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Objective

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
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Agenda

« Trends and Challenges in Power Converter Design
» Keysight ADS and PEPro Electromagnetic Simulation Solution
 Demo

e Summary
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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

AN KEYSIGHT
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Trends in Switched-Mode Power Supplies

Inductor

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
-V di/dt

spike — Lparasitic

* Need to add a field solver to extract layout parasitics into an EM-based model
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Thermal Challenge

Higher Temperatures

 Power semiconductor device selection

» Heat sink design

« Thermal interface material

» Thermal modeling and simulation

» Operating conditions

A\ KEYSIGHT




EMI Challenge

e Switched-mode power supplies produce noise CISPR 25, Class 5 Compliance: Differential Noise (peak)

and EMI that can interfere with other avs %07

electronics and degrade performance and/or 07
reliability. EMI is not easily understood or 60

predicted.
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« Spinning designs and pre-compliance testing
Is a costly and time-consuming process. In
the past, this has largely been the process 7]
used to reduce EMI. 107
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Traditional Approach
2-6 spins per design

Schematic Prototype Test/Debug
(Ideal) (Real World) Validation
(Real World)

2-6 spins
6k-$60k/spin
8 weeks/spin
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Draw circuit in schematic

Simulate ideal
conditions
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Agenda

* Trends and Challenges in Power Converter Design
« Keysight ADS and PEPro Electromagnetic Simulation Solution
 Demo

e Summary
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Who have partnered with Keysight EDA Iin p

Reference Design

Virtual Reference Design
from ROHM

PathWave ADS Workspace for
ROHM P01SCT2080KE-EVK-001
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Virtual Reference Design
PathWave ADS Workspace for Transphorm
tdttp4000w066¢

This application note provides information to obtain and use a
PathWave ADS workspace that you can use to simulate a virtual
version of a physical reference design from Transphorm, Model
tdttp4000w0B6cC. This mode! showcases the gen IV Gal\ power
transistors (TP65HO35G4WS series) also from Transphorm
Provides the details on how they can be used to build your next-
generation switched-mode power supply. In addition, the reference
design — in both virtual and physical forms - can be used as starting
point for your own project

Figure 1. TRASRRIN'S tdttp4000w066c

Transphorm
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\ APPLICATION NOTE

Virtual Reference Design
from Wolfspeed

PathWave ADS Workspace for
Wolfspeed Kit-CRD-HB12N-J1

This application note serves as a guide to use a
PathWave ADS workspace to simulate a virtual
version of a physical reference design from
Wolfspeed Model CRD-HB12N-J1. This model
showcases the Silicon Carbide (SiC) power
transistors (C3M0032120J1 series) from Wolfspeed
This guide provides instructions on how to start
building your next-generation switched-mode power
supply. The reference design — in both virtual and
physical forms - are a good starting point for your
own project.

Wolfspeed
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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

Who have partnered with Keysight EDA in power electronics?

Other Projects
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EUROPE
An ANN Assisted Reverse Recovery of Diode Model for Switching-
on Characteristics of IGBT Devices

Huaiyuan Zhang', Abby Shih?, Stefan Haensel®, Zeeshan Umar®, Steven Lee', Felix Zeyss®

! Keysight Technologies, USA
2Keysight Technologies, Germany
*Siemens, Germany

Corresponding author:  Huaiyuan Zhang, huaiyuan.zhang@keysight.com
Speaker: Abby Shih, abby.shih@keysight.com

The Power Point Presentation will be available after the conference.

Abstract

This paper presents a new Avrtificial Neural Network (ANN) assisted in reverse recovery of a diode model
for insulated-gate bipolar transistor (IGBT) devices at the turn-on process. The dependence of both
carrier lifetime (7) and diffusion transit time (73) on current, voltage and temperature in a diode model is
modeled by ANN after a training process. The proposed diode model implemented in the Keysight IGBT
model can accurately fit the transient i¢; of an IGBT at a turn-on process for a wide range of currents at
three voltages (100, 500 and 600 V) and three temperatures (25, 75 and 100°C). With a new parameter
extraction workflow for transient simulation, an overall good fitting of the switching-on characteristics is
achieved for an IGBT power module.

