
CHEN, Jason OCT. 2019

Application Engineer



2

High switching frequency along 

with high frequency components in 

waveform causes unexpected EMI

High switching frequency and associated 

surge/ringing causes malfunction

Lack of power circuit simulation tool. 

Conventional tool may work for low frequency 

circuit but not for WBG device circuit

Prototype circuit explosion due 

to unexpected surge



3

P R E - L AY O U T  S P I C E ,  T H E N  “ C U T  A N D  T R Y ”

Pre-layout schematic

SPICE simulation:

“Best Case” performance

First prototype has some excess ringing. Cut-and-try until “best case” approached

2-6 spins

$6k-$60k/spin

3-8 weeks slip/spin

Image courtesy of ST Microelectronics
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P R E - L AY O U T  S P I C E ,  T H E N  “ C U T  A N D  T R Y ”

Pre-layout schematic

SPICE simulation:

“Best Case” performance

First prototype has destructive failure.

What next?
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Pre-layout schematic

SPICE simulation:

“Best Case” performance

New step Post-layout = Integrated EM-circuit co-sim
First “virtual” prototype has some excess ringing.

“White box” – probe anywhere - data display – 3D visualization

Explore design space until “best case” approached

First pass success

1-5 hours

/spin

Illustrative plots: actual plots are customer proprietary
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Device selection

Circuit simulation

Prototyping / Modification

Circuit functional test

Completion

Pass

Yes
No

Cheap & inaccurate SIM tool

Unreliable vendor datasheets

Device model

poor device model to 

produce trustable simulation

Repeat 

prototyping

Device selection

Circuit simulation

Prototyping / Modification

Circuit functional test

Completion

Pass

Reliable time 

domain & EM 

simulation based 

on reliable model

Sure selection & accurate data 

extraction for model creation

Device model

Keysight instruments

Keysight PE model generator

Measurement 

driven polynomial 

model based on a 

math model

Keysight ADS/EMPro/Momentum
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ENA w SMU

Measurement data

W8598BP/BT

Simple-use 

PEMG
ADS / EMPro / Momentum

Model 

parameters

B1506A

(B1505A)

by DPT (*1)by B1506A

I-V (*2)

Zero-bias s-parameters

C-V

On-state C-V through 

S-parameters (*2)

DPT(PD1500A)

ENA (E5080A)

Test solutions

Circuit/EM simulation with 

significantly improved accuracy

Keysight

mathematical model

PD1000A software

PEMG: Power Electronics 

Model Generator
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C A U S E S ,  I M PA C T,  R E M E D I E S

Controlling Parasitic Effects
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W H AT  I S  I T ?  

Definition: The characteristic of AC current such that the 

current density within a conductor is largest near the 

surface of a conductor, and decreases with greater 

conductor depth

Cause: Induced counter 

EMF which produces eddy 

currents (Ie) that oppose 

current flow

Magnetic field (H)

Controlling Parasitic Effects
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Current Density

Current density J 

decreases exponentially 

by the ratio of physical 

depth/skin depth from the 

surface current density Js

Skin Depth Calculation

Skin depth is highly dependent 

on the angular frequency Skin Depth vs Frequency

Frequency microns mils

10 KHz 654 25.6

100 KHz 207 8.15

1 MHz 65 2.56

10 MHz 21 0.82

100 MHz 7 0.26

C H A R A C T E R I S T I C S

Controlling Parasitic Effects

This part ~1 for  < 1/() i.e. all cases we are concerned with
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i1
i2 i3

When does the layout of the switched 

loop become important?

Vspike = Lparasitic *  di/dt

Vspike = Lparasitic *  Ion/t

Copyright 2018 Keysight Technologies, Inc.

Pre-layout “fiction” Post-layout “reality”
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• …but unlike other tools we show you how to 

fix it. We have a unique feature called “Circuit 

excitation” that pinpoints the root cause.

• Like other tools, Keysight’s solution shows you 

have a problem…

Insight 2019

Simulation

Measurement
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1. Shorten it

2. Lower the inductance per unit length…

Controlling Parasitic Effects
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• Fundamental reciprocal relationship between L 

and C for any trace (transmission line theory):

𝐿 =
1

𝑣2𝐶

…where v is the (fixed) propagation speed, v:

𝑣 =
𝑐

𝜀𝑟

…where c is the speed of light in vacuum

• ➔If you increase C, L has to come down

• It is easier to think what to do to make a bigger 

parallel plate capacitance C =
𝑐

𝑙
=

𝜀0𝜀𝑟𝑤

𝑑
than it 

is to think what to do to make a smaller 

inductance

A :  M A K E  I T  M O R E  L I K E A C A PA C I T O R !

Controlling Parasitic Effects
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• Think of a parallel plate capacitor C =
𝑐

𝑙
=

𝜀0𝜀𝑟𝑤

𝑑

Make w big: Make a skinny trace fatter

Make d small: Current flows in loops. Bring the 

return path closer. Under, over, co-planar or all 

three. 

