| | PATHWAVE
Virtual Reference Design
from Wolfspeed

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

This application note serves as a guide to use a Figure 1. Wolfspeed CRD-
PathWave ADS workspace to simulate a virtual HB12N.J1 Hal-Bridge
version of a physical reference design from

Wolfspeed Model CRD-HB12N-J1. This model

showcases the Silicon Carbide (SiC) power

transistors (C3M0032120J1 series) from Wolfspeed.

This guide provides instructions on how to start

building your next-generation switched-mode power

supply. The reference design — in both virtual and

physical forms - are a good starting point for your

own project.
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Dependencies/Pre-requisites from Keysight
Step 1: Download and Install the PathWave ADS binaries

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

2. Download the ADS installation file(s):
64-bit: ads_20XX_win_x64.exe
to any folder, for example C:\Temp.
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Figure 2. Downloading ADS software

NOTE: If you need any assistance, click Contact an Expert to reach out to an expert.
Step 2: Request a No-charge 45-days Evaluation License

Go to http://lwww.keysight.com/find/eesof-ads-evaluation.

Step 3: Download the workspace

Download the reference design workspace here.

Find us at www.keysight.com
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Installing Advanced Design System (ADS)

To install Advanced Design System on Windows, follow these steps.

1.

Run the downloaded installation file from the location where you saved it.
Before starting the installation, the installation file extracts all the necessary files in a temporary folder.

Select the language from the drop-down list of Installation window and click OK to continue.

On the Introduction screen, click Next to read the License Agreement. This is only a usage agreement and is
not related to the licenses required to run the software.

On the License Agreement screen, accept the agreement and click Next.

On the Choose Install Set screen, choose any one of the two installation options:

o Complete: For complete ADS installation. It requires about 4.5 GB of disk space and
installs the ADS design environment, simulators, documentation, examples, and design
guides. If you choose Complete installation, skip the next step.

o Custom: For custom ADS installation where you can choose from the ADS items you
want to install.
While you can choose which ADS items you want to install, the ability to run them is
determined by the purchased licenses.

For custom installation, the next screen lets you choose the items you want to install. Click
any item name to see the description of the same in the window. Select the items you want
to install and click Next.

You must choose to install ADS programs and tools which includes Layout, Simulators and
Schematic Capture; else ADS will not run properly. Manuals & Help is selected by default to
install the entire ADS documentation set. If you uncheck this item, documentation and help
files will not be available regardless of which other items you choose.

7. At the Choose Install Folder screen, click:

o Next to install to the default folder. The installation program creates this folder if it does
not already exist. One more option Restore Default Folder is also provided to restore the
default folder after every uninstallation.

o Choose to specify a different destination folder. If you specify a folder that does not
already exist, the installation program will create it for you. The default folder for ADS
installation is:
64-bit:"C:\Program Files\Keysight\ADS20XX"

You can change the default location and select your own desired path. Ensure that you
must have permissions to write to the disk drive on which you want to install ADS. The
installation also adds entries to your PC's Windows Registry, so ensure that you have
permissions to do so.

8. Atthe Set Your Home Directory screen, click:

o Next to accept the default.

o Choose to select a different folder. The folder you specify will be the default startup folder
for ADS. It will also be used to store the configuration data in a subfolder called hpeesof.
For every single release and sub-release of ADS (such as ADS 2012.08, ADS 2013.06,
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ADS 2014.01, ADS 2015.01 and ADS 2016.XX), you must choose a new Home folder for
each version. For the best performance, choose a folder on your local, not network drive.

9. Atthe Choose Shortcut Folder screen:
o You can type a name in Start Menu Folder Name to have the same named folder in Start
menu, by default it is Advanced Design Systems 2016.XX.
o If you want ADS icon on desktop, check the Icon To Desktop option.

10. At the Pre-Installation Summary screen, review your choices, and click:

o Previous to access previous screens to verify entries and make changes. This screen
appears again if you go back to make other choices.

o Install to start the installation. Immediately after you click Next, the Setup Status screen
appears, and the program configures the installation process. When the program
determines that your system is ready for installation, it begins to install files. The status
screen displays the files being installed and the progress.

o Cancel to exit the Setup without completing the installation.

11. After installation, click Done to quit the installer. The ADS License Setup Wizard starts
automatically after this and check for the license status. Before launching ADS, you must
complete the ADS license setup.

Setting Up Licenses on Windows
This section describes how to set up a node-locked license or a floating (network) license on Windows.

Both node-locked and floating licenses require license server to get installed and started. For a node-
locked license, license server and the client machine are the same machine (that is, your local
machine). For a floating license, these can be separate machines.

Setting Up Floating Licenses on Windows

Setting up floating licenses on Windows is a two-step process where both server-side setup and client-
side setup are needed.

Step 1: License Server Setup

To setup a dedicated floating license server that has no Keysight EDA software installed, you will need
to download and install the EEsof EDA License Server Software. This will install the license daemons
and utilities needed to configure and start the license server.

Repeat the following steps for each license server you have.
Step 2: Client Setup

Once the license is configured successfully for all the license servers, configure each client computer to
point to the network license server. License Setup Wizard offers the easiest method to get this done
Alternatively, you can perform this step manually by following step 3 of Setting up Node-locked License
on Windows section. Make sure to specify the network license server in the format of port@host.domain
or if no static TCP port is used on the license server, use the format @host.domain.
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Examples
27001@myServer.myCompany.com
@myServer.myCompany.com

In case a license server is down or is running slow, it is recommended to remove it from the server list
using the License Setup Wizard to avoid any performance degradation caused by the dead/slow
servers.

Setting Up Node-locked License on Windows

On Windows, the License Setup Wizard offers the easiest way to set up your node-locked license. We
strongly recommend you use the License Setup Wizard, especially when you have multiple Keysight
EEsof products installed on one computer. For more information, refer to Quick Install-Windows. This

section describes how to set up a node-locked license manually, should you decide not to use

the License Setup Wizard.

Do not perform manual setup steps with the License Setup Wizard. Choose one method or the
other. License Setup Wizard may not be able to replace what you set up manually due to Administrator
Privilege differences.

The following instructions assume that you have already installed Keysight EEsof Licensing
Tools in C:\Program Files\Keysight\EEsof License_Tools folder. In case you have not yet installed the
tools, run the Keysight EEsof Licensing Tools installer on the machine to which the license is tied to.
o If you have installed an EEsof product released before 1stAugust, 2014 on your system prior
to installing an EEsof product released after 1st August 2014 then the default EEsof
Licensing tools path will remain C:\Program Files\Agilent\EEsof License_Tools. On the

systems that only have EEsof products released after 1stAugust, 2014 installed then the
default EEsof Licensing tools path will be C:\Program Files\Keysight\EEsof License_Tools.

e Make sure to save the license file on the same machine where you install the Keysight
software.

The following 3-step process shows how to manually set up a counted license that is tied to a CPU ID.
Step 1: Start License Server Managers

Start the FlexNet license server managers (Imgrd and agileesofd) on the computer to which the license
is tied as follows:

1. Open the MS-DOS command prompt and change directory to the following path:C:\Program
Files\Keysight\EEsof _License_Tools\bin.