1 Introduction
IGBT power modules are widely used in power con- IGET,

verters due to its simple gate driver, high switching
frequency and optimal capacity with high current
and voltage [1-3]. The development of power elec-
tronic modules with parallel chips will be very time
consuming, if the switching behavior cannot be pre-

ic]
dicted. In contrast, unlike only one or several bias R *
. : - e
conditions that are provided and fitted for the tran-
sient waveform in most literature, such as [4-11], Viuse * Vee
an accurate fitting of the transient waveform for an vee

IGBT power module is required over a wide range =
of currents and voltages. This challenges both the

stability and accuracy of an IGBT model. Fig. 1: The equivalent DPT circuit for IGBT transient
The switching characteristics are measured with a turn-on simulation

double pulse testing (DPT) setup for IGBT devices

Siemens
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Power Electronics EMI
Laboratory

eBooks o’
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Curated for power electronics engineers, this guide provides a hands-on
learning experience to solve electromagnetic interference (EMI) challenges in
next-generation power electronics design for electric vehicles, aerospace &
defense, and new energy systems. It combines theoretical knowledge with
practical experiments designed by Prof. Giulia Di Capua and Prof. Nicola Femia
from the University of Salerno, Italy, offering a robust exploration of power

TPS54160 Input 6-36V Output 3.3V/1.5A electronics EMI fundamentals.

Texas Instruments / IPERA
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Add Post-Layout Simulation

Schematic Post-Layout

(Ideal) Simulation
(Real World

i Effects in
%—’" = simulation)
#w B>

PULSE(0 120 0 0. 14u 10u) 0
T /
.
Draw circuit in

schematic

Simulate ideal
conditions

Prototype
(Real World)

Test/Debug
Validation
(Real World)
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Switched-Mode Power Supply Design Workflow

E—)

Models Schematic Post-Layout

Thermal Parasitic Extraction

SMPS Performance

SPICE Import

PE Model Builder

ezt el BE Conducted/Radiated
EMI
ADS Models Controllers for
Closed Loop Design 3D Power Module
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Power Electronics Models
5 ways to build PE models in ADS — Huge Differentiation

» Generic — Power Electronics Library
EASY

» LTspice/Pspice Import (Vendor Model)

MEDIUM

HARD
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Keysight PE Measurement and Modeling Solution

Control are ; DlOOOA

-V & C-V : B1506A
S-parameter :
ENA+B2902+Bias-T
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Model
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Drop rdm file

Device Modeling
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Power Electronics Model Builder
Digitize CV and IV Curve to Generate Switch Model

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

CurveDigitizer PEMB to
extracts curve extract model
data card

Use model in
schematic

Input IV and CV

Curve Image
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ADS Schematic Design Example
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[ buck_converter_v3 [buck_closeloop_libsbuck_converter_v3:schematic] (Schematic):12

NER& X9 @R O LRN\R]

Dynamictink ~ DesignGuide  Help

BELK 2 ) R bW

Half-Bridge DC-DC Step Down Converter With Controller
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HG and LG are outputs
from the controller IC,
they are 180 degrees
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Resistor 0603
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1 1
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—— h . R4 - R1 set the output voltage.
9 9 = =
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2 Power inductor model S value=100 Ohm
8 1 includes ESR, 2
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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).

AN KEYSIGHT

buck_converter_v3 [buck_closeloop_lib:buck_converter.

n
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Setup [

:[:l Ports
_I'ZI Component Models

Conducted EMI Test Bench X oo

£} 77 Results
~ S-Parameters
[ Mear Field

 For this controller, the RiseTime and FallTime in Transient PE are gy
7l Generate Sub Circuit...

from PEPrO SMPS frequency plan' :'.,.'\;I- Generate Voltage Spikes Test Bench...
E Ef.ienerate Conducted EMI Test Bench...
« The Data Display shows the peak spectrum (total, differential / W

:';l:l- Generate Radiated EMI Test Bench...
common mode noise) of SMPS noise calculated from the Linear o  Conducted EMI Test Bench (CISPR 25)
Impedance Stabilization Network (LISN) output according to the N - o | "@ '
CISPR-25 requirements of the frequency range and spectrum e o R

a a
" opTime=stopT’
H Power si PP, CondusedEM D RiseTime=RiseTime
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teqiested a daa poit il b used Lizou o] 41 RERR pe25
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Sosdibrdriig pe PEPro Conducted EMI Testbench Results (CISPR-25) sRca| T el © R DUT Load T
B Vde=\in Input R o - Vb ted
R | (ViR Chassis Grond : CAbatictes
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" - e e o iy supply wiring (2) 3 L5 L4
{ Binches (152 mm)jong 7 '09 »9 L '258mm) L=Lwie L=Lwire
e et — S 5 es (152 m =f 3 R=Ruire
CISPR2S 13 gnd
g?:kamm LISN L=Lwire
L15 uH 41 R-RwiEy,
C1=0.1 uF e i -
221 F RS
R=50 Chm y[Ohassis Ground
Chassis Ground
c ect o the groun ur- Comneels |~ +  Conneelt
on . comverter bC
input pin
Please connect the in
Inpat Current (last N cycles) Load Voltage (last N cycles) Load Cument flast N cycles) i
. ’ . in the test bencheA
N nuwl” 1 H
; \I i [l w2
& wl | | | h ‘ i | tarT=stopT-500/SwitchingFreq
2 ™ ‘ ‘ ‘\ | 0pT= vau Freq
Ly i
: | w iy il I | il
3 LLARRRE i |
- e mose
Input Votage (all ime points) Load Voltage (all ime poinis)

