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Chapter 1. Introducing Analyst
Cadence® Analyst™ 3D FEM EM analysis software can run as a stand-alone program or within the Cadence AWR®
software products as a 3D Editor. The Cadence Analyst™-MP multi-physics simulator allows you to create complex
parametric 2D and 3D structures and perform fast and accurate field and particle analysis of these designs. When used
from within the AWR software, the Analyst 3D Editor allows you to create complex parametric 3D structures for field
simulation. This documentation contains information that is applicable both to Analyst-MP (multiphysics) software and
to the use of the 3D CAD Editor from the AWR software. Content specific to Analyst-MP software is marked as such.

1.1. About This Guide
This Getting Started Guide is designed to familiarize you with the Analyst software by demonstrating its capabilities
through working examples.

1.1.1. Prerequisites
This guide assumes that you are familiar with Microsoft® Windows®, and have a working knowledge of 3D modeling.
This document (Analyst_Getting_Started.pdf) is available as a download from the Cadence website at www.awr.com.
If you are viewing this guide as online Help and intend to work through the examples, you should obtain the printed
manual or print out the PDF version for ease of use.

1.1.2. Contents of This Guide
This guide includes hands-on examples that use different simulators and optimizations to demonstrate the use of Analyst
software to create models.
For an overview of the Analyst software including the basic menus, windows, components and commands, see “Design
Environment”.

1.1.3. Typographical Conventions
This guide uses the following typographical conventions to help you follow instructions quickly and easily.
Item

Convention

Anything that you select (or click on) in the Analyst
software interface, such as menus, submenus, ribbon or
ribbon groups, dialog box options, buttons, and tabs.

Shown in a bold alternate type.

Text that you enter using the keyboard

Shown in bold type within quotes:

On the Structure ribbon in the Entity Creation group, click
Draw Entity and choose Box from the drop-down menu.

Enter "my_project" in File Name.
Keys or key combinations that you press

Shown in a bold alternate type with initial capitals. Key
combinations using a "+" indicate that you press and hold
the first key while pressing the second key:
Press Alt+F1.

File names and directory paths

Shown in italics:
See the sample.py file.
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Getting Additional Information
Item

Convention

Contents of a file, fields within a file, command
Shown in an alternate type:
switches/arguments, scripts, or output from a command at
The following is a complete file for three two-dimensional
the command prompt
points:
0 1E-07
0 0.009995
0.000482 0.019155

Variables for which you must specify values

Shown in angle brackets:
AWRDE_Analyst_<version>.exe
/DisplayConfig

1.2. Getting Additional Information
There are multiple resources available for additional information and technical support for Analyst.

1.2.1. Cadence AWR Knowledge Base
www.awrcorp.com/download/kb.aspx
• Videos - Short videos on how to accomplish specific tasks; longer videos for training on specific topics.
• Examples - Additional examples not included in the installation.
• Solution Finders - Step-by-step guides for problem solving (licensing problems, understanding error messages, etc).
• Application Notes - Documents the Cadence technical staff writes covering specific software features.
• Frequently Asked Questions (FAQs) - Answers to common customer questions.
• Python Scripts - Examples of scripts the Cadence technical staff writes.
• Release Notes - Archive of release notes for previous versions of AWR software.

1.2.2. Documentation
Additional Analyst software documentation includes:
• What's New in AWR Analyst 16 presents the new features, enhancements, and user interface changes in this release
for current users.
• The AWR Design Environment Installation Guide, available at Install.pdf, describes how to install the AWR Design
Environment platform software (which includes Analyst software) and configure it for licensing options. It also provides
licensing configuration troubleshooting tips. Comments and suggestions regarding this guide are welcome and should
be e-mailed to awr.install@cadence.com.
• The AWR Analyst User Guide describes how to use the Analyst software windows, menu choices, and components
(structure, simulation, plots and measurements) in creating an Analyst software project. It includes discussions of
related concepts when appropriate, including variable use and importing or linking to data files, and post-processing.
Use of the Recorder and Python Scripting is also included.
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• The AWR Design Environment Quick Reference document lists keyboard shortcuts, mouse operations, and tips and
tricks to optimize your use of Analyst software. This document is available within the AWR Design Environment
platform by choosing Help > Quick Reference.

1.2.3. Online Help
Analyst software online Help provides information on the windows, ribbons, dialog boxes, and components that compose
the design environment, as well as the design concepts.
To access Help:
• Click the Help on the Help ribbon tab.
• From the Windows Start menu, open the Analyst folder and choose the Analyst Help shortcut.
The Analyst software documentation is included in separate books listed on the Contents tab. You can search for indexed
terms on the Index tab or text strings on the Search tab, and access saved Help topics on the Favorites tab.
In addition, option Help is available in select dialog boxes by selecting an option and viewing a short description of it
in a text box within the dialog box.
Context Sensitive Help
You can access context sensitive Help in a number of ways:
• While performing an interactive command such as drawing a Box, press the F1 key.
• Press the F1 key while inside a property grid.
• Click the "?" (Help) button in the upper right corner of an Edit Properties dialog box.
• Select an item in the Browser and press F1.

1.2.4. Website Support
Support is also available from the Cadence website at www.awr.com. The Support page provides links to the following:
• the current software version
• the Knowledge Base, which contains Frequently Asked Questions (FAQs) from Cadence Microwave Office® software,
Cadence Visual System Simulator™ (VSS) communications and radar systems design software, Cadence Analog
Office® RFIC/analog IC design software, and Analyst software users, Application Notes, Tutorials, and project
examples
• all AWR software documentation

1.2.5. Technical Support
Contact Technical Support for AWR Products.

1.3. Components of the Design Environment
When you start the Analyst software, the following main window displays.
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The major components of the user interface are described in the following table:
Component

Description

File button

The button opens the menu which contains commands that apply to the entire project, such as
New, Open, Save, Save As, Save Copy As, Export Without Results, Print, Close, and Help. It also
lists recently opened and saved projects. You can open a project from this list.

Quick Access toolbar A customizable toolbar that allows quick access to commands or controls regardless of which
tab is currently selected. Click the Customize Quick Access Toolbar button to the right of this
toolbar to access options for customizing or moving the toolbar. For more information, see
“Customizing the Quick Access Toolbar”.
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Component

Description

Ribbon tab

The tab at the top of the ribbon that you click to select the active ribbon.

Ribbon

The long toolbar-like strip of options and commands that displays when you click a ribbon tab.
To minimize the ribbon, right-click it and choose Minimize the ribbon. To restore the ribbon,
right-click again and toggle Minimize the ribbon off. When your cursor is in the ribbon, you can
use the mouse wheel to scroll forward and backward through the tabs.

Ribbon group

The named rectangular boxes that group the buttons, combo boxes, and other controls on a
ribbon by associated task.

Buttons

Buttons may be click-able and/or display a drop-down menu with further options. Clicking a
button performs an action or displays an associated dialog box or options box with additional
options.

View tab

Located directly below the ribbon, a tab that allows you to switch views.

Navigator

Located by default at the left of the workspace, this window includes model information. Items
are organized into a tree structure of nodes such as Notes, Structure, Simulations, Plots, and Files.
The Navigator is active when Analyst software first opens, or when you manually select it on
the View ribbon in the Controls group from the Control Visibility drop-down menu. You can
right-click some of the nodes in the Navigator to access menus of relevant commands.

Browser

Located by default at the right of the workspace, this window comprises the collection of data
and components that define the active project. Items are organized into a tree structure of nodes
and include Geometry, Coordinate Systems, Materials, Excitations, Boundary Conditions, and
others. The Browser is active when Analyst software first opens, or when you manually select
it on the View ribbon in the Controls group from the Control Visibility drop-down menu. You can
right-click the Browser nodes to access menus of relevant commands.

Toolbar

Located by default beneath the View tabs, a row of buttons that provides shortcuts to frequently
used commands associated with the active view. To view a description of a toolbar command,
hold the cursor over the button to display a tooltip.

Tabs

You can dock, float, tab, or auto-hide the Navigator, Browser, Variables, Recorder, and other
windows. For more information about positioning tabs, see “Controlling Window Placement ”.
Click the Variables tab to access the Variables window. For more information on setting variables,
see “Variables and Expressions”.
Click the Recorder tab to view your recorded actions. For more information about the Recorder,
see “Scripting and Recording”.
Click the Python Scripting tab to view a window that displays scripts you created, or all actions
performed within the user interface captured in equivalent Python code. You can replay a
sequence of actions using Cut and Paste operations into the command window, or store them
to a file for later use. For more information about Python Scripting, see “Scripting and
Recording”.
On the View ribbon in the Control group, click Control Visibility and choose Log Summary from
the drop-down menu to open the Log window and view any log statements that Analyst software
outputs. For more information about the Log, see “Viewing the Log Window”.
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Chapter 2. Analyst-MP: Cavity Optimization (OM2p)
This example demonstrates how to optimize a simple rotationally symmetric cavity to obtain a fundamental mode
frequency of 450 MHz by varying the cavity and nose diameters in Cadence® Analyst™ 3D FEM EM analysis software.
This example uses the 2D eigensolver OM2p, variables, sweeps, and optimization.

2.1. Configuring the Model
This example uses the 2D Eigenmode (OM2p) simulator and the associated default boundary conditions and excitations.
The example you create is available in its complete form as Cavity Optimization OM2p.apz. To access this file from a
list of example projects, on the Help ribbon in the Help and Support group, click the Open Example button and choose
Cavity Optimization OM2p.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm, then click OK to close the dialog box.
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2.2. Creating Variables
In order to optimize a structure you need to define at least one variable. All variables included in an optimization must
have both the Constraint and Optimize options selected, and have valid Min, Max, and Incr values. In this example you use
variables for the cavity diameter ("dc") and the nose diameter ("dn").
To define variables:
1. Click the Variables tab (located by default in the lower left corner of the application window) to display the Variables
window.

2. Click the Add Variable button in the Variables window twice, to create two variables.
3. Change the names of the variables to "dc" and "dn". Set values as shown in the Expression field in the following
figure and then click the Apply button.
4. Check both the Constraint and Optimize options and change the Min, Max, and Incr values as shown in the following
figure. Negative Incr values are allowed, and have the effect of reversing the step order from Max to Min. You can add
a note to help you remember the meaning of the variable, then click the Apply button.
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2.3. Defining the Geometry
To define the geometry:
1. Click the Structure ribbon to make it active. On the Structure ribbon in the Entity Creation group, click Create Sketched
and choose Sheet (2D). A solid is created and the Edit Properties dialog box displays.
2. Click OK to close the dialog box and enter sketch mode.
You draw the cavity using two segments. The first is a polyline consisting of the straight segments.
3. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Polyline from the drop-down
menu.
4. Since you are using variables, placing points with the mouse is not very useful. Instead, you can press the Tab key to
display the Edit Properties dialog box and type in the coordinates for the first point, as shown in the following figure.

5. Close the dialog box, press the Tab key again, and repeat to define all 12 points using the coordinate values from the
following figure.
6. After defining all 12 points, press the Space bar to finish drawing and display the Properties dialog box for the polyline.
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7. Click OK to close the dialog box.
8. Click the Fit button on the Structure view toolbar.
The Structure view displays as shown in the following figure.
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The next segment is an arc used for the top of the cavity.
9. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Semi Circular Arc from the drop-down
menu.
10. Press the Space bar to finish drawing and display the Edit Properties dialog box.
11. Enter the point locations as shown in the following figure, then click OK or press Enter to close the dialog box.

12. To help draw the sketch, you should change the camera's current orientation to a more appropriate one. Click the Next
Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane.

Getting Started Guide 2–5

Simulating the Structure

The completed sketch displays as shown in the following figure.

2.4. Simulating the Structure
To create, configure and run a simulation:
1. On the Home ribbon in the Simulation group, choose 2D Eigenmode (OM2p) from the New Simulation button drop-down
menu. This choice provides access to the correct set of boundary conditions and excitations, and selects the active
simulation type to create. A dialog box to edit the new simulation's properties displays.
2. On the Solver tab, change the Shift Frequency to "0.45GHz" (note that you can also type "450MHz").
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3. On the Solver tab, set Compute Accelerator Results to True to signal the solver to compute and output quantities specific
to accelerator problems. Then click OK to close the dialog box.

4. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 2 seconds to complete.
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While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.

After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation was successful. A summary of the simulation results (shown below with the plot display turned
off) and listing of several important simulation setup parameters displays in the log.
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2.5. Creating a Plot
To create a plot:
1. In the Navigator, right-click the Plots node and choose New Plot w/Measurement.
2. By default the new measurement is on the mode summary table, as shown in the following figure. Right-click the cell
containing the Mode 1 frequency and select Create Variable from the context menu:
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3. A new variable is created with a expression that uses the meas_value function which retreives the value from the table
cell. You will use this variable as a metric to optimize the cavity.

2.6. Creating an Annotation
To create an annotation:
1. Click in the Simulation view to make it active, and on the Simulation ribbon, in the Post-Processing group, click New
Annotation and choose Field. An annotation is created and a Properties dialog box for the annotation displays.
2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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2.7. Performing a Sweep
To perform a simple parametric sweep over the two variables:
1. Click in the Simulation view to make it active. On the Simulation ribbon, in the Configuration group, click Clear Results
to clear the results from the simulation and prepare to generate results from the sweep. Click Yes on the dialog box
that displays.
2. In the Execution group, click Optimize/Sweep to display the Optimization Wizard.
3. You first specify the metric to be optimized. The metric is represented as an expression that evaluates to a single
number.
To specify the metric to be the resonant frequency from the measurement you previously created, enter your optimization
variable "v1" and click Validate, as shown in the following figure.

Confirm that the expression is valid and that the current result is as expected, then click Next to continue.
4. To choose the algorithm, choose Sweep from the drop-down menu as shown in the following figure, then click Next
to continue.
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5. Confirm that the Constrain and Optimize check boxes for each of your two original variables are selected. Do not check
these boxes for your new optimization variable.
6. Confirm that the Min, Max, and Incr values from your original variable definitions are specified as shown in the following
figure, then click Next to continue.

7. If you prefer you can over-ride your original variable definitions. To demonstrate, for the variable dc, click the Sweep
Type menu and select Custom List. Click the ellipses button in the farthest right column to bring up the Custom Range
dialog for the variable:
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Click Single to add a list of values. In the Point (cm) dialog enter "26" and click Add. Repeat, with the values "28.5",
"31", "33.5", and "36". These will appear in the Current Range list. Click OK when you are done.
For further discussion, see “Sweep Algorithm ”. When you are finished with your changes, click Next to continue.
8. Review/change the simulator settings. In this example no changes are necessary, so click Next to continue and start
the sweep.
As the sweep runs, the Wizard presents various data on tabs. The optimization is complete when the Finish button is
enabled. A total of 45 points (experiments) are evaluated and the sweep takes approximately 1 minute to finish. The
results display on the All Results tab as shown in the following figure.
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9. Click the Best Results tab to see the best experiment including the corresponding variables values, as shown in the
following figure.
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10. Click Finish to close the Wizard. If you want to access the values after closing the Wizard, on the Simulation ribbon
in the Post-Processing group, choose Show Opt/Sweep Results.
Note that the best variable values are used, as shown in the following figure.

