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Introduction

This topic provides step-by-step instructions on how to get started in Circuit, Planar EM, and
System design and simulation with Ansoft Designer. As you explore the program, you will:

*  Start Ansoft Designer.
* Learn terms and concepts essential to understanding Ansoft Designer’s structure and behavior.
* Explore the Ansoft Designer desktop.

*  Build, analyze, and report the performance of basic designs with Ansoft Designer’s Circuit,
Planar EM, and System simulators.

The first step is to start Ansoft Designer.

Starting Ansoft Designer

Once you have installed Ansoft Designer you can start the program from the Windows Start menu.
To do this:

1. Click Start.

2. Select Programs.

3. Select the Ansoft Designer folder.
4. Select Ansoft Designer.

If the program fails to start, make sure you have installed the licensing option provided to you. See
the Installation Guide for detailed information on installing the software and licenses.
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Starting Ansoft Designer
Depending on your particular window configuration, you will see the Ansoft Designer desktop
appear as in the picture below. The windows inside your Ansoft Designer desktop may be located
differently compared to the picture.
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Opening Example Projects

Ansoft Designer ships with a collection of example projects that you can load, analyze, and
explore. To access these files, click Open on the File menu, and then browse to
<InstallationDirectory>/Designer/Examples, where <[nstallationDirectory> is the installation
directory you specified in Ansoft Designer Setup. The examples are grouped by simulator (Circuit,

Planar EM, System), with an additional group (Integrated) that demonstrates Ansoft Designer’s co-
simulation capabilities.
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Terms Used in Ansoft Designer

Terms Used in Ansoft Designer

It is useful to become familiar with some commonly used terms as we progress through the Getting
Started guide.

Project

A project is a design or group of designs organized and managed in one file—the *.adsn file.
Multiple projects can be opened in Ansoft Designer concurrently.

Design
Designs are the building blocks of projects, and can be circuits, systems, or 3D planar EM models.
Designs consist of schematics or geometrical models, model data, analysis setup information,

output graphs and tables, and other pieces of information that go into describing simulation of
electrical circuits.

Component

Components are the items placed on schematics and layouts that represent low-level electrical
elements and subcircuits. A component’s graphical representation in a schematic is a symbol, while
in a layout it is a footprint. Components have pins for connections, bitmaps in the project tree, and
properties for simulation. A component can be associated with more than one simulation if it can be
analyzed in more than one simulator.

Library

Components are organized into libraries. Libraries are then configured by the user (manually) or by
loading technology files (automatically) making them available for use in building designs. System
libraries are provided with Ansoft Designer. User libraries and Personal libraries are used to add
foundry support, user defined models, and any custom set of components or simulation models.

Technology File

A technology file initializes a design with a set of data to avoid repeated entry of commonly used
data. This data can consist of layers and stackup information for layout, configured libraries of
components, and substrate definition(s) for circuit analysis. Users and foundries can customize
Technology files for their own manufacturing process and simulation models.

Layers and Stackup

Layers are used in the layout editor to organized and operate on sets of geometry or other visual
indicators. Signal, metallized signal, and dielectric are common physical layers, while symbol (to
show component symbols in layout), error, and rats (to show connectivity) are non-physical layers.
The stackup contains additional properties of the physical layers, such as material, thickness, and
elevation. Geometrical information on these layers is used to generate masks for manufacturing.

Solution
A solution is the successful result of an analysis, or imported results available for plotting.
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Windows in Ansoft Designer
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Project Manager

The project manager shows the projects loaded in to Ansoft Designer. Each project may consist of
one or more circuit, system, or planar EM designs. Each design’s data, such as model data
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Windows in Ansoft Designer

information, ports and excitations, analysis setup information, and graphs, are displayed as entries
in a separate subtree in the project manager.

/ |_——_|-|< BFFiter ———————— Dauble-click the design icon
Click the £ node to expand -] D ata f6 SRS EhessChemEHC: Sditan
or collapse the free \\ - Durcid5880
[ Excitati )
iy st Double-click the substrate or
EEI--@ Parts analysis icon to open the definition
Right-click any object = $88 Analysiz f dialog for these objects
in the tree to open Miadt ]
its shartcut rmenu . o
----- ﬁ [ ptirnetrics
=[] Results
. @ w2 Plat 1 Couble-click the graph icon

-2 Definitions to display these results

Information contained in the design is organized into folders:

* Data—Substrate data, library references, netlist fragments, and so on

*  Excitations—Sources in the circuit

*  Ports—Ports in the circuit

* Analysis—Setup information to perform various analyses

*  Optimetrics—Setup information to perform optimization, statistical analysis, and so on
* Results—Collection of graphs and tables for the design

*  Definitions—The collection of components, symbols, footprints, and so on, accessible from
Ansoft Designer

Double-clicking an item in these folders typically opens a dialog used to set the properties of that
item.
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Windows in Ansoft Designer

Right-clicking a folder or item pops up a shortcut menu that allows you to perform various
operations. For example, right-clicking the design icon for a circuit design displays this menu:

Capy
E, Easte

Rename

» Delete

kadel Data L
Subcircuit »
ﬂ Add Analysis Setup...

Browse Methst
ﬂ Analyze
% Create Bepart...
Wiew DC Biaz *

4 Schematic E ditor
]'1—1&' Lavout Editor
30 Wiewer

' Close Editors

THRL »
Sraith Toal...

Dezign Properties. ..
Deszign Paszed Parameters. ..
1B Edit Motes...

Virtually all project editing and management can be done from the Project Manager window
using the right mouse button shortcut menus. Many of these menus are also available from the main
menu bar in the Circuit, System, or Planar EM menus.

The Components tab near the bottom of the Project Manager window allows you to browse and
select schematic components to place. It is organized by design type (circuit or system) and by
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component function. For example, the microstrip library has a number of categories and the set of
bend components is expanded:

=23 Microstrip ﬂ

ﬂj _General Components

ElﬂJ Bends

. - M5 Bend, 45deg. Miter
----- ™. M5 Bend, Arbitrary Sngle
" M5 Bend, Optimally Mitered
.=y WS Bend, Radial

LW MS Bend, Unmitered

ﬂj Capacitors

ﬂj Coupled Bends

ﬂj Coupled Lines

ﬂj Couplers

ﬂj Double Stubs

ﬂj Gaps

ﬂj Inductors

ﬂj Open Ended Lines

@l Radial Stubs

ﬂj Resistors

ﬂj Shorted Lines

ﬂj Tapered Lines

ﬂj Tranzmizsion Lines j

Project  Comporents | Search |

You can launch online help for a component from the Components tab of the Project window. To
do this:

1. Right-click its icon.

2. Click View Component Help.

To place a component, you can either:

*  Double-click its icon.

* Select, drag, and drop a component in the schematic editor.
* Right-click its icon, and then select Place Component.

Move your cursor to the schematic window. Now the cursor is accompanied by the symbol of the
component you chose to place. You can rotate the component by pressing the R key.
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To place the component, click where you want to place it. You can continue to place additional
copies of the same component by clicking at additional locations. To stop placing components, do
either of the following:

*  Press the ESC key

* Right-click in the schematic and select Place and Finish, Finish, or Cancel.

If you prefer not to use the multiple-placement feature, you can turn it off as follows:
1. On the Tools menu, select Options, and then click Schematic Editor Options.
2. Select the Multiple Placement tab.

3. Clear the check box for each schematic item for which you want to turn multiple placement
off.

4. Click OK.

The Components tab also includes a list of Most Recently Used (MRU) components and
Favorites. The MRU list shows the last 10 unique components used.

To add a components to Favorites, right-click it and select Add to Favorites. This is a very
convenient way of accessing commonly used components rather than navigating through the
component tree repeatedly.

The Search tab allows you to enter full or partial names of components and search for them. This
can be useful if you know some part of the name of the component you want to find.

The Project Manager window is a dockable window. It can be moved and sized any way you want
it and it can attach itself to any edge of the Ansoft Designer desktop. There are controls on the
window when it is docked, as shown below:

Grabh and Move Maximize Undock Close
_—
\ x|
=--F:] BandPass5880 -

=% BPFier

. E‘ Eata _ | _Resize

o gme Croid5330 Horizontally
E xcitations

: El Farts LI

Project | Components | Search |

Resize Yertically

Property Window

The Property window shows the properties of objects selected in the schematic and layout editors,
and objects in the Project Manager window. It allows you to modify property values. The Param
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Values tab lists the simulation parameters of the component or components selected. The General
tab lists the selection’s name, symbol name, reference designator, and so on. These are generally
not editable.

Properties |
Mame Walue | Uit |

il il

W2 W2

8] ] mm

SUB Duroid5880 |

Statug Active

Info MSSTEP |

Param Values Symbol

The Symbol tab provides information on the location of the component symbol in the schematic.
The Property Displays tab lists the properties of the component that appear on the schematic, for
example, C = 10pf for a capacitor. By clicking in the visibility box, you can choose how this
information is displayed: None results in no label being shown; Name results in just the component
name, i.e. C; Value results in just the component value, i.e., 10pf; and Both results in both the
name and the value, i.e. C = 10pf being shown. This can be used to customize what the schematic
looks like, which can be useful for very complex circuits where both Name and Value may be
unnecessary.

Moving the Property Window

The Property window is a dockable, resizable window and can be positioned elsewhere on the
desktop, as you may find convenient. You can change the relative widths of any two adjacent
columns in the Property window by dragging the header separator between them:

| it |[\ Drescription I | Urit #]|s  Description
Pnductar width Conductor width

Launching Online Help from the Property Window
You can launch the online help for a component from the Property window. To do this:
1. Click the Param Values tab.

2. Locate the Info parameter entry, and then click the button in its Value cell:

Properties Dialog Box

Like the Property window, the Properties dialog box shows the properties of selected objects,
and, where appropriate, allows editing the values of these properties. It is an expansion on the
Property window in that it allows access to additional editing commands, and to settings for
tuning, optimization, sensitivity, and statistical analysis, that are not available through the
Property window.
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To open the Properties dialog for a component, double-click the component.

Propetties
Parameter ¥ alues |Eeneral| Symboll Praperty Displa_l,lsl
% Walye ™ Optimization ™ Tuning ™ Senzitivit ™ Statistics
Mame | Walue I Lnit I Dezcription I Oweride I
£ 1E2.5 Obm Characternistic impedance |7
E FEL Electrical length |7
A 0 Abtenuation at F I_
F LFP Reference freguency for E & & F
Statuz Active I_
I" Show Hidden

(1]4 I Cancel

The Parameter Values tab lists the simulation parameters of the component or components
selected. The General tab lists the selection’s name, symbol name, reference designator, and so on.
These are generally not editable. The Symbol tab provides information on the location of the
component symbol in the schematic.

Hints °* You can resize the Properties dialog box by dragging its edges.

*  You can change the relative widths of adjacent columns in the Properties dialog
box by dragging the header separators between them:

I LIt |I\ Drescription | I Urit +]}»  Diescription
Pnductor width Conductar width
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Message Manager

The Message window shows error and informational messages about various processes in Ansoft
Designer. These are often related to the status of a simulation, including any errors it may have
produced.

- EFFilter5aa [0/ datar]
D = BandPasssEcn
1] o _irj Analyziz "MHWwWAT" of "BandPazsh880" successfully completed.

Messages are organized by project, and then by circuit. Because a design can contain multiple top-
level and subcircuits, and multiple analyses can be set up for each, this organization helps you
determine where errors have occurred.

Clearing Messages

The Message Manager clears at the start of each analysis. To manually clear messages, right-click
the message tree and select Clear Messages for <ProjectName>, where <ProjectName> is the name
of the project for which you want to clear messages.

Hiding the Message Window Until Messages Appear

If you prefer to hide the Message Manager until a message is added:

1. Click Tools>Options>General Options.

2. Select Show message window on new messages.

You can now close the Message window and it will re-open when Ansoft Designer reports any
errors, warnings, or successful completion of any simulations.

Moving the Message Manager

The Message Manager window is a dockable window. It can be moved and sized any way you
want it and it can attach itself to any edge of the Ansoft Designer desktop. There are controls on the
window when it is docked.

Schematic Editor

The Schematic Editor window allows you to place components and wire them together. You can
move components by simply selecting and dragging them. Copy and paste can be used on
components and their wires within the schematic editor. You can also copy and paste to other
schematics.
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As you place the cursor near a pin of a component, it changes from an arrow to an X. This indicates
that the schematic editor is in the wiring mode. In the wiring mode, left-click to start drawing a
wire. Left-click again to end the wire.

——_|
[ =

C
W=
=51
P=P1 Pirt2
Wiring Start .
C
W=
3=51
P=P1 Port2

Wiring Finish

Commonly used items such as ports, n-port black boxes, grounds, and page connectors can be
placed in the schematic by clicking their toolbar icons or by using the Draw menu.

View controls to zoom in, zoom out, and fit the drawing to the editor window are available on the
View menu, and on the shortcut menu that opens when you right-click in a schematic.

Layout Editor

The layout editor shows the physical realization of the circuit. Components such as transmission
lines will be drawn on the metal layer. Components that don’t have footprints, such as ideal
capacitors, will be represented in the layout as schematic symbols to indicate that no footprints are
associated with them. Arbitrary graphical primitives unrelated to modeled elements can also be
drawn.
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When components with footprints are added to a layout or modified, their footprint connection
points may no longer be properly aligned with those of other components. To correct this
misalignment, click Align Mw Ports on the Draw menu.

3D Layout Viewer

Once you have defined a layout and its layer stackup, you can view the entire structure in 3D by
doing either of the following:

*  On the Circuit menu, click 3D Viewer.
* Right-click the design in the project manager, and then click 3D Viewer.

The view can be rotated, zoomed, spun around, and animated.

Results Windows

When a design has been successfully simulated, you can generate results in a wide variety of forms,
including XY, polar and 3D graphs; Smith charts; and data tables. Various attributes of each can be
customized to your liking.

Progress Window

When a simulation is started, the progress window becomes active. Each simulation run will have
its own progress bar. Right-clicking the bar allows you to abort the simulation or view simulation
details.

BPFilter on Local Machine - B

I

41 of 100

L4 |+

You can configure the Progress window to appear only when a simulation is running. To do this:

1. Turn off the Progress window display by clearing the Progress Window setting on the desk-
top’s View menu.

2. On the desktop’s Tools menu, choose Options, and then click General Options.

3. On the Project Options tab, select Show Progress Window when starting a simulation.
4. Click OK.

The progress window is also a dockable window, so you can position it where you like.

Now that you’ve gained experience with the essentials of Ansoft Designer’s desktop and windows,
you’re ready to explore how to set up linear analysis in Ansoft Designer. The Planar EM and
System simulators are described later in this Getting Started guide. Each of the three chapters
describing the Circuit, Planar EM, and System simulators can be studied independently if desired.
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Circuit Design

This topic shows you how to get started with Ansoft Designer’s schematic editor and Circuit
simulator by building and analyzing basic linear and nonlinear circuits. Its coverage assumes that
you are already familiar with the basics discussed in the Introduction to Ansoft Designer topic.

As you work through this Circuit Design topic, you will:

*  Gain experience with linear circuit simulation in the Ansoft Designer design environment
through constructing and simulating a 5-GHz bandpass filter.

* Learn how to report simulation results using Ansoft Designer’s post processing functions.
*  Learn how to validate a Circuit design with Ansoft Designer’s Planar EM structure simulator.

*  Gain experience with nonlinear circuit simulation through constructing and simulating a
single-diode mixer.

®  Learn how to set up parameterized subcircuits through constructing a two-level circuit
hierarchy.

The first step is to start Ansoft Designer if you have not already done so.

