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SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

7-zip - 7-Zip Copyright: Copyright (C) 1999-2009 Igor Pavlov. Licenses for files are:
7z.dll: GNU LGPL + unRAR restriction, All other files: GNU LGPL. 7-zip License: This library
is free software; you can redistribute it and/or modify it under the terms of the GNU
Lesser General Public License as published by the Free Software Foundation; either
version 2.1 of the License, or (at your option) any later version. This library is distributed
in the hope that it will be useful,but WITHOUT ANY WARRANTY; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details. You should have received a copy of the
GNU Lesser General Public License along with this library; if not, write to the Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA.
unRAR copyright: The decompression engine for RAR archives was developed using source
code of unRAR program.All copyrights to original unRAR code are owned by Alexander
Roshal. unRAR License: The unRAR sources cannot be used to re-create the RAR
compression algorithm, which is proprietary. Distribution of modified unRAR sources in
separate form or as a part of other software is permitted, provided that it is clearly stated
in the documentation and source comments that the code may not be used to develop a
RAR (WinRAR) compatible archiver. 7-zip Availability: http://www.7-zip.org/

AMD Version 2.2 - AMD Notice: The AMD code was modified. Used by permission. AMD
copyright: AMD Version 2.2, Copyright © 2007 by Timothy A. Davis, Patrick R. Amestoy,
and Iain S. Duff. All Rights Reserved. AMD License: Your use or distribution of AMD or any
modified version of AMD implies that you agree to this License. This library is free
software; you can redistribute it and/or modify it under the terms of the GNU Lesser
General Public License as published by the Free Software Foundation; either version 2.1 of
the License, or (at your option) any later version. This library is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser
General Public License for more details. You should have received a copy of the GNU
Lesser General Public License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA Permission is
hereby granted to use or copy this program under the terms of the GNU LGPL, provided
that the Copyright, this License, and the Availability of the original version is retained on
all copies.User documentation of any code that uses this code or any modified version of
this code must cite the Copyright, this License, the Availability note, and "Used by
permission.” Permission to modify the code and to distribute modified code is granted,
provided the Copyright, this License, and the Availability note are retained, and a notice
that the code was modified is included. AMD Availability:
http://www.cise.ufl.edu/research/sparse/amd

UMFPACK 5.0.2 - UMFPACK Notice: The UMFPACK code was modified. Used by permission.

UMFPACK Copyright: UMFPACK Copyright © 1995-2006 by Timothy A. Davis. All Rights

Reserved. UMFPACK License: Your use or distribution of UMFPACK or any modified version

of UMFPACK implies that you agree to this License. This library is free software; you can

redistribute it and/or modify it under the terms of the GNU Lesser General Public License
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as published by the Free Software Foundation; either version 2.1 of the License, or (at
your option) any later version. This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for
more details. You should have received a copy of the GNU Lesser General Public License
along with this library; if not, write to the Free Software Foundation, Inc., 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby granted to use or copy this
program under the terms of the GNU LGPL, provided that the Copyright, this License, and
the Availability of the original version is retained on all copies. User documentation of any
code that uses this code or any modified version of this code must cite the Copyright, this
License, the Availability note, and "Used by permission." Permission to modify the code
and to distribute modified code is granted, provided the Copyright, this License, and the
Availability note are retained, and a notice that the code was modified is included.
UMFPACK Availability: http://www.cise.ufl.edu/research/sparse/umfpack UMFPACK
(including versions 2.2.1 and earlier, in FORTRAN) is available at
http://www.cise.ufl.edu/research/sparse . MA38 is available in the Harwell Subroutine
Library. This version of UMFPACK includes a modified form of COLAMD Version 2.0,
originally released on Jan. 31, 2000, also available at
http://www.cise.ufl.edu/research/sparse . COLAMD V2.0 is also incorporated as a built-in
function in MATLAB version 6.1, by The MathWorks, Inc. http://www.mathworks.com .
COLAMD V1.0 appears as a column-preordering in SuperLU (SuperLU is available at
http://www.netlib.org ). UMFPACK v4.0 is a built-in routine in MATLAB 6.5. UMFPACK v4.3
is a built-in routine in MATLAB 7.1.

