Getting Started Guide for ADS and
PEPro for Power Electronics
Applications

Introduction

This is a getting started guide for Advanced Design System (ADS) and Power Electronics Professional
(PEPro). In this guide, you will find a step-by-step workflow of using ADS and PEPro for designing a
switched-mode power supply. The example of the buck converter used in this guide is available in any
install of ADS.
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Evaluation of PathWave ADS

Trends in switched mode power supplies

The trend in switched-mode power supplies is to use wide band gap devices because these enable a
higher switching frequency and higher edge speeds (the “di/dt” of the switched loop). These two in turn
enable a smaller, lighter, cheaper power supply because the energy storage capacitors and magnetics
can be smaller if you top them off more frequently. The higher edge speeds enable higher efficiency
because there’s less heat dissipated when you have lower switching losses because the transistors
spend less time in the dissipative cross over region.

Schematic view is no longer enough

These high slew rates come with a dark side, in particular the large spike voltage and noise generated by
the layout parasitics, particularly inductance, of the PCB layout traces. This phenomenon is often called
conductive electromagnetic interference (conductive EMI).

High di/dt in
switched
loop
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Figure 1. Current loops: Schematic view. Source: Keysight.com
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ADS offers an EM-based model of layout parasitics

For example, in the below circuit, the spike voltage in the switch loop gets larger and larger as di/dt gets
larger.

Figure 1. Current loops: Layout view

When to worry about layout parasitics inductance?

Auolloo
T rv-toop

Rioad

Rule of Thumb: “If the rise/fall time of the switch loop edges in nanoseconds approaches the quantity on
the left (vacuum permeability 1.26 nH/mm times effective switched loop length in mm divided by load
resistance in ohms), then layout parasitic will be a concern. We recommend you use ADS to add EM-
based model of your PCB traces into your circuit simulation.”

For such a planar loop and with typical circuit values (lloop = 1-10 mm, Rload = 0.1-1.0 ohm), problems
begin as the rise time, 1, approaches tens of nanoseconds. The key point here is that ADS has a built in
electromagnetic (EM) field solver allows you to extract an EM-based model of the layout parasitics. You
can co-simulate regular SPICE-like lumped elements along with the effects of the layout. You can plot the
voltage spikes and do "what if..." design space exploration, such as using a ground plane for the return
current, to minimize their effects.

See https://www.youtube.com/watch?v=2Qa_KHyijbll
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How to Evaluate ADS: Three Steps

Step 1: Download and install the binaries

Go to http://www.keysight.com/find/eesof-ads-latest-downloads

KEYSIGHT Q &

TECHNOLOGIES

Hardware Software Services & Support Industries & Technologies About Keysight myKeysight

Home > Software > Circuit Design Software > Advanced Design System (ADS) > Software Details g Contact an Expert

If you get stuck at

i §
=
&
®

Choose a platform: ® Windows® © Linux
any time, click here
and Keysight
Current Version Previous Versions expert will heIp yOU

Note: The minimum license version required to run this software is 2019.02. if you are a supported customer and your date-based license version is less than 2019.02,
please contact the Keysight EDA Business Support Center for an updated license file. If you are supported and have a numeric license versien (i.e. 3.2), login to the
Keysight Software Manager to obtain your updated licenses before installation. For other licensing tasks, see "How to Obtain a License”.

Release Date Version Version Description

2019-07-26 2020 New RFPro features, FEM perf., new Winslow stability analysis, new/improved PCB . .
vias/padstacks, data file mgmt., expression mgr. and Data Display perf., Electro-Thermal Free Trial Available
enhancements, new PDK validator, new SI/Pl, DDR/SerDes features, new PEPro.

How to Download Installs on:
« Downloading Your Keysight EEsof EDA Software + Download PC

Step 2: Request a no-charge 30-day evaluation license

Go to http://www.keysight.com/find/eesof-ads-evaluation
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Step 3: Follow this hands-on demonstration

Hands-On Demonstration

Starting Advanced Design System
1. Go to Start > ADS to open Advanced Design System.

2. Select the Familiar with ADS then examine and close the Get Started pop-up window.
The ADS main window remains.

| BB sdvanced Design System 2020 (Main) = O X |
M Gt started x

Welcome to the Advanced Design System (ADS)

New to ADS There are two modes: New

Build your first circuit and simulate in minutes. to ADS and Familiar with

ADS
Familiar with ADSl

Select Familiar with ADS
Access the more powerful capabilities in ADS.

[ Don't show this again. I'm familiar with ADS. !(sﬂu%ﬁﬂ
l Use the File menu or the File Browser to open a workspace |'
| n Advanced Design System 2020 (Main] — m} b |
9 Get started X
Advanced Design System 2022
Recent Workspaces Commands
buck_closeloop_wEM_wrk MemoryDesignerDemo_wrk New Workspace...
) Take a look at the Get Started
Example_DDRBusSimulator_wrk FlexDCA_Probe_example_wrk Open Workspace... .
LPDDR4_Design_wrk FlexDCA_wrk Open Example... pop-up. Often, it's useful but we're
LPDDR4_Design_wrk FlexDCA_Probe_wrk Unarchive... not going to use it in this QUIde, SO
Memory-Designer ChannelSimulatorTutorial_wrk close it.
MyWorkspace_wrk LVDS_wrk
Use the File menu or the File Browser to open a workspace |'
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3. From the main window menu bar, select the File > Open > Example... dialog box or click on Open
an Example Workspace icon on the top icon bar:

ﬂ Advanced Design System 2020 (Main)

File View Options Tools Window Designkits DesignGi
Wi B B> w5

File View Folder View Li‘ Open An Example Workspace i

4. In the search filed type PEPro and look at found results below. Select

ﬂ Open Example — O *

&« = #H [& P Type PEPro

as a key
Search Results word

Showing 1 of 1 results found.

Simulation of a closed loop buck converter using
Select Open

PEPro K

This example demonstrates the use of PEPro in simulating a closed loop QYOIKSDaCE

buck converter and follow an
Open documentation

Open workspace: buck cIoseIooE WEM_wrk.7zads

instruction

5. Click Browse and chose a directory to which a workspace/project will be unarchived. Click Finish.

[87 Unarchive Wizard X

Unarchive Wizard This is ADS default folder. Your
This wizard will assist you in unarchiving an ADS archive file into a destination path. default folder will be whatever you

picked during ADS installation

Destination path: | C:/termp

Click Finish button
(“Next>" is for overriding
standard defaults)

< Back MNext = | | Finish | | Cancel | | Help
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6. Close the Readme and Open Example windows, leaving the main window open.

01_Readme_Main
02_PEPro
> 02_01_Readme_PEPro
> 02_02_Components
hd 02_03_PCE_model
5. techsubst (buck_closeloop_lib)
buck_converter_v3
layout
pepro
peprol
schematic
schematic_Parasitic_Extraction-All_Nets
{> symbol
> symbol_Parasitic_Extraction-All_Nets
W 02_04 Voltage_Spikes_Testbench
~ [€] 02_04_01_buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench
schematic
Al 02_04_01_buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Mets_testbench.dds
W 02_05_Conducted_EMI_Testbench
v [€] 02_05_01_buck_converter v3_ConductedEMI_Parasitic_Extraction-All_Nets_testbench
schematic
W 02_05_01_buck_converter v3_ConductedEMI_Parasitic_Extraction-All_Nets_testbench.dds
W 02_06_Radiated_EMI_Testbench
v [€] 02_06_ 01 _buck_converter v3_RadiatedEMI_Parasitic_Extraction-All_Nets_testbench
schematic
W4 02_06_01_buck_converter v3_RadiatedEMI_Parasitic_Extraction-All_Nets_testbench.dds
W 02_07_Surface_Current_Density
w [€] 02_07_01_readme_surface_current_density
schematic
W 03_Broadband_Spice_Model_Generator
W 03_01_Readme_Broadband_Spice_Model_Generator
w [€] 03_01_readme_broadband_spice_model_generator
schematic
ol BBS_sample_s_parameter_file_BBSM.dds
W 04_Power_Electronics_Model_Builder
W 04_01_Readme_Power_Electronics_Model_Builder

se el NA N1 randona noeer alactranice onodal kbaoildar

v W] Ch\Users\paul\buck_closeloop_wEM2_wrk
>
W

The default view into the

workspace is a hierarchical

Folder View

|

b

CA\Users\paul\buck_closeloop_wEM2_wrk

Figure 3. Hierarchical structures of workspace
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7. If you open the 01_Readme_Main window, the below description of the content of this workspace.

readme_main [buck_closeloop_lib:readme_main:schematic] (Schematic):1

You can close the Readme
File Edit Select View Insert Options Tools Layout Simulate Window Dyna

NERH& b X9 +€Pp O-=W\NRE

window for now

This example workspace demonstrates the use of Power Electronics features in ADS.
An ADS PE license is needed to use most of the components in the Power Electronics library and simulate the design,
The features are organized info these folders:

1.PEPr0 - . . . . . . . . . . . . . . .
This folder demonstrates the use of PEPro in EM co-sim workflow in designing a closed-loop buck converter with post-layout verification
Steps to run EM extraction and features like Conducted EM|, Radiated EMI, Surface Current Density and Voltage gpik.es are highlighted.
The ReadMﬁ_fiIe in this folder describes sieps to use these features. ) ] )

2. Broadband Spice Model Generator
The ReadMe file in this folder demonstrates the steps to use Broadband Spice Model Generator.

3. Power Electronics Model Builder

The ReadMe file in this folder demonstrates the steps to use Power Electronics Model Builder ool to extract a SiC model from
measured data obtained by digitizing [V CV plots in a datasheet. As an example, sample [V, CV measured data files in MDF format
are added to-the workspace's data directory. - : : : : : : : . : :

The designs here are presented as a tutorial example only.
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Simulation of Closed Loop Buck Converter
Using PEPro

This example is used to demonstrate the use of PEPro in simulating a closed loop buck converter. A
complete simulation flow of using ADS-PEPTro in designing a Switched Mode Power Supply (SMPS) can
be understood through this example. It contains a component library which includes all the components
used in the buck converter design with necessary layout footprints and electrical models. The PCB layout
of the buck converter can then be opened in PEPro where the EM model extraction can be done with a
few user inputs. Based on the user inputs, proper EM settings will be generated automatically. After the
EM model extraction, a post-layout circuit simulation can run to show the impact of PCB layout on the
overall module performance.

Multi-Technology in ADS

Workspace, Technology Libraries, Cells, Views

a. A Workspace contains one or more Technology Libraries
Q. Why would you want multiple technologies?

A. For example, chip, package, and board can have their own Technology Library, each with their own
namespace, stack up, component library, PDK, etc.

b. A Technology Library contains one or more design units
(subcircuits), called Cells.

Q. Why would you want more than one?

A. You might want hierarchy, for example, subcircuit cells instantiated on a top-level circuit cell. You can
even instantiate a cell from one tech. library inside of a cell from another. For example, to place a chip in
a package, and a package onto a PCB, just like the real world.

c. A Cell can be viewed in one or more ways, called Views.
Q. What are the names of some Views?

