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Chapter 1: Model Composer

Model Composer is a part of ADS and enables you to create multidimensional,
parameterized, passive planar components. The unique, patented modeling method is
EM based, thus providing EM accuracy and generality at traditional circuit
simulation speed.

Model Composer enables you to create many standard interconnect components such
as opens, stubs, bends, and tees on custom substrates. These components/models are
fully compatible within ADS and include both a schematic and layout representation,
as well as the electrical model. The models are created in libraries, that are logical
groupings or sets of components. You can use these models as you would other ADS
microstrip component. They are compatible with all simulators, including
optimization and tuning.

Note Advanced Model Composer allows users to create multi-dimensional,
parameterized, passive planar models for arbitrary shaped and user-defined
parameterized layout components on standard and custom substrates. The Advanced
Model Composer functionality is integrated into the ADS Layout under the
Momentum menu: Momentum > Component > Advanced Model Composer. For more
information on this functionality, refer to “Advanced Model Composer”.

The component definition and generation process is simple. The Model Composer
Wizard leads you through each step, and you can save your work at any time, exit the
tool, then return to complete your work later.

The following topics are available in this manual:

= “Creating Models” on page 1-2 describes how to create or edit a library of
components.

= “Using Models” on page 1-13 describes how to access and use your models.

= “Troubleshooting a Library” on page 1-18 offers some suggestions if you have
problems with your components or libraries.

= “About the Model Composer” on page 1-19 gives some background information
on the Model Composer.

= “Model Composer Components” on page 1-25 is a reference of the types of
microstrip components that can be modeled using the Model Composer.
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Model Composer

Requirements

Model Composer is a part of the ADS. No license is required to run Model Composer.

Creating Models

The Model Composer Wizard makes it very easy to create a library of passive
components. To define a collection of models, select the Tools menu on the Schematic
window and choose Model Composer > Create/Modify Library. Follow the
instructions that are displayed for each step of the process.

Tip  While defining a library, you can save your work at any time and close the tool.
Your partially-defined library will be available next time you start the Model
Composer Wizard.
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Creating or Editing a Library

You can create a new library of components or edit an existing library.

Wwhat would pou like to do?

I

= Edit an existing library

= If you are creating a new library, type the library name. All libraries are created
under $HOME/hpeesof/pmig/libraries , but they can be moved later.

Select the library to edit or review:

Library Mame: |eesu:uf'xpmlg'xlil:uraries'xm_l,lLiI:urar_l,l

< If you are editing a library, type the library name. If you have moved the library
from $HOME/hpeesof/pmig/libraries to another location, click Browse to specify
the path.

Select the library to edit or review:

Library Mame: eesafpmighlibrarestmyLibrary | Browse... |

Click Next to continue.

Specifying a Substrate

A substrate, which is the layers of material that surround a component, affects the
characteristics of the model. All models in a library must be calculated using the
same substrate. Select a substrate or, if one is not suitable, create one by clicking
Create/Modify Substrate .

Substrate Mame: If:'xadvdess_l,ls'l Shmomenturntliby 1 00umG ads. zlm

Create/tModify Substrate. .. |

If you want to edit a substrate, first select the substrate using the Browse button,
then click Create/Modify Substrate .
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Model Composer

When working with substrates, consider the following:

= There are a variety of predefined substrates that are included with Momentum.
They can be found under <installation_directory>/momentum/lib. They can be
used as is or as the basis for creating a new substrate.

= A substrate can have multiple metallization layers. Strip layers can be used,
Slot layers cannot. When defining the component parameters, make sure to
specify a valid Layer parameter for each component.

< If you are editing a library and change the substrate, all models in the library
must be recalculated.

If you are not familiar with substrates or how to define one, refer to Chapter 3,
Substrates, in the Momentum manual.

Once a substrate is selected, click Next to continue.

Setting the Frequency Range and Line Widths

The models in a library are calculated over the same frequency range. Specify a
minimum and maximum to set the frequency range.

