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Trends in Switched-mode Power Supplies (SMPSs)

Inductor

Consumer demand for:
* lower cost [c

 smaller size
* lighter weight

...I1s driving the industry to higher switching speeds “high di/dt” mae couresy ortranspronm

Traditional (cut-and-try) design methods don't work for high di/dt
S Wgge S di/dt
* Need to add a field solver to extract layout parasitics into an EM-based model

parasitic
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Note: In open loop simulation, the duty cycle is fixed.
In closed loop, a feedback loop (not shown here) regulates the duty cycle to keep Vout constant versus input and load variance.

J



Higher Frequency Can Lead to Higher Switching Loss

Higher frequency
Same slow edges

Low frequency

Slow edges
Switching loss 3.5%
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If you want to reduce switching loss,
you have to improve the edge speed
even more dramatically than
improving the switching frequency



Current Loops: Schematic View
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Current Loops: Layout View

When does the layout of the switched
loop become important?
* di/dt

*
parasitic Ion/ T
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IOTL

Vspike _ Lparasitic Definition of inductance
T Linear ramp di/dt

Vspike 7 lon

v — Utparasitic Y

of f Of [  Divide both sides by Voff
/|
1 O% — L ) on What inductance will give us a
10% TV overstress spike that is, say,
of f 10% of Voff?

L N O 1TV0ff Rearrange, plug in some numbers

10% — 10 ns, 20V, 4A answer is 5 nH

Ion Few mm of wire is 5 nH!
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Traditional Low Speed Design Approach

PRE-LAYOUT SPICE, THEN “CUT AND TRY”

Pre-layout schematic First prototype has some excess ringing. Cut-and-try until “best case” approached
SPICE simulation: I

“Best Case” performance ¢ AL

5

Image courtesy of ST Microelectronics
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Traditional Design Approach Applied to High Speed

PRE-LAYOUT SPICE, THEN “CUT AND TRY”

Pre-layout schematic First prototype has destructive failure.
SPICE simulation:

“Best Case” performance
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Recommended High Speed Design Approach

Pre-layout schematic Post-layout: Integrated EM-circuit co-sim First pass success

SPICE simulation: First “virtual” prototype has some excess ringing.

“Best Case” performance “White box” — data display — 3D visualization
Explore design space until “best case” approached
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Today’s Modern EDA Solutions
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State of the EDA Industry for PE

Allum  Oimplorer ExpressPCB S|Metrix  Spectre

s = Xpedition PSIM
Simulimlk "—-TSP"@Eq3D Microcap Modelsimnm
PSPICE Elde

S o DipTrace
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« A myriad of “point tools” exist, each fixed on a piece of the design process
« The biggest EDA tool issues power electronics designers mention:

» Being limited on what they can analyze

» Having to know and move among multiple tools to work

TonS<nice NL@ Sﬂmp)ljij'

ORCAD
Plexiin c

Coventor

HFSS
FlowTHERM

High Speed Power Converter Tool Requirements:
1) Integrated schematic and layout

2) Integrated circuit simulator (SPICE/Harmonic Balance)

3) Integrated EM engine
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Using ADS for EM-circuit Co-simulation

BB Crcu Trnsient,siem [PCB_Design, i Clrcu Trnsientsisayou) (Liyouts9
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71 PCB_Design BbxCircua_Transient, sim:emSetup (EM Setup for cosimulation) E=maen |
File o

MM AT

Select: Chick and dr

Oitems B75.5000, 4315000 8755000, 4315000 il

» Field solver extracts EM-based
model of the layout parasitics

* Method of Moments provides the
best balance of speed and
accuracy for PCB/packages
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Layout and
schematic are
tied together
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Click and drag to select Curcuit_Transient_sim X1 ads_ devicedrawing 3525, 12400

» Compact, EM-based model of
layout parasitics is added to the
familiar transient (SPICE-like) circuit
sim



Results from EM-circuit Co-simulation

« EM-model informs the circuit simulation * Circuit excitation informs the EM post-
simulation visualization display

Switch node with probe
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Keysight Integrated Power Electronics Solution

