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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
iInfringe 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 ﬁ

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 Triboelectric Charge

Material :’>
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Triboelectric Charge 2"3?'2“:‘ PPSb

q=CV
q — Charge (Coulombs)

Examples of Static Generation - Typical Voltage Levels

Means of Generation 10-25% RH  65-90% RH
¢ - Capacitance (Farads) Walking Across Carpet 35,000V 1,500V
V- VOItage (VOItS) Walking Across Vinyl Tile 12,000V 250V

1 , Worker at a Bench 6,000V 100V
E = E cV Poly Bag Picked up from Bench 20,000V 1,200V
E — Energy (joules) Chair with Urethane Foam 18,000V 1,500V
Source: [1]
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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.”

= |n 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.

REMCIEM
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HBM & CDM Models

R (MOhms) LA Typical characteristics

2017 Nuremberg

._/\/\/_ Peakcurrent  0.3Aat 500V
ESD Rise time 2-25ns
current Duration 100-200ns
Peak power 1w
H B M High Voltage Device Under Centre frequency 2.5MHz
Supply Test Bandwidth 0.5MHz
100 pF
- time
1 Ohm, Current
- Measurement
- Resistor ESD
I Typical characteristics
current
Peak current >10A
Baraslile Parasitic Inductance Risetime <ins
Capacitance ———— Duration <2ns
Peak power 2,000W
C D M | é Slachares Centre frequency 600 MHz
Charge Resistor l I Device Under Test Bandwidth 1,000 MHz
> 10MQ T 7
| | Ground Plate
High Valtage Distributed Device Body to
Source —l_ Ground Plate Capacitance
—x time
Source: [3] Source: [4]
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ESD Damage

Catastrophic Latent

6,000¢ || A 25,000 P —
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XFdtd Case Study
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New XFdtd Functionality MICROAPPS
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= ESD Waveforms
» HBM, CDM, MM, etc.

= Material Parameter
» Dielectric Strength

= Circuit Components
» Rated Voltage/Current

= Result Sensor
> Dielectric Breakdown
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XFdtd ESD Design

Potential Dielectric Breakdown
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After ESD Design Optimization
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Spark Discharge

= Lorentz Force Law
F =q(E +7%xB)
= Plasma Modeling
> Fluid or Kinetic

= f(v,7,t) - Electron Energy
Distribution Function

= Boltzmann Equation

ng% of F of (af>

v._+_._—
dt

ot oFr m 0V

REMCIEM
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Dynamic Friction Force of Air

10° .
_______ Eg~260KV/iem_: _ _ _ _ i _ _ _____
10°k : : {ICRU Report, 1984 _
SN /R By~ 32kviem N\ _
: Eg + 12.5 kKV/em: : :
B it : i Sl it Gtttk St
: . N .
2 F-= _ _Eer~ ﬂ-‘*_kl""fim_ NP PP
e __dp bt _E E~2kVlem _ >~ & _ -7 1 _
= : . :
w .3 : : : R
10 £~ T KViem (gaps > 30m, Raizer, 1991, pags 362)
10°}
dina Phelps, AV hnpﬂjlawwwiwlorado. d h htmi
10" i i i i i
10° 10° 10* 10° 10°
Energy (eV)

Thermal Runaway:  E; ~ 260 kV/cm Positive Streamer: Eor ~ 4.4 kV/icm

Conventional: Ex ~ 32 kV/cm Relativistic Runaway:  E, ~ 2 kV/icm
Negative Streamer: Eg ~ 12.5 kV/cm Leader: E, ~ 1 kV/em

Source: [5]
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Boltzmann Solutions g"gﬁﬂﬂff’*’i

= Analytic
» Not practical for most
applications
= Direct Numerical
» ELENDIF, BOLSIGH+, etc.

= Particle Simulation
> PIC + Monte Carlo
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Multiphysics ESD Analysis MICROAPPS
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= Model subsequent spark
discharges and
overcurrents

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

* Predict thermal damage
utilizing FDTD/Thermal
co-simulation
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Conclusions s N

= 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: 1-888-7TREMCOM (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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