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Installation

1.1 Introduction

The installation of Empipe3D can be done by either a system administrator or a user.

In a Windows NT multi-user environment, the system administrator should install Empipe3D so that
it is accessible to all users. If, on the other hand, Empipe3D is to be used by a single user, then that
user can carry out the installation himself/herself.

Sections 1.2 and 1.3 describe the procedure of loading the software. Only the person who performs
the installation needs to follow this procedure.

Empipe3D drives the 3D electromagnetic simulators Ansoft HFSS from Ansoft Corporation and HP
HFSS from Hewlett Packard. You must have a valid installation of Ansoft HFSS or HP HFSS on the
same computer as Empipe3D.

If you experience difficulties in the installation of Empipe3D, you can contact our technical support
staff at :

Tel 905 628 8228
Fax 905 628 8225

Email osa@osacad.com

Home page http://www.osacad.com




1.2 Installing the Software

w We recommend that you close all open applications before starting the installation. If there
were additional installation instructions provided with the software, please follow them as
well.

Insert the floppy disk labelled “Installation Disk 17 in the appropriate drive. Click on the “Start” menu
(located on the taskbar) and choose “Run”, A dialog box will appear, prompting you for a file
location. Enter the following string:

a:\setup.exe
where “a:” is the drive letter of the 3.5" floppy drive.
The installation program will guide you through the actual installation of Empipe3D.
After setup has been successfully completed you will see a dialog box which provides directions for

installing the Sentinel Pro drivers. Empipe3D requires these drivers to access the information stored
in the hardware lock to function properly.

The software portion of the setup procedure is now complete.




1.3 Installing the Hardware Lock

Provided with the software is a Sentinel Pro hardware lock. The hardware lock should be installed on
the first parallel port of the computer (i.e., LPT1). If there are other locks already attached to the
computer, be sure to place the Sentinel Pro at the end of the chain. This lock is completely transparent
and should not interfere with normal operation of the computer, printers or other devices which may
be attached to the computer’s parallel port..

After installing the hardware lock, insert the floppy disk labelled either “Win95 Sentinel Setup™ or
“WinNT Sentinel Setup” (whichever is appropriate for your operating system) in the drive. Click on
the “Start” menu (located on the taskbar) and choose “Run”. A dialog box will appear, prompting you
for a file location. Enter the following string:

a:\setup.exe
where “a:” is the drive letter of the 3.5" floppy drive.
You will be presented with a screen titled “Sentinel Driver Setup Program”. You will see that there
is only one menu item available, “Functions”. From “Functions”, choose “Install Sentinel Driver”.
You will be prompted for the location of the installation files. The location is the root directory of the
installation floppy disk (for example, “a:\”).
After a brief period of time, you will be presented with a dialog box informing you of the outcome of
the installation and requesting that you reboot your machine. Prior to rebooting the machine, remove
the installation floppy disk from the drive.

After rebooting, Empipe3D is ready to run.

@ There have been problems reported involving hardware locks attached to enhanced or
bidirectional parallel ports. If you experience problems with the hardware lock, please see the
documentation for your computer and set the port to “standard” or “normal” mode.




1.4 Empipe3D Example Directory

The directory hierarchy of the Empipe3D installation is as follows.

Osa OSA Installation Directory
bin executables
empipe3d_examples examples

bend1 ' see Chapter 3

bend2 see Chapter 4

wgrad see Chapter 5

o0sa30msg configuration files

‘We recommend that before using the software, you make a working copy of the examples to a suitable
directory and work with that copy.

If you need more information on how to copy files and folders, select “Help” from the start menu and
search for “copying”.




1.5 Uninstalling the Software

To uninstall Empipe3D and its components, perform the following actions:

Select “Control Panel” from the “Settings” sub-menu of the “Start” menu.
Open “Add/Remove Programs”.

Select the software you wish to uninstall.

Click the “Add/Remove” button.

Click “Yes” when the “Confirm File Deletion™ dialog box appears.

A message box will appear, informing you whether or not the software was successfully removed.
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Technical Overview

Empipe3D is a powerful and friendly software system for automated electromagnetic (EM) design
optimization, driving the 3D field solvers Ansoft HFSS and HP HFSS.

Ansoft HFSS and HP HFSS are finite element based solvers for full-wave EM field analysis of three-
dimensional passive structures. They are capable of computing S-parameter responses,
electromagnetic field distributions and radiative effects at microwave frequencies. ’

Empipe3D allows you to designate geometrical and material parameters as candidate variables for
optimization in an intuitive and friendly manner. Using the 3D graphical drawing tool within the
HFSS package, you create a set of incremental changes to the solid model. The information is then
processed by Empipe3D to parameterize the structure using OSA's exclusive Geometry Capture
technology.

Empipe3D employs the sophisticated optimizers in OSAS0, a program supplied as part of the
Empipe3D package. OSASO0 offers a comprehensive set of optimizers, including ,, ¢, (least squares),
minimax, Huber, quasi-Newton, conjugate gradient, simplex, simulated annealing and random
algorithms, with proven track records in engineering applications. OSAQO also offers a wealth of
options for mathematical expressions, response postprocessing, statistical analysis and yield
optimization, as well as many graphical display and visualization formats.

Fig. 2.1 illustrates the data flow of the Empipe3D software system.

solid modeler

= i
<:> Empipe3D ) 3D solver
Ny —L

OSA90

Fig. 2.1 Data flow schematic of the Empipe3D system.




Functional Relationship Between Empipe3D and OSAS0

The Empipe3D package includes Empipe3D and OSASO as two separate executable modules. Their
functional relationship is as follows.

As a user, you start the operation with Empipe3D. You define the structure to be optimized as an
Empipe3D element. Once the definition of parameters, variables and specifications is completed, you
click on a button and OSAQO is invoked. You interact with the OSAS0 environment to carry out
simulation and optimization. You return to Empipe3D after the optimization is completed.

A series of tutorials is provided in Chapters 3 to 5 to illustrate the various features of Empipe3D.
The tutorials are organized in a progressive order, each one introducing something new. We highly
recommend that you follow all the tutorials.

Efficient Interpolation and Database

Empipe3D employs parameter discretization, not because it is required by the field solver (HFSS
uses variable meshing and therefore does not impose a fixed grid on geometrical dimensions), but in
order to improve efficiency during optimization. By applying interpolation to small changes in
parameter values within a user-defined interval, the total number of EM field simulations required for
optimization can be substantially reduced. This is especially important for gradient calculations.

The user can select from a number of response interpolation schemes, including linear and quadratic
interpolations, based on S, Y or Z parameters.

The S parameters from all EM field solutions are saved in an Empipe3D database. This eliminates

duplicated EM analyses and, when combined with interpolation, are particularly valuable for making
EM-based statistical analysis and yield optimization practical.

Flexibility in Analyzing Large Structures

Empipe3D gives you flexibility in analyzing large, complicated structures. You can decompose a
large structure into several substructures, individually simulated by the 3D field solver and then
connected via circuit theory. This may produce less accurate results than analyzing the complete
structure as a whole, but it can significantly reduce the CPU time needed for the EM analysis.




Optional Equivalent Circuit Model Library

The Empipe3D software system can be upgraded with an optional OSASO/hope module. It offers
a comprehensive library of equivalent circuit models, including lumped elements, controlled sources,
transmission lines and empirical models for microstrip components.

‘With this option, you can freely mix within the same circuit EM-simulated structures with equivalent
circuit elements. You can use optimization to automate calibration, refinement and new development
of models for novel structures.

Nonlinear Harmonic Balance Simulation and Optimization

The optional OSAS0/hope upgrade also provides a wealth of nonlinear modeling, simulation and
optimization capabilities. It includes a library of nonlinear device models for diodes, FETS, bipolar
transistors, HEMTSs and user-definable nonlinear controlled sources.

You can perform small-signal, DC and large-signal AC simulation. You can combine EM analysis
with harmonic balance analysis to accurately simulate and optimize nonlinear circuits.
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Tutorial: Bend1

3.1 Introduction

This tutorial chapter is intended to help you learn to use Empipe3D by going through a simple
example step by step. Additional tutorials are provided in Chapters 4 and 5, systematically
introducing you to the various features of the program.

Before we proceed, please make sure that the following steps as described in Chapter 1 have been
carried out:

1
2

Empipe3D has been properly installed.

You have made a copy of the Empipe3D examples to a working directory.

What You Will Learn From This Tutorial

1
2
3
4
5

6

The basics of the user interface of Empipe3D.

How to parameterize a geometrical dimension as an optimization variable.
How to define a performance specification on the S parameters.

How to start an EM simulation through Empipe3D.

How to start an optimization.

How to view and save the optimized solution.

All the EM analysis results necessary for this tutorial have been saved in a database, therefore we can
carry out the tutorial without actually invoking the 3D solver.

Generic Reference to the 3D Solvers

‘We shall use the generic term "3D Solver" in reference to either Ansoft HFSS or HP HFSS.




Description of the Example

For this introductory tutorial, we consider a very simple example: a waveguide bend, as illustrated in
Fig. 3.1.

Fig. 3.1 The waveguide bend example.

The objectives of our exercise include:

1 Define the optimizable paraméter d as shown in Fig. 3.2.

2 Optimize the parameter d with respect to the specification
20 logyo(ISul) < -30

in the frequency range of 9 to 15 GHz with a frequency step of 1 GHz.

Fig. 3.2 The optimizable parameter d.




3.2 Setting Up The Projects

You should copy the Empipe3D examples to a working directory. The Empipe3D installation
directory structure is outlined in Chapter 1.

Starting Empipe3D

=S To start Empipe3D, click on the “Empipe3D” icon located in the “Osa” program group.

| &) Windows NT Explorer

&8 Microsoft Peer Web Services (Common)
@ Misc Apps & Accessories

Programming Tools

;43 Startup

v v v v

Fig. 3.3 Location of Empipe3D on the Start Menu

This symbol indicates hands-on actions. Please make sure that you follow all the steps indicated
by this symbol.




When the Empipe3D window appears, click on the “Load” button. You will see a dialog box titled
“Empipe3D Open File”. Change to the directory containing your copy of the Empipe3D examples
and open the file “bend1.e3d". The Empipe3D window will then show the project setup including
the various parameters.

Empipe3D V4.0 - bend1

Load Save Optimize Quit

Parameter Project Nominal Perturbed & of Unit
Name Name Value Ualue Divs  Mame

bend11 8.2 8.1 2 in H

Fig. 3.4 The Empipe3D window.
Project Subdirectories

The project subdirectories relevant to this tutorial are illustrated as follows.

working project automatically created by Empipe3D
parameterization files and database
nominal project

incremental project

The project“bend1.pjt” is used by Empipe3D as a working project, i.e., it is recreated whenever a
new EM simulation is required during optimization. The data contained in the subdirectory
“bend1_osa” is created and maintained by Empipe3D. Further explanations are given in Chapter
6.




The Nominal Project

First of all, we have to define the waveguide bend structure as a 3D Solver project. We assume that
you already know how to create a project using the 3D Solver.

For this tutorial, a project has already been set up for the waveguide bend. It is identified as the
nominal project "bend10" in the Empipe3D window, as shown in Fig. 3.4. Following the convention
used by the 3D Solver, the extension ".pjt" is implied, i.e., the actual project directory name is
"bend10.pjt". The project directory contains the data files required by the 3D Solver.

&5— You can view the solid model for the nominal project by clicking on the[&f] button adjacent to the
"Nominal Project" box in the Empipe3D window. Wait for a few seconds and you will see the 3D
Solver Solid Modeler window appear on the screen, displaying the waveguide bend structure.

