sources, modeling techniques, and noise mitigation strategies is
essential for effective analog circuit design. This paper presents a detailed study of
noise analysis in analog electronic circuits. Fundamental noise mechanisms such as
thermal noise, shot noise, flicker noise, and burst noise are discussed along with their
mathematical models. Noise analysis methods for basic analog building blocks,
including resistive networks and amplifiers, are examined. The paper also highlights
design trade-offs between noise, power consumption, and bandwidth. Tables and two-

dimensional figures are included to enhance clarity and understanding.
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INTRODUCTION

Analog electronic circuits process continuous-time signals that are often small in amplitude
and highly sensitive to disturbances. Noise, defined as any unwanted random variation that
interferes with a desired signal, is a critical factor that determines circuit performance. In
applications such as biomedical instrumentation, sensor interfaces, audio electronics, and

wireless receivers, noise can severely limit accuracy and reliability.

Unlike distortion, which is signal-dependent, noise exists even in the absence of an input
signal. As technology scales and supply voltages reduce, noise margins shrink, making noise
analysis increasingly important. This paper focuses on the principles and techniques used to
analyze noise in analog electronic circuits and discusses their implications for practical circuit

design.

2. Fundamentals of Noise in Electronic Circuits

2.1 Definition and Characteristics of Noise

Noise is a random, unpredictable signal characterized by its statistical properties rather than
deterministic behavior. It is commonly described using parameters such as mean value,

variance, and power spectral density.

2.2 Noise Representation
Noise sources in circuits are often modeled as equivalent voltage or current sources that are

mathematically convenient for analysis.

3. Classification of Noise Sources

3.1 Thermal Noise

Thermal noise arises due to the random motion of charge carriers in resistive elements.

The mean-square thermal noise voltage is given by:

[

\overline{v_n"2} = 4kTRB
]

where k is Boltzmann’s constant, 7 is absolute temperature, R is resistance, and B is

bandwidth.
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3.2 Shot Noise

Shot noise is associated with the discrete nature of charge carriers, especially in
semiconductor junctions.

[

\overline{i n"2} = 2qIB
]

where ¢ is the electronic charge and / is the average current.

3.3 Flicker Noise
Flicker noise, also known as 1/f noise, dominates at low frequencies and is prominent in

MOS transistors.

3.4 Burst Noise
Burst noise appears as sudden step-like changes in voltage or current and is typically

observed in certain semiconductor devices.

4. Noise Modeling of Circuit Elements
4.1 Resistors

Resistors are modeled as noiseless resistances in series with thermal noise voltage sources.

4.2 Diodes and Transistors

Active devices exhibit both thermal and shot noise, with additional flicker noise in MOS

devices.
Table 1: Common Noise Sources and Characteristics
Noise Type Primary Source Frequency Dependence
Thermal Resistors Flat spectrum
Shot PN junctions Flat spectrum
Flicker MOS devices Inversely proportional to frequency
Burst Semiconductor defects Low-frequency dominant
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5. Noise Analysis of Basic Analog Circuits
5.1 Resistive Networks
In resistive networks, noise contributions from individual resistors are combined using

superposition principles.

5.2 Amplifiers
Amplifier noise performance is often expressed in terms of input-referred noise, which allows

comparison independent of gain.

6. Noise Bandwidth and Power Spectral Density
6.1 Noise Spectral Density

Noise spectral density describes how noise power is distributed across frequency.

6.2 Effective Noise Bandwidth
The effective noise bandwidth accounts for the frequency response of the circuit and

determines total noise power.

7. Signal-to-Noise Ratio and Noise Figure
7.1 Signal-to-Noise Ratio
Signal-to-noise ratio is defined as the ratio of signal power to noise power and is a key

performance metric.

7.2 Noise Figure
Noise figure quantifies the degradation of signal-to-noise ratio caused by a circuit or system.
8. Two-Dimensional Illustrations

Noise PSD

| \ 1/f Noise
| \ Frequency

Figure 1: Noise Spectral Density versus Frequency
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This figure illustrates the flat thermal noise spectrum and the low-frequency dominance of

flicker noise.

Vin ----[ Amplifier ]---- Vout

N

Noise Source
Figure 2: Input-Referred Noise Model of an Amplifier

The figure shows how internal noise sources are referred to the amplifier input.

9. Noise Reduction Techniques in Analog Design
9.1 Component Selection

Using low-noise resistors and optimized transistor dimensions reduces overall noise.

9.2 Circuit Techniques
Differential architectures, chopper stabilization, and auto-zeroing techniques help mitigate

noise effects.

10. Noise-Power Trade-Offs
Reducing noise often requires higher bias currents, which increases power consumption.
Designers must carefully balance noise performance against power and bandwidth

constraints.

11. Noise Analysis in Integrated Circuits
11.1 CMOS Technology Considerations

In CMOS analog circuits, flicker noise becomes significant as device dimensions shrink.

11.2 Layout Effects
Proper layout techniques such as common-centroid placement and shielding reduce noise

coupling and mismatch.
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12. Applications Requiring Low-Noise Circuits
e Biomedical signal acquisition systems
e Audio amplifiers and recording equipment
e Radio frequency front-end circuits
e Precision instrumentation

In these applications, noise analysis is a critical part of the design process.

13. Challenges and Future Directions
Emerging technologies pose new noise-related challenges due to lower supply voltages and
increased device variability. Research is focusing on noise-aware design methodologies and

digitally assisted noise reduction techniques.

CONCLUSION

Noise analysis is a fundamental aspect of analog electronic circuit design. By understanding
the physical origins of noise and employing accurate models, designers can predict and
minimize its impact on circuit performance. Techniques such as input-referred noise analysis,
careful component selection, and optimized biasing play a vital role in achieving low-noise
designs. As analog circuits continue to be integral to modern electronic systems, rigorous

noise analysis will remain essential for ensuring high performance and reliability.
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