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Disclaimer
This report was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government
nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.
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Overview
1. Static Electricity and Electrostatic Discharge (ESD)
2. Electrostatic Discharge Testing
3. Prediction of ESD with XFdtd® Electromagnetic Simulation 

Software
4. Spark Discharge Modeling
5. Multiphysics ESD Analysis
6. Conclusions
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Static Electricity
Causes:
 Contact / Triboelectric
 Pressure / Piezoelectric
 Temperature / Pyroelectric
 Charge / Electrostatic Induction
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Triboelectric Charge

Source: [1]
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Triboelectric Charge
𝑞𝑞 = 𝐶𝐶𝐶𝐶
𝑞𝑞 – Charge (Coulombs)
𝐶𝐶 – Capacitance (Farads)
𝑉𝑉 – Voltage (Volts)

𝐸𝐸 =
1
2
𝐶𝐶𝑉𝑉2

𝐸𝐸 – Energy (joules)
Source: [1]
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Electrostatic Discharge
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ESD Cost
“… in the electronics industry, losses associated with ESD are
estimated at between a half billion and five billion dollars annually.”

 In reality, total ESD cost is very 
difficult to determine.

 Facts:
 Multiple Prototypes
 Warranty Claims
 Loss of Consumer Confidence

Reference: [2]
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ESD Testing
Standards:
 ANSI/ESD, IEC, JEDEC, MIL, etc.

Test Models:
 Human Body Model (HBM)
 Charged Device Model (CDM)
 Machine Model (MM)
 etc.
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HBM & CDM Models

HBM

CDM

Source: [3] Source: [4]
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ESD Damage

Catastrophic Latent Upset
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XFdtd Case Study
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New XFdtd Functionality

 ESD Waveforms
 HBM, CDM, MM, etc.

 Material Parameter
 Dielectric Strength

 Circuit Components
 Rated Voltage/Current

 Result Sensor
 Dielectric Breakdown



© Remcom Inc. All rights reserved. 

XFdtd ESD Design
Potential Dielectric Breakdown After ESD Design Optimization
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Spark Discharge
 Lorentz Force Law

𝐹⃗𝐹 = 𝑞𝑞 𝐸𝐸 + 𝑣⃗𝑣 × 𝐵𝐵
 Plasma Modeling

 Fluid or Kinetic
 𝑓𝑓 𝑣⃗𝑣, 𝑟𝑟, 𝑡𝑡 - Electron Energy 

Distribution Function
 Boltzmann Equation
𝜕𝜕𝑓𝑓
𝜕𝜕𝑡𝑡

+ 𝑣⃗𝑣 �
𝜕𝜕𝑓𝑓
𝜕𝜕𝑟𝑟

+
𝐹⃗𝐹
𝑚𝑚
�
𝜕𝜕𝜕𝜕
𝜕𝜕𝑣⃗𝑣

=
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 𝑐𝑐

Dynamic Friction Force of Air

Source: [5]
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Boltzmann Solutions

 Analytic
 Not practical for most 

applications
 Direct Numerical

 ELENDIF, BOLSIG+, etc.
 Particle Simulation

 PIC + Monte Carlo
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Multiphysics ESD Analysis
 Model subsequent spark 

discharges and 
overcurrents

 Pinpoint device/pin failure 
with transient FDTD/Circuit 
co-simulation

 Predict thermal damage 
utilizing FDTD/Thermal 
co-simulation

Spark #1

Spark #2
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Conclusions
 ESD simulation does not replace hardware testing.
 ESD simulation does allow engineers to predict potential ESD

problems and optimize ESD protection in the design phase.
 Reduce number of hardware prototypes
 Reduce product development cost
 Reduce time to market
 Improve product reliability
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Contact Us
 XFdtd ESD questions, collaborations, feature requests, etc.: 

Gregory.Moss@remcom.com

 General:
Toll Free: 1-888-7REMCOM (U.S. and Canada)
Tel: 1-814-861-1299
Email: sales@remcom.com
www.remcom.com

 Website Contact Form: www.remcom.com/contact
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