Qt Version 4.6.3 - Qt Notice: The Qt code was modified. Used by permission. Qt copyright:
Qt Version 4.6.3, Copyright (c) 2010 by Nokia Corporation. All Rights Reserved. Qt
License: Your use or distribution of Qt or any modified version of Qt implies that you agree
to this License. This library is free software; you can redistribute it and/or modify it under
the

terms of the GNU Lesser General Public License as published by the Free Software
Foundation; either version 2.1 of the License, or (at your option) any later version. This
library is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for
more details. You should have received a copy of the GNU Lesser General Public License
along with this library; if not, write to the Free Software Foundation, Inc., 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby granted to use or copy this
program under the terms of the GNU LGPL, provided that the Copyright, this License, and
the Availability of the original version is retained on all copies.User

documentation of any code that uses this code or any modified version of this code must
cite the Copyright, this License, the Availability note, and "Used by permission.”
Permission to modify the code and to distribute modified code is granted, provided the
Copyright, this License, and the Availability note are retained, and a notice that the code
was modified is included. Qt Availability: http://www.qgtsoftware.com/downloads Patches
Applied to Qt can be found in the installation at:
$HPEESOF_DIR/prod/licenses/thirdparty/qt/patches. You may also contact Brian
Buchanan at Agilent Inc. at brian_buchanan@agilent.com for more information.

The HIiSIM_HV source code, and all copyrights, trade secrets or other intellectual property

rights in and to the source code, is owned by Hiroshima University and/or STARC.
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Errata The ADS product may contain references to "HP" or "HPEESOF" such as in file
names and directory names. The business entity formerly known as "HP EEsof" is now part
of Agilent Technologies and is known as "Agilent EEsof". To avoid broken functionality and
to maintain backward compatibility for our customers, we did not change all the names
and labels that contain "HP" or "HPEESOF" references.

Warranty The material contained in this document is provided "as is", and is subject to
being changed, without notice, in future editions. Further, to the maximum extent
permitted by applicable law, Agilent disclaims all warranties, either express or implied,
with regard to this documentation and any information contained herein, including but not
limited to the implied warranties of merchantability and fitness for a particular purpose.
Agilent shall not be liable for errors or for incidental or consequential damages in
connection with the furnishing, use, or performance of this document or of any
information contained herein. Should Agilent and the user have a separate written
agreement with warranty terms covering the material in this document that conflict with
these terms, the warranty terms in the separate agreement shall control.

Technology Licenses The hardware and/or software described in this document are
furnished under a license and may be used or copied only in accordance with the terms of
such license. Portions of this product include the SystemC software licensed under Open
Source terms, which are available for download at http://systemc.org/ . This software is
redistributed by Agilent. The Contributors of the SystemC software provide this software
"as is" and offer no warranty of any kind, express or implied, including without limitation
warranties or conditions or title and non-infringement, and implied warranties or
conditions merchantability and fitness for a particular purpose. Contributors shall not be
liable for any damages of any kind including without limitation direct, indirect, special,
incidental and consequential damages, such as lost profits. Any provisions that differ from
this disclaimer are offered by Agilent only.

Restricted Rights Legend U.S. Government Restricted Rights. Software and technical
data rights granted to the federal government include only those rights customarily
provided to end user customers. Agilent provides this customary commercial license in
Software and technical data pursuant to FAR 12.211 (Technical Data) and 12.212
(Computer Software) and, for the Department of Defense, DFARS 252.227-7015
(Technical Data - Commercial Items) and DFARS 227.7202-3 (Rights in Commercial
Computer Software or Computer Software Documentation).


http://systemc.org/
http://systemc.org/

Advanced Design System 2011.01 - Model Composer

About Model ComPoOSEr . . . i i e e e e e e e e 7
Requirements . . . . . . . . e e e e e 7
Model Generation TeChNIQUES . . . . . v i i i it e e e e e e e e e e e e e 7
EXample . . e e e e 9

