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Objective:

Learn a more advanced design and simulation workflow for power converter design 

incorporating post-layout simulation techniques. See how it generates higher accuracy 

simulation results which will boost your power converter performance

Objective
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• Trends and Challenges in Power Converter Design

• Keysight ADS and PEPro Electromagnetic Simulation Solution

• Demo

• Summary

Agenda
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Trends in Power Electronics

The rise of wide bandgap technologies

• Wide Bandgap (WBP) semiconductors 

such a SiC and GaN are emerging 

technologies 

• WBG technology enables many benefits 

to power conversion

• Higher power levels

• Greater efficiency

• Industries such as electric vehicles and 

renewable energy are key drivers in 

power electronics advancement
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Consumer demand for:

• lower cost

• smaller size

• lighter weight

…is driving the industry to higher switching speeds “high di/dt” 

Traditional (cut-and-try) design methods don’t work for high di/dt
• Vspike = Lparasitic di/dt

• Need to add a field solver to extract layout parasitics into an EM-based model 

Trends in Switched-Mode Power Supplies

Heat 

sink

Inductor

Capacitor
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Thermal Challenge

Higher Temperatures

• Power semiconductor device selection

• Heat sink design

• Thermal interface material

• Thermal modeling and simulation

• Operating conditions
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• Switched-mode power supplies produce noise 

and EMI that can interfere with other 

electronics and degrade performance and/or 

reliability. EMI is not easily understood or 

predicted.

• Spinning designs and pre-compliance testing 

is a costly and time-consuming process.  In 

the past, this has largely been the process 

used to reduce EMI.

EMI Challenge
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2-6 spins per design

Traditional Approach

Draw circuit in schematic

Schematic

(Ideal)

Simulate ideal 

conditions

Prototype

(Real World)

Test/Debug

Validation

(Real World)

2-6 spins

$6k-$60k/spin

3-8 weeks/spin
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• Trends and Challenges in Power Converter Design

• Keysight ADS and PEPro Electromagnetic Simulation Solution

• Demo

• Summary

Agenda
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Reference Design

Who have partnered with Keysight EDA in power electronics?

ROHM Transphorm Wolfspeed

https://www.keysight.com/us/en/assets/3120-1476/application-notes/Virtual-Reference-Design.pdf
https://www.keysight.com/us/en/assets/3121-1034/application-notes/Virtual-Reference-Design-PathWave-ADS-Workspace-for-Transphorm-tdttp4000w066c.pdf
https://www.keysight.com/us/en/assets/3121-1406/application-notes/Virtual-Reference-Design-from-Wolfspeed.pdf
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Other Projects

Who have partnered with Keysight EDA in power electronics?

Siemens Texas Instruments / IPERA
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Test/Debug

Validation

(Real World)

1 - 2  S P I N S  P E R  D E S I G N

Add Post-Layout Simulation 

Draw circuit in 

schematic

Schematic

(Ideal)

Simulate ideal 

conditions

Prototype

(Real World)

Post-Layout 

Simulation
(Real World 

Effects in 

simulation)

1-2 spins

$6k-$60k/spin

3-8 weeks/spin
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Switched-Mode Power Supply Design Workflow

Models

SPICE Import

PE Model Builder

ADS Models

Schematic

Thermal

SMPS Performance 
Test Bench

Transient PE

Controllers for 
Closed Loop Design

Post-Layout

Parasitic Extraction

Thermal

Conducted/Radiated 
EMI

3D Power Module



14

5 ways to build PE models in ADS – Huge Differentiation

• Generic – Power Electronics Library 

• LTspice/Pspice Import (Vendor Model)

• Power Electronics Model Builder 

• Measured Data (ICCAP, PEMG)

• Symbolically Defined Devices (SDD) / Verilog A

Power Electronics Models

EASY

MEDIUM

HARD
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Keysight PE Measurement and Modeling Solution

Measurement
(Supported by hardware team)

Device Modeling
(Supported by EDA team)

Circuit/EM simulation
(Supported by EDA team) 

Control software : PD1000A

I-V & C-V : B1506A

S-parameter : 

ENA+B2902+Bias-T

Switching : PD1500A

IC-CAP PEMG ADS

PEPro
Model 

Parameter

ADS

Meas

File

.mdm Advanced

Design System

PSPICEModel 

Parameter

PSPICE

txt, csv .mdm
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Digitize CV and IV Curve to Generate Switch Model

• Build the model directly from the datasheet: Si, Sic, IGBT, GaN

Power Electronics Model Builder

Input IV and CV 

Curve Image

CurveDigitizer 

extracts curve 

data

PEMB to 

extract model 

card

Use model in 

schematic
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ADS Schematic Design Example
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Analyze Effects of Parasitic Components

• Compare the presence or absence of the layout of the switching 

waveform inside the converter (effect of layout).

