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Pl Master Class on
Ground Bounce and EMI



Hardware Engineers are Learning the Hard Way PCB EM is needed for designing for
Power Integrity Requires EM Simulation! Target Z that is down in the micro-ohms.

Target Z vs. Step Down Vout

usB FPGA
Target Impedance Calculation 4. ? 34 Watts
Z . AI/M&n( Rpple | W= =g =~ — = — = — =
Target ~—
A] Max Transient Load g
-c=> = ======== == AllChiplets
. VRM+EM+Load ,+ * * 1600 Watts
Note- Target Z Rules of Thumb: *g 1m - oo®®
- 5% allowed Voltage Ripple § e e
 Dynamic Transient Current 50% of Imax N 100
. VRM DC to DC Converter where Vout =D*Vin """ /SSAM+EM+CPM+Thermal
Power In = Power Out  Vin * Iin = DVin * = Iin 10 u . . . . .
b 00 2.0 4.0 6.0 80 10.0 12.0
| D Vin * 5% _ Vin Vout,Volts
Core Power Rail Zr,,. 501 = T =D * 10%

AN KEYSIGHT 5 * ]in_max * 50% Iln—max *VRM (Voltage Regulator Module)



Agenda

‘ * The Noise Challenge with 1000 Amps per Nanosecond

 Learn how to use Harmonic Balance for non-linear PI Digital Twin simulations

 Conducted EMI — DC/DC Converter Noise Source

» Learn how automation is simplifying complex dc/dc converter EMI simulations

* New for
. _ ADS 2025
» Crosstalk/Ground Bounce — Dynamic Sink Noise Source Update 2

» Learmn how to separate ground bounce from net-to-net power rail crosstalk
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PDN Design, Simulation, and Validation of a 2000 Amp Core Power Rail

Understanding the Power Delivery System
= VRM Vendors, Scalable Topologies, Power Delivery Network (PCB, Package and Die)

. Die#l e Die #2 :
T O p S I d e IVI e t a I L a y e r S ’ 0/0]0]0.0.0/0/0.000]0/0000.0.0/0.0.0) e0/0/0]0]0/0.0/0.0 M | C r O :I-bSl\J/m p S
. S
Interposer OO0P00PO00YOYO OPOOYOOO000000 POOYOO bumps
RF Connector 1111 || Package Vias
Sense Nets Y v VYV VYV VY
S OOOOOO ! <— BGAballs

PCB Vias

PCB

- Near Devic Capacitors
VRM Capacitors DesignCon 2024 Paper

Steven Sandler, Picotest.com

Benjamin Dannan, Signal Edge Solutions
Heidi Barnes, Keysight Technologies
Idan Ben Ezra, Broadcom

Yu Ni, MPS

AV KEYSIGHT 5
Steven Sandler et al. “Design, Simulation, and Validation Challenges of a Scalable 2000 Amp Core Power Rail”, DC2024.




The Picotest 2000 Amp VRM and Step Load Design

Custom PDN step loaders enable
large signal testing for power rail
ripple and crosstalk.

BOTTOM

= 15 MPS Modules
= 5 Groups

= 5x 48V to 12V

= 55 Phases

» 512 Load Cells

= 11 bit 50 MS/s
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2000 Amp PDN EM Simulations - DC, AC, and Thermal

EM simulators are critical
for achieving Target Z in

Picotest Step Loader the micro-ohms Keysight PIPro

AC Current
Density

Thermal Simulation
Water Cooled Results

wieson L PICOTEST  AMKEYSIGHT EDA




PIPro DC IR Drop can be directly copied
Validating Thermal Considerations to DC Electrothermal to check thermal
cooling requirements.
Thermal Analysis
= Operating at 2000 Amps steady state, along with large dynamic step loads, can generate
significant thermal heat rise in components

No Cooling o \ With Cooling

766 C 37C

Thermal analysis for a 2000A load with no cooling on the left, and with cooling on the right. This is
a symmetric design, so the hottest location is in the center with 766C on the left with no cooling,
and a reasonable 37C on the right with ideal water cooling
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Digital Twin End-to-End Modeling

“‘SIMPLIS and SABER DO NOT work for end-to-end power integrity modeling with die!”
Ben Dannan of Signal Edge Solutions

If vendors don’t provide models for all EDA tools, then build a behavior model

* Vendor Capacitor models are provided for free — THERE IS NO FREE LUNCH!

This inductive

° I i
VERIFY your cap models! ull PDN mpedance - CORE VoI LA A
. . 1E-1
 There is no industry standard! Vendor Cap Models
Measured Cap Models Ztarget
23.09819 m
1E-2—|
. 47uF Capacitor Model With vs. Without PCB Mount
_ 1E1
B gy - ADS NMendolE—+ @000 e
& T = ™ MOdGl?;/ ZwWe_raw
e § e With PCB ",," i i I = 1.383376 m
e L= L qE-14 i I
P ———e—— " % il
£ T i sV 3 \
3 LN, o0 e 5 o 1E-2+ : N 1E-4—
E Without PCB
Simulation Controllers Equation: 1 20pH
) gl " 1E-3 ‘ ‘ ! '
=g E = 10.0k 100k 1.00M 10.0M 100.M 1.00G I I | I I I I I
Frequency (Hz) 1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9  1E10  1EM

Source: DesignCon2023 — VRM Modeling and Stability Analysis for the

. : ; freq, Hz
Source: EDICon 2021 Partial Inductance — The secret to correlatin !
Power Integrity Engineer — S. Sandler, B. Dannan, & H. Barnes, C. Yots 9

simulation and measurement — S. Sandler, B. Dannan, & H. Barnes Source: Signal Integrity Journal 2024. Who Put that Inductor in My Capacitor — W.
McCaffrey, et. Al
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What is a State-Space Average (SSAM) VRM Model

A state space model is

Vin a simple way of lout
modeling the two states 1 Lout
Rd of a switched mode Cin
PPPPP o |F tos Lo dc/dc power supply 1 cout
Logic p—yYv VO
orivel . [y Rds
_"_ bot
— Vramp A1 | R State 1: SW1 = On and SW2= Off
STATE SPACE AVERAGED MODEL Lout
Duty = Ton_SW1- Fsw N
& Vout = Vin - Duty lout — Cout
00?\?\%?’ Ve
N\O \Iout = k?
‘ State 2: SW1 = Off and S\W2= On
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The Switch Mode Power Supply State Space Equations

<3 PICOTEST

Vo:-(Ri-Vo—2-Fsw-Lo-Vramp |
Ri-Vin2—2-Ri-Vo-Vin+2-Fsw-Lo-Vin-Vramp +2-Av - Fsw- Lo - Vin|

PSRR dB = ZOIog”

