
Mastering ESD Design for Analog Circuits: A
Comprehensive Guide
Electrostatic discharge (ESD) is a major threat to the reliability of analog
circuits. ESD events can damage or even destroy sensitive devices,
causing costly failures and reliability issues. To address this critical
concern, engineers must have a deep understanding of ESD design
principles and techniques.
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This article presents a comprehensive overview of ESD design for analog
circuits. We will explore the fundamentals of ESD, identify potential ESD
threats, and delve into various design techniques to mitigate ESD risks.
Whether you're a novice in ESD design or an experienced engineer
seeking to enhance your knowledge, this guide will equip you with the
essential information you need.

Understanding Electrostatic Discharge
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ESD is the sudden flow of electrical charge between two objects with
different electrical potentials. In the context of analog circuits, ESD can
occur when a charged person or object comes into contact with the circuit
or its components. This can result in damage to sensitive devices, even at
relatively low voltage levels.

ESD events can have a wide range of effects on analog circuits, including:

Device damage or destruction

Reduced performance or reliability

Increased susceptibility to other failures

To prevent or mitigate ESD damage, it is essential to implement
appropriate design techniques that protect sensitive devices and ensure
the overall reliability of analog circuits.

ESD Design Techniques

There are numerous ESD design techniques available to protect analog
circuits. These techniques can be classified into two broad categories:

Device-level protection: This involves using components or
structures to absorb or divert ESD energy away from sensitive devices.

Circuit-level protection: This involves designing the circuit itself to be
less susceptible to ESD damage.

Let's explore some of the most common ESD design techniques in each
category:



Device-Level Protection

ESD diodes: These are small diodes designed to conduct ESD current
away from sensitive devices. They are typically placed in parallel with the
device to protect.

TVS diodes: These are diodes that break down at a predetermined
voltage, providing a low-resistance path for ESD currents. They are often
used in conjunction with ESD diodes.

Surge protectors: These are devices designed to suppress voltage
transients, including those caused by ESD. They can be placed at the input
of circuits to prevent high-voltage surges from reaching sensitive
components.

Circuit-Level Protection

Grounding: Ensuring proper grounding of the circuit is crucial for ESD
protection. A good ground provides a low-resistance path for ESD currents
to flow, minimizing the risk of damage.

Shielding: Enclosing sensitive components within a conductive shield can
protect them from electric fields produced by ESD events. Shields can be
made of metal, conductive plastic, or other conductive materials.

Filtering: Using filters at the input of circuits can prevent high-frequency
ESD noise from entering the circuit and causing damage. Filters can be
passive (e.g., capacitors and resistors) or active (e.g., op-amps and
transistors).

ESD Testing and Simulation



Testing and simulation are essential aspects of ESD design. Testing can
validate the effectiveness of the implemented ESD protection measures,
while simulation can predict the response of the circuit to ESD events.

There are various ESD testing methods available, including:

Human body model (HBM) testing

Charged device model (CDM) testing

Machine model (MM) testing

ESD simulation tools can be used to predict the behavior of a circuit during
an ESD event. This can help identify potential vulnerabilities and optimize
the ESD protection design.

ESD design is a critical aspect of analog circuit design. By understanding
the fundamentals of ESD and implementing appropriate design techniques,
engineers can protect their circuits from ESD damage and ensure their
reliability in real-world applications.

This article has provided a comprehensive overview of ESD design for
analog circuits. We encourage you to delve deeper into this topic and
explore additional resources to enhance your knowledge and practical skills
in this field.
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