ADVANCED DESIGN SYSTEM (ADS)

a0

er Electronics Bundle Product Options

U'}vu \ M ‘Hr “ i

Schematic Layout 3D viewer W2342 FEM Simulator ~ W2300 Harmonic Balance Simulator

tttttttt

Tran3|ent/convolut|on Linear simulator Momentum W2349 Electro-Thermal Simulator
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PWMD1
New! Freq=1 MHz

Power Electronics Library | Data disﬂ'p'lay W\m/!erilog-A
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W2375 Power Electronics Library

* Non-linear magnetics
* MMF-flux circuits

« Jiles-Atherton saturation/hysteresis core

* Power device models
« ASM GaN
 PowerMOS SiC
 SIIGBT

i

ASM_HEMT_M

* “Pre-selection” components — 7

- PWM
* Gate Driver
 Generic MOSFET
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Power Electronics Library Etc. in ADS 2019

* Power Electronics “personally” in ADS:

« [ADS Main Window]=>»Options=>Work Flow Configurations=>»
Power Electronics

« Examples library (see next slide)

* Analog behavior of logic gates for digital loop compensators

* BUF, INV, AND, OR, XOR, NAND, NOR, NXOR, D/SR Flip-flops,
Schmitt

« Compatible with equivalent components in LTspice and PSpice

* “Pre-selection” components

* Voltage-controlled ideal transformer for “circuit average”
abstraction method — duty cycle varies turns ratio in closed loop
« 5-pin opamp: pwr/gnd rail noise, slew, bandwidth, etc.
Note: Please preview and influence future releases by joining our beta program (“Early

Access Program” EAP)
Contact your local Field Engineer or Application Engineer for details
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m Work Flow Cenfiguration

Which work flow best describes the type of work you want to do?

If you are unsure, RF/Microwave is the best choice.

RF/Microwawve

Signal Integrity/Power Integrity
Interoperable (OpenAccess)
GoldenGate In ADS

Digital Signal Processing

DOW Deial i

This is & good choice for:

* Power electronics drcuit, PCB and package designs
* Analyzing switched-mode power supply designs

= Analyzing postlayout power electronics dreuit performances

I Power Electronics I
What does this choice do?
Power Electronics Documen tation
You can change this later using Options > Work Flow Configuration in the main window.

Configure the Work Flow Cancel

Nelsn |
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EE]
R @
XORn_L SRFlipFlop_L
XORn_L_1 SRFFLa2
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— ] —
— — —
DFlipFlop DFlipFlopPC
DFF_1 DFFPC_1
Vih= Vih=
Voh= Voh=
Vol= Vol=

TF varT
TFvarT1

OpAmp5

AMP1
Gain=100 dB
CMR=
Rout=100 Ohm
RDiff=1 MOhm
CDiff=0 F
RCom=1 MOhm
CCom=0F
SlewRate=1e+6
10S=0A
VOS5=0V
BW=1 MHz
Polel1=

Zerol=
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Examples Library Expanded in ADS 2019

m Open Example — m} X

— ﬁ ‘ R Bearch... Xl

Power Electronics Design Examples
Home > Design Flow Examples > Power Electronics Design

Simulation of Nonlinear Magnetic Components

This example demonstrates the use of nenlinear magnetic components in Power Electronics Library of
ADS.

Open documentation

Open workspace: Nonlinear_magnetics_wrk.7zads

Simulation of Power Electronics Logic Gate

This example shows the usage of Power Electronics library logic gates: BUFFER, INVERTER and AND.
Open documentation

Open workspace: PE_Logic_Gates_wrk.7zads

Simulation of Pulse-Width Modulator

This example demonstrates the behavior of pulse-width modulator model under different input signzls
in DCftransient/HB simulations.

Open documentation

Open workspace: PWIM_example_wrk.7zads

Simulation of Generic Gate Driver Model

This example demonstrates the behavior of generic gate driver model under different input signals in
transient simulation.

Open documentation

Open workspace: GateDrv_Example_wrk.7zads

Simulation of Keysight IGBT Model
This example illustrates the use of Keysight IGBT Model
Open documentation

Simulation of Buck Converter with Current Programmed Control
Includes Power Electronics simulation examples available in ADS.