Parameter Description

1.0 Output Filter Inductance
Vc Error Amp Output Voltage
Fsw Switching Frequency 2-Fs-Lo-Ri-Vin DCR + RDS
X t_Ri-Vin—2-Ri-Vo+2-st-L0-Vramp+ +RDSon
: Input Voltage o= 1+ Av - 2-Fs-Lo-Vin
Vin V'Ri-Vin—2 -Ri-Vo+2 Fsw-Lo Vramp
Vo Output Voltage
L _ Lo
DCR Output Filter Inductor DCR out= 14 2-Fsw-Lo-Vin A
Ri-Vin—2-Ri-Vo+2-Fsw-Lo-Vramp “V
RDSon Mosfet RDSon Bode = — 2 -.st Lo -Vin v
Ri-Vin—2-Ri-Vo+2-Fsw-Lo-Vramp
Ri Current Sense Resistance AV The Sandler State Space
, RU= 3o Average Model (SSAM)
Vram Slope Comp/Ramp Vo _ 2-Fsw-Lo-Vin
p Vc Ri-Vin—2-Ri-Vo+2-Fsw-Lo-Vramp only needs a few data
Av Feedback Amplifier Gain sheet parameters and

measurements to create a
Frequency domain characteristics are determined by solving non-linear differential equations high fidelity VRM model.

using a technique known as State Space Modeling
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Small Signal PARAMETERIZED MODEL  The small signal AC model

State-Space

Vin — Vin —— Vout
BUCK N =l
X11 b oo L, L apn Vout
Lo=3.1 uH ouTY m
Ri=Ri Ohm DCM N N A
Fs=500 kHz == | i Rewitch
0eee Ve Gnd Duty R=RDS mOhm
dmax=.95 l
1 L duty
NonLin_slope Slope
X3 o :
Co=4.93uAfy L Compensation

C1=25.7 uA {t}
Fs=Fs V
Cramp=150 pF comp

AN KEYSIGHT

determines the correct duty
cycle for a given load.

The math is inside these blocks. The
required parameters are passed to
the model

Just enter the parameter values,
most of which are easily identified

We’ll determine those that aren’t
easily identified using a few very
simple measurements

C1+C2:(Vin—Vout)

Fs:Cramp

Vramp = -DUTY



ADDING Large Signal TIME DOMAIN RESULTS

The large signal model uses the duty cycle

Vf_Sawtooth from the small signal result to generate the
SRC28 switching transients
Vpeak=1V P3
Freg=Fs kHz Num=3
[Delay=Phase/(360°Fs) ) Switehy The state space model knows the
' W SWITCHV6 instantaneous duty cycle, or switch
> ere . . .
R2=RDS mOhm positions, at every instant in time
duty
e
C>" . Py A 1V ramp at the switching frequency
SwitchV Elm__1 _ —/_— Num=2  converts the duty cycle to switch
SWITCHV5 Y positions
R1=RDS mOhm —
SwitchV_Model A delay is used to position independent
P4  SWITCHVM1 phases in a multiphase system
Num=4
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Complete Parameterized Small Signal and Large Signal VRM Model

The Sandler State Space Average Model provides a complete
model of the switching control loop behavior which is not

Three Separate Simulations in one Schematic

Simulation Controllers

|$ |AC I | % | S-PARAMETERS I |$ | HARMONIC BALANCE I
AC S_Param HarmonicBalance
AC1 SP1 HB1
Start=10 Hz Start=10 Hz Freq[1]=Fs
Stop=50.0 MHz ~ Stop=40 MHz Order[1]=190
Step= Step=

Note that the output
network, including the output
inductor, capacitors (and the
PCB if included) must be
EXACTLY replicated in the
state space and large signal
models

Modulator
LM25116
X1 VAR
|_Probe Lo=3.3 uH =1 VAR1 Exam ple . .t .
|_Probe7 Ri=Ri Oh RDS=120 I bl h pl R_ L d |
fomom  FoSet2 available with a simple model.
@ ts=0 sec Fs=500
4 dmax=.95
: — PDN Bulk
Vin out Wurth_3p3uH H
AN E SRl | L1a CapaCItor PcBplane |oad
S max AN v\ i i A 55 output
V DC = . R SRL SRC12
SRes _r—|bC™ Imin[——* Rswitch SRL1 Idc=1 A
= Vde=10V { = Ve Gnd Duty R=RDS mOhm R=1.4 mOhm
—T Vac=0 R Wurth_820uF L=1.3nH
RS C8a
=L |, R=4.99 Ohm
’7 = uty
[} —_j|
. — NodeSet
1 NonLin_s|
= Norlinsiope | = Universal Ramp NodeSett
X2=4.927 uA {t}
);;;ﬁzﬂ A v_DC Adjusted to match measured . -
Cramp=270 pF {t} ?: \8/50211(_)345 Ve=1675V for a 1 Amp lout Load Ro La rge S|g na.| Output .
+ R=3.74 kOhm Switching Ripple Transients
c @ |_Probe
C3 i |_Probe5
- =
Buffered l—-%1ﬁ—‘ E
Feedback ol 1 Q Wurth_3p3uH
L1
Amp gggso | s l: PCB plane Vo time
R=18 kOhm |_Probe SRL
\ C=3300 pF = |_Probe6 SRL2 I_DC
R R=1.4 mOhm SRC29|
FB ) - -
COMP /m/- 21?.21 «ohm 1 ;E_SW.tch Worth g2ouf | L5183 0H Ide=1A
\% Vref Fe=Fs C8b
v be VOLTAGE_AMP i Rds=RDS mOhm I
| srci |)<31 smA — N \S/R'%(; 1 Phase=0
_ — out=3 m, p— — —
7 VeSSV RS ionA = Vdc=1.23V
AVOL=10 k -
GBW=4.5 MHz {t}
AN KEYSIGHT
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55-Phase VRM SSAM MOdel Wlth Load Line The _SSAM can be c_ascaded

for high current multi-phase
power delivery.

5x MPM3698 — 3 phases 10x MPM3699 - 4 phases

MPM3B58 Small Signal Model with Load Line MPMIGAE Large Signal Model MPM36%9 Small Signal Model MPM3G3E Large Signal Model

I L =] Phase 1 __ﬂ—E Phase1 o5 - —El R Phase1 )
(=g i ! :

. 11T Phase 1 e PP B =g | ..
- Ei L —|" : s S el ‘ R P.hase 2

Lmll_oad Line Phase 3 ‘T Phase2 & =

o |'_Jj-r\- - - _;:’_

S Phase 4

______ Phase2 ﬂ*arge—STgn Siana ot ‘s »-Large Signal
g : itchi . I o Switching

Ctosed LOOE .

REASER Fs.Hz=500E3
VARIABLES

Closed Loop

1 Phase 3 o L Feedback

. T
o Harmonic Balance T Phaseud

T & Smal Steady State Solution = 'Small

== ' Signal A( "= ‘Signal AC
Sandler State-Space Average VRM Model was used for both the MPM3698 and MPM3699

.......