Y= 3D Soild Modeler “bend10" (read—only]
- A File Global Window Define

T e T

trieving wband

ievirg wgin
Retrievirg

: Done.

Fig. 3.5 Solid model for the nominal waveguide bend project.




Solid Modeler Invoked by Empipe3D

This button in the Empipe3D window allows you to invoke the 3D Solid Modeler to view a
=
3D structure.

When the 3D Solid Modeler is invoked from Empipe3D, it will be in the "read-only" mode. You can
view the structure but you will not be able to edit it. If you wish to modify the structure, you have to
start the 3D Solver directly.

Exit from the Solid Modeler window by clicking on the Solid Modeler menu option "File" and then
clicking on the pull-down menu option "Exit".

Exploiting Geometrical Symmetry

The 3D Solver allows exploitation of geometrical symmetry to reduce computation time. For the
waveguide bend structure, we can set up a "Perfect H Boundary" so that only half of the structure
needs to be analyzed by the 3D Solver.

The waveguide appears to have a square cross section, since the solid model is one half of the actual
structure. The actual waveguide dimension is 0.75 x 0.375 inch.




Creating a New Project to Represent an Incremental Change

In order to parameterize a structure for optimization, we need to create a new project for each
parameter to represent an incremental change. By comparing the new project with the nominal project,
Empipe3D captures the information necessary for translating parameter values to a corresponding
solid model.

For the bend1 tutorial example, we have only one parameter to define, namely d. We need to create
a new project to represent an incremental change in the parameter d. The nominal project and the
incremental change project represent two distinct values of the parameter d.

nominal project: d = 0.2 inch incremental change: = 0.1 inch

Fig. 3.6 Two distinct values of the par d

é Note that these two values of d do not represent the minimum or maximum limit on the value
of d (such limits can be defined separately, see Section 3.4). They merely establish a direction
of change. The step can be either positive or negative, i.e., the parameter value can be either
increased or decreased.

For this tutorial, you do not have to create any projects since all the necessary projects are provided
as part of the example. Guidelines for preparing such projects are given in Chapters 4 and 6.
Basically, the projects should include the complete setup of material, ports, boundaries and solution
parameters. In other words, set up the projects such that they are ready to be solved, without actually
solving them.

The number of 3D solid objects must remain the same between the nominal and the incremental change
projects. The number of vertices of each object must remain the same. In other words, the basic
topology of the structure cannot change. For instance, you can change the size of a rectangle, but you
must not change a rectangle into a triangle.




3.3 Geometry Capture Form Editor

Once the nominal and incremental change projects have been set up, we need to enter the information
into the Empipe3D form editor. The Empipe3D window is shown in Fig. 3.7.

£
@ Load save Optinize Quit

Parameter Project Nominal Perturbed % of Unit
- Name Name Value Value Divs  Name
= bend11 8.2 8.1 2 in

[

ocaing oning sranang somtmg g e

Fig. 3.7 Empipe3D window.

Nominal Project

This entry box identifies the name of the nominal project. For the bend1 tutorial, it is already filled
with "bend10". Following the convention used by the 3D Solver, the extension ".pjt" is implied, i.e.,
the actual project directory name is "bend10.pjt".




Parameter Definition Data

Each entry line under the heading
Parameter Project Nominal Perturbed # of Unit
Name Name Value Value Divs Name

contains the definition of one parameter. Up to 16 parameters can be defined.

For the bend1 tutorial example, we have just one parameter. The entry that defines this parameter
is

d bendll 0.2 0.1 2 in

These entries are described individually as follows.

Parameter Name is an arbitrary ASCI string of no more than 32 characters. We choose the
name "d" to identify the waveguide bend miter parameter.

Project Name identifies the project representing an incremental change in the parameter value
with respect to the nominal project. The project that represents an incremental change in the parameter
"d" is "bend11" (the project directory is "bend11.pjt").

Nominal Value refers to the value of the parameter represented by the nominal project. For the
waveguide bend, the value of "d" in the nominal project is 0.2 inch. The value should be entered as
a plain number. The physical unit is entered separately.

Perturbed Value refers to the parameter value after the incremental change. For the wavegmde
bend, the value of "d" in the incremental change project is 0.1 inch.

Number of Divs means "number of divisions", which specifies the number of mterpolauon
intervals the incremental change encompasses:

Interpolation Interval = | Perturbed Value - Nominal Value | | Number of Divs

- Empipe3D employs interpolation to improve efficiency. During optimization, the 3D Solver is
invoked for an EM simulation only if the parameter has been moved by the optimizer across an
interpolation interval. For small changes in parameter values, interpolation is applied instead of EM
analysis to obtain the S parameters. This can substantially reduce the total number of calls to the 3D
Solver required for optimization. This is also an important feature for gradient calculations.

For the parameter "d", the number of divisions is set to 2. Since the incremental change is 0.1 inch,
the interpolation interval is 0.1 inch / 2 = 0.05 inch.

A good choice of the interpolation interval is obviously problem dependent. If the interval is too large
(i.e., the number of divisions is too small), then the interpolated S parameters may not be accurate.
On the other hand, a very small interpolation interval will increase the number of 3D EM simulations




and ultimately defeat the purpose of using interpolation.

A possible approach to a problem for which you are not sure about the best interpolation interval size
is to start with a coarse (large) interval and gradually refine the interval size as necessary. See Chapter
9 for further discussions on the subject of interpolation.

Unit Name identifies the physical unit of the parameter. Recognized unit names include IN (inch),
MIL (milli-inch), M (meter), CM (centimeter), MM (millimeter), UM (micron) and NONE (without
unit).

This button appears on each line that has a parameter defined. If you click on it, the 3D Solid
Modeler will be invoked to display the structure defined by the incremental change project
specified on that line.




3.4 Defining Variables and Specifications

% In the Empipe3D window, click on the button

Two new windows appear on the screen, entitled "Empipe3D Select Variables” and "Empipe3D
Specifications", respectively.

Selecting Optimization Variables

Listed in the "Empipe3D Select Variables" window is the parameter "d" defined for the waveguide
bend.

Mark A1l | Unmark A1l |: 6o H Cancel

{ Variable? Unit Lower Bound H Upper Bound
{@d in [8.05 i [e.2 ¢ [0.35

Fig. 3.8 The "Empipe3D Select Variables" window.

In general, all the parameters defined will be listed in the window as candidates for optimization
variables. You can select an individual parameter as a variable by clicking on the check mark box
associated with that parameter. Alternatively, you can click on the button labelled “Mark All” to select
all the parameters as variables.

You can undo the selection of a parameter as a variable by clicking on the check mark box again. You
can also use the “Unmark All” button.

Value

The current value for each parameter is shown under the heading "Value". In optimization, this value
is used as the starting point. By default, it is set to the parameter's nominal value. If you wish to
change it, click on the entry box under "Value" and enter the desired value. You can also click on
the button to view the solid model of the current point.




Bounds on the Variables

If a parameter is selected as a variable, you can specify upper and/or lower bound to limit the
parameter value range during optimization. Setting suitable bounds on all the variables is advisable
since this prevents the optimizer from changing the structure beyond what can be realized physically.

The parameter "d" is assigned the bounds of 0.05 and 0.35 inch.

If the bounds are not given explicitly, they will be determined by the program according to the starting

point. Suppose that the starting point of a selected variable is x.
If the lower bound is not given explicitly, it is set to 0 if x > 0, or - if x < 0.

If the upper bound is not given explicitly, it is set to +e if x > 0, or 0 if x < 0.

Specifications for Optimization

The initial appearance of the "Empipe3D Specifications" window is depicted in Fig. 3.9.

Empipe3D Specifications

i Rdd a new specification defined as follous |

3

FREQ (GHz) from: {9 | to: [i5 t step: [T}

JFREQ: from 9GHz to 15BHz step=1GHz MS11 dB < -30

|
|
|
|
|
|
|

RO

Fig. 3.9 The "Empipe3D Specifications"” window.




In general, the definition of a specification involves the following steps:

1 Select a frequency range.

Select an S-parameter response.

Select a specification type (upper, lower or equality specification).
Enter a numerical value as the goal.

Optionally, enter a weighting factor.

o 0 A~ O N

Optionally, select an interpolation type.
7  Click on the button "Add a new specification defined as follows".

The specifications currently defined are shown in the lower half of the "Empipe3D Specifications"
window. Up to 16 different specifications can be defined.

One specification is defined for the bend1 tutorial example:
20 logo(1Sh) < -30

in the frequency range of 9 to 15 GHz with a frequency step of 1 GHz.

Selecting a Frequency Range

The line that appears as

FREQ (GHz) from: to: {15 i step: {1

allows you to select a frequency range for optimization.

The frequency range defined for the nominal project (as part of the 3D Solver "Solution Parameters")
is presented as the default.

You can change the start frequency, the end frequency or the frequency step by clicking the entry box
and changing the appropriate value.

Multiple specifications over different frequency ranges can also be defined.




Selecting an S-Parameter Response

The S-parameter responses available are represented by these labels:
MS11 MsS12 o MSnn
PS11 PsS12 o PSnn
MS11_dB MS12_dB ... Msnn_dB

where n is the number of ports. MSij represents the magnitude of S;, PSij represents the phase of S;;
in degrees, and MSij_dB represents the magnitude of S; in decibels. '

This is the entry box for selecting an S-parameter response:

[_Ms11  [e]

@D Click on the arrow and you will see the list of available responses. Click on the label MS11_dB.

Selecting the Type of Specification
The entry box for selecting the type of specification appears as

[<]*]

Click on the arrow and you will see the list of available specification types (upper, lower or equality
specification, indicated by the symbol "<", ">" or "=", respectively). Click on the label "<".

Entering a Numerical Value as the Goal
The third entry box on the specification line represents the goal.

% Click on the box and then type in the number -30.

Optional Weighting Factor

You can enter an optional weighting factor. The default valueis 1. If given, the weighting factor must
be a positive number.




Completing the Definition of a Specification

For this tutorial example, the specification has already been predefined. For future projects, once you
have completed the selection of the response, the specification type and the goal, you should click on
the button labelled "Add a new specification defined as follows". This will add a new line under
the heading "Specifications Currently Defined".
Deleting an Existing Specification
To delete an entry under the heading "Specifications Currently Defined", click on the line, this will
enable the "Delete" button. Clicking this button will delete the highlighted specification line.
Interpolation Types

The "Empipe3D Specifications" window also includes this entry box

[ linear interpolation on SRI ||

which allows you to select an interpolation type.

For this tutorial example, leave it at the default "linear interpolation on SRI", where "SRI" stands
for § parameters in the rectangular form ("real and imaginary parts").

The interpolation techniques used by Empipe3D are covered in Chapter 9.

What's Next

% We have completed the selection of variables and specifications. Proceed by clicking on the "Go"
button in the "Empipe3D Select Variables" window.




3.5 Simulation

After you click on the "Go" button, Empipe3D invokes the OSAS0 simulation/optimization
environment which has its own window.