A. The “black box” view is called Symbol view, the circuit view is Schematic, the flat physical view is
Layout view, the perspective physical view is called 3D layout view and so on.
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Folder of components

File View Folder View Library View

v [w| Ch\Users\paul\buck_closeloop_wEM2_wrk
w 01_Readme_Main
€] readme_main
W 02_PEPro
02_01_Readme_PEPro
v 02_02_Compaonents
[€] Capacitor 0603
€| Controller_v1
€| Dual Gate Driver
€| Filter Capacitor
€| Low ESL Capacitor
v €| Power Inductor
layout
[ schematic -
{> symbol
[c! Power_transistor
[ Resistor 0603
[€] Resistor 0805
02_03_PCB_model
02_04_Voltage_Spikes_Testbench
02_05_Conducted_EMI_Testbench
02_06_Radiated_EMI_Testbench
02_07_Surface_Current_Density

o' [ol o [ o [a

04_Power_Electronics_Model_Builder

For each component you need:

03_Broadband_Spice_Model_Generator

Folder of Components

Cell
Folders that contain a Cell
and Cell views have a letter
“C” on them

Component Description
B cove _ buck_closeloop_lib:Powe ductor:layout] (Layout):8 - [m] |
NEH&E 3 X9 3 aPPLy HMEHRZSH K
WP ELE O \wowmn - THOEOA
i " OE @S ZFEFRE2Q
— —
+ Layout view, which is just a pad or pads © @
with pin(s) on it. Y
TLines-Microstrip ~
v (€] power Inductor = =
E |av0m MESAEND  MSOEND
|
MEstub wﬁr
= &
Merose Meurne
£ oo .

Select: Clickz 0 items cond:drawing 3810, 450 1360, 1140 um
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Component

Description

W Power Inductor [buck_closeloop_lib:Power Inductor:schematic] (Schematic):@ - ] X

File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide EM Help

DEH& X9 +@PP oW\ ERE MK 2w -

IR vi o 5 50" - ZSTEFEEWH 2*E%@ [l -
~

Parts 5 X

L . © iy
» Schematic view, you can have different v
models depending on needs and i companents <
availability, e.g., models in form of S- e “
parameters data, equations, equivalent (=
circuits made of lumped components =
etc. = | &=
£y
v €| Power Inductar o e
layout £y
e o P1 ER— 2 1 2 P2
e sie SRE: Num=1 Num=2
s || s,
o s oo
eV .(_‘"‘pq v
Select: Click and drag to sele 0 items ads_device:drawing 6.125, 7.000 6.125, 7.000 in
-b Power Inductor [buck_closeloop_lib:Power Inductor:symbol] (Sy... — O >

- Symbol view that represents
component(s) in a schematic or layout.

v [€] power Inductor
layout
schematic
» symbaol

File Edit Select WView Options Insert Tools Window Help

NEH& & X 9 D PP ~

Palette g x ~

v D
mm |
!

0 items ads_device 1.625, -0.750 1.000, -0.250 in
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The provided schematics and layouts are ready to be simulated. The main design of the closed loop buck

converter is in the cell 3 buck_converter_v3.

Double click on schematic view of the buck _converter_v3 cell.

;.}L buck_converter_v3 [buck_closeloop_lib:buck_converter_v3:schematic] (Schematic):12

File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide EM  Help

DER& R X9 4 €6P8L O--R\NER MK 2 @Y R W
P R T vivi ol "o - =ES FEIWH 23 2@ Ml il [ w
Parts 8 x
O i
r Half-Bridge DC-DC Step Down Converter With Controller

Lumped-Components ~

”~
DE Voltags Input Vin
F_Hodel .

P1
Hums1

=
=

B
o

DGFeed | DI

=

SHORT Ml

g
=
-3

=

Walue=10000 Ohm

y

HG and LG ars outputs

from the contreller IC,

1 they are 180 degrsss
out of phase

ey

] ; # . Cate Driver
z T Ixa
k Gain=10,1 Pows,
X
SLG

s || o - ‘
SRL SRALE i
S || e LJH ¥

GAPR || INDB2 , Capacitr 0503 )
2 cio w2 2]
s || T Valie=TpF 1

Iba || FLGa Copecior 802 |

o Valus=22000 pF " Ca 603
il || 3 L et - -
SLCY T|'3C 5 P2 ‘Walug=8200 pF

S [5E Hum=2 hnorsf

TF CAPPZ

=1
=
=

Resistor 0802 Theratioof R1 and R2
R set the output voltags.
Walus=52300 Chm

o

PLG

o
=
&

R1 = RZ{[Voub/VFE)-1)

E

PRL

Walus=8200 pF R2
Fower inducter medsly \alue=100 Chm
includss ESR, 2
& squivalant
paralial capacitance _

2% 2
2 Z
b
GataDrivar

P2

RS
Valug=1 Ohm

Vsupplygnd

1
CIND RIND

32

Heern || Hteruth Nl RS

Select: Click and drag to select. Dual Gate Driver X3 ads device:drawing 7.250, -4.875 4375, -4.875

Figure 4. Schematic design of the closed loop buck converter

There is a lot going on here, so maximize the window, and let’s take a quick tour...

This view provided a proof-of-concept design using ideal interconnections among all components.

Output voltage (Vioad)

Parasitic inductance and capacitance of PCB traces are replaced by ideal connection in this circuit and its

result represents the best performance of the design.

To check what is behind every component on the schematic select a component (e.g., Controller,

GateDriver or Power Transistor) and Push Into Hierarchy pressing a green arrow icon pointing
downwards on the upper tool bar.

AN KEYSIGHT
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Push Inte Hierarchy

5 - ++ i
A1EE ey

Displays the network associal
| with the symbaol you select,

| rlE
_._:|
& at [
. EmTI e ST O, =
1 5 W We 4 i
B — ] e — e J_ L T,
roller | i g !
et b ij -
T g A T T o . L)
gl 2 ke e P
3 : 4 S T s g
LG G Fe i =l
' HG and LG .
: from the cor o
Controller [v1  they are 18( L
x4 out of phase Sl

Returns the display to the view that
was in the window when the Push into

Hierarchy command was issued.

To get back to a top-level hierarchy select Pop Out pressing a green arrow icon pointing upwards located
next to the previous one.

This is how you can check every component’s sub-circuit.

Note: When pushing into hierarchy on a component that has just one hierarchy level ADS will show
ERROR Cannot push in.
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Double click on layout view of the buck_converter_v3 cell.

B buci_comsemer vk fouch_des s op liouc_comssmer v layou] Lavens
Rle Edt Seledd Vew imert Opboms Tools Semptc M Wndow DengeGeide  Boegihiee Toolr  Adg-Dex  Help

HF22E O L \vms <[ HOEOA MWAQ &AL IN HE 4L
e EREL) OIS BL SEDFAEQ w0 d —_—
@ B i

Dfzrencer From Schemafio
L33

O XK

ol
L, cesabap B

.....
i Ve L L
=g Bele i,
W
- i
il ¢ L Campenemty
. Ly el e
P
<
St [ G bt
Srdmckan Frele e
= Sreppng Oifon
| Foam

EI.TJ.TJKJ.TJF.!KlKI.TJ.TJKIE'].TJEI3]:‘]3]3]3]?‘]:']:']3:‘]:‘]:‘]:‘]:"]:‘]3]:‘];9:.

Figure 5. Layout design of the closed loop buck converter

When all layers are not visible right click on upper tool bar field, if not checked then check layers (step 1)
select layers tab (step 2) and press Show All Layers icon on top (step 3). This will activate all layers (see
Figure 5 Layout design of the closed loop buck converter).

This view provides a possible layout with all the circuit components for this design. It can be then opened
in PEPro where an EM model extraction can be performed.

A layout can be designed within ADS or imported from e.g., Allegro, Mentor or other PCB EDA software
tools. To import PCB design, make sure imported data files are compliant with ADS accepted formats.
ODB++ is a most common format for data exchange among PCB/EDA platforms.

Note: To check other formats or import design go to main ADS window and select: File-> Import ->
Design ...

The ADS layout window also allows 3D layout visualization. When in a layout window press 3 key to
switch to 3D Preview and then press 2 key to get back.
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8

B @ PP P o] Ml RS 4 T~
v,5 cond:drawing '_H-QQIZIOA
NEHEBS ZEFREQ

MIGAFP03 | | HIGAFo

AT

Miang || Miangs

Parts Layers
Select: Click and drag to select. 0 items cond:drawing -415, 12185 0,0 um

Figure 6. 3D preview of layout design

3D Preview maps geometry drown or imported into the layout window with cross-section of the PCB layer

stack specified in the substrate file tech.subst. It can be edited in the substrate editor.

= tech [budk_doseloop_lib] (Substrate):14 - o

File Technology Edit View Options Tools Window Hel

DEH92C4+PPEES

Substrate Name: tech Use right mouse context menus to add or delete substrate items.
Select tems on the substrate and view ther properties below.
Shortcuts in the Edit menu can be used to quickly edit the next
substrate frem.
AIR Conductor Layer
~ M Layer cond (1) =
sk
- /FR 4_Core (46) Process Role |Conductor -
1524 T 60 mil
' hde O only pins and pin shapes from layer
2|
e
X 2 Materal  |Copper ~|[=
0 micron T T %Ik screen. ?:]R illime
T Tcond2 TK_screen2 10 millimeter O sheet
g Operation @ Intrude into substrate
- 10000 p BXp: e st te
— @® Above interface
ostion
O Below interface
Substrate Layer Stackup £¢ [x] substrate Vias £ [x Thoness [a Jmi =
Type Name Material Thickness || Type Name Angle degress
Dielectric AR % conductor via  hole (5) «
1 silk Screen Layer silk_screen (14} 10 um Surface Top <None> v
roughness
1 Conductor Layer cond (1) Copper 14 mi model Bottom | <None> L=
Dielectric FR 4 Care 60 mil ,
2 Conductor Layer concl2 2) Copper 14 mil Precedence [1 e
—
2 sk screen Layer sk screenz (31) 10 um To move the layer up or down on the substrate, just drag & up
Dielectric AR 1emm T
Cover PERFECT CONDUCTOR oum
< |« >

Figure 7. Substrate editor window view
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PEPro Setup

In the layout window go to Tools -> PEPro -> New ...

s  Tools Schematic EM Window DesignGuide Add-Ons Help
¥ ¥ DRC.
¥ DRC Results Viewer...

Set Connectivity Options...
Check Connectivity

]
| |
=
&% Controlled Impedance Line Designer
SE Via Designer
RFPro
SIPro/PIPro

PEPro
Component Model Library Toaol

[ I

New PEPro Setup window pops up. Accept default vales and click OK.

Celview: buck_closeloop_lib:buck_converter_v3: |peprol

Layout: buck_closeloop_lib:buck_converter_v3:layout

Substrate: | == bu ck_closeloop_lib:tech -

oK Cancel

Figure 8. New PEPro Setup window

This will generate a new PEPro setup view instance called pepro1 (pepro is already generated). This
view is an integrated EM simulation environment.

v €| buck_converter v3
layout
m ELeL o

el schiematic
schematic_Parasitic_Extraction-all_Mets

> symbaol
{>' symbol_Parasitic_Extraction-All_Nets
v €| testbench_buck_converter

schematic
E'| testbench_buck_converter.dds

PEPro main window opens automatically ready for further setup. See next step.
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In the newly opened PEPro main window look at the content of Project and Setup dockable sub-
windows. The Project sub-window contains all elements included in the layout i.e., nets, components,
pins, etc. The Setup sub-window is used for EM analysis of either entire design or only selected nets thus
two empty setups Parasitic Extraction-All Nets and Parasitic Extraction-Selected Nets respectively
can be observed.

buck_converter_v3* [buck_closeloop_lib:buck_converter_ v3:peproi] (PEPro [A]) — [} >
File Edit wview Tools Help HE o0—a
Project f.;_ Layout o ©
Geometry
View
B buck_closeloop_lib:buck_con... = o
I Nets T
| Componerts ¥ [ v | pameters
@ Scripting
N~
-
O Virtual Pins ﬁ
! 'O+ Reference Pin On Cover N
5 ]| Definitions @
9 Materia =
: (] 2
g -
- [72 Analyses )
. [EM] Parasitic Extraction-All Nets
+ 10 ports [c]|%
™ Component Madels %
% Options...
485 Run i
f = Results %
i [EM] Parasitic Extraction-Selected Nets
- & Scripts
Graphs
Visibility
Conductor: | Solid Wireframe Hide
Dielectrics | Solid | | Wireframe Hide
Translucent View: [—————
Highlight Nets: E] £ I
O -
[ae] ,

Figure 9. PEPro main window view with the imported layout design

Select all the pins under Design -> Pins node (see Figure 9 PEPro main window view with the imported
layout design), drag them down into Setup sub-window and drop onto Analyses -> Parasitic Extraction-

All Nets ->Ports node.