Blue lines: pure schematic simulation

Red lines: EM-transient co-sim
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Conducted EMI Test Bench

The EM analysis result of the 

board and the mounted parts are 

automatically placed as a sub 

circuit.

• For this controller, the RiseTime and FallTime in Transient PE are 

from PEPro SMPS frequency plan.

• The Data Display shows the peak spectrum (total, differential / 

common mode noise) of SMPS noise calculated from the Linear 

Impedance Stabilization Network (LISN) output according to the 

CISPR-25 requirements of the frequency range and spectrum 

resolution RBW.
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Measured vs. Simulated Example

Crosstalk on TI PMLK-BUCK Reference Board
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Voltage Spikes Test Bench

• A display plot of the pins on the net set as the "switching net" is 

automatically created after the simulation.

Last N Cycles

First Peak Marker

Second Peak Marker

The EM analysis result of the board and 

the mounted parts are automatically 

placed as a sub circuit.

Baseline Marker
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Radiated EMI Test Bench

• You need to check Enable Far Field in the Field Storage tab of Frequency 

Plans in Options and select Momentum Microwave or FEM in Preset of 

Simulator.

• The built-in far-field solver in PEPro can help user obtain far-field radiation 

patterns under specific excitation. The far-field data, including electric field 

strength and radiation power, can be examined directly in PEPro.
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Thermal Analysis in PEPro
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Surface Current Density

Identify areas of current crowding
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Shooting Newton

Steady State Analysis 

• Shooting analysis is a method to find steady state of circuits in time domain.

• Its counterpart in frequency domain is Harmonic Balance.

• In simple words:

• Shooting runs transient for a period

• Check if the final state at the end of a period same as the initial state.

• If not, make some adjustment to initial state and run a period again.

• If yes, steady state is found.
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A simple test case for Shooting Newton

RC charging circuit

• Charge a large capacitor through a diode.

• Simulation without output resistor (linux 

RHEL8):

Enable the output resistor

Output resistor

No output resistor

Transient Shooting

Simulation time 98.44s 0.79s

transient

HB & shooting
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3D Power Module Workflow

1. Setup the 

substrate

2. Setup the Shape of 

the bondwire

3. Build the layout 

with bondwire

4. Open in PEPro and 

add analyses

5. Use 3D power 

EM module in 

simulation

Basic PEPro Demo Guide

https://keysighttech.sharepoint.com/sites/extDESSalesToolsFrontDoor/PE%20Technical%20Room/Forms/AllItems.aspx?id=%2Fsites%2FextDESSalesToolsFrontDoor%2FPE%20Technical%20Room%2F3%20Examples%20%26%20Demos%2FADS%20PEPro%20Demo%20Guide&viewid=7b9ab900%2D3026%2D428b%2Dbeb9%2D29590782ce65


28

Comparison between Pre-layout and Post-layout

Pre-Layout

Post-Layout
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• Trends and Challenges in Power Converter Design

• Keysight ADS and PEPro Electromagnetic Simulation Solution

• Demo

• Summary

Agenda
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Test/Debug

Validation

(Real World)

1 - 2  S P I N S  P E R  D E S I G N

Add Post-Layout Simulation 

Draw circuit in 

schematic

Schematic

(Ideal)

Simulate ideal 

conditions

Prototype

(Real World)

Post-Layout 

Simulation
(Real World Effects in 

simulation)

1-2 spins

$6k-$60k/spin

3-8 weeks/spin
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• Traditional workflows don’t work with new wide bandgap designs

• Post-layout simulation maximizes precision and accuracy 

• PEPro parasitic extraction offers insights you can’t get from basic circuit simulators

• Unique Thermal + EMI insights in this workflow translate to less time prototyping and debugging