— Define Global Frequency B ange

Enter the global frequency range.
All compaonents in thiz libram will be calculated with the zame frequency range.

Froit; ||:| IGH2 j
Frax:  [30 |[GHz =]

Setting a global line width is optional, but it offers a convenient way to specify a
consistent line width for multiple components in a library:

= Min and Max enable you to specify a range of valid widths. Later, you can easily
set component parameters to this variable. This is described in “Defining
Component Parameters” on page 1-7.

= The Width parameter of a component is automatically set to the default value
you enter here. You can see this when you edit a component that has been
added to a schematic. You can change the width to any value within the Min
and Max range.
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OPTIOMAL: Define Global Line 'Wwidth

Enter the global line width range. Alzo enter a default value to be uged in zchematic entry.
Later, when defining the component parameterz, this global line width range can be reuzed.

Min: [en | U ﬂ
Mae [qn | U ﬂ
Default: |F"EI | L ﬂ

Note Make sure that the specified ranges are physically meaningful, that is, make
sure that no higher order modes are excited for structures with Max width at the
Fmax frequency, on the specified substrate.

Also, be aware that the wider the frequency range and line width, the more
simulations will be required to calculate a component and the longer the component
generation process will become.

Once the frequency range and line widths have been set, click Next to continue.

Selecting Components

Select the components that you want to add to the library. Choose a component from
the list of Available Components and click Add . To delete a component from the
library, highlight it in the Selected Component list and click Delete.

Select Library Components

Axailable Compaonents Selected Components
100umz atd:_bend
bend_m BEND
bend_r
Carner rriddy s
COrmer_a
COThE_arm
COMer_m <Deletes<
corner_r ﬂ
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Model Composer

As you select components, note that:

= To aid in choosing components, a description of the selected component appears
at the bottom of the list.

Component description: [Bend, artitrary angle

= A prefix is applied to the name of a selected component. The default prefix
describes the substrate that was selected earlier in the setup. You can change
the prefix as desired. A unique prefix is required, and all components in the
library will be updated with the same prefix.

Frefix: [100umGats

= You can select the same component more than once. This enables you to define
the same type of component but with different parameters.

Once you have selected your components, click Next to continue.

Customizing Component Names and Descriptions

In the next dialog you can edit the names of the components in the library as desired.
This name will appear as the Instance Name when the component is placed on a
schematic

Selected Components

100umG atds bend

Change compaonent name [without prefi
Ibend

You can also use this dialog to edit the component description. This is the information
that will appear at the bottom of the Schematic window when the component is
selected.
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Edit component dezcription:

IBend, arbitrary angle

When finished, click Next to continue.

Defining Component Parameters

Before the components can be generated, the parameters for each component must be
set. These parameters define the limits and ranges of a component, which is taken
into account during the model generation process. All parameters have a default
value, but you should review all parameters and change them as needed.

= Select a component from the Select Component list.

Select Component
| 100umGats_bend =l

= Select a parameter from the Select Parameter list.

Select Parameter

AMGLE =130.0
FEEDL = 50 um
LAYER = "cond"

= Use the fields on the right side of the panel to edit the parameter.
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Model Composer

— Edit Parameter

M ame: [ [Line width at parts)

Type: I Constant Y alue j

Enter conztant value [e.q.: 5]

[70.0 fum =]

v Display parameter on schematic

You can change the parameter type to Constant Value, Discrete List, Continuous
Range, or Global Parameter.

Type: I Constant Y alue j

Enter o Discrete List
Continuouz Range

Global Parameter
0.0 Jurmn

= Constant Value is a single value and you will not be able to edit this value
later on, such as after you add the component to a schematic.

= Discrete List is a set of discrete values. When you use the component on a
schematic, you can edit the parameter to any value in this list.

= Continuous Range enables you to change the parameter to any value within
the range after the component is added to a schematic.

For practical reasons a maximum of 2 parameters in a component can be
modeled in a continuous way.