Alternatively, select all pins, right click mouse button (RCMB), and chose Create One Port per Pin...
menu from pop-up window. Then in the Select a target analysis window chose desired analysis i.e.,

Parasitic Extraction-All Nets.

Either way will automatically generate ports for each of layout pins referenced to a cover i.e., a reference

plane.
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@ [€] Components T
._ Substrate
& O pins T

On Virtual Pins

@ O~ Reference Pins

G- Ll Definitions —
4| | [

S Project 4 Project (8)x]
BlUs )
= [ Design Design
=] buck_closeloop_lib:buck_co... =] buck_closeloop _lib:buck_co...
@ dF Nets T @ & Nets T

- €] Components Y
2 Substrate
B8O+ Pins T
P1:: vdd
P2 gndref

B Create Ports...
B Create One Port Per Pin...
B Select Connected Nets

31 vout

:: gndref

Setup

& E Analyses
B[] Parasitic Extraction-All Nets

| :‘:] Ports

7N Component Models
% Options...
@ Run

# 7 Results

@ PEPro Setup

Select a target analysis

[Parasitic extraction - All nets] Parasitic Extraction-All Nets
[Parasitic extraction - Selected nets] Parasitic Extraction-Selected Nets

The port setup should look like on above right picture.
Note, ground planes in the PCB are floating, they are not connected to a “hard ground” nor reference

ground. The reference ground will be an infinite cover indicated in the substrate cross-section as a yellow

interface in the bottom.

This cover being an EM reference is conceptually connected to a chassis ground or shield, so this will act

= 'E-_l:! arasitic Extraction-All Nets
& -3 Ports
@ 3 P
@0 2p2
M oxe3
‘0 4pa
= Component Models

as PCB'’s chassis — a reference metallization (see Figure 10 Cross-section of the PCB substrate). This
also means PCB can’t radiate downwards, i.e., below cover but only upwards above the cover.

AIR.
1524 =" FR_4_Core (4.6)
hale &0 mil
0 micon - AIR
L 1-tond2 T_T-5ik_screenz 10 millimeter
- 10000C

Figure 10. Cross-section of the PCB substrate
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Select all the component instances under Design -> Components node (see picture below), drag them
down to Setup sub-window and drop onto Analyses -> Parasitic Extraction-All Nets ->Component
Models node.

Alternatively, select all components, RCMB and chose Create Component Models for Analysis menu

from pop-up window. Then in the Select a target analysis window chose desired analysis i.e., Parasitic
Extraction-All Nets.

Either the way will automatically put all the PCB components into Components Models branch and set
models for each of components’ group.

& [ Design
=] buck_closeloop_lib:buck_converter_v3ilayout
JF Mets T

ﬂ Components
£ Substrate

Opins T
O Virtual Pins e- = A_nal]rses. . .
{r Reference Pin On Cover =1 [em| Parasitic Extraction-All Mets

- [ Definitions jk Ports
A Materials B [E szponer?tModels . .
™I Bondwire Definitions ‘l\: Capacitor 0803 (buck_closeloop_lib:Capacitor 0603)

Controller_v1 (buck_closeloop_lib:Controller_v1)
Setup “ Dual Gate Driver (buck_closeloop_lib:Dual Gate Driver)
B E Analyses o, Filter Capacitor (buck_closeloop_lib:Filter Capacitor)
- [EM] Parasitic Extraction-All Nets | ow ESL Capacitor (buck_closeloop_lib:Low ESL Capacitor)
:j Ports N Power Inductor (buck_closeloop_lib:Power Inductor)
G Component Mgdels = Power_transistor (buck_closeloop_lib:Power_transistor)
‘{p Options... H Components Y I Resistar 0603 (buck_closeloop_lib:Resistor 0603)
@ Run A Resistor D205 (buck_closeloop_lib:Resistor 0803)
7 Results % Options...

Generally, for each Component Model group, you can specify which model must be used for the group
and how this component model must be interconnected with the rest of the design.

In this design all of components have its equivalent circuit or schematic model representation thus are not
suitable for EM simulation. Due to this fact PEPro will remove them all automatically during EM analysis.

They appear again after simulation is completed, i.e., for instance when generating EM model based sub-
circuit for Circuit/EM co-simulation.

Expand Design ->...->Nets node and double check sw net is colored in orange. If not, then select the sw
net and RCMB and chose Set as Switching (see Figure 3 PEPro setting switching nets). From now this
net will be considered as Switching, all the pins on which will be plotted automatically after simulation.

If none of the net is set as Switching net, when you double click Generate Voltage Spike Test Bench
under Results, a message window will be displayed. Then, if you do not want to set any net as Switching
net to display plots, click Yes to proceed with testbench generation. If you want to generate display plots
for pins on certain nets, click No, then set the Switching net type as described above.
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File Edit View Tools Help a c J=—x1

Project ®
E‘} h B Geometry
£ [ Design ; G';t
EH- 8 buck_closeloop_libibuck_converter_vE:layout = Imulations
B JIF Nets T =
i Fo\ - Parameters
B Add to Analysis... — -
! Set as Switching "l Scripting
4 set as Power ©,
B Set as Ground -
B Set as Undefined " -
B Select Instances Connected to Any of Selected Net (6) h?.\
o
Tree bk
Setup TErTE=T s~
B E Analyses b Y
B @ Parasitic Extraction-All Nets Aa
:E:] Ports @
£ _II Component Models
‘Jzn Options... r:\ %
@ Run
£ 77 Results %
H = S-Parameters &
[ Electric Field
ﬂ Magnetic Field .
; @ Current Density
@ FarField
; WGJ- Generate Sub Circuit... E

Visibility

Conductors | Solid | | Wireframe Hide

Dielectrics | Solid = | Wireframe Hide g'

Translucent View: [}

Highlight Nets: @ £ T

Figure 11. PEPro setting switching nets

Make sure PEPro setup is saved thus in the PEPro main window got to File -> Save.

Next, expand the analysis of Parasitic Extraction-All Nets, double-click Options... and open the page
of Frequency Plans, the tab of Frequencies (see Figure 4 PEPro - Options window of a selected
Analyses setup).

There are several types of frequency sweeps. For switched mode power converters, we use an automatic
frequency plan for switched-mode power supplies (SMPS) in Power Electronics. It creates a composite
frequency plan that can capture the most important EM features of a PCB in SMPS circuits. To use this
plan, the user needs to provide circuit characteristics in the frequency plan table. Once the required input
data is set, the frequency plan will be generated automatically and used in the subsequent EM simulation.
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PEPro Setup - Setup Parasitic extraction-All nets

& parasttic Extraction-All Nets

L Ambient Conditions - (Temperature=25 °C)

4 Frequency Plans

Freguencies Fields Storage

ype Switc Freq | Ripple Freq Rise Time Fall Time

1kHz 10 ns 10 ns

Adaptive
Logarithmic
Linear

Single

4. simulator

E Resources

/ Motes

Done Cancel

Figure 12. PEPro - Options window of a selected Analyses setup

For this exercise make sure all the SMPS parameters (Switching Freq, Ripple Freq, Rise Time, Fall
Time) have values as depicted in Figure 4 PEPro - Options window of a selected Analyses setup. These

parameters are applicable only to SMPS frequency plan type.

In result, for above parameters PEPro will automatically generate following frequency plans:
Linear sweep from 0 MHz to 0.001 MHz with 6 points (step = 0.0002 MHz)

Linear sweep from 0.001 MHz to 0.01 MHz with 10 points (step = 0.001 MHz)

Logarithmic sweep from 0.01 MHz to 2 MHz with 13 points (5 points/decade)

Linear sweep from 2 MHz to 80 MHz with 40 points (step = 2 MHz)

Logarithmic sweep from 80 MHz to 500 MHz with 17 points (20 points/decade)

If necessary, more frequency plans can be added manually in parallel.

Note, SMPS frequency plan parameters are used to automatically configure optimum simulation settings
in the generated test benches and to automate the result presentations in the data display window. If the
SMPS frequency plan is not used, these parameters are not available to the generated test benches and
the user needs to manually set the necessary parameters before launching a simulation.
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In the same PEPro Setup Options window go to Simulator page and enter Advance Simulator Setup

window.

PEPro Setup - Setup Parasitic extraction-All nets

Ji parasitic Extraction-All Nets

L Ambient Conditions - (Temperature=25 °C)

45h Frequency Plans

Set Simulator Preset to
Momentum Microwave

4. sSimulator
Preset: Momentum Microwave - Q
Sirmulator: Momentum Microwave

|Ed|'t advanced simulator setup.h

Meash density: 20 cpw

Further, make sure following settings:

Thick conductor model: Sheet

Via conductor model: Lumped

This will speed up simulation process.

=R

B Mesh

=Py

hysical model
i Thick conductor model  Sheet
“Via conductar model Lumped

reprocessor
- Healing snap distance  Automatic
- simplify layout on

Ignore conductor sha...  Automatic
~~Ignore conductor holes  Automatic

PEPro Se Advanced 5 af Se o
tor: Momentum Microwave
Global Overrides ‘
olver
- Matrix solver Automatic
- Mesh density 20 cpw
- Geometry overlap extr.. Normal
-~ Edge mesh Off
-~ Mesh reduction on

Cancel

Look at rest of the default settings and quit the Advance Simulator Setup/Options window by pressing

Done.

To save setup go to File -> Save.

If necessary, expand the analysis of Parasitic Extraction-All Nets and double-click Run to start the EM

simulation.

& [/E Analyses
E}E Parasitic Extraction-All Mets
:lj Ports
_:':I Compenent Models
*"H« Options...
&% Run

: F- 7 Results
EI Parasitic Extraction-5elected MNets

The simulation progress can be observed in Simulations window. Press Simulations button located on

the right-hand side PEPro frame (see Figure 5 Simulations window — simulation in progress).
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':D Simulations w ®
@@ \ Simu?a?tic::tns®

Name Date Created Engine Status /’

Parameters
Parasitic Extraction-All Mets Tue Aug 6 20:26:15 2019 Momentum RurV( P

/ Scripting

Summary | Log ® Auto-scroll matrix load

olmulGLlUl LLTgucicy (%] — UuuU L4 B
««.loading interaction matrix
...30lving interaction matrix
...calculating S-parameters
Simulaticn frequency [5] = 800 Hz
...loading interaction matrix
«..30lving interaction matrix
...calculating S-parameters
Simulation frequency [6] = 1 kHz
«..loading interaction matrix
...30lving interaction matrix
«..calculating S-parameters
Simulation frequency [7] = 2 kHz
...loading interaction matrix

Figure 13. Simulations window — simulation in progress

The simulation will take several minutes depending on available computation resources. When completed
close the Simulations window.