2. Specify the full path and location of the license file and the license log file, respectively, by typing the following
command:
Imgrd.exe -c <license file path> -/ <license log file path> where,
o <license file path> specifies one or more full pathnames to the license file(s).

o <license log file path> is the full pathname to the debug log file.

The spaces in pathnames requires double quotes around the path-names.

Find us at www.keysight.com
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Example
Imgrd.exe -c "C:\Program Files\Keysight\EEsof License_Tools\licenses\license.lic" -|
"C:\Users\Public\my_server_log.txt"

Step 2: Create Windows Service

To automate the restart of the license server mangers upon PC reboot, configure a Windows Service as
follows:

You must have Administrator Privileges to configure a Windows Service. The service will run under the
Local System account.

1. Run the Imtools.exe from C:\Program Files\Keysight\EEsof _License_Tools\bin. The Imtools utility window is
displayed.

2. Inthe Service/License File tab, select the Configuration using Services option.

3. Click the Config Services tab and enter the following details:

o Service Name: Type the service name (for example, EEsof EDA License Server).

o Path to the Imgrd.exe file: Click Browse and specify the path to thelmgrd.exe file on the
license server (for example, C:\Program
Files\Keysight\EEsof_License_Tools\bin\Imgrd.exe).

o Path to the license file: Click Browse and specify the path to the license file on license
server (for example, C:\Program
Files\Keysight\EEsof License_Tools\licenses\license.lic ).
If you have multiple license files for serving multiple Keysight EEsof products, you should
include them all.

o Path to the debug log file: Click Browse and specify the path to the debug log file on
license server (for example,C:\Users\Public\my_server_log.txt).

4. Select the Use Services option.
5. Select the Start Server at Power Up option.
6. Click Save Service.

7. To verify that the service is created, click the Start/Stop/Reread tab and observe that your
service shows up in the FlexNet license services installed on this computer list.
To verify if the license managers are running, click again on the Config Services tab later
and click View Log. A log window appears that confirms whether Imgrd and agileesofd are
up and running.

Step 3: Set Product Environment Variable

Set the environment variable <PRODUCT>_LICENSE_FILE to point the machine running the license
server managers (Imgrd and agileesofd).

1. Select Start > Control Panel > System. Click Advanced system settings. The System
Properties dialog box appears, and the Advanced tab is selected by default).
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2. Click Environment Variables.

3. Inthe Environment Variables dialog box, add the product specific environment
variable <PRODUCT>_LICENSE_FILE as a new system variable. For example, for
SystemVue, it is SYSTEMVUE_LICENSE_FILE, for ADS, it iSADS_LICENSE_FILE, for
EMPro, itis EMPRO_LICENSE_FILE and so on.

4. Inthe New System Variable dialog box, set the value to be the same as what you specified
in the --c argument when you start Imgrd . To use the example illustrated in Step 1, second
bullet, this value would be C:\Program
Files\Keysight\EEsof License_Tools\licenses\license.lic.

5. Repeat 3 and 4 for each Keysight EEsof product you have installed on your computer.

Launching Advanced Design System (ADS)

To start Advanced Design System (ADS), click Start > Advanced Design System 201x.xx from the
taskbar.
e For existing ADS users, ADS starts normally.

e For anew ADS user, The Welcome to the Advanced Design System screen is displayed with
two options:

o New to ADS - Starts ADS Quick Start, which enables new users to discover the basics of
ADS quickly.

o Familiar with ADS - Starts ADS in normal mode and enables you to explore all the
powerful and advanced ADS capabilities.

" Get Started =]

Welcome to the Advanced Design System (ADS)

New to ADS

Build your first circuit and simulate in minutes.

Familiar with ADS

Explore the more powerful capabilities in ADS.

] Don't show this again, T'm familiar with ADS. w KEYSIGHT

Figure 3. Getting started

ADS Quick Start Mode Highlights

o First-time User Detection: ADS Quick Start mode is enabled by default for the first time ADS
users. It can be enabled or disabled in the ADS (Main) preferences.

o Simplified Experience: Skips all the startup screens and wizards of the standard mode.

o Overlay Tips: Provides quick steps for getting started effectively with circuit drawing, setting
up simulation, and plotting/viewing results.

Find us at www.keysight.com
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e Missing Step Detection: Displays messages when critical steps have been missed such as
placing a Simulation Controller or in some case a Source.

Tips to Invoke ADS Quick Start Mode

When ADS starts, the Welcome to the
Advanced Design System screen is ADS starts normally. To enable ADS Quick Start:

presented. To turn off the screen: Type ads -quickstart from the command prompt.
Check the “Don’t show this again.”on  or

the lower left corner of the screen. Create a new ADS shortcut that calls ads -quickstart.
or or

From ADS Main window, click Options = From ADS (Main) window, click Options > Preferences and check the "Enable Quickstart"
> Preferences and uncheck the checkbox
"Enable Quickstart" checkbox.

Download the Workspace

https://www.keysight.com/find/wolfspeed-workspace-download

Unarchiving the Advanced Design System (ADS) Workspace
To unarchive the workspace:
1. Click File > Unarchive.

2. Click File > Unarchive.
The Select an Archive File browse window is displayed.

Design System 201501 (Main oo s
Options  Tools  Window DesignKits  DesignGuide  ADS Board Link »
b — ———
B D> =
Open 3
Close Workspace Shift+C
:L_lﬁt Convert Project...
E Delete Workspace...
o SaveAll %
— ple_wrk
F  Close All
Manage Libraries...
| CopyLibrary...

Rename Library...

Archive Workspace

L ——

mpol

Recent Workspaces »

X it Alt+F4
I

Use the File menu or the File Browser to open a workspace

Figure 4. Select an Archive
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3. Browse to the folder where you downloaded the workspace.

4. Click Open.
The Unarchive wizard is displayed.

[ Unarchive Wizard X

Unarchive Wizard
This wizard will assist you in unarchiving an ADS archive file into a destination path.

Destination path: |C:ﬂ..lsers | I Browse...

<Back Next> || Finsh || canced || Hep |

Figure 5. Unarchive wizard
5. Browse to select the destination folder.