Fs_Hz=500E3
i S e VARIABLES

A\ X4

AV KEYSIGHT
Steven Sandler et al. “Design, Simulation, and Validation Challenges of a Scalable 2000 Amp Core Power Rail”’, DC2024.



ADS Harmonic Balance Simulation with the Step Load Model

= Creating a step load model for simulation

HB Step Load vs. I1tPulse Waveforms

. . . 25
with Harmonic Balance in ADS s g€ 73 .
=35 7 HB Step Load
S8 207 m3
| Probe o . o o =24 . ItPulse ime=219.3 nsec
lrrobe o _ o 1 Probe o ! 3 TRAN._Probe_ltPulse_Step_Load.i=2.000 k
|_Probe SRC_SS |_Probe_[tPulse Step_ Load %'% a
<D < — ﬁlgl ime=219.0nsec | _
. r"“ﬁ _ . o B W B — ez ts(HB.|_Probe HB_Step_Load.)=1.999 k
VSRC_‘%\’ VOUT SS ] =— o o=
o9
. . . o o . tPulse - - 28 Waveform Delta = 0.029 %
V.G R2 . . . : o . .SRC5 . i
_ SRCH R=35u0hm TRANSIENT /7)) LLow=0A o=
. = Vde=1V o _ _ _ . o _ _High=1_SW A = Load Current = 2000.000 A
. _ . . . . . . . . STEPLOAD . . Ece*lay;on.sec . = -05 |||||‘\\Illlllll\\\Illlllll\\\llllllll\\
dge=cosine 0 50 100 150 200 250 300 350 400
-Rise=10nsec -
= . o . o L L= .Fa_JI:m nsec time, nsec
Sl Probe. . . ... ... | Probe - - - - Wiatn=20 nsec -percent_error=abs(m3-m4)/m3*100
I_Probe SRC_LS, . . . o |_Probe_HB.Step Load . . "erod=1SVL G

HB step load model correlates very well

M

:_i Blﬁ.. . VOUT LS :11

\
|
1.
|

/

pm == l .
e T rosenon to the Transient step load model
+___ SRC_2 R=35 uOhm HARM NI I 7| Fs_SW=SW FsHz I
. .T.ch_j]v. o . . . . YOUT=1V o _————_—m_—m_mm_m—_—_m—m—mm——aa
T BALANCE | [V[isic'swa | ,
= RT=10 ns I
A o . o L T Pulkewidth=20ris -
| | |
I STEPLOAD ! [Gmmas '~ 1
S | - = cparasitic=1nF \ | SRz ety SRLC |
. . Rparasitic=0 Ohm I N \J’gc—D v SWITCHVS ;E;g;rasm:
s = die— req=Fs, i Model= = i
| fa¥ | TRANSIENT . ﬁ,?;g HARMONIC BALANCE I Lpawsitic=0H 7 I s - RI=R_SW Liposte |
Rise=RT =edge
“Tran " HarmonicBalance N QT I Dol SW_Deléy Cgiﬁnswh |
Trant WL [EVAR T [EE] MeasEan | Hemenksmioas
‘StopTime=400 nsec *~ ~ ° Freq[1]=SW_Fs Hz - ) -VAR1 ’ H Meas1 -~ I
-MaxTimeStep=0.1nsec - - Order[1]=255- - - . . . SW Fs=%B - - Load current=l_SW- I = |
Freq[1]=SW_FsHz . . . . e ... 1_Sw=2000 S R_SWS=if (I_SW<300) then (VOUT/(I_SW)) else (VOUT/(I_SW*(1+]_SW/100*0.00375))) endif
Order[1)=15 | Recale=10212 I
S S c c edge=log(Rscale'RT"Fs_SW
I
AN KEYSIGHT

Steven Sandler et al. “Design, Simulation, and Validation Challenges of a Scalable 2000 Amp Core Power Rail”’, DC2024.



Why use the Harmonic Balance Simulator with SSAM

» Fourier Theory says time domain waveforms are made up of frequency domain waveforms.
» Solving a circuit in the Frequency Domain can be much faster since it limits the frequencies and jumps to
steady-state.

Simulator Results Steady State Ripple vs. Time
RDS 67 ADE ~ 15:
Transient must reach steady> 5 Time _ E\Mo / /
state to measure ripple. 2 4 Domain Time Domain . ] -
. ©0 3. I I 8 7] L
50,000 time-steps! ;- ° e omain $ A | TRANSIENT
zZ 2 Transient Sim 5 O
o pren . @ ]
ZaRY el | TRANSIENT Wait for Steady State z 5] \J \
W0 02 o4 o8 o8 1o 12 Minutes, Hours, Days i o 905.9
time, msec fime usec
ins >
Harmonic Balance 11
sm.1ula.tes harmonics of the - 20{ Frequeniy Frequency Domain : 10_/ /\
switching frequency. s | Dormain . . > |
Only 255 Frequencies for £ | Harmonlc Balance Sim I f | HARMONIC BALANCE
steady state ripple! ° o t T A FFT jumps to Steady State :© -
: i Seconds, Minutes, Hours £ .-
i Pq.ﬂ HARMONIC BALANCE ) ’ £ ]
01E6 I l’lé; B ‘ 1!;8 -ID: T "l\ T T T T

T
0 90 180 270 360 450 540 630 720 810 900

freq, Hz time, nsec

Data shown is for one VRM, typical PCB design has dozens of VRMs

AV KEYSIGHT
Approved for Public Release: NG22-19. © 2022 Northrop Grumman Systems Corporation



End-to-End 55 Phase VRM Digital Twin Model

Group 1 — Group 2 . Group 3 - Group 4 _ Group 5
MPM3698 - = EE 2y S St
3 Phases [~ 500 kHz
MPM3699 Rt S T3 51 | Switching
4 Phases Frequency
MPM3699 J3Bg T ==l 25 =
4 Phases| Group 1 Group 2 Group 3 sroup 4 Sroup 5
480A - MPM3698-MPM3699 480A M PM3698-1 PV 3699 48[]A M PIM 3698-MPM 3699 480A MPMBEQS MPIM3699 48[]A MPM3898 MPM3699
**check phasing is correct **check phasing is correct **check phasing is correct || ™*check phasing is comect **check phasing is correct
PDN Capacitors VOUT_SS 91 kHz Dynamic Load

||
|

|

PCB EM Model - e Small Signal

AC Analysis

Final End-to-End '
Power Delivery PDN Capacitors VOUT LS 91 kHz Dynarn#p Load

: : T Large Signal
STl 1) PCB EM Modg- . mSteady State Switching
delivering 2000 Amps.

i
1T,

|

PDN Capacitors OFF

PCB EM Model

el
IREREERE)

- = PCB PDN Impedance

o frtitTet
L

. ) Bl B e =] N B S
Harmonic Balance | = - S
Steady State SOIUtion SIMULATION ENGINES vA_Rm;aLEs .| [EquATIONs

AV KEYSIGHT
Steven Sandler et al. “Design, Simulation, and Validation Challenges of a Scalable 2000 Amp Core Power Rail”’, DC2024.



