cadence

AWR Analyst
Getting Started Guide

Product Version 22.1 ISR3



AWR Analyst Getting Started Guide

© 2023 Cadence Design Systems, Inc.
Printed in the United States of America.

Cadence Design Systems, Inc. (Cadence), 2655 Seely Ave., San Jose, CA 95134, USA.

Open SystemC, Open SystemC Initiative, OSCI, SystemC, and SystemC Initiative are trademarks or registered
trademarks of Open SystemC Initiative, Inc. in the United States and other countries and are used with permission.

Trademarks: Trademarks and service marks of Cadence Design Systems, Inc. (Cadence) contained in this document
are attributed to Cadence with the appropriate symbol. For queries regarding Cadence’s trademarks, contact the
corporate legal department at the address shown above or call 800.862.4522.

All other trademarks are the property of their respective holders.

Restricted Permission:This publication is protected by copyright law and international treaties and contains trade
secrets and proprietary information owned by Cadence. Unauthorized reproduction or distribution of this publication,
or any portion of it, may result in civil and criminal penalties. Except as specified in this permission statement, this

publication may not be copied, reproduced, modified, published, uploaded, posted, transmitted, or distributed in any
way, without prior written permission from Cadence. Unless otherwise agreed to by Cadence in writing, this statement
grants Cadence customers permission to print one (1) hard copy of this publication subject to the following conditions:

1. The publication may be used only in accordance with a written agreement between Cadence and its customer.
2. The publication may not be modified in any way.

3. Any authorized copy of the publication or portion thereof must include all original copyright, trademark, and other
proprietary notices and this permission statement.

4. The information contained in this document cannot be used in the development of like products or software,
whether for internal or external use, and shall not be used for the benefit of any other party, whether or not for
consideration.

Disclaimer: Information in this publication is subject to change without notice and does not represent a commitment
on the part of Cadence. Except as may be explicitly set forth in such agreement, Cadence does not make, and
expressly disclaims, any representations or warranties as to the completeness, accuracy or usefulness of the
information contained in this document. Cadence does not warrant that use of such information will not infringe any
third party rights, nor does Cadence assume any liability for damages or costs of any kind that may result from use
of such information. Cadence is committed to using respectful language in our code and communications. We are
also active in the removal and/or replacement of inappropriate language from existing content. This product
documentation may however contain material that is no longer considered appropriate but still reflects long-standing
industry terminology. Such content will be addressed at a time when the related software can be updated without
end-user impact.




Table of Contents

| T o1 L 1oz o ) AP SPPR PPN 1-1
Introducing the AWR Design Environment Platform ..............cooooiiiiiiiiiiiiiiii e 1-1
ADOUL THIS GUIAE ...ttt e e e e e e e eannes 1-2

S (e L ) L1 USRS 1-2
Contents Of thiS GUIAE .......iiuuiiiii it ettt e e e e 1-2
Conventions Used in This GUIAE .........c.uiiiiiiiiii e 1-2
Getting Additional INfOrMAation ..............oiueiiiiiiii ettt e e e e e e e e e et e aeeeannaes 1-3
Cadence AWR KNOWIedge Base ..........oiuniiiiiiiiiiiiiei et e e e e e e eans 1-3
DOCUMEIEALION ...ttt ettt et ettt et e et e et e et e et e e e e eaneeees 1-3
ONINE HEIP 1oviiiniiii et e et e e e e et e et e e e et e et e e aaeaans 14
ONLINE SUPPOTL 1.ttt ettt et et et e e et e et e et e et e e et e eaa e e s e et e aa e aaeaneasn et eeteeneenns 14

2. AWR Design Environment PIatforim ...........coooiiiiiiiiii e 2-1
Starting AWR SOftWare PrOGIAINS .........couiiiiiiiiiieii e e et et e e e e e e et e et e et e e e eaaeaaneeans 2-2
AWR Design Environment Platform COmMpPONENtS ............oiuuiiiniiineiieiiieieiieiie e iiee e eaeeaneeieeieaenas 23
T (e O3S 21 o) PPN 24

WOrking With PrOJECES ......iieiiiiii it e et e e e e e e e et e et e e eaeaes 24
o [ A G101 (< 11 T PPN 2-5
Creating, Opening, and Saving ProOJECtS ...........viuuiiiiiieiiieiiie et e e e e e aanas 2-5
Opening EXample PrOJECS .....ovuiiuiiiiiiiie et e e e e e et e et e e e e aens 2-5
Importing Test BENCRES .........oiiniiiiiii e e e 2-6

Working with Schematics and Netlists in Microwave Office ...........cocvviiiiiiiiiiiiiii e, 2-7
AddINg Data t0 NEIISS ...vuivniiiiiieii et et e et e et e e e e e e e e ea e et e et e e eaeaeaanas 2-8

Working with System Diagrams in VSS ... 2-8

Connecting Element and System BIOCKk NOAES ..........oovuiiiiiiiiiiiiiiiiie e 2-9

Using the E1ements BrOWSET .........oiuuiiiiiiiiiei et et et e et e e e et e e e aeeaaenas 2-10
Adding Subcircuits t0 SChEMALICS .....uuiiviieiii e e e e e e e e e e eaeeas 2-11
Adding Subcircuits to System DIAIamS ..........ceuvivneiineiieiieeiieiieeieeiereereererreeieeaaeens 2-12
Adding Ports to Schematics and System Diagrams ................coeevveiiiiiiiiiiniiiniiieiie e, 2-12

Creating EIM SEIUCLUIES ....vvuiiiiiiii ettt e e e e e et e e e e e e e e e et e et e et e et e aa e aaeaaneesneeanns 2-12
Adding EM Structure DIaWINGS .........ccuueiineiiniiieiieiieiie e iee e eteeie e e et e et eaeeeaneaaneenns 2-13

Creating a Layout with Microwave Office ..........c.oiiiiiiiiiiiiiiiiiiei e 2-14
Modifying Layout Attributes and Drawing Properties .............ooevuveiuiiiiiiniiniieiieiieeinenn. 2-15
Using the Layout ManageT ............evuneiineiieiieiiieeieti et e e e eieeae et e eae it eaaeernearneereenaeens 2-16

Creating Output Graphs and MEaSUICIMENLS ............ueiuneirneirneinerneeieerreeieeierieereerrnerrnerneeenneees 2-17

Setting Simulation Frequency and Performing Simulations ...............cooevviiiiiiniiiniiiniiieieiieen, 2-18
Tuning and Optimizing SIMUIAtIONS ...........iiveiiiniiieiie et e e e e e e e e e eaens 2-19

Using Command SROTECULS ... ....ivuiiieiieieii et e e e e e et et e e e et e e e e et e et e et eaeaeseennns 2-19

Using Scripts and WIZATAS .........iueiiiniiieii sttt e et e e et e et e et e e e et e ate et e eaaeaaneeaeeaeees 2-20
USING ONIINE HEIP 1ovniiniitiiie ettt e e e et e et e et e et et e e e e e e e e e ea e et e et eanesenas 2-20

3. ANA: Using the Analyst 3D Electromagnetic SIMulator ..............ccoeeiiiiiiniiiiiiieiieeiie e e e eaes 3-1

Creating a Simulation for a Simple EM StruCtUIe ..........couiiuiiiniiiiii e e e e e 3-2
Opening an EXiStiNg PrOJECt .........ouiiiiiiiii et e e e e e e e e eanns 3-2
Converting the AXIEM Structure t0 ANALYSt .........oiiniiiiiiiiieii e e e eens 3-3
Running the STMUIAtION ........oivniiiiii et e e e e e e e e e e et e et e en e aneeanees 3-9

4. ANA: Hierarchy and 3D Parts in ANalYSt ........coiiiiiiiiieiieiie e e e e e e e e e e e eaneeaneees 4-1

Building a Hierarchical SImulation ................eiiniiiniiiniiieie e e e et e e e e e e e e e e e e eeenes 4-1
Opening an EXiStiNg PrOJECt .........ouiiiiiiiiii e e e e e e e e e e e e eanns 4-1
Creating an Analyst EM STrUCHUIE .........ouiiiniiiiiiieiie et e e et e e e e e e e aens 4-1
Adding a 3D Parameterized Cell (Bond WIres) ...........coouuiiiiiiiiiniiiiiii e 4-11

Getting Started Guide iii



Contents

5. ANA: Using Arbitrary 3D Structures in ANALYSt ..........oieiiiiiieiiei et e e e e eaanas 5-1
Creating and Importing 3D SHIUCTUIES .......vuuiiuneiieii ettt et e e e e e e e e e e e e e e e e eaean e aneaaneeannas 5-1
Opening an EXiSting PrOJECt ........couiiiiiii et e e e 5-1

Adding the SIMA CONNECIOT . ..uuieiiin ettt e et et et et e e e e e e e e e et e e e et e e e e eaneeaneenneeneens 5-2

Adding SoIAEr Pads ......oouiiiiiiei e 5-8

Simulating the Entire StUCIUIE .........ovuniiiiiie et e e e eanns 5-10
Configuring for Transition Simulation Only .............ooeiiiiiiiiiiii e 5-14
Encapsulating the Chip and Bond WIres .............ccoiiiiiiiiiiiiiiiini e 5-17

6. ANA: Importing SAT Files in ANALYSt .....oouniiiniiitie ittt et e e e e e e e e e e e eaneeannas 6-1
Using a Custom Housing to Enclose the PCB ..........cooiiiiiiiiii e 6-1
Opening an EXiSting PrOJECt ........oouiiiiiiiii ettt e e e e anns 6-1

IMporting the HOUSING .....vuiieniiie ettt et e e e e e e e e e e e eanns 6—-1

Assigning Materials t0 the StrUCTUIE ...........eiiuuiiiiiiiiii e 64

SIMulating the STUCTUIE .......vuniie et e e e e e e e e e e e eaeenns 69

5316 £ Index-1

iv AWR Design Environment



Chapter 1. Introduction

The following AWR Design Environment Getting Started Guides are available:

* The Microwave Office Getting Started Guide provides step-by-step examples that show you how to use Microwave
Office software to create circuit designs.

* The AWR Analyst Getting Started Guide provides step-by-step examples that show you how to use Analyst software
to create and simulate 3D EM structures from the Microwave Office program.

* Microwave Office MMIC Getting Started Guide provides step-by-step examples that show you Monolithic Microwave
Integrated Circuit (MMIC) features and designs.

* AWR Visual System Simulator Getting Started Guide provides step-by-step examples that show you how to use VSS
software to create system simulations and to incorporate Microwave Office software circuit designs.

To set up the AWR Design Environment software for PCB style design, choose Tools > Create New Process to display
the Create New Process dialog box, then click the Help button for details on using this tool.

Introducing the AWR Design Environment Platform

This platform comprises two powerful tools that can be used together to create an integrated system or RF design
environment: VSS and Microwave Office software. These powerful tools are fully integrated in the AWR Design
Environment platform and allow you to incorporate circuit designs into system designs without leaving the design
environment.

VSS software enables you to design and analyze end-to-end communication systems. You can design systems composed
of modulated signals, encoding schemes, channel blocks and system level performance measurements. You can perform
simulations using the VSS software predefined transmitters and receivers, or you can build customized transmitters and
receivers from basic blocks. Based on your analysis needs, you can display BER curves, ACPR measurements,
constellations, and power spectrums, to name a few. VSS software provides a real-time tuner that allows you to tune the
designs and then see your changes immediately in the data display.

Microwave Office software enables you to design circuits composed of schematics and electromagnetic (EM) structures
from an extensive electrical model database, and then generate layout representations of these designs. You can perform
simulations using any of the Cadence AWR simulation engines, such as a linear simulator; the Cadence APLAC® HB
simulator for nonlinear frequency-domain simulation and analysis; the AXIEM 3D-planar EM simulator; the Analyst
3D-FEM simulator; or transient circuit simulators (the APLAC transient simulator or an optional Spectre simulator), and
display the output in a wide variety of graphical forms based on your analysis needs. You can then tune or optimize the
designs and your changes are automatically and immediately reflected in the layout. Statistical analysis allows you to
analyze responses based on statistically varying design components.

The tool set spans the entire IC design flow, from system-level to circuit-level design and verification, including design
entry and schematic capture, time- and frequency-domain simulation and analysis, physical layout with automated
device-level place and route and integrated design rule checker (DRC), and a comprehensive set of waveform display
and analysis capabilities supporting complex RF measurements.

OBJECT ORIENTED TECHNOLOGY

At the core of the AWR Design Environment platform capability is advanced object-oriented technology. This technology
results in software that is compact, fast, reliable, and easily enhanced with new technology as it becomes available.
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About This Guide

About This Guide

Through working examples, this Getting Started Guide is designed to familiarize you with Microwave Office, VSS, and
Analyst software; and MMIC capabilities.

Prerequisites

You should be familiar with Microsoft® Windows® and have a working knowledge of basic circuit and/or system design
and analysis.

This document is available as a download from the Cadence AWR Knowledge Base.

If you are viewing this guide as online Help and intend to work through the examples, you can download and print out
the PDF version for ease of use.

Contents of this Guide

Chapter 2 provides an overview of the AWR Design Environment platform including the basic menus, windows,
components and commands.

In the Microwave Office Getting Started Guide the subsequent chapters take you through hands-on examples that show
you how to use Microwave Office software to create circuit designs including layout and AXIEM 3D planar EM layout
and simulation.

In the Analyst Getting Started Guide the subsequent chapters take you through hands-on examples that show use of the
Analyst 3D Electromagnetic simulator for 3D EM simulation within Microwave Office software. Use of 3D parametric
layout cells and a 3D Layout Editor is included.

In the Microwave Office MMIC Getting Started Guide the subsequent chapters take you through hands-on examples that
allow you to work with Monolithic Microwave Integrated Circuit (MMIC) features and designs.

In the AWR Visual System Simulator Getting Started Guide the subsequent chapters take you through hands-on examples
that show you how to use VSS software to create system simulations and to incorporate Microwave Office software
circuit designs.

Conventions Used in This Guide

This guide uses the following typographical conventions:

Item Convention

Anything that you select (or click on) in the AWR Design |Shown in a bold alternate font. Nested menu selections are
Environment program, such as menus, nested submenus, |shown with a ">" to indicate that you select the first menu
menu options, dialog box options, buttons, and tab names |item and then select the submenu item:

Choose File > New Project.

Text that you enter using the keyboard Shown in a bold within quotation marks:

Enter "my_project" in Project Name.

Keys or key combinations that you press Shown in a bold alternate font with initial capitals. Key
combinations using a "+" indicate that you press and hold
the first key while pressing the second key:

1-2 AWR Design Environment
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Item Convention

Press Alt+F1.

File names and directory paths Shown in italics:

See the DEFAULTS.LPF file.

Getting Additional Information
There are multiple resources available for additional information and technical support for Cadence products.
Cadence AWR Knowledge Base

The Cadence AWR Knowledge Base includes these and other resources:

» Application Notes - Technical papers on various topics written by Cadence or our partners.

» Examples - Pages explaining project examples in the installed software or available for download.
» Licensing - A step-by-step guide to resolving most licensing problems.

* Questions - Frequently Asked Questions (FAQs) and answers for common customer issues.

* Scripts - Scripted utilities to help solve specific problems.

» Documentation - Downloadable copies of the latest released documentation.

* Videos - Short technical videos on how to accomplish specific tasks.
Documentation
Documentation for the AWR Design Environment platform includes:

* What's New in AWR Design Environment v22.1? presents the new or enhanced features, elements, system blocks, and
measurements for the current release. This document is available in the Help by clicking the Windows Start button
and choosing AWRDE 22.1 > AWR Design Environment Help and then expanding the Cadence AWR Design Environment
node on the Contents tab, or by choosing Help > What's New while in the program.