11. Click in the Structure view to make it active. The field annotation corresponds to the best experiment from the sweep,
as shown in the following figure.
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2.8. Performing an Optimization
To perform an optimization to further refine the cavity:
1. Click in the Simulation view to make it active. On the Simulation ribbon, in the Configuration group, click Clear Results
to clear the results from the sweep and prepare to generate results from the optimization. Click Yes on the dialog box
that displays.
2. In the Execution group, click Optimize/Sweep to display the Optimization Wizard.
3. You use the same optimization metric as used in the sweep, so click Next to continue.
4. Choose Powell as the algorithm from the drop-down menu. In the sweep the target of the metric did not matter, but
for optimization it does. By default, the metric target is 0 GHz which is not what you want in this example. You want
to obtain a resonant frequency of 450 MHz +/- 2.0 MHz so change the parameters as shown in bold below.
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When you have set these values, click Next to continue
5. Note that the variables have the values corresponding to the best experiment from the sweep (dc=26cm and dn=14cm).
No changes are necessary so click Next to continue.

6. Review/change the simulator settings. In this example no changes are necessary, so click Next to continue and start
the optimization.
7. As the optimization runs, the Wizard presents various data on tabs. The optimization is complete when the Finish
button is enabled. A total of approximately 18 experiments are evaluated and the optimization takes approximately
1 minute to finish. The results display as shown in the following figure.
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8. Click the Best Results tab to see the best experiment, including the corresponding variables values as shown in the
following figure.
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9. Click Finish to close the dialog box.
10. Click the plot you created to make it active and you can see that the resonant frequency met the metric criterion, as
shown in the following figure.

11. The optimized value for the resonant frequency is displayed in the variables table:
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The optimized value is also displayed in the annotation:

12. If you would like to include your optimization results in charts, export them, or perform similar operations, you can
create a table that displays the same values as were shown in the Optimization Results dialog box. To create the table,
open the Properties dialog for the Measurement. For Qualifier 2 click Optimization Results.

Your results are displayed as a table:

2–20 AWR Analyst-MP

Performing an Optimization

Getting Started Guide 2–21

Performing an Optimization

2–22 AWR Analyst-MP

Chapter 3. Analyst-MP: Photocathode Gun (OM3p)
The following example demonstrates how to compute the eigenmodes of a 3D photocathode gun in Cadence® Analyst™
3D FEM EM analysis software. In this example you use sketches, Booleans, blends, symmetry, and OM3p.

3.1. Configuring the Model
This example uses the 3D Eigenmode (OM3p) simulator and the associated default boundary conditions and excitations.
The example you create is available in its complete form as Photocathode OM3p.apz. To access this file from a list of
example projects, on the Help ribbon in the Help and Support group, click the Open Example button and choose Photocathode
OM3p.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm then click OK to close the dialog box.
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3.2. Defining the Geometry
The photocathode structure is created with three components. The first component is the pipe, the second component
contains two traditional 1.6 S-band cells, and the third component contains the two waveguide feed ports. Note that the
orientation of the elliptical cross-section of the pipe rotates by 90 degrees between the two S-band cells. When finished,
the geometry displays as shown in the following figure.
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3.2.1. Creating a Pipe
The pipe is created in two stages: the first stage as an extruded ellipse, and the second stage as a translation and rotation
of a reference to the first stage.
Creating the First Stage Pipe
To create the first stage pipe:
1. Click the Structure ribbon to make it active, then on the Structure ribbon in the Entity Creation group, click Create
Sketched and choose Extrusion from the drop-down menu.
2. A new extrusion is created and a Properties dialog box for the extrusion displays. Change the Height to "5" cm as
shown in the following figure, then click OK to close the dialog box.

Note that you are placed in sketch mode.
3. The profile of an extrusion is defined by a sketch. To aid in drawing the sketch, it is helpful to change the camera's
current orientation to a more appropriate one. Click the Next Camera View drop-down button on the Structure view
toolbar and choose Align to Working Plane.
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4. Change the snap grid spacing from the default of 0.1 working length units (0.1 cm in this example) to 0.05 working
length units. On the Structure view toolbar, click the Use Snap Grid drop-down button and choose Properties to display
the Properties dialog box for the working plane grid.

5. Change Minor Spacing (working length unit) to "0.05, 0.05, 0.05" as shown in the following figure, then click OK to
close the dialog box.
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6. On the Sketch ribbon in the Element Creation group, click Draw Shape and choose Ellipse from the drop-down menu.
At the bottom of the application window a yellow command hint displays to help with the current command.

7. Using the cursor position indicator at the bottom of the Structure view, draw an ellipse in the Structure view by clicking
at (-1.25cm, -1.75cm) to define the starting point, and then again at (1.25cm, 1.75cm) to finish the ellipse. The
Properties dialog box for the ellipse displays as shown in the following figure.
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8. Click OK to close the dialog box and exit drawing mode.
9. Click the Fit button on the Structure view toolbar. The Structure view displays as shown in the following figure.

3–6 AWR Analyst-MP

Defining the Geometry

10. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
11. Click the Activate Home Camera View button on the Structure view toolbar and then click the Fit button. The Structure
view displays as shown in the following figure.
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Creating the Second Stage Pipe
You create the second stage of the pipe by creating a solid reference to the first stage and applying a translation and
rotation to the reference.
1. To create the solid reference, on the Structure ribbon in the Entity Modification group, click Advanced and choose
Reference a Solid.
2. Click the first stage of the pipe. The first stage turns red. Press Enter and a Properties dialog for the solid reference
appears. Press OK.

3. Toggle off the light bulb next to the first stage of the pipe (probably labeled Extrusion_1) to make only the solid
reference visible. On the Structure ribbon in the Entity Modification group, click Modify Solids and choose Translate.
Click the solid reference and press Enter. The solid reference is drawn in wireframe and snap points are activated.
The command hint at the bottom of the application window prompts you to define the translation vector. Move the
cursor to the snap point at the center of the Z=0cm face and click, then move the cursor to the center of the Z=5cm
face and click to finish the translation. A Properties dialog for the translation displays. Confirm that the Direction is
"0, 0, 1" and change Magnitude to "7" cm as shown in the following figure, then click OK to close the dialog box.
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4. Toggle back on the light bulb next to the first stage of the pipe (probably labeled Extrusion_1) to make this solid visible
again.
5. Click the Fit button on the Structure view toolbar. The Structure view displays as shown in the following figure.
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6. To rotate the solid reference 90 degrees about the Z axis, on the Structure ribbon in the Entity Modification group, click
Modify Solids and choose Rotate.
7. Click the solid reference to pick it, then press Enter. Snap points activate and you are prompted to define the axis of
rotation. Move the cursor to the origin (0, 0, 0) and click.
8. You are prompted to finish defining the axis of rotation. Move the cursor to the center of the top face of the new solid
(0, 0, 12cm) and click. A Properties dialog box for the rotation displays.
9. Confirm that Axis Point is "0,0,0" and Axis Direction is "0, 0, 1". Change Angle to "90" degrees as shown in the following
figure.
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10. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3.2.2. Creating S-Band Cells
The two S-Band cells are created next. Both cells are cylinders of radius 4.177 cm. The base of the first cell is located
at Z=4.885 cm and the base of the second is located Z=10.315 cm.
Creating the First Cell
To create the first cell you start by offsetting the working plane location.
1. On the Structure ribbon in the Working Plane group, enter "4.885" as the Offset, as shown in the following figure.

2. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Circular Cylinder from the drop-down
menu.
3. Using the cursor position indicator at the bottom of the view as a guide, move the cursor to (0, 0, 4.885) cm and click
to establish the center of the cylinder.
4. Move the cursor to approximately (0, 4, 4.885) cm and click again to establish an approximation of the actual radius
of 4.177 cm.
5. Move the cursor to set the height of the cylinder to an approximation of the actual height of 3.225 cm (the exact values
do not yet matter). A Properties dialog box for the cylinder displays. Change the parameters as shown in the following
figure.
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Creating the Second Cell
To create the second cell, you create a solid reference to the first cell and edit it accordingly.
1. To create the solid reference, on the Structure ribbon in the Entity Modification group, click Advanced and choose
Reference a Solid.
2. Click the first cell. The first cell turns red. Press Enter and a Properties dialog for the solid reference appears. Press
OK.
3. Toggle off the light bulb next to the first cell (probably labeled Cylinder_3) to make only the solid reference visible.
On the Structure ribbon in the Entity Modification group, click Modify Solids and choose Translate. Click the solid
reference and press Enter. The solid reference is drawn in wireframe and snap points are activated. The command hint
at the bottom of the application window prompts you to define the translation vector. Move the cursor to the snap
point at the center of the bottom face and click, then move the cursor to the center of the top face and click to finish
the translation. A Properties dialog for the translation displays. Confirm that the Direction is "0, 0, 1" and change
Magnitude to "5" cm as shown in the following figure, then click OK to close the dialog box.

4. Toggle back on the light bulb next to the first cell (probably labeled Cylinder_3) to make this solid visible again.
5. Reset the working plane offset to "0.0". After making the changes, the Structure view displays as shown in the following
figure.
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3.2.3. Creating Feeds
The two feeds are created from a single box that extends through the entire structure.
To create the feeds:
1. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Box from the drop-down menu.
2. Press the Space Bar to finish drawing and display the Properties dialog for the box. Change the values of the parameters
as shown in the following figure.
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3. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

Adding Fillets
To add blends (fillets) to the four long edges of the feed box:
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1. On the Structure ribbon in the Entity Modification group, click Modify Solids and choose Fillet Edges from the drop-down
menu.
2. Pick the four long edges of the box, as shown in the following figure.

3. Press Enter to finish the command and display the Properties dialog box for the fillets. Change Radius to "0.47625"
as shown in the following figure.
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4. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

3.2.4. Performing a Union Operation on the Solids
To union together all of the solids you created:
1. Right-click in the Structure view and choose Pick > All. All of the solids turn red, indicating that they are picked.
2. On the Structure ribbon in the Entity Modification group, click Boolean and choose Union from the drop-down menu.
The Boolean is performed and the Properties dialog box for the union displays.
3. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3.2.5. Applying Cell Fillets
To apply fillets to the noses of the cells:
1. On the Structure ribbon in the Entity Modification group, click Modify Solids and choose Fillet Edges from the drop-down
menu.
2. Pick the six arcs at the intersections of the S-Band cells and the pipe sections (2 arcs at each intersection), as shown
in the following figure.
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3. Press Enter to finish the command and display the Properties dialog box for the fillets.
4. Change Radius to "0.95", then click OK to close the dialog box. The Structure view displays as shown in the following
figure.

3.2.6. Applying Additional Feed Fillets
To apply fillets to the intersection of the feed and the larger cell:
1. On the Structure ribbon in the Entity Modification group, click Modify Solids and choose Fillet Edges from the drop-down
menu.
2. Pick the eight edges at the intersections of the feeds and the S-Band cell as shown in the following figure. You may
have to rotate/zoom to provide access to all eight edges.
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3. Press Enter to finish the command and display the Properties dialog box for the fillets.
4. Change Radius to "0.3", then click OK to close the dialog box. The Structure view displays as shown in the following
figure.
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3.2.7. Using Symmetry
Once the geometry is complete, you use symmetry to reduce the computational requirements for the simulation. Given
the modes of interest (lowest TM010 modes – 0 and π modes), you can use a single symmetry plane.
1. Click anywhere on the structure, then click again. The structure turns red, indicating that it is picked for further
operations. On the Structure ribbon in the Entity Modification group, click the Boolean drop-down menu and choose
Split. In the Split Properties dialog, set the Plane Normal as shown:

2. The Structure view displays as shown in the following figure.
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3.3. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 3D Eigenmode (OM3p) from the New Simulation button drop-down
menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the correct set of
boundary conditions and excitations, and selects the active simulation type to create.

3.4. Applying Boundary Conditions
You now apply boundary conditions to the structure. For this example you only need to apply an electric symmetry
boundary condition to a single face. The remaining exterior faces are left alone, thus the solver treats them as perfect
electric conductors (PEC).
To apply boundary conditions to the structure:
1. Rotate the camera to make it easier to pick the face on the plane of symmetry, then pick the face of the gun on the
XZ plane as shown in the following figure.

2. On the Structure ribbon in the Attributes group, click Apply New and choose Symmetry from the drop-down menu. The
boundary condition is added and a Properties dialog box for the boundary condition is displayed.
3. Click OK to accept the defaults and close the dialog box. The face changes color, indicating the presence of the
boundary condition.

3.5. Simulating the Structure
To configure and run a simulation:
1. Click the Simulation view to make it active, then on the
button to display the simulation's Properties dialog.
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Simulation ribbon in the Configuration group, click the Properties

Simulating the Structure
2. On the Solver tab, set Compute Accelerator Results to True to signal the solver to compute and output quantities specific
to accelerator problems.
3. On the Solver tab, change Number of Modes to Extract to "2" and Shift Frequency (GHz) to "2.8" as shown in the following
figure. Click OK to close the dialog box.

On the AMR Sequence tab, change Convergence > Tolerance to ".002".
Normally for an OM3p simulation you align the shunt impedance path with the beam pipe axis and offset the kick
factor path slightly from the impedance path, but these steps are not necessary for this example.
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4. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 30 seconds to complete.
While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.

After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation was successful. A summary of the simulation results (shown below with the plot display turned
off) and listing of several important simulation setup parameters displays in the log.
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3.6. Post Processing
Analyst software can present the results of a simulation in several formats. Graphical representations ("annotations")
display mesh and field data in 2D and 3D views. Numerical representations ("measurements") display data as tables or
charts.

3.6.1. Viewing the Mesh
To view the mesh, you create a mesh annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Mesh from the drop-down
menu. The annotation is created and a Properties dialog box for the annotation displays.
2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3. By default, the mesh annotation displays the mesh from the final iteration of the adaptive mesh refinement (AMR)
process. To view the initial mesh, confirm that the annotation Annotation_1 is selected in the Browser, and then in the
Browser property grid on the Data Source tab, change Primary > Qualifier 2 to Iteration 1, as shown in the following
figure.
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3.6.2. Viewing the Electric Field
To view the electric field you create a field annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Field from the drop-down
menu. The annotation is created and the Properties dialog box for the annotation displays. On the Display tab of the
dialog box, change the Complex Modifier to |Complex|.
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2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

3. By default the field values display on a regular grid. To view the field values at the mesh nodes, confirm that
Annotation_2 is selected in the Browser, and then in the Browser property grid on the Display tab, change the Location
parameter to At Mesh Nodes as shown in the following figure.
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4. To view the field only, locate the mesh annotation (Annotation_1) in the Browser and toggle off its light bulb. The
Structure view displays as shown in the following figure.

5. By default, the field annotation displays the electric field of the first mode. To view a different mode, confirm that
Annotation_2 is selected in the Browser, and then in the Browser property grid on the Data Source tab, change the
Secondary > Mode Number parameter to 2 as shown in the following figure.
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6. To view a different field, confirm that Annotation_2 is selected in the Browser, and then in the Browser property grid
on the Data Source tab, change the Primary > Qualifier 3 parameter to Magnetic Field as shown in the following figure.