A :  M A K E  I T  M O R E  L I K E A C A PA C I T O R !

Controlling Parasitic Effects

Applying RF/high speed design techniques

Non-optimized trace

Improved trace route

Grounded co-planar waveguide structure

Meandering return path far from trace

Close-coupled return path
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R C  S N U B B E R S  – U S E D  A S  A L A S T  R E S O R T

Definition: A circuit which reduces spike voltage and parasitic 

oscillations.  Parasitic oscillations occur when the surge voltage impulse 

excites an LC circuit.

Snubbing circuits are usually placed across high dv/dt switching nodes

RC snubbers always decrease efficiency.

• Rsnub dissipates heat directly

• Csnub stores energy= ½ x Csnub x V2 which is dissipated every cycle
Controlling Parasitic Effects
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R I N G  F R E Q U E N C Y  D E S I G N  M E T H O D O L O G Y

Tring can be found by simulation.   Use results determined from EM Co-simulation! 

EM Co-simulation

Tring

Frequency ringing method: Choose Rsnub, determine frequency 

of ringing, back solve for Csnub.  

Csnub = 3 x Tring/Rsnub

A more accurate result

Controlling Parasitic Effects

Note: There many papers on snubber design 

e.g. William McMurray, OPTIMUM SNUBBERS 

FOR POWER SEMICONDUCTORS, IEEE IAS 

transactions, Vol. IA-8, No. 5, Sept/Oct 1972, pp. 

593-600
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A P P LY I N G  T H E  R I N G  F R E Q U E N C Y  D E S I G N  M E T H O D

EM Co-sim w/o snubber

EM Co-sim w/snubber

Schematic only

(1) (2)

(3)

Controlling Parasitic Effects
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T R A C E  L AY O U T,  S N U B B I N G  

Trace layout:

Lower L di/dt by widening 

traces, shrinking route length, 

increasing capacitance, 

careful via placement

Loading/snubbing: 

Resistive/capacitive loads and 

snubbing circuits can be used to 

control surge voltage, but sacrifices 

efficiency 

Controlling Parasitic Effects
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Bad layout
No snubber ➔

Bad spiking

Bad layout
Large snubber ➔

Poor efficiency
Big bill-of-materials

Good layout
Small snubber ➔
Good efficiency

Small bill-of-materials
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“Ground is a place where potatoes and carrots thrive!”

Dr. Bruce Archambeault,

IBM Distinguished Engineer

IEEE Fellow

http://web.mst.edu/~jfan/slides/Archambeault2.pdf
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?

?

?

?

?

?

?

Controlling Parasitic Effects

• Don’t place multiple ground symbols

• Place one and only one “chassis ground” 

symbol at the point that makes most sense 

(usually the ground ref. of the input power port)

• In the substrate editor, use a conceptual 

“cover” layer as “chassis ground” reference for 

the EM extraction
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G A I N I N G  I N S I G H T S  I N T O  T H E  D E S I G N  

• When the grounds of a logic gate contain noise, the noise immunity of the gate decreases.

• The logic gate sees the signal appearing at its input pin with respect to its local ground. 

5V

0V

High

Low

3.5V

1.5V

1V

Noise margin = 1.5V – 1V

Controlling Parasitic Effects

0V

5V
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V O LTA G E  VA R I A N C E  A C R O S S  A G R O U N D  P L A N E

VS2

0.2 volts/

8 volts

Each point on a power plane or trace has: 

• IR drop (DC component)

• di/dt (AC component)

• Different amplitude

• Not necessarily coherent

Each point is different!

VS3

0.3 volts/

55 volts

VS4

0.5 volts/

80 volts
capgnd

0.5 volts/

150 voltsDC voltage (white)

AC voltage (red)

rectgnd

25
Controlling Parasitic Effects
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E V E R Y T H I N G  I S  R E L AT I V E !  

• It is important to understand the relative voltages around a component.

• Signals going into or out of a device are referenced to the local ground

• Noise levels are different across a ground plane and not necessarily coherent

PWMin

Gnd

Gate 

driver IC

Schematic only EM Co-simulation

These signals 

are relative to 

local gate 

driver ground

PWM signal 

relative to local 

PWM ground

MOSFET 

Gate

Controlling Parasitic Effects
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E M  C O - S I M U L AT I O N  H E L P E D  W I T H  D I A G N O S I S

1) Gate driver grounds

2) Ground plane connecting the power transistors

3) PWM ground

1) 1)1)

2)

3)

Root cause: Excessive ground path from the PWM to 

the gate drivers, grounds are mismatched along path

2)2)

Controlling Parasitic Effects
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P H Y S I C A L  L AY O U T  R E M E D I E S  

Trace layout:

Reduce IR drop & di/dt by 

widening traces, shrinking 

route length.  Reduce high 

current loops

Ground tying: 

Adjust routing to balance 

ground between critical 

nodes (V1 & V2)

Low ESL capacitors:

Add where large switching 

transients are generated and 

between critical components

gnd1 gnd2 gnd1 gnd2 gnd1 gnd2

Ground 

pour

Common tie 

point

V1 V2 trace 

nodes un-

balanced

Switching 

device Bypass 

cap

Switching 

device
Low 

ESL

cap

V+ V+

Bypass 

cap

cap
cap

cap

Controlling Parasitic Effects
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H I G H  V O LTA G E ,  L O W  E S R  C A PA C I T O R S

Consider a 2.2 uF, 600V poly film low ESR capacitor

• 33 mOhm ESR

• 18 nH lead inductance!