* The AWR Design Environment Installation Guide describes how to install the AWR Design Environment platform
and configure it for locked or floating licensing options. It also provides licensing configuration troubleshooting tips.
This document is downloadable from the Cadence AWR Knowledge Base.

* The AWR Design Environment User Guide provides an overview of the AWR Design Environment platform including
chapters on the user interface; using schematics/system diagrams, data files, netlists, graphs, measurements, and output
files; using variables and equations in projects, and more. In addition, an appendix providing guidelines for starting a
new design is included.

* The AWR Design Environment Simulation and Analysis Guide discusses simulation basics such as swept parameter
analysis, tuning/optimizing/yield, and simulation filters; and provides simulation details for DC, linear, AC, harmonic
balance, transient, and EM simulation/extraction theory and methods.

* The AWR Design Environment Dialog Box Reference provides a reference of many program dialog boxes with dialog
box graphics, overviews, option details, and information on how to access each dialog box.

» The AWR API Scripting Guide explains the basic concepts of AWR Design Environment scripting and includes coding
examples. It also provides information on the most useful objects, properties, and methods for creating scripts in the
AWR Script Development Environment (AWR SDE). In addition, this guide contains the AWR Design Environment
Component API list.
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* The Quick Reference document lists keyboard shortcuts, mouse operations, and tips and tricks to optimize your use
of the AWR Design Environment platform. This document is available within the program by choosing Help > Quick
Reference. This is an excellent document to print and keep handy at your desk.

» Context sensitive Help is available for most operations or phases of design creation. To view an associated Help topic,
press the F1 key during design creation.

Documentation for Microwave Office software includes:

» The AWR Microwave Office Layout Guide, which contains information on creating and viewing layouts for schematics
and EM structures, including use of the Layout Manager, Layout Process File, artwork cell creation/editing/properties,
Design Rule Checking, and other topics.

* The AWR Microwave Office Element Catalog, which provides complete reference information on all of the electrical
elements that you use to build schematics.

* The AWR Microwave Office Measurement Catalog, which provides complete reference information on the
"measurements” (for example, computed data such as gain, noise, power, or voltage) that you can choose as output
for your simulations.

Documentation for VSS software includes:

* The AWR Visual System Simulator System Block Catalog, which provides complete reference information on all of
the system blocks that you use to build systems.

* The AWR Visual System Simulator Measurement Catalog, which provides complete reference information on the
measurements you can choose as output for your simulations.

* The AWR Visual System Simulator Modeling Guide, which contains information on simulation basics, RF modeling
capabilities, and noise modeling.

Documentation for the 3D Editor and Cadence Analyst™-MP multi-physics simulator (stand-alone product for
multi-physics types of EM problems) includes:

» The What's New in Analyst-MP v22.1 (Analyst Whats_New.pdf), which presents the new or enhanced features for
both the 3D Layout Editor and Analyst-MP simulator software.

* The Analyst-MP Getting Started Guide (Analyst_Getting Started.pdf), which provides step-by-step examples that
show you how to use Analyst-MP simulator software.

* The Analyst User Guide (Analyst User_ Guide.pdf), which provides an overview of the 3D Editor and Analyst-MP
simulator software; including chapters on the user interface, structures, simulations, post-processing, variables, data
files, and scripting.

Online Help
All AWR Design Environment documentation is available as on-line Help.

To access online Help, choose Help from the menu bar or press F1 anywhere in the program. Context sensitive help is
available for elements and system blocks in the Elements Browser and within schematics or system diagrams, and for
measurements from the Add/Modify Measurement dialog box.

Online Support

The Cadence Learning and Support System is available from the Cadence Support website. You can navigate to this site
from the AWR Design Environment platform by choosing Help > Get Technical Support.
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Chapter 2. AWR Design Environment Platform

The basic design flow in the Cadence® AWR Design Environment® platform is shown in the following flow chart.

Create Project
File > New Project or File > New with Library

Set Units, Environment Options
Options > Project Options
Create Schematics/Diagrams (Microwave Office) Create Layout
Project > Add Schem./Sys. Diagram[*— View > View Layout
View > View Schematic

\/

\
Set Frequency, Simulation Options
(Microwave Office) Options > Def. Circuit Options

(VSS) Options > Def. System Options

Y
Create Graphs/Measurements
Project > Add Graph
Project > Add Measurement

Y
Simulate Circuit

——Microwave Office) Simulate > Analyz

> (VSS) Simulate > Run Sys. Sim.
\ \
(Microwave Office) Optimizing Tuning
Simulate > Optimize Simulate > Tune
A A
Set Optimization Goals Manually Vary Parameters
Project > Add Opt Goal Simulate > Tune Tool
\ A
Automatically: Automatically:
*Updates Schem./Sys. Diagrams *Updates Schem./Sys. Diagrams
*(Microwave Office) Updates Layout *(Microwave Office) Updates Layout
*Simulates *Simulates
*Updates Results/Graphs *Updates Results/Graphs

This chapter describes the windows, menus and basic operations for performing the following tasks in the AWR Design
Environment platform:

* Creating projects to organize and save your designs

 Creating system diagrams, circuit schematics, and EM structures

* Placing circuit elements into schematics

* Placing system blocks into system diagrams
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* Incorporating subcircuits into system diagrams and schematics
* Creating layouts

* Creating and displaying output graphs

* Running simulations for schematics and system diagrams

* Tuning simulations

NOTE: The Quick Reference document lists keyboard shortcuts, mouse operations, and tips and tricks to optimize your
use of the AWR Design Environment platform. Choose Help > Quick Reference to access this document.

Starting AWR Software Programs
To start the AWR Design Environment platform:

1. Click the Windows Start button.
2. Choose All Programs > AWRDE 22.1 > AWR Design Environment 22.1.

The following main window displays.
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AWR Design Environment Platform Components

Title bar —_— i‘""': Untitled Project -  AWR Design Environment
Menu bar ———»|:

Toolbar ——— 3 |: [
Project Browser — |:

== Project
..... Design Motes

..... Project Opticns
Iz Global Definitions

----- [=) Data Files
System diagrams P System Diagrams
Circuit schematics .. Circuit Schematics
----- 771 Netlists

..... EM Structures

..... |z= Output Equations
----- sl Graphs

..... 51 Optimizer Goals
..... = Yield Goals

..... =3 Output Files

----- Data Sets

..... loga Circuit Symbols
..... [=F] Simulation Filters
..... |Z0) Switch Lists
B Wizards

..... 71 User Folders

Tabs e Project | [*z| Elements | [ Layout |
Siaus Window [ Somstimion] |
Status bar

If the AWR Design Environment platform was not configured during installation to display in your Start menu, start the
application by double-clicking the This PC icon on your desktop, opening the drive and folder where you installed the
program, and double-clicking on MWOffice.exe, the AWR Design Environment platform application.

AWR Design Environment Platform Components

The AWR Design Environment platform contains the windows, components, menu selections and tools you need to
create linear and nonlinear schematics, set up EM structures, generate circuit layouts, create system diagrams, perform
simulations, and display graphs. Most of the basic procedures apply to Cadence Microwave Office® software, Cadence
Visual System Simulator™ and (VSS) communications and radar systems design software. The major components of
the AWR Design Environment platform are:
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Component Description

Title bar The title bar displays the name of the open project and any Process Design Kit (PDK) used with
the project.
Menu bar The menu bar comprises the set of menus located along the top of the window for performing

a variety of Microwave Office and VSS tasks.

Toolbar The toolbar is the row of buttons located just below the menu bar that provides shortcuts to
frequently used commands such as creating new schematics, performing simulations, or tuning
parameter values or variables. The buttons available depend on the functions in use and the
active window within the design environment (as well as any customization of toolbar button
groups). Position the cursor over a button to view the button name/function.

Workspace The workspace is the area in which you design schematics and diagrams, draw EM structures,
view and edit layouts, and view graphs. You can use the scrollbars to move around the workspace.
You can also use the zoom in and zoom out options from the View menu.

Project Browser Located by default in the left column of the window, this is the complete collection of data and
(Project tab) components that define the currently active project. Items are organized into a tree-like structure
of nodes and include schematics, system diagrams and EM structures, simulation frequency
settings, output graphs, user folders and more. The Project Browser is active when the AWR
Design Environment platform first opens, or when you click the Project tab. Right-click a node
in the Project Browser to access menus of relevant commands.

Elements Browser The Elements Browser contains a comprehensive inventory of circuit elements for building your
(Elements tab) schematics, and system blocks for building system diagrams for simulations. The Elements
Browser displays by default in the left column in place of the Project Browser when you click
the Elements tab.

Layout Manager The Layout Manager contains options for viewing and drawing layout representations, creating
(Layout tab) new layout cells, and working with artwork cell libraries. The Layout Manager displays by
default in the left column in place of the Project Browser when you click the Layout tab.

Status Window (Status | The Status Window displays error, warning, and informational messages about the current
Window tab) operation or simulation. The Status Window displays by default at the bottom of the workspace
when you click the Status Window tab.

Status bar The bar along the very bottom of the design environment window that displays information
dependent on what is highlighted. For example, when an element in a schematic is selected, the
element name and ID displays. When a polygon is selected, layer and size information displays,
and when a trace on a graph is selected, the value of a swept parameter displays.

You can invoke many of the functions and commands from the menus and on the toolbar, and in some cases by
right-clicking a node in the Project Browser. This guide may not describe all of the ways to invoke a specific task.

Basic Operations

This section highlights the windows, menu choices, and commands available for creating simulation designs and projects
in the AWR Design Environment platform. Detailed use information is provided in the chapters that follow.

Working with Projects

The first step in building and simulating a design is to create a project. You use a project to organize and manage your
designs and everything associated with them in a tree-like structure.
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Project Contents

Because Microwave Office software and VSS software are fully integrated in the AWR Design Environment platform,
you can start a project based on a system design using VSS software, or on a circuit design using Microwave Office
software. The project may ultimately combine all elements. You can view all of the components and elements in the
project in the Project Browser. Modifications are automatically reflected in the relevant elements.

A project can include any set of designs and one or more linear schematics, nonlinear schematics, EM structures, or
system level blocks. A project can include anything associated with the designs, such as global parameter values, imported
files, layout views, and output graphs.

Creating, Opening, and Saving Projects

When you first start the AWR Design Environment platform, a default empty project titled "Untitled Project" is loaded.
Only one project can be active at a time. The name of the active project displays in the main window title bar.

After you create (name) a project, you can create your designs. You can perform simulations to analyze the designs and
see the results on a variety of graphical forms. Then, you can tune or optimize parameter values and variables as needed
to achieve the desired response. You can generate layout representations of the designs, and output the layout to a DXF,
GDSIL, or Gerber file. See Appendix B, New Design Considerations in AWR Design Environment User Guide in the
AWR Design Environment User Guide for advanced guidelines on starting a new design. You can also transfer technology
and design information with Virtuoso and DE-HDL/Allegro platforms through a Cadence Unified Library. See Appendix E,
AWR Design Environment Interoperability with Virtuoso and Allegro in AWR Design Environment User Guide in the
AWR Design Environment User Guide for details.

To create a project choose File > New Project. Name the new project and the directory you want to write it to by choosing
File > Save Project As. The project name displays in the title bar.

To open an existing project, choose File > Open Project. To save the current project, choose File > Save Project. When you
save a project, everything associated with it is automatically saved. Cadence AWR® projects are saved as *.emp files.

Opening Example Projects

Cadence provides a number of project examples (*.emp files) in the installation directory to demonstrate key concepts,
program functions and features, and show use of specific elements.

To search for and open example projects referenced in this guide:
1. Choose File > Open Example.

The Open Example Project dialog box displays with columns for the project name and keywords associated with each
example project.

2. Filter the list using "getting_started" as a keyword by Ctrl-clicking the Keywords column header and typing
"getting_started" in the text box at the bottom of the dialog box.

As shown in the following figure, the example list is filtered to display only those projects that have the "getting_started"
keyword associated with them.
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Open Example Project [28 of 545]

NOTE: You can filter examples by keyword or by file name. An inverted triangle in the column header indicates the
column on which your search is filtered. Press the Ctrl key while clicking a column header to change which column is
used to filter.

Type to filter the list. Ctrl+Click the column header to change the column to filter on.

AM.emp

BFSK. emp

datafile.emp
diff_amp.emp
EM_example.emp
EV¥M_PS.emp
FxP_FIR.emp
IPn.emp
iv_curve.emp
layout_example.emp
Limiter.emp

Limiter _start.emp
linear_example.emp

Mivar armm

<

_Imbalance.emp

Analyst_Arbitrary_Finish.emp
Analyst_Basic_Finish.emp
Analyst_Basic_Start.emp
Analyst_Hierarchy_Finish.emp
Analyst_SAT_Finish.emp

BIT_Amp_Complete.emp

Keywords 7

V35, Install, 16QAM_IQ_Imbalance, Getting_Started, IQ,PW

V55, Install, AM, Getting_Started, WVFM,SRC_R, SINE,ADD_OLD,AM_MOD, TP

ANALYST, Install, Analyst_Arbitrary_Finish, Analyst, Getting_Started, S, STACKLUP

ANALYST, Install, Analyst_Basic_Finish, Analyst,Getting_Started,S,STACKLP

ANALYST, Install, Analyst_Basic_Start, Analyst,Getting_Started, S, STACKUP

ANALYST, Install, Analyst_Hierarchy_Finish,Analyst,Getting_Started, S, 5TACKUP

AMALYST, Install, Analyst_SAT_Finish,Analyst, Getting_Started, 5, STACKUP

V55, Install, BFSK, Getting_Started,BER, FSK_BERREF,WVFM,PWR_SFPEC, TP ,FM_DSCRM,IN
A0, Install, BIT_Amp_Complete, Getting_Started, VDC, VTG, Vtime, Vharm,GBJIT3,RES, GND, V
MWO, Install, datafile, Getting_Started,S, GND, SUBCKT,PORT

AQ, Install, diff_amp,Getting_Started,VcompD, VtimeD , Vtime, CAP, IND,PORT _MNAME, Gen:Bi
MWO,Instal ,EM_example, Getting_Started, 5, SUBCKT PORT

V55, Instal, EVM_PS, Getting_Started EVM_PS,1Q,QAM_SRC BPFE, TP, DLYCMP, AMP_BE,VSA
V55, Install,FxP_FIR, Digital_Fixed_Point,Fixed_Point,Getling_Started,WVFM,ADD_FP,DEL
V55, Install, IPn, Getting_Started, PWR_SPEC, IPn, TOME, TP, AMP_E, VSA

A0, Installiv_curve, Getting_Started, IVCurve, IVCURVE, GND, Gen:Bic35:nmos 1,Gen:Bic35:
MWO,Install Jayout_example,Getting_Started, CAP, MLEF,MLIN,MTEES, MTRACE2,GMND, 5L
AQ, Install,Limiter, Getting_Started,Pcomp,Pharm, 1PN, GND, VBIC, PORT, XFMRTAR, CAP, Dt
AQ, Install,Limiter_start,Getting_Started, GND, VBIC, PORT, XFMRTAF, CAP, DCYS, RES, SUBC
MWQ, Install, inear_example, Getting_Started, 5, IND,CAP,GND, PORT

AN Tmet=ll Mivar Cattima Ctarkad Vearan Vharm Wéme Fam RIE CERRM K ROTCE CHIRCET D

>

L

getting_started

Cancel e

Importing Test Benches

Cadence provides several test bench examples that can serve as design guides for various applications such as mixers,

amplifiers, and oscillators. These test benches are set up for import into your working project.