= Global Parameter sets the parameter to the continuous global line width
range that you defined earlier. When you add the component to a schematic,
the parameter will be set to the default value you specified for the global line
width. You can change the parameter to any value in the global line width
range.

All components modeled with the Model Composer have a feedline attached to each
port. As the modeling process is based on EM simulations, the components must have
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a non-zero length. Typically, the height of the substrate, or the width of line, can be
used as feedline length (FEEDL). Make sure that the Layer parameter is set
correctly.

Next, verify the Component Status of a component:

Component Statuz

Inew Recalculate model

= new means the component has not been calculated yet or the parameter
definition has changed so that a recalculation is required. You will see this
status when a new component is added to the library, when the substrate is
modified, or if component parameter settings are changed. If you want to force a
component to be recalculated, click Recalculate model .

= done means that component modeling has been successfully calculated.

= error means that an attempt was made to calculate the component, but it was
unsuccessful. The error is probably due to combinations of parameters and
substrate settings that are physically impossible. For suggestions on how to
correct this, refer to “Troubleshooting a Library” on page 1-18.

= computing means that the component modeling is in currently in process, the
modeling process was stopped and is partially complete, or the component was
skipped. Any earlier calculated data will be (re-) used if the simulation
continues or restarts.

Click Next to continue.
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Model Composer

Starting the Generation Process

Click View Summary to review your settings; thoroughly check all parameter values
and ranges to ensure the models are successfully generated.

i Model Composer Library Summary: 2

Librarv: myvLibrary Prefizx: 100umGais

Subztrate: f:“advdessysl. S~momentum~lib~100umGad=. =ln

Global Parameters
frequency: 0 GHz to 20 GHz., no default
line width: 50 um to 90 um. 70 um default
line =pacing: 5 um to 50 um,. 25 um default

Component=s and Parameters
100umGad= bend: Bend., arbitrarv angle
W =700 um {(Line width at ports. displaved)

AHGLE = 90.0 (Angle of bend. displaved)
FEEDL = 50 um (Feedline length. displaved)
LAYER = "cond" (Signal layer name. displaved)

To begin generating the components, click Save, then click Start Library Generation
The Model Composer Library Summary window will display. It explains that the
library generation process will start as a separate process running in the
background, and it tells you where the completed library will be stored. Click OK to
start the modeling process now.

At this time, you can exit ADS, or continue with other tasks, depending on the
available computer memory and processor power.

A Momentum status window will pop-up after some time. This window can be
minimized, and it will disappear when the library generation is done.

A library can take some time to complete, so use the Status Control to view progress.
Refer to “Viewing and Controlling the Model Generation Process” on page 1-11.

The components are generated based on the substrate, frequency range, and
component parameter settings. Depending on the parameter definitions for a
component, an appropriate number of Momentum simulations are run for each
component, and the behavior of the component is saved in the form of S-parameters.

If the library is taking a very long time to generate or you are getting errors:
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= Make sure that the frequency range, substrate definition, and component
parameters make physical sense.

= Try reducing the frequency range and the number of continuously-varying
parameters of a component. Continuously varying parameters can be replaced
by discrete parameter lists or constant parameter values.

= For more suggestions, refer to “Troubleshooting a Library” on page 1-18

Viewing and Controlling the Model Generation Process

To check on the progress, from the Tools menu choose Model Composer >
Status/Control. This can be done from any ADS session that is running on the same
computer and started by the same user. Type in the Library Name or click Browse to
locate the library of interest. This dialog box:

= Lists the status of the components in the library
= Displays any error messages or warnings

= Enables you to stop the process for a component or the entire library
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Status/Control:1

Enter the library name to control or review the statug of a librar in progress.

