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Power Electronics: Trends That Drive Design

Higher Power Densities (power delivered/unit size)

&

Higher efficiency, shrinking form factor

et

Higher clock frequencies, faster switching edges

ot

Need for newer device technologies (GaN, SiC)
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Device models, layout parasitics, EMI, di/dt, thermal mgmt
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Power Device Characteristics
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Power Device Switching Voltage
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High Frequency Effects
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Voltage at the sw node 1400 Skin Depth vs Frequency
i 120.0 . . Frequency
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Red with Layout Blue without Layout AV = R(f)i + L—
dt AV
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L: inductance
R: resistance

di
dt

AV =Ri+ L
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Challenges SMPS Design

Technical Challenges
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- Layout parasitics can cause spikes
Vspike = Lparasitic di/dt

Schematic Only Layout Included

Power Gate Drive Power Gate Drive

VgsZ_Lasl_N_Cycls
51 _Lasl_N_Cyckes

Major risks

 Destruction

e | | e e Heat
Power Switching Voltage « Malfunction
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ADS-PEPro Workflow
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analysis / parasitic
extraction

EM-circuit cosimulation

Layout design

Schematic design
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r-------------------------------\
I I pereremerrnnna .
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ADS schematic: ADS Layout: — I PCB — Ol eVielt Iﬂ : Prototype
Circuit verification Layout verification : EM analysis verification using testbench | :
I I "'- -------------- t’.
|

Modify Schematic Modify PCB

design design

Analysis by circuit and PCB S-parameter
(Enable to create PSPICE model from S-parameter)
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3D EM Simulation Technologies

FEM - Finite Element Method
MOM - Method of Moments

FDTD - Finite Difference Time Domain
Method

* Restricted 3D Structures

* Frequency Domain

* Full-Wave and Quasi-Static
Simulations

* Dense & Compressed Matrix Solvers

» Multiport Simulations at no Additional
Cost

* High Q

* ADS UI

AN KEYSIGHT

ET 2025 - June 12-13, 2025

€ ET2025

12 - 13 Giugno Villasimius (CA)

* Arbitrary 3D structures

* Frequency Domain

 Full Wave EM Simulations

* Direct, Iterative Solvers

» Multiport Simulations at no Additional
Cost

* High Q

* ADS or EMPro Ul

» Arbitrary 3D structures

* Time Domain

* Full Wave EM Simulations

* Handles much larger and complex
problems (e.g., complete mobile
phone)

» Each port requires separate
simulation

* GPU based hardware acceleration

« EMPro Ul
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©

Electromagnetic Simulation Results

FEM

2

» Volume mesh for the full geometry

» Planar Mesh only for conductors

» Mesh refinement

» Pre-computed mesh

>

It solves for E and H

It solves for currents and voltages

It provides S-parameters, Near Field,
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Method of Moments

Basis Functions
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. Mesh IS used to define rooftop approximating .y 2
functions for the edge currents a0 a1
« Amplitudes (f0, f1, f2, ...) are unknown and  basis function / \f4
must be computed fi = function value fo |
 Current is assumed to vary along direction of
travel and be constant across the other 1 LT T2 T3 -Hi
direction (think of how current moves on a TL) X0 xT X2 X3 x4 X
fo) = £ * T,00 +F * T,00 + £, * T,00 +f, * T,(0)

the 02.gf

Constant in y, linear in x

A

L=/ ) 3, x

S S S/
Unknown Constant in x, linear in y
S i
Current = SUM(J,, — T
(e 223 (77 TF7
rooftop with height = 1 J J J

the 066 the 05 gif
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Full Wave Method of Moments — Momentum uWave
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* Full wave electric & magnetic Green’s functions

e_jklr_r’|

» MoM problem can be mathematically thought of as
a 3D equivalent circuit network with frequency-
dependent R’s, L’s, and C’s

» An impedance matrix is created and then solved
that allows us to obtain the current amplitudes
based on the excitations at the ports

[S]