To import a test bench into your project:

1. Choose File > Import Project.

2. Browse to C:\Program Files\AWR\AWRDE\22. 1\Examples\ or C:\Program Files (x§6)\AWR\AWRDE\22. I\Examples|
and import the desired test bench. The test bench project file names are prefaced with "TESTBENCH" as shown in

the following figure.
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Open Example Project [34 of 545]

Type to filter the list. Ctrl+Click the column header to change the column to filter on.

Mame Keywords ¥ -
MBIoT_UL_RX_TestBench.emp VS5, Install, MBIoT _UL_RX_TestBench,5G,MEIoT,WVFM,BER, PlotCal TDVAL_SWP PWR_SPEC,CRC_ENC,D2R,C
TESTBENCH_AMP_Dynamic_Load_Line.emp MWO,VWeb, TESTBENCH_AMP _Dynamic_Load_Line,Design_Guides, Amplifiers,IVCurve  IVDLL, SUBCKT,PORT,PC

TESTBEMCH_AMP_Monlinear_Moi Web, TESTBENCI
TESTBEMCH_AMP _Monlinear_Moise_Sweep_Freq.emp  MWO,Web, TESTBENCH_AMP_Monlinear_Moise_Sweep_Freq,Design_Guides, Amplifiers, NF_S5B0,MNF_S5BM, MNP
TESTBEMCH_AMP _Monlinear _Moise_Sweep_Moise_Fr... MWQO,Web, TESTBENCH_AMP _Monlinear_Moise_Sweep_Moise_Freq,Design_Guides, Amplifiers NF_SSB0,NF_SS
TESTBEMNCH_AMP _Monlinear _Moise_Sweep_Power.emp  MWO,Web, TESTBENCH_AMP _Monlinear_Moise_Sweep_Power Design_Guides, Amplifiers, NF_SSB0, MF_SSBM,M

AMP_Nonlinear_Moise,Design_Guides, Amplifiers,MF,MF_S580,MF_SSBM, NP, MPo_ML, M

TESTBEMCH_Mixer _IP3.emp MWQ,Web, TESTBENCH_Mixer_IP3,Design_Guides, Mixers,OIPN,CAP DCVS,GBIT 3,GMD, IND,RES ,PORT,NCON
TESTBEMCH_Mixer _Neise_Simulation.emp MWO,Web, TESTBENCH_Mixer_MNoise_Simulation,Design_Guides, Mixers, MF_SSBN,NF_S5B0,MPo_NL,MLMNaiseCr
TESTBEMCH_Mixer_Swept_LO_Frequency.emp MWO,Web, TESTBENCH_Mixer_Swept_LO_Frequency,Design_Guides, Mixers,Pcomp, Pharm, CAP,DCVS,GBIT3,
TESTBEMCH_Mixer_Swept_LO_Power.emp MWO,Web, TESTBEMCH_Mixer_Swept_LO_Power Design_Guides, Mixers, Pharm,LSSnm,Pcomp, Vtime, CAP, DCY
TESTEEMCH_Mixer _Swept_RF_Freguency.emp MWO,Web, TESTBENCH_Mixer_Swept_RF_Frequency,Design_Guides,Mixers,Pcomp,Pharm,Eqn, CAP,DCYS, GE
TESTEEMCH_Mixer _Swept_RF_Power.emp MWO,Web, TESTBENCH_Mixer_Swept_RF_Power Design_Guides, Mixers,Pharm,Vtime,Pcomp, CAR,DCVS,GBIT

TESTBEMCH_Csdllator_Linear_Admittance_Analysis.e... MWO,Web, TESTBENCH_Oscillator_Linear _Admittance_Analysis, Design_Guides, Osdllators, Eqn, s, CAP,DCYS, G
TESTBEMCH_Qsdllator_Linear_Loop_Gain_Analysis.emp  MWO,Web, TESTBENCH_Oscillator_Linear_Loop_Gain_Analysis, Design_Guides, Osdillators, S, CAP, COAX, DCYS,
TESTBEMCH_Oscillator_Monlinear _Joined_Generator_... MWO,Web, TESTBENCH_Oscillator_Monlinear_Joined_Generator_Tank,Design_Guides, Oscillators, 0SC_FREQ,F
TESTBEMCH_Oscillator_Monlinear_Split_Generator_Ta... MWO,Web, TESTBENCH_Oscillator_Monlinear_Split_Generator_Tank,Design_Guides, Osdillators, Pharm, 0SC_FR
TESTBEMCH_PA_One_Tone_Sweep_Freg.emp MWO,Web, TESTBENCH_PA_One_Tone_Sweep_Freq,Design_Guides, Amplifiers, Icomp,Pharm, Itime, PAvail T,
TESTBEMCH_PA_One_Tone_Sweep_Freq_Constant_... MWO,Web, TESTBENCH_PA_One_Tone_Sweep_Freq_Constant_Pout,Design_Guides, Amplifiers, Icomp,Pharm,
TESTBEMCH_PA_One_Tone_Sweep_Freq_P1dB.emp MWO,Web, TESTBEMCH_PA_One_Tone_Sweep_Freq_P 1dB,Design_Guides, Amplifiers,Icomp, Pharm, Itime Pawv

TESTBEMCH_PA_One_Tone_Sweep_Power.emp MWO, Web, TESTBENCH_PA_One_Tone_Sweep_Power,Design_Guides, Amplifiers, lcomp, Pharm, [time, FT, Pava
TESTBENCH_PA_PSRR.emp MWO, VWb, TESTBENCH_PA_PSRR,Design_Guides, Amplifiers, VTG, Vac, Eqn, CAP, GMND, MLEF, MLIM, MSLE, RES, CI
TESTBEMCH_PA_Two_Tone_Sweep_Freq.emp MWO,Web, TESTBENCH_PA_Two_Tone_Sweep_Freq,Design_Guides, Amplifiers,Pharm, IMDM, Pcamp, OIPM, IMC

TESTBEMCH_PA_Two_Tone_Sweep_Freq_and_Spadi... MWO,Web, TESTBENCH_PA_Two_Tone_Sweep_Freq_and_Spacing,Design_Guides, Amplifiers Pharm, IMDM, Po
TESTBEMCH_PA_Two_Tone_Sweep_Freq_Constant_... MWO,Web, TESTBENCH_PA_Two_Tone_Sweep_Freq_Constant_Pout,Design_Guides, Amplifiers, Pharm, IMDMN,F w
£ >

TESTBENCH

Cancel Help

Working with Schematics and Netlists in Microwave Office
A schematic is a graphical representation of a circuit, while a netlist is a text-based description.

To create a schematic, right-click Circuit Schematics in the Project Browser, choose New Schematic, and then specify a
schematic name.

To create a netlist, right-click Netlists in the Project Browser, choose New Netlist, and then specify a netlist name and
type.

After you name the schematic or netlist, a window for it opens in the workspace and the Project Browser displays the
new item as a subnode under Circuit Schematics or Netlists. In addition, the menu bar and toolbar display new command
choices and buttons particular to building and simulating schematics or netlists.
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File Edit View Draw Schematic Project Simulate  Options  Tools
! Scripts  Window Help _ 5 X
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----- =] Switch Lists
-2 Wizards

----- User Folders

d

Adding Data to Netlists

When you create a netlist, an empty netlist window opens into which you type a text-based description of a schematic.

Netlist data is arranged in blocks in a particular order, where each block defines a different attribute of an element such
as units, equations, or element connections. For more information about creating netlists, see “Creating a Netlist” in AWR
Design Environment User Guide.

Working with System Diagrams in VSS

To create a system diagram, right-click System Diagrams in the Project Browser and choose New System Diagram, and
then specify a system diagram name.
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Create a new system diagram in the project

After you name the system diagram, a window for it opens in the workspace and the Project Browser displays the new
item as a subnode under System Diagrams. In addition, the menu bar and toolbar display new command choices and

buttons particular to building and simulating systems.

Connecting Element and System Block Nodes

You can connect elements or system blocks directly by positioning them so their nodes touch. Small green boxes display

to indicate the connection. You can also connect elements with wires.

* To connect element or system block nodes with a wire, position the cursor over a node. The cursor displays as a wire
coil symbol. Click at this position to mark the beginning of the wire and drag the mouse to a location where a bend is
needed. Click again to mark the bend point. You can make multiple bends.

» Right-click to undo the last wire segment added.
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* To start a wire from another wire, select the wire, right-click and choose Add wire, then click to mark the beginning
of the wire.

» To terminate a wire, click on another element node or on top of another wire.
» To cancel a wire, press the Esc key.

* When placing or positioning an element, alignment guidelines automatically display when the element nodes align
with another element. To automatically add a wire between the nodes, press the Shift key when placing the element.

Using the Elements Browser

The Elements Browser gives you access to a comprehensive database of hierarchical groups of circuit elements for
schematics and system blocks for system diagrams. The Libraries folder in the Elements Browser provides a wide range
of electrical models and S-parameter files from manufacturers.

Circuit elements include models, sources, ports, probes, measurement devices, data libraries, and model libraries that
can be placed in a circuit schematic for linear and non-linear simulations.

System blocks include channels, math tools, meters, subcircuits, and other models for system simulations.

» To view elements or system blocks, click the Elements tab. The Elements Browser replaces the Project Browser
window.

» To expand and collapse the model categories, click the + or - symbol to the left of the category name to view or hide
its subcategories. When you click on a category/subcategory, the available models display in the lower window pane.
If there are more models than the window can show, a vertical scroll bar displays to allow you to scroll down to see
all of the models.

» To place a model into a schematic or system diagram, simply click and drag it into the window, release the mouse
button, right-click to rotate it if needed, position it, and click to place it.

» To edit model parameters, double-click the element graphic in the schematic or system diagram window. An Element
Options dialog box displays for you to specify new parameter values. You can also edit individual parameter values
by double-clicking the value in the schematic or system diagram and entering a new value in the text box that displays.
Press the Tab key to move to the next parameter when editing.
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[l Untitled Project -

AWR Design Environment - [Schematic 1]

File Edit View Draw Schematic Project Simulate  Options  TJools  Scripts
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NOTE: Choose Draw > More Elements to display the Add Circuit Element or Add System Block dialog box to search for
elements. Press the Ctrl key while clicking a column header to change which column is used to filter.

Adding Subcircuits to Schematics

Subcircuits allow you to construct hierarchical circuits by including a subcircuit block in a schematic (insert a schematic
inside of another schematic). The circuit block can be a schematic, a netlist, an EM structure, or a data file.

» To add a subcircuit to a schematic, click Subcircuits in the Elements Browser. The available subcircuits display in the
lower window pane. These include all of the schematics, netlists, and EM structures associated with the project, as
well as any imported data files defined for the project.

» To use a data file as a subcircuit, you must first create or add it to the project. To create a new data file, choose Project
> Add Data File > New Data File. To import an existing data file, choose Project > Add Data File > Import Data File. Any
new or imported data files automatically display in the list of available subcircuits in the Elements Browser.

» To place the desired subcircuit, simply click it and drag it into the schematic window, release the mouse button, position
it, and click to place it.
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» To edit subcircuit parameters, select the subcircuit in the schematic window, right-click, and choose Edit Subcircuit.
Either a schematic, netlist, EM structure, or data file opens in the workspace. You can edit it in the same way that you
would edit the individual circuit block types.

Adding Subcircuits to System Diagrams

Subcircuits allow you to construct hierarchical systems and to import results of circuit simulation directly into the system
block diagram.

» To create a subcircuit to a system diagram, choose Project > Add System Diagram > New System Diagram or Import
System Diagram and then click Subcircuits under System Blocks in the Element Browser. The available subcircuits
display in the lower window pane.

» To place the desired subcircuit, simply click and drag it into the system diagram window, release the mouse button,
position it, and click to place it.

* To edit subcircuit parameters, select the subcircuit in the system diagram window, right-click, and choose Edit Subcircuit.

» To add a system diagram as a subcircuit to another system diagram, you must first add ports to the system that is
designated as a subcircuit.

Adding Ports to Schematics and System Diagrams

To add ports to a schematic or system diagram, expand the Ports category in the Elements Browser. Under Circuit Elements
or System Blocks, click Ports or one of its subgroups, for example, Harmonic Balance. The available models display in
the lower window pane.

Drag the port into the schematic or system diagram window, right-click to rotate it if needed, position it, and click to
place it.

For a shortcut when placing ports and ground, click the Ground or Port buttons on the toolbar, position the ground or
port, and click to place it.

To edit port parameters, double-click the port in the schematic or system diagram window to display an Element Options
dialog box.

NOTE: You can change the port type after placing it by double-clicking the port and selecting a Port type on the Port
tab of the dialog box.

Creating EM Structures
EM structures are arbitrary multi-layered electrical structures such as spiral inductors with air bridges.
To create an EM structure, right-click the EM Structures node in the Project Browser, and choose New EM Structure.

After you specify an EM structure name and select a simulator, an EM structure window opens in the workspace and
the Project Browser displays the new EM structure under EM Structures. In addition, the menu and toolbar display new
choices particular to drawing and simulating EM structures.
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NOTE: The EM structure examples presented in this guide use Cadence AXIEM® 3D planar EM analysis.

Adding EM Structure Drawings

Before you draw an EM structure, you must define an enclosure. The enclosure specifies things such as boundary
conditions and dielectric materials for each layer of the structure.

To define an enclosure, double-click Enclosure under your new EM structure in the Project Browser to display a dialog

box in which you can specify the required

information.

After you define the enclosure, you can draw components such as rectangular conductors, vias, and edge ports in the

Layout Manager.

You can view EM structures in 2D (double-click the EM structure node in the Project Browser) and 3D (right-click the
EM structure node in the Project Browser and choose View 3D EM Layout), and you can view currents and electrical fields
using the Animate buttons on the EM 3D Layout toolbar.
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Creating a Layout with Microwave Office

A layout is a view of the physical representation of a circuit, in which each component of the schematic is represented

by a layout cell. In the object-oriented AWR Design Environment platform software, layouts are tightly integrated with
the schematics and EM structures that they represent, and are simply another view of the same circuits. Any modifications
to a schematic or EM structure are automatically and instantly reflected in their corresponding layouts.

To create a layout representation of a schematic, click the schematic window to make it active, then choose View > Layout.
A layout window tab opens with an automatically-generated layout view of the schematic.
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With a schematic window active, you can also click the View Layout button on the toolbar to view the layout of a schematic.

The resulting layout contains layout cells representing electrical components floating in the layout window. Choose Edit
> Select All then choose Edit > Snap Objects > Snap Together to snap the faces of the layout cells together. The following
figure shows the layout view from the previous figure after a snap together operation.

When you choose View > View Layout, corresponding schematic components with default layout cells are automatically
generated for common electrical components such as microstrip, coplanar waveguide, and stripline elements. After the
layout is generated, the schematic window displays in blue the components that do not map to default layout cells, and
displays in magenta the components that do have default layout cells. You must use the Layout Manager to create or
import layout cells for components without them. For more information see “Using the Layout Manager”.

You can draw in the schematic layout window using the Draw tools to build substrate outlines, draw DC pads for biasing,
or to add other details to the layout. In this mode, the layout is not part of a schematic element and therefore does not
move as part of the snapping process.