End-to-End Digital Twin Simulations

= A complete system simulation model is created with accurate capacitor models, EM-
extracted PCB effects, and a 2000A VRM model that was scaled by using 5 groups of
MPM3698 and MPM3699 modules

55 Phases at 500 kHz B

Steady State Harmonic
Balance Results In 77s

Steady State Voltage Ripple with Forced 91 kHz Load Current

Dynamic Load at 91 kHz - [
%‘l ] Ripple Voltage I
> Dynamic Load g
Current
S L B s L ) L AL

AN KEYSIGHT

0 2 4 6 8 10 12 14 16 18 20 22

time, usec

Steven Sandler et al. “Design, Simulation, and Validation Challenges of a Scalable 2000 Amp Core Power Rail”, DC2024.
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Non-Linear Large Signal Step Load Response, Different Start Times
» 7 Phase 500kHz Switching VRM with 1kHz 160Amp Dynamic Load Example

Different Start Times Voltage Kick at 160A Load Dump
Same 1kHz, 160 Amp Excitation Large Signal Response is Not the Same

“1 7 |s this Real???

090

088

0.82

0.80

078
076
TT

T T T T IRERREEEREE LR ]
1 1.2 13 1.4 1.5 1.6 1.7 1.8 1.9 20 LA Ttrrr [T Tt rrrrrrrrr|rrrr| v o1 ryr o111 [T 1T [7T
0.46 0.51 056 0.61 0.66 on 0.76 0.81 0.86 091 096

time, msec

time, msec

Excitation Power Rail Ripple

Zoom-in on 160Amp
On to Off Load Step

AN KEYSIGHT 20




Harmonic Balance Captures Large Signal Voltage Ripple
» 7 Phase 500kHz Switching VRM with 1TkHz 160Amp Dynamic Load Example

LOAD Step On-to-Off Voltage “Kick” has multiple responses for the same 160A LOAD Step
Measurement

Digital Twin Simulation

0.92 Power Rail Ripple
0,50 A 160Amp On to Off
N -7\ 7 Different Start Times

ay
ay6
1y
ay4d
ay3
ayz
ay1

1] 4]
b« e Vs Vi« Vg« ]

LS

HHHHHHH
:_53:53333

-
Power Rail Ripple
Scope Trigger: 160Amp On to O

nooeg+——+——t=5+—
F'IOZEQ—-
NO¥E9
n0'989—_
n0'889—_
“0'0’?9—_
no'8¥9
noZ59
No%59
no'ggg—_
n0899—_
no099

7 Simulations in 10 Minutes!!!
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Agenda

* The Noise Challenge with 1000 Amps per Nanosecond

 Learn how to use Harmonic Balance for non-linear PI Digital Twin simulations

mm) - Conducted EMI - DC/DC Converter Noise Source

» Learn how automation is simplifying complex dc/dc converter EMI simulations

New for
. _ ADS 2025
* Crosstalk/Ground Bounce — Dynamic Sink Noise Source”™ " update 2

» Learmn how to separate ground bounce from net-to-net power rail crosstalk

AN KEYSIGHT



How Automation is Helping the Pl Engineer Solve EMI and Ground Bounce

* PIPro Conducted EMI

* PIPro Dynamic Sink Analyzer

AV KEYSIGHT 23



Common Mode Currents are the Main Source of EMI

Un-desired return paths cause EMI !

Signal Integrity

Ipm Iy
Signal

Circuit1, ————* Circuit 2

Return
Path

aL Noise Source GJ
Iem @ Iey

Ground Reference

It only takes SpA of common current to fail an FCC
part 15 Class B EMC compliance test.

Rule of Thumb #31: How much common
current on external cables is too much?

https://www.edn.com/how-much-common-current-is-too-
much-rule-of-thumb-31/

AN KEYSIGHT

Power Integrity

ICM

Power

Noise
ICM r/‘\ ICM

Reference Earth Ground

Note: LISN = Line Impedance Stabilization Network

The automotive CISPR 25 average limit for the FM
band is 18 dBuV. This is only 8mV. 8mV across

.50 ohms at the analyzer is 160 nano-Amps!


http://www.edn.com/electronics-blogs/all-aboard-/4442671/how-much-common-current-is-too-much--rule-of-thumb--31
http://www.edn.com/electronics-blogs/all-aboard-/4442671/how-much-common-current-is-too-much--rule-of-thumb--31

ADS PIPro Conducted EMI DEMO

Pl Conducted EMI Example

ships with ADS and one can
even buy the hardware from

Picotest.com

AN KEYSIGHT

Conducted EMI Option W3036E In ADS PIPro
2021_ADS_PIPro_CEMI_Demo_wrk
Using Picotest SIC531 Pl VRM Demo Board 0-0 with Max Gnd Cut

NOTE:

-Use the View menu pick [Push into Hierarchy] and [Pop Out of Hierarchy] to quickly open the

selected schematic symbols below. (The green down arrow and the adjacent up arrow on the

icon Tool Bar also push in and pop out of the hierarchy)

-Or right click on a symbol in the schematic and select menu pick >Open Instance View to select
the specific view to open and not close the top level schematic.

1) Open the SiC531 Demo Board Layout, Check the Stackup, and Start SIPro/PIPro

Right Click on sic531_demo_00_em symbol below and select >Push Into Hierarchy
In the Layout Window: Select EM>Substrate

Check the substrate stackup then close the window

In the Layout Window: Select Tools>SIPro/PIPro>Open Setup to open PIPro

Max Ground Cut
Switch Node + Inductor |*

sic531_demo_00_em

sic531_demo_00_em
X1

2) Inside SIPro/PIPro setup and run a DC IR Drop analsysis and a Conducted EMI analysis.

- If the DC IR drop analysis has an input connector VRM and a discrete VRM with switching configuration then
it can be copied to a CEMI analysis. The only modifcation required is to be sure that the decoupling capacitors
have been added for the CEMI analysis to get the correct results.

3) Export the Conducte EMI (CEMI) Analysis Testbench to ADS schematic

1) In the SIPro/PIPro window export the CEMI test bench to ADS schematic by going to
the CEMI_analysis Results and double clicking on the Generate Conducted EMI Test Bench....

2) The ADS CEMI Test Bench makes it easy to change the risetime, inductor parasitic C,
and the input cap: parasitic ir Use the menu pick to change
the ADS schematic simulation results file name. Then in the ADS data dlsplay for the CEMI test bench
simulation, use the data set selector in the icon tool bar to toggle between data sets.