1:9 Simulations
o)o]i®)
Name Date Created Engine Status
Parasitic Extraction-all MNets Tue Aug 6 20:26:15 2019 Momentum Completed

Summary | Log ® putoscrol [ Updete | (I | Cormpleted

Simlation frequency [82] = 500 MHz B
...loading Green functions

...loading interaction matrix

...30lving interaction matrix

...calculating S-parameters

S-parameter simulation finished

Simalaticon finished on: Tue Zug & 20:32:50 2019

Simalation Time: 0:06:33.057000
Simulation Finished -

Figure 14. Simulations window — simulation completed
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Voltage Spikes Test Bench

Now let's see how to use EM simulation results in a circuit analysis. First, expand Results node and
double-click on Generate Voltage Spikes Test Bench.

Advanced Design System 2022 (Main) — [m] X
EJ@ Parasitic Extraction-All Nets File View Options Tools Window DesignKits DesignGuide Help
.
- Port: =G md QI e O N =
4 pors wiw B SBDEES
Component Models
; File View Folder View Library View
% Options... P
v W C\work_pe\ads_workspace\buck_closeloop_wEM2_wrk
: 01_Readme_Main
= 7 Results v 02_PEPro
= S-Parameters 02_01_Readme_PEPro
- 02_02_Components
(@ Electric Field 02_03_PCB_model
(@ Magnetic Field 02_04 Voltage_Spikes_Testbench
[ Current Density 02_05_Conducted_EMI_Testbench
ﬂ Far Field 02_06_Radiated_EMI_Testbench
i 02_07_Surface_Current_Density
Generate Sub Circuit... 03_Broadband_Spice_Model_Generator

Generate Voltage Spikes Test Bench... 04_Power_Electronics_Model_Builder
. R R oSO R IR on-All N =
: Generate Conducted EMI Test Bench... 1 buck_converter ltageSpikes_Parasitic_Extraction-All_Nets_testbench

This generates a new cell in the workspace with a name according to following syntax: <original-cell-
name_VoltageSpikes_PEPro-analysis-name_testbench>. So, in our case it is
buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench.

Further, above action generates also two additional important views under buck_converter_v3 cell:
schematic_Parasitic_Extraction-All_Nets and symbol_Parasitic_Extraction-All_Nets.

v [€] buck_converter v3
layout
pepro
peprol
schematic
schematic_Parasitic_Extraction-All_Mets

symbaol_Parasitic_Ex raction-All_Nets

Components from
main schematic of the
design

SnP component
PCB EM model

To see more details, open schematic_Parasitic_Extraction-All_Nets view and look what's inside. There
you
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can observe all design components connected without wires. Instead, node names are used to connect
appropriate component pins. Flight lines (doted-dashed thin lines) symbolically indicate original schematic
connections network.

Further, there is also one significant SnP component with 58 pins including reference pin (Ref). This is
design’s PCB electromagnetic model built by PEPro and appropriately connected by node names with
components above. This EM model, with scattering parameters behind, represents parasitic effects in

PCB

In the ADS main window expand buck_converter_v3_VoltageSpikes_Parasitic_Extraction-
All_Nets_testbench cell and open schematic view. This is a test bench used to simulate the post-layout
circuit performance, particularly the voltage spikes appearing in the design during a normal startup
condition (see Figure 7 Voltage Spike Analysis testbench).

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
[Empisplay Template [B] VAR
disptemp1 VAR1
"PEPro_Volt_Spike_Display” RippleFreq=1.0 kHz
RiseTime=10.0 nsec
FallTime=10.0 nsec
Voltage Input Supply DUT Load Viple=i v
f - Rout=1 Ohm
A rt;th‘%edbsel;\pawi)lrsa?\"grergzlrﬁgc Power supply connection wiring Power supply connection wiring
arge cpurrem spikes w‘):ich can Wzggauhge (-23‘1”/2-58"""‘)' @ 10 gauge (.1in/2.58mm),
damage components or impact inches (61 cm) long | Probe 24’inches (61 cm) long
ansient simulation. 1 20 in ]2 1, 2
I_Probe L
V_1Tone |_load L3
SRC2 L=746 nH L=3000.61 nH
Vhigh=Vij = i ’ 3
T, igl - N v=polar(Vripple,0) V R=.004 R=36.50.61 mOhm Resistive Load gﬁ TRANSIENT PE
D(_e\a!—o NSeC Freq=RippleFreq N
1 , Rise=1 “Secsh3n inisrpple source R1 TT‘:*:;;';PE
= L ot neede R=Rout StartTime=0.0 nsec
Chassis Ground L2 StopTime=1/RippleFreq
1=300%0.61 nH 2 RiseTime=RiseTime
{R=36.5"0.61 mOhm FallTime=FallTime
Holer supply connection wiring 1
110 gauge (.1in/2.58mm), _1 Chassis Ground
24 inches (61 cm) long =
Connect to the input nd_supply Connect to Vin Connectto [Vioad Connect to the load nd load
ground pin on the board converter DC converter ground pin on the board

Please connect the input/oﬂatuifat pins of DUT to source/load
in the test bench. Add additional sources/loads if needed.
Set the design variables of DUT and simulation variables if needed.

buck_converter_v3
schematic_Parasitic_Extraction-All_Nets
X1

Figure 15. Voltage Spike Analysis testbench

As it states in the schematic description, our DUT, i.e., buck_converter_v3 component, automatically
placed during testbench generation, needs to be connect to the source and load of the testbench. To do
that in the schematic window go to Insert -> Wire/Pin Label ... and select a pin number 1 of the
buck_converter_v3 component then type net name Vin in the edit field attached to a selected pin and
press Enter. Proceed in the same way for rest of the pins to get final labeling as depicted below. When
finished press Esc to exit from the node labeling mode in the schematic.
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Vin| grd_supply
Vlosd | grfd_load

buck_converter v3
schematic_Parasitic_Extraction-All_Nets
X1

Now we are ready for a transient simulation of the converter represented by the interconnected schematic
and EM model circuit. But before that, let’s check electrical performance when the converter is modeled
only by ideally connected components as depicted in buck_converter_v3 schematic.

Now drag and drop the schematic view of the buck_converter_v3 into the schematic view of
buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench cell and make a proper
pin net name assignment as below:

~ W C\Users\paul\buck_closeloop_wEM2_wrk
~ 01_Readme_Main
€] readme_main .
v | 02PEPro Drag and Drop the Symbol into
02_01_Readme_PEPro . .
02_02_Companents the schematic window Vioad
v .DZ,D?LPC B_model v/i n Vout a a

= tech.subst (buck_closeloop_lib)

~ [€] buck_converter_v3

layout

[FEl pepro r% f}g? | r4d load
peprot gl—_ | p y Voref J -
schematic
B3 schematic_Parasitic_Extraction-All_Nets
papritcl k_converter_v
> symbol_Parasitic_Extraction-All_Nets bUC —CO e te — 3

v 02_04 Voltage_Spikes_Testbench X2

~ €] 02_04_01_buck_converter_v3_VoltageSpikes_Parasitic_Extractic
=

Then make sure the X1 earlier placed component is deactivated as below:

DesignGuide BondWire Tools Add-Ons EM  Queue Man Q 2
= Ed i )
ELHE @) R G4
{1 ©:=®

C8V  wire

Deactivate or Activate Components

Deactivates or reactivates individual
components by toggling items from
one state to the other

YalaYa
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As a next step go to Simulate -> Simulation Settings and uncheck Use cell name box under Dataset
field. Then change dataset name to buck_converter_v3_schematic

G Simulation Settings:5 X
Simulation mode Local A

DC Annotation Options Output Setup Remote Distributed Simulatic <4 » ¢

Dataset

e cell name
buck_converter_v3_schermatid 2..e
o ——

Data Display
Use cell name

buck_converter_v3_VoltageSpikes_Parasitic

on-Al_Nets_ || Browse...
Open Data Display when simulation completes

Simulation Hierarchy

Hierarchy Policy: Standard
Choose Hierarchy Policy...| Choose Config View...

[ simulate equivalent traces from layout

Note: This dialog is for simulation settings. To create a simulation, you need to
place a simulation controller from the Palette onto the schematic.

Simulate Apply Cancel Help

Now press Apply and further Simulate or F7. Alternatively go to Simulate -> Simulate or press
corresponding icon on the tool bar to launch circuit simulation.

When simulation is finished the DataDisplay (DD)window will pop-up. But let’s skip this template for now
and see the input and output voltage waveforms.

In DD window:
Go to Page->New Page and accept default name.

Select Rectangular Plot icon under Palette window and place empty frame on DD’s area. Plot Trace &
Attributes window will open.

In the left bottom Enter any Equation field type Vload-gnd_load equation and press Add button next to
this entry field. The equation should appear in the right window.

Do as in @c and type Vin-gnd_supply equation.

When finished press OK.
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| plot Traces & Attributes x
Plot Type Plot Options Plot Title
BB 1234 \
EE= 5678 7\
Datasets and Equations Traces
buck_converter_v3_schematic hd Trace Options...
Search List ~ | [vioad-gnd_load
gnd_load - >>Add =
gnd_supply
hg >>Add Vs..>>
in.i
I_load.i << Delete <<
lg
SRCT.i
N Fal '
SRC2.
sW
time Variable Info...
vib
vgl o Manage...
7
/
Vin-gnd_supph => Add ==

Now a graph with input (blue line) and output (red line) voltage at the buck converter with EM model is
shown (see Figure 9 Input & output voltage waveforms). The input ripple and switching noises are
suppressed in the output waveform.

30
BDS
25
20—
=
8o 154
S_ |
[y e]
| <
T 10
i
SS 0
0—l
-5
™~ T | T | T | T | T | T | T | T | T | T

time, msec
Figure 16. Input & output voltage waveforms

As it can be observed the output voltage Vload stabilizes within 0.1ms and settles at 5V further on.
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To see a waveform at the switching node inside the converter open another rectangular graph and select
Sw node.

time, msec
Figure 17. Waveform at the switching node inside the converter

Use Zoom In On Data By Specifying A Rectangle function on the selected graph to see more details
within selected time period.

leSt ¥ @@@% fﬁ%v&v%"

|Zoom In On Data By Specifying A Rectangle

N
0

8DS

- N N
o o o
IIII|IIII|IIII|IIII|IIII|IIII

sw, V

[¢)]

o

'
&

7235 7240 7245 7250 7255 7260 7265 727.0 7275

time, usec

Save DD with a default name and close it.
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Next let’s see the effect of layout parasitics on ripple...

Go to (open) the schematic view of the
buck_converter_v3_VoltageSpikes_Parasitic_Extraction- @ TRANSIENT PE I
All_Nets_testbench cell. To speed-up the simulation and limit size of TransientPE

generated dataset, adjust TransientPE controller parameters as TranPE1

S 8-0
=O-mrsee

following: StopTime = 0.12/RippleFre
9 P PP q topTime=0.12/RippleFreq

Now make sure the X2 component is de-activated and X1 is
activated:

FallTime=FallTime

Vin | _grdl_supply

P2

\%éﬂ N Jrﬁ’d_load

buck_converter v3
schematic_Parasitic_Extraction-All_Nets
X1

Open Simulate -> Simulation Settings and check Use cell name box under Dataset field. This time
Transient simulation will generate a dataset with a name of the opened schematic view, i.e.
buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench

Now press Apply and further Simulate or F7.

This time the simulation will take longer and will provide the results considering parasitic effects in PCB.

i simulation Settings:2

Simulation mode Local -

DC Annotation Options Output Setup Remote Distributed Simulatic * P ;

Dataset
Use cell name

buck_converter_v3_schematic Browse...