6. Click Finish.
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The Wolfspeed Half-Bridge

The Wolfspeed Model CRD-HB12N-J1 is a half bridge with two transistors in parallel for each side (four
transistors total). The half bridge must be embedded into an outer circuit to operate. The analog
portions are implemented in ADS. The gate drivers are replaced with ideal drivers. Additional circuity
must be provided to operate the half bridge. Two types of circuits are implemented. First a simple Boost
converter which requires a DC source, Inductor, Capacitor, and Load. Second is a Clamped Inductive
Switching Network which requires a DC source and an Inductor. This circuit is used to measure
switching loss of the transistors and power balance between them,

= B3
| R | 2
LI 3
[T Te 413
AN "M R L 0 %
P

switching
Node ’ZV)

y (i:;f\) Siouiu, i

@J -

R
Rty

Figure 6. Wolfspeed CRD-HB12N-J1 Schematic

Note: The Zoom in Word will allow for higher resolution to resolve details in the figures.
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Understanding the ADS Workspace

W Advanced Design Systern 2021 Update 2 (Main)

File View Options Tools Window DesignKits DesignGuide Help
= HH %T—

wiw B WBDW=ES

File View Folder View Library View

v [ ChData_Files\Microwave\Keysight'\Power_Electronics\CRD_HB12M_11_wrk

» CRD_HE12ZM_N_lib_Components
» CRD_HM12ZM_1_lib

» Spice_lib

» Test_Transistor_lib

> XData_Displays

The default view into the
workspace is a hierarchical Folder

View

ChData_Files\Microwave\Keysight\Power_ElectronicshCRD_HB12M_1_wrk

Figure 7. ADS Main Window
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Help

Folder View Library View

v [ C:\Data_Files\Microwave\Keysight\Power_Electronics\CRD_HB12N_1_wrk
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Figure 8. Folder of Components
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I8 Advanced Design System 2021 Update 2 (Main) — O >

File View Options Tools Window DesignKits DesignGuide Help

Wi W7 B>ME%

File View Folder View Library View

v W] C:\Data_Files\Microwave\Keysight\Power_Electronics\CRD_HB12N_I1_wrk
> CRD_HB12N_N_lib_Components
» CRD_HMN12N_J1_lib
hd Spice_lib
» [€] _capacitor_ltspice
y & _inducter_ltspice
> [€] c3m0032120j1
> Test_Transistor_lib
> XData_Displays

Folder of imported

vendor models

Figure 9. Folder of Imported Vendor Models

[ Acvanced Design System 2021 Update 2 (Main) - m} x

File View Options Tools Window DesignKits DesignGuide Help
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File View Folder View Library View
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emSetup Schematic for PEPro
layout
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€] CRD_HE12N_11_PEPro_02_Extract
€| CRD_HB12N_J1_PEPro_03_Extract
v [€] CRD_HB12N_J1_PEPro_Boost_02

schematic
(€| CRD_HB12N_J1_PEPro_Boost_03
€] CRD HEB12N_11_PEPro Pulse 02
€] CRD HB12N_11_PEPro Pulse 03
€] CRD_HEB12N_1_Sche_Boost_02
€| CRD_HB12N_J1_Sche_Pulse 02
€] Test_SIO_01 w0
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Schematic Simulation

with PEPro Extraction

Y Y Y

C:\Data_Files\Microwave\Keysight\Power_Electronics\CRD_HB12N_J1_wrk

Figure 10. Folder of PEPro Extraction and Simulation
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Spice_lib

Test TETor_I

€| Test_Transistor_Body_Diode_01

£ Test_Transistor_Breakdown_01
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ChData_Files\Microwave\Keysight'\Power_Electronics\CRD_HB12N_JT_wrk

Figure 11. Folder of Simulations to Compare Transistor Model to Vendor Data Sheet

[ Advanced Design System 2021 Update 2 (Main) — [m| X
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> Spice_lib
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v

_Nq CRD_HB12N_1_PEPro_Boost 02.dds
FA':] CRD_HB12N_1_PEPro_Boost_03.dds
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=

C:\Data_Files\Microwave\Keysight\Power_Electronics\ CRD_HB12MN_J1_wrk

Figure 12. Folder of Data Displays

Running the Circuit Simulations “as-is”

The workspace contains circuit simulations with and without parasitics. The ones with parasitics have

the letters “PEPro” in the cell name. The ones without parasitics have the letters “Sche” in the cell name.

There are also two types of circuit topologies. The cells with “Boost” run use the half-bridge to run a DC-
DC Boost converter. The cells with “Pulse” run a clamped inductive switching topology. They all use the
vendor provided model for the transistors.
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N

1 CRD_HB12N_J1_PEPro_Boost_02 Boost Converter with Symmetric Half-Bridge Extraction
2 CRD_HB12N_J1_PEPro_Boost_03 Boost Converter with Asymmetric Half-Bridge Extraction

3 CRD_HB12N_J1_PEPro_Pulse_02 Clamped Inductive Switch with Symmetric Half-Bridge Extraction

4 CRD_HB12N_J1_PEPro_Pulse_03 Clamped Inductive Switch with Asymmetric Half-Bridge Extraction

5 CRD_HB12N_J1_Sche_Boost_02 Boost Converter Circuit Only

6 CRD_HB12N_J1_Sche_Pulse_02 Clamped Inductive Switch Circuit Only

Running the test benches for the circuit models:

3. Double-click the schematic for CRD_HB12N J1 PEPro_Boost 02.
4. Click on the simulate icon & to run the simulation.

5. The simulation takes about 5 minutes on a 3 GHz CPU

6. The data display will automatically open: There are four tabs

o Summary: Show Below

o Steady State: Shown Below
o Formulas: Not Shown

o Differential Plots: Not Shown

DC Supply and Inductor

Workspace: CRD_HB12N_J1

Schematic: CRD_HB12N_J1_PEPro_Boost_02
Author: Alan Palevsky

Description:

Schematic for Wolfspeed Half Bridge CRD_HB12N_J1
Set up as Boost Converter

W% | rRansiENT l - OPTIONS l [ e

Timing

[H] ver

" R
Ton Optons T Stari=0 Swieh - =
Opions T-St0p0.50 ms 2. 0n=0.032 Ohm
Tomp=Temp_C
Thom=2s

V_AbsTol=V_Abs_Tol
|_AbsTol=I_Abs_Tol
LimitStepForTL=yes GiveAllWamings=yes
TimeStepControl=Trunc Error  MaxWarnings=10

D
lod_P"Mod_Duty

‘Output_Convolution
Imp_Max_Freq=1.0s9 Imp_Max_Freqs=Imp_Max_Freq 1_Probo
_Probe 1R
Gate drivers setup such that both are never on at he same ime Vg

pper_Gate
v_pc

+| Upper Upper_Src
Vde=D+2"Mod_P_Fact

,I = MR
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Figure 13. Schematic of CRD_HB12N_J1 PEPro_Boost 02
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The circuit portion of the Boost converter can be modified by the user as well as the switching rate. As
Boost L and C are increased the Stop Time will need to be increased to reach steady state. The
simulations valid for both CCM and DCM. However, the formulas for the theoretical resistive losses are

only valid in CCM.