Max Ground Cut 0-0
Switch Node + Inductor

PIPro Generated CEMI Test Bench

sic531_demo_00_em_CEMI_testbench
X6

Reference: Component models from measurement and vendor data

Component Models for
Picotest SIC531 PI Demo Board

00_readme_models
X5

2021_CEMI_Demo_lib 00_readme Mon Feb 7 13:03:54 2022

PIPro _Conducted EMI_Example wrk.7zads

T 537,00, [543 B

Fe b vew Toos Hep B
ot 5
RPN

& Design
5 B8 e e, 5 bS5

Vissiiey
Condatos Sokd | Wretame
Deecres sl ewekame
Tt

nepigenes: [ | [ [F] [

006,00 s gdcat_ s il PP (A}

T T———

eEEOX[]” R

Magnituda v Frequen

Fle View Matker

pEEOX[]F R

Radiation Contributors

PCB and Cable -
Orientation

Benchtop Alignment:

LISN-Cable-PCB -
PCB Orientation:

Topside Towards Antenna -
PCB Rotation:

0Degrees -
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Cascaded VRMs for DC IR Drop and AC Conducted EMI

Cascaded DC IR drop results can
be confirmed with AC results from
the PIPro CEMI Analysis

\ /'
[T ! vecmwr ssguistor ® 3o
Page 52
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R. Sercu and H. Barnes, "DC IR Drop Steady State Estimate for Cascaded Switching Regulators”,
2023 IEEE 27th Workshop on Signal and Power Integrity (SPI), Aveiro, Portugal.




Agenda

* The Noise Challenge with 1000 Amps per Nanosecond

 Learn how to use Harmonic Balance for non-linear PI Digital Twin simulations

 Conducted EMI — DC/DC Converter Noise Source

» Learn how automation is simplifying complex dc/dc converter EMI simulations

* New for
ADS 2025
m) . Crosstalk/Ground Bounce — Dynamic Sink Noise Source  Update 2

» Learmn how to separate ground bounce from net-to-net power rail crosstalk

AN KEYSIGHT



Dynamic Sink Demo Board PCB with multiple power nets and
ground are sensitive to EMI caused

Picotest LTC7151 LTC7132 PDN “EMI/Crosstalk” Demo Board by crosstalk and ground bounce

AN KEYSIGHT .



Dynamic Sink Demo Board

Power Nets

AN KEYSIGHT

Aggressor
Power Rail

Test case with a dynamic high current, low

voltage aggressor power rail adjacent to a low

power victim power rail in the FPGA Sink.

Packaged VRM:
Four Phase
Inductors

Victim
Power Rail

Aggressor Power Net (VOUT_2) 0.85V
Dynamic Sink Model — 50 Amp
Risetime: 10 ns
Hold Time: 100 ns
Period: 1 us

Packaged VRM:
Single Phase

Inductor |

Victim Power Net (Vout_1) 1.0 V
Static Sink Model — 5 Amp

29



To see the net-to-net crosstalk separate
| from same net ground bounce the
VOItage Rlpple Probes simulator must add a “benchtop”

Probing Voltage on Ground Net Relative to ‘Benchtop’ Ground Plane reference ground plane. Differential and
Common Mode data.

PCB “GND” Net

| Imagine GND as another power net...

~ N fFrt I Tt |
'l}._‘*.'_v."‘l'l'

1

AN KEYSIGHT ~ P
~ ’



PIPro EM Dynamic Sink Analysis (PI-DS) Enables New Current Pulse Sink

4= New PI-DC Analysis
4= MNew PI-AC Analysis
MNew PI-DS Analysis

4= MNew Sl Analysis

== New Conducted EMI Analysis
4 MNew Thermal Analysis

== MNew Electro-Thermal Analysis

4% Run

(4 Delete Al

— Tree

25 DDR Setup...

2% DDR Attribute Editor...

== Mew Power Plane Resonance AI"IE|}|"

AN KEYSIGHT

Sink Type: | Periodic Current Pulse |~

Max Current (Tues):
Rise Time:

Hold Time:

Delay:

Period:

Package Model: | Shunt

Package Model

Resistance: | 1 mohm

Capadtance: |5uF

504

10 ns

500 ns

0ns

5000 ns

Sink Editor ( VOUT 2 U4)

Dynamic Sink mimics transient load
step measurements. A repetitive
pulsed on/off step load.

loc P
p

o

Sink Type:
New Periodic Current Pulse

 Max Current
 Rise Time
 Hold Time

« Delay
 Period

Package Model
New RC shunt



The Dynamic Sink Transient Load Step is Periodic for HB

"Behavioral Peroidic Step Impedance Load to Emulate a Stepped Current”

“Dynamic Switch"

Eq
- SwitchParameters

RopenSwitch=Rscale*RclosedSwitch
RclosedSwitch=V_Nominal/|_Peak
Rscale=1.0e12

g SWITCHV
> Model=
R1=RclosedSwitch

V1=1
R2=RopenSwitch
V2=-1

i

+
SRC1
Vpeak=1V
Vde=0 V

- Freg=1/Period
Width=HoldTime
Rise=RiseTime
Fall=RiseTime
Delay=Delay
Weight=no
Harmonics=1024

=

>
LoadSignal
SRLC1 Num=1
R=Rparasitic
L=Lparasitic
C=Cparasitic
<>
LoadReference
Num=2

The Dynamic Step Load is
modeled by a resistive
switch with parasitics that
runs fast with a Harmonic

Balance simulator

Harmonic Balance
simulates harmonics of the
switching frequency.

Only 255 Frequencies for
steady state ripple!

AN KEYSIGHT

ARDS

dBm(HB.sw)

Simulate in Frequency Domain

30
i A r’.E&| HARMONIC BALANCE |
20— A
10—
1E6 1E7 1E8
freq, Hz

Frequency Domain
Harmonic Balance Sim
iFFT jumps to Steady State

Seconds, Minutes, Hours

iFFT for Steady State Time Domain
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DIRRRYZ

n
|

=
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Harmonic Balance Vout, mV 5

tn
|

'\ l

=]

RN
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time, nsec

T 17 T T
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Sink Ports Dynamic Voltage and Current Differential Data

Simulation data at a sink port is differential data with
delta voltage between the power and return ground net.

_ Multiple Sinks Editor

Mame Sink Load Type Current ' |e Toler:|3e Toler:|'in Current Mode|Rise Time|Hold Time Delay Period Package Model
Filter Filter Filter Filter |Filter Filter Filter Filter Filter Filter Filter
LSRRV S Periodic Current Pulse (50 A 10 ns 500 ns 0 ns 5000 ns  |Shunt: R = 1 mohm; C =5 uF;
Vout_1_U4 Constant Current SA Equal Voltage Mone
VOUT_2_P1 | Constant Current 0.1 mA Equal Voltage Mone
Vout_1_J6 Constant Current 0.1 mA Equal Voltage MNone
Vout_1_TPZ2 |Constant Current 0.1 mA Equal Voltage Mone

» A PIDS Analysis will measure ripple voltage and ripple currents at each sink.