“5"‘ The EM analysis result of the
WWM W w T board and the mounted parts are
E?IL W w | .. - automatically placed as a sub
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Measured vs. Simulated Example
Crosstalk on TI PMLK-BUCK Reference Board

100mAS 10m7 5.000us/ 0.0s Auto
Mes
+Duty(1):
Min(1): L
Avg - Cye ‘ WV\WWW JW b M J m
+Duty(): ] /W/WUWV\ #
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Avg - Cyi

— Pk-PK();

\ LTI A \ VN i \ \ | X \ [PA L \ 1Y YL
Y | \ ¥\ Ay \ VAIVY [N ) \ Wl
-':nr--lr;--"nn‘--‘w--‘f!:"-‘;-r-‘-&H’w--n--‘-r,!”m-_l- — = Pl '\w“‘.'a -1 =

SNUBT RS T ey e A AL ACACHLALAL AL

5 60 65 70 75 80

®ocomiz  1oo1loc | 100 time, usec
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& H
)
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8 R e
s

B = switching node voltage, ® = inductor current, M = error amplifier output
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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

IastNCycIes =2

First Peak Marker .~

Second Peak I\‘/.[a‘f’ker

m3 R
ind Delta=0.000| #
Delta Mode ON

m2
dep Delta=1.572
Delta Mode OM

Baseline Marker

-uvm« T

m1i
time=120.0 usec
R5 P1_sw_RS5_ Gnd[_startindex.:

_stopindex]=20.3869

e - e P
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Setup

Results
~ S-Parameters

(@ NearField
-4 FarField

.,‘.:;I; Generate Sub Circuit...

®7 Generate Voltage Test Bench...
:'J;I- Generate Conducted EMI Test Bench...
.,‘.{;I- Generate Radiated EMI| Test Bench...

DC-DC Converter Test Bench

This testbench is used to test the voltage spikes appearing in the design during a normal startup condition.
Transient controller has been set up to simulate using the user input value in PEPro. Please connect the
device-under-test (DUT) to the source and load before starting the simulation. The present testbench is for single
input and single output board design. If multiple inputs/outputs are present, please add additional source/load

accordingly.

Simulation Variables

DisplayTemplate
disptemp1

"PEPro_Voit_Spike_Display”

VAR

VART

RippleFreq=1.0 kHz
RiseTime=10.0 nsec
FallTime=10.0 nsec

Vripple=1V
Voltage Input Supply DUT Load v[.‘gng
A P . Rout=1 Ohm
ramped supply is more realistic Power supply connection wiring ' on w
for i b ams g I (D D] e aing
damage components or impact Inches (&1 emy long _Probe = 24 inches (61 cm) long
transient simulation. 35y 1 2 1120 [RE 1o 2
: ' NS L I_Prabe L
é V_1Tone L1 I_load 3
Viow=0V
SRC2 L=T46 nH L=300°0.61 nH i
Vi Vi
To phnain o VEPORMMBHE DY Rengs R=36.5"0.61 mOhm | Resistive Load TRANSIENT PE
elay=0nsec  praq=RippleFreg a
_Wﬁ Rise=1USEC  gport this ripple source m ans
= L fnot needed R=Rout StantTime=0.0 nsec
hassis Ground ]| 5 StopTime=1/RippleFreq
L=300°0.61 nH 2 RiseTime=RiseTime
R=36.50.61 mMONM FallTime=FallTime
1 Power Supply connection wiring 1
10 gauge (1in/2 55mm), 1 Chassis Grouna
24 inches (81 cm) leng =
Connecttothe input | gnd_supply Gomnectto _ [vin Connect tolvioad Connecttotheload  |ong joaq

ground pin on the board

=
=1

l

o
Q
)
[s%

!

converter DC

input pin

converter ground pin on the board ~

output pin

Please connect the input/output pins of DUT to source/load
in the test bench. Add additional sources/loads if needed.

Set the design variables of DULA
J|_ghd_load o

buck_converter_v3
schematic_Parasitic_Extraction-All_Nets

X2

Bisitic_Extraction-All_Nets

d simulation variables if needed.

The EM analysis result of the board and
the mounted parts are automatically
placed as a sub circuit.