Workspace: CRD_HB12N_J1

Schematie: CRD_HB12N_J1_PEPro_Boost_02 Mode
Author: Alan Palevsky

Description: CCM
Schematic for Wolfspeed Half Bridge CRD_HB12N_J1 set
up as Boost Converter

M vode = if (Ls>L_Crits) then "CCM" else "DCM" endif

For L1s > L1s_Crit, the converter operates in CCM
for given Duty Cycle, Load, and Modulation Rate

Data Set

[ Default_Dataset_Modified_Date | Default_Dataset_Modified_Time |

[ Default_Dataset_Name I val(Default_Dataset_Size)
Jul 12, 2021 ‘ 05:48:32 PM ‘

l CRD_HB12N_J1_PEPro_Boost_02 189.4M

EIN_Cycles = int(T_Stops/iMod_Ps) [EAIT_Last=(N_Cycles-1)'Mod_Ps B Last=find_index(time,(N_Cycles-1)"Mod_Ps)
[ _int_Stop=T_Last + Mod_Ps ZH}l_Stop=find_index(time,T_Int_Stop)

EMMupper=Upper_Gate-Upper_Src

EBlLower=Lower_Gate-Lower_Src

Timings Integration Tolerances
[Tstats | Tstops |  Tlast | MaxTSteps | 1Stop | N Cycles | imp Max Freqs | [ T Rises | T Falls | Max T Steps | V Abs Tols | I Abs Tols | Q Abs Tols | IV Rel Tols |
l 0.0000 ‘ 500.0u ‘ 490.0u ‘ 10000 ‘ 91271 ‘ 50 ‘ 1.000 6 ‘ l 25000 ‘ 25000 ‘ 10.00n ‘ 10.00u ‘ 1000p ‘ 1000p ‘ 1.000 m
Voltages, Currents, Loads Lumped Elements Switch Losses Duty Cycles Theory: Power, Voltage, Current
[Vas [ Rs [ tnits | vinits |[Lcrts | s | RLs | Cs | RCs | [ROQ20ns [RQ50Ons |[RQ3 Ons |[RQ4Ons | [ Ds | Dps | [P _Eff Theorys | VO Theorys | IL Theorys |
l 277.000 ‘ 25.000 ‘ 0.000 ‘ 0.000 ‘ l 15.63u ‘ 160.0u ‘ 10.00m ‘ 1.000u ‘ 10.00m ‘ l 3200m ‘ 32.00m ‘ 3200m ‘ 3200m ‘ l 0500 ‘ 0500 ‘ l 0995 ‘ 551.485 ‘ 44.119 ‘
Switch Modulator
[Mod Fs | Mod Ps | Mod P _Offs | Mod P Facts | Mod Dulys | Mod Offs | Mod Rises | Mod Falls | T Stops | [[P_Eff_Theorys | P_Eff 5SS Avg | PR SS Avg | P In_SS Avg |
l 1000k ‘ 10.00u ‘ 250.0n ‘ 2500m ‘ 500.0m ‘ 5.000u ‘ 12000 12000 ‘ 500.0 u 9955 m 988.9m 12,04 k ‘ 1247k ‘
Inductor Current Load Voltage Gate Voltages (Differential)
700}
60
o0 A
e
S0 A
7 500
LT, v ol
< TR Els! B3
5 > 33
3 s00-| 53
2 s
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10 o]
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Lower Gate (High and Low Sides)
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Figure 14. Summary Tab for Data Display: CRD_HB12N_J1_PEPro_Boost_02

The Summary Tab lists all the inputs that control the simulation plus plots of the transient responses.
The limit lines on the inductor current and load voltage are theoretical values derived from the circuit

values and resistive losses in the transistors.
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Workspace: CRD_HB12N_J1
Schematic: CRD_HB12N_J1_PEPro_Boost_02 MOde
Author: Alan Palevsky
Description:
Schematic for Wolfspeed Half Bridge CRD_HB12N_J1 set CCM
up as Boost Converter
Data Set
Default_Dataset_Name' Default Dataset_Modified_Date Default_Dataset_Modified_Time
CRD_HB12N_J1_PEPro_Boost_02 Jul 12, 2021 05:48:32 PM
Voltages, Currents, Loads Lumped Elements Switch Losses Duty Cycles
[ ves | Rs [ inits [ Vinits | [LCrits [ Ls [ RLs | Cs | RCs | [[R Q2 Ons [ R Q5 Ons [R QU Ons [ R Q3 Ons [ R Q4 Ons | R QL Ons | [ops [ Ds |
| 277.000 |  25.000 ‘ 0.000 ‘ 0.000 | 1563 u ‘ 160.0u ‘ 10.00 m ‘ 1.000 u ‘ 10.00 m | | 32.00m ‘ 32.00m ‘ 16.00 m 32.00m ‘ 32.00m ‘ 16.00 m | 0.500 ‘ 0.500 |
Voltages, Currents, Loads Switch Modulator
[ ves [ Rs [ ILits | V_Inits | [ ModFs | ModPs | Mod Dutys | Mod Offs | Mod Rises | Mod Falls | T Stops | Mod P _Offs | Mod P_Facts | Z0_Theol
| 277.000 |  25.000 ‘ 0.000 ‘ 0.000 100.0 k ‘ 10.00 u ‘ 500.0m ‘ 5.000u ‘ 120.0n ‘ 1200n ‘ 500.0u ‘ 250.0n ‘ 25.00m 0.104
Theory
[P in Theory | | L Theory | P RL Theory | P RQ L Theory/2 | P_RQ L Theory/2 [ P RQ U Theory/2 [P RQ U Theory/2 | P RC Theory | P R Theory | | R Theory | VO Theory [zl Dyn Theory |
12220.915 ‘ 44.119 ‘ 19.465 7.786 7.786 ‘ 7.786 ‘ 7.786 ‘ 4.864 ‘ 12165.442 ‘ 22.059 551.485 6.278
Simuluation
[ PinssAg | 1LSSAg | PRLSSAg | PQ2SSAyg | PQ5SSAg | PQ3SSAig | PQ4SSAyg | PRCSSAg | PRSSAg | IRSSRMS | VOSSRMS | 7SS Avg |
12174.779 ‘ 43.952 ‘ 19.380 ‘ 41.233 ‘ 41.851 ‘ 11.253 11.330 4.028 12039.964 21.945 ‘ 548.634 6.302
[1_L_Rip_Theory | VO_Rip_Theory | P_Eff_Theo P_Loss_Theol
| 8.656 ‘ 110.738 0.995 55.472
[ ILRpsSS | VORpSS | P_Eff SS_Av, P_Loss SS_Av
| 8.608 ‘ 99.588 | 0.989 129.074

Figure 15. Steady State Tab for Data Display: CRD_HB12N_J1 PEPro_Boost 02

The Steady Tab lists all the steady state values taken for the last switching period. The theoretical
values are listed above the ones obtained from simulation. The theory does not take into account
switching losses. As expected, the losses in simulation for the transistors is higher than that of theory.
However, the overall efficiency is still high, 99.5% theory and 98.9% simulation.

Double-click the schematic for CRD_HB12N_J1_PEPro_Pulse_02.
Click on the simulate icon % to run the simulation.