Adding a Filter
You can add filters to annotations to reduce the domain included in an annotation and make the data easier to interpret.
You now add a cut line filter to the field annotation so you can better view the fields along the Z axis.
To add a filter:
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1. In the Browser, expand the node for the field annotation (Annotation_2).
2. To the right of the Filters node, click the + symbol and choose Cut Line, as shown in the following figure.

A cut line filter is added to the annotation and a corresponding node displays under the Filters node in the Browser.
3. With the cut line filter selected in the Browser, change its parameters as shown in the following figure.

The Structure view displays as shown in the following figure. You see vector arrows along the specified line.
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This view isn't particularly useful. However, you can view this annotation in a plot (as a table or chart) instead.
4. Click in the Simulation view to make it active, then on the Simulation ribbon in the Post Processing group, click New
Plot. A plot and measurement are created and the Properties dialog box for the measurement displays.
5. Change Primary > Qualifier 1 to Annotation_2 as shown in the following figure. This ties the measurement to the field
annotation.
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6. Click OK to close the dialog box. The plot view displays as shown in the following figure. The table represents the
three components of the electric field along the line specified in the cut line filter (for clarity, only the first 25 nodes
are shown).

7. Click the Chart tab on the far right side of the Plot view.
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3.6.3. Creating a Plot
OM3p calculates a wide variety of results for each calculated mode. You now create a plot allowing you to view these
results.
To create a plot:
1. In the existing Plot view, click the Table tab on the far right side of the view.
2. Confirm that Measurement_1 is selected in the Browser.
3. Change Primary > Qualifier 1 to Simulation_1. The plot displays as shown in the following figure.
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Chapter 4. Analyst-MP: Waveguide Transition (RF3p)
The following example demonstrates how to compute the S-parameters of a circular to rectangular waveguide transition
in Cadence® Analyst™ 3D FEM EM analysis software. In this example you use variables, lofting, RF3p, and value sets.

4.1. Configuring the Model
This example uses the 3D Driven Frequency (RF3p) simulator and the associated default boundary conditions and
excitations. The example you create is available in its complete form as Waveguide Transition RF3p.apz. To access this
file from a list of example projects, on the Help ribbon in the Help and Support group, click the Open Example button and
choose Waveguide Transition RF3p.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm and then click OK to close the dialog box.
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4.2. Creating Variables
In this example you create six variables to define the geometry. Variables allow you to change the geometry for further
simulations.
To create a variable:
1. Click the Variables tab (located by default in the lower left corner of the application window) to display the Variables
window.

2. Click the Add Variable button in the Variables window to create a variable and add a corresponding row in the window.
Change the Name of the variable to "radius" and the Expression to "1.905 cm". The Variables window displays as
shown in the following figure.
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3. Click the Apply button to accept the new variable.
4. Repeat the previous steps to add five more variables. You can copy and paste the names and expressions from the
following table. Note that you have already created the first variable.
Name

Expression

radius

1.905 cm

extent_xy

3.556 cm

taper_height

1.905 cm

box_start_height

taper_height + height

height

2.0 cm

corner_xy

-1.778 cm

5. When you are done the Variables window displays as shown in the following figure.

4.3. Defining the Geometry
You create the geometry by using a lofted surface to join a cylinder and a box. The complete geometry is shown in the
following figure.
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4.3.1. Creating a Cylindrical Waveguide
To create a circular cylinder using the radius and height variables you created:
1. Click the Structure ribbon to make it active, then on the Structure ribbon in the Entity Creation group, click Draw Entity
and choose Circular Cylinder from the drop-down menu.
2. Using the cursor location at the bottom of the Structure view as a guide, move the cursor to the origin (0,0,0) and
click to establish the center of the cylinder.

3. Press the Space bar to finish the cylinder and display its Properties dialog box. Change the parameters as shown in
the following figure.
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4. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

4.3.2. Creating a Rectangular Waveguide
To draw a rectangular waveguide:
1. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Box from the drop-down menu.
2. Press the Space bar to finish the box and display its Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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4. Select the Geometry node in the Browser to un-isolate the newly drawn box, then click the Fit button on the Structure
view toolbar.
The Structure view displays as shown in the following figure.
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4.3.3. Transition Loft
The transition from the circular to the rectangular waveguide is created using a loft operation.
To create the transition:
1. On the Structure ribbon in the Entity Modification group, click Advanced and choose Loft Face.
2. Click one of the faces of the box, at a point where your cursor is also over the bottom of the box (note the cursor
location in the following figure):

3. Right-click and choose Pick > All Behind:
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4. Click the same face, in the same place. Only the bottom face of the box is red:

5. Press the Shift key, then click the top face of the cylindrical waveguide to pick it. The face displays in red. Press Enter.
The Structure view displays as shown in the following figure.
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Rename the solid if desired, then click OK to close the dialog box.

4.4. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 3D Driven Frequency (RF3p) from the New Simulation button drop-down
menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the correct set of
boundary conditions and excitations, and selects the active simulation type to create.

4.5. Applying Excitations and Boundary Conditions
To apply ports to the ends of the waveguide structure:
1. On the Structure ribbon in the Attributes group, click Apply New and choose Port from the drop-down menu.
2. Click the top rectangular face of the waveguide to pick it. Press Enter to finish and display the Properties dialog box
for the port. Change Wave Only > Number of Modes to 4. In general, you want to ensure that at the highest frequency
of interest all propagating modes are included in the simuation, and it turns out that this port will have 2 pairs of
degenerate modes. Change Manual Normalization Sample Point to True and set the location of the sample point as
shown below. This specifies a location on the port where the electric fields are sampled, to allow orientation and
handling of mode degeneracies. Change Manual Orientation Up Vector to True and set the up vector to (1,1,0). The
"Up" vector gives the system a preferred direction to use in interpreting/orienting degenerate pairs of modes:
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3. Click OK to close the dialog box. The face displays in blue with a port number 1 on it.
4. Again, on the Structure ribbon in the Attributes group, click Apply New and choose Port from the drop-down menu.
5. Click the outside surface of the cylinder at a point where your cursor is also over the bottom of the cylinder (note the
cursor location in the following figure):
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6. Right-click and choose Pick > All Behind:

7. Click the cylinder surface in the same place. Only the bottom face of the cylinder is red:

8. Press Enter to finish and display the Properties dialog box for the port. Change Wave Only > Number of Modes to 3, as
this port will have 1 pair of degenerate modes and one ordinary mode. Change Manual Normalization Sample Point to
True and set the location of the sample point as shown below. Change Manual Orientation Up Vector to True and set
the up vector to (1,0,0) for the reason noted above:
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9. Click OK to close the dialog box. The face displays in blue with a port number 2 on it, as shown in the following
figure:
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The application of the ports is complete. There is no need to apply boundary conditions because all exterior faces are
automatically treated as perfect electric conductors (PEC) unless otherwise assigned.

4.6. Simulating the Structure
To configure and run a simulation:
1. Click the Simulation view to make it active. In the Configuration group of the Simulation ribbon, click on the Properties
button to bring up the Properties dialog for your simulation.
2. On the Drive Frequencies tab, change Start (GHz) to "6", End (GHz) to "7.6", and Count to "15". The properties dialog
box displays as shown in the following figure. Click OK to close the dialog box.
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3. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 30 seconds to complete.
While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.
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After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation was successful. A summary of the simulation results (shown below with the plot display turned
off) and listing of several important simulation setup parameters displays in the log.

Getting Started Guide 4–15

Post Processing

4.7. Post Processing
To view S-parameters, you create and configure a plot and measurement.
To create a plot and measurement:
1. On the Simulation ribbon in the Post-Processing group, click New Plot. A plot and measurement are created and the
Properties dialog box for the measurement displays.
2. On the Data Source tab, change Complex Modifier to |Complex| dB and Type to Generalized. The Properties dialog appears
as in the following figure.
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3. Click OK to close the dialog box. A node for Plot_1 displays under the Plots folder in the Navigator.
By default, a table representation of the plot displays, as shown in the following figure (some of the S-parameters are
hidden for clarity):

4. To switch to a chart representation of the plot, click the Chart tab on the far right side of the Plot view. The Plot view
displays as shown in the following figure.
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4.8. Modifying Variables
To use the previously created variables to modify the geometry and run another simulation:
1. Duplicate the existing simulation by selecting and dragging the Simulation_1 node in the Navigator to the higher level
Simulations folder. Release the mouse button and a copy of Simulation_1 is created and named Simulation_1_1. The
Navigator displays as shown in the following figure.
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2. Open the Variables window and click New Value Set to create a new value set for Simulation_1_1, so when Simulation_1_1
is run, it uses a different variable value, resulting in a geometry different than the one Simulation_1 uses.

A new value set named ValueSet_1 is created and becomes the active value set.
3. In the Variable window change the radius variable value to "1.5 cm" and then click Apply. You now have two value
sets - one has a radius of "1.905 cm" and the other a radius of "1.5 cm".

4. To associate the new ValueSet_1 value set with the new Simulation_1_1 simulation, click the Simulation_1_1 view to
make it active.
5. In the Browser, select ValueSet_1 from the

Select Value Set

drop-down menu, as shown in the following figure:
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Now, the only difference between the two simulations is the radius of the cylindrical waveguide.
6. On the Simulation ribbon in the Execution group, click Simulate to run Simulation_1_1.

4.9. Comparing Results
To compare S-parameters from the two simulations you need to create another measurement in the plot you previously
created.
To compare S-parameter results:
1. Click in the Plot view to make it active.
2. On the Plot ribbon in the Creation group, click New Measurement to create a new measurement and display the Properties
dialog box for the measurement.
3. On the Data Source tab, change Complex Modifier to |Complex| dB, Type to Generalized, and Qualifier 1 to Simulation_1_1.
The dialog box displays as shown in the following figure.

4. Click OK to close the dialog box. The plot displays the S-parameters for both simulations.
5. Click the Chart tab and the plot displays as shown in the following figure.
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6. To isolate a single curve for comparison, either in the table or chart view of the data, turn off the visibility for all of
the other curves in both of the measurements by toggling off their adjacent light bulbs, leaving the bulbs by the curve
of interest toggled on:
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For further details, see “Chart Measurement Inclusion”.
With the visibility of the extraneous curves turned off, your chart will look like this:

Your table will look like this (partial view):
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4.10. Creating Movies
To create an animation of the variation in the real component of the field values:
1. Create an annotation of the field. Click the node for one of your simulations in the Navigator to make it active, then
on the Structure ribbon, in the Post-Processing group, click New Annotation and choose Field from the drop-down
menu. Click OK on the Properties dialog box to accept the default values.
2. The field annotation displays as follows:

3. On the Structure ribbon in the Create Media group, click the Create Movie button. The Movie dialog box displays.
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Type the Output File name and Duration of the movie in seconds. Choose a variable or add/remove
annotations/measurements. Click OK to produce the movie. The movie plays in your default .wmv file viewer once
complete. The following is an image from such a movie.

4–24 AWR Analyst-MP

Chapter 5. Analyst-MP: Horn Antenna (RF3p)
The following example demonstrates how to compute the S-parameters of a coax to waveguide fed horn antenna in
Cadence® Analyst™ 3D FEM EM analysis software. In this example you use variables, lofting, wave ports, and RF3p.

5.1. Configuring the Model
This example uses the 3D Driven Frequency (RF3p) simulator and the associated default boundary conditions and
excitations. The example you create is available in its complete form as 3D Horn Antenna.apz. To access this file from
a list of example projects, on the Help ribbon in the Help and Support group, click the Open Example button and choose
3D Horn Antenna.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm, then click OK to close the dialog box.
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5.2. Creating Variables
In this example you create seven variables to define the geometry. Variables allow you to change the geometry for further
simulations.
To create a variable:
1. Click the Variables tab (located by default in the lower left corner of the application window) to display the Variables
window.

2. Click the Add Variable button in the Variables window to create a variable and add a corresponding row in the window.
Change the Name of the variable to "Width Aperture" and the Expression to "3.048 cm". The Variables window
displays as shown in the following figures.
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Click the Apply button and a yellow "1 Pending New Variable (press Apply to commit)" status message displays,
indicating that your changes are accepted.
3. Repeat the previous steps to add six more variables. You can copy and paste the names and expressions from the
following table. Note that you have already created the first variable.
Name

Expression

WidthAperture

3.048 cm

HeightAperture

1.778 cm

DepthHorn

5.08 cm

LengthFeed

3.5 cm

WidthFeed

2.286 cm

HeightFeed

1.016 cm

Padding

30 cm/10/4

4. When you are complete the Variables window displays as shown in the following figure.
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The intent of the variables is shown in the following figure. The terminology makes sense when you imagine looking
down on the horn from the top.

5.3. Defining the Geometry
You create the geometry by using a lofted surface to join a box and a rectangle. The complete geometry is shown in the
following figure.

5–4 AWR Analyst-MP

Defining the Geometry

5.3.1. Creating a Rectangular Waveguide Feed
To create a box using the WidthFeed, HeightFeed and LengthFeed variables you created:
1. Click the Structure ribbon to make it active, then on the Structure ribbon in the Entity Creation group, click Draw Entity
and choose Box from the drop-down menu.
At the bottom of the application window a yellow command hint displays to help with the current command.

2. Press the Space bar to finish the box and display the Edit Properties dialog box. Change the parameters as shown in
the following figure.
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3. Click OK to close the dialog box.
4. Press the F key or click the Fit button on the Structure view toolbar.
The Structure view displays as shown in the following figure.

5.3.2. Creating an Antenna Horn
To create the top face (aperture) of the horn (used in a loft faces operation to complete the horn):
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1. On the Structure ribbon in the Working Plane group, offset the working plane to the depth of the horn by typing
"DepthHorn" as the Offset, as shown in the following figure.

2. Place the cursor in the Structure view and then scroll the mouse wheel to zoom out. Notice that the top face of the
box is located below the working plane, as shown in the following figure.

3. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Rectangle from the drop-down menu.
4. Press the Space bar to finish the box and display the Edit Properties dialog box.
5. Change the parameters as shown in the following figure.
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6. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

7. On the Structure ribbon in the Entity Modification group, click Advanced and select Loft Face. The status bar hint displays,
prompting you to select the faces to loft, as shown in the following figure.

8. Move the cursor over the top face of the box to highlight it in yellow, as shown in the following figure.
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9. Click to pick the top face and then move the cursor over the aperture rectangle and click again to pick a second face.
10. Press Enter to finish the loft faces command and display the Edit Properties dialog box.
11. Change the parameters as shown in the following figure.

12. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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13. Reset the working plane offset to 0.0 for future use, as shown in the following figure.

The Structure view displays as shown in the following figure.
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5.3.3. Creating an Enclosure
You create the enclosure as an air box that surrounds the horn antenna. Since it is an antenna, you use a perfectly matched
layer (PML) boundary condition on the boundary. To be effective, you should always place PML at least 1/4 wavelength
away from the radiator (at the frequencies of interest).
To create an enclosure:
1. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Box from the drop-down menu.
2. Press the Space bar to finish the box and display the Edit Properties dialog box.
3. Change the parameters as shown in the following figure.
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4. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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5.4. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 3D Driven Frequency (RF3p) from the New Simulation button drop-down
menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the correct set of
boundary conditions and excitations and selects the active simulation type.