Library M arne: [myLibrary

Statuz

Subztrate  E:~ADS1ES optemomentum~lib~100w
Component prefix o 100unGahs

Hr of components 1

MODELING COMPONENT : Lbend

Initial component status ;| new
Component paramnsters . W, AHGLE., FEEDL., LAYER

Hodel generation:
INSTAHNCE SIMULATIOH 1

Hormalized parameters : 7e-005, 90, Se-005, cond
Simulation time : 0Ok 1mSi= ]
Hr of instances 1
Final component =status . done
Component modeling time : 0Ok 2m d=

-
4| ,
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Using Models

Components created with the Model Composer can be added to a schematic like any
other ADS component. You can also edit parameters.

i [ Linear_Budget_prj ] untitled1 = [Schematic):1

File Edit Select “iew |nzett Option: Toolz  Layout

Je|@|a] 1] e 2|

Library Name 77|myLihrary j |1 00um
Component Palette L *I:::I" Component on Scher
OPEH | THPER

100umzafs_open

open_1

=700 um

FEEDL=100.0 um

LAYER="cond"

To use components created with the Model Composer, refer to these topics:

“Preparing to Use Models” on page 1-14 describes the steps you need to take
before you can use a library. You must complete this section in order to use a
library.

= “Locating Models” on page 1-15 describes how to select a library and access
components.

- “Editing Component Values” on page 1-17 describes how to edit the parameters
of a component.

= “Moving and Copying Libraries” on page 1-17 describes how to copy or move a
library to another location.
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Model Composer

Preparing to Use Models

The library generated by the Model Composer is actually a standard ADS Design Kit.
Before you can use a library, you must first install the design kit. For detailed
information on installing and enabling design Kits, refer to the ADS “Design Kit
Installation and Setup” documentation.

To install and enable your design kit:

1. From the ADS Main window, choose DesignKit > Install Design Kits . The Install
ADS Design Kit dialog box appears.

= Install ADS Design Kit |

—1. Unzip Design Kit
This step may be skipped if the Design Kit is already unzipped.

Unzip Design Kit Nows...

— 2. Define Design Kit

Enter full Path to the directory of the desired Design Kit.
If available, the remaining info will be automatically filled in.

Path
| | Bmwse...l
Hame

Boot File (optional)

| Browse...
Version
Warndng Dosign B warnigs s informalion.
— 3. Install Design Kit
Select Installation Level :  [ISER LEVEL _"l
T 0K Cancel Help
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2. Enter the following information in the Path field of the Install ADS Design Kit
dialog box:

$HOME/hpeesof/pmlig/libraries/<library_name>

where <library_name> is the name defined in “Creating or Editing a Library”
on page 1-3.

After the path is entered, the other three fields (i.e., Name, Boot File and
Version) are automatically filled in.

3. Use the Select Installation Level drop-down menu to select an appropriate level
for your design kit.

4. After selecting a level, click OK in the Install ADS Design Kit dialog to install
and enable the design kit. An Information Message dialog stating that the
design kit was successfully enabled appears.

5. Click OK to clear the Information Message dialog.

6. From the ADS main window, choose DesignKit > Setup Project. Select the
proper technology file from the Setup Project Technology File dialog.

Setup Project Technology Files E

Thiz dialog allows setup of project technology files.

Setup Project Technaology Files:

A0S Standard: Length unit--mil Wiew Details... |

[ Set az default for all nevs designs in project.

QK. | Cancell Help |

7. Click OK. Your design kit is now ready for use.

Locating Models

You access and use your models in the same way as any other components in ADS:

= From the Component Palette The name of the library appears in the Component
Palette list. When you select the library, a palette of the components you
created is displayed. You select and place these components in the same way as
other ADS components.
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i [ Linear_Budget_prj ] untitle

File Edit Select “iew Inszert
m ==

Im*,,anihr:Elr*,,nr

(s

OFEN | TAPER 100uUm Ga

= From the Component Library  In the lists of libraries locate Model Composer, your
libraries will appear below this.

i Component Librarp/5chematic: 1 =] 3

File Edit “iew Options Toolz Help
@] = «|E[R] D=+ &] O

Libraries Components

- Analog/RF -] Component Description
" E-Syn _ 100umzads_open  Open-End Effect
" RF-Synthesis 100umGads_taper  Tapered Step in Width
- Model Composer
myLibrary
-- Analog Partz Library (Mo Layoul
- Microwave Transistor Library
- HF Dinde Library

Default Mode:  |Browse |A/RF |Component: Licer:| [

Note If a library does not appear in the Component Palette or Component Library;,
make sure you completed the steps in the section “Preparing to Use Models” on
page 1-14 and that you have selected Analog/RF Design as your design type.
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Editing Component Values

You can edit component parameters, based on the following conditions:
= A component has constant parameters, these parameters cannot be changed.