9. The simulation takes about 1 minutes on a 3 GHz CPU
10. The data display will automatically open: There are two tabs

o Summary: Show Below
o Formulas: Not Shown
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Workspace: CRD_HB12N_J1

Schematic: CRD_HB12N_J1_PEPro_Pulse_02
Author: Alan Palévsky

Description:

Schematic for Wolfspeed Half Bridge CRD_HB12N_J1
Set up in 5 pulse mode as specified by the customer

Transistor Model with Threshold Control
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Figure 16. Schematic of CRD_HB12N_J1_PEPro_Pulse_02

The Inductor value of 21 nH and the Modulation rate of 370 kHz was set to give pulses in 20-amp steps.
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Data Set
[ Default_Dataset_Name | val(Default_Dataset_Size) | Default Dataset Modified Date | Default Dataset Modified Time |
l CRD_HE‘\ZN_J|_PEPm_Pmss_02‘ 28.08M ‘ Jul 13, 2021 ‘ 11:22:43 AM ‘
Workspace: CRD_HB12N_J1 Timings
iﬁ?ﬁg;fx&f&gg\:EJZN—J1—PEPR"—P“‘SE—OZ [T Stats | T Stops | Max T Steps | [Temp cs | Integration Tolerances
Description: l 0.0000 ‘ 15.00u ‘ 1.000 n ‘ I 25.000 ‘ [T Rises | T Falls | MaxT Steps | V_Abs Tols | | Abs Tols | Q Abs Tols | IV Rel Tols |
Schematic for Wolfspeed Half Bridge CRD_HB12N_J1 l ‘ ‘ ‘ ‘ ‘ ‘ ‘
Set up in 5 pulse mode as specified by the customer 25000 25000 1.000n 10.00u 10000 100.0p 1.000m
Voltages, Currents, Loads Lumped Elements Swilch Losses Duty Cycles
[tcs [ rom |
[Ves T tinits | v inits ] [ T RrRis | [[R a2 0ns [R Q5 Ons [ R Q3 Ons [ R Q4 Ons | [ Ds | Dps |
l 600.000 ‘ 0.000 ‘ 0.000 ‘ l 21.00u ‘ 10.00m ‘ l 32.00m ‘ 3200m ‘ 3200m ‘ 3200m ‘ l 0500 ‘ 0500 ‘
M Lower=Lower_Gate-Lower_Src Switch Modulator
Upper:Upper Gate-Upper_Src [Mod Fs | Mod Ps | Mod P Offs | Mod P_Facts | Mod Dutys | Mod Offs | Mod Rises | Mod Falls | T Stops |
l 3700k ‘ 27034 ‘ 250.0n ‘ 9250m ‘ 500.0 m ‘ 1351u ‘ 12000 ‘ 12000 ‘ 15.00 u ‘
Inductor Current
Gate Voltages Switch Transistor Currents - On to Off
e Switch Transistor Currents - Off to On
: :
i
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T T T T T T T 2 4 8 8 0 12 14 1 - UNSSSUBRIPUSR VUSSR SRS RO LS LI P
2 4 s 8 0 12w 1210 1213 1216 1219 1222 1225 1228 1231 1234 1237 1240 T T T T T T ]
time, usec 1350 1353 1356 13.59 1362 1365 1368 1371 1374 1377 13.80
time, usec time, usec
time, usec
Switch Node Switch Transistor Currents
N Switch Node Voltage - On to Off Switch Node Voltage - Off to On
r e
r r
120 f12
600
al L 600 6001
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2 4 5 8 0 12 i 1 2 4 6 & w0 12 a1 P e S P77 S 2 A
time, usec time, usec 1210 1213 1216 1219 1222 1225 1228 1231 1234 1237 1240 1350 1353 1356 13,59 13,62 1365 1368 1371 13.74 1377 1380
Gate Thresholds time, usec time, usec
[V Thresh Q2s TV Thresh Q3s | V Thresh Q4s | V Thresh Qbs | Lot
l 2700 ‘ 2.700 ‘ 2700 ‘ 2.700 ‘ -
[[EQ2 01 On [ E Q5 01 On | ES 01 On | E Q2 01 Off | E Q5 01 Off | ES 01 Off | ES 01 Total |
‘ 329.4u ‘ 33420 ‘ 66354 ‘ 52.87u ‘ 53.70u ‘ 1066 u ‘ 770.1u ‘
02
Q2 - Current [[E.02 02 on [ E Q5 02 On | ES 02 On | E Q2 02 Off | E Q5 02 Off | ES 02 Off | ES 02 Total |
[[iDs @2 01 [ 1bs a2 02 | ibs a2 03 | Ibs a2 04 | l 540.8u ‘ 5489 u 1.090 m 1453 u ‘ 146.9u ‘ 2922u ‘ 1.382m
219 ‘ 40.9 ‘ 597 ‘ 782 ‘ 03
Q5 Current [EQ2 03 0n[E Q503 On] ES030On | E Q203 Off [ E Q5 03 Off | ES 03 Off | ES 03 Total |
l 7719.4‘ 78384 1.556 m 2545.4‘ 267014‘ 5715u‘ 2427m
[(iDs a5 o1 [ 1bs 5 02 [ DS @5 03 [ 10s @5 04 | o
223‘ 415‘ 604‘ 792‘ —
[[E.02 04 on [ E Q5 04 On | ES 04 On | E Q2 04 Off | E Q5 04 Off | ES 04 Off | ES 04 Total |
l 1.015m ‘ 1.031m ‘ 2047 m ‘ 460.4 u ‘ 46420 ‘ 9246 ‘ 2971 m ‘

Figure 17. Summary Tab for Data Display: CRD_HB12N_J1 PEPro_Pulse 02

The four plots on the left show the time evolution on a long-time scale of the voltages and currents. The
four plots on the right show the expanded view of the voltages and currents about the fourth pulse
transition. These values are integrated to calculate the power losses. The results are summarized in the
Tables. Notice the two transistors (red and blue) in the plots have almost identical performance.

11. Double-click the schematic for CRD_HB12N_J1 PEPro_Pulse 03.
12. Click on the simulate icon & to run the simulation.
13. The simulation takes about 1 minutes on a 3 GHz CPU

14. The data display will automatically open: There are two tabs

o Summary: Show Below

o Formulas: Not Shown
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Data Set

Default_Dataset Name [

[ val(Default Dataset Size) | Default Dataset Modified Date
| oRro_HB12N_s1_PEPro_Pulse 03 |

[ Default_Dataset Modified Time |
4l 10,2021 |

2937M‘ 092332AM‘
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Sohemal: CRD_HB 2N 31_PEPRo_Pulse_03 Toes T Ve Tt e
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Figure 18. Summary Tab for Data Display: CRD_HB12N_J1 PEPro_Pulse_03

This second extraction was performed with an asymmetric connection between the two lower transistors
at the switching node. This results in an unbalance in current carried between the two transistors in
parallel. This can be seen in the plots above



Viewing the details of the PEPro set-up

At the main ADS window

Wﬂdvanced Design Systern 2021 Update 2 (Main) - O ®f
File View Options Tools Window DesignKits DesignGuide Help ]

Whw BF WBD>MW=S

File View Folder View Library View

Cih| t\Power_Electroni D HB12N_ 1 _wrk
> | CRD_HB1ZN__lib_Components
v || CRD_HN12MJ1_lib
v [€] CRD_HB12N_J1_02
EI embetup
layout
PEPro_02

> [€] CRD_HB12N_J1_02
E tech.subst [Master for CRD_HB12MN_1_lib] 1
[€] CRD_HB12N_J1_PEPro_02_Extract

[€] CRD_HE12N_1_PEPro_03_Extract

[€] CRD_HB12N_I1_PEPro_Boost_02

[€] CRD_HB12N_I1_PEPro_Boost_03

[€] CRD_HB12N_1_PEPro_Pulse_02

[€] CRD_HB12N_J1_PEPro_Pulse_03

[€] CRD_HB12N_I1_Sche_Boost 02 Substrate Definition

[€] CRD_HB12N_I1_Sche_Pulse_02
> [€] Test SO0

> Spice_lib

» | Test_Transistor_lib

» || XData_Displays !