Creating Models . . . . . e e e e e e 12

Model Composer COmMpPONENES . . . i i ittt e e e e e e e e e e e 22
e 22
o e e e e e e 22
e 22
O 22
R e e e e e e e e e e 22
S i e e e e e e e e e e e 22
T o e e e e e e e e e 22
bend (Arbitrary Angle Bend) . . . . . . . .. e e 22
bend_m (Mitered Arbitrary Angle Bend) . . . . . . .. . . e e 23
bend_r (Rounded Arbitrary Angle Bend) . . . . . . . . . i e 24
corner (90-degree COMNEI) . v . v v i it e e e e e e e e e e e e e e e e e e 24
corner_a (90-degree Asymmetric Corner) . .. .. it i ittt e e e e 25
corner_am (90-degree, Asymmetric, 50%-miter Corner) .. ... .. ... . i, 25
corner_m (90-degree Mitered COrNEr) . . . v v v i it it it e e e e e e e 26
corner_r (90-degree Rounded COrner) . . . v v i it it i e e e e e e e e e e e e 27
Cross (Cross JUNCHION) . . . o o i i e e e e e e e e e e e e 27
cross_s (Symmetric Cross JUNCEION) . . . o o i i it i e e s 28
gap (SYmmetric Gap) . . . o o o i e e e e e e e e 29
gap_a (AsymmetriC Gap) .« . v v v vt it e e e e e e e e e e e 29
open (Open-end Effect) . ... . i i e e e e e 30
rstub (Radial Stub) . . . . . . . e e 30
slit (Symmetric Slit) . . . .o e e e 31
slit_a (Asymmetric, One-sided Slit) . .. ... .. .. . e 31
step (Step in Width) . . . . o e e e e e e 32
step_a (Asymmetric, One-sided Step in Width) . . . . ... ... .. . . . . . 33
taper (Tapered Step in Width) . . . . . . . . e e e e e 33
taper_a (Asymmetric, One-sided, Tapered Step in Width) .. ...... .. ... .. .. .. .. .. ... 34
tee (Tee JUNCLION) . . . . . o e e e e e e e e e e e e e e e 34
tee_s (Symmetric Tee JuNClion) . . . . . i i i ittt e e e e e e e e 35
Troubleshooting a Library . . . . . .. i e e e e 35
General GUIdelings . . . . o i e e e e e 36
Using Models . . . i e e e e e e 37



Advanced Design System 2011.01 - Model Composer

About Model Composer

Model Composer enables you to create multidimensional, parametrized, and 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, parametrized, passive planar models
for arbitrary shaped and user-defined parametrized 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 Using Advanced Model Composer (em).

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.

Requirements

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

Model Generation Techniques

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 *
in the parameter space R , while the weights C_, only depend on the frequency f :
i

S(fix) = M(fx) = Z C (AP, (x)

m.:l

The weights C,, are calculated by fitting equation (1) on a set of D data points (xS (fxal
(with d =1, ..., D). The number of multinomials in the sum is adaptively increased until
the error function:

E(fx) = IM(fx) - S(fx)

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 )
saﬁisfy the condition:

3 P, (xg)P;(xg) =
d=1

1 for(k=1)
0 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, no 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 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 Mifx) , 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

8
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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 hew data point is chosen where the criteria are violated the most.

The complete flowchart of the algorithm is shown.

Initialization
—m=  Data: -[::;d~ S, Ed 1) S S -
|
Fit: M(f, x) - Multinomials: P

Max |8 —M| <A —f Increase

arder if
¢ nesded
Reflective
Add data if exploration
needed ¢
Write model file
Example

The example presented here consists of two parts:

e The generation of a microstrip open stub and a symmetrical tee model
e 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 pm microstrip substrate, with €. =

9
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10.0. Feedlines are connected to all ports (FEEDL=635 um).

r'-|||| itic OfEn
open_1

W=ETT um elliptic_tes

FEEDL=G35 um tee_g_1

Lo&YER="cond" W thru=377 um
W_stub=323 um
FEEDL=E33 um
L&AYER="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, Sy, .

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;; , Sy, and S;5 . The ranges of the continuously varying geometrical

parameters are in Parameter ranges for microstrips open stub and tee.

Parameter ranges for microstrips open stub and tee

component variable /min max

open_1 w 100 pm 1000 pm
f 1 GHz |20 GHz

tee_s 1 W_thru |100 um | 1000 pym
W_stub |300 um 600 pm
f 1 GHz |20 GHz

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

10



Advanced Design System 2011.01 - Model Composer
The adaptively generated models were then used to simulate a lowpass elliptic filter on a
635 pm microstrip substrate (. = 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 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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Creating Models

You can use the Model Composer wizard to create a library of passive components.
To define a collection of models:

1. Select Tools > Model Composer > Create/Modify Library in the Schematic
window. The Model Composer Wizard is displayed.

2. Click Next.

3. Select the required option for creating a library. For more information, see Creating
or Editing a Library.

4. Specify the library name.

5. Click Next. The Substrate Definition screen is displayed.

6. To define a substrate, click Edit. The Substrate window is displayed, as shown in
the following figure:

M L ubsiratnd [me_library] (Substrate)é
o Jechrolagy  Wew  Wirdow  Help

1B +PP &

Subnirste Mare: pbatratn] Lise Fight minse conbeat s b 5dkd o deiehe Pubstrats Rems

Seect e o e subslysbe nd viess thelr properties below.