/44 Frequency Plans
Frequencies Ficlds Storage

Save fields for:

All Frequencies from the Frequency Plan and the Mash Frequency

Radiated EMI Test Bench i

Far Field

« You need to check Enable Far Field in the Field Storage tab of Frequency @ te:x reeti | Momertum Merovave |+ [
Plans in Options and select Momentum Microwave or FEM in Preset of I S
S I m U I atO r . desh density: Lilopu

p Simulator

Setup

« The built-in far-field solver in PEPro can help user obtain far-field radiation 7 Pors

_".":I Component Models

patterns under specific excitation. The far-field data, including electric field % Options..
strength and radiation power, can be examined directly in PEPro. R
@ venrd

[ Layout

View & FarField

| | Total E | | (V/m) ;'.';I- Generate Sub Circuit...
0 9.99e-06 2e-05

;'-';I- Generate Voltage Spikes Test Bench...
o o Radiated EMT Tesi Ben : ?;-';I;Generate Conducted EMI Test Bench...
: - ¥ Generate Radiated EM| Test Bench...

View Please connect the input/output pins of DU e~=="
| | Total E| | (V/m) { the test bench. Add additional sources/loads if need

9.99?06

After the
simulation is complete, use this result as a circuit excitation in
PEPro -> Analysis -> Results -> Far Field -> Setup -> Excitation Type

[Parasitic Extraction-All Nets]: E-Field (E) ~ | Hide Others Unload
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Thermal Analysis in PEPro

@ Three_Phase_Inverter_lib:Three_Phase_Inverter:pepro - PEPro Setup 2024 (mareep) - 450.000 (64-bit)

File Edit View Tools Help 7 x1
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(x| Q

Project

[ [/

ml U B Create View
€ Components Y
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@ Run
=- 7 Results
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Conductors Solid Wireframe Hide
ermal Analysis]: Temperature

Dielectrics Solid Wireframe Hide i ]

Setup

Translucent View: | }

Highlight Nets: \E (rl r F
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Layout
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Surface Current Density

Identify areas of current crowding

| Total ] _surface | (A/m)

E——
5.59e-28 0.368 0.736

AN KEYSIGHT
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Steady State Analysis

Shooting Newton

« Shooting analysis is a method to find steady state of circuits in time domain.
* Its counterpart in frequency domain is Harmonic Balance. v

* In simple words: 4
« 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. V(0) V(T)
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RC charging circuit

A simple test case for Shooting Newton

- Charge a large capacitor through a diode.

« Simulation without output resistor (linux
RHELS):

| Transient | Shooting

vi ™~ OV vo
A 1 ViPulse L~ v L ' T C
' ‘SRC1- Diode - T €1
CJ;D CJ'D Viow=-1V DIODET . . L1 . > C-1.0uF
el 7 Vhigh=2V . . Model=DIoDEM}™1OU
-| Delay=0 nsec Area= =1
B ‘Edge=linear " Periph= '
‘Rise=T0 nsec Scale="
‘Fall=10 nsec- Region= -
Width=0.3 usec . Temp=.
Period=1 usec Trise=
Mode=nonlinear

- Output resistor

2.5
ADS HB & :
shooting
2.0 —|gerner s s O R i
4_____..---——;:—:;"" ol IO A
> .20 15— Ja\
O‘ — ::'. |
= Og
C_SES 10 \N
Mt~ .
© 18 Q trahsient
SudeQ 05—
VeLes .
23524 No output resistor
= | O ¢p 0.0—
FZzZ33
FLoSIG -0 5@
NoLgz=z
Dwn
-1.0—
-15 T | T | T | | T | T | T | I | T | T
00 01 02 03 04 05 06 07 08 09 1.0
time, usec
[ | | | | | | | | [ |
0 50 100 150 200 250 300 350 400 450 500
time, msec

Simulation time 98.44s 0.79s
2.5
ADS

2.0
1.5

?z-; 1.0

%g”g 0.5

=22 w4 Enable the output resistor
0.5
1.0
15 T ‘ T | T ‘ T | T ‘ T ‘ T | T ‘ T | T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

time, usec

do ds ”0 ”5 JO QS ;0 45 JO JS ;0
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o nets T

. Components T

A add analyses

3D Power Module Workflow
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|
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o T . mnll]
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A g ! I - 1
I . I ! ] - 4 |
I . . SS [ “ I I I I 1 | o1 I
1 =" i | | I I PRaRS pansn Ransanesss N
g I 1 5 LA ¥ D A L b H SRR RN NN
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I . ' Layer1="cond2 drawing" * vT[2]=0.125 . | I I AR AR A R A RS AR AN A RN I
I . + Layer2="cond:drawing" cwT[3]=05 - I I I I B H H BRI E
Draw. Layer="bond:drawing"™ vT[4]=20 um I . I sma, uses I
I . _ Viewstop (drc)  rZ[1]=Previous I I I
I Number_Of Sides=0 rZ[2]=Previous I I I I
1 Metal Model_Type=Use modeling defaull * rZ[3]=End . 1 . I 1 T 1
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Comparison between Pre-layout and Post-layout

