Chapter 9: Noise Analysis and Mitigation Strategies

9.1 Introduction

Noise is an inherent challenge in all electronic systems, but it becomes particularly critical in
mixed signal circuits, where sensitive analog components coexist with noisy digital elements.
Effective noise analysis and mitigation are essential for maintaining signal integrity, ensuring
accurate data conversion, and achieving reliable operation in real-world environments.

This chapter explores the types and sources of noise, how they affect mixed signal systems,
and proven strategies to minimize their impact.

9.2 Types of Noise in Mixed Signal Circuits

Noise Type

Thermal Noise (Johnson
Noise)

Flicker Noise (1/f Noise)

Shot Noise
Power Supply Noise

Substrate Coupling

Electromagnetic
Interference (EMI)

Crosstalk

Clock Jitter

Description

Generated by the random motion of electrons in resistors and
semiconductors. Proportional to temperature.

Dominant at low frequencies; often present in MOSFETs and
bipolar devices.

Arises from current flow in diodes and transistors.
Ripple or transients in the power supply lines.

Digital switching activity causes current spikes in the shared
silicon substrate.

External radiated noise picked up by PCB traces or
components.

Unwanted coupling between adjacent signal traces or wires.

Variations in clock edges, affecting timing-sensitive circuits
like ADCs/DACs.

9.3 Impact of Noise on Mixed Signal Systems



e ADC/DAC Degradation: Noise can reduce resolution (ENOB), introduce jitter, and
corrupt samples.

e Signal Distortion: Noise alters amplitude and shape of analog signals.
e Logic Errors: Power or ground bounce can cause false digital transitions.
e Control Instability: In control loops, noise can trigger instability or overshoot.

e Increased EMI Emissions: Improper layout and grounding lead to non-compliance with
EMC standards.

9.4 Noise Coupling Mechanisms
1. Capacitive Coupling
o High-speed digital lines capacitively couple into analog traces.
o Increases with trace proximity and switching frequency.
2. Inductive Coupling

o Current loops in digital circuits induce magnetic fields, which induce voltages in
nearby analog loops.

3. Substrate Coupling

o Fast switching transients propagate through the silicon substrate to analog
blocks.

4. Power/Ground Bounce

o Sudden current draw in digital sections causes voltage spikes on shared
supply/ground planes.

9.5 Strategies for Noise Mitigation




A. Layout and Physical Design Techniques

e Separate Analog and Digital Ground Planes
o Connect at a single point (star ground) to avoid ground loops.
e Shielding and Guard Rings
o Surround sensitive analog blocks with grounded guard rings.
o Use ground planes to shield critical traces.
e Controlled Impedance and Trace Spacing
o Maintain uniform trace impedance and isolate high-speed lines.
o Use differential pairs with matched lengths for critical signals.
e Floorplanning
o Physically isolate analog and digital blocks.

o Place ADCs/DACs close to the analog input/output sources.

B. Power Supply Strategies

e Dedicated Analog and Digital Regulators
o Use Low Dropout Regulators (LDOs) for analog supply.

e Decoupling Capacitors
o Place ceramic capacitors (e.g., 100 nF) close to every supply pin.
o Add bulk capacitors (e.g., 10 pF) to filter low-frequency noise.

e Ferrite Beads

o Isolate analog and digital supplies on the PCB using ferrite beads.




C. Circuit Design Techniques

e Differential Signaling

o Cancels out common-mode noise; ideal for analog inputs and outputs.
e Low-Pass Filtering

o Analog filters before ADC to remove high-frequency noise (anti-aliasing).
e Spread Spectrum Clocking

o Spreads clock harmonics over a wider bandwidth to reduce EMI peaks.
e Slew Rate Control

o Slower edge rates in digital signals reduce high-frequency noise.

D. Substrate Noise Isolation (in IC Design)

e Deep N-Well / Triple-Well Technologies

o Physically isolate analog transistors from substrate noise.
e Guard Rings and Dummy Devices

o Reduce susceptibility of analog nodes to digital switching transients.
e Use of Separate Substrate Contacts

o Ensures low impedance return paths for analog currents.

9.6 Case Studies in Noise Mitigation

Case Study 1: High-Resolution Audio Codec

e Problem: Power supply noise coupling into ADC reduced SNR.



e Solution: Used separate power domains with ferrite isolation, placed decoupling caps at
each pin, and employed a differential amplifier front-end.

e Result: Improved SNR by over 12 dB, restored signal fidelity.

Case Study 2: Automotive ECU

e Problem: Fast microcontroller switching disturbed sensor inputs.

e Solution: Redrew PCB with segregated ground planes, introduced analog shielding, and
added LC filters on sensor lines.

e Result: Stable operation in EMI-heavy environments and passed EMC certification.

Case Study 3: Wearable Health Device

e Problem: Flicker noise and digital interference affected heart-rate monitoring.

e Solution: Employed chopper-stabilized amplifier, reduced digital clock frequency, and
synchronized ADC sampling with quiet periods.

e Result: Accurate ECG detection even in motion conditions.

9.7 Measurement and Analysis Techniques

e Oscilloscope and Spectrum Analyzer: For time/frequency domain noise observation.
e FFT Analysis of ADC Output: Reveals SNR, harmonic distortion, and spurs.

e EMI Pre-Compliance Testing: Ensures designs meet emission standards early in
development.

e SPICE and Mixed-Signal Simulation: Helps model substrate and power supply noise in
design phase.




9.8 Conclusion

Noise is a limiting factor in the performance of mixed signal systems. Understanding its sources
and propagation mechanisms enables designers to implement robust mitigation strategies.
Whether through careful layout, isolation, filtering, or architectural design, noise can be
minimized to preserve signal integrity and ensure the successful operation of analog-digital
systems.
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