Modifying Layout Attributes and Drawing Properties

To modify layout attributes and drawing properties, and to create new layout cells for elements without default cells,
click the Layout tab to open the Layout Manager.
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Using the Layout Manager

The Layer Setup node in the Layout Manager defines layout attributes such as drawing properties (for example, line color
or layer pattern), 3D properties such as thickness, and layer mappings. To modify layer attributes, double-click the node
(named "default.Ipf" in the previous figure) below the Layer Setup node. You can also import a layer process file (LPF)
to define these attributes by right-clicking Layer Setup and choosing Import Process Definition.

The Cell Libraries node in the Layout Manager allows you to create artwork cells for elements that do not have default
layout cells. The powerful Cell Editor includes such features as Boolean operations for subtracting and uniting shapes,
coordinate entry, array copy, arbitrary rotation, grouping, and alignment tools. You can also import artwork cell libraries
such as GDSII or DXF into the AWR Design Environment platform by right-clicking the Cell Libraries node and choosing
Import Cell Library.

After creating or importing cell libraries, you can browse through the libraries and select the desired layout cells to
include in your layout. Click the + and - symbols to expand and contract the cell libraries, and click the desired library.
The available layout cells display in the lower window pane.
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After you define a cell library, you can assign cells to schematic elements. You can also use a cell directly in a schematic
layout by clicking and dragging the cell into an open schematic layout window, releasing the mouse button, positioning
it, and clicking to place it.

To export a schematic layout to GDSII, DXF, or Gerber formats, click the layout window to make it active, and choose
Layout > Export Layout. To export a layout cell from the cell libraries, select the cell node in the Layout Manager, right-click
and choose Export Layout Cell.

Creating Output Graphs and Measurements

You can view the results of your circuit and system simulations in various graphical forms. Before you perform a
simulation, you can create a graph, specifying the data or measurements (for example, gain, noise or scattering coefficients)
that you want to plot.

To create a graph, right-click Graphs in the Project Browser and choose New Graph to display a dialog box in which to
specify a graph name and graph type. An empty graph displays in the workspace and the graph name displays under
Graphs in the Project Browser. The following graph types are available:

Graph Type Description

Rectangular Displays the measurement on an x-y axis, usually over frequency.

Getting Started Guide 2—17



Basic Operations

Graph Type Description

Rectangular - Real/Imag Displays real versus imaginary components of complex data on a
rectangular graph.

Smith Chart Displays passive impedance or admittances in a reflection coefficient
chart of unit radius.

Polar Displays the magnitude and angle of the measurement.

Histogram Displays the measurement as a histogram.

Antenna Plot Displays the sweep dimension of the measurement as the angle and
the data dimension of the measurement as the magnitude.

Tabular Displays the measurement in columns of numbers, usually against
frequency.

Constellation Displays the in-phase (real) versus the quadrature (imaginary)
component of a complex signal.

3D Plot Displays the measurement in a 3D graph.

To specify the data that you want to plot, right-click the new graph name in the Project Browser and choose Add
Measurement. An Add Measurement dialog box similar to the following displays to allow you to choose from a
comprehensive list of measurements.

[N Add Measurement to 'Filter Response' X

Measurement Type Measurement | Search... Data Source Name
=.IF C_PRC
2 ~ C_SRC ~ All Sources k4
) DMAGE
- Cirde DPHSE To port
- (3ain | 1 | -
- Naise GM1 =
- Phase Shifter GM2
porth - GammaPts From port
ort Parameters Gaven | . | .
- PreRelease Godd -
- Stability v LDVP W
Group Delay Measurement
Simulator Default Linear w
Configuration | pafaylt o
Complex Modifier
Real Imag. (' Mag. Angle Anglel
Complex Conjugate [ ]dB
Use Vars == Cancel Help Add Favorite Meas, Help

Setting Simulation Frequency and Performing Simulations

To set the Microwave Office simulation frequency, double-click the Project Options node in the Project Browser, or
choose Options > Project Options and then specify frequency values on the Frequencies tab in the Project Options dialog
box. By default, all the schematics use this frequency for simulation. You can overwrite this frequency with an individual
schematic frequency by right-clicking the schematic name under Circuit Schematics in the Project Browser and choosing
Options. Click the Frequencies tab, clear the Use project defaults check box and then specify frequency values.
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Basic Operations

To set VSS system simulation frequency, double-click the System Diagrams node in the Project Browser or choose Options
> Default System Options, and then specify frequency values on the Basic tab in the System Simulator Options dialog box.

Systemn Simulator Options

Basic  RF Options RF Frequencies Advanced Internal Settings RFI/RFB Settings
Reset Defaults
= Basic Reset Selected
= Simulation Bandwidth Options
sampling Frequency Span 10 GHz View Defaults
Qversampling Rate 10
—| Stopping Options
Use Simulation Stop Time |
Simulation Stop Time 1e+08 ns
- Measurement Options
Use RBW MFFT Auto
RBW (Resolution Bandwidth) 0,001 GHz
NFFT (Mumber of FFT bins) 1000
Use YBW MAVG Auto
VBW (Video Bandwidth) 0.001 GHz
MNAVG (Mumber of Averages) 10
V_SPEC Phase Threshold -150
Sampling Frequency Span
Default time domain sampling frequency or overall bandwidth (frequency span) to
simulate over {_SMPFRQ). For TD frequency graphs the default x-axis has this
frequ_e_qi:!_sgaf, centered about the center frequency: from fo- SMPFRQ/2 to Hide Secondary
Cancel Help

To run a simulation on the active project, choose Simulate > Analyze. The simulation runs automatically on the entire
project, using the appropriate simulator (for example, linear simulator, harmonic balance nonlinear simulator, or 3D-planar
EM simulator) for the different documents of the project.

When the simulation is complete, you can view the measurement output on the graphs and easily tune and/or optimize
as needed.

You can perform limited simulations by right-clicking the Graphs node or its subnodes to simulate only the graphs that
are open, only a specific graph, or simulate for just one measurement on a graph.

Tuning and Optimizing Simulations

The real-time tuner lets you see the effect on the simulation as you tune. The optimizer lets you see circuit parameter
values and variables change in real-time as it works to meet the optimization goals that you specified. These features are
shown in detail in the linear simulator chapter.

You can also click the Tune Tool button on the toolbar. Select the parameters you want to tune and then click the Tune
button to tune the values. As you tune or optimize, the schematics and associated layouts are automatically updated!
When you re-run the simulation, only the modified portions of the project are recalculated.

Using Command Shortcuts

The use of keyboard command shortcuts (or hotkeys) can greatly increase efficiency within the AWR Design Environment
platform. Default menu command shortcuts are available for many common actions such as simulation, optimization,
and navigating between the Project Browser, Elements Browser and Layout Manager. Default shortcuts display on menus
or by choosing Tools > Hotkeys to display the Customize dialog box where you can also create custom hotkeys.
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Using Scripts and Wizards

Using Scripts and Wizards

Scripts and wizards allow you to automate and extend AWR Design Environment platform functions through customization.
These features are implemented via the Microwave Office API, a COM automation-compliant server that can be
programmed in any non-proprietary language such as C, Visual Basic™, or Java.

Scripts are Visual Basic programs that you can write to do things such as automate schematic-building tasks within the
AWR Design Environment platform software. To access scripts, choose Tools > Scripting Editor or any of the options on
the Scripts menu.

Wizards are Dynamic Link Library (DLL) files that you can author to create add-on tools for the AWR Design Environment
platform; for example, a filter synthesis tool or load pull tool. Wizards display under the Wizards node in the Project
Browser.

Using Online Help

Online Help provides information on the windows, menu choices, and dialog boxes in the AWR Design Environment
platform, as well as for design concepts.

To access online Help, choose Help from the main menu bar or press the F1 key anytime during design creation. The
Help topic that displays is context sensitive-- it depends on the active window and/or type of object selected. The following
are examples:

» Active window = graph, Help topic = "Working with Graphs".

» Active window = schematic (with nothing selected), Help topic = "Schematics and System Diagrams in the Project
Browser".

» Active window = schematic (with an element selected), Help topic = the Help page for that element.
» Active window = schematic (with an equation selected), Help topic = "Equation Syntax".

* Active window = schematic layout (with nothing selected), Help topic = "Layout Editing".
Context sensitive Help is also available by:

* clicking the Help button in most dialog boxes

« right-clicking a model or system block in the Elements Browser and choosing Element Help, or selecting an element
in a schematic or a system block in a system diagram and pressing F1, or clicking the Element Help button in the Element
Options dialog box.

* clicking the Meas Help button in the Add/Modify Measurement dialog box

2—-20 AWR Design Environment



Chapter 3. ANA: Using the Analyst 3D Electromagnetic Simulator

The Cadence® Analyst™ 3D FEM EM analysis solver is based on the finite element method. As with any FEM field
solver, the basic steps include constructing the geometry, setting up boundary and source (excitation) conditions,
configuring the frequency and other solver options, and finally examining the mesh and simulation results. Before
performing the detailed procedures in this and subsequent chapters, it is important to acquire a general understanding of
how and when to use the Analyst software instead of the Cadence AXIEM® 3D planar EM analysis software.

AXIEM analysis is based on the method of moment (MoM). The algorithm implemented in AXIEM software limits its
application to 3D planar shapes. The term “3D planar” simply means that the shapes (geometries) are constructed in a
series of planes (parallel to the horizontal x-y plane) and extruded along the third dimension (vertical z-axis). The boundary
faces of all geometries have the normal direction either parallel or perpendicular to the z-axis. If the metal geometry you
want to model has a boundary face that is tilted against the z-axis (for example: bond wires, ball grid arrays, solder
bumps, connectors, waveguides, cavity resonators, and RF packages), then you should use Analyst software. In addition,
AXIEM analysis also assumes that the dielectric is uniform and extends to infinity along the x-y directions and piecewise
uniform along the z-direction. If you want to model a finite dielectric substrate (like a patch antenna), a finite dielectric
brick (like a dielectric resonator), a small air “void” (as beneath an inductor), or a multi-technology design (like a GaAs
chip on a PCB), then AXIEM analysis is not applicable. In addition, one of the reasons that the AXIEM solver is usually
more efficient than 3D FEM solvers is that it meshes and models only the conductors, not the dielectrics. However, if
the geometry contains many ground planes and conductor vias, the volume occupied by conductor is similar to that of
dielectric, the number of unknowns that AXIEM software needs to solve for might be similar to that of the FEM solver,
then Analyst software might be faster. Lastly, with the exception that AXIEM software offers certain port types that are
not directly supported in Analyst software (though conversion is possible), any AXIEM EM structure can be easily
converted to use the Analyst software simulator and you can compare the answers from MoM and FEM.

Another important consideration when comparing Analyst and AXIEM software is how to construct the geometry for
simulation in Analyst software. The Cadence AWR Design Environment® platform offers many convenient and flexible
ways that have attracted increasing interest from designers:

1. 3D planar shapes can be constructed as a Cadence Microwave Office® software layout. You start with defining a
dielectric stackup, and then draw planar shapes on a series of planes (“drawing layers”). These planar shapes are
extruded along the z-direction through the definition of conductor thickness or via extension depth. The details of
constructing 3D planar layout are covered in the Microwave Office Getting Started Guide chapters. Assuming that
you have constructed a 3D planar geometry in AXIEM (also called “AXIEM structure” or “AXIEM document’), you
can convert it into an “Analyst structure” (or “Analyst document”) in a few steps, as covered later in this chapter.

2. Geometries of a mixed technology design can be constructed by “lumping” together 3D planar shapes defined with
different underlying stackups (and more precisely, layer processing files (LPFs)) through “hierarchy”. Basically, you
place one structure (EM document) as the “subcircuit” or “child structure” of another structure (EM document). You
then align them by specifying the z-position of the bottom face of the “subcircuit”, as discussed in “ANA: Hierarchy
and 3D Parts in Analyst”.

3. Several commonly used three-dimensional shapes can be placed into planar layout directly from within Microwave
Office. These are called 3D parameterized cells (“3D pCells”) that include bondwire, ball grid array (BGA), ribbon,
tapered via, QFN package, and others. Details for adding a bondwire p-cell are discussed in “ANA: Hierarchy and
3D Parts in Analyst”.

4. You can use the Analyst 3D editor to draw 3D geometry. You can draw commonly seen primitive geometries (such
as spheres, cylinders, and cubes) directly, and Boolean operation of 3D shapes can be performed using the Analyst
3D Editor. See “Encapsulating the Chip and Bond Wires” for details.

5. You can place arbitrary 3D EM elements from user-customizable libraries into an Analyst structure. Sample elements
such as coaxial lines, SMA connectors and helical coil inductors are included in the AWR Design Environment
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Creating a Simulation for a Simple EM Structure

platform installation. “ANA. Using Arbitrary 3D Structures in Analyst” discusses the steps for including SMA in a
model. You can construct and add your own elements to the library; see the AWR Design Environment User Guide
for details. (The 3D pCells are different because they are constructed by calling codes compiled within Microwave
Office. The basic shape of a 3D pCell is fixed, while you can change values of certain dimensions (parameters).
Arbitrary 3D EM elements are constructed by executing recordable, user-modifiable scripts from Analyst 3D Editor.)

6. Three-dimensional geometries constructed in other software can be imported into an Analyst structure through
intermediate files (ACIS SAT file or STEP file). You need to define the material for individual shapes after importing.
Importing an example SAT file is discussed in “ANA. Importing SAT Files in Analyst ™.

7. The Layout > Copy to Arbitrary 3D EM Structure command provides an easy way to convert an EM structure constructed
in the Microwave Office EM Layout Editor into an arbitrary 3D structure that you can open and modify in the Analyst
3D Editor. Material, port, and boundary definitions are preserved. The 3D structure shows the effects of layer processing
and shape modifier rules. This feature is useful in various scenarios. For example, it is easier to examine in the Analyst
3D Editor whether there is any gap between the starting point of a bondwire and the contacting metal trace.

With these key points in mind, you are better prepared for the detailed steps in the following procedures. As you perform
the steps, consider why you are doing them and how you might design the user interface differently. This mindset allows
you to drive the software rather than simply following instructions. After getting your first result, you will start to ask
important questions such as how to obtain the best accuracy or fastest simulation speed. The best way to answer these
questions is to examine the examples and experiment with different port settings, boundary condition types, and solver
options. To get started, you need to know where these controlling parameters are set in the user interface.

Creating a Simulation for a Simple EM Structure

This example demonstrates how to set up a simulation for an Analyst 3D EM document. Basic setup concepts already
covered in previous chapters are not included, so you should familiarize yourself with these before starting.

This example includes the following main steps:

* Installing the Analyst 3D EM simulator

* Converting an AXIEM structure to an Analyst structure
* Properly configuring ports and the enclosure

» Viewing the initial mesh

* Running a simulation

NOTE: The Quick Reference document lists keyboard shortcuts, mouse operations, and tips and tricks to optimize your
use of the AWR Design Environment platform. Choose Help > Quick Reference to access this document.

Opening an Existing Project

The example you create in this chapter is available in its complete form as Analyst Basic_Finish.emp. To access this
file from a list of Getting Started example projects, choose File > Open Example to display the Open Example Project
dialog box, then Ctri-click the Keywords column header and type "getting_started" in the text box at the bottom of the
dialog box.

To create a project:

1. Choose File > Open Example to locate and open the Analyst Basic_Start.emp file.
2. Choose File > Save Project As. The Save As dialog box displays.
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3. Navigate to the directory in which you want to save the project, type "Analyst_GS_basic" as the project name, and

then click Save.

NOTE: Simulation results may vary slightly from the images in this guide. Finite Element Method (FEM) simulations
require a convergence based on a mesh refinement sequence. Slight changes in the mesh refinement between versions
of the solver can cause results to vary slightly. While the default convergence tolerance is sufficient for most geometries,
if you find results shift you can decrease the convergence tolerance to ensure that the results are accurate.