? Enpipean user-defined structure BEND1

Hodel
|#include “bend1_osa\bend1.inc";

BEND1_d: 70 0.2 0.357;

BEND1 1 2 8 model=7
d=(BEND1_d = 1in);

PORTS 1 8 2 0;
CIRCUIT;

NS_DB[2,2] = if (MS > 8) (28 = 10g18(MS)) else (NaN);
HS11_DB = MS_DB[1,1];
lend

#Sueep
AC: FREQ: from 9GHZ to 156HZ step=1GHz MS11_dB
{XSUEEP title="MS11_dB and Spel:" X-FREQ V=Hs11 _dB
SPEC=(from 9GHz to - 156Hz, < -30) &
(from 9GHz to 156Hz, < -30));

AC: FREQ: from 9GH2 to 156HZ step=1GHz MS NS_DB PS
{Snith HP=(MS11,PS11).511}
{Polar WP=(MS21,PS21).S21};
lend

Spec
AC: FREQ: from 9GH2 to 156HZ step=1GHz MS11_dB < -30;
AC: FREQ: from 96Hz to 156HZ step=1GHz MS11_dB < -38;
lend

Control
Perturbation_Scale=1.8e-4;
Optimizer=Minimax;

Fig. 3.10 OSA90 window.

The top of the window contains the menu bar and toolbar, the middle portion window is the input file
(netlist) and located at the bottom of the window is the status bar.

OSA0 Input File (Netlist)

The OSAQO0 input file (netlist) consists of a number of "blocks". Each block begins with a block
identifier, such as "Model", "Sweep", "Spec" and "Control", and ends with the keyword "end".
The Model block describes the circuit, the Sweep block selects the simulation outputs, the Spec
block defines the specifications for optimization, and the Control block contains one or more operation
control options.




In the Model block, notice the statement

BEND1 d: 20.05 0.2 0.352;
The label BEND1_d identifies the parameter d of the element BEND1. The pair of question marks

denotes an optimization variable. The values between the question marks represent the lower bound,
the starting point and the upper bound.

OSA90 Menu Options

At the top of the OSA90 window are the menu options: File, Display, Optimize, etc. As you select
an option, the status bar shows a brief summary of the function of the highlighted menu option.

Starting EM Simulation

Before we optimize the bend, we wish to first perform an EM simulation and check the response
against the specification. The options listed on the “Display” menu represent the various options for
displaying the simulation results.

= Choose “Xsweep” from the “Display” menu.
For this tutorial example, the S parameters calculated by the 3D Solver have already been saved in a
database. If the database does not exist or if this particular set of parameter values is not among those
saved in the database, Empipe3D will invoke the 3D Solver automatically.

After the results are retrieved from the database (or, after the 3D Solver analysis is finished) you will
be presented with a dialog box, requesting details of how you would like the data to be displayed.

E Xsweep D iplay Options

Sweep Set: {sweep set 1

Y-axis: iview_l

X-axis: |FREQ

N ol Outout
&: No {: Output to new file C Append to existing file
£ fomnsiied sumaricst eutpul

Fig. 3.11 The “Xsweep” dialog box.




Displaying the Response

Click “OK” to select the default settings for the display. The results of the simulation will now be

displayed on the screen.
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Fig. 3.12 Waveguide bend response before optimization.

Obviously, the specification on MS11_DB is not satisfied at the starting point.




3.6 Optimization

= To start optimization, click on the “Optimize” button %%} on the toolbar. A dialog box appears,
showing a number of options, such as the maximum number of iterations, etc. Press the <Enter>
key or click “OK” to accept the default setting.

On the screen, the progress of optimization is reported:

Iteration 1/30 Max Error=23.2428
Iteration 2/30 Max Error=22.0957
Iteration 3/30 Max Error=19.2298
Iteration 4/30 Max Error=9.69842
Iteration 5/30 Max Error=19.0108
Iteration 6/30 Max Error=1.45415
Iteration 7/30 Max Error=1.14845
Iteration 8/30 Max Error=1.14157
Solution Max Error=1.14157

The 3D Solver simulation results required for optimizing this tutorial example have been saved in a
database, therefore the optimization proceeds rapidly. For new projects, the 3D Solver will be invoked
at the starting point and whenever a parameter value is changed by the optimizer out of its
interpolation interval.

The optimization of the bend example required 4 simulations by the 3D Solver.

OSA90 offers a variety of optimizers. Empipe3D recommends a suitable optimizer as the default
according to the type of specifications you have defined. For the bend example, the minimax optimizer
is used. In the display, "Max Error" represents the maximum error, i.c., the worst violation of the
specification by the calculated response.

If you wish to select another optimizer, you may do so by using the “Optimize” menu option.
Selecting an optimizer from the “Optimize™ menu overrides the default setting in the input file.

@ The numerical values you actually see may be slightly different from those shown here, due
to differences in the computer hardware and/or software versions.

Simulation of the Optimized Waveguide Bend

) Choose “Xsweep” from the “Display” menu. The S parameters of the optimized waveguide bend are
retrieved from the database. After the dialog box appears, press <Enter> or click “OK” to accept
the default setting.

The display depicted in Fig. 3.13 shows that the MS11_dB response is greatly improved from that of
the starting point. . .
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Fig. 3.13 Waveguide bend response after optimization.
The Optimized Parameter Value

) Select “Exit” from the “File” menu.
A window will appear, asking you to confirm that you wish to exit. Click the “Yes” button.

Upon exit from OSAS0, the Empipe3D windows reappear on the screen.

The optimized value of the parameter "d" is shown in the "Empipe3D Select Variables" window
under the heading "Value".




éEﬁmpipeéD Select Variables )

Mark a11 | Unmark A11 |} ) i cancel

UVariable? Unit Lower Bound Ualue ~§l Upper Bound
igd in ] : |8.290637 i 8.35

Fig. 3.14 The optimized value of the parameter "d".

Viewing the Optimized Bend

We can use the[£5] button above to the "Value" box to invoke the 3D Solid Modeler to view the
optimized bend structure.

S> Then click on the button. A dialog box will appear:

f Show Project i ]

Project Name:

{bend1.pjt

oK ] {cancel

You can accept the default by clicking on "OK". However, the default name "bend1.pjt" is also used
by Empipe3D for its working project. Therefore, a project saved under this name may be overwritten
by Empipe3D in order to execute another EM analysis. If you wish to save a permanent copy of the
optimized project, then you should specify a different project name.
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Fig. 3.15 The solid model of the optimized bend.

Finishing the Tutorial

= Exit the 3D Solid Modeler by clicking on the menu option "File" and then click on the pull-down menu
option "EXit".

Exit the windows for selecting variables and Speciﬂcations by clicking on the "Cancel" button in the
"Empipe3D Select Variables" window.

Exit the Empipe3D main window by clicking on the "Quit" button. You will be prompted whether
you wish to save the project file. Click “No” and Empipe3D will exit.

This concludes the first tutorial.
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Tutorial: Bend2

4.1 Introduction

This chapter is the second segment of the series of tutorials which systematically introduces you to the
various features of Empipe3D.

You should have already gained a basic overview of Empipe3D through the first tutorial in Chapter
3. If you have not, please follow Chapter 3 first.

What You Will Learn From This Tutorial

1
2
3
4
5

6

How to parameterize a 3D structure.

How to select variables and define specifications.
How to start simulation and opﬁnﬁmﬁon.

How to view Smith Chart and Polar Plot.

How to verify the optimized solution.

How to generate projects with arbitrary parameter values.

All the EM analysis results necessary for this tutorial have been saved in a database, therefore we can
carry out the tutorial without actually invoking the 3D solver.




Description of the Example

This tutorial example is the waveguide bend depicted in Fig. 4.1. It has a different configuration than
the bend considered in Chapter 3.

Fig. 4.1 The waveguide bend.

The objectives of our exercise include:

1 Define the optimizable parameter d as shown in Fig. 4.2.

2 Optimize the parameter d with respect to the specification
20 logo(ISy) < -40

in the frequency range of 9 to 15 GHz with a frequency step of 1 GHz.

Fig. 4.2 The optimizable parameter d.




4.2 Setting Up The Projects

You should copy the Empipe3D examples to a working directory. The Empipe3D installation
directory structure is outlined in Chapter 1.
Starting Empipe3D

To start Empipe3D, click on the “Empipe3D” icon located in the “Osa” program group.

Command Prompt
| 2] Windows NT Explorer

;%‘L ive Tools (C )] >
} % Graphics Tools »
: 5 Mictosoft Peer Web Services (Common)

o

: Misc Apps & Accessories
: £2 0Osa

L
bbb’ T3, Programming Tools
» S

| 18 Startup

Windows NT Workstation

Fig. 4.3 Location of Empipe3D on the Start Menu




‘When the Empipe3D window appears, click on the “Load” button. You will see a dialog box titled
“Empipe3D Open File”. Change to the directory containing your copy of the Empipe3D examples
and open the file “bend2.e3d". The Empipe3D window will then show the project setup including
the various parameters.

[PZiEmpipe3D V4.0 - Bend2

7N\,
f{:_"{}) Load Save Optimize Quit

21956 084

Parameter Project Nominal Perturbed # of Unit

Name Name Value Value Divs  Name

id bend21 0.1 0.05 [] in
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{

i

{

] ;
]

Fig. 4.4Empipe3D window.
Project Subdirectories

The project subdirectories relevant to this tutorial are illustrated as follows.

empipe3d_examples

Bend2.pit working project automatically created by Empipe3D
bend2_osa  parameterization files and database

Bend20.pit  nominal project

Bend21.pit  incremental project

The project“bend2.pjt” is used by Empipe3D as a working project, i.e., it is recreated whenever a
new EM simulation is required during optimization. The data contained in the subdirectory
“bend2_osa” is created and maintained by Empipe3D.

Do not modify the projects for this tutorial. Chapter 6 provides guidelines, rules and hints on how to
create projects for a new problem.




The Nominal Project

The nominal project for this tutorial is "bend20", as indicated in the Empipe3D window. It
represents the structure at a nominal set of parameter values. There is nothing magic about the
nominal project. It can be a design obtained by synthesis, from experience or through optimization
of an empirical model. It is by default used as the starting point for optimization by Empipe3D.

= You can view the solid model for the nominal project by clicking on the button adjacent to the
"Nominal Project” box in the Empipe3D window. Wait for a few seconds and you will see the 3D
Solver Solid Modeler window appear on the screen, displaying the waveguide bend structure.

= 3D Solld Medeler “bondz0” (read—oniyl

{A File Global Wirdow Define ]

Fig. 4.5 Solid model for the nominal project "bend20".

= ‘When you are done viewing the solid model, exit from the Solid Modeler by clicking on the menu
option "File" and then clicking on the pull-down menu option "Exit".




Exploiting Geometrical Symmetry

The 3D Solver allows exploitation of geometrical symmetry to reduce computation time. For the
waveguide bend structure, we can set up a "Perfect H Boundary" so that only half of the structure
needs to be analyzed by the 3D Solver.

The waveguide appears to have a square cross section, since the solid model is one half of the actual
structure. The actual waveguide dimension is 0.75 x 0.375 inch, as illustrated in Fig. 4.1.

Creating a New Project to Represent an Incremental Change

In order to parameterize a structure for optimization, we need to create a new project for each
parameter to represent an incremental change. By comparing the new project with the nominal project,
Empipe3D captures the information necessary for translating parameter values to a corresponding
solid model.

For the bend2 tutorial example, we have only one parameter to define, namely d as depicted in Fig.
4.2. Weneed to create a new project to represent an incremental change in the parameter d. Such a
project has already been set up and is provided as part of this example in the directory “bend21 pit”
The nominal project and the incremental change project represent two distinct values of the parameter
d.

nominal project: d = 0.1 inch incremental change: d = 0.05 inch

Fig. 4.6 Two distinct values of the parameter d.




é Note that these two values of d do not represent the minimum or maximum limit on the value
of d (such limits can be defined separately, sce Section 4.4). They merely establish a direction
of change. The step can be either positive or negative, i.e., the parameter value can be either
increased or decreased.