Open documentation

Open workspace: buck_srff_wrk.7zads

KEYSIGHT
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Buck converter with current programmed control
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Complete Work Flow

Coming in
late-2018

Available
now
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PD1000A control software

PD1000A

solution hardware

Measurement data

DPT
Double-pulse
test system

Curve tracer
system

S-parameter
measurement
system

Keysight
mathematical
model

Power
electronics
model generator

Measurement
files

Circuit/EM simulation with
significantly-improved

accurancy
ADS/EMPro/
Momentum
Model
parameters

On-state

W8589B PEMG
(Also avail as IC-CAP
“classic” add-ons

To learn more about Keysight
simulation software tools, please
visit www.keysight.com/find/EDA

i3

|2 :

i &

o L -

| } g

needed

W8536/37/38)

W2240 ADS PE Bundle
+HB, EMPro, ETH, as



Switched-Mode Power Supply (SMPS)

Solves for interaction of
temperature rise on device
heat output

IGBT, PowerMOS incl. SiC, ASM
GaN

Native ADS gate driver,
analog/digital control loop
incl. PWM

Import SPICE decks in non-
ADS dialects: PSPICE,
LTspice, etc.

MMF-flux magnetic circuits
Jiles-Atherton saturation/hysteresis model

Finite Element Method
Finite-Difference Time-Domain
Technology

Voltage [dBuV]

Method-of-Moments
Technology

freq, Hz

KEYSIGHT Center image credit: Transphorm
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Keysight EDA Power Electronlcs Key Investment Areas

PathWave

| wooen mydiode 0 Mylti-lingual model import + Connect device measurement,
| rortoeemiz e Dialects of SPICE device modeling, circuit design,
srweas e Verilog-AMS S|mulat|or_1, pr_ototype

7+ BV=100 * VHDL-AMS characterization test, and

8 + IBV=100.00E-6
9 + TT=5.0000E-9
10

manufacturing pass/fail test

0~ & Closed-loop analysis

' £ s « Bode plot &
: * Impedance analysis e

+ Stability in the presence of noise

ud

=
|
-]

Bap ‘(1nop)as

Post-layout EM extraction

Multi-discipline, multi-nature support for motor control etc. Power device model generation I\P/IEPrO (tapp"cat'on'fpec'f'c E'\é)M
* Electrical: voltage/current « IC-CAP: Full featured for device modelers EI\(;IrIT/]EIr\]/Igm (g(langra purpose En}
* Magnetic: MMF/flux -« PEMG: Simplified flow for circuit designers, analysis

« Kinematic: position/velocity/force or velocity/force
* Rotational: angle/angular v./torque

* Thermal: temperature/power

» Logic: discrete or analog behavioral

models from a PDF datasheet

KEYSIGHT Center image credit: Transphorm

TECHNOLOGIES



Case Studies

WIDE-BAND GAP POWER DEVICES ENABLE HIGH DI/DT

KEYSIGHT
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Pt : On Semiconducftor
Predictive Results Can Be Obtained | L | “’

REFERENCE DESIGN: POWER MOS + PACKAGE + PCB

On Semiconductor Test Board

FDMS86181
PowerTrench® MOSFET
ADS package model

Switch node with probe
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Customers often do
not believe they can
obtain predictive
results. They Can!
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Image courtesy of ON Semiconductor
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Enabling Semiconductor Technologies

POWER SEMICONDUCTOR FIGURE OF MERIT (FOM)

Switching loss dominates conduction loss in high speed converters

Power Device Switching Loss:
Ploss = Rds(on) (ID)? (rms) + ID VD (Qsw/IG) fs + 1/3 Qds VD fs

1.E+06 -
Silicon
1.E+05 -— e GaN
Transistor FOM: Tk
; 1.E+04 -—————
On resistance (Ron) x gate charge (Qg) g
/ & 16403 -
Low Ron = low Low Qg allows the device to é '
transistor loss switch on and off faster c;" 16402 1 4
J =
1.E+01 -
Small FOM = fast dv/dt switching
1.E+00 ; |
10 100 1000 10000
Sources: Vbreakdown [V]
Kalfass - Keysight workshop (2015)
Catrene (2013)
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Enabling Semiconductor Technologies