Data Display
Use cell name

buck_converter_v3_VoltageSpikes_Parasitic_Extraction-Al_Mets_| | Browse...

Open Data Display when simulation completes

Simulation Hierarchy

Hierarchy Policy: Standard
Choose Hierarchy Policy...| Choose Config View...

[ simulate equivalent traces from Byout

Mote: This dialog is for simulation settings. To create a simulation, you need to
place a simulation controller from the Palette onto the schematic.

Simulate Apply Cancel Help
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When simulation is finished the DataDisplay window will pop-up showing simulation results in
PEPro_Volt_Spike_Display template. Press Yes if asked for a default dataset.

All pins under the nets that have been assigned the net attribute as Switching will be plotted in the data
display automatically.

View Last N Cycles: There is an equation, called lastNCycles with a default value of 2. This value
controls the last n number of cycles displayed in the generated plots.

First Peak Marker: Marker is positioned at the first peak. With baseline marker as the reference and with
delta mode on, the first peak marker shows the difference in the dependent values.

Second Peak Marker: Marker is positioned at the second peak. With first peak marker as the reference
and with delta mode on, the first peak marker shows the difference in the independent values. This gives
the value of the ringing period.

Baseline Marker: Marker is positioned at the baseline.

2] buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench [Page 1 : PEPro_Volt_Spike_Display]:2 - [m] X
File Edit WView Insert Marker History Options Tools Page Window Help

D 'f H @ % x 7 (' 4 [,__‘E "@‘ e‘ &? @ @\ s buck_converter_v3_VoltageSt = @ @ @ @ A ,_/'\)l ’\z’\ A %
Palette 8 x

=22
=5

A
[ -

O/ &
> 0 DEEE

<

Page 1 : PEPro_Voft Spke Display A\ page 1 J\ page 2 J

Figure 18. DataDisplay window - Voltage Spike Template

But let’s skip this template for now and see the input and output voltage waveforms. For that we can use
the same DataDisplay window as on Figure 18 DataDisplay window - Voltage Spike Template.

In DataDisplay (DD) window:

Go to Page->page2 and now you should see following plot:
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ADS

25

20—

Vin-gnd_supply
Vload-gnd_load
>
I

51
0—|
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0 20 40 60 80 100 120
time, usec

Double-click on the plot and change Dataset and Equations to buck_converter_v3_schematic and
Add node voltages Vin and Vload:

W plot Traces@& Attributes >

Plot Type Plot Options Plot Title

= 1234 A

[===| 5678 A
Datasets ani Traces
buck_converter_v3_schematic - Trace Options...

oEardn List ¥ | | vload-gnd
wrgnd_supply

gnd_load A L o
gnd_supply >>Add >> buck_converter_v3_schematic..Vin
h - buck_converter_v3_schematic.Vload
9 A VE.>> | -
1_ini
I_load.i <= Delete =<«
lg
SRC1.i

- ~ ~
SRC2.
W
time Variable Info...
vib
vgl © Manage...
Enter any Equatio => Add >>

Now double-click on buck_converter_v3_schematic..Vin and edit Trace Expression accordingly:

buck_converter_v3_schematic..Vin-buck_converter_v3_schematic..gnd_supply
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W Trace Options:2

Trace Type Trace Options Plot Axes Trace Expression

\

PN

\[buck_ccunve rter_w3_schermatic..Vin-buck_converter_v3_schematic..gnd_supph

Errors:

\ Iy

Variable Info... Functions Help

When finished press OK then proceed with buck _converter v3_schematic..Vload:

buck _converter_v3_schematic..Vload-buck_converter v3 schematic..gnd_load

When finished press OK.

Now a graph with input (blue line) and output (red line) voltage at the buck converter with EM model is
shown (see Figure 9 Input & output voltage waveforms). The input ripple and switching noises are

suppressed in the output waveform.
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30

.gnd_supply

Vin-gnd_supply
Vload-gnd_load

time, usec

verter_v3_schematic..Vin-buck _converter_v3_ schematic.

Figure 19. Input & output voltage waveforms: schematic and layout comparison

To compare waveforms at the switching node inside the converter open another rectangular graph and
select X3_P4_sw_X3__Gnd and buck_converter_v3_schematic..sw nodes.

AN KEYSIGHT


http://www.keysight.com/
http://www.keysight.com

25

20—

15

10—

X3 P4 sw X3 Gnd,V
[6)]
|

10—
(et ettt et
256 258 260 262 264 266 268 27.0 27.2 27.4 27.6 27.8 28.0

buck converter v3 schematic..sw, V

time, usec

Figure 20. Waveform at the switching node inside the converter: schematic and layout comparison
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Conducted EMI analysis

Now we will see how to perform EMI analysis. In ADS main window expand buck_converter_v3 cell and
open pepro1 view, if not already opened. In the PEPro window go to Analyses and expand Parasitic
Extraction-All Nets -> Results setup. Then double-click on Generate Conducted EMI Test Bench.

W Advanced Design System 2022 (Main)

File View Options Tools Window DesignKits DesignGuide Help

. ~ e O B B n
2 [E Analyses wiv B SR> =%
E1-[fM Parasitic Extraction-All Mets File View  Folder View  Library View
:j Ports w [w Chwork pe\ads_workspace\buck closeloop wEM2_wrk
.;q Component Models 01_Readme_Main
4. Options.. v 02_PEPro
- 02_01_Readme_PEPro
E"") Run 02_02_Components
=+ 7 Results 02_03_PCB_model
~ S-Parameters 02_04_Voltage_Spikes_Testbench
a Electric Field 02_05_Conducted_EMI_Testbench

02_06_Radiated_EMI_Testbench

[ Magnetic Field 02_07_Surface_Current_Density

@ Current Density 03_Broadband_Spice_Model_Generator
m Far Field 04_Power_Electronics_Model_Builder
[ Generate Sub Circuit... 03 buck_converter_v3_Conducted EMI_Parasitic_Extraction-All_Nets_testbench

:'\-’,Tl- Generate Voltage Spikes Test Bench... /

o Generate Conducted EMI Test Bench...

This generates a new cell in the workspace with a name according to following syntax: <original-cell-

€| buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench
4 buck_converter_v3_VoltageSpikes_Parasitic_Extraction-All_Nets_testbench.dds

name_ConductedEMI_PEPro-analysis-name_testbench>. So, in our case it is
buck_converter_v3_ConductedEMI_Parasitic_Extraction-All_Nets_testbench.

In the ADS main window expand buck_converter_v3_ConductedEMI_Parasitic_Extraction-
All_Nets_testbench cell and open schematic view. This is the conducted EMI test bench.

Conducted EMI Test Bench (CISPR 25)

] MeasEan B VAR ﬁ TRANSIENT PE
Meas1 VAR1
q SuiteningFrea kg MHz TransientPE
N ippleFreq=1.0 kHz TranPE1
[EEpispiayTompists RiseTime=10.0 nsec StartTime=0
isptermp FallTime=1 =
“PEPro_ConductedEMI_Display” il vo 0nsec StopTime=1/RippleFreq
Power supply wiring - RiseTime=RiseTime
10 gauge (.1in/2.58mm), RLoad=0.5 Ohm FallTime=FallTime
§ inches (152 mm) long, . Rwire=0.001 Ohm
! S il 2 2 Lwire=190 nH 5
Tisn L |_Probe OPTIONS PE
LISN1 CISPR25 L2 Lin = -
1 R1=1KkOhm LisN L=Lwire OpPEr
Lissun a1 ReRiR Temp=25
vood| L ci= vieas =
skca| = ca2=1uF oo R DUT Load Tnom=25
Voot =T, 2 R6 2 1 V_RelTol=1e-3
= Input R=50 Ohm V_AbsTol=1e-4
I RelTol=1e-3
Chassis Ground | 1 2 R
= Power supply wiring <D b -
10 gauge (:1in/2.58mm), P supply wiing @), L=Lwire
1 36 inches {152 mm) long T2 dinches (152 mm) long R=Rwire
Lo L |_Rrobe
LISN2 CISPR25 L3 I_gnd
R121 kOhm || LISN L=Lwire
L1=5 uH 4 1 RERWIBSN_vn,
C1=0.1 uF o] =
C2=1uF i
R=50 Ohm i%assws Ground
Chassis Ground | !
Connecttothe ground |5 Connectto = Connectto | Connecttothe [/
pin on the board g converter DC converter £ ground pinon |2
@ inputpin output pin the board 5

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

Figure 21. Conducted EMI Test Bench
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The test bench schematic includes TranPE1, the transient simulation controller (applicable for Power
Electronic applications) in which the RiseTime and FallTime parameters are automatically populated
from the SMPS frequency plan type in PEPro. The X1 sub-circuit is the Device Under Test (DUT) in the
test bench schematic. The sub-circuit is generated in PEPro as the EM-model of the full layout EM-
extraction.

Further we can observe Linear Impedance Stabilization Network (LISN) component that consists of
equivalent circuit of a real LISN hardware. A line impedance stabilization network serves three purposes:

The LISN isolates the power mains from the equipment under test.
The LISN isolates any noise generated by the DUT from being coupled to the power mains.

The signals generated by the DUT are coupled to the X-Series analyzer using a high-pass filter, which is
part of the LISN.

In our case the LISN will be used for noise isolation generated by DUT/EUT.
Please make sure DUT terminals are connected to the labeled wires of the conducted EMI test bench:
Vin: input DC voltage

Vin _g.nZi_suppIy

nd_supply: input ground P P2
gne_supply: IS Viogd | grd_load

Vload: output of the converter
buck converter v3

schematic_Parasitic_Extraction-All_Nets

Note, the conducted EMI test bench schematic wire X1

labels are used in the data display template

equations and cannot be renamed.

gnd_load: output ground

But before testing compliance of entire design (schematic together with layout), let’s check whether the
schematic itself is EMI compliant. To perform a test drag and drop the symbol view of the
buck_converter_v3 into the schematic view of
buck_converter_v3_ConductedEMI_Parasitic_Extraction-All_Nets_testbench cell and make a
proper pin net name assignment. Then deactivate EM model and go to Simulate -> Simulation Settings
to_uncheck Use cell name box and change dataset name to
buck_converter_v3_ConductedEMI_schematic.

To limit amount of stored data (it may generate substantial size data files), go to Insert -> VAR and add a
new variable component VAR into the schematic. Then type equations as depicted in the picture:

We need to make sure data are in steady state
thus we will store last 500 switching cycles to var | \/AR
compute and display data.

VAR2
Double-click TransientPE controller and adjust startT=stopT-500/SwitchingFreq
accordingly: stopT=1/RippleFreq
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X

TransientPE Instance Mame
TranPE1

Basic Advanced Output

Double click on a

controller icon Initial conditions
[ use user-specified initial conditions

Additional passivity option
Enforce strict passivity

Integration .
() Gear's (O
| AR [TRANSIENTPE |
Charge accuracy
TransientPE Charge accuracy |1.0e—12 |
StartTime=startT
StopTime=stopT
RiseTime=RiseTime
FallTime=FallTime oK Apply Cancel Help

This will generate a smaller dataset file and run faster.
VAR
VAR1
SwitchingFreq=2.0 MHz
RippleFreq=1.0 kHz
RiseTime=10.0 nsec

Make also sure Vin = 20V in the test bench. FallTime=10.0 nsec
RLoa!=!.5 Ohm

Rwire=0.001 Ohm
Lwire=190 nH

And now press F7 or go to Simulate -> Simulate or press corresponding icon on the tool bar to launch
the post-layout circuit simulation.
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Confirm the conducted EMI simulation results...