A simple and intuitive way to verify that the Geometry Capture projects are correctly implemented and
processed, is to ask Empipe3D to generate parameterized projects and visually inspect the results.
This is described in Section 4.8.




4.3 Geometry Capture Form Editor

Once the nominal and incremental change projects have been set up, we need to enter the information
into the Empipe3D form editor.
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Fig. 4.7 Empipe3D window.

Nominal Project

This entry box identifies the name of the nominal project. For the bend2 tutorial, it is already filled
with "bend20". Following the convention used by the 3D Solver, the extension " pjt" is implied, i.c.,
the actual project directory name is "bend20.pjt".

Parameter Definition Data

Each entry line under the heading
Parameter Project Nominal Perturbed # of Unit
Name Name Value Value Divs Name

contains the definition of one parameter. Up to 16 parameters can be defined.

For the bend2 tutorial example, we have just one parameter. The entry that defines this parameter
is

d bend21 0.1 0.05 4 in

These entries are described individually as follows.




Parameter Name is an arbitrary ASCI string of no more than 32 characters. We choose the
name "d" to identify the parameter depicted in Fig. 4.2.

Project Name identifies the project representing an incremental change in the parameter value
with respect to the nominal project. The project that represents an incremental change in the parameter
"d" is "bend21" (the project directory is "bend21.pjt").

Nominal Value refers to the value of the parameter represented by the nominal project. For the
waveguide bend, the value of "d" in the nominal project is 0.1 inch (see Fig. 4.6). The value should
be entered as a plain number. The physical unit is entered separately.

Perturbed Value refers to the parameter value after the incremental change. The value of "d"
in the incremental change project is 0.05 inch (see Fig. 4.6).

Number of Divs means "number of divisions", which specifies the number of interpolation
intervals the incremental change encompasses: '

Interpolation Interval = | Perturbed Value - Nominal Value | | Number of Divs

Empipe3D employs interpolation to improve efficiency. During optimization, the 3D Solver is
invoked for an EM simulation only if the parameter has been moved by the optimizer across an
interpolation interval. For small changes in parameter values, interpolation is applied instead of EM
analysis to obtain the S parameters. This can substantially reduce the total number of calls to the 3D
Solver required for optimization. This is also an important feature for gradient calculations.

For the parameter "d", the number of divisions is set to 4. Since the incremental change is 0.05 inch,
the interpolation interval is 0.05 inch / 4 = 0.0125 inch.

A good choice of the interpolation interval is obviously problem dependent. If the interval is too large
(i.c., the number of divisions is too small), then the interpolated S parameters may not be accurate.
On the other hand, a very small interpolation interval will increase the number of 3D EM simulations
and ultimately defeat the purpose of using interpolation.

A possible approach to a problem for which you are not sure about the best interpolation interval size
is to start with a coarse (large) interval and gradually refine the interval size as necessary. See Chapter
9 for further discussions on the subject of interpolation.

Unit Name identifies the physical unit of the parameter. Recognized unit names include IN (inch),
MIL (milli-inch), M (meter), CM (centimeter), MM (millimeter), UM (micron) and NONE (without
unit).

This button appears on each line that has a parameter defined. If you click on it, the 3D Solid
Modeler will be invoked to display the structure defined by the incremental change project
specified on that line.




4.4 Defining Variables and Specifications

= In the Empipe3D window, click on the button

Two new windows appear on the screen, entitled "Empipe3D Select Variables" and "Empipe3D
Specifications", respectively.

In the first tutorial of Chapter 3, the variables and specifications have all been predefined. This
information is purposely left blank for this tutorial, so that you can fill in the data as an exercise.
Selecting Optimization Variables

Listed in the "Empipe3D Select Variables" window is the parameter "d" defined for the bend2
example.

Empipe3D Select Variables

Mark A1l |{ Unmark a11 |} i cancel

Variable? = Unit Lower Bound = Upper Bound
[id in | P8 : :

Fig. 4.8 The initial "Empipe3D Select Variables" window.

In general, all the parameters defined will be listed in the window as candidates for optimization
variables. You can. select an individual parameter as a variable by clicking on the check mark box
associated with that parameter. Alteratively, you can click on the button labelled “Mark All” to select
all the parameters as variables.

You can undo the selection of a parameter as a variable by clicking on the check mark box again. You
can also use the “Unmark All” button.

Click on the blank square check box under the heading "Variable?" for the parameter "d". It should
>
now have a check mark.
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Fig. 4.9 The parameter "d" selected as a variable.

~ Value

The current value for each parameter is shown under the heading "Value". By default, it is set to the
parameter’s nominal value. If you wish to change it, click on the entry box under "Value" and enter
the desired value. You can also clickon the button to view the solid model of the current point.

Bounds on the Variables

You can specify upper and/or lower bound to limit the parameter value range during optimization.
Setting suitable bounds on all the variables is advisable since this prevents the optimizer from changing
the structure beyond what can be realized physically.

= Click on the blank box under the heading "LowerBound" and type "0.025". Then, click on the blank
box under the heading "UpperBound" and type "0.35". The entered values appear in the
"Empipe3D Select Variables" window.

Empipe3D Select Variables

Mark A1l |i Unmark AIl |i Go :  cancel

Uariable? Unit Lower Bound Upper Bound
Fd in [8.825 i ]e.1 ¢ ]8.35

Fig. 4.10 The bounds on the variable "d".

If the bounds are not given explicitly, they will be determined by the program according to the starting
point. Suppose that the starting point of a selected variable is x.

If the lower bound is not given explicitly, it is set to 0 if x > 0, or = if x < 0.

If the upper bound is not given explicitly, it is set to + ifx > 0, or 0if x < 0.




Specifications for Optimization

The initial appearance of the "Empipe3D Specifications" window is depicted in Fig. 4.11.

Empipe3D Specifications
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Fig. 4.11 The initial "Empipe3D Specifications" window.

In general, the definition of a specification involves the followipg steps:
1 Select a frequency range.

Select an S-parameter response.

Select a specification type (upper, lower or equality specification).
Enter a numerical value as the goal.

Optionally, enter a weighting factor.

Optionally, select an interpolation type.

N o 00 A 0N

Click on the button "Add a new specification defined as follows".




Selecting a Frequency Range

The line that appears as
FREQ (GHz) from: [9 ? to: [i5 :  step: [1 §

allows you to select a frequency range for optimization.

The frequency range defined for the nominal project (as part of the 3D Solver "Solution Parameters")
is presented as the default.

The bend2 tutorial example has the following specification:
20 logyo(ISul) <-40
in the frequency range of 9 to 15 GHz with a frequency step of 1 GHz.

For this example, the default frequency range is fine. In general, you can change the start frequency,
the end frequency or the frequency step by clicking on the appropriate entry box and then typing the
new value.

Selecting an S-Parameter Response
This is the eni:ry box for selecting an S-parameter response:
[ Ms11  [e]

% Click on the arrow and you will see the list of available responses.

|_MS11 v
MS12
MS21
MS22
PS11
PS12
PS21
PS22
MS11_dB
MS12_dB
MS21_dB
MS22_dB

The label MSij represents the magnitude of Sj, PSij represents the phase of S; in degrees, and
MSij_dB represents the magnitude of S;; in decibels.

= Click on the label MS11_dB.




Selecting the Type of Specification

The entry box for selecting the type of specification appears as

[<]#]

) Click on the arrow and you will see the list of available specification types.

The symbols "<", ">" and "=" represent upper, lower and equality specifications, respectively.

% Click on the symbol "<".

Entering a Numerical Value as the Goal
The third entry box on the specification line represents the goal.

) Click on the box and then type in the number -40.

Optional Weighting Factor
You can enter an optional weighting factor. The default value is 1. If given, the weighting factor must
be a positive number. For this tutorial, leave the weighting factor at its default setting.
Completing the Definition of a Specification

= Click on the button labelled "Add a new specification defined as follows". A new specification
line is added to the lower half of the window under the heading "Specifications Currently Defined".

For this tutorial, we have only one specification to define. In general, you can define multiple
specifications with different frequency ranges, responses and goals. Up to 16 specification lines can
be defined.
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Fig. 4.12 The newly defined speciﬁcationfor the bend?2 tutorial.

Deleting an Existing Specification
- To delete an entry under the heading "Specifications Currently Defined", click on the line. The
button "Delete" will turn from a shade of grey to a solid color ("clickable"). A click on this button
will delete the highlighted specification line.
Interpolation Types

The "Empipe3D Specifications” window also includes this entry box

| _linear interpolation on SRI [%]

which allows you to select an interpolation type.

The interpolation techniques used by Empipe3D are covered in Chapter 9.

What's Next

= We have completed the selection of variables and specifications. Proceed by clicking on the "Go"
button in the "Empipe3D Select Variables" window.




4.5 Simulation

After you click on the "Go" button, Empipe3D invokes the OSA90 simulation/optimization
environment which has its own window.

itodel
#include “Bend2_osa\Bend2.inc";

BEND2_d: 78.825 0.1 8.357;

BEND2 1 2 0 model=7
d=(BEND2_d # 1in);

PORTS 1 8 2 8;
CIRCUIT;

NS_DB[2,2] = if (NS > @) (28 = 1log18(MS)) else (NAN);
NS11_DB = MS_DB[1,1];
lend

Sweep

AC: FREQ: from 96Hz to 156Hz step=1GHz HS11_dB
{XSWEEP title="MS11_dB and Spec" X=FREQ Y=MS11_dB
SPEC=(from 9GHz to 156Hz, < -&8));

AC: FREQ: from 9GHz to 156HZ step=1GHz MS MS_DB PS
{Smith NP=(MS11,PS11).511)
{Polar MP=(MS21,P$21).S21);

end

Spec
q AC: FREQ: from 9GHz to 156Hz step=1GHz MS11_dB < -A8;
lend

{Control
Perturbation_Scale=1.0e-4;
Optimizer=-Minimax;
Disable_ndjoint;

lend

Fig. 4.13 OSA90 window.

The top of the window contains the menu bar and toolbar, the middle portion window is the input file
(netlist) and located at the bottom of the window is the status bar.

OSA90 Input File (Netlist)

The OSAQO0 input file (netlist) consists of a number of "blocks". Each block begins with a block
identifier, such as "Model", "Sweep", "Spec" and "Control", and ends with the keyword "end".
The Model block describes the circuit, the Sweep block selects the simulation outputs, the Spec -
block defines the specifications for optimization, and the Control block contains one or more operation
control options.




In the Model block, notice the statement

BEND2_d: 20.025 0.1 0.352;
The label BEND2_d identifies the parameter d of the element BEND2. The pair of question marks

denotes an optimization variable. The values between the question marks represent the lower bound,
the starting point and the upper bound.

OSA90 Menu Options

At the top of the OSA90 window are the menu options: File, Display, Optimize, etc. As you select
an option, the status bar shows a brief summary of the function of the highlighted menu option.

To select (activate) a menu option, you simply click the left-hand mouse button on that menu option.

Starting EM Simulation

Before we optimize the bend, we wish to first perform an EM simulation and check the response
against the specification. The options listed on the “Display” menu represent the various options for
displaying the simulation results.

= Choose “Xsweep” from the “Display”.
For this tutorial example, the S parameters calculated by the 3D Solver have already been saved in a
database. If the database does not exist or if this particular set of parameter values is not among those
saved in the database, Empipe3D will invoke the 3D Solver automatically.

After the results are retrieved from the database (or, after the 3D Solver analysis is finished) you will
be presented with a dialog box, requesting details of how you would like the data to be displayed.

f Xsweep Display Options

Sweep Set: {sweep set 1

Y-axis: lview_I

X-axis: |FREQ

scal Cutout
L

= No ¢ Qutput to new file ¢ Append to existing file

i Forsnatied nursasicst sulput

Fig. 4.14 The “Xsweep” dialog box.