* A sink can be added with a mA of current to act as a measurement probe
point between two nets such as power and ground.

 This is a differential measurement.

AN KEYSIGHT 33



PIPro PI-DS Voltage Ripple Probes Simulation data at a Voltage Ripple Probe

IS common mode data referenced to a
virtual bench top ground plane.

New VoltageRippleProbes in the PIDS Analysis

5]

B PIDS_groundbounce
E =+ VRMs
- VOouUT_2 L3
- Vout_1_L1
& Sinks
= é‘u’oltageﬂipplepmbes
O GMD_P3 2 P32
R WOUT 2 P32 PRI
O GMD_U4 U4 AE?3
O GHD_U4 25 U4A0
Oh GND_U4 3 U4.A23
T Mets
_;"‘-‘I Compeonent Models
"15 Options...
5 Run

= 7 Results

AN KEYSIGHT

Single Pin Measurement Points

Data is a Common Mode Measurement made
relative to benchtop ground

|deal for separating “ground bounce” from net-to-
net crosstalk.



PIPro Dynamic Sink (PI-DS) Aggressor and Victim Sink Results Data

=
C

Itime_agressor, A

40

e
=

[time_victim, uA

60
40
20-

20

101.0
100.8
100.6-
100.4
100.2 |
100.0

Aggressor Current

0-

0.0 0.5 1.0 1.5 20 2.5 3.0 3.5

time, usec
Victim Current

99.8-1
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0.0

RSP REBRRS PR E A D R
0.5 1.0 1.5 20 25 3.0 3.5
time, usec

=
[

Vtime_agressor, V 3

e
o

Vtime_victim, mV

Aggressor Voltage
1.10+
1.05-
1.004 | /\N
0.954
0-90_"‘‘I""I""I""I‘"'I""I"‘I
0.0 0.5 1.0 1.5 20 25 3.0 3.5
time, usec
Victim Voltage
. 858
856
854N_W
852
850
848 rrrTrrTTT T T T T T T T T T T T T T T
0.0 0.5 1.0 1.5 20 25 3.0 3.5

time, usec

The results from a PIPro
Dynamic Sink Analysis
clearly show crosstalk
from the aggressor sink
to a victim sink.



Power Integrity Power Net to Power Net Crosstalk

Field visualization helps -
locate the worst-case location

for net-to-net crosstalk Pl Crosstalk Ground Bounce LTC7132 Demo Boafc

. Hardware provided
Bottom by Picotest.com and |
. Signal Edge D~
View Solutions e~
H
__________ .v
|||I||
........... N
8
e )%
Aggressor mE
| " ™ PowerNet . w
File View Marker
PREOXEAR T ¢ <
Voltage v. Time
1 |l| |l|
| |
1 [ I
- | Victim Power Net :
M e
Z a5 1 [
Fed 1A~ A
Fonl [\ Y Aggressor ||V ||| "
B ; o7l - . I [
Dynamic s I Power Rail | |
Sink os| | v . ¥ v
o] Ripple |
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PIPro PIDS Ripple Probes Aggressor and Victim Ground Locations

Ground bounce is the noise ripple on a shared ground net

caused by the aggressor return current. Voltage Ripple Probes
make it possible to simulate Ground Bounce data.

File View Marker File  View Marker Voltage T (Jime Response =
DEEBEOXR=FRFLS O o DR RVES E] FlIR TS 4o smt;:sg;; G:o[;mée Ripple Probes | (4[]
- - P3_ _Gnd
. Voltage v. Time 0.03 Voltage v. Time % GND_U4_2_GND_Gnd
' — % GND_U4_3_GND_Gnd
0.025 0.025 1, —— ® GND_U4_GND_Gnd
- 002l VOUT_2_P3_VOUT_2_Gnd
1 i 1 .
ot 0.015 |‘ A I‘ i
0.01 P 0.01 | |
ower Net A
5 0.005 H E E— ﬁ n e 5 0.005 l'f, |‘ﬁ'| lv,‘ ﬁ
8 oM M= 2o ;Uﬂ\vm . ;Uﬂ\'f\_r‘- 3
2 ool {11111 (R Ground Net 2 _o00s /¥ R
.o ||¥ 3 Ground Bounce ||/
o.o1s A HE CHH -0.015
1 |
o ES Ripple Probes |
I
At the BGA bumps
i
0'030 le+03 2e+03 3e+03 de+03 5e4+03 6e+03 7ed03 82403 Oedt03 le+0d -0-030 1et03 2e+03 3o+ 03 2ot 03 5ot 03 Get03 7e103 Tet03 9et03 Tet04
Time (ns) Time ins)
4 4
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Power Integrity Dynamic Sink Ground Bounce

Field visualization helps locate
worst case locations for ground
bounce issues.

Bottom
View

File View Marker

50 Layout
Pl Crosstalk Ground Bounce LTC7132 Demo Board +
3 -
Hardware provided — [&
by Picotest.comand %,
Signal Edge o -
Solutions o~
Bl
-
&
-
8
|
%
b .
%
*el

BPEEBEOX=FLART o oo
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siHl ] I 1]
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Picotest Demo Board for Load Stepper
M remen ianal E lution Crosstalk Demonstration. Initial
easurement Setup by S gna dge Solutions measurement done with S50 Current
Injector at P1 Connector

PDN CROSSTALK MEASUREMENT SETUP

32 e, (S8
: _I — AGGRISSON PON J =] -] /
.:,‘ Lo ( . . y
! presgpr o
| J
1 & f

Aggressor PDN
measurement location

e
\ pves = oe - giite — "o pe— e s g =~
o
= —— B St e
.\ v L' ] — = = =
. g T3 e A o
: | _.\
. - W i
5 < ! ) »
»
\
\ i
P2104A T
A -

§

\ \\ > ‘
-~ < L]
/
o
2 —
¥
<

1B &
/

%

Vi

i LI = (8
b TR

=t Mo d ' Victim PDN
S50 Probe Head Stepper = ? pepep O O =y measurement location
o 3DPP-200)

l.‘v> - 9’

Picotest S50 Demo Board | Signal Edge Solutions
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Vtime_agressor, V ;

Vtime_victim, mV :

Simulation and Measurement agree
worst case noise is at load current
turn-off, not step load turn-on.