= A component was created with discrete parameters, you can only select values
that were specified when the model was generated.

= A component was created with continuous or global parameters, you can select
any value within the range that was specified when the model was created.

A component can have a combination of constant, discrete, continuous, and global
parameters. For more information on how parameters are defined, refer to the section
“Defining Component Parameters” on page 1-7.

Notes A library can contain components located on different substrate layers. Make
sure the Layer parameter is set correctly for any components you use from a library.

A feedline of length FEEDL is attached to each port of the components. This length
should be taken into account while using the components from a library.

Moving and Copying Libraries

All libraries are created under $HOME/hpeesof/pmig/libraries , but they can be
moved or copied to a new location. If you do this, be sure to complete the steps in the
section “Preparing to Use Models” on page 1-14. Otherwise, you may use the incorrect
copy or the library name may not appear in the Component Palette or Component
Library list.

Note You may want to zip the library prior to relocating it. To do this, open a term or
MS-DOS window and type:
zip-r<  library_name> $HOME/hpeesof/pmig/libraries/< library_name>
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Troubleshooting a Library

This section identifies problems that you may encounter when working with the
Model Composer and offers suggestions to fix the problem.

The library does not appear in the Component Palette or Component Library.

< Ensure you have installed the library (ADS Design Kit). Refer to “Preparing to
Use Models” on page 1-14.

= Ensure that your design kit and its installation LEVEL are both enabled. For
more information on installing and enabling design Kits, refer to the ADS
“Design Kit Installation and Setup” documentation.

= Ensure that there are no conflicts between the new ADS Design Kit software
and an older version of the software. For more information refer to Appendix A
of the ADS “Design Kit Installation and Setup” documentation.

Errors are produced when attempting to generate a library of components.

This can be due to a variety of problems. Usually, this will be caused by unphysical
combinations of

= Substrate
< Maximum frequency
= Layout parameters

so that higher order modes are excited, the Momentum simulator produces
unphysical results, and the Model Composer modeling process does not converge.

Possible solutions are:
= Limit the frequency range
= Limit parameter ranges (for example, limit width)
= Check units (for example, m instead of um)

< Limit the number of continuously varying parameters. The maximum is two per
component, for practical reasons. Consider that the modeler uses about 5 to 10
Momentum simulations for each continuously-varying parameter. This means
that one continuous parameter would require 5 to 10 Momentum simulations;
two continuous parameters, 25 to 100 simulations; three would require 125 to
1000 simulations; 4 continuous parameters, 625 to 10,000 simulations.

1-18 Troubleshooting a Library



= Use constant values and discrete lists. Quite often, the line width of the
metallization is limited, and varies in a discrete way, based on a given
technology or application. If so, use discrete parameter lists that correspond
with the real world limitations.

= Replace a single component definition (with widely varying ranges) by multiple
components of the same kind, each valid in a subset of the original parameter
space.

= Perform a worst case analysis of the library specs (check the combination of
max frequency, max width, and substrate) to make sure that no higher order
modes occur. Momentum can be used to see if the simulation results (S-data)
make sense.

A general work-around is in most cases to use discrete lists and limit ranges. The
wider the ranges, and the more continuously varying parameters, the more
Momentum simulations are needed, and the longer the modeling time will be.

Think carefully about the parameter ranges and ensure that all values are physically
possible.

If higher order modes occur, the Momentum simulation will fail, and so, then, will the
Model Composer process.