1000 i
Seedt & Al e Rem by S8
P ot ol that e,

Ly bl

After specifying the substrate settings, close the Substrate dialog box.

Click Refresh in the Substrate Definition screen to update the selection list.

Click Next. The Global Parameter Definition screen is displayed, as shown in the
following figure:

© 0 N
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& Model Composer Wizard - Global Parameter Definition (page 3 of 7) [mc_libraryl... E|

Defire Global Frequency Rangs

Enter the global frequency rangs.
All models will be generated with the same Frequency range.

Fmin: |0 Gz v

Frnax: |20 GHz L

OPTICMAL: Define Global Line 'Width

Enter the global line width range. Alzo enter a default value to be used in schematic entry.
Later, when defining the component parameters, this global line width range can be reused.

Min: /SO | |um v|
Max: |90 | lum v
Do alt: :?lj :um w

Start salacting wour companents on the next page.

[ Save ][ Clorse J [ < Prev JI Mext > J

Specify the global parameters. For more information, see Setting the Frequency

Range and Line Widths.

Click Next. The Component Selection screen is displayed.

Select the required components. For more information, see Selecting Components.

Click Next. The Component Customization screen is displayed.

13
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& Model Composer Wizard - Component Customization (page 5 of 7) [mc_library1]:8 E]

QFTIONAL: Customize Components Definitions
Select a component bo modify s name or description,

Selected Components
bend_r

Modify component name:
|bend_r

Madify component description:
|Bend, arbikrary angle, rounded

Define parameter ranges or values on the next page.

[ Save I[ Close J [ < Prev JI Mext > J

Component Names and Descriptions.

Click Next. The Parameter Definition screen is displayed.

5 Model Composer Wizard - Parameter Definition {page 6 0f 7) [mc_library1]:8 g|

Defiree &l Parasmeters For all Componants

Each parameter can be a Constant Yalue, a Discrete List, & Continuous Ranoe or a Global Parameter,
Each component can have a maximum of 2 continuously varying parameters,
Abways choose realistic, physically possible values and ranges.,

Select Companent Component Status

bend_r v/ new Recalculate model

Select Parameter _ Edit Parameter
W= 70 um
ANGLE = 90,0 Mame: |W (Line width at ports)
FEEDL = S0 um : -
LAYER = “cond" Type: |Constant alue |

Enter constant walue (e.g.: 5)

70 L “

Display parameter on schematic

The library definition is now complete, Start the model generation process on the next page.

[ Save ][ Close J [ < Prev JI Mext > ]

14
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Select a component, parameters, component status. For more information, see
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16.
Defining Component Parameters.
17. Click Next. The Model Generation screen is displayed.
18. Click Save to save your setup before starting the model generation process.
19. A message box is displayed that displays the path of the saved definition file. Click
OK.
20. Click Start Model Generation. The Model Composer Summary screen is displayed.

# Model Composer - Summary

The model generation for "mc_library” may take a while.

Do not exit thiz =es=ion of the Advanced Dezign System
a3 this will 3top the model generation process.

To see the progress of the model generation, choose
"Sratus/Control” from the Model Composer menu &t any time.

When the model generation iz finished, a design kit will be created
and the workapace will be closed and reopened to cleanup
cemporarily used libraries.

Go to DesignKits > Manage Libraries to load che design kit from
Cihusersidefaultihpeesofipmlg) libraries\me_library

To startc the model generation now, select QK.

To cancel the generation process, select Cancel.
The setup was saved so that you can start the
mode]l generation at a later time.

) coc

21. Click OK.

@ Hint
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.

Creating or Editing a Library
You can create a new library of components or edit an existing library:

o If you are creating a new library, type the library name. All libraries are created
under SHOME /hpeesof/pmlg/libraries, but they can be moved later.

If you are editing a library, type the library name. If you have moved the library from
SHOME /hpeesof/pmlg/libraries to another location, click Browse to specify the

path.
15
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Specifying a Substrate

A substrate defines the layers of material that surround a component, affects the
characteristics of the model. All models in a library must be calculated by using the same
substrate. If you want to edit a substrate, first select the substrate, then click Edit.

© Note
For more information about substrates, refer Substrates in EM Simulation (adstour).

When working with substrates, consider the following:

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

e 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.

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

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 Bange

Enter the global frequency range.
All componentz in thiz ibram will be calculated with the same frequency range.