PDN CROSSTALK 90A PULSED LOAD

Aggressor VOltage r ® ] @ 0 Q , Im - Trigger Horizontal Acquisition Info 20240906

Measurement Results by Signal Edge Solutions

. 1.10 k;\:! Atnotsie Presst | Addsoom Measive c[:um AI?dnt Cone? and Zone2) -n)-l f::'l ;(‘:,:;\ ""“'}“"'." Hist 183 a .".‘.h .®>
1,05 \‘ AGG | ‘ T e se— A AGGRESSOR PDN CURRENT
T \ 21A & 1 2413 ”Tﬂ = L
1.00_ ‘ \ \, e ‘ |‘|‘I.‘\.-‘"~’ ) : e 3100 _ 620 ns ‘ "f““q?i‘-'v.’ T f‘ 2 Lf-,"‘ SEAOEGEIESY . . e 186 s = 3"";“ = 18 s *f"*'fz B9 s
0. 95, , | | R1 (GREY) - AGG PDN no step load current
] S | ti 59V 100A - AGGRESSOR PDN
|mu d |on 109V :
0.90 1 rrror S 059y T b, ——— S " — — |V Pe— :
0.0 05 1.0 15 20 25 3.0 3.5 i , , —% > :
time, usec ciieid
858 Victim Voltage . 10ns 620 ns 930 ns 1.24 s 1.55 us 1.86 s 217 us 248 us 2.89 us
856 l‘ V|Ct|m ﬂ oy zene21 | R2 (GREY) - Victim PDN only 5A load, AGG PDN no load | 15A - vICTIM PDN
854 |\ H\\‘ .
852 ‘ Gl
8507_ 1 . \ A R -~ ‘. N e S A L AN N - T s P
- Slmulatlon S iy e : o 'ANRY ' IR Shdlibend b imtesdenmmamenmen | IHRTAT AN - 0 — o
848 Victim PDN with 50A |y ‘ L
0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 739 mv : [ PP, p
N step load on Agg PDN =

Agg PDN with no load

391".97 mVpp” =103.47 mVpp

Agg PDN with 50A step
load = 317.13 mVpp a0 ]
C1-CURRENT _ IC3SAGGIPDNS 2| C5-VIC PDN * _____ ~

10 A/ 164 50 mv/ 16m SS mV/ 1642 50 mv/ 55 mv/
DC 500 DC 500 D€ 500

297A UserDefined 1.06 V User-Defined 8452 oW UserDefined 1.06V B49.2 mV

Q ca 6 a 8 Llogle

228.84 mVpp increase in voltage noise on Victim PDN due to PDN crosstalk!
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Bonus — PI-DS Analysis Exports a Test Bench to ADS Schematic

ADS PIPro EM Simulator

File Edit View Tools Digital Standards

EEEES
£ | Design
B B L7151 LTE7132 Demo_libil TC...

P Mets T

On Virtual Pins
H " O+ Reference Pins
£ [ )] Definitions
@ Materials
™ Bondwire Definitions
- ® Solder Ball Definitions

L =] G

Setup @
7:‘] Component Models =
4. Options...
- % Run
-7 Results

7 Dynamic Response
~7 PDM Impedance

visibility 23]
Conductars Solid Wireframe Hide
Dielectrics Solid Wireframe Hide

Translucent View: J—or——————

Highlight Nets: E] E] ar

Help

View

LTC7151- LTC7132 Demo_em [LTC7151- LTC/132 Demo_lib:LTC7151- LTC7132 Demo_em:sipi] (SIPro/PIPro [A])
D c D—x1

...

®
Geometry
® ®
Simulations
N o
r:.K, Parame’ ters
':i:' Scripting
=
il ~

AN KEYSIGHT

Auto-generated test bench in ADS
schematic enables optimization
and additional model flexibility.

ADS PI-DS Test Bench Schematic Simulation

1EH& &

USH  PLoad

aaaaa

Dataset | Pulce

:v:;‘ LTC7151- LTC7132 Demo_em_PIDS_PIDS_sim_measure [LTC7151- LTC7132 Demo_lib:LTC7151- LTCT132 Demo_em_PIDS_PIDS_sim_measure:schematic] [EDITING] (Schematic):3

Edit Select View Insert Options

P AVAN

Tools Layout Simulate Window Dynamic link Data Display DesignGuide Add-Ons EM BondWire Tools Queue Manager Help

ZLEME 69 (FHREH [CF@VRH (o L@N\ER

Capacitor
e — Models

o

Dynamic Sink— 7
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SUMMARY

 Digital Twin End-to-End Power Integrity Simulations
The next revolution of Al and Cloud Compute is accelerating the need for end-to-end digital twin PDN
simulations that include dynamic sink simulations to look at crosstalk and ground bounce.

- You learned how frequency domain harmonic balance is the fastest way to simulate non-linear
power rail time domain noise with a digital twin schematic.

« Automating the Switching Noise Conducted EMI Simulation

Common mode currents travel in the same direction on the power and ground nets resulting in EMI on
the return path. “Ground is for potatoes and carrots; electrical currents have a return path”

- You learned that automation has simplified the EM port setup and dc/dc switching noise source to
automate the generation of a Conducted EMI Testbench with differential and common mode data.

« Automating the Dynamic Sink Ground Bounce and Crosstalk Simulation

High di/dt 1000 Amp loads create crosstalk and ground bounce challenges with neighboring power
nets and signal lines. Simulation saves time and money to avoid expensive hardware failures.

- You learned the difference between net-to-net crosstalk and ground bounce for large di/dt step load
transients.

AN KEYSIGHT



Take the guesswork out of power delivery, test drive Keysight EDA ADS

with PIPro today!

Basic Power Integrity Bundle
W3623B

AN KEYSIGHT Comsatts 4 W @ Q

PRODUCTS AND SERVICES ~ SOLUTIONS  INSIGHTS ~ RESOURCES  BUY  SUPPORT

W36238 Pau

FLEYS

ign. Layout, HS!

W3623B PathWave ADS Core, EM Design,
Layout, HSD Ckt Sim, PIPro

A cohesive Pl workflow for a predictive, productive,
and insightful design journey

Includes PIPro
Dynamic Sink Analysis

Highlights

The W3623E PathWave ADS Core, EM Design, Layout, HSD Ckt Sim, PIPro includes:

wlation. The EM

+ PIPro EM analysis

« DC IR Drop analysis, AC impedance, & slsctro-thermal analysis
+ Transient convolution

+ Channel Simulation

+ EM Design enables the creation and import of parameterized 3D components into ADS

W3623B is a Power Integrity focused bundle, additionally equipped with high-speed serial channel simulation. The EM technologies in PIPro
are faster and mare efficient than general purpose EM tools. Designed for usability, by sharing a common GUI in ADS that is gsared
specifically for P analysis. This enables you to simply st up your simulation, extract EM models, and seamlessly export a testbanch for full