Example: An Edge-Coupled Bandpass Filter

This section will guide you through building and analyzing a simple example while demonstrating
basic features, and some advanced features, of Ansoft Designer.
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Example: An Edge-Coupled Bandpass Filter

The filter was synthesized in the Filter Design tool within Ansoft Designer, but instead of simply
creating the design from the synthesis tool, we will construct it manually to show the basic steps.

1. Start Ansoft Designer: On the File menu, click New g

File Edit “iew Project Draw  Scher

gm
= Open... Chrl+01

A new project is added to the project tree. It is named Projectn by default, where # is the order

in which it was added to the current session of Ansoft Designer.
Select the new project’s name in the Project Manager window.

3. On the Project menu, click Insert Circuit Design & .

In the Choose Layout Technology dialog box, select MS - RT_duroid 5880 (ER=2.20)
0.020 inch, 0.5 oz copper, and then click Open.

Choosze Layout Technology

]|

M5 - Alumina [Er=9.8] 0.010 inch, gald

kS - Alumina [Er=9.8] 0.025 inch, gold

kS - FR4 [Er=4.4) 0.030 inch, 0.5 oz copper

k5 - FR4 [Er=4.4) 0.060 inch, 0.5 oz copper

M5 - BT durcid 5350 [Er= 0.010 inch, 0.5 oz copper
M5 - BT duroid BH | 0020 inch 0.5 0z copper
kS - BT _duroid 6010 [Er=10.2] 0.010 inch, 0.5 oz copper
MS - BT _duroid 6010 [Er=10.2) 0.025 inch, 0.5 oz copper
PCE - DoubleSided

PCE - SingleSided

SL - Alumina [Er=9.8] 0.070 inch, gold

5L - Alumina [Er=9.8] 0.025 inch, gold

SL-FR4 [Er=4.41 0030 inch, 0.5 oz copper

SL - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper

SL - RT_duroid 5380 [Er=2.20) 0.010 inch, 0.5 0z copper

SL-RT_duroid 52280 (Er=2.20) 0.020 inch, 0.5 oz copper ©
5L - HT_durn:-iu:I B0 [Er=10.21 0.010 inch, 0.5 oz copper j

Open I Browse. .. Hone | LCancel |

A new, empty schematic, associated with RT Duroid 5880 technology, opens in the Ansoft
Designer schematic editor.

Note

2 -2 Circuit Design

If you want to open a new schematic that is not associated with the set of definitions

that come with a technology file, you can click None rather than selecting a technology
and clicking OK. This is useful for basic concept designs that do not or need not contain
manufacturing or substrate information.



Example: An Edge-Coupled Bandpass Filter

5. On the desktop’s Schematic menu, click Layout Stackup @ .

Note that the stackup has the RT Duroid 5880 substrate material and 0.5-ounce copper for the
signal layer:

The Stackup tab shows the material layers upon which the filter will sit. There is a
copperinfinite ground (metallized signal) layer with zero thickness. On top of the ground is a

Edit Layers - BPFilter

Layers  Stackup |

b aterial [Dragtode| Thickness | Lower Elevation| Upper Elewvation
COpper middle align [ 0.672mil 5 : i
Rogers RT/duroid 5880 [tm] | 20rmil Ol 20rmil
Ground  metalized... COpper | rriddlz align | Oril Qrrill Ol
1] | I
Add Layer... Bemove Layer Mumber of Sublayers: |1 _Ij v Soit

QK I Cancel | Helm |

Rogers substrate (dielectric), which is 20-mil thick. Finally, on top of the substrate is a trace
layer that will consist of the metal outlines required for the filter, which is 0.675-mil-thick
copper (0.5-o0z copper.)

In this picture, the Material column has been resized for better readability.
Click OK.

You can also expand the default project name in the project tree and the Circuitl Data icons to
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Example: An Edge-Coupled Bandpass Filter

reveal the substrate defined in the technology file:

=[5 Prajectz®

-4 Circuit]
-] Data

-mma Duraid5880
Excitations
-fE] Ports
..... 8k Analysis
..... i§ Optimetrics
Fesults
-1 Defiritions

The asterisk after the default project name indicates that the contents of the project have
nce it was last opened or saved. Don’t

changed—with your addition of Circuitl at step 4—si
save the project just yet; we’ll do that shortly.

8.  Double-click the Duroid5880 substrate icon to view the substrate detail:

Substrate Definition

M= E3

r Dielectric
Substrate Mame: |[EIE] r— Layer reference: Dielectric
H | 20 i =]
Substrate Type: |Microstrip j £ |—22 - I—EI
r :
TAND | DoDos  Msa [ O
MRem [ 0
Cover —» HU I Imm j Select ... |
Ietalization A HLI ;
Edit
Substrate 4'
Dielectric: H -
Er, TAND r fetalization
Maﬂréil%: Specify by Layer j Layer: Trace I
MREM Ground
TANM b aterial I Resistivity I Thickness Uit
1 | copper 1.7241379.. 0E?S mil
2|
3
Roughness: 1] Imil j Edit |

Ok, I Cancel |
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Example: An Edge-Coupled Bandpass Filter

Note that the dielectric information is visible but inactive. This indicates that this substrate
definition is referencing a layer in the stackup. The metallization is also referencing the Trace
layer. You can edit either of these reference-based definitions by clicking its associated Edit
button, but doing so will break the connection to the physical stackup.

9. Click OK.
Build the Circuit Design

We will now place the components in the schematic.

1. Click the Components tab of the project manager, and expand the Microstrip folder and the
Coupled Lines icon:

=48 Circuit Elements
Eiﬂj Coaxial Cable
|'J'| {21 Coplanar ' aveguide
E- 1271 Filters
H- 127 Five Layer
ﬁ Four Laper
77 Graunded Coplanar W aveguide
ﬂj Ideal Dizstributed
ﬂj Ideal Microwave
l+ 127 Lumped
I_'I a Microstip
|+1 ﬂ' General Components
- ﬂ' Bends
Fﬂﬂ' Capacitors
Fﬂﬂ' Coupled Bends
I':'IﬂI Coupled Lines
 "Z MS Coupled Lines (02)

J

J

F

-

;T

-

;T

-

g

-

g

J
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Example: An Edge-Coupled Bandpass Filter

2. Find the component MS Coupled Lines w/Open Ends, Symmetric, five up from the bottom
of the Coupled Lines list. Select the coupled line component and drag it across to the
schematic window. Place four of these components in the schematic so the first and second,
and the third and fourth, are positioned apart, with the second and third connected:

i Project? - Circuitl - Schematic

e |
= — ]
ik imm
S 1mm e
f=Atmn. 1= Amm
s B
P=10mm
i [ =
= imin 1k Amim = |
E=imm
P=10mm
1 |Nf:w Pagﬂl -
Kl _ M

3. Expand the component group called _General Components. Select the MS Step component
and drag it across to the schematic window.

B3 Microstnp

I_:_IﬂJ _[eneral Components

- S Ar Bndge

----- M 145 Bond Pad

----- = M5 Compenzated TEE Junction
----- '.' kS Crozs Junction

. M5 Crossover, O

- M5 Crossover, Tand

----- = M5 Dielectic Resonator, Band P

- JUL b5 Meander Line

& 15 Shifted Double Stub

-t b5 Slit i Line

— - ,-. M5 Step

----- M WS Tee - Ref. Plane at Center
----- M WS Tee - Ref. Planes at Edge
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Example: An Edge-Coupled Bandpass Filter

4. Place one step between the first and second couplers, and a second step between the third and
fourth couplers. When placing the second step, press the R key twice to rotate; z p it is turned
around. Then, select the second step and click the Flip about X toolbar icon J"" .

The schematic should now look like this:
i Project] - Circuit] - Schematic
U= imm
p=ammm Ut Amm
N S T
P=10mm
e I
=1 i IS
S Aimm
P=10mm
1 | Mew Page | -
<] _ v

Add Ports

Add two ports by doing the following:

1. Click the Port toolbar icon .

2. Click to place the port to the left of the first coupler section.

3. Double-click the port symbol.

The Port Definition dialog opens. In this dialog, you can modify the port’s name, termination,
and other characteristics. For now, leave the termination set to 50 ohms.
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Example: An Edge-Coupled Bandpass Filter

4. In the Symbol group, click Microwave Port:

Port Definition |

— Port Symbol

Part name: IF":'rrI i~ Interconnect

Part fumber: I1 :ll fT}Micrnwave Port
— Termination

' Simple termination; Re: IEU Iri: ID IImpedance j

" One-port data: I j Bt | [Sreate HEw. |
Click OK.

Use this procedure to place a second port at the filter output.

Right-click the second port, and select Flip about Y.
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Example: An Edge-Coupled Bandpass Filter

The schematic should now look like the following:

Bl Project? - Circuitl - Schematic =] E

I

Porld
PHLUM=1

e e e e
E=D0hm P_1E:m IAZ=2mm
k= 1mim
L son [ 2]
T P=10mm
k= imm
NZ=Zmm
F=10mm Wi imim oriz
E=imm e
P={0mm PHUM-Z
RAZ=500Hm -
E=O0hm
.
1 | MNew Page | =|

Kl | [l

Add Variables

Since the dimensions of edge-coupled filters are symmetrical, we will use variables to define the
transmission line widths, lengths and spacings.

1. From the Circuit menu, select Design Properties.

Variables can be defined in two Design Properties tabs. The first tab, Parameter Defaults,
defines parameters for which values can be passed into the design when it is inserted into a
parent circuit as a subcircuit. The second tab, Local Variables, defines variables that are only
accessible in this design.

2. Click the Local Variables tab, and then click Add.
The Add Property dialog box opens.
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Example: An Edge-Coupled Bandpass Filter

3. Type W1 in the Name box and 0.645mm in the Value box, and then click OK.

Name [ + Variable €7 Checkboy €0 fletist 2 Tt © Hurber ) Separater
) il ) feru € File Mamer  #0) WEoitt 1 Pt
Valug 11 545mm

E nter initial value into Yalue field. This should be a number, variable, or expression. Referenced project variables should be prefised with a '$. Examples: 22.4pF, $C1,
2 coz($x].

oK I Cancel

4. Keep adding variables until you complete this set:

W1 0.645mm
W2 0.780mm
S1 0.197mm
S2 0.621mm
P1 11.0mm
P2 10.95mm

5. Click OK to close the dialog box.

Note Whether you are defining project, local, or parameter variables, intrinsic names (f, freq,
Ib, etc) are reserved and cannot be used or entered into the source and port diaglogs.

Assign Variables to the Components

1. Select the first and fourth coupled line components by pressing the CTRL key as you click
them.

*  Alternatively, right click the two selected components and bring up the Properties dialog.

The Properties window now shows the parameters for both components.
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Example: An Edge-Coupled Bandpass Filter

2. Working in the Properties window, enter the values W1, S1, and P1 for W, S, and P:

3.

4.

2| 0] x|
Walue | nit | =
Duroid5880 | =

Parameters | General | Symbal |

Next, select the two inner coupled line sections and change their parameter values to:

Hame Walue nit | =
5 52
P Pz
SLE Durcid5880 | r

Parameters | General | Symbal |

Select the two step components, and then change their parameter values to:

W alue

[ ot | ]

SUB Duroid5880

mrn

Parameters | General | Symbol |
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Example: An Edge-Coupled Bandpass Filter

Now the schematic has all parameters assigned:

Part1
FHLUKEA
RZ=500hm
1Z=010hm

e ]
P=P1

||}—

g‘i:;';ﬂ =i l:l |
PPz e
- = -
5=51 o
P=P1{ PHUNEZ
RZ=500hm
IZ=00hm

||}—

Next, we’ll change the schematic name from Circuitl to BandPass5880:
a. Click the Circuitl icon in the project tree, and then click its name.

The name label turns into a text box, with the existing name text selected for editing.
b. Type BandPass5880, and then press ENTER.

On the File menu, click Save. Type BPFilter5880 into the File name box, and then click
Save.
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Example: An Edge-Coupled Bandpass Filter

Set up the Circuit Analysis
We must add an analysis setup before we can analyze Hlter circuit.
1. On the Circuit menu, click Add Analysis Setup

. The Analysis Setup dialog box opens:

Analysiz Setup

Linear Metwark. &nalysiz -]

Frequency Domain |—
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Example: An Edge-Coupled Bandpass Filter

2. We want to perform a linear network analysis in the frequency domain, so click Next.

Linear Network Analysis. Frequency Domain E
Analysiz Setup Option [Default Options) |
Group Delay — Sweep Yaniable
[™ Enable Group Delay Caleulations Hame SweepMalue I S_l,lnu:l
F
Eeriratian ] ID.'I

Add... Hemosye Edit.,. Sync |

< Back I Finish I Cancel

3. Select the sweep variable name F, and then click Edit:

Sweep Variablez

Mame Sweepidalue Sync
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The Add/Edit Sweep dialog box opens:

Add/Edit Sweep

Yariable IF j
" Single value Start
&+ Linear step || IEHZ j
" Linear count Stop
i~ Decade count I IGH2 j
i Octave count Step
" Exponential count I IEH2 j

Offzet from F1
’7|_ |lze fregueney eween value a8 affzel fiam B

Lodd| #

= Hemmye

[Melete

FIlE

Example: An Edge-Coupled Bandpass Filter
|

Sweep Yalues

ok |

Enter these three frequency sweep values:

Start 4 GHz
Stop 6 GHz
Step 5 MHz

When you’re done, click Add, click OK, and then click Finish.

Sweep YW arables

M arne

SweepMalue

LIN 4GHz BGHz BMHz
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Start the Circuit Analysis

Start the Circuit Analysis

* To start analysis, click Analyze on the desktop’s Circuit menu.
The Progress window activates to show how much of the analysis has been completed:

BPFFilter on Local Machine - B

I

41 of 100

[4] |+

Once analysis is completed, a message is placed in the Message window indicating that the
analysis was successfully completed. Should any errors occur, messages about them will be

shown too.

BPFilter5B80 [D:/data/]
BandPaz=h880

=y =1ES

e j) Analysiz "HWAT" of "BandPaz:b830" successfully completed.

In this picture, the BPFilter5880 icon has been expanded to show the message text.
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Start the Circuit Analysis

Working with Post Processing

1. To create a graph, click Create Report on the Circuit menu. The Create Report dialog box
opens:

Create Report E |

Target Design: IEF'FiIter j
Beport Tupe: | Standard =]
Display Type: [Rectangular Plat |

Canicel |

We will plot S parameters in a rectangular (XY graph, so the default Display Type selection
is fine. You can also report circuit performance in polar and Smith graphs, and on table
listings, by selecting a different display type.

2. Click OK.
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Start the Circuit Analysis

The Traces dialog box opens:

Traces E
| ¥ | v [ ov-ais |
Add Trace | Add BlankTrace | Heplace Taee | Hemove Tase Eemave Al Traces
Design: IBandPassSBBU j Sweeps I # ¥ |
Solution; Irll\"\"l""“1 j Categony: Quantity: Function:
— Variables ang
amair: ISWEEFI T 1 | Output Variables 512 ang_rad
521
' Parameter 522 im
Z Parameter rmag
H Parameter re
G Parameter
ABCD Parameter
Moise
: Gain
Output Variables... Fretum Loss
Stability
Others
All
Termnination: 50 ohms Set Terminations... |
Soply | [ore | Cancel |

3. To quickly plot S parameters for the bandpass filter, multiselect S11 and S12 (click S11, and
then click S12 while pressing the CTRL key), and then click Add Trace. This creates two
entries in the trace definitions list at the top of the dialog:

» [ Y [ r-ais |
1| dBIS11) 1
2 |F dBI512] 1

4. Click Done.
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The graph of 1 and S}, opens:

Ansoft Corporation
XY Plot 4 RLLE]
BandPass5820

W1 ——

0.00

a8 512

10,00

-20.00 /

% l \

40,00 |
400 4.3 500 5.3 E.
F [GHz]

¥

-30.00

The Traces Dialog Box

The Traces dialog is organized to provide the flexibility to define a great many different graph
types while keeping the task of creating simple graphs quick and direct. The controls and options in
the Traces dialog box include:

*  Design—If the project has multiple top-level designs, selects the desired design.
*  Solution—If the design has multiple analysis setups, selects the desired analysis.