File View Marker

[xv Graph ~| | Inductance =

S-Parame

‘ Graph | Axes Plot |
X-Axis Y-Ax]
Title: |Frequency | Min:|1e-09 GHz | Auto
[ Units - | Max: ‘0 05 GHz % Auto

Font Size[14 |5

Font size[14 <]

Inductance v. Frequency

——s M12_3 loop: L[1,3) = L

100[71,5751e-09 GHz, 88.806 nH |

90

80

70

60

50

Inductance (nH)

40

30

20

[ 2.2-05 GHz, 18.294 nH

le-09 le-08 le-07

A\ KEYSIGHT

le-06 le-05 0.0001
Frequency (GHz)

0.001

0.01

i~ M
] 3 \,‘
w0 ! "
1 - " | [r' N —
g0 ,f'\\. = { I\I i o T
1 f e 2a W
1 ]
40— s
Pre-Layout
| ol
T T T T T T T 1 T 1 | T I T T T T T T T
D 50 100 150 200 250 300 350 400 450 500 o 50 100 150 200 250 300 350 400 450 500
time, usac ime, usec
| i
]

T T 1T T

& 2 & 2 B2 5 B

e &8 &8 &8 = X =

N s B B o= N
time, usec

T T T T T T LN T
40000 40002 40004 40006 40006 400.10 40012 40014 400.16

tima, usec

£«
=
a
< %

80—
40—
204
’

T T T

[ 50 100 15

25 300 350 400 450 500

tme, usec

T T T
399.8 4000 400.2 4004 4006 400.8 4010 401.2 401.4 401.6 4018 402.0

time, usec

a fa

= § ‘)L\ R e e

z¥hor—

oZ'Low

80°L0¥—]
oi'kow
#iL0r—

time, usec



Agenda

* Trends and Challenges in Power Converter Design
» Keysight ADS and PEPro Electromagnetic Simulation Solution
 Demo

e Summary

A\ KEYSIGHT



Agenda

* Trends and Challenges in Power Converter Design
» Keysight ADS and PEPro Electromagnetic Simulation Solution
 Demo

e Summary

A\ KEYSIGHT



Add Post-Layout Simulation

Schematic Post-Layout

(Ideal) Simulation
(Real World Effects in

%—'g o simulation)

éé o

PULSE(0 120 007.14u 10u) 0

! : 7//'
.

Draw circuit in

schematic

Simulate ideal
conditions

Prototype
(Real World)

Test/Debug
Validation
(Real World)

31



Key Takeaways

« 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
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W3631B Power Electronics Bundle

All in one solution for switched-mode power supply design and more
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EMI Curriculum Available NOW

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

AV KEYSIGHT ContactUs | &, W/ & Q

PRODUCTS AND SERVICES  SOLUTIONS LEARN BUY  SUPPORT

Power Electronics EMI Laboratory

eBooks s’

Curated for power electronics engineers, this guide provides a hands-on
learning experience to solve electromagnetic interference (EMI) challenges in
next-generation power electronics design for electric vehicles, aesrospace &
defense, and new energy systems. It combines theoretical knowledge with
“ practical experiments designed by Prof. Giulia Di Capua and Prof. Nicola Femia
from the University of Salerno, ltaly, offering a robust exploration of power

electronics EMI fundamentals.
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Learn more about Keysight Power Electronics Design

Guides, Overviews, App Notes, eBook
« PE Bundle Overview

e 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
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5 Critical Factors for Power Electronics Design
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eBook KEYSIGHT

PEPro Thermal Analysis for
Power Converter Design
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« 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

So much

EICED! better!
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GaN Power Transistors Behavioral Modeling

Giulia Di Capua -* and Nicola Femia **
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allowing easy construction
SSO‘BAMM considered as a ca
half-bridge of two 650 V-30 A GaN power trans

Keywords — Callinm Nitride, Modeling, Por
Simulation_

I INTRODUCTION
Cmamdm Su'hcm(".ii)-basedMOSFETs,'

efficiency and power density

frequency [1]. The m])mr.e\hnled
HEMT: ensble the design of SMPSs feamring
density fizures, as required in the next Zens
decmrsamlm'nms[l] [3]