Pl sco-system analysis. Significantly save time with one common enviranment for both EM and cireuit-level Pl analysis. This bundle includes

which contains: circuit simulation, channel simulati

1, Controlled Impedance Line Designer (CILD), and

T KEVSIGHTCARE

Designer

Sl and Pl Bundle
W3626B

Conducted EMI Add-on for PIPro

W3036E

AN KEYSIGHT

AV KEYSIGHT Contactls 3. W @ Q

PRODUCTS AND SERVICES ~ SOLUTIONS  INSIGHTS ~ RESOURCES ~ BUY  SUPPORT

W3626B PathWave ADS Core, EM Design,
Layout, HSD Ckt Sim, Memory, SIPro, PIPro

A cohesive Sl and Pl workflow for a predictive,
productive, and insightful design journey

|

Includes PIPro

1 Power Integrity.

Dynamic Sink Analysis

Highlights
The W36268 Pathwave ADS Core, EM Design, Layout, HSD Ckt Sim, Memory, SIPro, PIPro includes:
« Memory Designer (including DDR Bus Simulator)
« SIPro EM Analysis
* PIPro EM Analysis: DC IR Drop, AC Impedance, Electro-Thermal Analysis
« Channel Simulation
« Transient Convolution
* EM Design enables the creation and import of parameterized 3D components into ADS
W36268 is a comprehensive high-speed digital bundle for memory design, Signal and Power Integrity analysis. This bundle includes

PathWave ADS Memory Designer, SIPro, and PIPro, for pre-layout SI EM analysis and Power Integrity EM analysis. PIPro enables Power
Integrity EM analysis for your pow:

v distribution network (PDN), including DC IR Drop analysis, AC impedance analysis, and electro-thermal
analysis. This bundle includes HSD Circuit sim which contains: S-parameter sim, channel sim, transient sim, Controlled Impedance Line
Designer (CILD), and Via Designer.

€ KEVSIBHTCARE

AV KEYSIGHT

PRODUCTS AND SERVICES

SOLUTIONS  INSIGHTS ~ RESOURCES BUY  SUPPORT

nducted Ef

with PiFro

Upgrade your Power Integrity workflow to include
Conducted EMI and avoid hardware compliance
failures late in the design

The Conducted EMI solution is now available for PathWave ADS PIPro. It enables the setup of differential
excitations, with system ground plane referencing to match conducted EMI test bench measurements.
Includes spectrum limits for automaotive test compliance.

Highlights

The W3036E Conducted EMI (CEMI) with PIPro includes:

+ The ability to automate the differential excitation and port setup within PIPro

+ Handlss complex PCB's with high layer count and/or large size

+ Meets CISPR 25 standard for automotive testing

+ Runs Harmonic Balancs for fast simulation of steady-state switching ripple and spectral content

The Conducted EMI (CEMI) feature enables ease of use for differential setup with ground plate
referencing to match GEMI measurement test bench. The setup is automatic for the digital twin test
bench with the ability to sweep component parameters and determine impact on large signal switching
ripple and CEMI. This feature has built in testing for tough/tight to pass CISPR 25 automotive standards
for conducted EMI. The W3036E is an add-on product to PIPro, and therefare requires a PIPro license as

a pre-requisite.

@R, KEVSIBHTCARE

PIPro Dynamic Sink Analysis starts shipping with ADS 2025 Update 2



https://www.keysight.com/us/en/product/W3623B/pathwave-ads-core-em-design-layout-hsd-ckt-sim-pipro.html
https://www.keysight.com/us/en/product/W3626B/pathwave-ads-core-em-design-layout-hsd-ckt-sim-memory-sipro-pipro.html
https://www.keysight.com/us/en/product/W3036E/conducted-emi-with-pipro.html

ADS Power Integrity Keysight Learn Video Series with Workspaces

How to Design for Power Integrity
6 Part Series on YouTube Steve Sandler, Founder of Picotest
Over 40 years of experience in Power Electronics
o 5. (@ “Keysight EDA ADS is the only
| | - tool that can simulate the end-to-
e e = @ end Power Integrity Ecosystem”

=15 : . $538%s 3a CHeef’ss 3
How to Desian for Power Inteqrity: eod 30l ot ih
‘ ! Measuring, Modeling, Simulating s e g g0 seo e s My
KEvSIGHT (T Capacitors and Inductors -~
[E]var How to Design for Power Integrity: ::E;é
DC-DC Converter Modeling and Simulationl sivensoner %o, %ot
e MANAAAAN — Kt
- T | frct Y $
Power Integrity Using ADS &) How to Design for Power Integrity: @
- e Optimizing Decoupling Capacitors e
Published 2019 pUMIzing Lecoupling ~ap =

eserr {11111

cccccccccccc

How to Design for Power Integrity:
Power Supply Non-Invasive Stability Margin

#6 NISM for 2023

KEYSIGHT

EEEEEEEEEEEE H Keysight EEsof
= | "How to" Video

KEYS.GHTI‘I‘I‘I‘I‘I‘I‘I‘I‘

EEEEEEEEEEEE

DOWNLOAD
YOUR NEXT
LINSIGHT

AV KEYSIGHT AN KEYSIGHT .



https://www.picotest.com/ADSBook.html
https://www.youtube.com/watch?v=oL6qjhJH_m4&list=PLtq84kH8xZ9FNXAsf-odoGNe6h5A6D3in&index=2
https://www.youtube.com/watch?v=ejAApIv1cR8&list=PLtq84kH8xZ9FNXAsf-odoGNe6h5A6D3in&index=3
https://www.youtube.com/watch?v=N4K3y4I4sKA&list=PLtq84kH8xZ9FNXAsf-odoGNe6h5A6D3in&index=4
https://www.youtube.com/watch?v=CNyi4XU9xpY&list=PLtq84kH8xZ9FNXAsf-odoGNe6h5A6D3in&index=5
https://www.youtube.com/watch?v=X_l-aJzVYq8&list=PLtq84kH8xZ9FNXAsf-odoGNe6h5A6D3in&index=1
http://www.keysight.com/find/how-to-videos-for-pi
https://www.keysight.com/us/en/learn/course.how-to-design-for-power-integrity.html

Knowledge Center Support for ADS Power Integrity

KEY TAKE AWAY

Keysight has decades of experience in
technical support for EDA simulations and
electrical measurements!

https://docs.keysight.com/display/support/KC
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Power Integrity Digital Twin Workflow Automation
Automated Workflow with Dynamic VRM and Dynamic Sink Switching Noise Sources
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HPC Computing Works with PIPro AC

PIPro Resources Setup
« Design: Xilinx ZCU104 board S
* Setup: =
- VRM-VCCINT_L82, Sink-VCCINT_U1

Host: | htps: fabld.gnt.is.ke ysight.com: 3000 | = &
paraleliobs: [ |3
reads per job: | Auto :
* Nets: GND, VCCINT
ets: ,
Resource string:
alpha

» Frequency Plan: Logarithmic — 10 kHz-300 MHz, 7/decade (33 Points)
» Threads per job =16

uuuuuu

m Sequential Parallel Jobs=2 | Parallel Jobs=4 | Parallel Jobs=8

Simulation Tme 495,43 00:33:10
(hh:mm:ss)

00:20:24 00:13:14

Data taken on ADS 2021 Update 2 (Turn-key Cloud Partner HPC)
Sequential run computed on 512 GB, 16 core. (ncb)

Parallel runs computed on 256 GB, 16 core for each parallel job. (n4)
* Master: 128 GB, 16 core. (ng2)
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