See R. F. Harrington,

A\ KEYSIGHT

7 =jw|_ij(m)=”dS”dS‘Gm(w,r ~1')Bi(r)-Bj(r")

s S

7€ = Hdsﬂdsee(mr—r)v Bi(r) V-Bj(r")

: jcoC., (@) ')

]

ZR = Rij(m) = zs(co)ﬂds”ds' 8(r —r') Bi(r)-B;(r")

S s

Field Computation by Moment Methods . Maxillan, New York (1968).
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Quasi Static Method of Moments — MomentumRF

A\ KEYSIGHT

Low Frequency
approximation :

e Ml ~1—jk|r—r

< :@Cf@:

* Electro- and magnetostatic Green’s functions

» Quasi-static frequency scaling (jo, 1/jm)

* ’'s and C’s are real and frequency independent

« R’s are complex (DC loss + skin effect Vo)

[Z] matrix load is frequency independent !

[S]

Zk = jaL; = jm”dsﬁdsem(r ~1")Bi(r)-Bj(r)

s S,
26 __L:,i”dsﬂdsee(r—r )V-Bi(r)V-B;(r")
jO)Cij j[0] e
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The components of a fiell that ave
tangential to the alges of an element
are explicitly stored at the vertices.

The component of a field that is
tapmgential to the face of an elemeant
anil normal te an edge iz explicitly
—_ = . otorasl at the midpoint of the selectsl

edges.

The value of a vector fisld at an
interior point iz interpolated from
the nodal values.

Excitation field

NN E = Re|E(x,y)e/*t V7]

.....

llllllll
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« 2D Problem to define the excitation

1
V X (M—V X E(XJ)) — kierE(x,y) =0 ko =+/lo&

r

« Full 3D equation for E

r

1
V X <—V X E(x,y,z)) — ki, E(x,v,z) =0

« Multiply by the phasor to obtain the physical field

VXE
H =

E(x,y,zt) = Re[E(x, Y, Z)ej“’t] Zion
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Simulation Results Ser EMTZQ%é

Voltage Overshoot

e 39

30— -
20_ i = H il - s H = sy sl = = S
—_ ] m1
2 104 indep(m1)=12.5
® ] @ Q1=26.8
S >
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] 13.52 M
-20 | | | | | | | | | -10 ; | ; : : | :
N NOOROOR R R R R B I 12.4531 12.4533 12.4535 12.4537 12.4539
'Y - Y 'Y 'Y ] ] w ] o o .
o ) > ) -] o N - o = o time [ms]

time [ms]

Palomba F., Gennaro F., Pavone M., Aiello N., Aiello G., Cacciato M.: Analysis of PCB

parasitic effects in a Vienna Rectifier for an EV battery charger by means of
Electromagnetic Simulations, EPE'19 ECCE Europe ISBN: 978-9-0758-1530-6

Advanced
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Simulation Results
Ground Bouncing

Ground Point V Referenced to "capgnd”

Q2
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VsZref2
. 1 ] =

+

DC-voltage (vvhlte)+

" AColtage, peak (red) rlﬁ"lf EFE
IFTT T TTTTTTTTTTTT
Root causes: Impact; E Sl b L
« Ohmic Losses - IR drop « Noise generation = S N B e
. di/dt - False Commutation
* Device failure
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Simulation Results

Control Line Inductance

€0 £ET2025
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1. EM simulation of Control Lines

2. Replace the MOSFET with a short

A\ KEYSIGHT
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Ideal Short 3. Extract the Line Impedance from S, ,
g
100
“ - // 7 7 1 + 51,1
m3 o ——————
80 ¥ trace 0 1 — 51,1
m3
z Siaa01 Y ——
g 601 m7 Le2 —— Im|Z ]
: e race = —rae
m il race
En 40 Y 27Tf
g
i t!a 20 40 60 80 100 120 140 160 180 200
freq [MHz]
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Simulation Results

Control Lines Inductance — Redesign s
> Control Lines redesign to obtain:

» Balanced Circuit

Ideal Short "
> Lower Parasitic Inductance

g ,

100
- / 1+51,
md - [ —
. Y Ztrace ZO 1—=S
80 L_Q1 —— 1,1
m4
T freq=20.00 MHz L_Q2 _
.% 60 L_Q1=83.361 L.Q1_run2
il m5
) < 5 freq=20.00 MHz LQ2 mn2 —— L . Im [Z trace]
2 % ms [L-02=41.051 trace = >
. < 40— nf
= g
- mé
A L
= 20
=" mbé
- 7 freq=20.00 MHz
L T L_Q2_run2=23.634 -
égﬁfgwr{{ S;l'ste m
n T I T I T I T | T | T | T I T I T I T e 2.1
0 20 40 60 80 100 120 140 160 180 200
freq [MHz]

Oes | 2okt | | wrebene | |
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Simulation Results

Control Lines Inductance — Redesign

' (> Control Lines redesian to obtain:

| Total |_surface | (A/m)

35
Ideal Shq "**
30 hce
25— /
20— N A RO000se e ——
15—
1:_ Q1 — = 7, L4311
7 1 — Sl 1
0 Q2 —_—
.5_ VGSmax ======--
10 B Im[Zyqcel
- T | T | T | T —
12.4531 12.4533 12.4535 12.4537 12.4539 27Tf
time [ms]

[L-Q2_run2=23.634]

T I T I T I T | T | T | T I T I T I T
0 20 40 60 80 100 120 140 160 180 200

freq [MHz]
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Simulation Results

Crosstalk and Return Currents

| Total J_surface | (A/m)

0 0.00375

Deep insight on

» Current distribution
» Coupled signals

> Return currents

SPI1 2025
BEST PAPER AWARD

SESSION 7
10:50-12:10 CROSS TALK & NOISE REDUCTION / MEMRISTORS

Chair: Jose Schutt-Aine

10:50
Micola Femia (1), Giulia Di Capua (2), Antonio Maffucci (2)

(1) University of Salerno, italy; (2) University of Cassino and Southern Lazio, ltaly
Power-to-Control Crosstalk in Power Electronic Circuits

AV KEYSIGHT ET 2025 - June 12-13, 2025 19



Simulation Results
Conducted EMI test

Setup [

» Dedicated Analysis for Conducted EMI test

» SMPS noise calculated from the Linear Impedance

Stabilization Network (LISN) output according to the. CISPR-25.

Specify the last N switching cycles
to compute and display data. If the
length of transient data is less than the
requested, all data points will be used.

ﬁg:;m‘gﬂg';m: data specifed PEPro Conducted EMI Testbench Results (CISPR-25)
o ]

Eicienty | [Vioad Rippe PP
1 (ISP 25, Clas 5 Complance ot Norse (pesk) (05PR 25 Class 5 Camptance OSPRES,
13 aTm - .
m ! {

1
i

‘Specirum Anaiyzer Fequency reSoubon bandwidh (Hz)
SAReeCSE ] | SpeCSE T

Votage 4BV

Vin_mean Vioad mean

|
188 4%2 ]
Wmew | o nen ] | I ' I I I |
3980 9955 g A ] g3 3 2 g g8 g 2 : L
- H g g HH H g g g8 H g g g8
H H § EH g H H H H H £ H
Pin_mean Pioag mean e b beg He heg He
7915 4988
Input Voltage fast N cycles) Inpat Current (ast N cycies) Load Voliage (st N cycles) Load Canent Jast N cycles)

HI)

. ||\l T 'H‘
|.|M””\| u‘ lil ll‘w|| I

A i J Mm.

T T T
3012 144 01 038 130 010 830 030 038 100 T4 020 43 030 010 130 050 030

e, meer tme. meer

Load Voltage (all im points) EMC Nose Componens InputiLoad Cumrent Spectrums

§;;LM m \u N\‘X

Diforarial tade Nowe, v
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.ﬂ Ports

_II Component Models

% Options...

5 Run

El 77 Results

~ S-Parameters

[ Mear Field

& FarField

Q'EI- Generate Sub Circuit...
Jﬂ Generate Voltage Spikes Test Bench...
E Generate Conducted EMI Test Bench...
m Generate Radiated EMI Test Bench...