5.5. Applying Excitations and Boundary Conditions
5.5.1. Assigning a Port
To assign a port to the bottom face of the antenna:
1. In the Browser under the Geometry node, toggle off the light bulb for the enclosure solid (likely Box_4). The enclosure
solid is hidden, making it easier to pick the face for the port.
2. On the Structure ribbon in the Attributes group, click Appply New and choose Port from the drop-down menu.
The status bar hint displays, prompting you to select the faces on which to apply the port, as shown in the following
figure.

3. Click to pick the base of the antenna. That face now displays in red, indicating that it is picked for further operations,
as shown in the following figure.
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4. Press Enter to finish and display the Edit Properties dialog box as shown in the following figure.

5. Click OK to accept the defaults and close the dialog box. The face displays in blue with a port number 1 on it. A node
for the port is added to the Browser under the Excitations node.

5.5.2. Assigning a PEC Horn
To assign an impedance boundary condition (PEC) to the eight outside faces of the antenna:
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1. On the Structure ribbon in the Attributes group, click Apply New and choose Impedance from the drop-down menu.
The status bar hint displays, prompting you to select the faces on which to apply the PEC (Impedance) boundary
condition, as shown in the following figure.

2. Right-click in the Structure view and choose Pick > All Visible from the context menu to select all 10 faces of the visible
solid.
This includes eight faces of the antenna that you want to be PEC (sides) and two faces that you do NOT want to be
PEC. One of these represents the aperture and the other the port. Given this, you need to unpick the port and aperture
faces.
3. Click the port face to unpick it. The color of the port face changes from red (picked) back to dark blue (the color for
the port).
4. Adjust the camera (rotate/pan) so that the aperture face is visible, then click the face to unpick it. The color of the
aperture face changes from red (picked) back to light blue (unpicked). The status bar confirms that there are eight
faces picked, as shown in the following figure.

If you mistakenly unpick faces, simply click on them to re-pick them. The status bar updates the number of picked
faces as you do so.
5. Press Enter to finish and display the Edit Properties dialog box.
6. Verify that Type is Perfect E and click OK to accept the defaults and close the dialog box.
A node for the boundary condition is added to the Browser under the Boundary Conditions node. The Structure view
displays as shown in the following figure.

Getting Started Guide 5–15

Applying Excitations and Boundary Conditions

5.5.3. Applying an Enclosure PML
To apply an open boundary condition (PML) to the six faces of the enclosure solid:
1. Under the Geometry node in the Browser, toggle on the light bulb for the enclosure solid (likely Solid_4), and toggle
off the light bulb for the HornWithFeed solid. The antenna is hidden, making it easier to select the faces for the open
boundary condition.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Open from the drop-down menu. The
status bar hint displays, prompting you to select the faces on which to apply the boundary condition, as shown in the
following figure.

3. Right-click on one of the outside faces of the air box. From the context menu, choose Pick > All Visible. The six faces
of the enclosure turn red, indicating that they are picked for further operations. The status bar hint shows that you
have picked six faces, as shown in the following figure.

4. Press Enter to finish and display the Edit Properties dialog box.
5. ChangeType to PML, then click OK to accept and close the dialog box.

5–16 AWR Analyst-MP

Simulating the Structure

5.6. Simulating the Structure
To configure and run a simulation:
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1. Click the Simulation view to make it active. In the Configuration group of the Simulation ribbon, click on the Properties
button to bring up the Properties dialog for your simulation.
2. Click the Drive Frequencies tab, change Start (GHz) to "10", End (GHz) to "10", and Count to "1" as shown in the following
figure.

3. Click the Solver tab. To look at the near and far fields, change Fields > Output Frequency to All Frequencies, and Antenna
Far Fields > Output Frequency to AMR Frequencies Only, as shown in the following figure.
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4. Click OK to close the dialog box.
5. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 30 seconds to complete.
While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
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Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.

After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters displays in the log.
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5.7. Post Processing
After the simulation is finished, you can examine the results. Analyst software can present the results of a simulation in
several formats. Graphical representations ("annotations") display mesh and field data in 2D and 3D views. Numerical
representations ("measurements") display data as tables or charts.

5.7.1. Viewing the Far Fields
To view the far fields you create a field annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Field from the drop-down
menu.
2. Confirm that Qualifier 3 is set to Power Flux and Type is set to Far Field Shape, as shown in the following figure.
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3. Click OK to close the dialog box.
4. Press the F key or click the Fit button on the Structure view toolbar.
The Structure view displays as shown in the following figure (the legend is resized slightly in this example to use the
image space more efficiently).
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5.7.2. Antenna Patterns
To inspect the antenna's power distribution in the XY plane, you create a plot and measurement:
1. Make the Simulation_1 view active by clicking its tab or selecting its node in the Navigator.
2. On the Simulation ribbon in the Post-Processing group, click New Plot. A plot and measurement are created and the
Edit Properties dialog box displays.
3. On the Data Source tab, change Qualifier 3 to Antenna Patterns as shown in the following figure.
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4. Click OK to close the dialog box. Note that a node for Plot_1 displays under the Plots node in the Navigator.
5. To switch to a chart representation of the plot, select the Chart tab on the far right side of the Plot view, as shown in
the following figure.
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6. By default a line chart is presented. To change this, on the Plot ribbon in the Chart Configuration group, click Chart
Type and choose Polar from the drop-down menu, as shown in the following figure.

7. A polar chart of the data is presented, as shown in the following figure.

8. You can add data to the chart by adding measurements to the plot. On the Plot ribbon in the Creation group, click New
Measurement to display the Edit Properties dialog box.
9. On the Data Source tab, change Qualifier 3 to Antenna Patterns and Type to XZ. This adds the power distribution in the
XZ plane on the chart.
10. To add the YZ plane data, select New Measurement and change Type to YZ. Your chart displays as shown in the
following figure.
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Each of the three measurements in the plot has a node in the Browser. You can control the visibility of each measurement
by toggling the corresponding light bulb, as shown in the following figure.

5.7.3. Multiple Plots and Measurements
The following steps illustrate a simple example of multiple plots and multiple measurements:
1. Delete all three measurements by right-clicking the Measurements folder in the Plot_1 Browser and choosing Delete
Children.
2. Right-click the Plots folder in the Navigator and choose Delete Children.
3. In the Navigator, right-click the Plots folder and choose New Plot. Repeat this step so you have two plots.
The plots display in the Navigator and there are no measurements in either Browser because you have not created any
measurements.
4. Click the Plot_1 node in the Navigator to make it active.
5. On the Plot ribbon in the Creation group, click the New Measurement button.
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6. In the Edit Properties dialog box, change Qualifier 3 to Antenna Patterns. Confirm Type is set to the default value of
XY as shown in the following figure.

7. Click OK to close the dialog box. The measurement displays in the Browser.
8. Click the Plot_2 node in the Navigator to make it active.
9. On the Plot ribbon in the Creation group, click the New Measurement button.
10. In the Edit Properties dialog box, change Qualifier 3 to Antenna Patterns. Confirm Type is set to the default value of
XZ as shown in the following figure.
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11. Click OK to close the dialog box. The nodes for both measurements display in the Browsers for both plots.
By default Measurement_1, is visible in Plot_1, while Measurement_2 is invisible in Plot_1 (because you created
Measurement_1 from the Plot_1 view).
Measurement_1 is invisible
from the Plot_2 view).

in Plot_2, while Measurement_2 is visible in Plot_1 (because you created Measurement_2

The Plot_1 Browser is shown in the following figure.

12. To display both measurements in Plot_1, make Measurement_2 visible by clicking its light bulb in the Plot_1 Browser.
13. To display both measurements in Plot_2, make Measurement_1 visible by clicking its light bulb in the Plot_2 Browser.
14. Click in the Plot_2 view to make it active, then click the Chart tab on the right side of the view.
15. On the Plot ribbon in the Chart Settings group, click Type and change the chart type to Polar.
16. Toggle between plot views to decide between tabular and chart representations of your data.

5–28 AWR Analyst-MP

Post Processing
17. To show both views at the same time, on the View ribbon in the Views group, click Tile and choose a side-by-side tiling
from the drop-down menu, as shown in the following figure.

18. The results display as shown in the following figure.

19. To continue this example, in the Plot_2 view, create a new measurement for the YZ antenna pattern.
20. In the Plot_1 Browser, set Measurement_1 and Measurement_2 as invisible, and Measurement_3 visible.

21. Using the Plot_2 Browser, make Measurement_1 and Measurement_3 visible and Measurement_2 invisible.

22. Change the Plot_1 chart type to Polar as shown in the following figure.
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Chapter 6. Analyst-MP: Coax to Microstrip (RF3p)
The following example demonstrates how to compute the S-parameters of a coax to microstrip junction in Cadence®
Analyst™ 3D FEM EM analysis software. In this example you use variables, face coordinate systems, wave and lumped
ports, conducting nets in mesh annotations, and RF3p.

6.1. Configuring the Model
This example uses the 3D Driven Frequency (RF3p) simulator and the associated default boundary conditions and
excitations. The example you create is available in its complete form as Coax to Microstrip RF3p.apz. To access this
file from a list of example projects, on the Help ribbon in the Help and Support group, click the Open Example button and
choose Coax to Microstrip RF3p.apz.
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To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm and then click OK to close the dialog box.

6–2 AWR Analyst-MP

Creating Variables

6.2. Creating Variables
In this example you create six variables that you use to define the geometry. Variables allow you to change the geometry
for further simulations.
To create a variable:
1. Click the Variables tab (located by default in the lower left corner of the application window) to display the Variables
window.

2. Click the Add Variable button in the Variables window to create a variable and add a corresponding row in the window.
Change the Name of the variable to "height" and the Expression to ".05 cm". A yellow "1 Pending New Variable
(press Apply to commit)" status message displays, as shown in the following figure:

3. Click the Apply button. The status message disappears, indicating that your changes are accepted.
4. Repeat the previous steps to add five more variables. You can copy and paste the names and expressions from the
following table. Note that you have already created the first variable.
Name

Expression

height

0.05 cm

celldim

2 cm

msthickness

0.01 cm

mswidth

0.2 cm

innerrad

0.4 mm

overlap

-0.1 cm
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5. When you are finished the Variables window displays as shown in the following figure.

6.3. Defining the Geometry
You now define the geometry using the variables.

6.3.1. Adding a Substrate
To add a substrate:
1. Click in the Structure view to make it active, then on the Structure ribbon in the Entity Creation group, click Draw
Entity and choose Box from the drop-down menu. At the bottom of the application window a yellow command hint
displays to help with the current command.

2. Press the Space Bar to finish drawing the box and display the Edit Properties dialog box. Change the parameters as
shown in the following figure, then click OK to close the dialog box.
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3. Press the F key or click the Fit button on the Structure view toolbar.
The Structure view displays as shown in the following figure.

6.3.2. Creating the Enclosure
To create the enclosure (air box):
1. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Box from the drop-down menu.
2. Press the Space bar to finish drawing and display the Edit Properties dialog box. Change the parameters as shown in
the following figure.
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3. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

6.3.3. Creating the Microstrip
To create the microstrip:
1. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Box from the drop-down menu.
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2. Press the Space bar to finish drawing and display the Edit Properties dialog box. Change the parameters as shown in
the following figure.

3. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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6.3.4. Creating a Coax Connector
Next you create a very simple coax connector and attach it to the end of the microstrip. The intent is to vertically offset
the coax so the center conductor lies just on top of the microstrip.
To simplify the construction of the coax, you create a face coordinate system on the end of the microstrip first.
1. In the Browser under the Geometry node, toggle off the light bulb for Box_1 (substrate) and Box_2 (enclosure). These
solids disappear, leaving only the microstrip visible.
2. On the Structure ribbon in the Coordinate System group, click the New Face button, as shown in the following figure.

3. The command hint at the bottom of the application window prompts you to pick a face to associate with the face
coordinate system.

4. Pick the end face of the microstrip (you may want to zoom to make this easier) as shown in the following figure, then
press Enter to confirm your choice.

5. The microstrip is now drawn in wireframe, and snap points activate on the chosen face. The command hint now
prompts you to choose the origin of the new coordinate system.

6. Pick the midpoint of the top edge of the pick face, as shown in the following figure.
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7. The command hint now prompts you to start defining the orientation of your new coordinate system. This is the first
of two points that define the vector to use as the X direction for the face coordinate system.

8. Pick the same point as you chose for the origin, as shown in the following figure.

9. The command hint now prompts you to choose the second point for the orientation of the new coordinate system.

10. Pick the rightmost point along that same edge, as shown in the following figure.
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This orients the face coordinate system such that its X direction is along that edge. The Edit Properties dialog box for
the new face coordinate system displays.
11. Click OK to close the dialog box. Note that the new coordinate system automatically becomes the working coordinate
system and that the working plane updates accordingly. The Structure view displays as shown in the following figure.

To create the coax connector starting with the inner conductor:
1. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Circular Cylinder from the drop-down
menu.
2. Press the Space bar to finish drawing and display the Edit Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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4. On the Structure ribbon in the Entity Creation group, click Draw Entity and choose Circular Cylinder from the drop-down
menu.
5. Press the Space bar to finish drawing and display the Edit Properties dialog box.
6. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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7. The Structure view displays the simple coax connector, as shown in the following figure.

6.3.5. Creating a Lumped Port Patch
To support the lumped port on the far end of the microstrip, you create a rectangular patch from the end of the microstrip
to the ground plane.
To create a lumped port patch:
1. Reorient the camera (rotate/zoom) so that you have a clear view of the far end of the microstrip. Then pick the bottom
edge of the end face of the microstrip, as shown in the following figure.
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2. On the Structure ribbon in the Entity Modification group, click Advanced and choose Face/Edge Extrusion from the
drop-down menu. Drag your mouse vertically (don't click yet) to set a height for the patch.
3. Click, or press the Space bar to finish drawing and display the Edit Properties dialog box.
4. Change the parameters as shown in the following figure. Note that the Material value does not matter, as the simulator
ignores this value for lumped ports.

5. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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6.4. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 3D Driven Frequency (RF3p) from the New Simulation button drop-down
menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the correct set of
boundary conditions and excitations and selects the active simulation type.

6.5. Applying Excitations and Boundary Conditions
A lumped port is applied to the patch you just created and a wave port to the coax on the other end.

6.5.1. Adding a Lumped Port
To add a lumped port:
1. On the Structure ribbon in the Attributes group, click Apply New and choose Port from the drop-down menu. Pick the
lumped port patch face as shown in the following figure.
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2. Press Enter to apply the attribute and display the Edit Properties dialog box.
3. Change Type to Lumped and then click OK to close the dialog box.

4. The face turns blue and displays a "1" for the port index.
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6.5.2. Adding a Wave Port
To add a wave port:
1. In the Browser under the Geometry node, toggle off the light bulb for the coax insulator (likely Cylinder_5) and then
reorient the camera so you have a clear view of the input end of the coax.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Port from the drop-down menu. Pick the
end face of the inner coax conductor as shown in the following figure.