* Domain—Selects a report domain (including frequency, time, spectral, and sweep) from
among choices that depend on the analysis type and setup.

*  Sweeps tab—Allows you to select sweep variables and determine their ordering in trace
specification.

* X, Y tabs—These specify the calculation to be plotted against the X and Y axes.
* Category—Lists groups of responses and calculations so you can easily find them.

* Quantities—Lists the responses and calculations available from the simulator for each
category.

*  Functions—Allows you to apply common math functions to response calculations.
The available trace operations include:

* Add Trace—Adds a trace as defined in the Sweeps, X, and Y tabs.

* Add Blank Trace—Add a blank to the list of traces to be used for editing.
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Start the Circuit Analysis

* Replace Trace—Replaces the selected trace definition with the trace defined in the Sweeps,
X, and Y tabs.

* Remove Trace—Deletes the selected trace definition.
* Remove All Traces—Deletes all trace definitions.

* Y-axis—Selects the Y-axis (Y1 through Y4) to which the selected trace is assigned. Click in
the Y-axis value cell to select the desired Y-axis.

Note that the text in the X and Y trace columns is editable, so you can manually type or modify any
trace definition. Ansoft Designer validates your manual input as soon as you click out of an edited
field.

There are a number of attributes you can control from within a graph, such as changing colors, line
widths, axis scaling, and so on. These features can be accessed three ways:

* Double-click a trace. A properties dialog box opens, giving you access to the trace’s color, line
width, and symbol settings.

*  Double-click the graph’s X or Y axis. A properties dialog box opens, giving you access to
settings to the axis’ color, scaling, and unit settings.

*  Double-click the graph’s background, border, or grids. A properties dialog box opens, giving
you access to settings for the colors and, if appropriate, line style of the selected object.

A number of operations are available from the graph shortcut (right-click) menu:

NS
b\ kadity Repart

Zoom [n

Zoom Out / Autozcale
[race [uEe ¥
Drata b arker

Mark All Traces

—  Arraws —
Add Label
[Velete \
[elete &l Tags
Aocumulate

Erint
Copy ta Clipboard
|

*  Modify Report—Opens the Traces dialog box for the current graph.
*  Zoom In/Out/Autoscale—Magnifies a portion of the graph, or autoscales the view.

* Trace Type—Enabled when a trace is selected. Modifies the method of viewing the trace.
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Data Marker—Puts a tag on the trace to mark a specific point.

Mark All Traces—Displays values for corresponding data points of multiple traces. Also
finds minimum and maximum values for a single trace or a family of traces.

Arrows—Displays arrows on the trace to show increasing calculation index.
Add Label—Puts a text label in the graph.

Delete—When a trace is selected, deletes the trace.

Delete All Tags—Deletes all data markers and their legends.

Accumulate—Keep prior traces on the graph up to the accumulate depth.

Note You can set the accumulate depth as follows:

1. On the Tools menu, point to Options, and then select Report 2D Options.
2. Select the General Option tab.

3. Type a value in the Accumulate Depth box.

4. Click OK.

*  Print—Prints the graph.

*  Copy to Clipboard—Copies the graph on the clipboard for pasting into other applica-
tions.

Numerous other default options, such as table fonts and trace colors, can be modified in the Report
2D Options dialog.

Modify the Data Markers

L.
2.

Select Data Marker, and you’ll see a small marker on the first trace.

Select the S12 trace legend to put the data marker on that trace. As you move the cursor, the
data marker follows it. You can also use the keyboard arrow keys to move the marker left and
right and between traces.

Position the marker near the lower-frequency —3-dB point and click (or press the T key). A tag
will appear.
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4. Move the marker over to the second —3-dB point and click again; a second tag will appear as
shown.

Ansoft Corparation
WY Plat 2
BandPass52580

V1—l—
dB{51 1{ckt=BPFilty

0.00

1 ——
dB(51 2ickt=BPFilty

-0n.oa

Too-20.00 /
-

-30.00

/ r \

4.5 5) 5.4 X
F [GHz]

1= 4.72GHz Hi= §.30GHz
fi=-2.90 i=-204

5. Exit marker mode by either clicking the right mouse button to bring up the popup menu and
select Exit Data Marker, or press the Esc key.

6. To delete data markers from the graph, do either of the following:
*  Click a tag legend you want to delete, and press DELETE.
* Right-click in the graph, and select Delete All Tags.

Tuning

Tuning provides an interactive means of changing a design’s variables or component values and
immediately viewing the results. In this example, all our component parameters are set by
variables, so we will only tune the variables.

1. On the Circuit menu, click Design Properties.
2. Click the Local Variable tab.
3. Select the Tuning option.
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4. You can select any of the variables to include in tuning. For now, select Include for W1, W2,
P1, and P2.

Properties E

Parameter Defaults  Local Variables |Genelal|

" Walue ™ Optimization & Tuning ™ Sensitivity " Statistics
Hame I Include I kin | Uit I (ET] | Urit I Step I LIt |
W1 F 03225 mm 03675 mm 0.0645 mm 0.k
m W |7 0.39 T 1.7 i 0.07g ] 0.
st 009 mm o 0.2955 mm 00197 om0
i 52 I_ 0.3105 ] 00621 i 0.k
WG [ 55

] 11 ] 11

< | i

¥ Show Hidden
| Bemove

QK I Cancel | Help |

The minimum and maximum values are automatically set to be 0.5 and 1.5 times the nominal
value. You can change them if you want to.

Click OK
On the Circuit menu, click Tune.

%
The Tune dialog box appears.

Tune - BandPass5h880 [_ [

rd -,_,,Ea_l,,_-[,i_','!]-,.d [~ Sweep X - Sweep X Sweep x Sweep x|
P feaumiae P |2 e [P |
Sim. Setups| Tune [0.9678) [ 147 - [ 165 - [16.425 _ ’
MHominal: : Maminal: E Waminal: E MHaminal: -
ITI e I |D.845 - ID.?S |1‘I - I‘ID.SS
e e | [ 03 - [ 55 - [5475 -
FEset I Cloze I LI LI
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The main part of the dialog consists of the tune variable sliders. With Real Time selected, Ansoft
Designer performs a new analysis each time you move, and as you move, a slider to a new value.
You can also set up a sweep of a tune variable by selecting its Sweep check box. To remove a tune
variable from the dialog box, click its close button. [x]

Selecting Real Time indicates that the program will do an analysis and update the graphs each time
a slider is moved. Clearing Real Time allows you to position the slider without performing an
analysis until the Tune button is clicked.

If the BandPass5880 design included simulation setups other than NWA, the simulation setups list
would include them, and the Tune check box would be selected for each by default. The state of the
Tune check box for an analysis determines whether or not tuning will be performed for that
analysis.

Briefly, the other tune controls include:
*  Tune—Performs an analysis.
*  Abort-Stops the analysis.

* Save-Saves the current state (values) of the tune variables and names this state. Optionally
applies to the design the new values achieved through tuning.

* Revert—Restores a saved state.
* Reset—Reverts the design to the original tune variable values.

*  Close—Closes the tune session. As the session closes, you will be asked if you want to apply
the tuned values if you have not already done so.

7.  Move the sliders and watch the graph change. You can edit the design, change its properties, or
change the analysis setup while the tune dialog box is active. So, for example, you may want to
reduce the number of analysis frequency points for faster tune updates.

8. When you are finished, click Close.

9. You are then given the option to apply the tuned values to your design. For this example, select
Don’t Apply.
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Finalize the Physical Layout
Now that we have entered and analyzed the circuit, and have verified that its behavior is acceptable,
we are interested in viewing and finalizing the physical layout of the circuit.

1. On the Circuit menu, click Layout Editor E )
The Layout window opens, displaying a group of primitives as in the picture below:

Bl BEFPFilter5880 - BandPaz=5880 - Layout =] B3

4] 1 vl

2. All the coupled sections are there, but they are not aligned. That is, their connection points are
not physically touching with the correct orientations. To correct this:
a. Select all the items in the layout (press CTRL+A or draw a selection box around all of the
sections).
st £y
b. On the Draw menu, click Align Mw Ports _+| or press the Ctrl+M.
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The layout should now look like:

Bl BPFilter5880 - BandPass5880 - Layout M=l B

‘F:F"""""’""""‘_‘-’-;L
L L R N

MY Y Y T T =

FrETTTIiER.
o e ey !’-

Port2

3. You can also view the 3D image of this layout:
a. On the Circuit menu, click 3D Viewer.

b. Use commands on the 3D Viewer right mouse shortcut menu to zoom, rotate, and pan the
image. The 3D Viewer shortcut menu is also available when you right-click the layout
window.

*  Alternatively, press Alt + Shift and move the mouse to zoom, press Alt to rotate, or
press Shift to pan.

c. Return to the regular layout view by clicking Layout Editor on the Circuit menu.
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d. Make sure you are viewing the Planar EM design: Click the Planar EM design in the
project tree.

Bl BPFilter5880 - BandPaszs5880 - Layout3D =] E3

L.

Exporting to Planar EM Analysis

We can verify the design using electromagnetic (EM) planar analysis. To do this, we must first
export the circuit layout geometry using Ansoft Designer’s Copy to Planar EM command. We can
copy all of the layout geometry to Planar EM or only a portion. In this example, we will copy
everything to Planar EM.
1. Return to the layout editor by selecting the layout window from the Window menu.
2. Select all of the items in the layout window by pressing Ctrl+A or by drawing a selection box
around all the items.
3. On the Edit menu, click Copy to Planar EM.
A new Planar EM design is added to the project. It is equivalent to the circuit design just
created.
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The filter geometry is now available in the Planar EM layout editor. Since both Circuit and Planar
EM layouts are identical, care must be taken when viewing and editing the two designs. The Circuit
design is known as BandPass 5880, while the equivalent Planar EM design is known as

_EM BandPass5880. The two layout windows are listed on the Window menu.

| findawe Help

Rlews Window

Cascade Ckrl+0
i Tile Horizonkally Zhrl+1
! Tile Wertically Ckrl+2

Arrange Icons
Close All

1 BPFilter5880 - BandPass5880 - Schematic
2 % Plok 1
3 BPFilter5880 - BandPass5380 - Layvout
4 BPFilter5E880 - BandPass5850 - Layvout3D
v 5 BPFilkerS3580 - _EM_EandPass58301 - Lawouk

Items to consider when copying Circuit layouts to Planar EM:
*  Hierarchical designs will be flattened.

*  Parameterized designs will remain parameterized.

*  Port definitions will be maintained as much as possible.

*  Scripted footprints will be instantiated and will no longer be scripted.

Compare the Planar EM Model to the Circuit Analysis Results

To compare the behavior of this model to the Circuit analysis results, we must add 50-ohm
feedlines to each end of the filter. Otherwise, the EM analysis will terminate the ports in their
characteristic impedances, giving results that cannot be validly compared with those from the
Circuit analysis of the filter.

1. First, remove the ports from the Planar EM design because they are not 50-Ohm ports:

*  Select the ports one at a time in the Excitations folder of the Planar EM design in the
project tree, and then press Delete.
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2. On the Draw menu, select Primitive, and then click Rectangle to change to the Rectangle tool

5| - Then:
Make Trace the active layer by clicking it in the Active Layer pull-down list in the menu

bar:

a.

= = sserply  ofown -]
- Meamves
0 L — N T
[ Tt

- Assembly
|:| Silksoreen
B Diclectric
B Geound

be|]o )&

b. Draw a rectangle, and then edit its properties to make it 5 mm wide and 1.58 mm high.

This makes 50-ohm line.
Place the line at the input to the filter, carefully aligning it with the input portion of the
coupled lines.
d. Copy the line by pressing Ctrl+C, paste it by pressing Ctrl+V, and add the copy to the other
end of the filter. Your drawing should look like this:
=] e

Bl BPFilter5880 - PlanarEM1 - Layout

3. The lines just added must be merged with the line segments they adjoin. To do this:
Multiselect the left 50-ohm line and the coupler line it adjoins. (Press and hold CTRL,
click one structure, and then click the other.)

b. On the Layout menu, select Merge Polygons, and then click Union.

a.
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c. Do the same with the right 50-ohm line and the coupler line it adjoins.
4. Next, we must add ports. To do this:
a. On the Edit menu, click Select Edges ﬂ

b. Move the cursor close to the left edge of the filter. As the cursor nears the edge, it changes
to a solid arrow touching an oblique line, indicating that you can select the edge:

c. Click to select the edge:

5. On the Draw menu, click Edge Port ﬂ .
The selected edge becomes a port.
6. Do the same on the other side so that you have two ports.
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Your Planar EM design should now look like this:

Il BEPFilter5880 - PlanarEM1 - Layout = E

The Project window has been updated to show the addition of the two new ports. Expand the
PlanarEM design, and then expand the Excitations listing in the tree to see the two new ports
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listed. The properties of the ports can be accessed by double-clicking on the port name.

| 0] x|

=134 BandPass5880
i+ BandPass5380
-l PlanarE k1
-4 Model
E@ Excitations

Edge Port Defindtion

..... i Optimetrics

: B Results

Defiritions ¥ | Giap Source

Now that we have equipped the filter model with ports, we can analyze it to compare its
behavior to its Circuit counterpart.
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Set up and Solve the Planar EM Analysis

1.

NS s

On the Planar EM menu, point to Analysis Setup, and then click Add Solution Setup @ .

We will accept the default values shown in the resulting dialog box, Setup 1. The most critical
parameter is the mesh frequency, for which the default value of 10GHz will be automatically
adjusted to 6GHz when we add a frequency sweep in the next step.

Click OK.

On the Planar EM menu, point to Analysis Setup, and then click Add Frequency Sweep
The Sweep 1 dialog box opens.

In the Type group, select Interpolating Fast.

In the Sweep Description list, select the default entry, and then click Delete.

In the Specify Frequency Sweep group, select Linear Step.

Enter these sweep definitions:

Start 4 GHz
Stop 6 GHz
Step 5 MHz
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8. Click Add. The sweep specification should look like this:

Sweep 1

— Type
i~ Discrete

| Generate Surase Eumert

= |nterpolating Fast

Sweep Description

— Specify Frequency Sweep
" Single valus

% Linear step

" Linear count

i~ Decade count

Add z

K

Start: |4 I GHz j I pdatess
Stop: IE IGHZ j

[Elete
Chep: |5 IMHz j

Linear Step from 4GHz to BGHz, step=AkHz

Setup Full s/ ave Spice ... |

Yiew Sweep Points List... |

o |

Cancel

9. Click OK.

10. On the Planar EM menu, click Analyze H

As the EM solver computes the model, the progress bar indicates its activity:

PlanarEr1 : Fast Frequency Sweep

I

5.300000 GHz Mo b atrix Fill
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Advanced Note on Geometry Alignment:

If the analysis deliberates for more than a minute at 4.0 GHz, or if Ansoft Designer displays an
error that says that ratio of the mesh size is too large, the 50-ohm line sections are not properly
aligned with the coupler input sections. To fix this:

1.
2.

Go to the project tree and expand the analysis icon so you can see Setup 1.
Right-click the Setup 1 icon, and then select Mesh Overlay.

Notice that the mesh density varies in regions associated with sudden changes in line width,
such as the junctions between coupler lines of different widths.