Conducted EMI Test Bench (CISPR 25)

9 £T2025
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Power supply wiring .
10 gauge (2 Sémin)”
; Binches (152 mm) long 2

- Pr
LISN1 CISPRZ5, 2 . Lin
LisN L=Lwire

X J C1=0.t uF B
sred| = CetuF e R
Vdc=Nip < . - RE B .
:’Input R:EﬁJOhm
Chassis Ground |

= Power supply winn
0 Gaune s B,

2
5
3

; ; Binches (152 mm)long
e T VYV

LIsh2. CISPR2S, [
R1=1kOhm LISN L=Lwire
L1%6 uH 41 RREN vy
CI=01uF . J
C2=1uF

R=60 Ohm

Chassis Ground | 2

Connect o the ground
pin on the boay

= VARZ
StartT=stop T-500/Switc hingleq
stopT=1/RippleFreq

‘i | TRANSIENT PE

ansientPE
TranPE1
StartTime=startT
StopTime=stopT
RiseTime=RiseTime
Fallime=FaliTime *

Op

Temp=25
Tnom=25
V_RelTol=le 3
V_AbsTol=1e-4
I RefTol=1e3
[“AbsTol=1e &

IChassis Ground

The EM analysis result of the board and the

mounted parts are automatically placed as

a sub circuit.
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Design challenges and Future Developments

3 .SUBCKT STS6NF20V 1 2 3

« MOSFET/diode modeling (behavioral, SPICE, Eqg. based) | | 53, 72

ID &6 1 4.5n

* Modelling of Drivers and other PMIC . .| e —
SRS LR e SN
» S-par vs lumped models ;J:L B gﬁ: 1

I MOS.GENERIC = . . MOS_GENERIC_MODEL
° LOW Frequency EX'[I‘aC'[IOI’] " MOS_GENERIC1 = wa%_SGE_NERIC__MJ S
Model=MOS_GENERIC_M1 =yes

............ idmax= - - - - - - -

« Thermal and Electrothermal Analysis = .

6 S D

Num=T1 Num= Num=3
oo e

e

» Radiated EMI Simulation Accuracy :

« Stability Analysis L e
« Al driven design BIRIETREERE-~ i

1[1,0]=- (g sg * dvsg_dt + d_sg * dvsd_dt + g_dg * dvsg_dt + d_dg * dvsd_dt)
1[3,0]=-(g_sd * dvsg_ dt d_sd * dvsd_t dt g dg dvsg dt d_dg * dvsd_| dt) (Isd
‘FI2,0]=-dvsg_dt -
FI2,1]=vsg
.F[4,0]=-dvsd_dt .
Fl41]=vsd |
cport[i]l=
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“All models are wrong, but some
are useful”

George Box, 1976

AN KEYSIGHT 22



Keysight EDA University Program

Providing Industry-Grade Software to Support Universities

» Suite of EDA tools are used by top companies for
* RF and Microwave, High-Speed Digital Design

* Power Electronics Design and EMI Analysis

« System-level Simulation PathWave Advanced Design PathWave System Design
System (ADS) (SystemVue)

* Industry-leader with 65% market share?!

+ Giving students access to industry-standard tools
* Provided at low cost to universities

» Students can request license for their computer

* To be ‘industry-ready’, students need to understand the
full design flow
+ Design and simulation at the component / device level

PathWave Device Modeling PathWave RFIC Design PathWave RF Synthesis
(IC-CAP, MBP, MQA) (GoldenGate) (Genesys)

+ Test and measurements

« Easy to move through workflow using PathWave

» Works with Keysight's RF/Microwave and High-Speed
Digital Student Certification Programs

PathWave EM Design PathWave Vector Signal Keysight VNA Simulator

Yndustry: RF Design and Simulation, Source: Pedestal Research (Jan. 2020) (EMPro) Analysis (VSA)? (Standard, S94050B)?
2Not branded under ‘PathWave Design’, but application is part of

M, KEYSIGHT PathwWave Design University W2130UU bundle ET 2025 - June 12-13, 2025



Thank you
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