Converting the AXIEM Structure to Analyst

To convert the AXIEM structure to an Analyst structure:

1.

Select a Simulator

Simulate the project to see the "AXIEM_Line" structure simulate. After simulation, view the data on the "'S Parameters"
Smith Chart.

Select the "AXIEM_Line" EM structure in the Project Browser and choose Edit > Copy and Edit > Paste or press Ctrl
+ D to duplicate the structure. The new structure displays in a new window. Make sure you close this window.

. In the Project Browser, right-click the copied EM document and choose Rename. Type "Analyst_Line" as the new
name and then click the Rename button.

In the Project Browser, right-click "Analyst Line" and choose Set Simulator. In the Select a Simulator dialog box
select Analyst™ 3D EM - Async and then click OK.

Available Simulators
) AXIEM® - Async

®

O Clarity™ 3D Solver - Async

(O Celsius™ Thermal Solver - Async

() ACE™ Automated Circuit Extractor

) EMSight™ Simulator

O ANSYS®HFS5™ - Async

) Dassault Systemes CST Studio Suite® - Async
O Sonnet® Suites™ - Async

Description

Analyst asynchronous 30 FEM simulator

Double-click the "Analyst Line" EM structure. The Analyst structure displays as shown in the following figure.
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Like most finite element simulators, Analyst software requires well-defined boundary conditions and a 3D bounding
box. Analyst software also requires that you configure the top, bottom, and side enclosure boundary conditions for the
structure. A shape in the 2D layout defines the boundary size, then you edit the shape properties to specify the boundary
condition for each side of the boundary. Each Analyst structure has a default 2D rectangular boundary shape drawn with
the approximate open boundary conditions on each edge; you can edit the existing shape or add a new shape of any size.
This example draws a new boundary shape to replace the default boundary shape. The default height of this boundary
shape is specified in the enclosure and is defined in the stackup for this structure.

To draw a shape as the boundary:

1. With the "Analyst Line" document window active, choose Draw > Rectangle.

2. With the cursor in the window, press the Tab key to display the Enter Coordinates dialog box, then type the values
show in the following figure and click OK.

Enter Coordinates x

x v
[0 |mil [-12 | mil

Cancel Rel | |Polar [[]snapt

3. Press the Tab key again and type the following values, then click OK. Note the Rel setting.

Enter Coordinates
dx d
[30 |mil |28 | mil

Cancel | el [Jrolar []snap

==
"

The layout displays as shown in the following figure.
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The new shape is automatically selected.

4. Choose Draw > Create 3D EM Simulation Boundary or click the Create Simulation Boundary button on the toolbar to create
a new boundary shape in the layout.

5. The layout displays as shown in the following figure.

Notice that there are two boundary shapes. Select the original boundary shape (which extends in the x-direction beyond
the end of the line) and press the Delete key.
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6. Select the remaining boundary shape, right-click and choose Shape Properties to open the Properties dialog box. Ensure
that the boundary conditions match this figure.

Properties

Boundary Conditions  |ayout MetProperties Rectangle Information

Side Boundary: Use Side Boundary
Approx Open i Edge Index Edge Boundary condition
Top Boundary: 1 Apprax Open
2 Approx Open
Approx Open e 3 Approx Open
Bottom Boundary: 4 Approx Open

Perfect Conductor w

Cancel Help

The layout displays as shown in the following figure.
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You can view the boundary conditions of the structure in the 3D view of the structure to verify that they are correct.

1. Open the 3D layout of the structure by choosing View > View 3D EM Layout or by clicking the View EM 3D Layout button
on the EM 3D Layout toolbar.

2. Click the Show Boundary Conditions button on the EM 3D Layout toolbar. The layout displays the boundary conditions
as shown in the following figure.

3. Click the Layout tab to open the Layout Manager, then click the arrows on the right of the Visibility By Material/Boundary
pane to open it.

Visibility By Material/Boundary

EX4

Color Visible OCpague Name Type
(A (] oz Air Dielectric
[ ] 1 Cap Bottom Conductor
] 0.3 Diel_2 Dielectric
0.3 .Port {Top Level) Boundary
[ ] 1 Approx Open Boundary
[ | 1 Perfect Conductor  Boundary
£ >
Reset Colors Show Boundaries

You can turn off the visibility for specific materials. For example, when turning off the Approx Open material, the 3D
layout displays without those boundary conditions visible.
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4. Click the Show Boundary Conditions button on the EM 3D Layout toolbar to turn off this display for the next several
steps.

Analyst software supports wave ports and lumped ports. Wave ports are generally preferred. You can attach wave and
lumped ports to shapes on or inside the simulation boundary.

To configure wave ports for this structure:

1. With the 2D Layout View window active, double-click a port.
2. In the Properties dialog box on the Port Attributes tab, make sure that Type is set to Wave and then click OK.
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Properties

Port Attributes  Cell Port  Information

Port Mumber Type

Wave e
Excitation De-embedding Options
Exditation Part Ref. Plane Distance:
Rel. Power l:l dBm III il
Phase D Deg

Impedance Port Group

Real Ohm Mame
L C

Type P

Cancel Help

3. Repeat these steps for the other port.
Running the Simulation
The Analyst structure is ready for simulation from 0.1 to 10 GHz in 1 GHz steps.

Before simulating, you can view the mesh in the 3D view of the structure. The first mesh you see is the initial solver's
mesh. As each additional Adaptive Mesh Refinement (AMR) step continues, the view of the mesh updates.

To view the mesh:

1. Open the 3D layout of the structure by choosing View > View 3D EM Layout or by clicking the View EM 3D Layout button
on the EM 3D Layout toolbar.

2. Click the Show 3D Mesh button on the EM 3D Layout toolbar. The layout displays as shown in the following figure.
This is the initial mesh of the structure with Perfect Conductor material turned off.

Getting Started Guide 3—9



Creating a Simulation for a Simple EM Structure

Additionally, the display for the Air layer is turned off by default. You can turn it on in the Layout Manager by opening
the Visibility By Material/Boundary pane. The mesh is visible in the Air layer as shown in the following figure.

To simulate the structure:

1. Choose Simulate > Analyze or click the Analyze button on the toolbar. NOTE: Typically this simulation takes a few
minutes to run with no other programs competing for resources.
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2. The Simulation dialog box displays the status during simulation.

f! Simulation Window

Simulation Jobs

Selected Job(s): Fause || Resume

# |Type |State |Name

2 Analyst_Line:Analy... 6 pPC-V

| Progre... | Host

Analyst

AMR. Iteration 2
]

Solving

Simulation: Analyst_Line:Analyst:EM_Sim_DS0

[ | ——
Delta Magnitude S vs AMR iteration (target = 0.0200, current = 0.0059) -3

~

1.0e+00+

1.0e-014

1.0e-024

1.0e-03+

1
Cutput log

<

Keep this window open when finished.

Close

Click the down arrow icon on the right of the dialog box to display details about the simulation progress. The following
figure shows the output log from this simulation. You can watch each AMR sequence and see how close the simulation
is to converging. Simulation times and memory use vary by computer.
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Simulation: Analyst_Line:AnalystEM_Sim_D52
Analyst

AMR. Iteration 2

b

Solving

L AR

Delta Magnitude S vs AMR iteration (target = 0.0200, current = 0.0053)
Output log

Expanding port 2 mode 1 solution about 4. 1 GHz on WM 0.
Completed port 2 mode 1 solution expansion about 4. 1 GHz on YM 0. Solution converged at 8 new frequ

Total of 11 of 11 frequendies converged using 4 expansions,

Ports Only 1 1983 1.00000 0.03 2319 (3.6%)
Ports Only 2 2435 0.04014 0.05 248.8 (3.8%)
Ports Only 3 2830 0.01164 0.07 272.0 (4.2%)
Ports Only 4 3843 0.00299* 0.12 303.7 (4.7%)
3843 0.00429* 1.00000 0.21 409.7 (6.3%)
3343 0.00429% 0.00532% 108 1052.3 (16.1%)

nfa
nfa

SIMULATION SUMMARY

£

Keep this window open when finished. Close

3. As the simulation progresses, the mesh is refined. If the 3D layout is visible after viewing the mesh, you see the mesh
update after each AMR sequence. The following figure shows the mesh after the AMR sequence converges with the

Air layer visibility turned off.
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NOTE: While the simulation is running you can continue this exercise as the Analyst simulator is asynchronous, like
the AXIEM simulator.

It is useful to know how to use cut planes when viewing information such as mesh, boundary conditions, and E-fields
in the EM structure 3D view.

To use a cut plane:
1. Open the 3D layout of the structure by choosing View > View 3D EM Layout or by clicking the View EM 3D Layout button

on the EM 3D Layout toolbar.

2. Click the Use Cut Plane button on the toolbar and ensure that the Show Cut Plane button is also pressed. The following
figure shows a plane that cuts the structure where the information is drawn on one side and removed from the other
side.

3. Click and drag on the cut plane to move its position. Click and drag on the arrows at the end of the line through the
cut plane to change the orientation. Use the x, y, or z keys to move the cut plane in that orientation and make the plane
orthogonal to that plane. If this is not obvious, move the cut plane to an odd angle by moving the arrow that extends
beyond the plane, and then use these keys to observe the cut plane.

To view simulation results:

1. In the Project Browser, right-click the "AXIEM_Line:S(2,1)" measurement on the "S Parameters" graph and choose
Duplicate to display the Modify Measurement dialog box.

2. Change the Data Source Name to "Analyst Line" and then click OK.

3. Repeat these steps for the "AXIEM_Line:(S(1,1)" measurement.

4. After the simulation is complete you might need to resimulate the project to update the graph data. Note that the
structure does not resimulate because nothing has changed.
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Double-click the "S Parameters" graph in the Project Browser. When the graph data is updated, the graph displays similar
to the following figure.

-A-5(1,1) S Parameters
AXIEM_Line

—--S5(2,1)
AXIEM Line

= S(2,1)
Analyst Line

——S(1,1)
Analyst Line

Swp Max
10GHz

Some structures with iterative solvers (like FEM solvers) might have two sets of S-parameters between AMR iterations
that can be close enough to one another to satisfy the convergence criteria. In actuality, the mesh may not have refined
enough to catch certain behaviors. If this occurs, you can lower the convergence criteria to force the simulator to take
more AMR iterations to try to capture this behavior, although this restarts the simulation from AMR iteration 1.

Another possibly more efficient way than lowering the convergence tolerance and simulating the entire structure again,
is to force the simulator to run one more AMR iteration to ensure that the simulation did converge. This simulation starts
where the last simulation ended and does not need to simulate the prior AMR iterations.

To run one more AMR iteration, right-click the "Analyst Line" EM structure and choose Refine Solution. A simulation
starts on the next AMR iteration.

You can refine the solution multiple times if the results shift. This potentially saves a lot of time re-running full simulations
after lowering the convergence tolerance.

For this particular structure the results don't really change so you know the solution has converged.
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--5(1,1) S Parameters
AXIEM_Line

—-—3S(2,1)
AXIEM_Line

= S(2,1)
Analyst_Line

—-—S(1,1)
Analyst_Line

Swp Max
10GHz
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Chapter 4. ANA: Hierarchy and 3D Parts in Analyst

Hierarchy is a powerful concept when using Cadence® Analyst™ 3D FEM EM analysis software in the Cadence AWR
Design Environment® platform. By using hierarchy, you can greatly simplify a dielectric stackup setup. Each EM
document can have its own dielectric stackup. When you combine them using hierarchy (one is added as a subcircuit to
the other), you only need to specify the appropriate location in the Z direction, and the program properly simulates the
combined dielectric stackup of both structures, effectively combining the stackups. This approach offers these advantages:

* You do not have to define one complete (and sometimes complicated) dielectric stackup for your entire structure,
typically before you add any geometry.

* You can easily add more dielectric layers at later stages in the structure simulation process.

Building a Hierarchical Simulation

This chapter is a continuation of “ANA: Using the Analyst 3D Electromagnetic Simulator ™. If you have not completed
that example please do so before continuing here, as it includes concepts that may not be discussed in this example.

This chapter demonstrates how to build hierarchical simulations in the Analyst simulator as well as using predefined
parameterized cells in the geometry.

The example in this chapter includes the following main steps:

» Setting up a hierarchical design
* Adding bond wire 3D parameterized cells (pCells)

NOTE: The Quick Reference document lists keyboard shortcuts, mouse operations, and tips and tricks to optimize your
use of the AWR Design Environment platform. Choose Help > Quick Reference to access this document.

Opening an Existing Project

The example you create in this chapter is available in its complete form as Analyst Hierarchy Finish.emp. To access
this file from a list of Getting Started example projects, choose File > Open Example to display the Open Example Project
dialog box, then Ctri-click the Keywords column header and type "getting_started" in the text box at the bottom of the
dialog box. This example is a continuation of the previous Analyst chapter.

To open an existing project:

1. Choose File > Open Example to locate and open the Analyst Basic_Finish.emp file.
2. Choose File > Save Project As. The Save As dialog box displays.
3. Navigate to the directory in which you want to save the project, type "Analyst GS_hierarchy" as the project name,

and then click Save.

NOTE: Simulation results may vary slightly from the images in this guide. Finite Element Method (FEM) simulations
require a convergence based on a mesh refinement sequence. Slight changes in the mesh refinement between versions
of the solver can cause results to vary slightly. While the default convergence tolerance is sufficient for most geometries,
if you find results shift you can decrease the convergence tolerance to ensure that the results are accurate.

Creating an Analyst EM Structure

To create an Analyst EM structure:
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1. Right-click the EM Structures node in the Project Browser and choose New EM Structure. (Alternatively, choose Project

> Add EM Structure > New EM Structure or click the Add New EM Structure button on the toolbar).

2. In the New EM Structure dialog box, type "PCB" as the structure name, select Analyst™ 3D FEM - Async as the
simulator, select From Stackup under Initialization Options, select PCB as the Stackup, and then click Create.

NOTE: The STACKUP element named "PCB" in the Global Definitions contains all of the setup for this EM structure

so this example can focus on Analyst-specific topics.

Mew EM Structure

Enter a name for the EM Structure

| PCE

Select a simulator:

Available Simulators

O AXIEM® - Async

® Analyst™ 3D FEM - Async

O Clarity™ 3D Solver - Async

() Celsius™ Thermal Solver - Async

() ACE™ Automated Circuit Extractor

) EMSight™ Simulator

O ANSYS®HFS5™ - Async

) Dassault Systemes CST Studio Suite® - Async
O Sonnet® Suites™ - Async

Description

Initialization Options
(®) From Stackup
(") From LPF
(O Default
Document:

Global Definitions
Stackup:

PCB

Analyst asynchronous 30 FEM simulator

Cancel

Help

An EM structure layout

3. Inthe Project Browser, double-click the Enclosure node under the "PCB" EM structure to display the Element Options
- ENCLOSURE Properties dialog box. Set the Grid_X and Grid_Y to "1" mil to set the drawing grid for the EM document

window displays.

(it has no impact on the Analyst software simulation).