Displaying the Response

= Click “OK” to select the default settings for the display. The results of the simulation will now be
displayed on the screen.

5105A30_v4.00 - Bend2.ckt
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Fig. 4.15 Waveguide bend response before optimization.

* The specification on MS11_DB is clearly not satisfied at the starting point.




Viewing the Smith Chart

= Select “SmithChart” from the “Display”. A dialog box appears, showing the default setting for
display. Simply press <Enter> or click “OK” to accept the default setting.

— S11

A FREQ=9

Fig. 4.16 Waveguide bend S,, response on the Smith Chart.




Viewing Polar Plot

= Select “SmithChart” from the “Display” menu. A dialog box will appear as shown in Fig 4.17.

hart Display Options

Sweep Set: {sweep set1 ~EE ok |
i View: jview_1 1 Ccancel |
X-axds: {FREQ =~

Fig. 4.17 The “SmithChart Display Options” dialog box.

Click on the line "View: view_1". A list of two choices appears: "view_1" and "view  2". Clickon
"view_2", then click on “O K”. A Polar Plot will then be displayed.

POLAR PLOT
90

60 — 821

A FREQ=9
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Fig. 4.18 Waveguide bend S,, response on the Polar Plot.




4.6 Optimization

To start optimization, click on the “Optimize” button @ on the toolbar. A dialog box appears,

showing a number of options related to optimization.

i Minimax Optimization Options m

Number of iterations: [30 = b ok |

Accuracy of solution: |u.uun1 z::g i Cancel i

2 Show downhill iterations only

Fig. 4.19 The “Minimax Optimization Options” dialog box.

Click on “OK” or press <Enter> to accept the default settings. By default, Empipe3D selects an

optimizer suitable for the type of specifications you have defined.

On the screen, the progress of optimization is reported:

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

1/30
2/30
3/30
4/30
5/30
6/30
7/30
8/30
9/30
10/30
11/30

Max
Max
Max
Max
Max
Max
Max
Max
Max
Max
Max

Error=27.6123
Error=24.2567
Error=5.62896
Error=27.7546
Error=14.416
Error=-4.11578
Error=-1.44774
Error=-4.82617
Error=-5.59967
Error=-5.86199
Error=-5.87395

Solution Max Error=-5.87395

The 3D Solver simulation results required for optimizing this tutorial example have been saved in a
database, therefore the optimization proceeds rapidly. For new projects, the 3D Solver will be invoked
at the starting point and whenever a parameter value is changed by the optimizer out of its

interpolation interval.

The optimization of the bend2 example required 7 simulations by the 3D Solver.

In the display, "Max Error" represents the maximum error, i.e., the worst violation of the specification
by the calculated response.




Simulation of the Optimized Waveguide Bend

= Select “Xsweep” from the “Display” menu. The “Xsweep Display Options” dialog box appears.
Click on “OK” to accept the default setting. The S parameters of the optimized waveguide bend are
retrieved from the database and plotted on the screen.

The display shows that the optimized MS11_dB response satisfies the specification.

NS11_dB and Spec
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Fig. 4.20 Waveguide bend response after optimization.




Viewing the Optimized Response on the Smith Chart

=S Select “SmithChart” from the “Display” menu. A dialog box appears, showing the default setting
for display. Simply press <Enter> to accept the default setting. The optimized S, is displayed on
the Smith Chart.
Since the optimized S}, is nearly zero, the curve on the Smith Chart appears to be reduced to a single
point.

Z505AS0_v4.00 - Bend2.ckt®

— S11

A FREQ=9

Fig. 4.21 The optimized S,, response on the Smith Chart.




4.7 Verifying the Optimized Response

Empipe3D employs interpolation techniques to reduce the number of 3D Solver simulations required
for optimization. This leads to the question: Can we trust the optimized response calculated by
Empipe3D, since it is likely the result of interpolation?

You can verify the optimized response by turning off the interpolation feature and force Empipe3D
to invoke the 3D Solver to simulate the optimized structure.

This section illustrates how this can be done.

= Select “Edit Input File” from the “File” menu.

OSAQ90 File Editor

You are now within the OSAQO file editor. You can move around the text of the input file (netlist)
using the cursor keys and the mouse.

Near the top of the file, you can find the following text:

BEND2_d: 20.025 0.133166 0.352;

BEND2 1 2 0 model=7
d=(BEND2_d * 1lin);

The label "BEND2_d" represents the parameter "d ” of the "BEND2" structure. Within the pair of
question marks, the initial value has been replaced by the optimized value: 0.133166.

The phrase "model=7" contains the flag for interpolation. The number "7" represents the current
choice of linear interpolation on S parameters in rectangular form (see Chapter 9 for details on the
interpolation techniques).

Recall that the interpolation interval of the parameter "d" has been defined as 0.0125 (Section 4.3).

" The optimized value 0.133166 falls within the interval of [0.125 0.1375]. Accordingly, Empipe3D
invokes the 3D Solver to compute the S parameters for d = 0.125 and d = 0.1375, and then uses
interpolation to obtain the S parameters for d = 0.133166.

To turn off the interpolation feature, change "model=7" to "model=0" so that the line reads

BEND2 1 2 0 model=0




The Response Calculated Without Interpolation

% Select “Compile Input File” from the “File” menu screen. Once the file has been compiled, select
“Xsweep” from the “Display” menu.

The S parameters of the optimized bend computed directly by the 3D Solver have also been saved in
the database (if you really wish to see the actual simulation process by the 3D Solver and are willing
to wait for such, see Chapter 8 for instructions on how to bypass the database mechanism).

The response of the optimized bend computed without the use of interpolation illustrates that the
interpolation actually worked very well. The differences between the responses calculated with and
without interpolation mostly occur below -50 dB, which is within the error tolerance of S-parameter
calculation by the 3D Solver (the noise floor of the 3D Solver is -70 dB according to the User's
Manual). .

HS11_dB and Spec

//
~_

FREQ

S

Fig. 4.22 The optimized response calculated without interpolation.




4.8 Generating Projects Using Empipe3D

One of the time-honored practices of engineering is tweaking a design in its final stage by experienced
hands. This often involves changing one or two parameters for a number of trials until a satisfactory
result emerges.

Imagine that you wish to tweak a design using the 3D Solver. Besides having to wait for the EM field
analysis, another tedious task is to redraw the solid model for each trial point. With Empipe3D, this

task can be simplified. Once the structure has been parameterized, you can ask Empipe3D to
generate new 3D Solver projects for arbitrary parameter values at one click of a button.

Generating a Project for the Optimized Bend

Exit OSA90 by selecting “Exit” from the “File” menu. When a prompt appears requesting
confirmation, click on “Yes”.

The "Empipe3D Select Variables" window reappears on the screen.

 EmpipedD Select Variables

i Mark A11 |: unmark A11 i Go IH Cancel

{ Variable? Unit Lower Bound Ualue E Upper Bound
{md in [0.825 i [8.133166  : J8.3S t

Fig. 4.23 The "Empipe3D Select Variables" window.

&5 Click on the [&] button. A dialog box appears:

Show Project

Project Name:

i |Bend2.pjt ;

!
H
:
N
!

i

You can accept the default by clicking on "OK". However, the default name "bend2.pjt" is also used
by Empipe3D for its working project. Therefore, a project saved under this name may be overwritten
by Empipe3D in order to execute another EM analysis. If you wish to save a permanent copy of the
optimized project, then you should specify a different project name.




=f 3D Soiid Medeler "bendz" (read-oniyl
¢ A File Blobal Window Define
e WaaroT |

Fig. 4.24 The solid model of the optimized bend.

Exit the 3D Solid Modeler by clicking on the menu option "File" and then clicking on the pull-down
menu option "Exit".




Generating Projects with Arbitrary Parameter Values

= Click on the entry box under the heading "Value", and type in an arbitrary value, for example "0.2".
Then click on the button. A dialog box appears:

Show Project

i
i Project Name:

) {Bend2.pjt i

H

[Ganer ]

You can accept the default name for the project directory or enter a different name of your choice. The
solid model of the new project is displayed.

—
=i 3D Solid Modeler "bend2" (read—eniyl
i & File Global Window Define :

Retrieving bend2
Retrieving wgins
Retrieving wgouts
Done

Fig. 4.25 The solid model for d = 0.2 inch.




Validating the Result of Geometry Capture

Generating new projects for arbitrary parameter values can also be used as a means of validating the
result of Geometry Capture.

As stated in Section 4.3, a set of rules has to be followed in preparing the nominal and incremental
projects for Geometry Capture. If the rules are violated, the parameterization will produce scrambled
results.

One way to check this is to ask Empipe3D to derive a new project from the parameterization data.
You can enter a new set of parameter values (new in the sense that it is different from the parameter
values of the nominal and incremental change projects) in the box or boxes under the heading "Value”.
Then click on the button. Once the solid model is displayed on the screen, perform a visual
inspection to make sure that it is consistent with the parameter values you have entered. You can try
this one parameter at a time, which makes it easier to spot any inconsistency.

Finishing the Tutorial

= Exit the 3D Solid Modeler by clicking on the menu option "File" and then click on the pull-down menu
option "Exit".

Restore the starting point to its original value by clicking on the entry box under the heading "Value"
and then type "0.1".

Exit the windows for selecting variables and specifications by clicking on the "Cancel" button in the
"Empipe3D Select Variables" window.

Exit the Empipe3D main window by clicking on the "Quit" button. You will be prompted whether
you wish to save the file. Click “No” and Empipe3D will exit.

This concludes the second tutorial.
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Tutorial: Impedance Transformer

5.1 Introduction

This chapter is the third segment of the series of tutorials which systematically introduces you to the
various features of Empipe3D.

You are strongly encouraged to follow the first two tutorials in Chapters 3 and 4, if you have not
already done so, before continuing with this tutorial.

What You Will Leam From This Tutorial
1 Geometry Capture of a 3D structure with multiple parameters.
2 Verifying the parameterization result by visual inspection.

3 How to manipulate the various display options.

All the EM analysis results necessary for this tutorial have been saved in a database, therefore we can
carry out the tutorial without actually invoking the 3D solver.




Description of the Example

This tutorial example is a waveguide impedance transformer as depicted in Fig. 5.1.

Fig. 5.1 The waveguide impedance transformer.

This is a three-section transformer designed for impedance matching between a WR-75 half height and
a WR-75 full height waveguides.

All the sections have identical width of 0.75 inch. The heights and lengths of the three sections will
be captured as optimizable parameters, as indicated in Fig. 5.1.

In Fig. 5.1, only the upper-right quadrant of the structure is shown. We exploit the geometrical
symmetry of the transformer by setting up both a "Perfect H Boundary" and a "Perfect E Boundary"
so that only a quarter of the structure needs to be analyzed by the 3D Solver.

This model explicitly takes into account the round corners of the waveguides. This is different from
the typical waveguide models with perfect rectangular cross sections. Taking the corner radius into
account should lead to a more accurate simulation. We hope that a relatively large corner radius can
be accommodated in order to reduce machining cost without violating the design specification.

Including the comner radius in the model makes it unsuitable for mode matching simulators and
necessitates the use of a finite element solver.

The design specification is

20 logyo(|Snl) < -30

in the frequency range of 9.5 to 15 GHz with a frequency step of 0.5 GHz.




5.2 Projects for Geometry Capture

You should copy the Empipe3D examples to a working directory. The Empipe3D installation
directory structure is outlined in Chapter 1.