The (SHE) cell is
Mmms;m A GaN-based SHI
is shown in Fig. 1. Depending on the 5
topolagy, the Fyy voltage can be the input val
output woltaze (boost), or the imput-output
‘boost), wheress the [, current is always the i
at the instant of the commmtation. Due to the
switching speed, the wery hizh dildr and dw
each SHB comnmtation deeply impact the SM
and determine voltage surges between the zal
the device that is turming off. This can canse
if the gate-source threshold woltage vale is
problem is typically prevented in Gal-based
negative bias gate-dniver voltage at the tw
negative bias must be lintited as much as possi
of the GaN devices operating in the reve
increase as the magnimde of the negstiv
increases. A comect prediction of the possibl
the gate-source voltage surges causing cross-
help in assessing whether the negative gate bi:
‘what is its right veltage value [5]. In general
voltages and resistances mmst be set base
characteristics, to fizure out the optimal 4
Unfortumately, the current-versus-voltage char
Vys of GaNs are provided only at low woll
ptemgnnfGnNdrmcmansmmei
vnhxgeofﬂnsmﬂlcamsmmmmm:

driver parameters smd determine the com
required at the device turn on and tom off
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Power Losses Analysis of SiC MOSFETs in DC-DC
Converters with High-Ripple-Current Inductors

N’lcnhl?m" Hamidreza

Tafarian ?, Giulia Di Capua **

of Salerno, Fisciano (SA). ITALY
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Abstracs— This paper discusses behavioral models for power

mmwmﬂmﬂmmd’
power mductors.

Keywords— SiC. power inductors, power losses, saturation,
‘modeling, DHC-IHC converters, simmlation.

I INTRODUCTION
High efficiency, small volume, and low weizght are among
mmmmmmmmm

literature emphasizes the major impact of the cost and size of
magnefic components on efficiency im PhotoVoltsic (PV)

faster, msumlgluwa smtdmlgbsses,spec\a]lylfl—hgl—

This paper analyzes the combined impact of FPIs with large
ripple current and operating sauration on

in PathWave ADS software [11] Section V presents the
simmlation results of an aerospace 200 kHz PV-MPPT boost
DC-DC comverter, powered by 2 PV source characterized by
Fa=143V,L.=05 A Fupe =125 Vand fipr =83 Aunder
SmdsldetCondmms(STC),dmrgmgatham
pack, and working at an ambient T comprised
‘between 233 K and 313 K (sbout ~40°C and +40°C).

O MODELNG SIC MOSFET CHARACTERISTICS
The first and third quadrsnt I, — Vs characteristics of the
5iC MOSFET C3M00G509407 are shown in Fig.1 for positive,
negative, and zero gate-source voltage, af 2D OpeTafing

pm:nurn_ of —55°C [1I]. Using Genetic

DC-DC converter stage of 2
PV system can offer forther advantages. It has been proved
that accepting a partisl saturation of Farrite Power Inductors
mk)mhammmemm—mmmm

[13] allows to genemsie behaviorsl
models of power devices starting from experimental data [14].
Applying that technique to the CIMO065090T data yields the
inwerse tangent series given im (1):

P
1§ Ws) = ) iy atan]igg! (Ve — 5] ]
<)

‘where the series order N and the coefficients i, {52, 52 can
be optimized for each V.. vshensmgsNon—lmrLesst
Square (NLLS) algorithm, starting from the sampled data of
the curves shown i Figl. For the first quadramt
dmrmnr_s,h’ 2 is normally sufficient, whereas for the

third quadrant characteristics N2 4 can be required Model
(1) can be developed at anv available junction temperature.
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An ANN Assisted Reverse Recovery of Diode Model for Switching-
on Characteristics of IGBT Devices

Hualyuan Zhang', Abby Shih?, Stefan Haensel®, Zeeshan Umar®, Steven Lee’, Felix Zeyss?

' Keysight Technologies. 11SA

2Keysight Technologie
*Siemens, Germany

Corresponding author:
Speaker:
The Power Point Prese

Abstract

This paper prasents a ne
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carrier liletime (7) and di
modeled by ANN after a
model can accurately fit
three voltages (100, 500
extraction workflow for tt
achieved for an IGBT po

1 Introduction

IGET power modules are
verters due o its simple
frequency and optimal ¢
and voltage [1-3]. The d
tronic modules with para
«consuming, if the switchit
dicted. In confrast, unlik
conditions that are provi
sient waveform in most
an accurate fitfing of the
IGBT power module is
of currents and voltages.
stability and accuracy of
The switching characteri
double pulse testing (DP
with the freewheeling di
power module. Fig. 1 sl
circuit for IGET transient
the DC supply voltage.

source. fi; is the gaie re:
inductance. Ly,s and Ry
and resistance, respecth
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irtual optimization of power €
exactly describe the switching |
combined static and dynamic c/
which enables semiconductor
workflow three different IGBTs
results are promising and enak
required for a complete optimiz

1 Introduction

Power electronic systems |
integral part of our everyday I
fpower supplies in the «
electromobility up to the integr
sources and energy distributior
in all applications is the pow
which influences the overall
terms of elecirical behavior, cot
gate driver circuits, filter compec
effort. Virtlual design of pc
optimization of complete conve
with a sufficiently accurate
semiconductor switching beha
cover various influences, e
current sharing of parallel die
module or over-voltage in «
points. A lot of experience a
iterations are required to dev
power module for a certain
development process takes y
prototypes which are charach
range of operation conditions t
suited solution. Simulations ir
accompany the developmen
although there is

workflow from the die chara
power module medel which is &
cover all design criteria of a
converter system.
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Parameter Extraction for an ANN-assisted IGBT Model in Transient