By default, a square boundary shape is added when the structure is created. To configure the boundary for this example:

1. Make the 2D Layout View window active (it should be the active window after creating the EM document).

2. Double-click the boundary shape to enter edit mode. Diamonds/squares display at the vertices and mid-points of each

boundary edge as shown in the following figure.
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3. While clicking and dragging the upper right corner of the square, press the Tab key. In the Enter Coordinates dialog
box, type the values shown in the following figure to make a boundary shape that is 750 x 500 mil. Note that the Rel

check box is NOT selected.

x ¥
[ 750 |mil [ 500 | mil

Cancel | [|Rrel []Polar []snap

4. Right-click the 2D layout and choose View All to see the entire boundary shape.

5. Select the boundary shape, right-click and choose Shape Properties to display the Properties dialog box. Click the
Boundary Conditions tab and ensure that the settings match those in the following figure.

Properties

Boundary Conditions  Layout NetProperties Rectangle  Information

Side Boundary: Use Side Boundary
Approx Open w Edge Index Edge Boundary condition
Top Boundary: 1 Approx Open
2 Approx Cpen
Approx Open ~ 3 Approx Open
Bottom Boundary: 4 Approx Open

Perfect Conductor ~

concel || b
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The Use Side Boundary check box forces each side of the shape to use the same setting as the Side Boundary setting.
If you clear this check box, you can specify the boundary condition for each side of the boundary shape. NOTE: You
can also set boundary information in the Element Options - ENCLOSURE Properties dialog box by double-clicking
the Enclosure node under the EM document name in the Project Browser and clicking the Boundary Conditions tab.

6. Right-click the "PCB" EM structure in the Project Browser and choose Options to display the Options dialog box,
then click the Frequencies tab. Notice that the frequency range is already set with the values copied from the project
frequencies. The Mesh and Analyst tabs have options for changing mesh or Analyst solver options if needed.

You now need to add the "Analyst_Line" EM document to the "PCB" EM document. To build hierarchy for this example:

1. Click the Layout tab to open the Layout Manager, then click to open the EM Layers pane.

Layout
EM Layers
EM Layer
2 v

M aterial
half oz copper W

Ovia Extent
(® Conductor

Cond
EM layer=2

2. To set the initial Z location of the subcircuit, ensure that EM Layer is set to "2".

3. With the "PCB" EM structure layout window active, choose Draw > Add Subcircuit to open the Add Subcircuit Element
dialog box. Select "Analyst Line" and then click OK.

Add Subcircuit Element X

-
Mame Ports Type

Analyst_Line 2 EM Structure
AXIEM_Line 2 EM Structure

< >

Grounding Type
(®) Normal
() Explicit ground node
(") Balanced ports

Cancel rep

4. You can now place the subcircuit anywhere in the layout. Press the Tab key to display the Enter Coordinates dialog
box and type the following values, then click OK. Note the Rel setting.
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Enter Coordinates %

x v
[ 380 |mil | 248 | mil

Cancel DREIDPoIar [snap

Click OK to place the subcircuit in the middle of the current boundary condition area.

5. View the 3D layout of the "PCB" structure by right-clicking the structure in the Project Browser and choosing View
EM 3D Layout.
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Note that the line layout is sitting on the top of the substrate layer in the new structure.

6. You can easily control the Z location of the subcircuit. To move the line to the bottom of the substrate, select the line
in the 2D layout, right-click and choose Shape Properties to display the Cell Options dialog box.

7. On the Layout tab, in the Z Position section, change the EM layer to Bottom boundary.

Cell Options - Parameters (Showing 0 of 0)

Layout Mesh Faces Parameters Information

Line Type
Top Copper w [Freeze
[Juse for anchor
Layer Mapping
StdMap o Stretch to fit
Orientation Em Extraction Options
[ Fipped Enable
Group name:
Rotate about z: Ijl Deg
Rotate about y: Ijl Deg
Rotate about x: Ij| Deg
Z Position
EM layer: |Bottom boundary e Offset: Ijl mil
Fippedz [

Cancel Help

The "Analyst Line" subcircuit now displays on the bottom of the substrate as shown in the following figure.
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8. Reset the subcircuits layer back to "2". You can edit the properties or just choose Edit > Undo.

You can now draw the ground pad for the chip to sit on, and the lines feeding up to the chip.

1. With the "PCB" structure 2D Layout View window active, click the Layout tab to open the Layout Manager, then

click to open the Drawing Layers pane.

Layout Objects
Drawing Layer (+PCB)
SEEEY

Actv vV wF #Z MName Description

X 3

Line Types

Visibility By Material/Boundary
EM Layer Scale

Visibility By EM Layer

| Project | Elements | Layout

4F 43 4 A

2. With the Copper layer selected, choose Draw > Rectangle. Press the Tab key to display the Enter Coordinates dialog

box and type the following values, then click OK.

Enter Coordinates x

x y
357 mi | 235 | i

Cancel Rel | |Polar []Enap

Press the Tab key again and type the following values, then click OK. Note the Rel setting.

Enter Coordinates x

dx dy
[38 |mil |30 | mil

Cancel el [Jrolar [5nap

A shape displays under the line as shown in the following figure.
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3. Select the Vvia layer and then choose Draw > Ellipse. Click anywhere in the 2D Layout View Window and press the Tab
key to display the Enter Coordinates dialog box. Enter 4 as the dx coordinate and 4 as the dy coordinate, select Rel,
and then click OK to create a 4 x 4 via. Next, drag the via under the line grounding pad as shown in the following
figure. The exact placement is not critical for this example, but the via should be some distance from the edge.

4. Select the via and type Ctrl + C and then Ctrl + V to copy and paste the via. Paste three vias under the line ground pad
as shown in the following figure.
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5. To construct the microstrip feed lines, with the Copper layer selected, choose Draw > Rectangle. Press the Tab key to
display the Enter Coordinates dialog box and type the following values, then click OK.

Enter Coordinates

=
=
"

[0 |mil | 220 | mil

Rel | |polar []8nap

Press the Tab key again and type the following values, then click OK. Note the Rel setting.

Enter Coordinates x

dx dy
[ 355 |mil |80 | mil

A shape now leads up to the line as shown in the following figure.

6. Copy and paste this shape to the other side of the line as shown in the following figure. Ensure that the line is perfectly
aligned with the right edge of the boundary shape. This is necessary to enable using a wave port on this shape.
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7. Choose Edit > Auto Repeat and then choose Draw > Add Edge Port. Move the cursor to the left edge of the left-most
shape until the port symbol displays, as shown in the following figure, then click to place the port. Move the cursor
to the right edge of the right-most shape until the port symbol displays, then click to place the port. Press Esc to exit
Auto Repeat mode.

8. Double-click each port and in the Properties dialog box change the port Type to Wave. You can also choose Edit > Port
Properties to edit both ports at once. See the Analyst User Guide for information about the differences in port types.

The 2D and 3D layout of the structure should display as shown in the following figures.
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Adding a 3D Parameterized Cell (Bond Wires)

The next step is to add bond wires between the chip and the PCB. To do so, you can use a bond wire model from the 3D
EM Elements libraries.

To add the bond wires:

1. Click the "PCB" EM structure 2D layout window to make it active.

2. In the Elements Browser, under 3D EM Elements, expand the Libraries category and then click the AWR web site >
Interconnects subgroup. Select the Bondwire model and place it in the "PCB" EM structure as shown in the following
figure.
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As with the subcircuit, the bond wire is placed at the Z location specified by the current EM layer. You can change
the shape properties of the item to move up and down in the Z direction.

The following figure shows the 3D view of the bond wire on the chip.

3. To configure the loop characteristics of the wire, select the wire in the 2D layout, right-click and choose Element
Properties to display the Element Options - BWIRES dialog box. Verify that your settings match those in the following
figure.

4—12 AWR Design Environment



Building a Hierarchical Simulation

Element Options: BWIRES - Bond wire model (EIA/JEDEC Standard Mo. 59) Properties

Bondwire Profile  parameters User Atiributes  Symbol  Layout Model Options

ol
=
H1
v,
=
H2
ZPaosition P
82t in Shzpe Praperties] D' [Controlled by Length in Layout) ‘
H1 |8 mil Alpha | 90 Deg D1/D | 0.125
HZ | 4 mil Beta | 30 Deg D2 (0.5
Cancel Help Element Help | | Vendor Help

The heights set for the bond wire parameters are relative from the layer set for the 3D pCell. In a previous step you
set the wire on EM layer 2, so the heights are set as heights above layer 2 in the "PCB" stackup.

4. To place an identical wire on the other side of the structure, in the 2D layout, select the bond wire and choose Edit >
Copy and then Edit > Paste. Ctrl + right-click twice to flip the wire about the y-axis so that the high end is on the line.

5. Move the cursor over the other end of the line and click to place the line as shown in the following figure. It helps to
have both the 2D and 3D layouts visible to ensure that you have the correct end of the pasted bond wire on the chip.

The 3D view now shows the wires on both sides of the chip.

Getting Started Guide 4—13



Building a Hierarchical Simulation

6. To ensure that all elements are connected properly and there are no gaps in between, you can view the colored mesh.
To do so, with the "PCB" EM structure 3D view active, click the Show Mesh Connectivity button on the EM 3D Layout
toolbar. The shapes with the same color are electrically connected.

The following figure shows the 3D view after the color meshing is turned on. Note that everything is connected
properly.
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Chapter 5. ANA: Using Arbitrary 3D Structures in Analyst

There are many ways to use 3D geometries in the Cadence® Analyst™ 3D FEM EM analysis software. As shown in
the previous chapter, you can use built-in parameterized cells like a bond wire. You can also use components that are
vendor-defined and hosted on the web via XML. It is also possible to create your own static or parameterized 3D
components in the Cadence AWR Design Environment® platform 3D Editor. With the number of options available for
creation/use, a 3D geometry structure set up becomes very easy.

Creating and Importing 3D Structures

This chapter is a continuation of “ANA. Hierarchy and 3D Parts in Analyst . If you have not completed that example
please do so before continuing here, as it includes concepts that may not be discussed in this example.

In this example you attach an SMA connector to the board and also cover the bond wires and chip area with a dielectric
material. The SMA connector is a predefined structure designed in the AWR Design Environment platform 3D Editor.
As part of this example you create a structure in the 3D Editor for the dielectric encapsulant.

This example includes the following main steps:

* Connecting the SMA connector to the board

» Using dielectric bricks to encapsulate the bond wire

* Running the full structure simulation

* Viewing results and E-fields

» Simplifying the structure to simulate just the SMA connector

NOTE: The Quick Reference document lists keyboard shortcuts, mouse operations, and tips and tricks to optimize your
use of the program. Choose Help > Quick Reference to access this document.

Opening an Existing Project

The example you create in this chapter is available in its complete form as Analyst Arbitrary Finish.emp. To access this
file from a list of Getting Started example projects, choose File > Open Example to display the Open Example Project
dialog box, then Ctri-click the Keywords column header and type "getting_started" in the text box at the bottom of the
dialog box. This example is a continuation of the previous Analyst chapter.

To open an existing project:

1. Choose File > Open Example to locate and open the Analyst Hierarchy Finish.emp file.
2. Choose File > Save Project As. The Save As dialog box displays.

3. Navigate to the directory in which you want to save the project, type "Analyst_GS_arbitrary" as the project name,
and then click Save.

NOTE: Simulation results may vary slightly from the images in this guide. Finite Element Method (FEM) simulations
require a convergence based on a mesh refinement sequence. Slight changes in the mesh refinement between versions
of the solver can cause results to vary slightly. While the default convergence tolerance is sufficient for most geometries,
if you find results shift you can decrease the convergence tolerance to ensure the results are accurate.
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Adding the SMA Connector

You now add the SMA connectors to the "PCB" EM structure. Another level of hierarchy is used so you can simulate
the chip and board itself, and then simulate the same structure with the SMA connectors to see the impact the connectors
have on the overall circuit performance. To add the SMA connectors to the board:

1.

Right-click the EM Structures node in the Project Browser and choose New EM Structure. (Alternatively, choose Project
> Add EM Structure > New EM Structure or click the Add New EM Structure button on the toolbar) to display the New
EM Structure dialog box.

Type "SMA" as the structure name, select Analyst™ 3D EM - Async as the simulator, select From Stackup as the
Initialization Options, select AIR as the Stackup, and then click Create.

Mew EM Structure

Enter @ name for the EM Structure

| SMA |
Cancel
Select a simulator: :
Hel
Available Simulators E
. Initialization Options
O AXIEM® - Async
(®) Analyst™ 3D FEM - Async (®) From Stackup
o Clarity™ 3D Solver - Async () From LPF
() Celsius™ Thermal Solver - Async (O Default
O ACE™ automated Circuit Extractor ErarTeie
() EMSight™ Simulator e
) ANSYS®HF55™ - Async Global Definitions b
O Dassault Systemes C5T Studio Suite® - Async Stackup:
() Sonnet® Suites™ - Async AIR w
Description
Analyst asynchronous 30 FEM simulator

. With the 2D Layout View window active, double-click the boundary shape to enter edit mode. Diamonds/squares

display at the vertices and mid-points of each boundary edge.

Click and drag the upper right corner of the square and press the Tab key. In the Enter Coordinates dialog box, clear
the Rel check box, and enter the values to make a boundary shape that is 750 x 500 mil, then click OK.

Right-click the 2D layout and choose View All to see the entire boundary shape.

Select the boundary shape, right-click and choose Shape Properties to display the Properties dialog box. Click the
Boundary Conditions tab and ensure that the settings match those in the following figure.
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Properties

Boundary Conditions  Layout MetProperties Rectangle Information

Side Boundary: Use Side Boundary
Approx Open ~ Edge Index Edge Boundary condition
Top Boundary: 1 Approx Open
2 Approx Open
Approx Open ~ 3 Approx Open
Bottom Boundary: 4 Approx Open
Approx Open ~

Cancel Help

7. You now add the "PCB" EM document to the "SMA" EM document.

With the "SMA" EM structure layout window active, choose Draw > Add Subcircuit to open the Add Subcircuit Element
dialog box. Select "PCB" and then click OK.

Add Subcircuit Element

2
Mame Ports  Type

Analyst_Line 2 EM Structure
AXIEM_Line 2 EM Structure
7

EM Structure

Grounding Type
(®) Mormal
() Explicit ground node
(O Balanced ports

Cancel Help

8. Place the subcircuit inside the boundary. You can press the Ctrl key while doing so to align the subcircuit with the
boundary.
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9. Select the "PCB" subcircuit, right-click, and choose Shape Properties to display the Cell Options dialog box. Under
Z Position, change the EM layer to 3-Air.

Cell Options - Layout

Layout Mesh Faces Parameters Information

Line Type
Thick Metal Line w [Freeze

[Juse for ancher
Layer Mapping

GDS Map w Stretch to fit

Crientation Em Extraction Options
[Fipped Enable

Group name:

Rotate about z: Deg

Rotate about y: Deg

Rotate about x: Deg

Z Position

N

EM layer: | 3-Air

Offset: I:l mil

Fippedz [

Cancel Help
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10. Choose View > View 3D EM Layout to see a 3D view of the "SMA" EM structure as follows.

11. With the 2D view of the "SMA" EM structure active, in the Elements Browser under 3D EM Elements, expand the
Libraries category and then click the AWR web site > Connectors > SMA subgroup. Select the SMACONFIG model and
place it in the "SMA" EM structure.

12. Press the Tab key while dragging SMACONFIG into the "SMA" EM structure, enter the following values in the Enter

Coordinates dialog box, then click OK.

x y
[0 |mil | 250 | mil

Cancel | [JRel [Polar [snap

The following figure shows the 2D view of the "SMA" EM structure.
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13. Select the SMACONFIG model, then right-click and choose Element Properties to display the Element Options:
SUBCKT - Properties dialog box. Verify that your settings for ContactType, GndTabUpVoft, and GndTabLow Voff
match those in the following figure and then click OK. All the other values remain at defaults.