About the Model Composer

The Model Composer provides a method to build multidimensional parameterized
analytical models for passive planar components. This method produces analytical
models that can be used by all ADS circuit simulators, and the models are highly
accurate. The model generation is based on EM simulation techniques, providing EM
accuracy and generality at traditional circuit simulation speed.

The model generation technique is referred to as Multidimensional Adaptive
Parameter Sampling (MAPS). It selects a minimum number of EM simulations, and
builds a global analytical fitting model for the scattering parameters of general
planar structures as a function of the geometrical parameters and of the frequency,
with a predefined accuracy. Data points are selected efficiently and model complexity
is automatically adapted. The algorithm consists of an adaptive modeling loop and an
adaptive sample selection loop. Descriptions of each follow. An example is also
presented to illustrate the technique.
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Adaptive Model Building Algorithm

The scattering parameters S are represented by a weighted sum of multidimensional
orthonormal polynomials (multinomials) P,,. The multinomials only depend on the
multidimensional coordinates x in the parameter space R, while the weights C,, only
depend on the frequency f:

M
S(f.x)=M(fx) = z C(F)P,(X) (2)
=1

The weights C,,, are calculated by fitting equation (1) on a set of D data points
{x4S(f.xg} (withd =1, ..., D). The number of multinomials in the sum is adaptively
increased until the error function:

E(f,X) = [M(f,X) - S(f.x)| 2

is lower than a given threshold (which is function of the desired accuracy of the
model) in all the data points. For numerical stability and efficiency reasons
orthonormal multinomials are used, i.e. the multinomials P (x) satisfy the condition:

D
- _,_m for(k=1)
dzlpk(xd)P'(Xd) T B0 for(k#l) ®

Adaptive Data Selecting Algorithm

The modeling process starts with an initial set of data points. New data points are
selected adaptively in such a way that a predefined accuracy A for the models is
guaranteed. The process of selecting data points and building models in an adaptive
way is often called reflective exploration. Reflective exploration is useful when the
process that provides the data is very costly, which is the case for full-wave
electro-magnetic (EM) simulators. Reflective exploration requires reflective functions
that are used to select a new data point. The reflective function used in the MAPS
algorithm is the difference between two different models (different order M in
equation (1)). A new data point is selected near the maximum of the reflective
function. When the magnitude of the reflective function becomes smaller than A over
the whole parameter space, ho new data point is selected.

If one of the scattering parameters has a local minimum or maximum in the
parameter space of interest, it is important to have at least one data point in the close
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vicinity of this extremum in order to get an accurate approximation. Therefore, if
there is no data point close to a local maximum or minimum of M(f,x), the local
extremum is selected as a new data point. For resonant structures, the power loss has
local maxima at the resonance frequencies. Again, to get an accurate approximation,
a good knowledge of these local maxima is very important.

The scattering parameters of a linear, time-invariant, passive circuit satisfy certain

physical conditions. If the model fails these physical conditions, it cannot accurately
model the scattering parameters. The physical conditions act as additional reflective
functions: if they are not satisfied, a new data point is chosen where the criteria are

violated the most.

The complete flowchart of the algorithm is shown.

Initialization
Data: { Xy, S(f, Xg)} +———— Bl
|
Fit: M(f, X) - Multinomials: P,

Max |[S—M| <A Increase

order if
needed

Reflective
exploration

Add data if
needed

Write model file
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Example
The example presented here consists of two parts:
= The generation of a microstrip open stub and a symmetrical tee model

= Using these microstrip components to build a lowpass filter

Model Generation of Microstrip Components

The Model Composer was used to generate analytical models for an open stub
(open_1) and for a symmetrical tee (tee_s_1), both on a 635 um microstrip substrate,
with g, = 10.0. Feedlines are connected to all ports (FEEDL=635 um).

]

elliptic_open

open_1

Wi=3TT um eliptic_tee_s=

FEEDL=E35 um tee_=_1

LAYER="cond" W thru=377 um
Wostub=323 um
FEEDL=E35 um
LAYER="cond"

The open stub model (open_1) has one variable geometrical parameter, the width of
the stub (W). There is only one relevant S-parameter, Sq;.