Simulations
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Abstract

Hualyuan Zhang, huaiyuan.zhang@keysight.com
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The development of power IGBT devices require an accurate transient model over multiple currents and
voltages. With the Artificial Neural Network {ANN) assisted diode model and the modified Angelov-based
capacitance model, a new IGET model describes both the overshoot of collector current and collector-
amitter tail voltage at different bias conditions. Given a completed parameter extraction workflow, a
comprehensive good fitting of the transient current and voltage waveforms is verified at both the turn-on
and turn-off procass for currents from 30 to 600 A and voltages from 100 to 820 V.

1 Introduction

The IGBT devices affracts lots of industrial inter-
@sts in power modules and electrical vehicles. Tha
accurate modeling of switching behavior of power
devices can help to accelerate the development
cycles, analyze the power loss and determine the
alectromagnetic compatibility [1-3]. In contrast, un-
like only one or several bias conditions are dealt
with in most literature, such as [4—11], the actual
applications of power modules over a wide range
of currents and biases challenge the stability and
accuracy of an IGBT model. We recently proposed
a new ANM-assisted reverse recovery characier-
istics of diode model for IGBT devices[12]. The
collector current (i) of IGBT is well fitied up to
600 V at currents from 30 to 500 A. In this paper,

The packaging parasitic networks surrounding the
IGBT devices are considered but not shown in the
schematic. Ve is the DC supply voltage. Ve
is the pulse voltage source. Rg o, is the extrinsic
gate resistance. Ly is the lumped stray induc-
tance. Liced and R are the load inductance and
resistance, respectively. L, is the lumped induc-
tance at the source side. I1. is the load current. io,
g and vog are the measured collector current,
gate-emitter voltage and collector-emitter voltage
of the IGET at lower side, respectively. Fig. 1{b)
shows the internal capacitances in the IGBT model.
C, G, E,C"and B’ are the collector, gate, emitter,
internal gale and base nodes, respectively. I’ and
5" are also shown for internal nodes of the MOS
model. Rg g, is the intrinsic gate resistance. Cgp,
Cas, Ce, Chisds are the gate-drain, gate-source,
base-emitier and diode capacitances. respectively .
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Digital Twin Model understanding Printed Wiring
Board Effects in High Efficiency Switching Power
Supplies

have been ignored. Wide bandgap devices such as SiC and GaN
MOSFETs have faster inirl'-g edgﬁ and ullle lighf

hmdmmmﬂm-h

PCII become sigmificant and limiting performance. This
mmmmm«mmammu

quantify these effects and optimize the over
high power boost comverter.

Eeywords—Digital Twin, PCE simulation, EM ecraction,
switching behavior, coupling, Wide bang gap half bridge design
I INTRODUCTION
mmﬁmmdﬂiemhwmonmm
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Importance of Switched-Mode Power Supply IC
Model for Conductive EMI Noise Simulation

Asuma Imanmira’, Mitsuham Umekawa®
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An ECU desizn cannot proceed to mass-production unless
nhsspsssed&esmﬂaldssetbyﬂieonmmu Ideally
EMC counter- o pass each i
vahdxheddmmglhe&vdopmmge,bmacmllylheym
often carmied ot -+ <-- -—F -F— - T e
standards the de
‘beginning. Mo
at later stage w
space o mount
designers may

Eeysight Technologies and Wolfspeed have mcently
wnmdtugmumﬂnsmﬂmofahxlf-bmigeﬁmgnm

Inductive Switching and a 10EW Synchromous Boost
Converter. The Keysight PATHWAVE Advenced Design
System (ADS) 5 a manwe design environment with major
users in the microwave and high-speed digital commumity. Tt
15 generally not that familiar to the SMPS commumity. The
tool has mmiltiple types of solvers gvailable and the “Transient
Solver” can trace its origin back to the original Berkley
SPICE. The toal has a graphical user imterface and the netlist
is mot visible to the wser. A new user has to import the
semiconductor SPICE models and generate the ciroit with the
layout. Fmﬂnﬁr!mﬂ:,ﬁmhsmnmhﬂnyﬁmﬂn
various SPICE dialects inchoding LTSPICE, PSPICE,
HSPICE and Spectre. The layout mdmmmmbebm]t
from scratch or imported from any layout file.