HIGH SPEED POWER CONVERTER APPLICATION AREA

100 M

N

10M

Solaf plants

1M

Electric cars .
Sl C Induction heating
100 K

Solar plants

W 10K

1K

100 CoolMOS

LDMOS

10 TrenchMOS

10 100 1K 10K 100 K 1M 10 M 100 M

Switching Speed, Hz

KEYSIGHT Copyright 2018 Keysight Technologies; Inc.
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Predictive simulation techniques to save time and money

bY ChI'iS Mueth w ith the introduction of new gallium nitride (GaN)
power switches into the market, designers have more
and Rakesh K. Lal device options open to them for creating efficient and

IEEE Power Electronics Magazine, June 2017 pp.46-55

Copyright 2018 Keysight Technologies; Inc.
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Power Switching
inductor transistors

i
LM

small ﬁm ;.,,11.1 “ [l hl
dominant l 4
/ |

AV
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o by *"'"W
L: inductance 1 ! |
R: resistance oo e
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VD2 to Gate Drive Chain
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Transphorm

Identlfy the leltS Of d D(-)SIQn IEEE Power Electronics Magazine,
MULTI-PULSE TESTING June 2017 pp.46-55
ADS Simulated Lab Measured
Multi-Pulse Test Multi-Pulse Test
pe 600 3:5'“ .................
. . Indugtor core saturation|
500— AW .:.iso L C
- Vds1
i _ pesmmmmsEE
5 | 100V/div
= 300— o :
L3
> >
100— 10 |
& [ S N - |_inductor. .
. 5A/div
'100 T 1T 171 | T T 1771 | T T 171 | T T 171 | T T 171 | 1T T 7 0 """"""""

97.900 98.983 ‘],0:0.067 101.150 ...1'.()2.233 103.317 104.400

time, use¢

Designers using GaN devices often
experience failures they blame on the
devices. It is their layout which is at fault!
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T Microelectronics

3 kW Multi-Phase PFC - Failure AnaIyS|s :

NOISE IMMUNITY IS COMPROMISED

Power device drain|; £ |m' S 5“" MHUHUUHUUM
I:)re'la-yOUtPower device gate uwnwm Jw"wl" *
Schematicrymermm :
Only Gate driverinput | 1| | s ||
PWM output | E: l
1| i | S
. ? MR ﬂwmww - . LT
) ; b ik oA LR {_W_TWWTT‘ _ _ TEET e T
EM Co-simulation A |
PARPANILAN " ) 1st pass success of
modified design

- 52W/cubic inch
- Pout =3kW @ Vin = 230Vac

- Vout = 400V
- PF>0.98 @ 20% load
- THD < 5% @ 20% load

KEYSIGHT c :
Image courtesy of ST Microelectronics



EMC Analysis

REASONABLE CORRELATION WITH MEASURED RESULT!

EMC compliance testing is
expensive and no insights
are given on how to correct
ISsues

International Conference on
Electronics Packaging 2016:
Importance of Switched-Mode
Power Supply IC Model for
Conductive EMI Noise
Simulation

CISPR, part 25
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Measurement
Simulation
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rconductor

On Sem

Thermal Floorplanning

SIC POWER MODULE ANALYSIS - ALL WITHIN ADS

Device ICEPAK ADS Delta [K]
Point Electro-
tool Thermal
Q1 172.4 169.0 3.4
Q2 169.8 168.1 1.7
Q3 168.4 167.5 0.9 J
Q4 168.4 167.5 0.93 a*tm!uzﬁ@ 1 HEAARGL 4HO @8

Temperatures are often difficult
to measure in the lab, and
thermal tools are difficult to use

and too slow to be practical. Simulation time |
~25 seconds!
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Conclusions

* Increasing power density trends are pushing up switching speed

 High switching speed introduces a whole new class of challenges
 Parasitic effects destroy performance and are costly

« EM Co-simulation provides the best predictive analysis you can get
* An integrated workflow provides more capability and streamlines the workflow

* Quick Start Guide for ADS in Power Electronics
https://literature.cdn.keysight.com/litweb/pdf/5992-2514EN.pdf
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https://literature.cdn.keysight.com/litweb/pdf/5992-2514EN.pdf
https://literature.cdn.keysight.com/litweb/pdf/5992-2514EN.pdf