Imported Layout

Ci\Data_Files\Microwave\Keysight\Power_Electronics\CRD_HE12N_J1_wrk =

Figure 19. Main ADS window

The PEPro window is the layout after import into PEPro with the ports highlighted in red
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Figure 20. PEPro window
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Import of Allegro BRD File

Create a new ADS workspace and then import the .brd file using the import menu from the main menu

W Import

Impaort Connectivity

File type
|AJIEgmBRDHIE V| | Preview... |

Import file name (source)

|C:‘l.DaE_FiIes‘l.Micrnwaue‘l.l{eysight‘l.Hardware_ﬁu'endnrs‘l,w::lfspeed‘l,cRD—HElZN—Jl_T‘u'_RE‘u'A.brd|| Browse. .. |

Destination

Library name | <Mew Library = e
Cell name w
View name v

ot

Ok | Cancel | Heb

Figure 21. Import of Allegro BRD File

Note: See the ADS documentation for Allegro BRD import. Additional third-party software needs to be

installed for the import to work

After the import is complete, the substrate needs to be modified. The bottom “Cover” ground plane

needs to be added to provide the reference ground for the parasitic extraction. Also, the loss tangent for

FR-4 needs to be changed from 0.04 to 0.02.
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_ tech [CRD_HB12N_I1_lib] (Substrate):3 o
File Technology Edit View Options Tools Window Help
DERH9 QP BZEREM
Substrate Name: tech (Master Substrate) Use right mouse context menus to add or delete substrate items.
| Selectitems on the substrate and view their properties below.
o ) AR Shorteuts in the Edit menu can be used to quickly edit the next substrate item.
Substrate Layer
7596 M FR4(45) Material |FR4(4.5) V]
DRILLiTC!LEO'I‘[m (15+2.74) mil Thickness [15 [mi ~|
. Ffﬁ““ 7 rRa(43) A m
o ”15 mil
H 7
4322 " FR4(45)
i F—T-ETCH_INNER2 (15+2.74) mil
E : ""'i‘AIR
248 = ETCH_BOTTOM ) (20+5.48) mil
o mil -f v
Substrate Layer Stackup e E
Type Name Material Thickness
Dielectric AR
1 ConductorLayer  ETCH_TOP (1000) COPPER 5.48 mil
Dielectric FR-4 15 mil
2 ConductorLayer  ETCH_INNERT (1001) COPPER 274 mil
Dielectric FR-4 15 mil
3 Conductor Layer ETCH_INNERZ (1002) COPPER 274 mil
Dielectric FR-4 15 mil
4 Conductor Layer ETCH_BOTTOM (1003) COPPER 5.48 mil
Dielectric AR 20 mil
Cover PERFECT_CONDUCTOR 0 mil

Figure 22. PCB layer viewer

The major issue with the import is that the component values are not “connected”. That is, when using
PEPro and moving a component in the Design panel to the Component Values in the Analysis panel
there is no model information. In ADS layout, for each imported component, there is a layout, a circuit
and a symbol. However, the circuit is just a set of ports all open and the symbol is a generic box that
does not correspond to the type of component (e.g., resistor, capacitor, ...). All the components must be
updated for the component value. Values that need to be passed from the top schematic can be set
using “global” parameters.

Click on the schematic icon of the component model to be updated and then add the component value
between the port pins. An example of a 100nf capacitor is shown below. This process must be used for
all the components that are to be selected for the PEPro analysis. For this Wolfspeed example 11
components are used.

B Advanced Design System 2021 Update 2 (Main) - O X
File View Options Tools Window DesignKits DesignGuide Help .
= oy = =
= | = - A Cr =)
Wi B ER>#EE% -~
File View Folder view Library View 1
~ Wl C\Data_Files\Microwave\Keysight\Power_Electronics\CRD_HB12N_I1_wrk A Num=1
4 CRD_HB12MN_J1_lib_Components ||
> (€] ¢_c0603_c0603 _Inf 1 c
v [€] c_c0603_c0603_100nf L ¢t
<0603_90_1 1 —_ C=100nF
E schematic
symbol j
> [€] c_c0603_c1206_4.7uf
> [€] c_c1206_c1206_4.7uf
> (€l c_c1812_c1812np |
> [€] c_c3640_c2220 0.1uf : )
> [€] c_cap_c0603_discrete_100nf_ 1 "O
> (€] c_cap_np_4l_cap_41_37p5x10p2_8uf - . . 2
T Num=2
C:\Data_Files\Microwave\Keysight\Power_Electronics\CRD_HE12N_J1_wrk ‘

Figure 23. a) ADS main window, b) Schematic view of capacitor
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Import of SPICE Transistor Model

The SPICE model for the MOSFETs must be imported separately. It is another component and is not
part of the brd import. The transistor used in the half-bridge is a C3M0032120J1 Silicon Carbide Power
MOSFET. The SPICE model is available for the website.

o . -
CREE = Wolfspeed Products ~ Applications  Tools & Support ~ Company  Careers  Investors Contact Q

Document Library

Home > DocumentLlibrary

@ iT? jopiceand PLECS &, KIT-CRD-3DD12P LTSpice Version: 10

Materials Ih.nngice and PLECS 3. KIT-CRD-3DDO65P LTSpice Version: 1.0

lels
Product Category + imspiceand PLECS &, ausic schottky Diode PLECS Models Version: 1.0
:J;)xcumentType + k}zg'eﬁi LS . Ausic Schottky Diode LTspice Models Version: 1.0
X Clear All \spiceand PLECS &, Al sic MOSFET PLECS Models Version: 1.0

LTspice and PLECY

Models . AlSiC MOSFET LTspice Models Version: 1.0

LTspice and PLECS

Modele &, Allsic Module PLECS Models Version: 1.0

Figure 24. Import model

The import window with options is shown below. Notice that the SPICE “dialect” is set to LTspice and
the import is a Netlist, not a schematic.

I8 import x

Impart Connectivity
File type
Metlist File ~ | | Preview...

Import file name (source)

L’.‘:\Dam_FilesWicrowave\Keysight‘lPower_EIech'onics‘l,CRD_HE 12M_34_wrk\C3M003212001m. ckt Browse...

Destination

Library name | <Mew Library: ~
Cell name

View name

OK Cancel Help

Figure 25. import options window
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W Import Metlist Options

Input Netlist Dialect
[ Firstline is a comment

|:| Suppress name mapping

Translated Output Format
(® ADS Netlist

(O ADS Schematic (Not recommended for large drcuits)
Optional Directory Location

Directory To Store ADS Netlist
(defaults to workspace directory)

|C:\Dam_FiIesWicrowave\Keysig1 Browse...