TOO-N-M000- 000N 000000 O30T IEER

LINTRODUCTION

The adopion of electromics automobiles keeps
pmgrusmgssarﬁnhufﬂ:empdmmnufmmm
the expectation of an suwtopdlot system in vehicles. Along with
this progress, there is a trend for sn incressing number of
ECUs installed in amtomobiles, and as a resmlt the ommrent
comsumption is also incressing For example, more than 100
ECUs are installed in & hooary car and large scale FPGA, used
for ADAS (Advanced Driving Assist System) image
processing, Tequires at modest voltage. Hence,
M;m“mwmtmofeﬁummm
used for the power supplies of ECUs. SMPS can perform buck
boost, and buck-boost conversion. However, nhasdsnmtuf
gu'a_ung high frequency noise caused by its switching
operation.

Since devices are mounted closely to each other due to the
increase in BCTs, the problem cansed by interference of high
frequency noise generated from the dewices has become more
serious than before. This noise can lead to ECU and
mutomobile malfinction, and in worst case, it may cause an
accident that would lead to the loss of human live. To avoid
these from happening, mmmms(CISPR, IEC, EM. etc.)

were founded to set strict ‘on the noise i
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Power Converters for EV, Power factor comrection, Stmulation, Silicon Carbida (SiC), Battery charger.

Fig. 1 Warsdin Abstract

—t The aim of this werk is fo investigate the impact of the PCB (Printed Circuit Board) electrical parasitic

L parameters on the performances of a SiC Three-Level T-type rectifier used for electric vehicle battery
_ Modeling is chargers. The short switching times of the SiC devices enables high switching frequency at very high
with .’:m;;w efficiency. On the other hand, as the time dervative of the current increases (as a mle of thumb we can
m}lﬁ set 1A/ns as a breaking point), PCB parasitics start to play a significant role and may cause the
part of a produc degradation of the performances or even a design failure, if not taken info account nght from the first
time validsting desizn stage. Industry standard EDA (EL ic Design Au ! tools can be used to extract a
difficult to get model for the PCB to evaluate all the unwanted effects infroduced by the physical realization of the
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ients and Wormally, the worst case operations for EMC compliznce
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Magmetic  maximum load is typically considered as the worst-case, and
[ Switch-  the EMC filters for conducted emissions are designed based
Iperation  op the differential mode and common mode noise spectTum
5 POWET  ynder these conditions. The pesk noise at the switching
igements frequency is used as reference for the selection of the filter
“’""“” resonance . based on the EMC standard of interest,
= - and the L and C parameters are consequently determined
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o, o wse ﬂiuecmbelowlnadopsaﬂngcmdlmswnmgmmml
oday the JoW noise in the SMPS, which can cause
llenging. interference to the somounding devices. This may happen
od trade-  Decanse of the Light Load Operation-Loss Beduction (LLO-
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is to reduce the switching frequency under LLO. Frequency
Magmegie  Modulation (FM) techmiques [6][7] and Pulse-Skip Mode
b - (PSM) techniques [8]-[10] reduce the frequency as the load
uirating decreases. FM and PEM may have different embodiments,

‘which may influence EML because of increased cumrent and

voltage nipples, or detenmime a pseundo spread spectnum

effect, which may facilitate EMC complisnce. Moreover, the
Switch  possible ecourrence ofDisl:ﬂmms' i
dwidely  (DCM) mder low camses larger current
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Vagmetic  have a nepative and not easily pradictsble impact on low
'ﬂ?dm frequency EMI. In fact, they may cause subharmonics andior
sies &®  pon-periodic modes whose occurrence is largely influenced
illenging by the SMPS design and operating conditions.
bile and In the recent yesrs, many smdies have imvestigated the
032 DEW  possibility of using Partially Samrating Inductors (PSIs) to
EMI [5]. increase the SMPS power demsity, compared o Mom-

IOWEl  Samating Inductors (MSIs) [22], and severs] methods are
filtering, available today for a good prediction of PSI
sinations  and relevant impact on SMPSs [23H25]. A good collateral
‘waysto  effect of PSIE is the cument ripple reduction and the
. power mmmmlofmeeﬁum:ymu{}mksmme
st design resulting alse in possible EMI
wed on 2 mmmmmmﬁmwmm:m
menceof by the control chip features for LLO-LE.
features, This paper illustrates the benefits of PSIs under LLO,
ut.

which may help mitizating the effects of PCB parasitics. By



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.

Closed loop synchronous buik converter with PID compensation

. Switched load .

« Designed and implemented the

compensation in minutes rather RRRREREE'- N = S I munn PURSIREEN - S
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SMPS Performance Testbench

Easily test your SMPS design without the hassle of complex setups

PEPro Setup - Setup SMPS Performance Tests X

« SMPS Performance Testbench & ro

 Avalilable both in ADS and PEPTro it

£2 Process Variation

» Atool to streamline all the common test you do fora  # e
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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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