3. Press Enter to apply the attribute and display an Edit Properties dialog box.
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4. Click OK to accept the defaults and close the dialog box. The face turns blue and displays a "2" for the port index.
5. Using the Browser, make all solids visible and the Structure view displays as shown in the following figure.
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6.5.3. Adding a Ground Plane
A boundary condition is next applied to represent the ground plane.
To add a ground plane:
1. Reorient the camera so you can see the bottom face of the substrate.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Impedance from the drop-down menu.
Pick the bottom face of the substrate as shown in the following figure.
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3. Press Enter to apply the attribute and display the Edit Properties dialog box.

4. Confirm that Type is set to Perfect E and then click OK to close the dialog box.

6.5.4. Applying Remaining Boundary Conditions
To apply an open boundary condition on the other nine exterior faces of the enclosure:
1. On the Structure ribbon in the Attributes group, click Apply New and choose Open from the drop-down menu.
2. Pick all nine faces (two on each side of the enclosure/substrate and one on top of the enclosure) as shown in the
following figure. You can hold down the middle mouse button/wheel and drag the mouse to rotate the camera to aid
in picking. Notice that the command hint at the bottom of the application window indicates the number of faces picked.
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3. After all nine faces are picked, press Enter to display the Edit Properties dialog box. Confirm that Type is set to
Approximate Open and click OK to close the dialog box.

The only remaining unassigned exterior faces are the two that represent the outside of the coax insulator. While the
simulator automatically treats this exterior face as a perfect electric conductor (PEC), you next explicitly assign a boundary
condition for completeness.
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To assign a boundary condition:
1. Press the Ctrl key and pick the two curved faces that make up the exterior of the outer conductor, as shown in the
following figure.

2. On the Structure ribbon, in the Attributes group, click Apply Existing and select Boundary Conditions > Impedance_1.

The existing impedance boundary condition that had already been applied to the ground plane will be applied also to
the outer coax surface. The Browser shows that this boundary condition is now applied to 3 faces:
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The Structure view displays as shown in the following figure.

6.6. Simulating the Structure
To configure and run a simulation:
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1. Click the Simulation view to make it active. In the Configuration group of the Simulation ribbon, click on the Properties
button to bring up the Properties dialog for your simulation.
2. On the Drive Frequencies tab, change Count to "1" as shown in the following figure, so that the simulation is driven
at 1 GHz.

3. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the job scheduler.
The job starts immediately and takes approximately 30 seconds to complete.
While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.

Getting Started Guide 6–23

Simulating the Structure

After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters displays in the log.
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6.7. Post Processing
Analyst software can present the results of a simulation in several formats. Graphical representations ("annotations")
display mesh and field data in 2D and 3D views. Numerical representations ("measurements") display data as tables or
charts.

6.7.1. Viewing the Mesh
To view the mesh you create a mesh annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Mesh from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays.
2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3. By default, the mesh annotation displays the mesh from the final iteration of the adaptive mesh refinement (AMR)
process. To view the initial mesh, confirm that Annotation_1 is selected in the Browser, and then in the Browser
property grid on the Data Source tab, change Primary > Qualifier 2 to Iteration 1, as shown in the following figure.
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Controlling Visibility
Visibility of materials, body attributes, and face attributes can be toggled via the light bulbs in the Browser. This can be
helpful for removal of visual clutter, for example to allow you to see features inside of a mesh.
To control visibility of materials and attributes:
1. Begin by expanding the node for your mesh annotation (Annotation_1) in the Browser.
2. Expand each of the folders inside to view the list of the available attributes, as shown in the following figure.
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3. Toggle off the light bulb for the Geometry in the Browser so you can view only the mesh. The Structure view displays
as shown in the following figure.

4. In the Browser, toggle off the light bulb next to Open_1 in the Face Attributes node. The Structure view displays as
shown in the following figure.
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Controlling Color Properties
You can change the color of materials, body attributes, and face attributes. This can be helpful for highlighting features.
To change color properties:
1. Notice that in the following figure the enclosure is colored light blue.

This is because by default a mesh annotation is colored by associated material, and the material assigned for the
enclosure is air.
2. To color the mesh by face attribute instead, select Annotation_1 in the Browser. In the Browser property grid, on the
Display tab, change Color By to Face Attribute, as shown in the following figure.
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The annotation changes color; it picks up the colors assigned to its face attributes instead of its material.
3. To see this more clearly, toggle on the light bulb next to the Open face attribute. Those faces are colored accordingly,
as shown in the following figure.
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4. To change the color of an attribute, select its node in the Browser. In the Browser property grid, click the ellipsis
button (...) in the second column of the Color parameter, as shown in the following figure.

5. Select a color from the color picker that displays, then click OK. The annotation changes as shown in the following
figure.

In addition to coloring your mesh annotation by face attribute, you can also color by material and body attribute.
These attributes work very similarly to face attributes, offering you control over both visibility and coloring. Coloring
by Conducting Net is also supported. For details see “Debugging the Structure”.

6.7.2. Creating a Plot
To view the S-parameters you create a plot and measurement.
To create the plot and measurement:
1. On the Simulation ribbon in the Post-Processing group, click New Plot. The Edit Properties dialog box displays.
2. Change Complex Modifier to |Complex| dB as shown in the following figure.
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3. Click OK to close the dialog box. The scattering coefficients display in the Plot view, as shown in the following figure.

Note that the values of S[1,2] and S[2,1] indicate that the two ports are isolated from one another, indicating a problem.

6.7.3. Debugging the Structure
Unintentional opens or shorts in structures are a common occurrence. One tool to aid in locating such a problem is the
conducting net support in Analyst software. This support allows the mesh to be colored by electrically conducting nets.
You can control the visibility of each of these nets.
To create an annotation:
1. On the Structure ribbon in the Post-Processing group, click New Annotation and choose Mesh from the drop-down
menu. The Edit Properties dialog box displays.
2. On the Display tab, change Color By to Conducting Net, as shown in the following figure, then click OK to close the
dialog box.
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3. Expand the Browser node for your mesh annotation (Annotation_1), and expand the Conducting Nets node below it.
The view displays as shown in the following figure.
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Notice that there are 4 nets (1 is identified as nonconducting). This is incorrect; there should only be 2 actual conducting
nets - one representing the inner coax conductor and the microstrip and the other the outer coax conductor and ground
plane. You need to find the cause of the problem.
4. To avoid rendering overlaps, hide the geometry by toggling off the light bulbs for the Geometry and
> Nonconducting nodes in the Browser. The view displays as shown in the following figure.
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5. The outer coax conductor and ground plane display electrically connected since they are both colored red, so turn off
that net by toggling off the light bulb for the Net_3 node.
6. You now notice that the inner coax conductor is colored orange (Net_1) and the microstrip is colored blue (Net_2).
If you rotate the model and zoom in to look more closely at the connection between the inner coax conductor and the
microstrip, you notice a gap, as shown in the following figure.
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That is the cause for the incorrect results. To measure the size of the gap, turn on the light bulb for the geometry, then
turn off the light bulb for the mesh annotation. Turn off the light bulbs for the outer (air) box and the outer cylinder
for the coax. Rotate the geometry so the face of the coax conductor is visible. In the structure view toolbar, click the
Calculations and Queries drop down menu and select Minumum Distance Between Entities:

Click to select the face of the conductor, then click the microstrip. Press Enter or click Done. The width of the gap is
displayed:
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You made a mistake when defining the overlap variable - it should have had a value of "0.1 cm" (positive) and NOT
"-0.1 cm" (negative).

6.7.4. Correcting the Structure
Since you used variables to define the geometry, fixing this gap is very easy.
To correct the structure:
1. In the Variables window, change the value of overlap to "0.1 cm" as shown in the following figure and click the Apply
button.

2. Make the mesh annotation (Annotation_1) invisible by toggling off its light bulb in the Browser.
3. Make the geometry visible by toggling on its light bulb in the Browser. You can confirm that the inner coax conductor
sits on top of the microstrip, as shown in the following figure.
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4. Now that the structure is correct, click in the Simulation view to make the view active. Note that near the top of the
window a message displays to warn that the existing results are inconsistent with the value set because you changed
the value of the overlap variable.

5. To re-execute the simulation you need to first clear the existing results. On the Simulation ribbon in the Configuration
group, click Clear Results. Note that the inconsistent message changes to "No Results".
6. On the Simulation ribbon in the Execution group, click Simulate.
7. When the simulation is finished (approximately 45 seconds), click in the Plot view to make it active, and observe a
much improved transmission, as shown in the following figure.

8. You can make the existing mesh annotation visible again and adjust the net ID visibility to observe that the inner coax
conductor and microstrip are electrically connected, as shown in the following figure.
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Chapter 7. Analyst-MP: 2D SRF Cavity Multipacting (PT2p)
This example demonstrates the use of the 2D multipacting simulator to compute multipacting bands in a conceptual SRF
cavity in Cadence® Analyst™ 3D FEM EM analysis software. The calculation is performed in two steps: an eigenmode
simulation using OM2p, followed by a particle tracking calculation using PT2p. The orbits that are predicted by this
calculation are typical of multipacting oscillations in such cavities.
In this example you use sketches, OM2p, PT2p, particle annotations, and movies.

7.1. Configuring the Model
This example uses the 2D eigenmode (OM2p) simulator and the 2D particle tracking (PT2p) simulator, and their associated
default boundary conditions and excitations. The example you create in this exercise is available in its complete form as
SRF Cavity PT2p.apz. To access this file from a list of example projects, on the Help ribbon in the Help and Support group,
click the Open Example button and choose SRF Cavity PT2p.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Change the Length units to "in" and the Energy units to "mm", then click OK to close the dialog box.
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7.2. Defining the Geometry
The geometry is rotationally symmetric, as shown in the following figure (dimensions in mm), and is defined using a
2D sketch.

To define the geometry:
1. Click the Structure ribbon to make it active, then in the Entity Creation group, click Create Sketched and choose Sheet
(2D) from the drop-down menu.
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2. Click OK to close the dialog box, create the 2D solid, and enter sketch mode.
To help draw the sketch, you should change the camera's current orientation to a more appropriate one.
3. Click the Next Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane.
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To help draw the sketch, you should change the working plane grid spacing.
4. Click the Use Snap Grid drop-down button on the Structure view toolbar and choose Properties.

The Working Plane Grid Properties dialog box displays
5. Change Minor Spacing (working length unit) to "1, 1, 1" as shown in the following figure, and then click OK to close
the dialog box.

6. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Polyline from the drop-down
menu.
7. Using the cursor position indicator at the bottom of the Structure view, place the cursor at (-59, 43) mm and click to
establish the first point of the polyline.
8. Click at (-59, 0) mm, (59, 0) mm, and (59, 43) mm. After you establish all 4 points of the polyline, click the Done
button on the Structure view toolbar and the Edit Properties dialog box displays.
9. Confirm that the points match those in the following figure (edit if necessary), then click OK to close the dialog box.
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10. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose 3-Point Circular Arc from the
drop-down menu.
11. Click on the first point of your polyline at (-59, 43) mm, then press the Space bar to finish drawing and display the
Edit Properties dialog box.
12. Change the parameters to match those in the following figure, then click OK to close the dialog box.
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13. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose 3-Point Circular Arc from the
drop-down menu.
14. Click at (44, 56) mm, then press the Space bar to finish drawing and display the Edit Properties dialog box.
15. Change the parameters to match those in the following figure, then click OK to close the dialog box.
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16. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Line from the drop-down menu.
17. Click at the end point of your first circular arc (-44, 56) mm, then click again at (-35, 133) mm to complete the line
and display the Edit Properties dialog box.
18. Confirm that the parameter values match those in the following figure, then click OK to close the dialog box.
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19. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Line from the drop-down menu.
20. Click at the start point of your second circular arc (44, 56) mm. Click again at (35, 133) mm to complete the line and
display the Edit Properties dialog box.
21. Confirm that the values of the parameters match those in the following figure, then click OK to close the dialog box.
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22. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose 3-Point Circular Arc from the
drop-down menu.
23. Click at the end point of your first line (-35, 133) mm, then press the Space bar to finish drawing and display the Edit
Properties dialog box.
24. Change the parameters to match those in the following figure, then click OK to close the dialog box.
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Your sketch displays as shown in the following figure.

25. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
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7.3. Creating Simulations
1. To create the Eigenmode simulation, on the Home ribbon in the Simulation group, choose 2D Eigenmode (OM2p) from
the New Simulation button drop-down menu. Click OK on the Properties dialog to create the new simulation. This
choice also provides access to the correct set of boundary conditions and excitations for the simulation.
2. To create the particle tracking simulation, on the Home ribbon in the Simulation group, choose 2D Multipacting (PT2p)
from the New Simulation button drop-down menu. Click OK on the Properties dialog to create the new simulation. This
choice also provides access to the correct set of boundary conditions and excitations for the simulation.

7.4. Applying Boundary Conditions
Both the eigenmode and particle tracking simulations are performed based on the same structure (geometry and boundary
conditions). Because the particle tracking calculation reads the mesh as well as the fields from a file output by the
eigensolver, you must apply the necessary boundary conditions for both simulations before performing the eigenmode
simulation.

7.4.1. Eigenmode
A perfect H (PMC) boundary condition is applied to the two beam pipe edges of the structure. The remaining edges
default to perfect electric conductor (PEC) boundary conditions.
To apply the boundary condition:
1. Make the eigenmode simulation active by clicking on its node (probably labeled Simulation_1) in the Navigator. Then
click on the Structure view.
2. In the Structure ribbon, in the Attributes group, click Apply New and choose Impedance from the drop-down menu.
3. Pick the two vertical edges as shown in the following figure.

4. Press Enter to confirm your picks and display the Edit Properties dialog box.
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5. Change Type to Perfect H, then click OK to close the dialog box.

The edges that are not assigned any boundary condition default to perfect electric conductor (PEC) boundary conditions
in the simulator.

7.4.2. Particle Tracking
Next you apply boundary conditions required for the particle tracking simulation. The default of surface primary emission
is used and you apply a boundary condition to allow for secondary emission on the top of the cavity.
To apply the boundary condition:
1. Make the particle simulation active by clicking on its node (probably labeled Simulation_2) in the Navigator. Then
click on the Structure view.
2. In the Structure ribbon, in the Attributes group, click Apply New and choose Emitter from the drop-down menu.
3. Pick the top circular arc in the structure as shown in the following figure.
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4. Press Enter to confirm your pick and display the Edit Properties dialog box.
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5. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

7.5. Eigenmode Simulation
To configure and run the eigenmode simulation:
1. Click on the eigenmode simulation (probably labeled Simulation_1) in the Navigator to select it. This will make the
Simulation ribbon active.
2. In the Configuration group of the Simulation ribbon, click on the Properties button to bring up the Properties dialog for
your simulation.
3. On the Initial Mesher tab, set an Absolute value of "8 mm" for the element size.
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4. On the Solver tab, locate Field Output File and click to the right of it. Click the ellipsis (...) button and choose the full
path on your computer for the file that will contain the mesh and fields from the eigensolve, for use in a particle
tracking simulation.
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5. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 5 seconds to complete.
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While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.