Zoom into the area where one of the added 50-ohm lines adjoins the corresponding coupling
input section. If you see a dense mesh, a small misalignment exists.

Mormal Mesh

Mesh with Misalignment

Use the editor to correct the alignment and check the other 50-ohm line for the same problem.

Right-click the Setup 1 icon, and then click View Profile. You can access a history of the
current simulation as well as any previous simulations in the design. The profile includes a
great deal of useful information, such as which machine the simulation ran on, the start time,
stop time, and run time, the number of triangles in the mesh, and what frequencies were solved.

Create a Report of the Planar Results

L.
2.

On the Planar EM menu, point to Results, and then click Create Report.
In the Create Report dialog box, click OK.
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3.  Working in the Traces dialog box, create a rectangular graph showing dB(S(Port1,Portl)) and
dB(S(Portl,Port2)). Add the data markers as we did before. You should see:

Ansoft Corparation Wi —d

K Plat 1 QB EPort Portly |
FlanarEk1

/ \,/\ AL\
e RN

I~

W

-50.00
4. 4.5 5 5.5 3

F [GHz]

1= 478G Hz ¥i= 8. I7GHz
1= -3.74 i=-3.76

The input match is slightly different, due to small differences in impedances in the coupled line
section between the circuit and EM solvers. The calculated bandwidths are slightly different also:

Circuit Model EM Model
Fcl 4.70 GHz 4.75 GHz
Fc2 5.32 GHz 5.27 GHz
Bandwidth 0.58 GHz 0.52 GHz
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This reduction in bandwidth appears to be from the rounding of the passband in the EM simulation
due to the difference in coupled line impedances from the Circuit analysis. Looking closely at the
passband, we see:

An=oft Corporation i
Y Plat 2 81D
BandPaszs5220
0.00 — T
=) 1 ——]
\ / B =121
-2.0n
w1
48 (SiPort Port)
-4.00
w1
B S (Port PoriZi
.
.00
'8.0“
-10.00 ]
4, 4.3 3. 3.3
F [GHz]
H1= 470G Hz HI= 5 32GHz 3= 4 T5GHz 4= 4 37 GHz
V1= -3.88 Vi=-3.78 Wi= 376 4= -4.01

The preceding plot was made by exporting the Planar EM solution, importing it into the Circuit

analysis, and selecting the imported solution in the Traces dialog.
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Export the Planar EM Solution
1. On the Planar EM menu, point to Results, and then click View Profile @

2.

In the Solution Data dialog box, select the Matrix tab, and then click Export.

Export MetworkData Solution

Save jn; Ia D ezigrer

- = @& ex E-

2%

Bitrmaps
Examples

Help

Help_mine
Help_saw
messages
Personallib
Projectl .results
syslib

userlib

File narme;

Save az type:

report3d j

Touchstone .sMp Format [*.zMp] j

D ata Table [spreadshest] [ ket

4,
5.

‘T auchstone sMp Farmat [7 2Hpl

Planar EM/HFS5 wB+ .zzg Format [*.zz20q]
Meutral Model Format [*.nmf]

MATLAE [*.m)

Citifile_[*.cit]

In the Export NetworkData Solution dialog box, select Touchstone .sNp format (*.sNp) in

the Save As type list,

Click Close.

and then click Save.

Note the full pathname of the file you saved.

Note the several alternate formats that are available in the Save as type list for exporting the Planar
EM solution.

Import the Planar EM Solution into the Circuit Analysis

1.

2.
3.

Bring the filter circuit schematic to the top by clicking it, selecting its entry in the Window
menu, or double-clicking its icon in the project tree.

On the Circuit menu, click Import Solution to import network data.

In the Import Solution dialog box ensure that Network Data is selected, and then click OK.
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The N-port Data dialog box appears:

M-port data

MetwarkD atad

Under Data Source leave Import Data selected.

Under File, leave Use Path selected.

Click the browse button to browse to the EM-exported data.

Browse to the file you saved, and then click Open.

Click OK.

The solution object appears beneath the NWAT1 object in the circuit project tree:
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The imported solution is now available as an option on the Solutions menu in the Traces
dialog box:

Solution:; | Ml

e
B andPaz=5880

Now that you’ve gained experience with linear analysis, you’re ready to explore how to set up
nonlinear analysis in Ansoft Designer.
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Example: A Nonlinear Circuit

Example: A Nonlinear Circuit

This section describes building a simple nonlinear circuit and setting up analyses for it. The circuit
is kept simple so we can concentrate on the aspects specific to nonlinear circuits. The circuit is a
diode detector with bias.

Build the Design

L.

Start Ansoft Designer, if it is not already running.

If Ansoft Designer is already running, create a new project by clicking New on the File menu.

2. Insert a Circuit design in the default new project or the project you created by selecting Insert
Circuit Design on the Project menu.

3. Inthe Choose Layout Technology dialog box, click the None button. (We need not consider
the physical layout of this circuit to explore nonlinear analysis, so the simplicity of a purely
electrical simulation is acceptable.)

4. Click the Components tab in the Project window, and then locate and place the components
below in the schematic window. Select and drag a component to place it in the schematic
window. Press ESC to stop placement.

Component Value Location Number
Capacitors 100pF Lumped, Capacitors, Capacitor 2
Inductor 100nH Lumped, Inductors, Inductor 1
Ground Draw menu and Schematic Draw toolbar 1
5. Also place ports as shown in the schematic below.
| |
[
Part1 100pF Part2
PN LI £ L= PNLNEZ
=
RZ=500hm =] T = RZ=500hm
[Z=00hm ‘ IZ=00hm
In this picture, the Symbol property for both ports has been set to Microwave Port, and Flip
About Y Axis has been done for port 2.
6. Set the Port 2 termination to 1000 ohms, resistive, as follows:

a. Double-click the Port 2 symbol to open the Port Definition dialog box.
b. Inthe Termination group, type 1000 in the Re box.
c. Click OK.
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7.  On the Component Tab, expand the Nonlinear folder, then the Diodes folder.
In the Diodes folder, select and drag the Microwave Model component to place it between the
shunt inductor and shunt capacitor in the schematic window, with its cathode end toward port 2
9. In the Diodes folder, select and drag Microwave Model Data to place this connectorless
component somewhere on the schematic.
10. Open the Sources folder, and then the Independent Sources folder.
11. Select and drag the Voltage source and place it on the schematic with its positive terminal on
the lower terminal of the inductor. Connect the other source terminal to ground.
12. Wire the diode as shown below.
| | . [~
[ L1
Part1 100pF om Port2
PN £ ] PNUMEZ
= =
RZ=50 0hm =] T = RZ=1000 Ohm
IZ=00hm ' [Z=00hm
—_ 0 g
~>|» Model | Enter device name
The Model Data component specifies the device parameters for the diode. These parameters
can be common to more than one instance of a diode, so they need only be specified once and
can be referenced by as many diodes as desired.
13. Double-click the Model Data component, and then enter the following values:
Parameter Value
DeviceName demo
CTO 0.2p
The other parameters will take their default values.
14. Double-click the diode and enter the following values:

Parameter Value
MOD demo

This links the diode to the model data block of the same name, demo.
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Set up the RF and DC Sources
Next, we'll set up the RF and DC sources. We want to be able to sweep the RF power and the DC

bias, so we need to set up two parameters, which we can then sweep.

To set up the sources:

1.
2.
3.

On the Circuit menu, click Design Properties.
Ensure that the Value option is selected.

Click the Add button, and then enter this parameter:

Name Value
Pavs 10dBm

Click OK to accept the entry.

Click the Add button again and enter this parameter:

Name Value
Vbias ov
Click OK to accept the entry.
Click OK to close the Properties dialog box.
Double-click the left port component.

Example: A Nonlinear Circuit

This opens the Port Definition dialog box, through which you can add sources to the port. The

default source type is Power.
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9. Click the Add button to add a source.

B Source Selection

" oltage {* Paower

Mame: |Sinusu:uiu:|al'|

Tope: | =]

Parameters l Diagram]

Froperty | %alue It Dezcrption -
Harrmonic number of the zource
wdc 0 i DC offzet of the source
p 0 it Ayvailable poveer of the zource
phz ] deg Fhasze of the zource

-
1] | 5

ok | Canzel |

We'll keep the hnum (harmonic number) property set to f1, signifying that this source will be
considered as tone 1 in harmonic-balance analysis.

10. For the value of p, type Pavs.
This sets the source power equal to the value of the Pavs parameter defined earlier.

11. Click OK in the Source Selection dialog box, and then click OK in the Port Definition dialog
box.

12. Double-click the voltage source in the circuit.

The Source Selection dialog box opens.
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13. Set V to Vbias, and set the name of the source to bias:

i Source Selection
' oltage = Current

M ame: II:uias

Type: |DC [

Parameters | Diagram I

| Froperty I " alue | Lnit | I Dezcription

W Yhiaz i Yoltage value of the zource

k. I Cancel

Multi-Tone

In addition to the Sinusoidal source type, a Multi-Tone type exists in the Source Selection dialog
for use in defining ports. The Multi-Tone type has the same parameters as the Sinusoidal type with
three additions:

* ncarries (number of carriers)
* cp (power per carrier)
*  deltaf (frequency separation between carriers)

Sampling Rate and Number

The Source Selection dialog also supports the following system port parameters for use in discrete
time analysis:

* nsamp (number of samples)
* sample rate (sampling rate)
Set up a Harmonic-Balance Analysis
1. On the Circuit menu, click Add Analysis Setup.
2. Inthe Analysis Type list, choose Harmonic Balance.
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3. Inthe Category list, click 1-Tone, and then click Next.
The Harmonic Balance Analysis, 1-Tone dialog box opens.
Set No. of Harmonics to 8.
In the Sweep Variables list, select F1, and then type 2GHz in the Sweep/Value cell.
Click Add.
The Add/Edit Sweep dialog box opens.
7. Inthe Variable list, select Pavs.
Ensure that Linear Step is selected, and then type —10dBm for Start, 10dBm for Stop, and

1dB for Step.
9. Click Add.
10. Click OK.

11. Click Finish.
Rename and Save the Project

Now that the project’s setup is complete, rename the project and save it:

1. Right-click the circuit design in the Project window, and then click Rename.
2. Type NLdiode, and then press Enter.

3. On the File menu, click Save As.

4. Type NLdiode in the File name text box, and then click Save.

Analyze the Project
1. Expand the Analysis icon in the project tree.
2. Right-click the HB1Tonel icon and then click Analyze HB1Tonel on the shortcut menu.

Create Graphs of Results
With the analysis completed, we will create three graphs:
*  Port 2 DC voltage at versus Pavs
* Time-domain voltage waveform across the diode for each value of Pavs
* Time-domain current waveform into the diode for each value of Pavs
To create the graph of Port 2 DC voltage versus Pavs:

1. In the project tree, right-mouse click this project’s Results icon, and then select Create
Report.

The Create Report dialog opens.
2. Click OK.
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3. Select the following in the Traces dialog:
Domain Sweep
Category Voltage
Quantity V2<DC>
Function re
You must graph the real part of V2<DC> quantity because all harmonic phasor quantities are
handled as complex numbers, including their DC components.
4. Click Add Trace.
5. Click Done.
You should see the following graph:
Brzoft Corporation
HE ra[t2<0C>] v Pavs, Lin ¥ e ne ——
F1=2G Hz
125
1.00
= 075
4 /
o
% 0.50 /
025
/ ,,-""
0.o0 ] ——
-0.00 -5.00 000 A.0m 40,00
Faws [dBm]

For this picture, we have renamed the graph by selecting its icon in the project tree, right-
clicking, selecting Rename, typing a new name, and pressing ENTER.
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To view the linear region (in the logarithmic sense) of the detector's operation, change the Y axis
scaling to logarithmic:

1. Double-click the Y axis to open the Y Axis Properties dialog box.
2. Select the Rescale tab, and then click Log.

Y Axis Properties (re(¥2<DC>]) IS 3 |

Color I Fant I Line Style HESCEJE" ﬂ

— Format

. . " Linear| | i Left
Mir: | 1.00E-04 rit: 12 -
& Lag " Right
b g I 1 O0EM Field ‘fidth: 4
Precisi ¥ Scientific M atation
: : - recision;
Minor Divs: [ 17— W Show Minor Grid

- .
b ajar Diive: I 13: M utounits Reset |

v futoscale

—Manual Scaling

Jdd

Label: |reW2<DE>]

Save bz Default | 0k | Cloze |

3. Click OK.
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The rescaled plot should look like this:

refuze 0= V]

Brzoft Corporation
HE re[\2<0C> v Pavs, Lag ¥ waene ——]
Fi1=2GHZ

1.00E01

1.00E00 ="

/

1.00E-01 ]

1.00E-02 /

1.00E-03 /

1.00E-04
-10.00 -5.00 o.on 5.00 10.00
Faws [dBm]

The linear region extends to about —5dBm.
To create the graph of time-domain voltage waveform across the diode for each Pavs:
1. Start creating a standard, rectangular 2D report as described earlier.
2. Inthe Traces dialog box, select the following settings:
Domain Time
Category Voltage
Quantity Vac(D1)
Function none

3. Click Add Trace.
4. Click Done.
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The resulting graph should look like this:

frsoft Corporation
HE re[W5<0C=]w Pavs v Time e
Pae= 1000, F1=2

1 ——

1 —
D §
Patr= 1252025412

Wac[D1] [V]

w1
il ©
PALr= 155 4203192

W1 —i—]
D 1)
Patr= 19052623150

LAl
iacD 1
Par=251.15354320

-4.00

W

i3
Par=316 237 TN

0.1

i 0.zn 0.40 U] 0.50 1. i

Tire [n=ec] a1y
PaLr=353. 107 1705

The graph clearly shows the clipping of the voltage across the diode at higher power levels. On
the graph legend on the right-hand side, you can select the line for each level of Pavs, from -10
dbm to 10 dbm, and it will be highlighted on the graph. You can scroll down through the Pavs
levels by clicking the black rectangle at the top of the legend window. The legend window can
also be resized by clicking the vertical divider and be moved left and right across the Results
window.

To create the graph of the time-domain current waveform into the diode for each Pavs:

1.

Right-mouse click the Results icon, select Create Report, and then click OK.
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2. Select the following in the Report dialog:
Domain Time
Category Current
Quantity Ia(D1)
Function none

3. Click Add Trace.

Click Done.
The resulting graph should look like this:

la[01] [ ]

frzoft Corporation
HE la[D1] v Tirme v Paus o 10—
Paue= 1000, F1=25

1000
W ——]
e
Pair= 125 B 12
¥
k]
5.00 Pair = 152 4500 o
W1 —i—
k]
Par= 199 SIS0
w1
0.00 |aDn
P =251, 1543
==
e
Pair =16 237 TEs
-5.00
0.0 W1

Time [neecl "nam Uaas 17 1705
= R |

The forward current through the diode is clearly visible during the time intervals in which the
diode voltage is positive. The negative current and initial rise in forward current are due to

energy storage in the diode capacitance.

Re-analyze the Circuit
First, make these changes:
* Inthe Diode Model Data component, set CT0 equal to 0.
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* Inthe HBI1Tonel analysis setup, change the No. of Harmeonics setting from 8 to 32.

* Re-analyze the circuit.

The previously created graph of current into the diode still exists and has been updated
automatically with the new simulation data. To bring the graph up to the front, you can double-
click on the third graph under the Results item in the Project window.

The current plot changes to:

Br=zoft Corporation .
HE re(vZ<0C=])w Time v Pavs (32 harmonics) e =
Pa= 100, Wbies -

W —

[
PaAr= 12529251120

W

[=mn
Palr= 15343531592

11—

[emn
Patr= 1295262315

1301 [rn&]

R

[emn
Pak=251 15260320

W

femn
PAr=316 227 T E5aln

0.zn 0.4n 0.E0 0.0

Time [nzec] T(Dt)ass i
Ak=353. 1

¥

This shows the ideally rectified current in the diode.
* Change CTO0 back to 0.2p, and change No. of Harmonics back to 8.