Starting Empipe3D

To start Empipe3D, click on the “Empipe3D” icon located in the “Osa” program group.

f¢ Command Prompt
{ &) Windows NT Explorer

Z 3 Administrative Tools (Common)

»
»
43 Microsoft Peer Web Services (Common)  »
4
1 4

'@ Paponnin Too . CIEE

|

Fig. 5.2 Location of Empipe3D on the Start Menu




When the Empipe3D window appears, click on the “Load” button. You will see a dialog box titled
“Empipe3D Open File”. Change to the directory containing your copy of the Empipe3D examples
and open the file “wgrad.e3d”. The Empipe3D window will then show the project setup including
the various parameters.

(B Empipe3D V4.0 - Warad

@' Load Save Optinize Quit
©99505A] -
{#1] Nominal Project: [ugrad® H
Parameter Project Nominal Perturbed ® of Unit
Name Ualue Value Divs  Name
wgradi 8.14 8.24 5 in H
wgrad2 9.13 0.23 H in §
wgrad3 8.13 08.23 5 in H
wgrady 9.22 8.24 b in i
wgrads 8.26 0.28 [ in H
wgradé 8.3 08.32 [ in

Fig. 5.3 Empipe3D window.
Project Subdirectories

The project subdirectories relevant to this tutorial are illustrated as follows.

empipe3d_examples

Worad pit working project automatically created by Empipe3D
wgrad_osa  parameterization files and database

Warad0.pt  nominal project

Waradl.pt  incremental project

Warad2.pit  incremental project

Wagradb.pit  incremental project

The project“wgrad.pjt” is used by Empipe3D as a working project, i.¢., it is recreated whenever a
new EM simulation is required during optimization. The data contained in the subdirectory
“wgrad_osa” is created and maintained by Empipe3D.




Do not modify the projects for this tutorial. Chapter 6 provides guidelines, rules and hints on how to
create projects for a new problem.

The Nominal Project

The nominal project for the wgrad tutorial is "wgrad0", as indicated in the Empipe3D window. The
project directory name is "wgrado0.pjt".

You can view the solid model for the nominal project by clicking on the button adjacent to the
=
"Nominal Project” box in the Empipe3D window. Wait for a few seconds and you will see the 3D
Solver Solid Modeler window appear on the screen, displaying the waveguide bend structure.

] 30 Solid Modeler “wgrad0” (read—onivl
| & File Global Window Defire

g:

Retrieving sect3
Retrieving wgout
Done

Fig. 5.4 Solid model for the nominal project "wgrad0".

When you are done viewing the solid model, exit from the Solid Modeler by clicking on the menu
option "File" and then clicking on the pull-down menu option "Exit".




Incremental Change Projects

In order to parameterize a structure for optimization, we need to create a new project for each
parameter to represent an incremental change. By comparing the new project with the nominal project,
Empipe3D captures the information necessary for translating parameter values to a corresponding
solid model.

The wgrad tutorial example has six parameters, namely L1, L2, L3, H1, H2 and H3, as depicted in
Fig. 5.1. We need to create six new projects, each representing an incremental change in one of the
parameters. Fig. 5.5 illustrates the nominal project and the incremental changes for two of the
parameters.

Fig. 5.5  Illustration of the nominal project and the incremental changes for two of the six
parameters. The drawings depict the side view of the solid models.

For the tutorials, all the incremental change projects are already properly set up and are stored in the
directories “wgrad1.pjt” through to “wgradsé.pjt”.
Parameter Definition Data

In the Empipe3D window, each entry line under the heading

Parameter Project Nominal Perturbed # of Unit
Name Name Value Value Divs Name

contains the definition of one parameter.

For the wgrad tutorial example, there are six lines containing the definitions of the six parameters.




Parameter Name is an arbitrary ASCII string of no more than 32 characters. The names
chosen for the waveguide transformer parameters are L1, L2, L3, H1, H2 and H3.

Project Name identifies the project representing an incremental change in the parameter value
with respect to the nominal project. The projects that represent the incremental changes for the
parameters L1, L2, L3, H1, H2 and H3 are "wgrad1", "wgrad2", "wgrad3", "wgrad4", "wgrads"
and "wgrad6", respectively.

Nominal Value refers to the value of the parameter represented by the nominal project. The
nominal values for the parameters L1, L2, L3, H1, H2-and H3 are 0.14, 0.13, 0.13, 0.22, 0.26 and
0.3, respectively.

Perturbed Value refers to the parameter value after the incremental changé. For instance, the
incremental change in L1 changes its value from 0.14 to 0.24.

Number of Divs means "number of divisions", which specxﬁ&s the number of interpolation
mterva]s the incremental change encompasses:

Interpolation Interval = | Perturbed Value - Nominal Value | | Number of Divs

Empipe3D applies interpolation to small changes in parameter values within the appropriate
interpolation interval. This can substantially reduce the total number of calls to the 3D Solver required
for optimization.

The parameter L1, for instance, has an incremental change of 0.1 inch and the number of divisions is
defined as 5. Therefore, its interpolation interval is 0.1 / 5 = 0.02 inch.

A suitable size of the interpolation interval may vary for different parameters, depending on the
sensitivity of the responses. If the responses of interest are very sensitive with respect to a parameter,
then the interpolation interval may have to be made relatively small. On the other hand, too small an
interpolation interval will increase the number of 3D EM simulations and ultimately defeat the purpose
of using interpolation.

A possible approach to a problem for which you are not sure about the best interpolation interval size
is to start with a coarse (large) interval and gradually refine the interval size as necessary. See Chapter
9 for further discussions on the subject of interpolation.

Unit Name identifies the physical unit of the parameter. Recognized unit names include IN (inch),
MIL (milli-inch), M (meter), CM (centimeter), MM (millimeter), UM (micron) and NONE (without
unit).

This button appears on each line that has a parameter defined. If you click on it, the 3D Solid
Modeler will be invoked to display the structure defined by the incremental change project
specified on that line.




5.3 Defining Variables and Specifications

In the Empipe3D window, click on the button
)

Two new windows appear on the screen, entitled "Empipe3D Select Variables" and "Empipe3D
Specifications", respectively.

Selecting Optimization Variables

Since this is a tutorial, the selection of variables is already defined. Notice that the starting values for
the parameters are different from their nominal values, i.., their values in the nominal project. The
reason is as follows. The parameter values for the nominal project were chosen rather casually, mainly
for the convenience of drawing using the 3D Solid Modeler.

Mark A1l |i Unmark A1l |} 2] {i  cancel |
Variable? Unit Lo‘uer Bound Value (& Upper Bound
VL in | [0.32 { H
L2 in | - ) |
L3 in | ¢ [8.33 { t
¥ H1 in | i fe.21 i
v u2 in | i le.26 |
¥V H3 in | i {0.33 I | H

Fig. 5.6 The "Empipe3D Select Variables" window.

Although the nominal dimensions were in reasonable proportions, they were not optimized. The
starting values defined in the "Empipe3D Select Variables" window, on the other hand, come from
an optimized solution of the same waveguide impedance transformer using an empirical model which
ignores the corner radius.

This reflects a sound design approach in engineering practice. One should not jump into EM
optimization using a CPU intensive solver from an arbitrary starting point. Instead, a reasonably good
starting point can be obtained from experience, intuition, synthesis, optimization of an empirical model,
etc. This can greatly accelerate the convergence of EM optimization as well as enhance the uniqueness
of the solution.




Verifying the Result of Geometry Capture

‘We have defined six parameters using Geometry Capture. Before proceeding, we would like to make
sure that the incremental change projects have been implemented and processed properly. In designs
such as this one that involve many parameters one can easily make a mistake in preparing the different
projects. Consequently, the parameterization results may be totally scrambled. If optimization is
carried out before a careful check is done, valuable time and computer resources can be wasted.

A verification which is easy to perform is to ask Empipe3D to derive a new project from the
parameterization data. You would enter a new set of parameter values (new in the sense that it is
different from the parameter values of the nominal and incremental change projects) in the box or
boxes under the heading "Value". Then click on the button. Once the solid model is displayed
on the screen, perform a visual inspection to make sure that it is consistent with the parameter values
you have entered. You can try this one parameter at a time, which makes it easier to spot any
inconsistency.

For example, click on the entry box under the heading "Value" for the parameter L2, and type a new
value "1". Then click on the [Ef]button. A dialog box appears:

E Show Project

Project Name:

[Warad.pjt i

£ OK { ! Cancel |

Click on "OK" to accept the default.




= 30 Soikd Modeler "warad” road—oniyl

| & Filo Blobal Window Define

Retrleving sectd
Retrieving wgin

Retrieving wgout
: Done

Fig. 5.7 The solid model for L1 = 1.

‘We have changed the length of the middle section from 0.33 inch to 1 inch. From Fig. 5.7, we can
visually confirm that the parameterization of L2 seems to be correct. If you wish to be absolutely sure,
you can use the 3D Solid Modeler's menu option "Window/Measure" to verify that the length L2 is
indeed 1 inch.




Let us test for another parameter. First, restore the starting value for L2 by clicking on the entry box
for L2 and type "0.33". Now click on the entry box for the parameter H3 and type "0.375". This is
the height of output waveguide (WR-75 full height), so we expect to see the third section flush with

the output waveguide.

Click on the [£F] button. When the dialog box appears for the project name, click on "OK" to accept
the default.
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Fig. 5.8 The solid model for H3 = 0.375.

This confirms that the parameter H3 has been correctly captured by Empipe3D. The other
parameters can be verified in a similar way.

= Restore the starting value for H3 by clicking on the entry box for H3 and type "0.33".

@ Do not forget to restore the starting parameter values which have been modified. Otherwise,
the subsequent tutorial on the optimization of the impedance transformer will be adversely
affected.




Specifications for Optimization

We define the specification for this example in the "Empipe3D Specifications" window following
the steps outlined in the tutorials of Chapters 3 and 4. The specification is:

FREQ (GHz) from: {9.5 i to: [15 i step: i;«sw i

What's Next

= ) We have completed the selection of variables and specifications. Proceed by clicking on the "Go"
button in the "Empipe3D Select Variables" window.




5.4 Simulation and Display

After you click on the "Go" button, Empipe3D invokes the OSASO simulation/optimization

environment.

B 05SA90_V4.00 - Waiad.ckt
Eile Edt Display Oplimize i§osteCuie Help
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t Empipe3D user-defined structure WGRAD -

{Model
#include '‘Wgrad_osa\Wgrad.inc™;

WERAD_L1: 70.327;
WERAD_L2: 78.337;
WERAD_L3: 70.337;
WERAD_H1: 78.217;
WERAD_H2: ?8.267;
WGRAD_H3: ?8.337;

WERAD 1 2 8 model=1
L1=(WCRAD_L1 « 1in) L2=(WGRAD_L2 = 1in)
L3=(WGRAD_L3 = 1in) H1=(WGRAD_H1 # 1in)
H2=(WGRAD_H2 = 1in) H3=(WGRAD_H3 = 1in);

PORTS 1 8 2 9;
CIRCUIT;

NS_DB[2,2] = if (MS > 8) (28 = 1og18(MS)) else (NAN);
MST1_DB = MS_DB[1,1];
lend

Sweep

AC: FREQ: from 9GHz to 156Hz step=8.56Hz NS11_dB
{XSUEEP title="MS11_dB and Spec™ X=FREQ Y=HS11_dB
SPEC=(from 9.56Hz to 156Hz, < -38));

AC: FREQ: from 9GHz to 15CHZz step=8.56HZ NS MS_DB PS
{Smith MP=(MS11,PS11).S11)
{Polar MP=(MS21,PS21).S21};

end

Spec
AC: FREQ: from 9.56Hz to 15G6Hz step=8.56Hz MS11_dB < -38;

Fig. 5.9 OSA90 window.