• Only this ADS+PEPro workflow offer all these toolset in a single platform

• Do more simulation = Faster time to market

Key Takeaways
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All in one solution for switched-mode power supply design and more

W3631B Power Electronics Bundle

Power Electronics 

Models
Schematic Transient Simulator Layout Tool

PEPro: EM Field 

Solver for PCB 

Parasitic Extraction
Thermal Data display Circuit Excitation Display

Current Density

Datasheet Model Builder Conducted EMI/EMC 

Test Bench
Voltage Spike

Test Bench

Radiated EMI/EMC

Test Bench
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Thank you
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https://www.keysight.com/us/en/assets/7123-1100/ebooks/Power-Electronics-EMI-Laboratory.pdf

EMI Curriculum Available NOW

https://www.keysight.com/us/en/assets/7123-1100/ebooks/Power-Electronics-EMI-Laboratory.pdf
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Guides, Overviews, App Notes, eBook

• PE Bundle Overview

• Quick Start Guide

• eBook: 5 Critical Factors for Power Electronics Design in the Era of Gan

• Application Notes

• PE Thermal Analysis

• Designing a SMPS using soft switching

• 3D power module simulation

• Parasitic extraction of inverter design

• PE Curriculum Handbook for EMI

Learn more about Keysight Power Electronics Design

https://www.keysight.com/us/en/assets/3124-1320/technical-overviews/W3631B-Power-Electronics-Bundle-Product-Overview.pdf
https://www.keysight.com/us/en/assets/7123-1125/ebooks/5-Critical-Factors-for-Power-Electronics-Design-in-the-Era-of-GaN.pdf
https://www.keysight.com/us/en/assets/3124-1321/application-notes/PEPro-Thermal-Analysis-for-Power-Converter-Design.pdf
https://www.keysight.com/us/en/assets/3123-1052/application-notes/Designing-a-More-Efficient-Power-Converter-Using-Soft-Switching-Technique.pdf
https://www.keysight.com/us/en/assets/3123-1800/application-notes/3D-Power-Module-Design-with-PEPro.pdf
https://www.keysight.com/us/en/assets/3123-1047/application-notes/Simulating-the-Effects-of-Layout-Parasitics-on-a-Power-Inverter.pdf
https://www.keysight.com/us/en/assets/7123-1100/ebooks/Power-Electronics-EMI-Laboratory.pdf
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Videos

• Videos

• Shooting Newton steady state solver

• PE Thermal Analysis

• Power Electronics Tutorial 

• Getting started

• Designing your first switching device

• Optimize your SMPS

• Preparing your design for PEPro simulation

Learn more about Keysight Power Electronics Design

https://www.keysight.com/us/en/lib/resources/software-releases/whats-new-in-power-electronics.html
https://www.keysight.com/us/en/products/software/pathwave-design-software/pathwave-advanced-design-system/pathwave-ads-power-electronics.html
https://youtu.be/kMfMBsi5zCg?si=9QJSeW-1UFkxoeyL
https://youtu.be/tHvX1B72TgA?si=CjqJtbEzaU9sJFhl
https://youtu.be/GzZ9HJm7Xbc?si=1BmHAdDAuXSJBaPF
https://youtu.be/hts7xRxDk-w?si=eiADbfmOETStO_rm
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Technical Papers – PE Modeling

Learn more about Keysight Power Electronics Design
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Technical Papers – Converter Design, EMI, Parasitics

Learn more about Keysight Power Electronics Design
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Example design: Synchronous buck open loop power stage

Open loop power stage with switching simulation engine.
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Example design: Closing the loop

Closed loop design: Put the designed block together with the converter.

• Designed and implemented the 

compensation in minutes rather 

than hours!!

• All of this done on one eco system 

instead of jumping between 

MATLAB and circuit simulators.
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Easily test your SMPS design without the hassle of complex setups

• SMPS Performance Testbench

• Available both in ADS and PEPro

• A tool to streamline all the common test you do for a 

SMPS design

• Transient Recovery 

• Efficiency 

• Switching Losses

• Electrical Fast Transietn

SMPS Performance Testbench
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Thermal analysis in schematics

• Running the schematic level thermal 

analysis gives us a data display 

window pop up.

• We get the Power flowing through 

every device and the junction 

temperatures.

• This data can be exported to a CSV file 

for further analysis in PEPro.
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