Frnir: ID ||3|_|2 ﬂ
Fmax: |20 |GH: =]

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:

e 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.

e 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.

16
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OPTIOMAL: Define Glabal Line 'width

Enter the global line width range. Alzo enter a default value to be uzed in zchematic enty,
Later, when defining the component parameters, this global line width range can be reused,

Mir: |5|:| Ium vl
Ma: {90 |um j

Drefault: Im | ™ ;I

© 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.

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

Auailable Components Selected Components
-C;i 100urm G ade bend
bend_m BEND
berd_r
cormer rrodde |
caorner_a
COMREr_am
COrner_m ¢<Deletess |
COrneEr_r LI

As you select components, note that:

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

Component description:  [Bend, arbitrary angle

o 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.

Prefix: [100umGads

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

17
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Customizing Component Names and Descriptions

In the Customizing Component screen, 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

100umiG adz bend

Change component name (without prefi

|bend

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

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.

e Select a component from the Select Component list.
Select Component

| 100umG ats_bend |

e Select a parameter from the Select Parameter list.

Select Parameter

W= 700 um
AMNGLE =900
FEECL = 50 um
LAYER = "zcond"

e Use the fields on the right side of the panel to edit the parameter.

18
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Edit Parameter

Name: [\ [Line width at ports)

Type: | Constant Y alue j

Enter conztant value [e.qg.: ]

[70.0 fum =]

[+ Display parameter on schematic

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

Imodcomp-2-01-15.gif!** 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.

o 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.

o 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.

o 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 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

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.

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.
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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

Library: mylibrary Prefizxz: 100umGai=s

Substrate: f{;~advdes=sv=1l . S~nomentum~lib=~100unGad=. =ln

Global Paramsters
frequency:; 0 GHz to 20 GHz, no default
line_width: 50 um to 90 um, 70 um default
line_spacing: 5 um to 50 um, 25 um default

Components and Paramsters
l00unGads bend: Bend, arbitrary angle
W= 70,0 un (Line width at ports, displayed)
ANGLE = 90.0 (Angle of bend, displayed)
FEEDL = 50 um (Feedline length, displayed)
LAYER = "cond" (Signal laver nane, 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.

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:

o Make sure that the frequency range, substrate definition, and component parameters
make physical sense.

e 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.

e For more suggestions, refer to Troubleshooting a Library
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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:

o Lists the status of the components in the library

e Displays any error messages or warnings

e Enables you to stop the process for a component or the entire library
Statusz/Control:1 E

Enter the library name to control or review the statuz of a Bbram in progress.

Library Mame: |myLibrary Emwsa_l

Status

Substrate - ExADS1S optsmomentuns1lib~100u;
Component prefix o 100umGahd=

Hr of components -1

MODELING COMPONENT : bend

Initial component =s=tatus @ new
Component paramneters - W, ARGILE. FEEDL. ILAYER

Hodel generation:
INSTAHCE SIHULATION 1
Hormalized paramseters : 7e-005%., 90. S5=-005., cond

Simulation time : DOh 1mS4= |
Hr of instances o1
Final component status : done
Compohent modeling time :© 0(Oh Zm 4=

q | o
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Model Composer Components

This section lists the model composer components. For more information, click the
required component.

bend (Arbitrary Angle Bend)
(modcomp)

bend m (Mitered Arbitrary
Angle Bend) (modcomp)
bend r (Rounded Arbitrary
Angle Bend) (modcomp)

corner (90-degree Corner)
(modcomp)

corner a (90-degree
Asymmetric Corner)
(modcomp)

corner am (90-degree
Asymmetric 50 percent miter
Corner) (modcomp)

corner m (90-degree Mitered
Corner) (modcomp)

corner r (90-degree Rounded
Corner) (modcomp)

cross (Cross Junction)
(modcomp)

cross s (Symmetric Cross
Junction) (modcomp)

gap (Symmetric Gap)
(modcomp)

gap a (Asymmetric Gap)
(modcomp)

open (Open-end Effect)
(modcomp)

rstub (Radial Stub) (modcomp)

slit (Symmetric Slit) (modcomp)

slit a (Asymmetric, One-sided Slit) (modcomp)

step (Step in Width) (modcomp)

step a (Asymmetric, One-sided Step in Width) (modcomp)

o taper (Tapered Step in Width) (modcomp)
o taper a (Asymmetric, One-sided, Tapered Step in Width)

(modcomp)

e tee (Tee Junction) (modcomp)
e tee s (Symmetric Tee Junction) (modcomp)

bend (Arbitrary Angle Bend)