After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters displays in the log.
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7.6. Eigenmode Post Processing
To view the eigenmode results before continuing:
1. To view the fields, on the Simulation ribbon in the Post-Processing group, click New Annotation and choose Field from
the drop-down menu to create the annotation and display an Edit Properties dialog box.
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On the Display tab, choose At Mesh Nodes for the Vectors/Location.
2. Click OK to close the dialog box.
3. Click the Next Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane.
The Structure view displays as shown in the following figure (in this example the legend is resized to use image space
more efficiently).
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By default the display is the real part of the electric field. Note the magnitude.
4. Click in the Simulation view to make it active and view the mode summary, including the resonant frequency.
5. On the Simulation ribbon in the Post-Processing group, choose New Plot to create a plot and measurement and display
the Edit Properties dialog box.
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6. Click OK to close the dialog box. The upper part of the resulting Plot view, with the resonant frequency highlighted,
is shown in the following figure.

7.7. Particle Tracking Simulation
To configure and run the particle tracking simulation:
1. Click on the particle tracking simulation (probably labeled Simulation_2) in the Navigator to select it. This will make
the Simulation ribbon active.
2. In the Configuration group of the Simulation ribbon, click on the Properties button to bring up the Properties dialog for
your simulation.
3. On the Solver tab locate RF Input File and click to the right of it. Click the ellipsis (...) button to browse for the file
generated during the eigenmode simulation. Change the remaining parameters to match those in the following figure.
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By default, the particle tracking simulation emits and tracks particles from element faces. If you want to model emission
from element volumes, set a value for Number of Particles to Emit From Each Vacuum Element Volume.
4. Click OK to close the dialog box.
5. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 8 seconds to complete.
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7.8. Particle Tracking Post Processing
You can now view the results from the multipacting simulation.

7.8.1. Viewing Particles
To view the particles you create a particle annotation:
1. Toggle off the visibility of your field annotation by clicking the light bulb next to it in the Browser.
2. In the Navigator, select your particle tracking simulation (probably Simulation_2).
3. On theSimulation ribbon in the Post-Processing group, click New Annotation and choose Particle from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays.

4. Click OK to close the dialog box.
5. Click the Next Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane. The
Structure view displays as shown in the following figure.
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By default, the particles are shown at 30 MV/m. These particles exhibit a resonant orbit resulting from proper phasing,
but yield is ignored so some or all of these particles may not correspond to true multipactors.
6. Zoom in near the top of the cavity by right-clicking in the view and choosing Zoom Area. Click and drag the cursor
to size a zoom window near the resonances. The Structure view displays as shown in the following figure.

7.8.2. Creating Movies
You can create animations of particles if you configure the particle simulation to show particle positions as a function
of time by setting the Particle Orbits > Snapshots parameter to True as you did here. Set the Qualifier 3 parameter of your
particle annotation to Particle Snapshots.
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On the Structure ribbon, in the Create Media group, click the Create Movie button. The Movie dialog box displays.

Type the Output File name and Duration of the movie in seconds. Choose a variable or add/remove
annotations/measurements. Click OK to produce the movie. The movie plays in your default .wmv file viewer once
complete. The following is an image from such a movie. The particle size is expanded slightly for clarity.
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7.8.3. Creating a Plot
To view statistical data from the particle tracking simulation, you create a plot and measurement:
1. In the Navigator, select your particle tracking simulation (probably Simulation_2).
2. On the Simulation ribbon in the Post-Processing group, click New Plot.
A plot and a measurement are created and the Edit Properties dialog box displays.
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3. Click OK to close the dialog box.
The measurement is by default on the SEY Yield table and the Plot view displays as shown in the following figure.
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4. You can switch to a chart of the data by clicking the Chart tab on the far right side of the Plot view. The Plot view
displays as shown in the following figure (in this example the legend is moved and the image is resized to use space
more efficiently).
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5. You can view other tables by changing the Qualifier 3 measurement parameter in the Browser property grid, as shown
in the following figure.
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Chapter 8. Analyst-MP: Coax Multipacting (PT3p)
This example demonstrates the use of the multipacting simulator to compute multipacting bands across the gap between
two conductors in a coax using Cadence® Analyst™ 3D FEM EM analysis software. The calculation is performed in
two steps: a driven frequency simulation using RF3p, followed by a particle tracking calculation using PT3p. The orbits
that are predicted by this calculation are typical of multipacting oscillations in such structure.
In this example you use sketches, mesh constraints, RF3p, PT3p, particle annotations, and movies.

8.1. Configuring the Model
This example uses the 3D driven frequency (RF3p) simulator and the 3D particle tracking (PT3p) simulator, and their
associated default boundary conditions and excitations. The example you create is available in its complete form as
Parallel Plate Coax PT3p.apz. To access this file from a list of example projects, on the Help ribbon in the Help and
Support group, click the Open Example button and choose Parallel Plate Coax PT3p.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm, then click OK to close the dialog box.
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8.2. Defining the Geometry
The geometry is created using a revolution of a sketch in the XY plane about the X axis. The sketch contents are shown
in the following figure. Note that the geometry represents just the gap between the inner and outer conductors and that
the 27.84 cm length was chosen to yield a resonant frequency very close to 500 MHz.

To define the geometry:
1. On the Structure ribbon in the Entity Creation group, click Create Sketched and choose Revolution from the drop-down
menu. You are prompted in the command hint at the bottom of the application window to define the axis for the
revolution, as shown in the following figure.
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2. Using the cursor position indicator at the lower left corner of the Structure view, move the cursor to (0, 0, 0) and click
to establish the axis point of the revolution.
3. Move the cursor to a position along the positive X axis (for example (.02, 0, 0)) and click to establish the axis direction.
4. Press the Space bar to display the Edit Properties dialog box. Confirm that the parameters match those shown in the
following figure (edit if necessary).

5. Click OK to close the dialog box and enter sketch mode.
6. To help draw the sketch, you should change the camera's current orientation to a more appropriate one. Click the Next
Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane.
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7. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Polyline from the drop-down
menu.
8. Press the Space bar to finish the polyline and display the Edit Properties dialog box. Locate Point 1 and click to the
right of it and then click the ellipsis (...) button.
9. Choose Insert Points After from the drop-down menu.
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10. The Edit Properties dialog box displays. In Enter Number of New Points After, type "8" as shown in the following figure,
then click OK to close the dialog box.

11. Change the parameters for the points as shown in the following figure.
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12. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

13. To add one more line segment to split this revolution into two pieces for use in constraining the mesh, on the Sketch
ribbon in the Element Creation group, click Draw Segment and choose Line from the drop-down menu.
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14. Press the Space bar to finish drawing the line and display the Edit Properties dialog box.
15. Change the parameters as shown in the following figure.

16. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

17. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
18. On the Structure view toolbar, click the Activate Home Camera View button.
The Structure view displays as shown in the following figure.
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19. To fillet the geometry, on the Structure ribbon in the Entity Modification group, click Modify Solids and choose Fillet
Edges from the drop-down menu.
20. Pick the two edges as shown in the following figure.

21. Press Enter to confirm your pick. The fillet is created and the Edit Properties dialog box displays.
22. Change the parameters as shown in the following figure.
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23. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

8.3. Creating Simulations
1. To create the driven frequency simulation, on the Home ribbon in the Simulation group, choose 3D Driven Frequency
(RF3p) from the New Simulation button drop-down menu. Click OK on the Properties dialog to create the new simulation.
This choice also provides access to the correct set of boundary conditions and excitations for the simulation.
2. To create the particle tracking simulation, on the Home ribbon in the Simulation group, choose 3D Multipacting (PT3p)
from the New Simulation button drop-down menu. Click OK on the Properties dialog to create the new simulation. This
choice also provides access to the correct set of boundary conditions and excitations for the simulation.
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8.4. Applying Excitations and Boundary Conditions
Both the 3D driven frequency analysis and the particle tracking calculation are based on the same structure (geometry
and boundary conditions). Because the particle tracking calculation reads the mesh as well as the fields from a file output
by the driven frequency solver, you must apply the necessary boundary conditions for both calculations before performing
the driven frequency simulation. You first apply the boundary conditions for the 3D driven frequency solver.

8.4.1. Driven Frequency Analysis
To apply an electric symmetry boundary condition to four symmetry faces of the geometry:
1. Make the driven frequency simulation active by clicking on its node (probably labeled Simulation_1) in the Navigator.
Then click on the Structure view.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Symmetry from the drop-down menu.
3. Move the cursor over the larger top face, as shown in the following figure. Make sure it is in a location where the
bottom symmetry plane face is behind the cursor.
4. Click to pick the top face and then right-click and choose Pick > All Behind from the context menu. Note that both the
top and the bottom face are picked.

5. Move the cursor over the smaller top face as shown in the following figure. Make sure it is in a location where the
bottom symmetry plane face is behind the cursor.
6. Click to pick the top face and then right-click and choose Pick > All Behind from the context menu. Both the top and
the bottom face are picked.
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Note that the command hint at the bottom of the application window indicates that you have a total of four faces
picked, as shown in the following figure.

7. Press Enter to confirm your picks. The boundary condition is added and the Edit Properties dialog box displays.

8. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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9. You can confirm that you have set the symmetry boundary condition on all of the necessary faces by toggling the
light bulbs next to the Symmetry_1 node under the Boundary Conditions node in the Browser. The Structure view
displays as shown in the following figure.

10. To apply a port excitation to the end face of the coax, on the Structure ribbon in the Attributes group, click Apply New
and choose Port from the drop-down menu.
11. Pick the end face as shown in the following figure.

8–12 AWR Analyst-MP

Applying Excitations and Boundary Conditions

12. Press Enter to confirm your picks. The boundary condition is added and the Edit Properties dialog box displays.
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13. Click OK to close the dialog box. The Structure view displays as shown in the following figure. Note that the driven
frequency analysis requires that there be at least one port boundary condition on the structure, while the particle
tracking simulation requires that there be only one port boundary condition on the structure.

The faces that were not assigned any boundary condition default to perfect electric conductor (PEC) boundary conditions
in the simulator.

8.4.2. Particle Tracking Calculation
To apply boundary conditions required for the particle tracking simulation:
1. Make the particle simulation active by clicking on its node (probably labeled Simulation_2) in the Navigator. Then
click on the Structure view.
2. In the Structure ribbon in the Attributes group, click Apply New and choose Emitter from the drop-down menu.
3. Pick the two faces on the sides of the gap as shown in the following figure, as follows: pick one of the faces, rotate
the camera to expose the second face and then pick the second face.
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4. Press Enter to confirm your pick and display the Edit Properties dialog box.
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5. Click OK to accept the defaults and close the dialog box.
6. On the Structure view toolbar, click the Activate Home Camera View button.
The Structure view displays as shown in the following figure.
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7. You can confirm that you set the emitter condition on all of the necessary faces by toggling the light bulbs next to the
Symmetry_1 node under the Boundary Conditions node in the Browser. The Structure view displays as shown in the
following figure (the emitter is highlighted lavender).

8.5. Adding Mesh Constraints
You can control the number of particles generated in the particle tracking calculation by controlling the discretization
of the mesh in the region adjacent to the gap between the conductors.
To add a mesh constraint:
1. On the Structure ribbon in the Attributes group, click the Apply New menu and select Mesh Constraint.
2. Click once on the top face of the gap body to pick the face, then click the face again. This cycles the pick to include
the body. The command hint at the bottom of the application window prompts for these actions, as shown in the
following figure.
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3. Press Enter to confirm your pick and display the Edit Properties dialog box. Change the parameters as shown in the
following figure.

4. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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8.6. Driven Frequency Simulation
To configure and run the driven frequency simulation:
1. Click on the driven frequency simulation (probably labeled Simulation_1) in the Navigator to select it. This will make
the Simulation ribbon active.
2. In the Configuration group of the Simulation ribbon, click on the Properties button to bring up the Properties dialog for
the driven frequency simulation.
3. On the Solver tab, locate Field Output File and click to the right of it. Click the ellipsis (...) button and choose a full
path that is valid on your computer, as shown in the following figure. This file will contain the mesh and fields from
the driven frequency solve for use in the particle tracking simulation.
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4. On the Drive Frequencies tab change Start (GHz) to "0.5" and Count to "1", and then click OK to close the dialog box.
Note that the particle tracking simulation requires that there be only one drive frequency in the simulation.
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5. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 5 seconds to complete.
While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.
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After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters displays in the log.
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8.7. Driven Frequency Post Processing
To view the driven frequency results before continuing:
1. To view the fields, on the Simulation ribbon in the Post-Processing group, click New Annotation and choose Field from
the drop-down menu to create the annotation and display the Edit Properties dialog box.
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2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

By default the display is the real part of the electric field driven by port 1. Note the magnitude.
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8.8. Particle Tracking Simulation
To configure and run the particle tracking simulation:
1. Click on the particle tracking simulation (probably labeled Simulation_2) in the Navigator to select it. This will make
the Simulation ribbon active.
2. In the Configuration group of the Simulation ribbon, click on the Properties button to bring up the Properties dialog for
the particle tracking simulation.
3. On the Solver tab, locate RF Input File and click to the right of it. Click the ellipsis (...) button to browse for the file
generated during the driven frequency simulation.
4. Change the remaining parameters as shown in the following figure, then click OK to close the dialog box.
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By default, the particle tracking simulation emits and tracks particles from element faces. If you want to model emission
from element volumes, set a value for Number of Particles to Emit From Each Vacuum Element Volume.
5. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 15 seconds to complete.
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8.9. Particle Tracking Post Processing
You can now examine the results from the multipacting simulation.

8.9.1. Viewing Particles
To view the particles, you create a particle annotation:
1. In the Navigator, click on the particle tracking simulation (likely Simulation_2) to make it active.
2. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Particle from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays.

3. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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By default, the particles are shown at 0.17 MV/m. These particles exhibit a resonant orbit resulting from proper
phasing, but yield is ignored so some or all of these particles may not correspond to true multipactors.
4. Zoom in near the end of the coax by right-clicking in the view and choosing Zoom Area. Click and drag to size a zoom
window near the resonances. The Structure view displays as shown in the following figure.
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8.9.2. Creating Movies
You can create animations of particles if you configure the particle simulation to show particle positions as a function
of time by setting the Particle Orbits > Snapshots parameter to True as you did here. Set the Qualifier 3 parameter of your
particle annotation to Particle Snapshots.

Toggle off the light bulb next to your field annotation, then on the Structure ribbon, in the Create Media group, click the
Create Movie button. The Movie dialog box displays.
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Type the Output File name and Duration of the movie in seconds. Choose a variable or add/remove
annotations/measurements. Click OK to produce the movie. The movie plays in your default .wmv file viewer once
complete. The following is an image from such a movie. The particle size is expanded slightly for clarity.

8.9.3. Creating a Plot
To view statistical data from the particle tracking simulation, you create a plot and measurement:
1. With the particle tracking Simulation view active, on the Simulation ribbon in the Post-Processing group, click New
Plot to create a plot and a measurement, and display the Edit Properties dialog box.
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2. Click OK to close the dialog box. By default the measurement is on the SEY Yield table and the Plot view displays
as shown in the following figure.
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3. You can switch to a chart of the data by clicking the Chart tab on the right side of the Plot view. The Plot view displays
as shown in the following figure.