After the simulation is completed, a DD window is displayed. This window shows the peak spectrums of
the SMPS noise (total, differential and common mode noise), calculated from the LISN outputs according
CISPR-25 requirements for frequency ranges and spectrum analyzer resolution RBW.

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 -

Please make sure the data specified [PEPro Conducted EMI Testbench Results (CISPR-25)
here is in steady state.
Fn-s00
[Eficiency |
CISPR 25, Class 5 Compliance: Total Nase (peak) QSPR 25 Class 5 Comgliance: Differential Made Noise (peak) QSPR 25 Class 5 Compliance: Cammon Made Noise (peak) ‘Spectrum Analyzer frequency bands (Hz)
e | : | : SpATBandCSZ5_1 | SpAnBandcsas 2
N 100 o] | 1500€5 30007
s | 3000E7 100068
2 s =] s ] 5
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5 a] 3 | 5 _
T T T T T L!; T T T
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Figure 22. Conducted EMI simulation results of schematic

The results of the EM Co-simulation show a significant increase in noise. In this case it is driven by both
differential and common mode noise contributions. You can see noise voltages and the spectral
components. There is also an increase in differential mode noise,

Significant voltage spiking and ringing are an issue. Not only does this decrease efficiency, but the
voltage spikes can exceed the rating of the transistor, so this can be a real reliability concern. Probing in
the lab may or may not uncover the reliability issue as lab measurements are often hampered by
equipment and probe locations that can be utilized.

There is significant EMI present on the power leads — well over the spectral mask limits. Lowering the
switching speed will cause the overall design to grow in size, which is not desirable, so this is not an
option.

These results are obtained even before layout parasitics are added, so the only remedy to reduce EMI is
to add EMI filtering to the design.
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Let’s build EMI Filter!

In main ADS window got to File -> New -> Schematic and name it as EMI_Cap .47uF

Then press Create Schematic. A new schematic will pop-up.
W Mew Schematic x

New Schematic
Create a new schematic in the specifed cell.

Library: buck_cdloseloop_lib
Celt  [EMI_Cap 0.47 uF

(v) Show advanced

Create Schematic Cancel Help

Related topics
What is a cell?

Create circuit as depicted below selecting SRLC component from Lumped-Components library or just

searching for it. Then type appropriate values.

Pins can be found on the tool bar:

ut  Simulate  Window
4 L
;@@ O-l — VAF

R EE

1
P1 SRLC P2
Num=1 SRLCA1 Num=2
R=2.5 mOhm
L=1 nH
C=0.47 uF

When done save and close schematic.
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Now right click on the top EMI_Cap 0.47uF cell name and select Copy cell providing a new name
EMI_Cap 47uF. Then edit schematic and change values accordingly:

©1 1 ”2 ZC

P1 SRLC P2
Num=1 SRLC1 Num=2
R=0.1 Ohm
L=2.5 nH
C=47 uF

When done save and close schematic.

Perform the same step as in @a (or by copying previous cells) and create a component/schematic with
EMI_Ind name.

C
C1
C=13 pF
1 \ | 2
A

P1 - P2

_ L1 _
Num=1 L=2 2 uH Num=2

R=8.5 mOhm

As last step let’'s make use of created components by dragging and dropping appropriate schematic into a
new cell/schematic called: EMI_Filter. When asked to generate a symbol respond Yes and proceed
further accepting default settings.
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1 Pz 1 1
P H_T P3
Num=1 EMI_Ind | | Num=3
X4 EMI Cap47uF | © T gMI_Cap 0.47uF
X6 . . X7
1 2 ]2 1 1
EMI Cap 47uF | © ® EMI_Cap 0.47uF EMI_Cap 47uF | * = EMI_Cap 0.470F
X1 ; g | X3 4|I X10 . .| x1
a 1 1 G
EMI_Cap 47uF | ° ¥ EMI_Cap 0.47uF
X8 § NL g X9
2 2
- 1 I { (—
P2 P4
Num=2 EMI_ind Num=4
X5
Window
; @ O. — VAF
Pl SR AR sk
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Open the schematic view of the buck_converter_v3_ConductedEMI_Parasitic_Extraction-
All_Nets_testbench cell and drag and drop EMI_Filter schematic view into it. Agree to take a symbol
generation request and proceed next steps accepting default settings. Connect EMI_Filter with
buck_converter_v3 schematic model as in the picture below:

Vin _.3_'—-1—Vin vout |__Yoad
W] P1 P3| 4
grid fsupply
_._\—-Z—Jiref Voref Jﬁ]d—load
EMI_Filter
X3 buck converter v3

X2

Make sure there are no net names at the pins 1 & 2 of the buck_converter_v3 schematic model,
instead those net names are moved to the input pins of the filter. And keep EM model still deactivated.

Next, go to Simulate -> Simulation Settings and change Dataset name to
buck_converter_v3_ConductedEMI_schematic_EMI_Filter. When done press F7 to start simulation.

After the simulation is completed, a DD window is displayed.

Specify the last N switching cycles
to compute and di srrlay data. If the
length of transient data is less than the

requested, all data points will be used
Please make sure the data specified
here is in steady state_

=500
Visad_Ripple P2P |

PEPro Conducted EMI Testbench Results (CISPR-25)
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This is the performance of the Buck converter after implementation of the EMI filtering. Is the design
ready for manufacture?
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Let's apply EMI_Filter to EM model. To do that make sure both components are connected as it is in the

picture below:

buck_converter_v3
schematic_Parasitic_Extraction-All_Nets
X1

EMI_Filter
X3

Double check there is no net name between filter and EM model.

Next, go to Simulate -> Simulation Settings and uncheck Use cell name box and change Dataset name to

buck_converter_v3_ ConductedEMI_Parasitic_Extraction_EMI_Filter name.
When done press Simulate/F7 to run simulation.

This time after the simulation is completed, a DD window displays circuit/EM co-simulation results with
EMI filter.

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

Please make sure the data specified PEPro Conducted EMI Testbench Results (CISPR-25)

here is in steady state
FM =500
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It can be clearly observed both differential and common mode noises were efficiently reduced by EMI
filtering. But does it really mean layout itself is noiseless? Well, in this case layout topology has been
optimized on purpose but there is still chance for further improvements.
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Far field calculation for radiated EMI analysis

The built-in far-field solver in PEPro can help user obtain far-field radiation pattern under specific
excitation. The far-field data, including electric field strength and radiation power, can be examined
directly in PEPro.

Radiated EMI| Test Bench

Please connect the input/output pins of DUT to source/load in

the test bench. Add additional sources/loads if needed. After the
simulation is complete, use this result as a circuit excitation in

PEPro -> Analysis -> Results -> Far Field -> Setup -> Excitation Type
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To view the electric field strength or radiated power at different values of radial
distances and angles (Theta, Phi), use the simulation result as a circuit excitation
in PEPro -> Analysis -> Results -> Far Field -> Setup -> Excitation Type

Circuit Simulation Results

Input Voltage Load Voltage
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In PEPro, do the following:
Double-click Far Field in the Results column to open the Far Field viewer.

Select Circuit Simulation Dataset from the Excitation Type pull-down menu in the Setup tab at the
bottom of the Layout window.

Circuit Simulation Dataset: Press the Select Dataset button and click the [...] button in the Circuit
Excitation window to open the folder (./data) containing the testbench analysis results. (May be open
when you select Circuit Simulation Dataset).

Select buck _converter_v3 RadiatedEMI_Parasitic_Extraction_All_Nets_testbench.ds and press the
Open button.

Wait for a while for the dataset to load. Triangular warning mark [! ] Becomes green [+], reading is
complete. Press the [Close] button to close the window.

Dataset isitic_Extraction_All_Nets_testbench.ds :]

& Excitations
Tran1.TRAN X1.Parasitic_Extraction-All_Nets

Close

Select Frequency: 2 MHz at Setup tab.

The Far Field of EMI radiations will be displayed as in the picture below.
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Radiated EMI Plots:

View View
|| Total E | | (V/m) | | Total E | | (V/m)
0 9.99%e-06 2e-05 0 9.99¢06 2e-05

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

Surface current density visualization

Getting started:

Open "pepro1" located in 02_PEPro -> 02_03_PCB_model -> buck_converter_v3 -> pepro1, click Run
under 'Parasitic Extraction-All Nets_ FEM' analysis and wait for the simulation to complete.

Double click "Generate Sub Circuit..." under "Results" in the analysis. This will create or overwrite the
existing sub-circuit that can be used in the EM-circuit co-simulation.

Run any one of the following testbenches - Voltage Spikes Testbench, Conducted EMI Testbench or
Radiated EMI testbench and wait for the simulation to complete.

Steps to view surface current density by layers -

In the PEPro1 window, open "Near Field" under "Results" in the analysis. A 3D graph plotting the selected
field component is added in the geometry window.

Select the desired frequency in the Setup tab of the field editing toolbar at the bottom of the window. As
an example, you could specify the switching frequency of 2 MHz used in the example.

Select the "Excitation Type" as "Circuit Simulation Dataset" and select the dataset that was generated by
simulating the testbench in the workspace's "Data" directory and wait for the dataset to load.

The Setup tab also provides an option on its right side to hide or show specific layers while viewing the
surface current density.

The Sequence tab allows you to control how results from different frequencies or results corresponding to
different values of the phase can be shown in sequence in the geometry window.
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View
| Total |_surface | Reference value: 120971 A/m (dB)

[ ]
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[Parasitic Extraction-All Nets]: Surface Current Density {Js) ¥ Hide Others Unload &
| e (W)

® Auto-Apply A [ Apply

Setup | Sequence |

Sequence Axis: Phase - Display Mode: | Vector Field | Excitation type: | Circuit Excitation = : W":
cond}
(

. hole
Frequency: | 2 MHz = Size Factor: (000 3] Sinele excitation |P1 hd
Displayed Field: Vector Magnitude -« X Scale Vectors Multi excitation:
Complex Part: Real T{ Surface Resolution:  Normal - Gircuit excitation: Select Dataset I + J [ % ] [ M ]

EM field visualization with circuit excitation often yields insights into which traces to focus on. For
example, current crowding is often an indicator of excessive inductance. Further, Circuit Excitation allows
you to visualize field data such as surface currents and far-field of your EM Model/ EM Co-simulation with
any circuit elements contribution from your schematic.
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Datasheet-based model builder:

Power Electronics Model Builder tool provides a simplified and fully automated flow to extract a Si/SiC
Power MOSFET model from a datasheet.

Steps to extract a model from a measured data.
Launch the tool by going to "Tools" -> "Power Electronics Model Builder" from the Schematic window.
Select Device Type.

Load the measured data. As an example, sample measured data files of a SiC model have been added to
the workspace's Data directory. Enable IV checkbox and click "Browse" button to load "Data-I1V.mdf" from
the Data directory. Enable CV checkbox and click "Browse" button to load "Data-CV.mdf" from the Data
directory.

Note: Body diode characteristics can be mentioned if available. In this demo, we are keeping it simple by
specifying just the IV and CV data.

Run extraction

Specify a "Data Display Name" if you do not wish to overwrite any previous extraction results. Otherwise,
the default Data Display Name is used. Click the "Run Extraction" button. If the button is grayed out, then
there should be an error in the above steps. While the extraction is in progress you will be able to see the
fitting of IV and CV plots in the data display window that pops up. After the extraction is complete, the
measured and final simulated results of IV and CV plots will be shown. Note: If the "Initial Parameter Set"
checkbox is enabled and an MPS file is specified, model parameter values from a previous extraction will
be used as initial values for the extraction.