Add a Sweep of the Bias Voltage

1. Double-click the HB1Tonel analysis setup to open the Harmonic Balance Analysis, 1-Tone
dialog.

2. Click Add.
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In the Variable list, select Vbias.
Specify a Linear Step sweep:.

Start —-200mV
Stop 200mV
Step 100mV

Click Add, and then click OK.

The graph is now the original graph of current into the diode, which shows a linear frequency,
a power sweep, and a voltage sweep.

Right-click the HB1Tonel icon, and then select Analyze HB1Tonel.

Click the V2<DC> graph to bring it to the top, right-click in the graph, and then select Modify
Report.

Click the Sweeps tab. If you don't see a Vbias entry, reselect the Solution entry for HB1Tonel
to update the listing.

Click the Apply To All Selected Traces button to update the trace with the new sweep
information.

Click Done.

You should see a set of curves now, but the axis changed back to a linear scale. This is because
some of the data is negative and cannot be plotted on a logarithmic scale. To remedy this, we
can define a function that avoids negative voltages.

a. Right-mouse click on the graph and select Modify Report.
b. Enter the following expression in place of re(V2<DC>):
if (re (V2<DC>) < le-6, le-6, re(V2<DC>))

The IF function tests the condition in the first argument and if true, returns the value of the
second argument; otherwise, it returns the value of the third argument. This expression
states, “If re(V2<DC>) is less than 1E—6 (1 microvolt), then let the value be 1E—6, other-
wise use re(V2<DC>).”

® | Y [ *r-ais |
1 |Pavs iffref2<0C:] < 1e-6. 1e-6 , ref2<0Cx]) 1
Add Trace Add BlankTrace Heplace Trace Remaove Trace Remaowve All Traces
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c. Click Done.
Now we can apply the log scaling to obtain this graph:

Brzoft Corporation

HE re[vwZ=0Cx]w Time v Pavs v Whias 1=

|ripe w2 D= e
Fubias =-200m', F1=3

1.00EM
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4 0END
##ﬂ _
1.00E-01 =" o |rtere w2e DC=h=1e
— = / — =, F 1=03H
1 ME-02 / / /
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FutRe= 1My, F1=2]

1.00E-03 Vi

=

] |ere 2 Do = -5
1.00E-04 : { ubias=00m'Y, F1=2]
1.00E-0:5 : / ///

1.00E-08
-10.00 -a3.00 0.on 5.00 10.00

Faus [dBm]

if(refvzs D0 a6 16

Perform a Transient Analysis

1. Right-click the Analysis icon in the project tree, and then select Add Analysis Setup.
The Analysis Setup dialog opens.

2. Inthe Analysis Type list, select Transient Analysis, and then click Next.

»

Type 50ns in the Length of Analysis box, and then type 20ps in the Maximum Time Step
Allowed box.

In the Sweep Variables group, click Add.

In the Variable list, select Pavs.

Click Single Value, type 0dBm in the Value box, click Add, and then click OK.
In the Sweep Variables group, click Add.

In the Variable list, select Vbias.

® N0k
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9. Click Single Value, type 0V in the Value box, click Add, and then click OK.
10. Click Finish.

Transient Analysis
Analysis Setup Option [Default Options] |
—Analyziz Control — Sweep Vaniables
Length of Analwsis Im Ins vl Name Sweepdalue IS.'r'nCI
Paws OdBm

b axirmurn Time )
Step Allowed I2D I ps X I Whiaz o
FY
r— Corwvolution Contral j
b aximum Sampling Ii = -
Frequency I :I
Delta Frequency I— m

Add... | Flemovel Edit.,. | Sync |

< Back I Finizh I Cancel | Help |

11. When we set up the excitation source, we left blank the frequency field for transient analysis.
To edit the source, do the following:

a. Expand the Excitations icon:

El E scitations
@ Sinusoidall

b. Double-click the Sinusoidall icon.
The Source Selection dialog opens.
c. Scroll to the f parameter, type 2GHz in its Value cell, and then click OK.

12. Right-click the Transientl icon, and then select Analyze Transientl.
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Create a Rectangular Plot of Results
Create a standard rectangular plot after the analysis concludes.
1. Right-click the Results icon, and then select Create Report.

2. In the Traces dialog box, make these selections:

Solution Transientl
Category Current
Quantity Id(D1)
Function None

3. Click Add Trace.
4. Click Done.
The following graph will appear:

Brzoft Corparation
Transient idfd ] v Time [Faus=0dBm, Wbias=0] . =t
Pae = 1min), Whias-0f

(0] ]

20,00 30.00
Tirme [nsec]

The solution reaches steady state at around 50 ns. To view a close-up of the waveform, right-
click, select Zoom In, and then drag a box around the region you want to magnify.

Now that you’ve gained experience with nonlinear analysis, you’re ready to explore how to set up
and use hierarchical designs in Ansoft Designer.
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Creating Hierarchical Designs

A hierarchical design is a Circuit or System design that contains subdesigns—designs placed in it.
Any number of hierarchical levels can be created, and any number of subdesigns can be placed in
another design. The design at the top of such a structure is commonly called the top-level design or
top-level circuit. A design that contains a subdesign is called the parent of that subdesign.
Subdesigns can be subcircuits (Circuit simulations), subsystems (System simulations), or Planar
EM simulations, depending on the parent design type:

*  Circuit designs may contain subcircuits and Planar EM simulations
* System designs may contain subcircuits, subsystems, and Planar EM simulations
You can set up analyses at any level in a hierarchy, analyze, and then view results of the analyses.

An analysis performed on a design at a level other than top includes that design and all of its
subdesigns, if any, but not its parent design or designs at any higher levels.

All of the many possible analyses you may specify for various designs at different levels of a
hierarchy are entirely independent. For example, you can set up a linear network analysis for a filter
at an intermediate level of a hierarchy to obtain its S-parameters over a frequency range, and you
can set up a spot-frequency nonlinear harmonic-balance analysis for the hierarchy’s top-level
circuit. You can then analyze only the filter subcircuit without having to analyze the entire
hierarchical design over the filter frequency sweep—or you can run just the harmonic-balance
analysis without sweeping the filter. (Analyzing a subcircuit that contains nonlinear devices
requires special attention, as the devices’ biasing and excitation may originate in higher-level
circuitry not included in the analysis.)

There are two approaches to creating a hierarchical design: bottom-up and top-down. We will use
Circuit designs to illustrate each.

The Bottom-Up Approach
1. Start Ansoft Designer, if it is not already running.

If Ansoft Designer is already running, create a new project by clicking New on the File menu.

2. Insert a Circuit design in the default new project or new project you created by selecting Insert
Circuit Design on the Project menu.

3. Create a design at the project level by selecting Insert Circuit Design on the Project menu.
. Repeat step 3 for each subdesign you will need.
5. To build the hierarchy:
a. Right-click a design icon in the project tree, and then select Copy.

b. Select the icon for the design into which you want to copy the subcircuit, right-click, and
then select Paste.

The Synchronize Design dialog box opens. In this dialog box, you can select whether the
subdesign will be incorporated into the hierarchy of which the parent is part (Incorporate,
the default choice) or will merely be linked to it [Keep independent (black box)]. When
choosing Incorporate, you can also specify a name for the new subdesign.
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c. Click OK.

A symbol representing the subcircuit appears in the parent schematic. You can place and
wire it as desired.

The Top-Down Approach

1.

Start Ansoft Designer, if it is not already running.
If Ansoft Designer is already running, create a new project by clicking New on the File menu.

Insert a Circuit design in the default new project or new project you created by selecting Insert
Circuit Design on the Project menu.

This will be the top-level circuit.

For each subcircuit you will need in the top-level circuit:

a. Make sure the top-level circuit is active in the schematic editor.

b. On the Circuit menu, point to SubCircuit, and then click Add SubCircuit.

Repeat step 3 at each level of the hierarchy as needed.

To reuse subcircuits at multiple places in a design:

a. In the project tree, right-click the icon for a design you want to reuse, and then select
Copy.

b. Right-click the icon for the design into which you want to copy the subcircuit, and select
Paste.
A symbol representing the subcircuit appears in the parent schematic. You can place and
wire the subcircuit as desired.

As you create subcircuits, you will probably want to rename them. To do this:

1.
2.

In the project tree, click the name of the icon for the design that you want to rename.
Click the icon name again.

The icon name changes to an editable string that you can modify. When you renamed the
design name to your liking, press ENTER.

Ansoft Designer creates a generic rectangular symbol for each new subcircuit. You can customize
the symbol for a subcircuit as follows:

1.

Expand the folder in the project tree labeled Definitions, and then expand the Symbols
subfolder.

Double-click the symbol icon that corresponds to the subcircuit symbol you want to edit.
The symbol opens for editing in Ansoft Designer’s symbol editor.

When you’re finished editing the symbol, click Update Project on the Symbol menu to
propagate your changes through the project.
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Example: Hierarchical Schematic Editing

This exercise shows you how to build a simple two-level schematic using the top-down approach.
The circuit is a simple design that demonstrates the basic procedure.

1.

10.
11.

12.

Bl Projectt - Top [Section.U1] - Schematic

Farti For2
FHURN=1 1 ';:1 FHUN=2
RZ=500hm T - RE=500hm
[Z=00hm [Z=00hm
[ ]
g e —_/ -l
1 INew Page | -

Start Ansoft Designer if it is not already running.
If Ansoft Designer is already running, create a new project by clicking New on the File menu.

Insert a Circuit design in the default new project or new project you created by selecting Insert
Circuit Design on the Project menu.

In the Choose Layout Technology dialog box, click None.

Rename the design as Top by clicking twice on the design name in the project window.
Add a subcircuit to the top-level circuit:

On the Circuit menu, point to SubCircuit, and click Add SubCircuit.

Rename the subcircuit to Section by clicking twice on the name of the corresponding design
icon in the Project window.

Click the subcircuit schematic window to make sure that the focus is in that window.

Click the Components tab in the Project window, expand the Lumped folder, and then
expand the Inductors library.

Select and drag the Inductor component to place one inductor in the schematic. (Press ESC to
end the multiple-placement mode if it’s enabled.)

Expand the Capacitors library in the Lumped folder.

Select and drag the Capacitor component to place a capacitor in the schematic, rotating it to
vertical by clicking the R key.

Place two ports | % |and a ground | L |, and wire the circuit so it looks like this:

Kl

_ aW
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13. Switch to the Top (parent) schematic. The addition of the two ports to the subcircuit makes two
corresponding pins appear on the Section subcircuit symbol in the Top (parent) schematic.
Add two ports and connect each to a pin so the Top schematic looks like:

Bl Projectt - Top - Schematic _ | O]

[0}
Section
Part1 Part2
Part1 Part2
PHUNET PHUNEZ
RZ=500hm RZ=500hm
IZ=00hm IZ=00hm 1

1 | Mew Pagel

4] [ a2y

Add an Analysis Setup
1. Make sure the Top circuit is active in the schematic editor.
2. On the Circuit menu, click Add Analysis Setup.
3. Select Linear Network Analysis for Analysis Type and accept the default Category setting

2 - 62 Circuit Design



Creating Hierarchical Designs

of Frequency Domain, and set up a linear sweep from 0 to 1 GHz in steps of 10 MHz:

Linear Metwork Analysiz, Frequency Domain

—

I

FEerturation) =]

Analyze the Circuit
*  On the Circuit menu, click Analyze

#
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Create a Report of Results
1. On the Circuit menu, click Create Report B .
2. Create a rectangular graph of dB(S21):

Brzoft Corporation
A Plot 4 b8 @21y

LT

11—

™N

-4.00

dB[521]

-5.00
0.dn 020 0.0 0.&0 0.50 1.

F [GHz]

Now you will put more of these subcircuits into the Top circuit.

1. Right-click the subcircuit Ul: Section in the project tree, and then click Copy on the shortcut
menu.

2. Right-click the Top circuit, and then click Paste on the shortcut menu.

If multiple placement is enabled for components, you’ll be able to place another copy of
Ul:Section in the schematic after placing the first copy. Click in the schematic window to
place a second copy, and then end placement by pressing ENTER, SPACE, or ESC, or by
right-clicking and selecting Place and Finish, Finish, or Cancel.

If multiple placement is not enabled, placement will end after you place the first copy of
Ul:Section into Top. To place a second copy, display the Edit menu, and then click Paste.

3. You should now see three instances (copies) of the Section subcircuit in the Top circuit.
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Arrange them between the ports in a cascaded fashion to look like this:

[HR| Uz Uz
Section Section Section
Fart Fort?z  Portl Faort?z  Portl Fortz
Farti Fartz
PHUM=1 PHUM=2
RZ=500hm RZ=500hm
IZ=00hm IZ=00hm
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Re-Analyze the Circuit and Save the Project
1. On the Circuit menu, click Analyze E
Now the graph looks like this:

dE{521]

.“nsnf;f;r;n;atmn ]
8 =21
0.0
T

=500
-10.00
-15.00

I

-20.00 |

0.0 0.20 0.41 0.E0 0.5 1.0

F [GHz]

2. Save the project by clicking Save on the File menu. Type “Hierarchial” into the File name
box, and then click Save.

By selecting a design in the Project window, you can copy and paste single subcircuits or

hierarchical circuits into other designs within a project or into other projects. It is all the same

procedure.

Working with Parameter Defaults and Passed Parameters

Subcircuits can be parameterized, meaning that values for properties of components within them
can be assigned to alphabetic or alphanumeric placeholders (parameters) for which values can be
inherited (passed in) from their parents. A property value inherited in this way is known as a passed
parameter.

Subcircuits cannot accept parameter values from their parents by default. You must enable
parameter passing for every subcircuit component property the value of which you want set by the
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subcircuit parent. To do this for a given property value, you must create a special placeholder called
a parameter default, assign it a valid default value, and then use that parameter default as a value
placeholder in a subcircuit component or components. This exercise demonstrates how to enable
and use passed parameters in Ansoft Designer.

1. Select one of the subcircuits in the project tree, right-click it, and then select Design

Properties:
. @ Forts | ||
= [
5.4 U2 Sect B2 Copy
-!f‘ U3 Sect B2 Paste
= ﬂa:ﬁi:j Fename
a2 T Delete
ﬁ Optimetm
El H Fesults &dd Model Data r
o E “r P Add Subcircuit r
""" E #r P L Add Analysiz Setup...
- Definitions
Browze Metlist
ﬂ Analyze
% Create Bepart...
Wigw DC Bias L
4 Schematic E ditor
]'J—‘ﬁ‘ Layout Editar
3D Viewer
' Close Editors
o = TR >
= e
Dezign Properties. ..
Dezign Paszed Parameters. .
1B Edit Motes. ..

The Properties dialog box opens.
2. Add a parameter default as follows:
a. Inthe Parameter Defaults tab, ensure that Value is selected, and then click Add.

The Add Property dialog box opens.
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b. Enter L1 for Name and 10nH for Value.
c. Click OK.

You have just defined a parameter called L1, with a default value, 10nH, that can be
overridden with values passed in from the parent circuit on an instance-by-instance basis.

Before proceeding further, right-click each of the three Section subcircuit instances and select
Design Properties, and then Design Passed Parameters, for each in turn. Note in the
resulting Properties dialogs that L1 is listed as a parameter default, and as a passed parameter,
for all three instances. This is so because all three Section instances are instances of the same
subcircuit, and adding a parameter default to any one of the three therefore populates that
parameter default to all three.