Element Replacement Table

Figure 26. Import netlist options

The connections to the imported SPICE model are shown below. The names were added to the box to
indicate usage.

¢3m0032120j1
Q2 P—
R
— T R1
R=1 MOhm
V_DC B —
V_Th_Q2 B
Vdc=V_Thresh_Q2 — V_DC
8 O + — Temp_C1
Num=8 — Vdc=temp ;
- Num=7
1
Num=1 O - 6
* D Num=6
2 ez <O
Num=2 5
C Num=5
3 O
Num=3 4
Num=4

Figure 27. SPICE model with connections

I T
Gate Source - Kelvin Source Drain Temperature Thermal T.C Gate Threshold
Ports 1 through 8 are circuit connections. Tj is the junction temperature set through a DC voltage source

set to the ADS global temperature parameter “temp”. It is set in the ADS controller options block. The Tc
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resistive connection sets the transient thermal time constant. Setting the value to 1 MQ eliminates any
thermal transient effects. The Vth connection uses a voltage to set the gate threshold. This allows for
different gate values for the four transistors in the design. The value is set in a “global” VAR block in the
top schematic.

Specifying Input/Output Pins
Finally, the Input/Output pins need to be inserted. These are the location in the layout that connect to

the top-level schematic. Click on the Select-Pin Icon C in the layout menu and place the pin at the
desired location. The location of Pins one and two are shown below. Pins are shown by the pink arrows

Figure 28. Input/Output pins configuration window

Thirteen Pins are required for the extraction. Their circuit locations are listed below.

e e e T T e

Q2:Gate Q2:Src  Q5:Gate  Q5:Src Q3:Gate  Q3:Src Q4: Gate ~ Q4: Src Bus + Switch Node Ground

Figure 29. The thirteen port locations with the pink arrows are shown in the layout

Once all the above-mentioned steps are completed, PEPro can be invoked
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PEPro Setup

In the layout window click Tools > PEPro > Open

CRD_HB12N_11_02 [CRD_HB12ZN_J1_lib:CRD_HB12N_J1_02:layout] (Layout):4
File Edit Select View Inset Options Tools  Schematic EM  Window DesignGuide Help

NEEE X9 N3 MR 2 7 TRl ¥ 91 ¢

= DRC Results Viewer...
et & 5 &E O T\ OA

Set Connectivity Options...

a =
emSetup bl tE:ng g @ [ | Check Connectivity L4
Navigator g I Controlled Impedance Line Designer
o7 90 @ == Via Designer
[Type here to find RFPro 3 Mew..
Name SIPro/PIPra v Open...
O Pl PEPro 4 e
O P10 Component Model Library Tool 3
O
On P12 52 Check Design...
O P12 B4  ADS Desktop LVS...
Onop2 5  Check Design Report...
Op3 Calibre LVS L4
On P4
»
O ps Layout versus Layout
On Pe Macro b
O p7 Info/ldentity...
Ope
n P9 Thermal Floorplanner

[€] C19: c_cD03_c0B03_1Inf
[€] C41: c 3640 2220 D.1uf
[€] C42: c_c3640_c2220_0.1uf
[€] C43: c_c1812_c1812np
[€] €45: c <0603 0603 1nf

Figure 30. RFPro tools

In the PEPro Main window, view the Project and Setup dockable sub-windows content. The Project sub-
window contains all elements included in the layout that is nets, components, pins, and so on. The
Setup sub-window is used for EM analysis of either entire design (Parasitic Extraction-All Nets) or only
selected nets (Parasitic Extraction-Selected Nets).

- o x
S DI A ERPPDL HHRED TEY v 1O LE
FPEEE O L Nty [ pEOA
e S EEEYOE B
e -
o e

> ] Donttshow s wrdon for Select commend

Figure 31. PEPro window



Component Models and Pins

In the example, Ports, Component Models, Pins, Options have already been configured. You can
double-click the Run button to run an EM Model Extraction. To understand the setup, read the details in
the subsequent sections.

Select the 11 used components under Project > Components. Drag them to the Setup sub-window
and drop onto Parameter Extraction-Selected Nets> Component Models. Select all the pins under
Project > Pins and drop them onto Parameter Extraction-Selected Nets> Pins.

lf :;I:tr:p(:ents T ) File Ecit View Tools Help H & 00—
- G c_c0603_c0603_Inf Project [&lx]
B G c_c1812_c1812_np ,h [~
G- ©_c3640 2220 0.1uf -E Substrate B
[ c_cap_np_4l_cap_4|_37p5x10p2_8uf 8O Pins T
[E: con_keystone8174_keystone7701_gnd Or P1:: LOWER_GATE
@il con_keystoneB174_keystone7701_hv... Cn P23 LOWER SRC 2
23 con_keystoned174_keystone7701_mi... On| P31 LOWER_GATE
E ct_toroid_ct_slotted _toroid_ct_slo ~O1|P4:: LOWER SRC
E J_bnc_mmex_th_ra_vgs ©n|P3:: UPPER GATE
-3 j_bnc_mmox_th_ver_vgs ~ Ol PG UPPER_SRC
B+ {147 j_conn_trbli_2_header_2x1_200_2_1 O P7:: UPPER GATE
- j_conn_trblk_2_header 2x1_200 25m g E; B;ZER'SRC
[ EE j_tandm_w-series_shunt_w-1-003¢-2 sy P1D":: LBUS
-4 jt_hdr_1x1_m_con_Tx1_63mil_jo_7351 o P11 SW NODE B
B+ il q_c3m0032120j1_1_to-263-71 xI_aln O P12+ GND_POWER
B (il r_r0603_r0603_10k @ ©r{ P13 3 GND_POWER
- L LT L Y] {1 Virtual Pins
s I ‘ @I] [ O Reference Pins
Setup (&)%) =[]l Definitiors =
=] Pargsitic Extraction-Selected Nets [«] 2 Materipls -
.
0 pors . et &=
: I lets - [ Parasific Extraction-Selected Nets [+]
I pars 20 Popts
£ Fompenent Models @ 4| 1
F W c_cDB03_c0603_1nf (CRD_HBIZN_I1_.. = | 2m
- con_keystone8174_keystone7701_gn... w2
&+ ® con_keystone8174_keystone7701_hv.. & ) &
B # con_keystoned174_keystone7701_mi... (2B
[E: F_ﬂ ct_toroid_ct_slotted_toroid_ct_slo (C.. B
- A q_c3m0032120j1_1_to-263-71 xI_aln (... [
- E r_rD603_r0B03_10k (CRD_HB12N_I1_... g
- r_r1206_r1206_1meg (CRD_HB1ZN_I... &
[e: F_ﬂ r_r1206_r1206_2.0 (CRD_HB12N_1_C... = E
[E: E j_tandm_w-series_shunt_w-1-005¢-2... -
M c_c3640_c2220_0.1uf (CRD_HE12N .. B 7 13 p13
- “10 Opticns... : - P Nets

Figure 32. a) PEPro configuration sub-window, b) PEPro configuration sub-window

Options Setup
Frequency Plans

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. For debugging, a simpler frequency plan can be chosen.