Note: Enabling "ANN" will use Keysight's proprietary Artificial Neural Network (ANN) technology for
additional optimization to improve the fitting of IV characteristics.

Export

The extracted model can be placed on a schematic or exported to an MPS file.

Download workspace for confirmation

After model extraction, to use a schematic for confirmation, makes it possible to refer to the library in
example workspace, GenericPowerMOSFET _Extract Example_wrk.

In the ADS main window, select File-> Open-> Examples, type extract in the search field of the Open
Example window, select GenericPowerMOSFET_Extract Example_wrk.7zads and place it in the desired
directory.
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Then in the ADS main window, select File-> Manage Libraries, if necessary, press the Add Library
Definition File button at the bottom left of the Manage Libraries window, select the lib.defs file under
GenericPowerMOSFET_Extract Example _wrk, and click Open Press the Close button respectively.

Launch power electronics model builder

Launch Broad Band SPICE Model Generator by performing the following menu operations.

Any Schematic window -> Tools -> Power Electronics Model Builder.

Tools Layout Simulate Window DynamicLi
- GENESYS Synthesis...

SPECTRASYS...

Encode Designs...

IC-CAP Import 4
LineCalc b

Power Electronics Model Builder
g Controlled Impedance Line Designer
=E Via Designer

Smith Chart...

Impedance Matching...

When the Power Electronics Model Builder window opens, click the Browse button for each IV / CV of
Measured Data and select each file in mdf format in the _wrk / data / MOSFET _digitized_data directory.

\#= Power Electronics Model Builder — O X

1. Device Type

SiC Power MOSFET

2. Measured Data

M1 [warks/PERm /4. busk_classlon pwEM_wrk/data/ MOSFET _digitized data/ DataTv mef| | Browsa

[ eV forks/PEPr 4/ buck_sloss oo pwEM.wrk/data/ MOSFET digitized_data/ Data-CVimdf | Browsa

Frequency far GV (Hz)

[[] Body Diode Characteristics

this) irr (A) VDD (W)
difdt (Aus) isdl (A)
3. Extract
[ Initial Parameter Set Erowse

Data Display Mame |Generic_Powe CE_Extract_Progress

Run Extraction Stop Extraction 0%

4. Export

Place on Schematic  Bxport Pararmeter Set

Help

Click the Run Extraction button in the Extract column to execute the extraction.
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When the extraction is complete, a data display window will open, where you can compare the Datasheet

values with the results.

IV Characteristics: Extracted Results vs. Datasheet

Id_data
Id_sim

o] Vgs=14000

Vgs=12.000

Vgs=10.000

V=808

LI S B B B N R N B B
2 4 & 8 W 12 14 18 18 20

Vds

CV Characteristics: Extracted Results vs. Datasheet

Coss_sim

Ciss_sim

Crss_sim

After checking the result, click the Place on Schematic button in the Export column to insert and use the
model extracted in the desired schematic. Here, open Test_buck_converter in

GenericPowerMOSFET _Extract_lib and insert it here.

1

»MOSFET_GENERIC_PE

N/
1 o 21112 vout

1
R

R1
F§ R=100 Ohm -

2 .

i MOSFET_GENERIC_PE2 i |_Prope
s Medel=MOSFET_GENERIC_PE_MFijch I_Probe1
1 1 Vtpuise 1L=10uH
v.oc .f  sRez R= ! -
*] SRC1 T Viow=0 V c1
. = Vde=12V igh=20 V* .
Ve C—) \E’)“:gh §°V SRC3 c=1o0u
5 s eay_=_.nsec * View=0 . .
Edge=linear - Vhigh=20 8 ]
Rise=Trise . - Delay=TperigdFDufENERIC_PE
Fall=Tfall -l2 o=IMGBFET_GENERIC_PE3 o
Width=Tperiod"Duty- rlSE%F ~Thdadel=MOSFET_GENERIC_PE_M1
Period=Tperiod Fall=Tfail
o © Width=Tpetfiod"(1-Duty)-Trise-Tfall
; Peried=Tperiod
VAR e
VAR I TRANSIENT PE ﬁ E
Duty=0.5 "
Tperiod=1e-6 TransientPE M
Trise=10e-9 TranPET
Trall=10e-9 StartTime=0.0 nsec

StopTime=1 msec
Rise Time=Trise
FallTime=Tfall

MOSFET GENERIC_PE_MODEL
MOSFET_GENERIC_PE_M1

~ Paste the extracted model card on the schematic
. to run the test on a step-down converter. . .

To view the parameters, double-click MOSFET_GENERIC_PE_M1, click the Component Options button
in the Edit Instance Parameters window, select Set All in the Parameter Visibility column, and press the
OK button twice.
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HAR,
- MOSFET_GENERIC_PE-MODEL
MOSFET_GENERIC_PE -M1
TYPE=2
PARM1=2.302593892257214e-02
PARM?Z2=1.256216345136636e-01
"PARM3=3.074464701498414e-03
- PARM4=3.953149619029944e+00
. PARMAS=2_150300516706727e-02
- PARMG=2.351041434899014e+00
PARMT7=2_068282087857369e+00
PARMSE=6.060667514532096e+00
" PARNS9=4 0983337046588190e-01

- PARM10=5.093048633386665e-02
. PARNM11=0 .360005945313610e-08
PARM12=8.233104000548642e-03
PARM13=9 333807822486455e-02
PARM14=1.087338079787556e-09

PARM15=4.545122006126993¢-01
PARM16=0.5258147263884600-04
PARM17=4.457492087372654e-07
PARM18=8.4116513909388502-03
PARNM19=2.087312432807134e-02
PARM20=1.583059939241546e+00
PARM21=5.191688242534050e+00
PARM22=9 926566081192624e-02
PARM23=4.104624324860993e-05
PARM24=6.4051113517702316-04
PARM25=5.790404169353053e-03
PARM26=5 6868772811199926-02
PARM27=5.000000000000000e-10
PARM28=1.000000000000000e+00
PARM29=0.000000000000000e+G0

PARM30=1.000000000000000e-06

After reviewing the schematic, click the icon to run the simulation.

After the simulation is finished, an empty data display window will open. Select the Rectangular Plot
individually, display the vout and |_Plobe1.i data, and check the result.

vout, V

time, msec
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Creation of a PSPICE Model from S Parameters:

EM-Circuit Co-Simulation is recommended for post-layout analysis, but it is also possible to convert the S-
parameters obtained because of analysis with PEPro to a PSPICE compatible model and use itin a
PSPICE simulator. However, special care must also be taken to ensure the quality of the transformed
model and the accuracy of the circuit simulation in the PSPICE simulator. | will explain them here as well.

In this exercise, you will experience the S-parameter acquisition and the output of the PSPICE model.
(Please perform after completing "PEPro Setup”)

Below is the description for how to generate a PSpice compatible equivalent circuit from S-Parameters
generated from EM simulation in PEPro.

Note: As an example, a sample s-parameters file "sample_s_parameter_file.ds" in the dataset format is
provided in the "data" directory in the workspace, you can skip to step 3 if you wish to use this sample s-
parameter file.

After EM simulation, open S-Parameters window under "Results" -> "S-Parameters" in the Analysis
section of PEPro.

From the menu of S-Parameter window, click "File" -> "Save As...", then select Format as "SnP". Click
"Export". Then select "touchstone files" from Save as type dropbox and specify a file name. Click save. It
will save the S-Parameters file in the directory specified.

Open Broadband SPICE Model Generator from an ADS Schematic window by navigating to "Tools" ->
"Spice Model Generator" -> "Start Broad Band Generator". In Broadband SPICE Model Generator
window, select File type as "Touchstone", then browse the file saved in step 2. Then from Output
section,check PSPICE option and uncheck other options. Specify your preferred output file name prefix,
and output directory. Then click the "Start Model Generation" icon on the top task bar. It will generate
PSpice compatible equivalent circuit. A file with extension *.psp in your selected output directory will be
generated. The dataset window shows the correlation between input s-parameters data and the
generated data.

Users can change some settings in "Advanced Input Options" tab by unchecking the box "Use auto-
generated values, determined at run-time". Some recommended settings are:

1. The number of poles: set minimum to 1, and maximum to 50. If the maximum is set too small, it may
not converge if the Fitting Tolerance (default is 0.005) is set small.

2. Uncheck the option "Mirror poles into left-half plane" when the number of ports is large (> 60).

3. Enforce passivity option would greatly impact run time when the number of ports in S-Parameters is
large (>80). If Spice model generator runs too long for your S-parameters file, uncheck this option.
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N\Kf BBS_sample_s_parameter_file_BBSM [Page 1:5_Nport_BBSMG]:4
File Edit View Insert Marker History Options Tools Page Window Help

NERHA N X9 0 @ 4600 B mwmmmerons < 5HEERSE

Palette & X
Input S-Parameter data Dataset: sample_s_parameter_file_BBSM - Jun 09, 2021

Q @ S(1,1) 83 hode s-Paramesr daia
Use m1 and m2 markers to access element in the
@ @ scatiering matrix {Only integer values are relevant)
Magnitude [dB]
e E m1
BH f e | indep(m1)=1.000
=== _ M e B ey e s e o e | plot_vs(0. port_indexj=0
g_ s 10 20 30 40 50 60 70 80 90 100 indep(_d, 2)=D
1200 E
@ . E% 6__ S-Parameter Row
\\|9 3 ] 2
-1z ans indep(m2)=1.000
/L> L Y L SR N iz 3 4 5 & 7 & 3§ 10 indep(_d, 2)=0
I:l on 0z 0.4 08 08 10
freq, GHz S-Parameter Column
1 k Phase [deg]
T _ =3
LFINE
£ ]
g5 o]
e ]
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Obtaining a dataset from the analysis results of PEPro

Convert PEPro analysis results to ADS dataset format to create PSPICE models.

Double-click Results -> S-Parameters in the Setup column at the bottom left of the PEPro window.

Setup @
B ™ Low ESL Capacitor (b...  |*]
__i'?.l Power Inductor (buc...

_C'CI Power_transistor (bu...
. _C'CI Resistor 0603 (buck_...
[ _C'CI Resistor 0805 (buck_...
% Options...

- &% Run

B 77 Results

B S5-Parameters

[ WearField

g% FarField @

In the S-Parameters dialog that appears, perform the following menu operations: File-> [ Save As
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The Save Data As dialog will appear. Make sure the Format is "Dataset" and click the "Export" button.

PEPro Setup - Save Data As... >

Format: Datazet -
Cipen ADS Data Digplaw
Cinly export at zimulated frequencies

Total number of samples: a2

Save the dataset with arbitrary file name. Here, tentatively save the dataset with the name "Translating"

e R

J74 & (N): | Translating V|
I74 LDEEA(T): | Dataset (*.ds) »

~ JRllH-DIEET fREF(S) Fotll

This completes the acquisition of the dataset. Quit PEPro once.

Launch Broad Band SPICE Model Generator

Launch Broad Band SPICE Mdel Generator by performing the following menu operations, any Schematic
window- Tools - Spice Model Generator - Start Broad Band Generator.

.| Tools Layout Simulate Window Dynamiclink DesignGuide QueueManager Help

? GENESYS Synthesis.. L 2 E x - Il,lw t i
SPECTRASYS..
Encode Designs.
IC-CAP Import * L
LineCalc ’
Power Electronics Model Builder
&% Controlled Impedance Line Designer
SE Via Designer

Smith Chart...

Impedance Matching...

Model Composer

HSPICE Compatibility Component

v
y

Netlist Export v

Spice Model Generator » Start Broad Band Generator

User-Compiled Model 4 Start Narrow Band Generator

SnP Utilities ¥

B2 CheckDesign..