At this point, the Design Passed Parameters value of L1 is shown as the default value of 10nH
for all three instances, but we will change that now.

3. Double-click the inductor in the subcircuit and edit its properties. In the Value cell for the L
property, type L1. The value of L1 will now be used as the value of L for this inductor.

4. Click in the schematic window for the Top circuit—the parent circuit—to bring that window to
the top of the Ansoft Designer desktop.

5. Double-click on the leftmost instance of the subcircuit to open its properties. The Parameter
Values tab lists the passed parameter L1 with its default value of 10nH.

6. Change L1 to 2nH. Doing so checks the Override box, indicating that you have overridden the
default value. Click OK.

7. Similarly, change L1 to 20nH for the middle Section instance and to 2nH for the rightmost
Section instance.

To view the value of L1 being passed into a subcircuit instance, do any one of the following:

*  Select the subcircuit instance in the parent schematic. The Properties window displays
the local values of passed parameters in its Param Values tab.

*  Double-click the subcircuit in the parent schematic. The resulting Properties dialog box
displays the local values of passed parameters in its Parameter Values tab.

* Right-click the design icon for the subcircuit in the project window, that is, Ul:Section,
U2:Section, and U3:Section, and then select Design Passed Parameters. The resulting
Properties dialog box displays the local values of passed parameters in its Parameter
Values tab.
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8. Select the design icon for the Top circuit, right-click, and select Analyze. The graph updates
with the new results.

dE[521]

frzoft Corporation
Y Plot 4 1 =2y

500 \

-10.00

¥ ——

-15.00

-20.00 \
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Now that you’ve gained experience with hierarchical designs, you’re ready to explore Ansoft
Designer’s planar electromagnetic simulator.
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Planar EM Design

The Planar EM simulator is the ideal tool for projects that involve full-wave or radiative effects.
For example, a designer might use Planar EM to draw the physical layout, and simulate the
electromagnetic properties, of a patch antenna or a millimeter-wave integrated circuit. You can use
the Planar EM simulator to compute and display quantities such as:

*  Characteristic port impedances and propagation constants.
*  Generalized S parameters, and S parameters renormalized to specific port impedances.

*  Basic far-field parameters for electromagnetic fields and antennas.

Example: A Low-Pass Filter
This section will guide you through the physical design and EM analysis of a low-pass filter. As
you follow this example step by step, you will:

*  Start Ansoft Designer and explore the Planar EM tools (all the basics, as well as a few
advanced features).

*  Use each of the Planar EM toolbars.

* Learn some terms and concepts essential to planar EM simulation. These include selecting a
Layout Technology File; inserting signal, ground, and substrate layers; drawing a layout; and
assigning ports.

* Add a custom-defined dielectric material to the design.

* Use Create Report to display simulation results.

Set up the Planar EM Design

1.  On the Windows taskbar, click Start, point to Programs, point to the Ansoft Designer folder
icon, and then click Ansoft Designer. Alternatively, you can double-click the Ansoft
Designer desktop icon.

2. On the Project menu, click Insert Planar EM Design. Alternatively, you can insert a Planar
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EM circuit using either of these options:
*  On the Project toolbar, click the Insert Planar EM Design icon. !

* Inthe Project Manager window, right-click the Project icon, point to Insert, and then
click Insert Planar EM Design.

3. When the Choose Layout Technology File dialog box appears, click None.

Choose Layout Technology

M5 - Alumina [Er=9.8] 0.010 inch, gold -
k5 - Alumina [Er=9.8] 0.025 inch, gold —
k5 - FR4 [Er=4.4] 0.030 inch, 0.5 oz copper

M5 - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper

k5 - BT_duroid 5380 [Er=2.20] 0.0710 inch, 0.5 0z copper
M5 - RT_duroid 5880 [Er=2.20] 0.020 inch, 0.5 oz copper
-BT_durcid 010 [Er=10.210.010 inch, 0.5 oz copper
id 6010 [Er=10.2] 0.025 inch, 0.5 oz copper
FCE - DoubleSide
FPCE - SingleSided
5L - Alumina [Er=9.8] 0.010 inch, gold

5L - Alurina [Er=9.8] 0.025 inch, gold

5L - FR4 [Er=4.4) 0.0320 inch, 0.5 0z copper

5L - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper

5L - RT_duroid 5830 (Er=2.20]1 0.010 inch, 0.5 0z copper

SL - RT_duroid 5580 [Er=2.20] 0.020 inch, 0.5 oz copper ©
SL-RT_duroid 6010 [E=10.2] 0.010 inch, 0.5 oz copper j

Open I Browsze. .. Mone | Cancel |

The Layout Editor window appears.
* All Planar EM designs must define a process topology (also called a stackup).

* Layout technology files provides a quick way to store frequently used process topologies.
For example, a designer who frequently uses a specific substrate can pre-specify the
correct materials and stackups with a single click.

* In this example, we will not use a layout technology file, but will define the topology or
stackup manually.

4. Hide the Message Manager and Progress windows:

*  On the View menu, make sure that the checkboxes for Message Manager and Progress
are cleared.

5. Set the default units:

a. On the Tools menu, point to Options, and then click General Options.

b. Select the Default Units tab.

c. Inthe Length list, select mm, and then click OK, leaving the other settings unchanged.
6. Configure Grid & Snap for the Layout Editor:
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On the Layout menu, click Grid & Snap.
The Grid dialog box opens.

In the Gridlines group, enter 10 for Major and 1 for Minor, making sure that the unit
used for each is the millimeter (mm, the default setting).

In the Snapping group, enter 1 for Grid and 1 for Electrical, making sure that the unit
used is the millimeter (mm, the default setting).

Grid ]|

— nidlines

b ajor: |_||'|
bdiriar: I'Imm |_||'|

[ & number without unitz iz interpreted az
having the current default length unit - mm]

¥ Show Grid

— Snapping
v Giid T
¥ Graphical 1mm
[ Electrical Tmm

[ & nurmber withaut units iz interpreted az
hawing the curent default length unit - mm]

Botation Incremet: IEdEQ

[ & number without units iz interpreted az
having the curent default angle unit - deg]

Defaults | k. I Cancel |
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Insert Layers

1. Access the Stackup tab of the Edit Layers dialog box by doing either of the following:

On the Layout menu, click Layers E .

The Edit Layers dialog box opens.

Click the Stackup tab.

On the Layout toolbar, click the Stackup dialog icon. H

2. Insert an infinite ground layer:

a.

d.

In the Stackup dialog box, click Add Layer.
The Add Stackup Layer dialog box appears.
In the Name box, type gl.

In the Type list, select metalizedsignal.

Add Stackup Layer
M amne: |g1 ok
AN (et alizedsignal Cancel |

Click OK.

3. In the Stackup tab of the Edit Layers dialog box:

a.

b.
c.
d.

Click Add Layer.

The Add Layer dialog box appears.
In the Name box, type d1.

In the Type list, select dielectric.
Click OK.

In the Stackup tab of the Edit Layers dialog box, change the thickness of d1 to 1.5 mm.
5. Insert a trace layer by doing the following:

a.

°o a0 o

3 -4 Planar EM Design

In the Stackup dialog box, click Add Layer.
The Add Layer dialog box appears.

In the Name field, type t1.

In the Type list select signal.

Click OK.

If the stackup created is not in the correct order, you can rearrange it by selecting and
dragging the selection handle in the left-most column using the mouse. Select and drag
layer t1 above the dielectric layer.
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The Stackup tab of the Edit Layers dialog box should now look like this:

= Type I bd aterial | Drag Mode Thicknesz Laower Elevation| Upper Elevation| Roughness
-1 zighal CDDDEfl rniddle aligrn | Oram 1.8rmm 1.8rmm O
d1 dielectric HDQETS--] 1.5mm Orirn 1.5mm
: gl metalized... | COPPET | riddle align Orm Ornrm Ornrm Ornrm

Next, create a new dielectric material and assign it to d1:

1. Inthe Stackup tab of the Edit Layers dialog box, locate the d1 row, and click Rogers.
The Select Definition dialog box appears.

2. Click Add Material.
The View/Edit Material dialog box opens.

3. For Material Name, enter my_d1, and as the Value for Relative Permittivity, enter 2.2.
Leave all other settings unchanged.

¥iew / Edit Material

b aterial M ame
Im_l,l_u:H

Properties of the taternialz Material

— Filter Properties by

Anzaft Praducts

Simple i [JAll products
. Relative Permneabiliby Simple 1 [ ]Circuit
o . Planar EM
. Bulk, Conductivity Simple 0 JSystem

5. Click OK in the View/Edit Material and Select Definition dialog boxes to close each in turn.
The Stackup tab of the Edit Layers dialog box should now look like this:

MHame Type bdaterial | Dirag Mode Thickness Lawer Elewation| Upper Elevation| Foughness
1 1.5rmm 1.5rm (i
A d1 dielectric my_d1 | 1.5mm Orirn 1.5mm
= full metalized...  CORPEr | riddle align | Oramn O Oram O

6. Click OK to close the Edit Layers dialog box.
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Draw the Model
1. Switch the active layer to t1:

On the Layout toolbar, select t1 from the list of layers:

|]= &= | Enors j|
£ B teasures
—1 - N
I Errors
B Gtk

T

d1

I o

2. Draw a rectangle:

a.

[ [ 2.0000

Do either of the following:
*  On the Draw menu, point to Primitive, and then click Rectangle.
*  On the Layout Draw toolbar, click the Draw Rectangle icon | 5] | .

Drag the cursor into the Layout Editor, and use the keyboard to enter the data: Start by
entering its lower left-hand coordinates. In the Status Bar (located at bottom of screen)
enter 0.0 for X and 0.0 for Y. Use the TAB key to move between entries and press ENTER
to apply the new settings.

Note that when entering data using the TAB key, press ENTER as soon as you enter the
data in Delta Y, and do not tab into the Distance box. (Otherwise, the program may
capture extraneous mouse movements that can impair your results.)

Qe [ 01000 (pelax: [ 07000 Delta v: -20.0000  |[pistance:

d. Complete the rectangle by doing either of the following:
*  Enter Delta X = 20, Delta Y = 4.6, and then press ENTER.
*  Drag the upper-right corner until Delta X = 20, Delta Y = 4.6.
e. Fit the drawing to the Layout window by doing either of the following:
* Press CTRL +D.
*  On the View menu, click Fit Drawing.

3. Draw another rectangle:
a. Click the Draw Rectangle icon | [=] |, and snap the cursor to the lower-right corner of the

first rectangle.

b. Drag the rectangle until Delta X = 2.1 and Delta Y = —10.5.
4. Draw a third rectangle (here we show how to enter the coordinates directly):
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a. Click the Draw Rectangle icon E .

b. In the status bar, enter 21.05 for X and 0.0 for Y, and then press ENTER.
c. Enter 21.7 for Delta X and 0.7 for Delta Y, and press ENTER.

Draw a polygon:

a. Click the Draw Polygon icon H .

b. In the Layout editor, snap the cursor to the upper-right corner of the first rectangle (20.0,
4.6). Note: If you let the mouse hover briefly over the target point, you will see the cursor
jump to the snap point.

Click the upper-left corner of the third rectangle (21.05, 0.7).
Click the lower-left corner of the third rectangle (21.05, 0).
Double-click the lower-right corner of the first rectangle (20.0, 0).

- oo oo o

Press CTRL+D to fit the drawing in the Layout window.

At this point, your layout should look similar to this:

6.

The fill pattern within the objects may be different.
Copy and paste the selected elements:

a. Select the polygon, first rectangle, and second rectangle by pressing and holding CTRL
while clicking the three objects in turn.

b. Copy the objects by pressing CTRL+C. Then click in the Layout window and press
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CTRL+V to paste the objects into the layout, as shown.

Mirror and move the elements that you just pasted:

7.

Make sure that all of the copied elements are still selected.

a.

b. On the Layout Edit toolbar, click the Flip about Y icon ﬂ
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c. Move the mirrored objects so that they snap to the lower-right corner of the third
rectangle.

To position the objects exactly, click the Zoom Area icon J and drag a box around the
portion of the layout you want to magnify.

8. Draw the fourth rectangle:
a. Click the Draw Rectangle icon E .
b. In the status bar, enter 29.3 for X and 0.0 for Y, and then press ENTER.
c. Also in the status bar, enter 5.3 for Delta X and—10.5 for Delta Y, and then press ENTER.

Planar EM Design 3 -9



Insert Layers

d. At this point, your layout should look like this:

Save the project:
1. On the File menu, click Save.
2. Type planarEM1 in the File name box, and then click Save.

Assign the Ports
1. Create Portl:
a. On the menu bar, click Edit, and then click Select Edges.
Alternatively, on the Layout Draw toolbar, click the Select Edges icon ﬂ

b. Point the cursor to the left edge of the first rectangle and click.

c. Click Draw and then click Edge Port. Note that Port1 appears in the layout editor. Also,
in the Project Manager, an icon labeled Port/ appears under Excitations.

d. Alternative way to add an excitation (port): First select the edge and, in the Project
Manager, right-click Excitations and then click Add Port.

2. Create Port 2:

a. Click the Select Edges icon =% , point the cursor to the right edge of the right-most
rectangle, and click.

b. Click the Draw port icon (located on the Layout Draw toolbar i

3. Rename Port 1:
a. Inthe Project Manager, expand Excitations, and then right-click Portl1.
b. Click Rename, enter pl, and then press ENTER.

4. Rename Port 2:
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a. Inthe Project Manager, expand Excitations, and then right-click Port2.
b. Click Rename, enter p2, and then press ENTER.

Project Manager

El Planar_EM_GSG*®
£ o
--5 Model

.ﬁ. AR Renarme
- ﬁ Dp}{ Delete

Properties
fdd Reference
Remove Reference

Select in Lavout

Display the Circuit Using the 3D Viewer
Explore the functionality of the 3D Viewer:
1. Inthe menu bar, click Planar EM and then click 3D Viewer.

2. Right-click anywhere in the 3D View window, point to View, and then check out the various
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options.

Rokate Alk+Drag
Pan shift+Drag
Zoom  Alk+Shift+Drag

Laver Attribukes L

Labeling L
Scale 2 Zoom In
_rass Seckion Zoarn 2k

Geometry Invisible

Eit: &ll kel
v Coordinate Axes
Spin
Copy To Clipboard )
anirmate

Set up the Planar EM Analysis
Add an analysis-setup:
1. You can add an analysis setup in either of two ways:

*  On the menu bar, click Planar EM, point to Analysis Setup and then click Add Solution
Setup.

*  Or, in the Project Manager, right-click Analysis and then click Add Solution Setup.
2. When the Setup dialog box appears, select Fixed Mesh and enter 5.0 GHz in the Frequency
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text box. Note: There is no space between “5.0” and “GHz.”

Mezhing Parameters | Mesh Fefinement I

— |nihial kesh

¥ Fixed Mesh Frequency | 5 0GHz

[ Usze Edge Mesh

£ | Edge mesh length ratio IEI.'I
£ Absolute edge length I'IEIEIEI.EIEIEIEImm

i Do Adaptive

— Adaptive Parameters

bl &innum Mumber of Adaptive Passes I1 0
Adaptive Frequency: IE.EIEIEIEIGHZ
Percent Refinement Per Pazs: |25

Target Maximurn Delta Narm 0.05

— Mesh Dizplay Attributes

Color I -

Fezet to Suggested Yalues |

] I Cancel Help

c. Click OK to close Setup.
View the Mesh and Set Dynamic Mesh Updates

You can view the layout of the design in a planar or 3D view. On the Planar EM menu, click
Layout Editor to view the planar view of the design.

In the Layout Editor, you can view the mesh in either of two ways.