For this project a switching frequency of 100 kHz and a rise and fall time of 5 nsec was chosen. The
5 nsec is needed to resolve the voltage and current ringing during the switch transition. These settings
result in maximum characterization frequency of 1 GHz
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PEPro Setup - Setup Parasitic extraction-Selected nets

& Parasitic Extraction-Selected MNets

) Ambient Conditions - (Temperature=25 =C)

== Process Variation

/i Frequency Plans

Frequencies | Fields Storage |

| Type Switching Freg

Ripple Freq

Rise Time

Fall Time

x SMPS 100 kHz

Optional

Sns

ns

% Simulater

E Resources

/ Motes

Cancel

Figure 33. Set up parasitic extraction

Simulator

Momentum RF provides the fastest EM simulation speed with good accuracy. Momentum RF is a fast,
guasi-static 3D planar solver that is appropriate for SMPS PCBs and packages. The slower Momentum
Microwave setting is intended for a different purpose, namely multi-gigahertz microwave circuits where
the highest wavelength, that is, speed of light divided by highest frequency is physically much smaller
than the size of the board. FEM is intended for objects with arbitrary 3D geometries such as connectors

or boards with very high layer count.

PEPro Setup - Setup Parasitic extraction-5elected nets

& Parasitic Extraction-Selected Nets

) Ambient Conditions - {Temperature=25 °C)

Z= Process Yariation

i Frequency Plans

% Simulator

Preset: Momentum RF I .

Simulator: Momentum RF
Mesh density: | 20 cpw

Figure 34. EM simulation preset
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Advanced Simulator Settings

Change Matrix solver to “Direct-Dense”, the Thick conductor model to “3D”, the Via conductor model

to “Lumped” and the Healing snap distance to “Off”.

Many SMPS board designs use large arrays of vias as thermal paths between layers. Meshing them as

2D or 3D objects increases the mesh size dramatically with no major effect of circuit performance.

PEPro Setup - Advanced Simulator Setup

Simulator: Momentum RF

+Export,
| Global Overrides
£} Solver
- Matrix solver Direct-dense
" Green's function cache Automatic
Automatic
20 cpw
Mesh Domain Optimization Off
eometry overlap extracti... Mormal
- Edge mesh Off
“ Mesh reduction On
= Physical model
-~ Thick coenductor model 3D
“ Via conductor model Lumped
=~ Preprocessor
~ Healing snap distance Off
implify layout On
- Ignore conductor shapes  Automatic
- Ignore conductor holes Automatic

Figure 35. PEPro advanced simulation setup

Resources

You can run EM simulations on a local or remote host machine and benefit from faster simulation times.

PEPro Setup - Setup Parasitic extraction-Selected nets

& Parasitc Extraction-Selected Nets

i) Ambient Conditions - (Temperature=25 °C)

=5 Process Variation

A4 Frequency Plans

A, Simulator

2 Resources

Host: | Local Queue

&

Max parallel jobs: | 1
Max threads per job: | Auto

¥ 4

# Notes

Done

Cancel

Figure 36. Simulation resources setup
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Running a PEPro Simulation

Double-click Run to start the EM simulation. The simulation takes several minutes depending on
available computation resources. When the simulation completes, close the Simulations window.

Setup E]

-- :I:] Ports

G-l Mets

w Parts
F_q Component Models

% Options...

EIEI Parasitic Extraction-Selected... M\

[]

Figure 37. Simulation run button

Results

Generate Sub Circuit

Once the simulation is complete, double click Generate Sub Circuit to generate an EM model that can
be used in the EM-circuit co-simulation. If the sub circuit already exists in the workspace, it may
overwrite with the new EM simulation data. The example already contains a sub-circuit named
schematic_Parasitic_Extraction-Selected_Nets and it will be overwritten(updated).

B T Results

-0 5-Parameters

- [ MearField

-4 FarField

Generate Sub Circuit...
Generate Voltage Spi...
Generate Conducted...
Generate Radiated E...

=

Graphs

Setup E]
[«

(]

<l B

Figure 38. Simulation results run button
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Theoretical Efficiency — Resistive Loss Only — CCM operation

Definition of Terms

R, = Inductor Series Resistance

R. = Capacitor Series Resistance

Ros =Switch Transistors Parallel On Resistance

Roc = Commutator Transistors Parallel On Resistance
R = Load Resistance

T = PWM Period

D =Duty Cycle

D' =1-Duty Cycle

V, = DC Input Voltage

(A1)
Efficiency due to Resistive Losses
1 R+R.
= . D'(RR +RRy. +RRyc )+ (DRys +R, (R + RC)}( R j
D"’R®
(A:2)
Output Voltage and Inductor Current
V, =%V977R =1, =ﬁV977R )
Input and Output Power
2 2
PpR P

Power Dissipated in Inductor and Capacitor

2

V2 P V?D R D
P =—2Y _Rp2=R | —2 P =—2—R =P | —
R T DrR? L7TR L (VgﬂR j Re ~ DRRZ© ( R+R. IR = Fout ( D'j

(A:5)

Power Dissipated in Switch Transistors

2
DV? P
P, =—L Rt =Ry D| -
Qs D!4R2 QS’/R QS V?]
9iR/(A6)

Power Dissipated in Commutator Transistors




(A7)
Input and Output Impedance
V 2
z1=p?RL =T 20 =—(R_+DRy + DRy )7,
P D’
TR out (A:8)

Inductor Ripple

-1
V,TD {1+ (R, + DRy + D'DRy )]
(A:9)

Al =~
L L DIZR

Output Voltage Ripple

V ) i
s [ ]-F]
RD D Vg (A:10)

Note: The actual efficiency will be less due to switching losses.



Design Space Exploration and “What if...?” Analysis

In contrast to a sequence of expensive and time consuming “solder-and-see” physical prototypes, the
virtual prototype is more cost-effective for exploring the design space and performing “What if...”
analysis. For example, the reference design as-is may be close to what you need, but not an exact
match. But if you modify it you run the risk of introducing unwanted side effects like excessive voltage
spikes and EMI problems. The virtual prototype gives you insight on how to change it while minimizing
side effects. Try replacing some of the components with lower cost, lower performance ones. An
example would a capacitor with higher series inductance or resistance and hence a lower self-resonant
frequency. Next try re-routing the PCB traces, especially those in the switched loop that has high di/dt
trapezoidal waveforms. See how the ringing and EMI are affected.

Conclusion

Virtual prototypes like this one are complementary to physical prototypes. Physical prototypes are the

gold standard for compliance and measured characteristics of course but they have several drawbacks:

e Expensive and time consuming to design, build, and measure
e Vulnerable to catastrophic failure — the infamous smoke test that produces actual smoke

e Hard to get a measurement probe onto interior nodes so you can’t really see what is going on
inside

In contrast, virtual prototypes are easy to change and while they do indicate device overstress, they

never emit real smoke. The voltage, current, and fields at every spatial point in the 3D grid and every

time step in the simulation can be recorded and made accessible for plotting, even point that are

physical inaccessible in the real world such as inside a semiconductor package.
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