B4 ADS Desktop LVS...

2 Check Design Report...
Info/Identity..

Data File Utilities »

B Memory Interface AMI Model Builder.
Connect DDR Components...

Connection Manager Client.

Export ADS Ptolemy Design v

Broad Band SPICE Model Generator has been launched.
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® 1 Broadband SPICE Model Generator: C¥Program F D52021_Up 0/bbspice/configh.. — [m] x

File Model Generation Help
= EH @ e e

Standard Options |  Advanced Input Options | Advanced Output Options: |

put Output log Glear Advanced input optians: automatic
File type | Mone specitied > |

Input file name

[ Browse.

Output

File type [ ADS COutput file names:
[v HsPIGE
[ psPIcE
[v sPECTRE
[v sPIGE3
[ sPicE2

Thvalid directory specified

Output file name prefix

Output directory

[ Use input file directory

[bbspices Browse

Settings for output of PSPICE model

Make the settings on the Standard Options tab as shown below.
File Type: Set to Dataset
Input file name: Click the Browse button and specify Translating

Output “Check only PSPICE

Select the Advanced Input Options tab and configure the settings as follows: "Uncheck" Use auto-
generated values, determined at run-time

Changed Minimum in Number of poles column to "1".

"Uncheck" Enforce passivity
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Standard Options Advanced Input Options | Advanced Output Options ]

Input file-dependent options Fitting
[ us auto-generated values, determined at run-time Re-generate values [V Use refaxed fitting
Data (S-Parameters) [ Use giobal poles
Number of frequencies: 82 |— Stricthy proper
Minimum frequency |0 ’H |7 Mirror poles into left-half plane
Maximum frequency |5e+08 ’H Matrix sclver | Mormal equations -1
Dats sample | Al ﬂ Mazximum number of iterations m
Amplitude threshold |0.5555 Passivity
[ Maving Average for Data Smoothing [~ Enforce passivity
Number of points to be averaged together m e ,:5557
Data sparsification I TAT b e e Ty E
(% RMS-based (7 Mex-based
Sparsification threshold |0
Model
Number of poles
Minimum |7 Madmum |10 Step m
Fitting tolerance |0.005

*In this exercise, uncheck Enforce passivity to speed up Model Generation.

Output of PSPICE model

Click the Start Model Generation button to start outputting the model.
The Model Generation status is displayed in the Output log field. Observe it as needed.

When the output of the model is completed, the data display window will be launched.

Confirmation and changing of result (optional)

Observe the result on the data display. From top left to bottom left, S-parameters vs PSPICE model
magnitude [dB], phase [deg], and PSPICE model-to-S-parameter ratio [dB].
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Magnitude [dB]

" 2503
252
254 \
B -

256 \\

-2.58— -

dB(bbsmodel)
dB(input)

4 ~
<2.60—

B LAl B A e
1] 100 200 300 400 500

freq, MHz

Phase [deg]
1800

1795
179.0—
T 1785

= 1780

phase{bbsmodel)
phase(input)

1775+

A7 O T T T
] 100 200 20 400 500

freq, MHz

Magnitude of Deviation [dB]
ao

000~

201
202
03]
204
205

006

dB(bbsmodelinput)

LB I B L e I G L B
o 100 200 300 400 500

freq, MHz

By moving the sliders of "S-Parameter Row" and "S-Parameter Column" on the upper right of the data
display, you can check the S-parameter vs. PSPICE model of any combination of S (Row, Column).

m1
! indep(m1)=1.000
- 'I LI | L ] | L ] | LI B | LI B I UL Plot_vs(0| port_index)=0
0.0 100 20E1 3.0E1 40E1 50E1 6.0E1 indep(__d, 2)=0
S-Parameter Row
m2
ADS 4 indep(m2)=1.000
‘; LI | rrTT | LI | LI L | LI L | LI L PIOt_.‘Is(Or pon_index}:u
0 10 20 30 40 50 60 indep(__d, 2)=0

S-Parameter Column

For example, if you check the result of S (1,1), you can see some differences. Please check other things
as well.
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Input S-Parameter data
3(1 ’ 1 ) BBS Model S-Parameter data

Magnitude [dB]

dB(bbsmaodel)
dB(input)

-2.62 Il|f"l\r|‘llf\||[|l"lf\l
0 100 200 300 400 500

freq, MHz

The result is S-parameters and the PSPICE model, with some differences depending on the elements of
S (e.g. S (1,1)). This time, in Broad Band SPICE Model Generator, change "Minimum" in the "Number of
poles" list on the "Advanced Input Options" tab to "7", generate the Model again, and check the result on
the data display again.

Maodel

Mumber of poles

Minimum |[f Maxzimum |10 Step |1 El:
Fitting tolerance |0.004

Now you can see that the values match relatively well, for example S (1,1).

Input S-Parameter data
8(1 ’ 1 ) BBS Model S-Parameter data

Magnitude [dB]

dB(bbsmodel)
dB(input)

'255||\r"r1r1"1\r|"1|1|'||1|1
0 100 200 300 400 500

freq, MHz

However, for example S (54,1), there are still differences. This is because SPICE Model Generation uses
a lumped constant model to fit values as close as possible to the S-parameters. As long as itis a
combination, such a difference can inevitably occur. It is up to you to decide which parameters to use and
how to drive them.
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Input S-Parameter data
8(54:1 ) BBS Model S-Parameter data

Magnitude [dB]

1196
-11.88—

-12.00—

-12.02

dB(bbsmodel)
dB(input)

-12.04—

-12.06 LIS S B B
0 100 200 300 400 500

freq, MHz

This concludes the exercises in this chapter, but in the next section, we will explain the precautions for
using the generated model.

Confirmation of result file

Check the psp file created as a result of PSPICE Model Generation.
Open Windows Explorer.
Using Explorer, move to the folder of buck_closeloop  wEM2_wrk.

Under the buck_closeloop_ wEMZ2_wrk folder, there should be a file called Translating.psp in a folder
called bbspice. Open it using a text editor (such as WordPad or Notepad).

You should see something like the following: This is the PSPICE compatible model created by ADS.
Please use it on a PSPICE compatible simulator as appropriate.
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# Momentum eesofbbs_64 2021.20 (%) built: Feb 22 2021
KRR KRR KRR EOOR K

*bbspice subcircuit with consecutive port numbers.

LSUBCKT bbseice_Translat ine_subckt port_1 port_2 port_3 port_4 port_H port 6 port_7 port_8 port_9 port_10 port_11
13 port_14 port 19 port 16 port_17 port_18 port 19 port 20 port_21 port_22 port_23 port_24 port 2%

+ port_12 port_13 _
+ port 26 port_27 port_28 port_29 port 30 port_31 port_32 port_ 33 port_34 port 3% port_36 port_37 port_ 38 port 39

+ port_40 port_41 port_42 port_43 port_44 port_45 port_46 port_47 port_48 port_49 port B0 port 51 port_ 52 port 53

+ port_bd port_bb port 56 port_ b7 end

* PORT_1

vi_1 port 1 _ret 1 0.000000

vb_1 _net_4 net 5 0.000000

R_Z0_T _net_T _nmet_2 5.00000000000000e+01

Hb T et 2 end 0 vb_1 1.41421356237310e+01

E_w_1 et 3 and_ 0 port_1 and 0 7.07106781186043e-02

Hoi 1l nmet 4 rmet 3 vi T 3.53053390593274e+00

G_POLE port] port]_pl _ret 5 end 0 LAPLACE {¥(_ret 5, end 0)] = {-4.28834584661955e-05 / [=%2.38980717533100e-08 + 1.0)}
G_POLE port] port1_p2 _ret 5 znd_0 LAPLACE {V(_ret 5, and 0)] = {-3.00036952293738=-04 / (=%1.63140870861797e-09 + 1.0)}
_POLE port] port] 23 _net 5 and 0 LAPLACE {¥( net 5, end 0)] = {-7.36349390854130e-08 / (=%2,34373924963818e-10 + 1.0)1
G POLE port] port] pd net 5 end 0 LAPLACE {V( ret 5, and 0)] = {1.50734230108810e-02 / (gx1.29663270197934e-10 + 1.0}}
G_POLE port]_port1_p5 et 5 end 0 LAPLACE {¥(_net 5, and 0)] = {-6.760969289837526e-01 / (=¥9.33246333243005e-13 + 1.0)}
G_POLE port] port] B ret 5 end 0 LAPLACE (W( net B, end 0)] = {-2.00877521812407e-12 * (s + 4.04200138167767e+10)

+/ (272%3.03336712761958e-21 + =¥1.01798621586730e-10 + T7.0)]

G_POLE port] _port?_pl _ret_ =nd_0 LAPLACE {¥(_ret_10, end 0)} = {-2.09082098558252e-05 / (=%2.36980717533100e-08 + 1.0)}
G POLE port] port2 p2 net 5 end 0 LAPLACE {V( ret 10, end 0)] = {-5.82706492146593e-05 / (=%1.63140870861797e-09 + 1.0/}
G_POLE port]_port?_p3 et 5 end 0 LAPLACE {V(_ret_10, end 0)] = {-7.285816476236722-03 / (=x2.34373924963818=-10 + 1.0/}
G_POLE port] port? pd _ret 5 and 0 LAPLACE {V(_ret 10, end 0)) = {3.19596611262555e-02 / [=%].29663270197934e-10 + 1.0} }
G_POLE port] port? ph _ret 5 end 0 LAPLACE {V(_ret 10, end 0)} = {7.30194554824242-07 / (5#9.33246833243505e-15 + 1.0)}
G_POLE port] port? pb _net 5 znd 0 LAPLACE {¥(_ret 10, end 0] = {-5.08087992923765e-13 * (s + 1.92117277759779e+11)

Precautions for using the completed PSPICE model

Depending on the number of ports in the generated model, it may take seconds to hours for PSPICE to
import the model using the model editor. Alternatively, you can add the model file (.psp file) to be included
in the PSPICE simulator search path without using the model editor. The generated model file (.psp file)
is easy to use in simulations, so this method can save you a lot of time setting up your circuit in PSPICE.

The generated SPICE compatible model is valid for all simulations (DC, AC, and transient) supported by
PSPICE.

When you use the generated model in a PSPICE transient simulation, you may see a warning about non-
causal impulse responses in the status window. This is because the conversion algorithms used by
PSPICE and ADS are different. Warnings usually do not affect the simulation results and can be safely
ignored.

When using the generated model in a PSPICE transient simulation, if the simulated waveform is
unexpected, reducing the relative margin of error (RELTOL) may help to obtain more accurate results.

The generated model implicitly references the global ground node (0)

The generated PSPICE model does not retain the port name in the S-parameter file if it exists. Instead, it
is output into the SPICE model in exactly the same port order as the S-parameter file. We recommend, to
make it easier to build a complete post-layout circuit in a PSPICE compatible simulator, use PEPro's
Generate Sub Circuit option and follow the generated schematic to complete the connection on all ports
of the PSPICE model.
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Conclusion and next steps

In power electronics, ADS can solve problems that SPICE alone cannot:

Layout parasitics cause voltage spikes in high di/dt loops.

ADS incorporates an EM-based model of your PCB traces into the circuit simulation.
“What if...?” design space exploration.

This guide has just a small taste! Contact your Keysight EEsof EDA expert for further e-learning material
to meet your needs!

Keysight enables innovators to push the boundaries of engineering by quickly solving
design, emulation, and test challenges to create the best product experiences. Start your
innovation journey at www.keysight.com.
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