8–32 AWR Analyst-MP

Particle Tracking Post Processing

4. You can view other tables by changing the Qualifier 3 measurement parameter in the Browser property grid, as shown
in the following figure.

Getting Started Guide 8–33

Particle Tracking Post Processing

8–34 AWR Analyst-MP

Chapter 9. Analyst-MP: Solenoid (MS3p)
The following example demonstrates how to model a coil using the 3D magnetostatics solver MS3p in Cadence®
Analyst™ 3D FEM EM analysis software. In this example you use materials, sketches, and MS3p.

9.1. Configuring the Model
This example uses the 3D Magnetostatic (MS3p) simulator and the associated default boundary conditions and excitations.
The example you create is available in its complete form as Solenoid MS3p.apz. To access this file from a list of example
projects, on the Help ribbon in the Help and Support group, click the Open Example button and choose Solenoid MS3p.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Confirm that the units for Length are set to cm, then click OK to close the dialog box.
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9.2. Creating Materials
The specific permanent magnet used in this example is not included in the predefined list of materials, so you need to
create it.
To create a permanent magnet:
1. In the Browser, right-click Materials and choose New Material from the context menu.
The material is created and an Edit Properties dialog box displays.
2. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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9.3. Defining the Geometry
You create the geometry using several revolutions. The complete geometry is shown in the following figure.

9.3.1. Creating a Plugnut
The plugnut is composed of 430 stainless steel.
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To create a plugnut:
1. Click the Structure ribbon to make it active, then on the Structure ribbon in the Entity Creation group, click Create
Sketched and choose Revolution from the drop-down menu. Notice that a command hint explaining your next possible
steps displays in a yellow status bar at the bottom of the application window, as shown in the following figure.

2. Press the Space bar to finish the revolution and display an Edit Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.

4. To aid in drawing the sketch, it is helpful to change the camera's current orientation to a more appropriate one. Click
the Next Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane as shown in
the following figure.
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5. On the Sketch ribbon in the Element Creation group, click Draw Shape and choose Rectangle from the drop-down menu.
6. Using the cursor position indicator at the bottom of the Structure view, place the cursor at (0, 0) cm and click to
establish the corner of the rectangle.

7. Click at (1.0, 0.3) cm and the Edit Properties dialog box displays. Change the parameters as shown in the following
figure.
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8. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

9. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.

9.3.2. Creating a Coil
The coil is composed of copper.
To create a coil:
1. On the Structure ribbon in the Entity Creation group, click Create Sketched and choose Revolution from the drop-down
menu.
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2. Press the Space bar to finish the revolution and display an Edit Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.

4. To help draw the sketch, you should change the camera's current orientation to a more appropriate one. Click the Next
Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane as shown in the
following figure.
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5. On the Sketch ribbon in the Element Creation group, click Draw Shape and choose Rectangle from the drop-down menu.
6. Using the cursor position indicator at the bottom of the Structure view, move the cursor to (0.4, 0.4) cm and click to
establish the corner of the rectangle.
7. Click at (1.9, 0.8) cm and the Edit Properties dialog box displays. Change the parameters as shown in the following
figure.
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8. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

9. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
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9.3.3. Creating a Permanent Magnet Core
The permanent magnet core is composed of Neo 35.
To create a permanent magnet core:
1. On the Structure ribbon in the Entity Creation group, click Create Sketched and choose Revolution from the drop-down
menu.
2. Press the Space bar to finish the revolution and display the Edit Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.

4. To help draw the sketch, you should change the camera's current orientation to a more appropriate one. Click the Next
Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane.
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5. To change the snap grid spacing from the default of 0.1 working length units (0.1 cm in this example) to 0.05 working
length units, on the Structure view toolbar, click the Use Snap Grid drop-down button and choose Properties to display
the Working Plane Grid Properties dialog box.

6. Change Minor Spacing (working length unit) to "0.05, 0.05, 0.05" as shown in the following figure, then click OK to
close the dialog box.
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7. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Polyline from the drop-down
menu.
8. Using the cursor position indicator at the bottom of the Structure view, move the cursor to (1.05, 0.1) cm and click
to establish the first point of the polyline.
9. Click at the remaining points as shown in the following figure. If you place a point incorrectly press B to replace the
last placed point.
10. When you close the polyline, an Edit Properties dialog box displays. Confirm that the points are as shown in the
following figure (edit if necessary).
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11. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

12. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
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9.3.4. Creating the Outer Shell and Bushing
The outer shell and bushing are composed of cold rolled steel.
The shell and bushing are defined by a single revolution. The corresponding sketch is defined using both a path and a
polyline.
To create the revolution:
1. On the Structure ribbon in the Entity Creation group, click Create Sketched and choose Revolution from the drop-down
menu.
2. Press the Space bar to finish the revolution and display an Edit Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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To aid in drawing the sketch, it is helpful to change the camera's current orientation to a more appropriate one. Click the
Next Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane, as shown in the
following figure.
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To define the bushing:
1. On the Sketch ribbon in the Element Creation group, click Draw Segment and choose Polyline from the drop-down
menu.
2. Press the Space bar to finish the polyline and display an Edit Properties dialog box.
3. Locate Point 1 and click to the right of it, then click the ellipsis (...) button and choose Insert Points After from the
drop-down menu.

4. The Edit Properties dialog box displays. In Enter Number of New Points After, type "6" as shown in the following figure,
then click OK to close the dialog box.

5. Change the parameters as shown in the following figure.
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6. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

To define the shell:
1. On the Sketch ribbon in the Element Creation group, click Draw Shape and choose Path from the drop-down menu.
2. Press the Space bar to finish the path and display an Edit Properties dialog box.
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3. Locate Point 1 and click to the right of it and then click the ellipsis (...) button and choose Insert Points After from the
drop-down menu.

4. The Number of Points dialog box displays. In Enter Number of New Points After, type "3" as shown in the following
figure, then click OK to close the dialog box.

5. Change the parameters as shown in the following figure.
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6. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

7. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
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9.3.5. Creating the Enclosure
1. On the Structure ribbon in the Entity Creation group, click Create Sketched and choose Revolution from the drop-down
menu.
2. Press the Space bar to finish the revolution and display the Edit Properties dialog box.
3. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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4. To help draw the sketch, you should change the camera's current orientation to a more appropriate one. Click the Next
Camera View drop-down button on the Structure view toolbar and choose Align to Working Plane.

5. On the Sketch ribbon in the Element Creation group, click Draw Shape and choose Rectangle from the drop-down menu.
6. Using the cursor position indicator at the bottom of the Structure view, move the cursor to (-0.25, 0.0) cm and click
to establish the corner of the rectangle.
7. Press the Space bar to finish the rectangle and display the Edit Properties dialog box.
8. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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.
9. On the Sketch ribbon in the Actions group, click End Sketch to exit sketch mode.
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9.4. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 3D Magnetostatics (MS3p) from the New Simulation button drop-down
menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the correct set of
boundary conditions and excitations and selects the active simulation type.

9.5. Applying Excitations and Boundary Conditions
You now apply excitations and boundary conditions to the structure. In this example you only need to apply a coil to a
single body and a magnetic symmetry boundary condition to two faces. The remaining exterior faces are left alone, so
the solver treats them as Neumann (zero normal H-field).

9.5.1. Defining the Symmetry
The symmetry planes of the structure are defined by the XZ and XY planes.
To define the symmetry:
1. Orient the camera so that both symmetry planes are visible.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Symmetry from the drop-down menu.
3. Pick the two faces as shown in the following figure.

4. Press Enter to confirm your picks. The attribute is created and the Edit Properties dialog box displays.
5. Change the parameters as shown in the following figure, then click OK to close the dialog box.
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9.5.2. Applying the Coil Attribute
The coil attribute is applied to a single body.
To apply the coil attribute:
1. To make picking easier, toggle off the light bulb next to the Environment solid in the Browser, as shown in the following
figure.

2. On the Structure ribbon in the Attributes group, click Apply New and choose Coil from the drop-down menu.
3. Pick the coil body as shown in the following figure.
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4. Press Enter to confirm your pick. The attribute is created and an Edit Properties dialog box displays.
5. Change the parameters as shown in the following figure.
Note that this project is assuming a 10000 Amp current through the coil and the cross-sectional area of the coil is (1.5
cm x 0.4 cm) = 0.6 cm2 = 6e-5 m2, so the current density is 1.666e8 A/m2.

6. Click OK to close the dialog box.

9.6. Simulating the Structure
To simulate the structure:
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1. Click the Simulation view to make it active, then on the Simulation ribbon in the Execution group, click Simulate to
create a job and submit it to the job scheduler. The job starts immediately and takes approximately 1 minute to
complete.
While the simulation runs, status information is passed to the the log portion of the Simulation view. A "Busy Working"
icon and a label describing the progress of the simulation are displayed above the log. Each simulation has its own
set of filter parameters to control the messages that are written to the log.
Other simulation-specific information is presented in real time on a plot next to the log. This plot can be configured
according to user preference, and its display can be controlled via a "sticky pin" in the upper right corner of the view.
For more information on the simulation plot, see “Running a Simulation”.

After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters is written to the log.

9–26 AWR Analyst-MP

Post Processing

9.7. Post Processing
Analyst software can present the results of a simulation in several formats. Graphical representations ("annotations")
display mesh and field data in 2D and 3D views. Numerical representations ("measurements") display data as tables or
charts.

9.7.1. Viewing the Mesh
To view the mesh you create a mesh annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Mesh from the drop-down
menu. The annotation is created and an Edit Properties dialog box displays.
2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3. By default, the mesh annotation displays the mesh from the final iteration of the adaptive mesh refinement (AMR)
process. To view the initial mesh, confirm that the annotation Annotation_1 is selected in the Browser and then in the
Browser property grid on the Data Source tab, change Primary > Qualifier 2 to Iteration 1, as shown in the following
figure.

The Structure view displays as shown in the following figure.
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9.7.2. Viewing the Magnetic Flux Density
To view the magnetic flux density you create a field annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Field from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays.
2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

3. To view the flux density only, locate the mesh annotation (Annotation_1) and Geometry in the Browser and toggle off
their light bulbs. The Structure view displays as shown in the following figure.
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4. By default, the field annotation displays the magnetic flux density. To view the magnetic field, confirm that the field
annotation Annotation_2 is selected in the Browser, and then in the Browser property grid on the Data Source tab,
change the Primary > Qualifier 3 parameter to Magnetic Field, as shown in the following figure.

5. The simulation view displays as follows:

9–30 AWR Analyst-MP

Post Processing

Getting Started Guide 9–31

Post Processing

9–32 AWR Analyst-MP

Chapter 10. Analyst-MP: Collector (MICHELLE)
The following example demonstrates how to simulate a 2D electron collector in Cadence® Analyst™ 3D FEM EM
analysis software using steady state MICHELLE. Note that you must have the necessary MICHELLE licenses to complete
this example. In this example, you use imported geometry, MICHELLE and particle annotations.

10.1. Configuring the Model
This example uses the 2D Electrostatic Particles (MICHELLE) simulator and the associated default boundary conditions
and excitations. The example you create is available in its complete form as Collector MICHELLE2D.apz. To access
this file from a list of example projects, on the Help ribbon in the Help and Support group, click the Open Example button
and choose Collector MICHELLE2D.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Change the Length units to "in", as shown in the following figure, then click OK to close the dialog box.
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10.2. Defining the Geometry
To import the entire geometry from an ACIS™ SAT file:
1. On the Structure ribbon in the Entity Creation group, click Import Entities and choose Import Entities (SAT, IGES, STEP,
etc.) from the drop-down menu.
2. Click the ellipsis button on the far right of the File(s) parameter in the property grid. Navigate to the Analyst software
installation directory and select Examples\Collector_MICHELLE2D\Geometry.sat. When the import is complete, the
Structure view displays as shown in the following figure.
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Note that the location of the input beam edge is along the Y axis crossing through (0,0,0). You later source this collector
using a spent beam file that has the particles entering the system along this same line, so you do not need to further
manipulate the geometry.

10.3. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 2D Electrostatic Particles (MICHELLE) from the New Simulation button
drop-down menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the
correct set of boundary conditions and excitations and selects the active simulation type.

10.4. Applying Excitations and Boundary Conditions
A single imported beam excitation and a single secondary emission boundary condition are sufficient for this example.

10.4.1. Applying an Imported Beam Excitation
To apply an Imported Beam excitation on the far left edge of the geometry:
1. The geometry lies in the XY plane so to help in picking, you should change the camera's current orientation to a more
appropriate one. Click the Next Camera View drop-down button on the Structure view toolbar and choose Align to
Working Plane.
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2. Pick the leftmost vertical edge of the collector. While this edge displays in red, it is obscured by the Y axis in the
view, so to confirm the pick, see the command hint in the yellow status bar at the bottom of the application window.
The status bar confirms that 1 edge is picked, as shown in the following figure.

3. On the Structure ribbon in the Attributes group, click Apply New and choose Imported Beam from the drop-down menu
to apply the attribute and display an Edit Properties dialog box.
4. On the Parameters tab, locate the Spent Beam / Particles Data File parameter. Click to the right of this parameter and
then click the ellipsis (...) button, as shown in the following figure.
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5. Click the Import button and navigate to the Analyst software installation directory, then select
Examples\Collector_MICHELLE2D\Beam.spbm. The Spent Beam / Particles Data File dialog box displays.

6. Click OK to import the file and close the dialog box. The Edit Properties dialog box displays as shown in the following
figure.
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7. Click OK to close the dialog box. The edge displays in yellow and a node for the imported beam excitation is added
in the Browser under the Excitations node. A node for the imported beam file is added under the Files folder in the
Navigator.

10.4.2. Applying a Secondary Emitter Boundary Condition
To apply a Secondary Emitter boundary condition to the remaining edges of the geometry (excluding the axis edge):
1. On the Structure ribbon in the Attributes group, click Apply New and choose Secondary Emitter from the drop-down
menu.
2. Pick the five outside edges of the collector. Do NOT pick the imported beam or axis edges, as shown in the following
figure.

The command hint confirms that you have five edges picked, as shown in the following figure.

3. Press Enter to confirm your picks and display the Edit Properties dialog box.
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4. Change the Potential (V) parameter to "-1000".
5. Locate the Secondary Database File parameter. Click to the right of this parameter, and then click the ellipsis (...) button.
6. Click the Import button. In the Open dialog box change the file filter to All Files (*.*) and navigate to the Analyst software
installation directory, then select Examples\Collector_MICHELLE2D\SecEmission.cu_001. The Secondary Database
File dialog box displays.

7. Click OK to close the dialog box. The Edit Properties dialog box displays as shown in the following figure.
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8. Click OK to close the dialog box. The edges display in dark yellow.
In the Browser, a node for the secondary emitter boundary condition is added under Boundary Conditions.