Symbol
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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 > O

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

23
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GLE < 135

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 > O

corner (90-degree Corner)

Symbol
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Parameters

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

Range of Usage

W=0
FEEDL > O

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 > O

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

Symbol
25
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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 > O

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
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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 > O

cross (Cross Junction)

Symbol

1

Parameters
27
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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 > O

cross_s (Symmetric Cross Junction)

Symbol

i

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
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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=20
FEEDL > O

gap_a (Asymmetric Gap)

Symbol

e~ | [+

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
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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 > O

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
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Range of Usage

W=0

L=0

-270 < ANGLE < 270
FEEDL > O

slit (Symmetric Slit)

Symbol

L
1

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 > 0O

slit_a (Asymmetric, One-sided Slit)

Symbol
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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 > O

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

Symbol
]
o= —&
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 > O

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
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W1=0
W2 =0
L=0
FEEDL > O

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 > O

tee (Tee Junction)

Symbol
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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 > O

tee_s (Symmetric Tee Junction)

Symbol

1

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

Troubleshooting a Library
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This section identifies the problems that you may encounter while using with the Model
Composer feature and offers suggestions to fix the problem.

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

To troubleshoot this problem:

Ensure that you have installed the library (ADS Design Kit). Refer to Preparing to Use
Models.

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.

Problem: 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 the unphysical
combination of:

Substrate
Maximum frequency
Layout parameters

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

To solve this problem:

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.

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.

General Guidelines
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Refer the following guidelines for troubleshooting problems:

e A general workaround in most cases is 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.

« Examine 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.

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 Edt Select View |nsert Options Toolz  Layout

e E|& wf| 00 2| 13

Library Mams ——lmyLihrary j |1 00um

Ciow =l Palstis
mpanE o ..E:j.‘ Componem on Sche
OFEN TAPER

100umizafs_open
open_1

MW=F0.0 um
FEEDL=100.0 um
LAYER="cond"

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

e Preparing to Use Models describes the steps you need to take before you can use a
library. You must complete this section in order to use a library.

e Locating Models describes how to select a library and access components.

o Editing Component Values describes how to edit the parameters of a component.

e Moving and Copying Libraries describes how to copy or move a library to another
location.

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.

To add the library definition file:

1. From the ADS Main window, choose DesignKits > Manage Libraries. The Manage
Libraries dialog box appears, as shown in the following figure:
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i Manage Libraries

Nearme

Libraries and bbrary definition files used by this workspace,

= [lb.defs
+ - |20) analog_rf.defs SHPEESOF_DIRYoalibs)analog_if.defs

1) dep.defs

il H_Artenna_lb .\H_Antenna_lin Shared
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Fath Made
$HOME zample’multi_band_wrkimodelH_Antenna_wrkiib.defs

$HPEESOF DR oalibedep. dafs

[td Libeary Definition Fie| [Add Design kit From Favarites| | Add Libesry | [ Remove |

[ cose J[ _nee |

Click Add Library Definition File and browse to the following directory:

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

where <library_name> is the name defined in Creating or Editing a Library.
. After the path is entered, the name of the library definition file (lib.defs) is

automatically updated.

definition file.

ready for use.

Click Open in the Select Library Definition File dialog box to open the library

Click Close to close Manage Libraries dialog. Your Model Composer library is now

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.

File Edit Select View Inzert

===

- |
OPEN

|m*g,-rLihrE|r‘3,|r

o _-H

TAFPER

100um Ga

« From the Component Library: In the lists of libraries locate Model Composer, your
libraries will appear below this.
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i Component Librarg/5 chematic: 1 Hi=] &3

File Edit “ew Optionz Tool: Help

=8| =l B0 Dla=+]-| 4] |

Libraries Components
+- Analog/AF EI Component Drezeription
+ E-Syn 100umGats_open  OpenEnd Effact
+ RF-Synthesis 100umGads_taper  Tapered Step in Width
= Model Compager
myLibrary

¥ Analog Parts Librany (Mo Layouw
+- Microwave Transistor Libran
+]- HF Diode Library

lDefauIt Mode: Browse BAMAF Component Licer: r

© 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 and that you have selected Analog/RF
Design as your design type.

Editing Component Values
You can edit component parameters, based on the following conditions:

« A component has constant parameters, these parameters cannot be changed.

e« 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.

© Note
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/pmlg/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. Otherwise, you may use the incorrect copy or the library name
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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 > $SHOME/hpeesof/pmlg/libraries/< library_name >
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