The top of the window contains the menu bar and toolbar, the middle portion window is the input file
(netlist) and located at the bottom of the window is the status bar. The OSASO input file consists of
a number of "blocks". Each block begins with a block identifier, such as "Model", "Sweep", "Spec"
and "Control", and ends with the keyword "end”. The Model block describes the circuit, the Sweep
block selects the simulation outputs, the Spec block defines the specifications for optimization, and
the Control block contains one or more operation control options.




Simulation before Optimization

% Select “Xsweep” from the “Display” menu. The S parameters of the transformer simulated by the
3D Solver have already been saved in a database. The data is retrieved and a dialog box appears,
showing the default setting for display. Press <Enter> to accept the default setting.

E% 05A90_v4.0-0 - Worad.ckt

HS11_dB énd Spec

Ms11_oB

FREQ

=]

Fig. 5.10 The impedance transformer response before optimization.

Even before optimization, the response is not too far away from satisfying the specification. This is
due to the fact that the starting point comes from an optimized empirical design.




Display Options

=S Select “Xsweep” from the “Display” menu. A dialog box appears:

Xsweep Display Options

Sweep Set: {sweep set 1

Y-axis: {view_1

X-axis: |FREQ

N : ol Outnut
& No £ Output to new file ¢ Append to existing file
£ Formsiied numeriesd autput

A number of display options are presented.

The options in the section "Numerical Output" allow you to toggle between graphical and numerical
outputs.

The button "Style" causes another dialog box to appear, allowing you decide how the data should be
plotted: as a continuous curve, a series of symbols (points, dots, circles, etc.).

The button "Zoom" also causes a dialog box to appear which provides the facility of changing the
range of data to be displayed as well as the division of ticks along the X- and Y-axes.

The options "Sweep set", "Y-axis" and "X-axis" allow you to select one or more responses from
those available for display.

In the following, we will demonstrate how to utilize some of these options to tailor the appearance of
the display.

The display options are described in full detail with many illustrations in the OS490/hope User's
Manual.




Changing the Types of Drawing

The button "Style" creates a dialog box which allows you decide how the data should be plotted: as
a continuous curve, a series of dots, or some other shapes.

= Click on the button "Style". Another dialog box appears, showing the available choices: Curves,
Bars, Points, Dots, Bins and Circles. Click on the choice Dots. Any changes made to the display
style stay in effect until they are manual changed again, in other words, the style will not revert to
Curves on subsequent plots. Then click on “OK”. The dialog box will disappear leaving you with
the original “Xsweep Display Options™ dialog box. Select “OK” in the “Xsweep Display
Options™ dialog box. The resulting display is then plotted on the screen.
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Fig. 5.11 The data is plotted as dots.




Changing the Zoom Scale

By default, the scale of the Y-axis is automatically determined according to the minimum and
maximum values of the response or responses to be displayed.

You can change the default setting using the "Zoom" button.

= Select “Xsweep” from the “Dlsplay” menu. In the dialog box, click the button "Zoom". Another
dialog box appears:

{7 tog scale far X [ Log sealnfur ¢

¥ Auto scale

[ ok ] cancel |

The parameters "Ymin", "Ymax", "Xmin" and "Xmax" define the corners of the display. The
parameters "N x-axis ticks" and "N y-axis ticks" specify the number of intervals (divisions) on the
X-axis and Y-axis, respectively. The “Log scale for X” and “Log scale for Y” check boxes allow
you to specify logarithmic scale for the X and Y axes respectively. The “Auto scale” option allows
the program to display the data in a “best fit” scenario.

= Remove the check mark from the “Auto Scale” check box. This will activate the various other
options. Move the cursor to the line labelled "Ymax", and type "0". This changes the maximum of
the Y-axis (i.e., the top) from -20 to 0. Then press <Enter>. The dialog box should now disappear,
leaving the original “Xsweep Display Options” dialog box.




= Click the "OK" button. This closes the dialog box and plots the graph on the screen.
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Fig. 5.12 The display with the modified scale.




Numerical Display

= Select “Xsweep” from the “Display” menu. The “Xsweep Display Options” dialog box will
appear. Under the heading “Numerical Output™ click on “Output to new file”. A new window
will appear, containing the information in numerical format, a sample of which is show below:

! OSA90 V4.0

! Input File: D:\OSA\empipe3d examples\wgrad\Wgrad.ckt
! Parameter Sweep - )

FORMAT FREQ MS1ll DB;

9 -21.06
9.5 -39.59
10 -29.39
10.5 -25.85
11 -26.14

You may review or modify the file, save it under a different name, etc. When finished, click on the
“X” in the upper right hand corner of the window. You will then be returned to OSA90.




Displaying Different Responses

= Select “Xsweep” from the “Display” menu. In the “Xsweep Display Options” dialog box, click

on the option "Sweep set" and select "sweep set 2" from the list that appear. Then, click on the
option "Y-axis" and a list of available responses is presented: MS11, MS12, MS21, MS22,
MS_DBI[1,1], etc. Click on the label "PS11". Ensure the “Numerical Output” option is set to “No”.
Click on "OK" to proceed.
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Fig. 5.14 The display of the response PS11.




5.5 Optimization

= To start optimization, click on the “Optimize” :%

to accept the default setting.

toolbar button. Press <Enter> or click “OK”

On the screen, the progress of optimization is reported:

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

1/30
2/30
3/30
4/30
5/30
6/30
7/30
8/30
9/30
10/30
11/30
12/30
13/30

Max
Max
Max
Max
Max
Max
Max
Max
Max
Max
Max
Max
Max

Error=4.15486
Error=2.75391
Error=1.29814
Error=2.1607
Error=0.491133
Error=0.482656
Error=0.328469
Error=0.292162
Error=0.248581
Error=1.93186
Error=0.228823
Error=0.225896
Error=0.209504

Solution Max Error=0.209504

The 3D Solver simulation results required for optimizing this tutorial example have been saved in a
database, therefore the optimization proceeds rapidly. For new projects, the 3D Solver will be invoked
at the starting point and whenever a parameter value is changed by the optimizer out of its
interpolation interval.




Simulation of the Optimized Impedance Transformer

Choose “Xsweep” from the “Display” menu. After the dialog box appears, press <Enter> or click
=
“OK” to accept the default setting.

The optimized response of the impedance transformer is displayed on screen.
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Fig. 5.15 The impedance transformer response after optimization.




The Optimized Parameter Value

= Select “Exit” from the “File” menu.
A window will appear, asking you to confirm that you wish to exit. Click the “Yes” button.
Upon exit from OSAS0, the Empipe3D windows reappear on the screen.

The optimized value of the parameter "d" is shown in the "Empipe3D Select Variables" window
under the heading "Value".

t Empipe3D Select Variables

Mark A1l {i Unmark A1l | Go i1 cancel |
Variable? Unit Lower Bound Upper Bound
L1 in | i [8.328372 [ |
L2 in ] ¢ [8.321721 |
L3 in | i |8.329952 3 | H
¥ H1 in | i 18.286862 {
7 H2 in | : |8.262651 {
I H3 in | : [8.331551 { H

Fig. 5.16 The "Empipe3D Select Variables" window.

Finishing the Tutorial

= Exit the él: Solid Modeler by clicking on the menu option "File" and then click on the pull-down menu
option "Exit".

Exit the windows for selecting variables and specifications by.clicking on the "Cancel" button in the
"Empipe3D Select Variables" window.

Exit the Empipe3D main window by clicking on the "Quit" button. You will be prompted whether
you wish to save the file. Click “No” and Empipe3D will exit.

This concludes the tutorials.
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6

Geometry Capture

6.1 Introduction

We hope that the series of tutorials in Chapters 3 to 5 has acquainted you with the features and
operation of Empipe3D.

The steps of using Empipe3D for 3D EM optimization can be summarized as follows.

1 Create a 3D Solver project to represent the nominal structure.

2 For each parameter you wish to define, create a new project which describes how the structure will
be affected by an incremental change in the parameter value. This is done by using the 3D Solid
Modeler to copy and modify the nominal project.

Invoke Empipe3D to process the set of projects by Geometry Capture.

3

4  Define optimization variables and specifications using Empipe3D.

S Perform simulation and optimization within the OSA90 environment.
6

Save the optimized structure as a 3D Solver project.

This chapter provides a formal description of the Geometry Capture procedure, focusing on steps 1
to 4.




6.2 Guidelines for Preparing Projects

This section describes the general guidelines for setting up the 3D Solver projects for Geometry
Capture. These guidelines apply to both the nominal and incremental change projects. There are also
additional guidelines that are specific to the nominal or the incremental change projects, and these are
discussed in Sections 6.3 and 6.4.

1 The names of the nominal and incremental projects must be different from the name of the
Empipe3D element. For instance, if the Empipe3D element is named “wgrad”, then the
nominal and incremental change projects for this element cannot be named “wgrad.pjt”.
Empipe3D reserves the name “wgrad.pjt” for its working project. We recommend that you
name the projects using a number sequence, such as “wgrad0.pjt”, “wgrad1.pjt” and so on.
You may also use descriptive names, such as “wgrad_nom.pjt”, “wgrad_H1.pjt” and
“wgrad_L1.pjt”.

2 The nominal and incremental change projects must include the complete setup of material, ports,
boundaries and solution parameters. When this is the case, the 3D Solver main operation menu
should look like this:

Draw. .. I v
Setup Materials... ‘J
Setup Ports/Surfaces. .. ; v

| Setup Solution Paraneters... 7] V

Solve... 7|

You can also check the "*.sat" file in the "*.pjt" directory, which should have this statement near
the end of the file:

status BOUNDARIES DEFINED




3 Do not solve or mesh any of the projects. The reason is that the meshing process alters the solid

model file, rendering it unsuitable for Geometry Capture. You can specify seeded mesh, but do
not actually generate the mesh. Do not invoke the "Boundary Display” option in the 3D Solver's
"Setup Ports/Surfaces" menu since it will start mesh generation. In case you have a project
which is already solved or meshed, here is a trick to “undo” the meshing. First, make of a copy
of the project if you wish to save the meshed project. Open the project in the 3D Solver, and
choose the “Draw” command. When you are prompted for “View Only” or “Modify”, choose
“Modify”. In the Solid Modeler window, without making any actual changes, click on the “File”
menu and choose “Exit”. Then, choose “Save the current model”. This sequence of operations
forces the 3D Solver to remove the current mesh from the solid model file.

Although you can invoke the Solid Modeler from Empipe3D, it is invoked with the “View Only”
mode. For the purpose of creating or modifying a project, you will need to start the 3D Solver
directly.

Exploit geometrical symmetry to reduce the computation time whenever possible by defining
"Perfect E" and/or "Perfect H" boundaries. In doing so, both nominal and incremental change
projects need to be defined consistently.

To control the 3D Solver solution refinement, you can specify the maximum number of adaptive
meshing passes and the required S-parameter accuracy ("delta S"). Also, Empipe3D can
recognize and process both discrete and "fast" frequency sweeps.




6.3 The Nominal Project

The nominal project typically represents a starting point in the design process. It may be obtained by
synthesis, from experience or through optimization of an empirical model.

Please follow the general guidelines for preparing projects for Empipe3D as outlined in Section 6.2.
The following provides a few additional notes for setting up the nominal project.