Element Options: SUBCKT - Properties (Showing 27 of 27)

Parameters  User Attributes Symbol Layout Model Options  Ground

2?11 (1] Vield ﬁ

Mame Value Unit Tume Optimize Constrain Lower Upper Step Size Hide Hide Label Description
D s2 []  SsubdrcitID
MET "SMACONFIG™ | Subdrcuit name
InDia 50 il Diameter of inner center pin
QutDia 163.5 il Diameter outer conductor (or zero to use impedance to cor
Imped 50 Target impedance of coax used to compute outer radius, if
OutThick 19.685039370079 mil Thickness of coax outer conductor
Coaxlen 291,33853267717 mil Length of coax section

I ContactType 3 Center contact type: 0=round post, 1=round post with spl
ContactDia 29,92125984252  mil Diameter of post-type contacts, and width of tab for tabul;
Contactlen 187.00787401575 mil Length of contact
PostFlatRatio ] (0 == PostFlatRatio < 1) Fraction of post to be removed v
TabThick 9.84251963503%4 mil Vertical thickness of tab for ContactType=2,3

TablenRatio 0.25
TabTranRato  0.25

Ratio of tab length to total contact length for ContactType
Ratio of tab length to total contact length for ContactType

FlangeThick 6496062992126 mil Flange thickness

FlangeH 311.81102362205 mil Flange height

Flangewid 374.8031496063  mil Flange width

GndTablen 187.00787401575 mil Ground tab length, use zero for no ground tabs

GndTabWid 40,157430314961 mil
GndTablpH 40,157480314961 mil
GndTabLowH 83.070866141732 mi
GndTabHOff 147.24409443819 mil

Ground tab width

Upper ground tab height

Lower ground tab height

Harizontal offset of ground tabs from center

) o
I o
I o
OoOoooOooooooooooodooooooogd
I

GndTabUpvoff 20 il Vertical offset of upper ground tabs from top of lower aroy
GndTabLowVOff 38 mil Vertical offset of lower ground tabs from bottom of flange

Er 2.1 Relative dielectric constant

TanD 0.0004 Loss Tangent

Rho 1 Bulk resistivity of conductor metal normalized to gold

< >

Subdircuit ID

Enable [ JFreeze [ JHideMame [ ]BoldMame PartNumber: |

Cancel Help Element Help | | Vendor Help

14. Right-click the 2D SMACONFIG layout again and choose Shape Properties to display the Cell Options dialog box.
Under Z Position, make sure the EM layer is set to 2-Air.
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Cell Options - Layout

Layout Mesh Faces Parameters Information

Line Type
Thick Metal Line e [JFreeze
[Juse for anchor
Layer Mapping
GDS Map - Stretch to fit
Crientation Em Extraction Options
[Fiipped Enable
Group name:
Rotate about z: Ij' Deg
. D
Rotate about y: Ijl =g Met Name
Rotate about x: |:| Deg | SUBCKT.51 |
£ Position
EM layer: | 2-Air ~ | Offset: I:l il

Fippedz [

Concel | | i

15. Copy the SMACONTFIG element and paste it on the other side of the EM structure. After rotating the structure press
Tab, clear the Rel check box and enter "802" for X and "250" for Y.

16. Choose Draw > Add Edge Port and hover the cursor near the edge of the center conductor of the left SMA until the port

outline displays. Click to place the port. Repeat this step for the right port. When you are done the 2D view should
look like the following figure:

17. The following figure shows the 3D view of the "SMA" EM structure.
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18. To ensure that everything is connected properly, in the 3D view of the "SMA" EM structure, click the Show Mesh
Connectivity button on the toolbar. The following figure shows the 3D view after the mesh connectivity is turned on.

NOTE: Conducting boundary conditions propagate through hierarchy, so the ground plane from the PCB EM structure
is present in the SMA EM structure as seen with the mesh connectivity.

Adding Solder Pads

Before simulating, a more realistic design of this structure would include the solder pads for the SMA connection. You
can add four copper shapes and vias at the same level of hierarchy as the SMA connectors. The final project includes
these solder pads as shown in the following figure.

To add the solder pads and vias:

1. Open the 2D Layout View of the "SMA" EM structure and click the Layout tab to open the Layout Manager.
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2. Select the Copper drawing layer and start to draw a rectangle by pressing CTRL + B or by choosing Draw > Rectangle.
3. Press the Tab key to display the Enter Coordinates dialog box, then enter the values shown in the following figure

and click OK.
Enter Coordinates x

x y
[0 mil |60 | mil

Cancel Rel | Polar []Snap

4. Press the Tab key again and enter the size of the rectangle. Note the Rel setting.

Enter Coordinates

=N
=]
=%
=]
£

| 200 mil | 45.5 | mi

Cancel | [“Rel [Polar []Snap

5. Select the Via drawing layer and choose Draw > Circle, then press the Tab key to display the Enter Coordinates dialog
box. Enter "30" for x and "82" for y and then click OK.

Press the Tab key again and enter "15" for R.

Copy the via and paste two more vias 60 mils apart. When pasting you can press the Tab key to enter coordinates and
space the vias evenly. When you are done the layout should display as shown in the following figure.

6. Copy the solder pad and all three vias and paste them in the appropriate positions under the SMA flanges. When you
are done the 2D layout should display as shown in the following figure.
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=

=

Simulating the Entire Structure

Now that the solder pads and vias are added, it is time to simulate the structure.

To visualize the E-fields for this structure after the simulation is complete you need to set certain options. To set up the
structure to save E-field information:

1. Right-click the "SMA" EM structure in the Project Browser and choose Options to display the Options - SMA dialog
box, then click the Analyst tab.

2. Change the Field Output Frequency to AMR Frequencies Only, then click OK.
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3. Click the Show Currents/Fields button on the EM 3D Layout toolbar to display the fields on a cut plane. As each AMR
sequence finishes, the E-field display updates.

4. With the SMA EM structure 3D view window active, click the Show 3D Mesh button on the toolbar to view the mesh
of the structure and watch it update at each AMR step. (NOTE: To ensure that your project matches this example,
your toolbar should display as shown in the following figure, specifically the activation of the Show Cut Plane and
Use Cut Plane buttons.

B ka2 @RS ] LR

The following figure shows the initial mesh with the cut plane off to the side.

5. Choose Simulate > Analyze or click the Analyze button on the toolbar to start the simulation. NOTE: Typically, this
simulation takes about 10 minutes to run with no other programs competing for resources. While the simulation runs
you can configure a graph to display results from the new simulation.

To create a graph:

1. Right-click the Graphs node in the Project Browser and choose New Graph.
2. Name the graph "SMA", select Smith Chart as the graph type, and click Create.

3. Right-click the new graph and choose Add New Measurement to add "S11" to the graph. Verify that your settings match
those in the following figure.
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[N Add Measurement to 'SMA'

Measurement Type Measurement | Search... Data Source Name
[=)- Linear Fs EBCD A SMA -
. AC h
- crde NN | ToPortindex
- Gain SDeltaM 1 E
- Noise SDeltaP z
- Phase Shifter SModel From Port Index
- Port Parameters 5_TERM
5_TERM_2P [1 E
- PreRelease S_TERM_Z -
""5_13_bi"t5" W :I_— hd Sweep Freq (FDOC, n=11)
Scattering Coeffidents (S Parameters) Use for x-axis LI
Select Data Set
Simulator Default Linear w
{Current Result} e
Configuration | pefault o
Complex Modifier
Real Imag. Mag. Angle Anglel
@ complex  (C) Conjugate dB
Use Vars == Cancel Help Add Favorite Meas., Help

4. When the simulation is complete, the graph data displays as shown in the following figure.

SMA —&-S(1,1)
SMA

You can see the finished solution E-field display in the 3D layout. With the 3D Layout View active, press the y key to
move the cut plane to the y plane. The annotations display similar to the following figure.
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To see the fields in the structure behind the metal, click and hold on the cut plane and it displays the fields hidden behind
the metal.

You can view the mesh and E-field data for each AMR sequence during simulation or after the simulation is complete.
To view each AMR sequence result:

1. With the "SMA" EM structure 3D layout window active, expand the Data Sets node in the Project Browser and then
expand the SMA subnode. The current data set for this EM structure displays with a green icon and you can also expand
it. The data sets below it are for each AMR sequence run in the simulation.
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2. Shift-click a sub data set to show the mesh and E-fields for that AMR sequence. Note that the E-field does not display
for the port-only AMR sequences. These display a small "P" on the data set icon and are the lowest in the list.

Configuring for Transition Simulation Only

In the previous example, you simulate the SMA, PCB, and the chip as an entire structure. You may, however, want to
simulate only a subset of the geometry drawn. In this example, you look at the response of the SMA to see how it affects
when adding it to the network. You can do so by moving the boundary shape and configuring ports; you do not need to

alter the original geometry.

For Analyst software simulation, only shapes inside the boundary are simulated. so you can simulate only parts of your
geometry without needing to edit much on the full geometry of your structure. In the following step you only simulate

E Output Files

one of the SMAs using the current geometry setup.

The first step is to duplicate the structure already created. To duplicate this structure:

1. Right-click the "SMA" EM structure and choose Duplicate. A new EM structure named "SMA 1" displays in the

Project Browser.

2. Right-click "SMA 1" and choose Rename EM Structure. In the Rename EM Structure dialog box, name the structure
"SMA_Simplified", then click Rename.

3. With the "SMA_Simplified" window active, double-click the boundary shape to enter edit mode (diamonds/squares
display on each vertex and edge mid-point).

4. Click and hold the mid-point of the right boundary shape and drag it towards port 1 as shown in the following figure.

-+ Data Sets

; - Analyst_Line
-~ AXIEM_Line
-] PCB

= sma

EM_Sim_D59

----- el EM_Sim_D59

[ied] EM_Sim_D59%7
[l EM_Sim_D59%6
il EM_sim_D59%5
il EM_Sim_D59%+4
i EM_sim_D59%:3
il EM_sim_D59%2
i EM_sim_D59%1
B EM_Sim_D59%0
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dx ;444 094
1 ! — G e ! 2
e

. As you get closer to port 1, press the Tab key and enter the following values. Make sure the Rel box is selected.

Enter Coordinates

=
"

dx d
[ -s50 |mil [0 | mil

0K Cancel Rel []Polar []Snap

. Select the Copper drawing layer and choose Draw > Rectangle. Press the Tab key to display the Enter Coordinates
dialog box and type the following values, then click OK.

Enter Coordinates

2
Ed

X
[ 188 |mil [ 220 | mil

Cancel Rel | |Polar [[]snapt

. Press the Tab key again and type the following values, then click OK. Note the Rel setting.

Enter Coordinates
dx d
[12 |mil | &0 | mil

Cancel | el [Jrolar []snap

-
"

. Delete port 2 on the right side. Choose Draw > Add Edge Port to add a port to the right edge of the rectangle created
in the previous step. After you add the port, double-click it and change the Type from Lumped Down to Wave.
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9. Even though the boundary shape is not touching the SMA on the right, that SMA is simulated with the current setup.

You can prevent this by right-clicking that SMA and choosing Shape Properties, then selecting the Clipped by simulation
boundary check box in the Cell Options dialog box.

Cell Options - Parameters (Showing 0 of 0)

Layout Mesh Faces Parameters Information
Line Type
Thick Metal Line w [(Freeze
[Juse for ancher
Layer Mapping
GDS5 Map i Stretch to fit
Orientation Em Extraction Options
[ Flipped Enable
Group name:
Rotate about z: Deg
Rotate about y: I:l Deg
Rotate about x: Ijl Deg
Z Position
EM layer: |2 ~ | Dffset: I:| mil
Fippedz [
Clipped by simulation boundary
Cancel Help

10. Observe the connectivity mesh before simulating.
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11. Run the simulation. NOTE:: Typically, this simulation takes several minutes to run with no other programs competing
for resources.

While the simulation runs, add the S11 measurement to the "SMA" graph to see the response of this circuit when the
simulation completes. The "SMA" graph should display similar to the following figure.

L

SMA ---5(1,1)
SMA

= 5(1,1)
SMA Simplified

Encapsulating the Chip and Bond Wires

The next step is to encapsulate the chip and bond wires with a dielectric material. In previous steps you imported an
arbitrary 3D EM structure, the SMA connectors. Now you are going to create an arbitrary 3D EM structure and use it in
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this design. The encapsulant is parameterized such that after creation you can specify the parameters on the subcircuit
of the EM document rather than modifying the geometry in the AWR Design Environment platform 3D Editor.

The encapsulant is an extremely simple parameterized 3D EM structure but it is possible to create fully parameterized
EM structures with complex geometries such as the SMA connector used in this example. To see different examples of
parameterized EM structures, browse the 3D EM Elements in the Elements Browser.

To create the encapsulant:

1. Right-click the EM Structures node and choose New Arbitrary 3D EM Structure to display the New 3D EM Structure
dialog box.

2. Type "Encapsulant" as the structure name, select Analyst™ 3D EM - Async as the simulator, select From Stackup under
Initialization Options, select AIR as the Stackup, and then click Create.

Mew 30 EM Structure

Enter @ name for the 3D EM Structure
| Encapsulant |
Cancel
Select a simulator:
’ ) Help
Available Simulators
(O Ainalyst™ 3D FEM - Async Initialization Options
) Clarity™ 30 Solver - Async (®) From Stackup
() Dassault Systemes CST Studio Suite® - Async (") From LPF
(O Default
Document:
Global Definitions ~
Stackup:
AIR. L
Description
Analyst asynchronous 30 FEM simulator

3. Right-click the "Encapsulant" EM structure and choose Open in 3D Editor. The AWR Design Environment platform
3D Editor opens.

4. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
5. Change the Length units to mil and click OK.
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Units Properties

Parameters

Current

Energy

Frequency

Impedance

Length

Right click on parameter name for preferences, etc.
Show Advanced

[ ok ]| cancel

6. On the Structure ribbon, in the Entity Creation group, click Draw Entity and choose Box.
7. Press the Space bar to display the Edit Properties dialog box. Set Material to <New>.

8. In the Edit Properties dialog box for the new material, specify the Label as "BCB", and set the Relative Permittivity (Er)
to "2.65", then click OK.

Material_1 Properties

Parameters  Variables

Label BCB A
Type |:| Dielectric

Color Il zss.0.0 255

Electrical Properties

Relative Permittivity (Er} 2.65 L]
Relative Permeability (Ur]
Electric Loss Tangent

Magnetic Loss Tangent
Electric Bulk Conductivity (5/m])
Magnetic Bulk Conductivity (Othms/m}
Relative Permittivity (Er)
Relative permittivity is a unitless quantity that may be either scalar or symmetric

tensor. Relative permittivity must be purely real; describe any electric losses with the
electric loss tangent or the electric bulk conductivity.

ol olala| =

Right click on parameter name for preferences, etc.
Show Advanced

Preview Modifications

0K | | Cancel
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9. In the Edit Properties dialog box for the new box, specify the Label as "Encapsulant", set Corner to "0, 0, 0", and then
for Extent, type "length, width, height", then click OK.

Box_4 Properties

Creation  Meshing Variables

Coordinate System : Warld A
Material [] Bce
Include in Simulation True
Visible True
Mesh Control Only 4 False
Type [ cornerand Extent
Corner [mil) 0,00
length, width, height W

Extent (mil)
Extent of the box in each of the solid's three coordinate system directions.

Right click on parameter name for preferences, ete.
Show Advanced

Preview Modifications
¥ Mutomatically Show This Window (See Environment Properties)

Cancel

The BCB material is included in the list of materials that you can use on other shapes.