*  Click the setup you added. Then, on the Planar EM menu, point to Analysis Setup and then
click Mesh Overlay. Mesh Overlay is available when a setup has been selected in the Project
Manager.
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et

PlanarEkd1*

2 Model

@ Excitations

o @ 2 N LT I L LA A K
g Analysiz T ™ LA T AN ]
IIEE E ;m‘ ] all47] 4] 9 el W e = T IT .
...... b | b CUE hYq
b Copy oul IRIEEd Vi
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> Delete
Definitions = s L4
ijectd I_ Add Frequency Sweep
Properties
Il start Analysis
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In the Project Manager, expand the Analysis folder (by clicking the + sign next to its icon),
right-click the setup you added, and then click Mesh Overlay.

30 Mesh Overlay

Set up the analysis for Dynamic Mesh Updates in either of two ways:

On the Planar EM menu, point to Analysis Setup, and then click Dynamic Mesh Updates.

In the Project Manager, expand the Analysis folder (by clicking the + sign next to its icon),
right-click Setup1, and then click Dynamic Mesh Updates.

Set up Sweeps
Add an Interpolating Fast sweep:

1.

wokhw

Open the Sweep1 dialog box in either of two ways:
*  On the Planar EM menu, point to Analysis Setup and then click Add Frequency Sweep.

* Inthe Project Manager, expand the Analysis folder, right-click Setup1, and then click
Add Frequency Sweep.

When the Sweep1 dialog box appears, select the default sweep and then click Delete.
Select Interpolating Fast.

Select Linear Count.

Enter the sweep parameters:

a. Inthe Start, Stop, and Count boxes enter 1.5 GHz, 5 GHz, and 201.

b. Click Add.
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*  Alternatively, to update frequencies for an existing sweep, enter the new data in the
Start, Stop, and Count boxes, and then click Update.

6. Click View Sweep Points List to display a tabular list of the frequencies used during the
analysis.

7. Click OK to close the Sweep1 dialog box.

— Type
" Discrete

[T | Generate Surface Cument

Sweep Descrphon
Linear Court from 1.5GHz to BGHz, count=201

{* |nterpolating Fast

— Specify Frequency Sweep
" Single value

£ Linear step

% Linear count Bl oo

" Decade count

Start: |1.5 IGHE =] [Update »»
Shop: |5 IGHz j

Count: |2l:|1
Setup Full '/ ave Spice ... | Wigw Sweep Points List... | k. I Cancel

[Melete

FIEE

Add a Discrete sweep:
1. Open the Sweep2 dialog box in either of two ways:
*  On the Planar EM menu, point to Analysis Setup, and then click Add Frequency
Sweep.
* Inthe Project Manager, expand the Analysis folder, right-click Setup1, and then click
Add Frequency Sweep.

When the Sweep2 dialog box appears, select the default sweep and then click Delete.

3. Select Discrete, Generate Surface Current, and Linear Count. Generating surface currents
enables you to view currents and field quantities in later steps.

4. Enter the sweep parameters:
a. In the Start, Stop, and Count boxes enter 2.3 GHz, 2.7 GHz, and 5.
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b. Click Add.
* Alternatively, to update frequencies for an existing sweep, enter the new data in the
Start, Stop, and Count boxes, and then click Update.
5. Click View Sweep Points List to display a tabular list of the frequencies used during the
analysis.

6. Click OK to close the Sweep2 dialog box.

— Type
' Dizcrete

Sweepn Description
Linear Count from 2. 3GHz to 2. 7GHz, count=5

v Generate Suface Curent

i~ Interpolating Fast

— Specify Frequency Sweep
" Single valus
™ Linear step
% Linear count Add >

" Decade count

Start; |23 IGHZ | Update >
Stop: Iz-? IGHz j

Court: |5
Setup Full ' ave Spice ... | Yiew Sweep Points List... | k. I Canicel

[elete

FEE

Run the Analyses
Run the analysis:
1. To sequentially run all of the sweep setups that exist in the design, do either of the following:

*  On the Planar EM menu, click Analyze. (Alternatively, in the Project Manager, right-
click Analysis and then click Start Analysis.)

*  Or, you can run a single sweep: In the Project Manager, right-click the appropriate sweep
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icon and then click Start Analysis.

E]‘IE Analyziz I I I

: EIEE' Setup 1 L

e Sweep T Copy
L !;n..-..-eep 2 Rename

0§ Optimetrics > Delets

b b Fesults

- Definitions Properties

Skart Analvsis

Results L4
[N |

Note that it is also possible to run a single sweep: In the Project Manager, right-click the
appropriate sweep icon (in this example, either Sweep1 or Sweep2) and then click Start
Analysis.

2. Check the status while the analysis is running:

a. While the simulation is running, you can pause or abort the simulation by right-clicking
the Progress window. (If the window is not visible, click View on the menu bar, and then
then select Progress Window.)

Progress S A

E nzembleCircuit] ; Fast Frequency Sweep on Local

I

5000000 GHz bobd kat Fill % Abark
Clean Skaop
Change Priority  »
Pause

Resume

b. To alter the priority of a particular simulation: Right-click the Progress Window, click
Change Priority, and then select the appropriate setting (Normal, Lowest Priority,
Highest, Above Normal, Below Normal).

c. The Clean Stop selection terminates the simulation when simulation for the current
frequency point is completed.

Work with Post Processing

Use the post processing capabilities of Ansoft Designer to display the results of a simulation. You
can also use the export features to save the analysis data (and an equivalent circuit) in various
industry-standard file formats.
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View Tabular S Parameters

Open the Solution Data dialog box:

1. Inthe Project Manager, right-click Sweep1, point to Results and then click Matrix Data.
The Solution Data dialog box appears. Your results will be similar to the following:

i Solution Data O] =|
Dezign I
Simulation; ISetup 1 j Sweep 1

b atriv | Ennvergencel Prafile I

IV 5 Matix [ Gamma IMagnitudE.-"F'haSE j Expart. .. I Equivalent Circuit Export |
[T wMakiz [ 20

™ Z Matrix W &l Freqs. |1.5[|3Hz] -] Edit Freqs... |

Freq | S:p2 | 5:pl | Iﬂ
p2 [ 022852, -BR4) [097138, -150)

-p1[na?13a A50] [0.22822 543

o p2 (0223685, -B33) (059711, -152)

-p1 (09711, -152) (022938, -56)

9 p2 (0.23075, 70.2) (097082, 153

Cloze

2. Select S Matrix and then select the appropriate format (for example, Magnitude/Phase).

3. Click Export, and the Export Network Data Solution dialog box appears. Select the
appropriate format (for example, Touchstone, .SZG or .NMF) and then click Save.

4. To export the circuit as an equivalent SPICE model, click Equivalent Circuit Export, select
an appropriate file format and click Save. If the Equivalent Circuit Export command is
unavailable, you need to obtain a license from your Ansoft representative.

5. To see runtime data pertaining to the analysis, click the Profile tab.

Plot Return Loss (S¢4)

To create a report:
1. First open the Create Report dialog box by doing either of the following:
*  On the Planar EM menu, point to Results, and then click Create Report.
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3. Click OK, and the Traces dialog box opens:

Traces :

In the Project Manager, right-click Results, and then click Create Report.
2. Select Standard and Rectangular Plot.

Insert Layers

= Y
1
Add Trace | Add Blank Trace I Tirace I Remowve Trace | Remaove &1 Traces |
Desigr: IF;&'u-‘:rEr-.’] j Ewewﬂ b Lé
Solutior: | Setup 1: Sweep 1 x| Category: Quantity: Funchion:
W aniables Slp2p2) ang
Dutpust Y aniables Slp2p1] ang_rad
VEWRI[p2)
' Paraneter Sipl p2 i
Dutput Vanables. . | Z Paramater mag
Gannrma VSWRIp1) e
Port Zo
Temmination:

1

| (o= ]

Cancel

4. Plot the return loss:
a.

b.

In the Traces dialog box, select Setup 1: Sweep 1 in the Solution list.

In the Category, Quantity, and Function lists select S Parameters, S(p1, p1) and dB.
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* Click Add Trace, then click Done, and the plot appears.

pasi

0.00

-10.00 | //
-20.00 _ \ /

dB(S(pl,p1))

-30.00

0.0 ‘
1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

F [GHg]

* Note that certain results (for example, S parameters) have Plot Templates that simplify
the report-creation process. To use a template, select the appropriate sweep in the project
tree, click Planar EM, point to Results, and then point to Display Templates and click
the appropriate parameter.

*  For additional details about formatting the plot (for example, labeling the axes and
changing trace color) see Post Processing and Generating Reports in the online help
topics.

Plot a User Defined Graph
Display a Smith chart for S(p1, p1):
1. On the Planar EM menu, point to Results, and then click Create Report.

*  Alternatively, in the Project Manager, right-click Results, and then click Create
Report.

. When the Create Report dialog box appears, select Standard and Smith Chart.
3. Click OK, and the Traces dialog box appears.
In the Solution list, select Setup1:Sweepl.
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In the Category and Quantity lists, select S Parameters and S(p1, p1), and make sure that
None is selected in the Function list.

Click Add Trace.
Click Done.

The Smith chart appears.

699 138.
.293 + jO.
1.423 - j1.6
84

Rescale and Phase Animate the Currents
Setup excitations:

1. Inthe Project Manager, under Excitations, right-click p2, and then select Properties

The Edge Port Definition dialog box appears.
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2. In Port Excitation Magnitude, enter 0 ma and 0 degrees.

3 -22 Planar EM Design

Edge Port Definition

— Part D efiritian

Part Mame |p2

¥ | Gap Souce ¥ Use Port Solver
Part Type: Single Stip Gap Source

— Part Excitation

b agnitude IE'I'I'I-‘*'-

Phase IDdEEI

Characterigtic Impedance IEEIEI b

— Post Proceszing Settings

[~ Post Process Port

Fenormalize IEDEI b + O Db

Deembed ID'T"T'

k. I Canicel
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Alternatively, right-click Excitations in the project tree, and then click Port Excitations on the
shortcut menu. The Port Excitations dialog box appears, in which you can modify port excitations.
This method would be convenient for multiple-port designs.

FPort Excitations
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Animate the currents:

1. Display currents: In the Project Manager, right-click Sweep2, point to Results and then click
Display Currents.

L

=7

2. Inthe Project Manager window, in the Results folder, right-click Setup 1:
Sweep2:Currents, and then click Properties.

3 -24 Planar EM Design



Insert Layers

The Currents dialog box appears:

corents x|
l:lbl.i:l'lsl
Pict Type: i~ Scale
% Msoribude ¥ Auto Scals
T Vecior inimun I OO 56703
T eod

spcig [ C Liex & Logaikmic

Size I FEE: [™ Display Gaid
O e

Vbt Ramge  |Tempeiahas -
Suafeces Deviaborr | Zmm Lewels |21 H,
¥ Fill Conlouss :

DKIEau::II

Do the following:

*  Under Scale, select Auto Scale and Logarithmic.

*  Under Color Map, in the Ramp and Levels lists, select 21 and Temperature.
*  Under Magnitude, in the Surface Deviation list, enter 3mm.

* Leave the other settings unchanged, and click OK.

Phase animate the currents:

a. Under Results in the project tree, right-click Setup 1: Sweep2 Currents, and then click

EB Results
- E3 Smith Plot 1

.33 Smith Plat 2

Rename
> Delete

Properties...
Animate
Freguency
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Frequency on the shortcut menu. The Frequencies dialog box appears.
b. Select 2.7 GHz from the list.

Frequencies

2 fe+ll9

c. Right-click Setup1:Sweep2:Currents and then select Animate.
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The Setup Animation dialog box appears:

Setup Animation

d. Do the following:

Accept the defaults for Name (Animation1) and make sure that Phase is selected as

the Swept Variable.
* In the Start, Stop, and Steps boxes, enter 0deg, 360deg, and 40.
e. Click OK.
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The resulting display looks like this:

Pan shift+Drag

Layer ttributes >
Zoom  Altshift+Drag

Labelng »
Stale 7 Zoom [n
Crass Section Zoom Qut
Geometry Invistle

Eit Al fa )
[v Coordinate Axes

Copy Ta Clipboard

5. Inthe Layout 3D window, right-click to Zoom, Rotate, or Pan the animation.
6. Click Dismiss when finished.

Animation: Animationl ﬂ

|
« af[=] p| »]

Frame: 15, Phaze="135deg’

Speed

Export...

Dizmizs

Frequency Animated Far Field Plots

Far fields are not usually of interest when designing a filter, but the procedure is shown here for ref-
erence. To be able to plot the currents and far field, a discrete sweep must have been run, with Gen-
erate Surface Current selected in the solution setup, so that the currents are saved and are
available to be plotted. As with the current animation, you can define the frequency at which you
view the far field: Right-click Setup1:Sweep2:Far Field and click Frequency. Click 2.4 GHz.
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Plot the far field:

Insert Layers

1. In the Project Manager, right-click Setup 1: Sweep2, point to Results, and then click Far

Field:

- PlanaEM1
-4 Model
@ Excitations
m-fle Analysis

E EE Setup 1

..... by Sweep 1
0§ Optimetrics

Eb Results
. E88 Smith Plat 1

Sweep 2

-1 Definitions

The Layout 3D window appears and the far-field pattern is displayed.

Also note that an icon is added in the Project Manager, under Results

dh Cut

Copy

Renarme
> Delete

Properties

Skark Analysis

Resulks

----- E Setup 1:Sweep 2:Cunents

4 [5] Matrix Data
K= Display Currents

o FTE—

=F Mear Field
Plot Templates

k
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2. Right-click anywhere in the Layout3D window, point to View, and then check out the various
options.

- fmy Results
-2 Smith Plat 1

B Y Plat
E' Setup 1:Sweep 2:Curents

eep 2:Far Field

Rokake Alt+Drag

Pan Shift+Dra

Laver Attribukes L4 = 2
Zoom  Alk+Shift+Drag

’ Labeling
2 Scale £ Zoom In

-

_rass Seckion Zoam Duk
Geometry Invisible i
Fit &l Chrl+D
|7 Coordinate Axes
Spin
Copy To Clipboard )
Aninnake
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Animate the far field:

Insert Layers

1. Inthe Project Manager, under Results, right-click the Setup1: Sweep2: Far Field icon, and

then select Animate.

The Select Animation dialog box appears:

Select Animation

Armmation] [Swept variable Phaze]

2. Click New because you will view an animation of a varying frequency against a fixed input

phase of 0 degrees.
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The Setup Animation window appears:

Setup Animation

3. Accept the default name and swept variable.
4. Click OK and the animation begins.
5. Click Dismiss when finished.
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Discrete Time Domain

Discrete time domain analysis yields the output signal response at arbitrary nodes in the system.
This type of analysis can be applied to functional or mixed systems and is defined as follows:

*  Functional system: contains only functional components
* Mixed system: contains both functional and electrical components

During discrete time domain analysis, all electrical elements and subcircuits are converted to time-
domain models (uni-directional). The resulting time-domain model is extracted from the
corresponding frequency response that is evaluated during the simulation. To do a system
simulation, first create a project, then create a schematic within that project, and then run the
simulation.

The example presented in this section is a communications receiver with frequency and discrete
time analysis setups. You will analyze and create output reports for each schematic after first
running a simulation for each.

Example: A Double Down-Conversion Receiver

This section shows you how to build the schematic, set up an analysis, and then create reports and
display results. Along the way you will:

*  Start Ansoft Designer and explore the system tools (all the basics, as well as a few advanced
features).

*  Use each of the system tools.
* Learn some terms and concepts essential to system simulation.

* Use Create Report to display the simulation results.
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Example: A Double Down-Conversion Receiver

Set up the System Design
To start Ansoft Designer:
1. Click Start.
2. Select Programs.
3. Select the Ansoft Designer folder.
4. Select Ansoft Designer.