1 Ifyou are creating the nominal project from scratch, please carefully take note of the sequence of
the drawing operations. This information is valuable when you create the incremental change
projects later.

2 Complete the project setup by including material, ports, boundaries and solution parameters. In
other words, the project should be ready to be solved.

3 Do not solve or mesh the nominal project. If you intend use a project which has already been
solved or meshed, please follow the suggestions given in Step 3 in Section 6.2.

4  Before preparing the incremental change projects, you may wish to verify the nominal project by

solving it using the 3D Solver. To do this, make a copy of the project and run the 3D Solver on

* the copy. This way, you can keep the original project before mesh generation as required by
Empipe3D.




6.4 The Incremental Change Projects

In addition to the nominal project, you need to prepare » projects to represent 7 design parameters.
The design parameters may include geometrical dimensions and material parameters. Each design
parameter has an associated incremental change project. Empipe3D captures the design parameters
by comparing each incremental change project with the nominal project.

Consider the example shown in Fig. 6.1. We wish to define two parameters: W and L.

Y
Fig. 6.1 A simple structure with two parameters.
For each parameter, a new project needs to be created to represent an incremental change in the
parameter value. It describes how the structure is affected by the change in the parameter value.

For instance, Fig. 6.2 depicts the nominal structure and the structure representing an incremental
change in the parameter L.

Fig. 6.2 The nominal structure and an incremental change in the parameter L.




By comparing the nominal and incremental change projects, Empipe3D extracts the relevant
differences to establish the dependency of the project files on the parameters. This information enables
Empipe3D to translate any given set of parameter values into the appropriate solid model and other
project files.

Fig. 6.3 depicts the nominal structure and the structure representing an incremental change in the
parameter W.

Fig. 6.3 The nominal structure and an incremental change in the parameter W.

The illustrations in Figs. 6.2 and 6.3 purposely exaggerate the effects of the incremental changes. In
practice, the incremental changes do not have to be so dramatic.

Incremental Changes Are Not Bounds

Note that the incremental change does not institute a bracket on the range of the parameter value. A
separate arrangement is used to impose bounds on the parameter values for optimization (see Section
6.5). The incremental change of a parameter merely establishes a direction for that variable. The
change in the parameter value can be either positive or negative, i.e., the parameter value can be either
increased or decreased with respect to the nominal value.




Guidelines for Preparing Incremental Change Projects

Please follow the general guidelines for preparing projects for Empipe3D as outlined in Section 6.2.
The following provides a few additional notes for setting up the incremental change projects.

1
2

Invoke the 3D solver directly.

From the 3D Solver project control panel, copy the nominal project to a new project. This new
project, after being appropriately modified, will become an incremental change project. We
recommend that you follow the naming scheme suggested in Step 1 of Section 6.2.

Modify the new project to reflect an incremental change in the parameter value. If the parameter
represents a geometrical dimension, invoke the 3D Solver "Draw" operation. To modify a 3D
object, you have to delete the existing object and redraw a new one. If the change affects the
position of ports or boundaries, then you also need to make an appropriate adjustment to the
"Setup Ports/Surfaces" option of the Solid Modeler. Dielectric and other material parameters
can be defined by modifying the appropriate project setup options.

The number of 3D solid objects must remain the same between the nominal and the incremental
change projects.

The number of vertices of each object must remain the same. In other words, the basic topology
of the structure must not change. For instance, you can change the size of a rectangle, but you
must not change a rectangle into a triangle.

‘You must be careful to assign the same name to the new object as the one it replaces. This ensures
that the objects are recorded in the solid modeler file in an order that is consistent with the nominal
project. If the objects appear in a different order, the results will be scrambled.

It is recommended that when you redraw an objeét, the order of the vertices remains the same.
That is, you start drawing the new object from the same vertex as that of the old object and follow
the same direction (clockwise or counter-clockwise).

The incremental change projects must include the complete setup of material, ports, boundaries
and solution parameters, so that they are ready to be solved. Do not solve or mesh any of the
projects.

To verify that the incremental changes are correctly implemented and processed, you can ask

Empipe3D to generate parameterized projects and visually inspect the results. This approach is
illustrated in the tutorial of Chapter 4.




Smart Geometry Capture

Smart Geometry Capture allows Empipe3D to properly interpret the data stored in the nominal and
incremental project files even if the order of drawing the objects is not consistent between those
projects (see Item 6, Guidelines for Preparing the Incremental Change Projects). This can be
particularly useful in reusing an existing project that was created some time ago or by another person.

There are three methods of carrying out the parameterization process and the user is given access to
control its selection. Normally, there is no need to exercise this control unless you notice improper
interpretation of the Geometry Capture projects when you try to verify that the incremental change
projects are correctly processed (see Item 2, Hints for Preparing the Geometry Capture Projects).

To access the Smart Geometry Capture options click on the OSA logo button in the main Empipe3D
window. A pop-up window titled “About Empipe3D” will appear. It will include a section of the
“Smart Geometry Capture” options.

Smart Geometry Capture
¢ Order of appearance
{: Proximity of coordinates

{=: Rank of orientation

1 Order of appearance. To invoke this option you must be sure that all the solid objects
in the incremental change projects have been drawn in the exact same order as that of the nominal
project. This means that when you redraw a perturbed object, you must start from the same vertex
and follow the same direction (clockwise or counter-clockwise) as you did for the nominal project.
This can become very tedious for a complex project, and therefore this method should be used only
as the last resort when the other approaches fail.

When the “Order of appearance” method is to be used you can verify the consistency between
the nominal and incremental change projects using the utility program "cmpijt" supplied with
Empipe3D. It compares the key files in the project directories. For instance, use

cmpjt bend20 bend21l

to compare the projects "bend20.pjt" and "bend21.pjt". The files compared include the solid
model file (*sld), the port/boundary and solution definition file (*.sat), and the material definition
file (*.db). A summary of these files can be found in the 3D Solver User's Manual in the
"Implementation and Theory" section.

Typically, the incremental change in one parameter affects relatively few lines in these files. If
the differences listed by "cmpjt" appear to be numerous, then very likely one or more of the rules
outlined here have been violated.




2 Proximity of vertices. This method works well when the displacement of the vertices in
the incremental change projects is small as compared with the minimum distance between different
vertices in the nominal object. However, very small changes may lead to unnecessarily small
interpolation intervals.

3 Rank of orientation. This is the most robust method for typical structures. It is based on
the assumption that the perturbed objects preserve the orientation of the nominal project with
respect to the x, y and z axes. Some caution is needed if the incremental change involves rotation
of some vertices, such as in the case of defining a parameter representing an angle. Rank of
orientation is the default option for all new projects.




Implicit Comrelations and Constraints

Geometry Capture allows you to express graphically any correlations between parameters and subtle
constraints on the geometry which are otherwise difficult to define.

For instance, Fig. 6.4 can be used to define a scaling parameter. When this parameter value changes,
it affects both the width and length of the structure.

Fig. 6.4 The nominal and incremental change structures for a scaling parameter.

Let us consider another example. In Fig. 6.5, the incremental changes represent two separate and
independent parameters, namely L1 and 2. Fig. 6.6, however, implies that the parameters L and L2
are strongly correlated: an increase in L1 implies a decrease in L2 and vice versa. This is necessary
in order to maintain the overall length (L + L2) constant, which is a commonly encountered constraint
in layout within a fixed enclosure. In fact, for the structure depicted in Fig. 6.6, there is really only
one degree of freedom, and therefore it will suffice to define just one parameter (L or L2).

An alternative way of enforcing geometrical constraints is to bind the variables through equations.
This can be done in OSASO using expressions (see OSA90 User's Manuals for detail).




L2—=

Fig. 6.5 Definition of two independent parameters L1 and L2.
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Fig. 6.6 The parameters L1 and L2 are interdependent.




6.5 Defining an Empipe3D Element

Once the projects have been prepared, start Empipe3D.

) To start Empipe3D, click on the “Empipe3D™ icon located in the “Osa” program group.

Command Prompt
Windows NT Explorer

| 53 Startup

Wm d owsNT Wor

Empipe3D will appear with the name “new” in the title bar, this indicates that no project is open.
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Fig. 6.7 A blank Empipe3D window for a new problem.

= To create a new project file, click on the load button. Change to the appropriate directory and type
the element name you wish to create in the textbox titled “File name™. If the file does not already
exist, Empipe3D will ask you whether you wish to create a file by that name. Click “Yes” and you
will be returned to the Empipe3D window.

The element name you enter serves as the base name for all the working files produced by Empipe3D.

‘We recommend that you choose the project names in a systematic way. For example, in the tutorial
of Chapter 5, the Empipe3D element name is "wgrad" ("waveguide with corner radius"). The
nominal project is named "wgrad0" and the incremental change projects are named wgrad1, wgrad2,
wgrad3, wgrad4, wgrad5 and wgrad6.

Empipe3D stores the results of Geometry Capture in a subdirectory named "element-name_osa" (for
example, "wgrad_osa"). Within this subdirectory, the parameterization data is saved in a file named
“"element-name.inc", and the database file is named "element-name.dbs".




Nominal Project

Fill this entry box with the name of the nominal project.

This button appears adjacent to the entry box. If you click on it, Empipe3D will invoke the
Solid Modeler to display the nominal structure.

Parameter Definition Data
Each entry line under the heading
Parameter Project Nominal Perturbed # of Unit
Name Name Value Value Divs Name

contains the definition of one parameter. Up to 16 parameters can be defined.
Parameter Name

This can be an arbitrary ASCII string of no more than 32 characters, such as "W", "Width", or
"Length_of Section_1".

Project Name

This entry identifies the project representing an incremental change in the parameter value with respect
to the nominal project.

You can click on this button to view the solid model.

Nominal Value

This refers to the value of the parameter represented by the nominal project. It should be entered as
a plain number. The physical unit, if any, is entered separately.

Perturbed Value

This refers to the parameter value after the incremental change.




Number of Divs

This means "number of divisions", which specifies the number of interpolation intervals the
incremental change encompasses:

Interpolation Interval = |Perturbed Value - Nominal Value| /| Number of Divs

Empipe3D employs interpolation to improve efficiency. During optimization, the 3D Solver is
invoked for an EM simulation only if the parameter has been moved by the optimizer across an
interpolation interval. For small changes in parameter values, interpolation is applied instead of EM
analysis to obtain the S parameters. This can substantially reduce the total number of calls to the 3D
Solver required for optimization. This is also an important feature for gradient calculations.

A good choice of the interpolation interval is obviously problem dependent. If the interval is too large
(i.e., the number of divisions is too small), then the interpolated S parameters may not be accurate.
On the other hand, a very small interpolation interval will increase the number of 3D EM simulations
and ultimately defeat the purpose of using interpolation.

A possible approach to a problem for which you are not sure about the best interpolation interval size

is to start with a coarse (large) interval and gradually refine the interval size as necessary. See Chapter
9 for further discussions on the subject of interpolation.

Unit Name

This entry identifies the physical unit of the parameter. Permissible unit names include IN (inch), MIL
(milli-inch), M (meter), CM (centimeter), MM (millimeter), UM (micron) and NONE (without unit).




Menu Buttons in the Empipe3D Window

Click on this button to load a different Empipe3D element definition into the
Empipe3D window. You be presented with the “Empipe3D Open File” dialog
box. This box is the standard Windows “File Open” dialog box. Empipe3D
element files end in “.e3d”.

Click on this button to save the current data in the Empipe3D window to a disk
file. You will see a prompt similar to this one:

Element Name:

i OK ]  Cancel |

The current element name is offered as the default, but you have the opportunity
to give it a new name. This feature can be <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>