§ Geometry
. [, mgl Encapsulant
E| ! Coordinate Systems

. mEs

- [l Perfect Conductor
- ingl Excitations
- gl Boundary Conditions
g Mesh Constraints
[l Other Atributes

10. Set the values of the variables in the Variables window (click the Variables tab at the bottom left of the main window
by default, or on the Window ribbon in the Controls group, click Control Visibility and choose Variables to display the
Variables window). Set length to "70 mil", width to "64 mil", and height to "20 mil", then click the Apply button to
accept the changes. Note that you must type "mil" in the expression. This flexibility allows you to enter values in
units besides the current drawing unit.

When complete, the Variables window should match the following figure.
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|Primary_\|’a|ue5et : i - .fx «
Mame Expression Value Group Export Constrain @ Min  Max Incr Tume Optimize Refs Log  Mote
height |20 mil |2u mil |Glo.. ~| [ 0 o 0 r r |e new variable for Extent
length 70 mil 7omil |[Glo.. |~| [] | r I 1,0 new variable for Extent
3 width B4 mil |[Glo... |~| [] | r [ 1,0 new variable for Extent
Q- H t3 ?& fpply ™Y Revert 3 Variables

11. Press the Fit button on the toolbar. Alternatively, press F, the default hotkey for the Fit command.

The dielectric brick should display as shown in the following figure:

“ <+ O QGQE]

12. To make the dielectric a more realistic shape, you need to fillet the box to soften the corners. To soften the shape, on

the Structure ribbon in the Entity Modification group, click Modify Solids and choose Fillet Edges.

The box becomes transparent, except for the edges, to allow you to select which edges you want to soften.

13. Click an edge to add it to the group of edges to alter. When selected, the edge displays in red.

14. Select the following edges and then press Enter to display the Edit Properties dialog box.
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15. Specify the Label as "EdgeFillet" and the Radius as "radius", then click OK.

Blend_1 Properties

Edgefillet  Variables

Label EdgeFillet

[] constant Radius Fillet
radius

True

Include

Radius (mil)
Radius of the blend (valid for fillet type only}.

Right click on parameter name for preferences. etc.
Show Advanced

Preview Medifications

Cancsl

16. In the Variables window, set the Expression of the new radius variable to "20 mil" and click Apply.

17. The final step in creating a parameterized arbitrary 3D EM structure is to set the variables to export from the AWR
Design Environment platform 3D Editor into the AWR Design Environment software. In the Variables window, click
the Export check box for each of the four variables that define this structure.

18 When defining a parameterized EM structure you should constrain the variables that define the structure. Enable
constraints for each variable and set the values to match those in the following figure.
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MName Expression Value Group Expot  Constrain =~ Min Max Iner  Tume  Optimize Refs Log Mote

height 20 mil 20 mil |Global 0 mil |20 mil | 1 mil | | I 1,0 new variable for Extent
length 70 mil 70 mil |Global omil |[7omil [1mil | [ O [0 new variable for Extent
width &4 mil 64 mil |Global 0 mil |64 mil [ [ (o new variable for Extent
radius 20 mil 20 mil |Global omil |20mil [1mil | [ O [0 new variable for Radius

When complete, the final structure should display as shown in the following figure.

19. Click the Save button on the toolbar and then exit the AWR Design Environment platform 3D Editor. Upon closing
the 3D editor, the changes to the "Encapsulant" EM structure are sent to the AWR Design Environment software.

20. Open the 2D Layout View of the PCB EM structure and add the encapsulant by choosing Draw > Add Subcircuit and
selecting Encapsulant. Press the Tab key to enter the coordinates as shown in the following figure.

X

|mil | 218

| mil

Cancel | [JRel [Jrolar []snap

Enter Coordinates x

21. Right-click the encapsulant in the 2D layout and choose Shape Properties.

2. In the Cell Options dialog box under Z Position, set the EM layer to "2". The encapsulant covers the chip and the bond

wires.
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23. Select the Clipped by simulation boundary check box and then click OK.

24. To see what is in the encapsulant, in the Layout Manager Visibility By Material/Boundary pane, set the Opaque value
for the BCB material to "0.5".

25. Change the height of the encapsulant. From the 2D layout of the PCB EM structure, right-click the encapsulant and
choose Element Properties to display the Element Options dialog box. Change the height to "5" and the radius to "5",
then click OK. The bond wires extrude from the dielectric with these settings.

26. Change both the height and radius to "10" so the bond wires do not extrude from the dielectric.
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In addition to the geometry creation mechanisms covered in previous Cadence® Analyst™ 3D FEM EM analysis chapters,
there is another mechanism, importing Standard ACIS Text (SAT) files, that you can take advantage of to create a
structure. SAT files are a commonly used file format to transfer 3D geometries between tools. Product vendors often
provide SAT files of their products for convenience.

Using a Custom Housing to Enclose the PCB

This chapter is a continuation of “ANA. Using Arbitrary 3D Structures in Analyst”. If you have not completed that
example please do so before continuing here, as it includes concepts that may not be discussed in this example.

In this example you replace the SMA connectors that are attached to the PCB with a custom housing. The custom housing
is a three-dimensional geometry that is pre-defined in a SAT file. SAT files define the geometry of a structure but have
no concept of the materials that comprise the structure. Materials and ports must be assigned to the structure to make it
ready for simulation.

This example includes the following main steps:

* Importing the SAT housing
* Assigning materials to the structure
* Running the full structure simulation

NOTE: The Quick Reference document lists keyboard shortcuts, mouse operations, and tips and tricks to optimize your
use of the Cadence AWR Design Environment® platform. Choose Help > Quick Reference to access this document.

Opening an Existing Project

The example you create in this chapter is available in its complete form as Analyst SAT Finish.emp. To access this file
from a list of Getting Started example projects, choose File > Open Example to display the Open Example Project dialog
box, then Ctri-click the Keywords column header and type "getting_started" in the text box at the bottom of the dialog
box. This example is a continuation of the previous Analyst chapter.

To open an existing project:

1. Choose File > Open Example to locate and open the Analyst Arbitrary Finish.emp file.
2. Choose File > Save Project As. The Save As dialog box displays.
3. Navigate to the directory in which you want to save the project, type "Analyst GS_SAT" as the project name, and

then click Save.

NOTE: Simulation results may vary slightly from the images in this guide. Finite Element Method (FEM) simulations
require a convergence based on a mesh refinement sequence. Slight changes in the mesh refinement between versions
of the solver can cause results to vary slightly. While the default convergence tolerance is sufficient for most geometries,
if you find results shift you can decrease the convergence tolerance to ensure the results are accurate.

Importing the Housing

You can only import or modify SAT files in the AWR Design Environment platform 3D Editor. To import the SAT
housing:
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1. Right-click the EM Structures node in the Project Browser and choose New Arbitrary 3D EM Structure (alternatively,
choose Project > Add Arbitrary 3D EM Structure > New Arbitrary 3D EM Structure) to display the New 3D EM Structure
dialog box.

2. Type SAT_Housing as the structure name, select Analyst™ 3D EM - Async as the simulator, select From Stackup as the
Initialization Options, select AIR as the Stackup, and then click Create.

Mew 30 EM Structure

Enter @ name for the 3D EM Structure
| SAT_Housing |
Cancel
Select a simulator:
’ ) Help
Available Simulators
® Analyst™ 30 FEM - Async Initialization Options
) Clarity™ 30 Salver - Async (®) From Stackup
() Dassault Systemes CST Studio Suite® - Async (") From LPF
(O Default
Document:
Global Definitions ~
Stackup:
AIR. w
Description
Analyst asynchronous 30 FEM simulator

3. Right-click the “SAT Housing” EM Structure and choose Open in 3D Editor.

Next you define the materials that comprise the housing. Copper is a default material in the list and is used for the
metal of the housing. The dielectric of the coaxial inputs is Teflon.

4. In the AWR Design Environment platform 3D Editor, right-click the Materials node in the Browser and choose New
Material. Type "Teflon" as the Label, "2.1" as the Relative Permittivity, and "0.0004 as the Electric Loss Tangent. Verify
that your settings match those in the following figure.
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Material_1 Properties

Parameters  Variables
Label Teflon ~
Type [] pielectric
Colar Il zss.0.0 255
Electrical Properties -
Relative Permittivity (Er) 21
Relative Permeability (Ur} 1
Electric Loss Tangent
Magnetic Loss Tangent [
Electric Bulk Conductivity [S/m]) 1] v
Electric Loss Tangent
Electric loss tangent is a unitless quantity that may be either scalar or symmetric
tensar.
Right click on parameter name for preferences. etc.
Show Advanced
Preview Medifications
Cancel

5. On the Structure ribbon in the Entity Creation group, click Import Entities and choose Import Entities (SAT, IGES, STEP,

etc).

E

Import e
Entites | Entities

4 &Y !

Export | gueep LoftFaces B

Import Entities (SAT, IGES, etc)

Import Points As Wire Lines
Import Points As Wire PolyLine
Import Points As Wire Spline

6. In the File Open dialog box, browse to the Analyst SAT Finish_Housing.sat file in the \Examples directory. If you
installed in the default location this path is similar to C:\Program Files (x86)\AWR\AWRDE\22. I\examples).

If you used a different installation path, you can locate the \Examples directory by choosing Help > Show Files/Directories

in the program and then double-clicking the Examples folder.

The imported housing displays as follows:
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Assigning Materials to the Structure

You now assign materials to the housing structure. In the previous step you imported the geometry of the housing into
the 3D editor. When imported, the material for each section of the geometry is by default set to “Air”. In this example
you set the coax dielectric to “Teflon”, and both the housing and center conductors to “Copper”. You also add the ports.

1. In the Geometry node of the Browser, select Imported_1. The left dielectric of the coax is highlighted.

2. Change the Material from Air to Teflon.
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Label Imported_1 h

Coordinate System[__| World

Material [] Teflon

Include in Sirnulati|:| True

Wisible |:| True W
Material

Chosen material for the salid.

Creation Meshing
Right click on parameter name for preferences,
Show Advanced

The 3D view displays as follows.

3. Repeat these steps for the right dielectric by selecting Imported_2 and changing the Material to Teflon.
4. Select Imported_3. The right center conductor of the coax is highlighted.
5. Change the Material from Air to Copper.
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Label Imported_3
Warld
|: Copper |«
Include in Simulatio True
] True

Copvdinate System

]

Material
Chosen material for the salid.

Creation Meshing
Right click on parameter name for preferences.
Show Advanced

6. Repeat this step for the left conductor and the housing by selecting Imported_4 and Imported_5 and changing the Material

to Copper.

7. Click the Geometry node to display the full structure, and then click the Fit button on the toolbar or press the F key.

The materials for the housing are now set and the 3D view should display as shown in the following figure.

8. To add the ports to the structure, view the structure from the left side. You can rotate the structure by clicking the
middle mouse button and moving the cursor (alternatively, click the Rotate button on the toolbar or press the R key).

[¢]+ 0 amE

You can also change the camera view by clicking the Next Camera View button on the toolbar and choosing Left from

the drop-down menu.
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lmla-8 %8 -e@EE-

@ Front (+Y)

R Back (1)

2 Top(2)

ER  Bottom (+2)

| Left (40

G Right (%)

g Isometric

% Align to Working Plane
Snap to Nearest Orthogonal Direction  Shift+5
Rotate by +30 About X Ctrl4D1
Rotate by -390 About X Alt+D1
Rotate by +30 About 'Y Ctrl4+D2
Rotate by -90 About ¥ Alt+D2
Rotate by +30 About Z Cirl+D3
Rotate by -90 About Z Alt+D3
Properties

9. In the Geometry node of the Browser, select Imported_4 to highlight the left conductor.

10. On the Structure ribbon in the Attributes group, click Apply New and choose Port.

11. Click the face of the conductor to apply the port to it, then press Enter. The Port Properties dialog box displays. The
default settings for the port are sufficient so just click OK.

The 3D view of the structure from the left should display as shown in the following figure.
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12. Repeat these steps for the right side to add the second port. When complete, the housing should display as shown in
the following figure.
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13. Click save and close the AWR Design Environment platform 3D Editor to transfer the Geometry to the program.

Simulating the Structure

The next step places the PCB structure in the housing and set up the structure for simulation. You add the housing and
the PCB as subcircuits in another top level EM structure. The hierarchical design style that is used in the Analyst Getting
Started Guide examples is a powerful way to compare variations of structures that have portions of the structure that do
not vary. In this example you previously simulated the PCB structure with edge launch SMA connectors and now you
can compare the results with the PCB structure in a custom housing. While this example is simple, it is meant to illustrate
the concept of a hierarchical 3D EM design style.

1. In the Project Browser, right-click the EM Structures node and choose New EM Structure to display the New EM
Structure dialog box.

2. Type "Housing" as the EM Structure name, select Analyst™ 3D EM - Async as the simulator, select AIR as the Stackup,
and then click Create.

3. In the 2D layout of the “Housing” EM structure, double-click the Enclosure. The edit diamonds display.

4. Click the top right edit diamond and begin to drag it. Press the Tab key to display the Enter Coordinates dialog. Clear
the Rel check box and enter "750" for x and "500" for y then click OK.

Enter Coordinates %

x ¥
[ 750 |mil [ 500 | mi

Cancel | [JReli [JPolar []Snap
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5. Choose Draw > Add Subcircuit and select PCB.

6. Press the Ctrl key to help align the PCB with the enclosure boundary. Right-click the subcircuit of the PCB and choose
Shape Properties. Make sure that the PCB Z Position has an EM layer of 3, then click OK.

7. Repeat the previous step, but choose the "SAT Housing" instead of the PCB and set the EM layer to Bottom Boundary
instead of 3.

8. In the 2D layout view of “Housing”, choose Draw > Add Edge Port to add a port to the left end of the SAT Housing
coax. Repeat this for the right end as well.

The 3D view should display as shown in the following figure.

9. With the 3D layout view active, add a cut plane by clicking the Use Cut Plane button on the toolbar and then mesh the
structure by clicking the Show 3D Mesh button on the toolbar (alternatively, right-click the EM structure and choose
Mesh).

10. Click the Show Mesh Connectivity button on the toolbar. The 3D view should display as shown in the following figure.
The colors, representing electrical connectivity, may vary from the figure.
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11. Right-click the Graphs node and choose New Graph. In the New Graph dialog box, type Housing as the graph name,
select Smith Chart as the graph type, and then click Create.

12. Right-click the new graph and choose Add New Measurement to display the Add/Modify Measurement dialog box.
13. Add "S11" to the graph. Verify that your settings match those in the following figure.

[N Add Measurement to 'Housing'

Measurement Type Measurement | Search... Data Source MName
- Linear ~ | [ABCD ~ :
o AC G Housing W
) H
- Crrce OO | ToPortindex
- Gain SDeltaM | 1 | -
- Noise SCeltaP x
- Phase Shifter SModel From Port Index
= e S_TERM
ort Parameters 5_TERM_2P | 1 | -
- PreRelease S TERM 7 -
----S_ia_bility b4 I A Sweep Freq (FDOC, n=11)
Scattering Coefficdents (S Parameters) Use for x-axis |
Simulator Default Linear o
Configuration | pafault »
Complex Modifier
Real Imag. |_'Mag. Angle AngleU
® Complex () Conjugate dB
Use Vars »> Cancel Help Add Favarite Meas. Help

14. Right-click the "Housing" EM structure and choose Simulate. When the simulation is complete, the "Housing" graph
should display as shown in the following figure.
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Housing

—--5(1,1)
Housing

Swp Min
0.1GHz
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