The symmetrical tee model (tee_s_1) has two geometrical parameters: the width of
the thru line (W_thru) and the width of the stub (W_stub). There are three relevant
S-parameters, S;1, S15 and S;3. The ranges of the continuously varying geometrical

parameters are in Table 1-4.

Table 1-4. Parameter ranges for microstrips open stub and tee

component ariable min nax

open_1 W 100 pm 1000 pm
f 1GHz 20 GHz

tee s 1 W_thru 100 pm 1000 pm
W_stub 300 pm 600 pm
f 1GHz 20 GHz
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The Model Composer combines all S-parameters of multiple discrete parameter
settings in one single global model file. The scattering parameters are generated
using the Momentum simulator.

The desired accuracy for the open stub model was set to -55 dB (default accuracy).
Building this model required 10 data points (adaptively selected). The accuracy of the
model was checked in 71 points randomly chosen along the W-axis. The maximum
deviation found between the Model Composer model and Momentum was -60.6 dB.

The desired accuracy for the tee model was set to -55 dB (default accuracy). Here
there were 16 data points needed (adaptively selected) during model generation. The
accuracy of the tee model was checked in 208 points randomly chosen in the
parameter space. The maximum deviation found between the Model Composer model
and Momentum was -54.3 dB.

Library Usage to Design a Lowpass Filter

The adaptively generated models were then used to simulate a lowpass elliptic filter
on a 635 pum microstrip substrate (g, = 10.0). The layout is shown here.

The graphs show the magnitude of S;; and S;, simulated with Momentum (red), with

standard ADS analytical models (blue), and with the new EM-based Model Composer
models for the open end (open_1) and the tee (tee_s_1) components (green).

The results using the multiple Model Composer models correspond very well to the
global full-wave Momentum results, and yet the simulation using the Model
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Composer models took only a fraction of the time required for the full-wave
Momentum simulation (due to the divide and conquer technique used).

On a 450 MHz PC, the full-wave simulation took 5037 seconds, while the simulation
using the Model Composer models was virtually instantaneous. The results obtained
with the “classic” analytical models of the circuit simulator differ significantly from
the full-wave results because they were used outside their validity range.
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Model Composer Components

“bend (Arbitrary Angle Bend)” on page 1-26

“bend_m (Mitered Arbitrary Angle Bend)” on page 1-27
“bend_r (Rounded Arbitrary Angle Bend)” on page 1-28
“corner (90-degree Corner)” on page 1-29

“corner_a (90-degree Asymmetric Corner)” on page 1-30
“corner_am (90-degree, Asymmetric, 50%-miter Corner)” on page 1-31
“corner_m (90-degree Mitered Corner)” on page 1-32
“corner_r (90-degree Rounded Corner)” on page 1-33

“cross (Cross Junction)” on page 1-34

“cross_s (Symmetric Cross Junction)” on page 1-35

“gap (Symmetric Gap)” on page 1-36

“gap_a (Asymmetric Gap)” on page 1-37

“open (Open-end Effect)” on page 1-38

“rstub (Radial Stub)” on page 1-39

“slit (Symmetric Slit)” on page 1-40

“slit_a (Asymmetric, One-sided Slit)” on page 1-41

“step (Step in Width)” on page 1-42

“step_a (Asymmetric, One-sided Step in Width)” on page 1-43
“taper (Tapered Step in Width)” on page 1-44

“taper_a (Asymmetric, One-sided, Tapered Step in Width)” on page 1-45
“tee (Tee Junction)” on page 1-46

“tee_s (Symmetric Tee Junction)” on page 1-47
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bend (Arbitrary Angle Bend)
Symbol

Parameters

W = Line width at ports

ANGLE = Angle of bend, in degrees
FEEDL = Feedline length

LAYER = Signal layer name

Range of Usage

W=0

-135 < ANGLE £135

FEEDL >0
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bend_m (Mitered Arbitrary Angle Bend)
Symbol