10.5. Simulating the Structure
To configure and run a simulation:
1. While adaptive mesh refinement (AMR) functions well for collectors, it is often necessary to tune the initial mesh to
kick-start the process.
2. Select Initial Meshing on the left side of the Edit Properties dialog box.
3. In the Properties panel on the right, change Element Size > Relative Value to "0.2".
4. You now choose an external axial magnetic field for the simulation. Click the green plus (+) sign to the right of
MICHELLE Solver (2D) > Solver Setup > Imported Fields and Particles > Axial Magnetic > Field on the left side of the dialog
box to create an axial magnetic field instance named Field_1.
5. Select Field_1 as shown in the following figure.
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6. On the Field_1 tab on the right, locate the Magnetic Field Data File parameter. Click to the right of this parameter, and
then click the ellipsis (...) button.
7. Click the Import button in the Magnetic Field Data File dialog box to display the Open dialog box.
8. Change the file filter to All Files (*.*) and navigate to the Analyst software installation directory, then select
Examples\Collector_MICHELLE2D\Field.baxial and click Open. The Magnetic Field Data File dialog displays.

9. Click OK to close the dialog box. The Edit Properties dialog box displays.
10. Change Length Unit Basis in File to inches and Field Unit Basis in File to Gauss, as shown in the following figure.
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You now define the secondary emission, including the number of secondary generations and distribution details.
11. On the left side of the dialog box, choose MICHELLE Solver (2D) > Solver Setup > Additional Physics > Secondary
Emission Defaults.
12. On the Secondary Emission Defaults tab on the right, locate the Distribution By Generation parameter. Click to the right
of this parameter, and then click the ellipsis (...) button.
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The Distribution By Generation dialog box displays.
13. Click the + Distribution button two times to add two distributions. Click the + Generation button three times to add
three generations. The dialog box displays a matrix of seven rows and three columns as shown in the following figure.

14. In the first row of the matrix (Cycle to Begin) enter "5, 10, 15" as shown in the following figure.
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15. Change to "0,1,1" the values in the six cells highlighted in the following figure.

16. Click OK to close the Distribution By Generation dialog box and then click OK to close the Edit Properties dialog box.
17. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 1 minute to complete.
While the simulation runs, status information is passed to the job log and a "Busy Working" icon displays in the
Simulation view. An adjacent label displays the progress of the simulation.
Additionally, more detailed log information displays in the log portion of the Simulation view. Each simulation log
has its own set of filter parameters to control the messages that are written to the log.
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After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters displays in the log.
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10.6. Post Processing
Analyst software can present the results of a simulation in several formats. Graphical representations ("annotations")
display mesh and field data in 2D and 3D views. Numerical representations ("measurements") display data as tables or
charts.

10.6.1. Viewing the Mesh
To view the mesh you create a mesh annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Mesh from the drop-down
menu to create the annotation and display the Edit Properties dialog box.
2. Click OK to close the dialog box and the Structure view displays as shown in the following figure.
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10.6.2. Creating a Field Annotation
To view the potential field you create a field annotation:
1. On the Structure ribbon in the Post-Processing group, click New Annotation and choose Field from the drop-down menu
to create the annotation and display the Edit Properties dialog box.
By default the annotation is of the potential field. Different fields are available using the Primary > Qualifier 3 parameter,
as shown in the following figure.

2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3. To view the field only, in the Browser toggle off the light bulb next to the mesh annotation (Annotation_1) node.

10.6.3. Creating a Particle Annotation
To view particles, you create a particle annotation:
1. To turn off view tiling, on the View ribbon in the Views group, click Tile and select single tiling (1 row, 1 column)
from the drop-down menu.
2. Click in the Structure view to make it active, then in the Browser, toggle off the light bulb next to the field annotation
(Annotation_2) so only the geometry displays.
3. Click in the Simulation view to make it active.
4. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Particle from the drop-down
menu to create the annotation and display the Edit Properties dialog box.
5. Click OK to close the dialog box. The Structure view displays as shown in the following figure.

Often with particle visualization, it is useful to decimate the particles being rendered to make the visualization cleaner.
6. In the Browser, choose the particle annotation (Annotation_3), then in the Browser property grid on the Display tab,
change Maximum Number of Particles To Show to "100".
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Note that a value of 0 displays all of the particles.

7. The Structure view now shows the tracks of the 100 evenly distributed (by index) particles, as shown in the following
figure.

Because you used secondary emission in this simulation, it can be useful to color and control visibility of the particles
by generation.
8. To color the particles by generation, in the Browser property grid, on the Display tab, change Color By to Generation,
as shown in the following figure.
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9. To control visibility of particles by generation, expand Annotation_3 in the Browser and then expand the Generation
folder. Toggle off the light bulbs for Generation_1, Generation_2, and Generation_3 to view only the primary particles
as shown in the following figure.

10. To examine the track of a specific particle, you can set each particle track to a unique random color. Toggle on the
light bulbs for Generation_1, Generation_2, and Generation_3 to view all of the decimated particles. In the Browser
property grid, on the Display tab, change Color By to Rainbow, as shown in the following figure.

11. To query information about a particle, zoom in on the particle's track in the particle annotation. In the Browser property
grid, on the Display tab, change Knots > Visible to True, as shown in the following figure (optionally, you can increase
the size at which the knots are drawn by changing the value for Knots > Fixed Size (Pixels)). Click on the Calculations
drop-down menu
on your particle of interest:
and Queries
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A Calculations dialog box displays, with information on the location of the selected knot and the primary birth,
generation, species, and type indices of the particle.
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Chapter 11. Analyst-MP: Electron Gun (MICHELLE)
The following example demonstrates how to simulate a 3D electron gun using steady state MICHELLE and Cadence®
Analyst™ 3D FEM EM analysis software. Note that you must have the necessary MICHELLE licenses to complete this
example. In this example, you use imported geometry, MICHELLE, and particle annotations.

11.1. Configuring the Model
This example uses the 3D Electrostatic Particles (MICHELLE) simulator and the associated default boundary conditions
and excitations. The example you create is available in its complete form as Electron Gun MICHELLE3D.apz. To access
this file from a list of example projects, on the Help ribbon in the Help and Support group, click the Open Example button
and choose Electron Gun MICHELLE3D.apz.
To configure the model:
1. On the Home ribbon in the Settings group, click Units to display the Working Units dialog box.
2. Change the Length units to "in" as shown in the following figure, then click OK to close the dialog box.
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11.2. Importing the Geometry
To import the entire geometry from an ACIS™ SAT file:
1. On the Structure ribbon in the Entity Creation group, click Import Entities and choose Import Entities (SAT, IGES, STEP,
etc.) from the drop-down menu.
2. Click the ellipsis button on the far right of the File(s) parameter in the property grid. Navigate to the Analyst software
installation directory and then select Examples\Electron_Gun_MICHELLE3D\Geometry.sat. Once the import is
complete, the structure displays as shown in the following figure.
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In the next step you remove the large cylinder on the right.
3. On the Structure ribbon in the Entity Modification group, click Boolean and choose Split from the drop-down menu.
4. Click anywhere on the geometry, them press Enter display the Edit Properties dialog box. Change the parameters as
shown in the following figure.
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5. Click OK to close the dialog box. Click the Fit button and the structure displays as shown in the following figure.
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11.3. Creating a Simulation
To create a simulation:
On the Home ribbon in the Simulation group, choose 3D Electrostatic Particles (MICHELLE) from the New Simulation button
drop-down menu. Click OK on the Properties dialog to create the new simulation. This choice provides access to the
correct set of boundary conditions and excitations and selects the active simulation type.

11.4. Applying Excitations and Boundary Conditions
To apply attributes to the structure starting with the conductor boundary condition on the anode faces:
1. Turn off the working plane grid by clicking the Toggle Working Plane Visibility button on the Structure view toolbar.
2. Orient the camera so the structure displays similar to the following figure.

3. On the Structure ribbon in the Attributes group, click Apply New and choose Conductor from the drop-down menu.
4. Pick the eight faces as shown in the following figure. Note that you can rotate and zoom as you pick to help you access
faces that may be partly occluded by other parts of the geometry. If you pick the wrong face, click on it a second time
to unpick it. To clear all picked faces or edges and start over, press the Esc key.
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Notice that as you pick, the command hint in the lower left corner of the application window indicates how many
faces are picked, as shown in the following figure.

5. Press Enter to confirm your picks. The attributes are created and the Edit Properties dialog box displays.
6. Change the parameters as shown in the following figure and then click OK to close the dialog box.

To apply a boundary condition to the anode cathode gap face:
1. Rotate the camera so the gap is visible, and then on the Structure ribbon in the Attributes group, click Apply New and
choose Neumann from the drop-down menu.
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2. Pick the single face as shown in the following figure.

3. Press Enter to confirm your picks. The attributes are created and the Edit Properties dialog box displays. Change the
parameters as shown in the following figure, then click OK to close the dialog box.

To apply a boundary condition to the symmetry faces:
1. Rotate the camera so the symmetry planes are visible, and then on the Structure ribbon in the Attributes group, click
Apply New and choose Neumann Symmetry from the drop-down menu.
2. Pick the two symmetry faces as shown in the following figure.
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3. Press Enter to confirm your picks. The attributes are created and the Edit Properties dialog box displays, as shown in
the following figure.

4. Click OK to close the dialog box.
To apply a boundary condition to the focus faces:
1. Rotate the camera so the focus faces are visible, and then on the Structure ribbon in the Attributes group, click Apply
New and choose Conductor from the drop-down menu.
2. Pick the five focus faces as shown in the following figure.
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3. Press Enter to confirm your picks. The attributes are created and the Edit Properties dialog box displays. Change the
parameters as shown in the following figure, then click OK to close the dialog box.

To apply an excitation to the cathode faces:
1. Rotate the view so the cathode is visible, and then on the Structure ribbon in the Attributes group, click Apply New and
choose Primary Emitter from the drop-down menu.
2. Pick the two faces as shown in the following figure.
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3. Press Enter to confirm your picks. The attributes are created and the Edit Properties dialog box displays as shown in
the following figure.
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Click OK to close the dialog box.
To apply a boundary condition to the gap face:
1. Zoom in on the cathode so the small flat face between the cathode and the focus is clearly visible.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Neumann from the drop-down menu.
3. Pick the "gap" face as shown in the following figure.
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4. Press Enter to confirm your picks. The attributes are created and the Edit Properties dialog box displays as shown in
the following figure.

5. Click OK to close the dialog box.
To apply a boundary condition to the beam exit face:
1. Adjust the camera so the face where the beam exits (opposite the cathode) is clearly visible.
2. On the Structure ribbon in the Attributes group, click Apply New and choose Neumann from the drop-down menu.
3. Pick the single face as shown in the following figure.
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4. Press Enter to confirm your picks. The attribute is created and the Edit Properties dialog box displays. Change the
parameters as shown in the following figure, then click OK to close the dialog box.

11.5. Simulating the Structure
Now that the attributes are applied, you can configure and run the simulation.
To simulate the structure:
1. Click the Simulation view to make it active, then on the
button to display the simulation's Properties dialog.

Simulation ribbon in the Configuration group, click the Properties

Getting Started Guide 11–13

Simulating the Structure
2. Click the green + symbol to the right of the MICHELLE Solver (3D) > Solver Setup > Imported Fields and Particles > Axial
Magnetic > Field node on the left side of the dialog box to create an axial magnetic field instance named Field_1.

3. Select Field_1.
4. On the Field_1 tab on the right, locate the Magnetic Field Data File parameter. Click to the right of this parameter and
then on the ellipsis ... button.
5. Click the Import button and navigate to the Analyst software installation directory, then select
Examples\Electron_Gun_MICHELLE3D\Field.baxial.
6. Change Length Unit Basis in File to "inches" and Field Unit Basis in File to "Gauss" as shown in the following figure,
then click OK to close the dialog box.

11–14 AWR Analyst-MP

Simulating the Structure

7. On the Simulation ribbon in the Execution group, click Simulate to create a job and submit it to the Job Scheduler. The
job starts immediately and takes approximately 1 minute to complete.
While the simulation runs, status information is passed to the job log and a "Busy Working" icon displays in the
Simulation view. An adjacent label displays the progress of the simulation.
Additionally, more detailed log information displays in the log portion of the Simulation view. Each simulation log
has its own set of filter parameters to control the messages that display in the log.
After the simulation completes, the "Busy Working" icon is replaced by a green check mark and the label indicates
that the simulation is successful. A summary of the simulation results and listing of several important simulation setup
parameters is written to the log.
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11.6. Post Processing
Analyst software can present the results of a simulation in several formats. Graphical representations ("annotations")
display mesh and field data in 2D and 3D views. Numerical representations ("measurements") display data as tables or
charts.

11.6.1. Viewing the Mesh
To view the mesh you create a mesh annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Mesh from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays.
2. Click OK to close the dialog box. The Structure view displays as shown in the following figure.
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3. By default, the mesh annotation displays the mesh from the final iteration of the adaptive mesh refinement (AMR)
process. Meshes from earlier AMR iterations are accessible on the Data Source tab via the Primary > Qualifier 2 parameter
as shown in the following figure.

11.6.2. Viewing the Field
To view the potential field you create a field annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Field from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays.
2. Click OK to close the dialog box. The structure displays as shown in the following figure.
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3. The potential displays by default, but different options are available via the Primary > Qualifier 3 parameter of the field's
properties, as shown in the following figure.

4. To view the field only, locate the mesh annotation (Annotation_1) in the Browser and toggle off its light bulb icon.
The structure displays as shown in the following figure.
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11.6.3. Viewing Particles
To view the particles you create a particle annotation:
1. On the Simulation ribbon in the Post-Processing group, click New Annotation and choose Particle from the drop-down
menu. The annotation is created and the Edit Properties dialog box displays. Click OK to close the dialog box.
2. Turn off the mesh annotation and the field annotation by toggling off their light bulb icons in the Browser. The structure
displays as shown in the following figure.
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11.6.4. Creating Movies
You can create animations of a constrained variable in your annotation to show changes in the variable as a function of
time.
You begin by creating a variable:
1. Click the Variables tab (located by default in the lower left corner of the application window) to display the Variables
window.

2. Click the Add Variable button in the Variables window to create a variable and add a corresponding row in the window.
Change the Expression to "0 in". Click the Constrain check-box and set the Min, Max, and Incr values as follows.

3. Click the Apply button to add your variable.
Next, create a Cut Plane filter:
1. In the Browser, expand the node for the particle annotation (Annotation_3).
2. To the right of the Filters node, click the + symbol and choose Cut Plane, as shown in the following figure:
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A cut plane filter is added to the annotation and a corresponding node displays under the Filters node in the Browser.
Set the properties of the filter as follows:

The structure displays as shown in the following figure:

Getting Started Guide 11–21

Post Processing

3. Click the Geometry node in the Browser to switch from the wire-frame view back to a normal view.
To create the movie, on the Structure ribbon, in the Create Media group, click the Create Movie button. The Movie dialog
box displays.

Set the Variable to the name of the variable you previously created. Type the Output File name and Duration of the movie
in seconds. Click OK to produce the movie. The movie is played in your default .wmv file viewer once complete. The
following is an image from such a movie. The particle size is expanded slightly for clarity.
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