Observations:

• Higher voltage capacitors have more lead inductance

• Fast switching glitches: rise times are only a few nS!

• Lead inductance may prevent the capacitor from 

functioning properly

Spike voltage not suppressed

Controlling Parasitic Effects
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S TA G G E R E D  B Y PA S S  C A P A C I T O R S

Low ESL capacitors:

Stagger capacitor types between the switching node and the 

output with lowest ESL capacitors nearest the switching node

Vsupply

Gnd

• Lowest ESL

• Lowest ESR

• Lowest value 

capacitor

• Low ESL

• Low ESR

• Low value 

capacitor

• Higher ESL

• Higher ESR

• High value 

capacitor

VOut

Switching 

node

470 uF2.2 uF
.56 uF

Controlling Parasitic Effects
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B I G G E R  I S  N O T  N E C E S S A R I LY  B E T T E R

Ground

Switching trace, no 

bypass capacitor 
Apply 2.2 uF, 33 

mOhm capacitor. No 

lead inductance 

Apply 2.2 uF, 33 mOhm

capacitor. 18 nH lead 

inductance 

Apply 0.56 uF, 33 

mOhm capacitor. 10 nH 

lead inductance 

Controlling Parasitic Effects
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Bad layout
No decaps ➔
Bad ground 

bounce

Bad layout
Large decaps ➔

Big bill-of-
materials

Good layout
Small decaps ➔

Small bill-of-
materials
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T O O L S ,  T E C H N I Q U E S ,  P O S T  P R O C E S S I N G

Controlling Parasitic Effects
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U S I N G  A D S  F O R  E M  C O - S I M U L AT I O N

• EM technologies can be applied to 

the layout

• Method of Moments EM provides 

the best balance of speed and 

accuracy for planar designs

* EM Co-simulation is covered in detail as a separate topic

• Simulation can be switched 

between a schematic and EM co-

sim view

• EM is utilized with transient or 

harmonic balance circuit simulation

Layout and 

schematic are 

tied together

Controlling Parasitic Effects
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P R O B E S  A R E  E A S I LY  P L A C E D  I N  T H E  L AY O U T

Insert ports by clicking here

• Probes can be placed at any critical 

voltage node (like FET gate, drain, 

gate driver inputs, gnd, etc.)

• Probes can also be placed along a 

trace plane at different spots to gain 

di/dt insights

Controlling Parasitic Effects
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D ATA D I S P L AY  I S  A P O W E R F U L  T O O L

Multiple measurements 

can be conveniently 

displayed at once.  

This can include: switching 

waveforms, ground 

bounce, EMI, di/dt trace 

drop etc.

Controlling Parasitic Effects
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C U S T O M  M E A S U R E M E N T S

• ADS provides flexibility to 

measure just about anything

• Embedded measurements

• Individual measurement of 

layout probe points

• Custom scripted 

measurements

• Measured vs simulated results
Custom scripted 

measurements

Measured vs 

simulated result

Controlling Parasitic Effects
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U S I N G  D ATA D I S P L AY  M A R K E R S

• Markers make it easier to measure data

• Markers are inserted to measure points 

of interest 

• Markers can be used to measure the 

period of ringing, rise times, or 

differential timing

Peak marker (m3)

Line marker (m4)Marker palette

Controlling Parasitic Effects
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G R O U N D  B O U N C E  E X A M P L E S

Ground bounce reduces converter 

efficiency, produces common mode 

noise, and degrades noise immunity.

This performance is good

Ground bounce near a voltage reference or 

gate driver can degrade noise performance.

This performance is good

Controlling Parasitic Effects
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d I / d T E X A M P L E  – V O LTA G E  D R O P  A C R O S S  A T R A C E

Probes placed along traces can be subtracted from each other to gain insights

• Where high current loops drive L di/dt effects

• Impact on switching efficiency

Controlling Parasitic Effects
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E M  E X C I TAT I O N  E X A M P L E

• EM excitation provides current or voltage density to troubleshoot “hot spots”

• Visualization can be manipulated to provide different views
Controlling Parasitic Effects
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• Parasitic effects degrade performance and can cause failure

• All physical implementations include parasitics and their impact may not be 

seen with a schematic-only simulation

• Spiking, noise, ringing, oscillations, false triggering, etc.

• Every ground point on a physical design is different!

• Ground differences reduces noise immunity - a reliability concern

• Modern EDA tools and high speed design techniques can be used to verify, 

troubleshoot, and optimize a design

Controlling Parasitic Effects