Parameters

W = Line width at ports
ANGLE = Angle of bend, in degrees
M = Miter fraction

FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

-135 < ANGLE £135
0s<M<1

FEEDL >0

bend_m (Mitered Arbitrary Angle Bend) 1-27
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bend_r (Rounded Arbitrary Angle Bend)
Symbol

Parameters

W = Line width at ports

ANGLE = Angle of bend, in degrees
FEEDL = Feedline length

LAYER = Signal layer name

Range of Usage

W=0

-135 < ANGLE £ 135

FEEDL >0
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corner (90-degree Corner)
Symbol

Parameters

W = Line width at ports
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

FEEDL >0

corner (90-degree Corner) 1-29
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corner_a (90-degree Asymmetric Corner)

Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2=0

FEEDL >0
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corner_am (90-degree, Asymmetric, 50%-miter Corner)

Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2 =0

FEEDL >0

corner_am (90-degree, Asymmetric, 50%-miter Corner)
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corner_m (90-degree Mitered Corner)
Symbol

Parameters

W = Line width at ports

M = Miter fraction

FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

0<M<1

FEEDL >0
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corner_r (90-degree Rounded Corner)

Symbol

Parameters

W = Line width at ports
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

FEEDL >0

corner_r (90-degree Rounded Corner) 1-33
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cross (Cross Junction)

Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
W3 = Line width at port 3
W4 = Line width at port 4
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2 =0

W3 =0

W4 >0

FEEDL >0
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cross_s (Symmetric Cross Junction)
Symbol

Parameters

W_thru = Thru line width
W _cross = Cross line width
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W _thru=0

W _cross =0

FEEDL >0

cross_s (Symmetric Cross Junction)
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gap (Symmetric Gap)
Symbol

Parameters

W = Line width

S = Spacing of gap

FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

S=0

FEEDL >0
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gap_a (Asymmetric Gap)
Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
S = Spacing of gap
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2:=0

S=0

FEEDL >0

gap_a (Asymmetric Gap)
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open (Open-end Effect)
Symbol

Parameters

W = Line width

FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

FEEDL >0
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rstub (Radial Stub)
Symbol

Parameters

W = Width of input line

L = Length of stub

ANGLE = Angle of stub, in degrees
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

L=0

-270 < ANGLE £ 270
FEEDL >0

rstub (Radial Stub)
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slit (Symmetric Slit)
Symbol

Parameters

W = Line width at ports
W_slit = Line width of slit
L = Length of slit

FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

W_slit=0

L=0

FEEDL >0

1L
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slit_a (Asymmetric, One-sided Slit)
Symbol

Parameters

W = Line width at ports
W_slit = Line width of slit
L = Length of slit

FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W=0

W _slit=0

L=0

FEEDL >0

slit_a (Asymmetric, One-sided Slit) 1-41
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step (Step in Width)
Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2=0

FEEDL >0
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step_a (Asymmetric, One-sided Step in Width)

Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2=0

FEEDL >0

g —

step_a (Asymmetric, One-sided Step in Width)

1-43



Model Composer

taper (Tapered Step in Width)
Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
L = Length of taper
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2=0

L=0

FEEDL >0
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taper_a (Asymmetric, One-sided, Tapered Step in Width)

Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
L = Length of taper
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2=0

L=0

FEEDL >0

[ N

taper_a (Asymmetric, One-sided, Tapered Step in Width)
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tee (Tee Junction)
Symbol

Parameters

W1 = Line width at port 1
W2 = Line width at port 2
W3 = Line width at port 3
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W1=0

W2=0

W3=0

FEEDL >0
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tee_s (Symmetric Tee Junction)
Symbol

Parameters

W_thru = Thru line width
W_stub = Stub line width
FEEDL = Feedline length
LAYER = Signal layer name
Range of Usage

W_thru=0

W_stub =0

FEEDL >0

tee_s (Symmetric Tee Junction)
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