E ETIIIQT-EIm:E: 2 fnzoft EIE:E:iEIr'IEer 4 .t"l'\ Anzoft DEE:ignE[
@ rinztall Dezsigner

5. On the Windows taskbar, click Start, point to Programs, and then point to the Ansoft
Designer folder icon and click Ansoft Designer (alternatively, you can double-click the
Ansoft Designer desktop icon).

6. Start Ansoft Designer. On the File menu, click New. g

File Edit %iew Project Draw Schemr
Em
= Open... Chrl+0

7. Select the Projectl icon in the Project Manager window.

+
8. On the Project menu, click Insert System Design. ##
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9. Inthe Choose Layout Technology dialog box, select PCB - DoubleSided and then click

Open.

Choose Layout Technology

M5
M5
MS
M5
S
MS
M5
MS

Open I Browze. .. Maone | Cancel |

- Alumina [Er=9.8] 0.010 inch, gold

- Alumina [Er=59.8] 0.025 inch, gold

-FR4 [Er=4.4) 0.030 inch, 0.5 oz copper

-FR4 [Er=4.4) 0.060 inch, 0.5 oz copper

- RT_duroid 5820 [Er=2.20] 0.010 inch, 0.5 oz copper
- BT_durcid 5380 [Er=2.20] 0.020 inch, 0.5 o0z copper
-RT_durcid 6010 [Er=10.210.010 inch, 0.5 oz copper
- BT durcid B010 [Er=10.2] 0.025 inch, 0.5 oz copper
FPCE - DoubleSided

FCE - SingleSided

5L-
5L-
5L-
5L-
5L-
5L-
5L-

Alurnina [Er=59.8] 0.010 inchk, gold

Alurnina [Er=3.8] 0.025 inch, gold

FR4 [Er=4.4] 0.030 inch, 0.5 oz copper

FR4 [Er=4.4] 0.060 inch, 0.5 0z copper

RT_duroid 5880 [Er=2.20] 0.010 inch, 0.5 oz copper

RT_duroid 5380 [Er=2.20] 0.020 inch, 0.5 oz copper ~
AT_duroid G010 [Er=10.2] 0.010 inch, 0.5 oz copper ;I

P e A e

A new, empty schematic, associated with PCB DoubleSided technology, opens in the Ansoft
Designer schematic editor.

If you want to open a new schematic that is not associated with the set of definitions that come
with a technology file, you can click None rather than selecting a technology and clicking OK.
This is useful for basic concept designs that do not or need not contain manufacturing or sub-
strate information.

Configure the Design Libraries

1. Inthe Project Manager window, click the Components tab and then determine if the Circuit
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Elements folder is installed (if already installed, it appears under System Libraries icon):
Project Manager |
g Fixed Poirt -]

ﬂj Frequency Synthesizers
w-g@l IEEES02dat11a
-0 Math

ﬂj Mizcellaneous
ﬂj Modulators
ﬂj Monlinear RF
ﬂj Probes

ﬂj Sources
ﬂj Yectar

-1 WEDMA

L&, Spstem Libranies
m Circuit Elerments
ﬂj Probes

L&), Project Components

------ 2 Spstemd

B8 1595 Access Channel Block De

< | T

Froject  Components | Search |

a. Ifthe Circuit Elements folder is already installed in the Project Manager, then go to the
next step.

b. If the Circuit Elements folder is not installed, you must configure the Circuit Elements:
On the menu bar, click Tools and then click Configure Libraries. When the Configure
Design Libraries dialog box appears, make sure that System Libraries is selected
(default setting). In the Available Libraries list, scroll down the list and select Circuit
Elements. Click the Insert button = = |, and then click OK. If Vendor Elements is not
listed in the Configured area, you snouia move this across at the same time, allowing
access to manufacturers’ component data.

c. Inthe Components tab of the Project Manager, confirm that the Circuit Elements
folder has been configured and is available for use in the design.
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Configure Design Libraries

X
&+ System Libraies  |Components

" Uzer Libraries

" Personal Libraries I'gdate;ie;ls Cancel
Fﬂpﬁﬁts ;l [T Save as defaul
Available Libraries Configured
a C:4Program Files'\.ﬁ.nsnft'xDesigner'\.s_lﬂ System Elements
- System Elements Circuit Elements

- -7 Yendor Elements

= a Circuit Elements il
B Coawial Cable

: 44
Bl |deal Distributed —l
Bl |deal Microwave

Bl MKF

] Frobes -
4| | »

e
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Example: A Double Down-Conversion Receiver

Place the Components in the Schematic
We start by placing the components in the schematic.

1. Click the Components tab in the Project Manager, and then expand the Circuit Elements/
Filters folder and the Chebyshev icon.

Project Manager A

== Circuit Elements A
ﬂj Coaxial Cable

-7 Coplanar W aveguide

[=1-423 Filters

ﬂj Bezzel Thompzon

ﬂj Buttenvorth

Eﬂj Chebyzhesy

™ Chebyshey Band-Pass Filker
----- A/ Chebyshey Band-Feject Filker
----- £ Chebyshey High-Paszs Filer
] Chebyzhey Low-Pazs Filter
=@l Elliptic

Eﬂ--ﬂj Raized Cosine

127 Five Layer

1271 Four Layer

127 Grounded Coplanar wavequide
1§l 1deal Distributed

]ﬂj Ideal Microwawve j

n T (111 T TR |

b O O e O e O e O |

Project  Components | Search |

Select Chebyshev Band-Pass Filter, and then right-click Place Component.

3. Now drag the cursor into the Schematic Editor window, and note that the cursor changes into
the filter’s schematic symbol.

4. Move the symbol near the left side of the screen, then right-click and select Place and Finish.
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Example: A Double Down-Conversion Receiver

5. Place two additional Chebyshev Band-Pass filters so that your schematic looks like this:

i Project? - Systeml - Schematic - O] x|

=] = =
Fl=13HI FL=13HI Fl=13HI
Fl=23HI FlU=23HI Fl=23HI
|
1 | Mew Page | -

4] 1 vl 4

Note that to make multiple copies of a component, you can use any of these shortcut tech-
niques to place multiple components:

* To make multiple copies: Drag the cursor into the Schematic Editor (same procedure as
before), left-clicking to place as many copies as needed. As soon as you position the final
schematic symbol, right-click and then select Place and Finish.

* To copy-and-paste: In the Schematic Editor, select a schematic symbol (one click). On
the main menu bar, click Edit and Copy, and then click Edit and Paste. Drag the cursor to
the Schematic Editor, position the component, and then right-click Place and Finish.

* Alternatively, you can copy-and-paste by selecting the component and then applying the
standard Windows shortcut keys (Ctrl +C and Ctrl +V).
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6. In the Project Manager, expand Ideal Distributed (under Circuit Elements) and select
Transmission Line, Physical Length:

=@V Ideal Distributed
'=€ Coupled Line, Electrical Length
-=f, Coupled Line, Physizal Length
----- = Loszless Resonator, 1/25hart/Open
----- = Lozzless Resonator, 1/0pen/Z/0pen
----- = Lozsless Reszonator, 1/0pen/Opend2, Admittance bMadel
----- = Lozsless Reszonator, 1/0pen/OpendZ, Physical Model
----- = Lossless Resonator, 1/5hort/ 2.5 hart
----- = Lossless Resonator, 1/5hot/Short /2
----- ™ Open Stub, Electrical Length
----=E Open Stub, Electrical Length, wiBef. Mode
----- ™ Open 5Stub, Physical Length
,EK Open Stub, Phozsical Length, w/Ref. Hode
----- ™! Open 5Stub, Yelocity Factor
% Open Stub, Welocity Factor, wiRef. Mode
----- % R-C Metwark, Distributed
----- 2%, R-C Metwork, Distibuted, Impedance and Propagation Factor
----- ™ Sharted Stub, Electrical Length
----- B Sharted Stub, Electrical Length, w/Ref. Node
----- = Sharted Stub, Physical Length
----- =K Shorted Stub, Phyzical Length, w/Ref. Mode
----- = Shorted Stub, Velocity Factor
----- = Sharted Stub, Velocity Factor, w/Ref. Mode
-8k Tapered Transmizsion Line, Phyzical Length
----- = Tapered Transmizsion Line, Physical Length, w/Fef. Nodes
-8 Tapered Transmizsion Line, Yelocity Factar
----- =% Tapered Transmizsion Line, Yelocity Factor, w/Fef. Nodes
----- B Tranzmizzion Line, Electrical Length
= Transmiszion Ling, Electrical Length, w/Ref. Nodes
Transmizzion Line, Physical Length
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Example: A Double Down-Conversion Receiver

7. Drag the cursor into the Schematic Editor, and—using any of the techniques described
earlier—place two copies of the transmission line, as shown. At this point your schematic
should look like this:

I Project? - System1 - Schematic =10 x|

Z=500hm Z=E00hm Z=500hm
FLe10HI . i FLe10HI N FLe10HI
Fll=BHHT = omimn Peimm Fll=2EHT = omimn Fll=BIHT

+

1 INew F'agel -

4] | v

8. In the Project Manager, under the System Elements icon, expand the Nonlinear RF folder.
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Example: A Double Down-Conversion Receiver

9. Select Amplifier, Full Listing, and then place four instances in the Schematic Editor:

i Project2 - System1 - Schematic

=10] x

I

e e e

1 [Hew Page | ' -
k1| 1
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Example: A Double Down-Conversion Receiver

10. Place the mixers:

a. Inthe Project Manager, under the System Elements folder, expand the Nonlinear RF
icon and select Mixer, Full Listing:

B3 System Elements

=@l COMA 1595

ﬂj Channels

ﬂj Coderz Decoders
ﬂj Data Corverters
ﬂj Cemodulators

- g@l Digital Filters

- g@ Digital Logic

ﬂj Equalizers

=-g@V Filters

@l Fixed Paint

ﬂj Frequency Synthesizers
+-g@ IEEES02dat11a

=@l Math

ﬂj Mizcellaneous

ﬂj M odulators

ElﬂJ Monlinear RF

----- 1= Amplifier, Full Listing
----- 4= Amplifier, M odel

----- 4= Amplifier, Model Data

b. Now place two instances of the mixer in the Schematic Editor, as shown.
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Example: A Double Down-Conversion Receiver

c. Ifyouneed additional space between unconnected sections, create a bounding box around
a group of elements and then move them. (Click the left mouse button, drag the cursor to
select a group of components, and then move the group.)

i Project? - System1 - Schematic

1 |New F"agt:l -

4] 1 v

11. Add the voltage and power probes:

a. Inthe Project Manager, under the System Elements folder, expand the Probes icon and
select Voltage Probe (located at the bottom of the list). Insert two copies of the voltage
probe (input and output) as shown.

b. Select Power Probe and insert it as shown:

i Project? - System1 - Schematic

1 | New Page | -

4] 1 vl 4
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Example: A Double Down-Conversion Receiver

12. Add the input and output ports and define their parameters:

a.  On the Schematic Draw toolbar, click the Interface Port icon. % and place ports at the
input and output, as shown.

i Project? - System1 - Schematic

1 | New Page | -
4] 1 1V

b. Afteraport is placed, you can open the Port Definition dialog box by double-clicking the
port symbol.
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Example: A Double Down-Conversion Receiver

Port Definition L pd

— Puort

Fort name:
Part rumber; I2 j

— Termnination

Termination; |5|:I +i0

Simple terminatiorn; re; |5':I im: I':I
Add

— Source Definition

Enable Source Mame

Edit ... |
[elete |
For dizcrete time analyziz ol

Humber af Samples: I
|

Sampling Fate;

[GHz -]

— Syumbaol
" Interconnect

* Microwave Port

k. I Cancel

13. Define the source (excitation) for Portl:

a. In the schematic editor, double-click the input port. The Port Definition dialog box
appears. (Same procedure as previous step.)
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Example: A Double Down-Conversion Receiver

b. Make sure that the following values appear:

Port name Portl
Port Number 1

re: 50

im: 0
Microwave Port |Selected

c. Under Source Definition, click Add, and the Source Selection dialog box appears.

d. Set power (p) to -70 dBm, and select dBm in the Unit list, if desired (variables may be
added without specifying a unit).

e. Specify a variable for frequency:

* Type a new variable name, FF, in the Property text box in the Frequency row.

i Source Selection | x|

N ISinusnidaI'I

Type: I Sinuzoidal L‘

{* Power
i~ oltage
£ Cumrent

Parameters | Diagrarn |

| Property |"-.-’alue I [t | | D'ezcription
p -7l dBm Avallable power of the source
phi 0 deg Phaze of the zource

prinicipal_tone 0 1 toindizate principal carier for zystem's frequency dom

| | i
| 2k I Canizel |

The Add Variable dialog appears.

*  Type 3.9GHz in the Value box and verify that the Local Variable button is selected,
then click OK.

f.  Click OK to close the Source Selection and Port Definition dialog boxes.
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Note that schematic symbol for portl has changed into a source symbol.
Note that the microwave port has been flipped in the x direction.

Also note that you can add additional sinusoidal excitations. At this point, your
schematic should look like this:

1 | MNew F‘agel

4] 1 v

Edit Component Properties

Define the parameters for Filterl:

1. Double-click the schematic symbol for the first filter, and the Properties dialog box appears.
2. Enter the values for N, FL, FU, RIP, QU, and RRE as shown. (If a property has units, do not
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insert a space between the number and units, for example, 3.8GHz).

Farameter Yalues I Eenerall S_I,Iml:u:ull Froperty Displa_l,lsi

% Walue £ Optimization ™ Turing ™ Sensitivity
M arne | Walue I |k I
N 7
- |FL 385 GHz
|Fu 395 GHz
BEE 0.25
o 1000
[ |rRE 50
L 0
i Statuz Active
r— (-

3. To display additional information about this component (for example, model notes and netlist
syntax) click the CBPF button and the Ansoft Designer Help window opens.

4. Now enter the following values for Filter2 and Filter 3:

Filter2 Filter3
N 5 5
FL 1.15GHz |0.25GHz
FU 1.25GHz |0.35GHz
RIP 0.2 0.2
QU 1000 1000
RRE 50 50
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5. Enter the following values for the transmission lines (leave Z and F unchanged):

TRLK1 | TRLK2 | TRLK3
P lin 240 in lin
K 9.8 2.1 9.8
A 1.9685 0.98425 [1.9685
F 39GHz |1.2GHz |[1.2GHz

Create a Variable to Define Gain
Create a local variable that will be used to define the gain for the fourth amplifier:
1. On the System menu, click Design Properties.
In the Properties dialog box, click the Local Variables tab and then click Add.
The Add Property dialog box appears.
In the Name box, enter Gain_1.
3. In the Value box, enter 10.

Add Property x|

& Warigble © Mumber ) Separatar
£ walue T Paint

Narne |iain_1

Walue

10

E nter initial value inta Yalue field. Thiz should be a number, vaniable, or expreszion.
R eferenced project variables should be prefized with a '$'. Examples: 22 4pF,

$C1 . Zcoz($x].
| QF. I Caricel

4. Click OK.

For additional explanation of parameters and variables, see Chapter 1, Terms Used in Ansoft
Designer.

Use an external file to specify compression characteristics for the second amplifier:

1. In this example, we use an external data file, Comrec.flp, to define the compression
characteristics for the second and fourth amplifiers. (Later, in step 27, we use this file to define
the intermodulation table for the two mixers.)

2. Double click the second amplifier, and the Properties dialog box appears.
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3. In the File row, under value, click the blank button.

In the Select File dialog box, select Use Path and click the browse button _I to browse to
the directory where Ansoft Designer is installed. Browse to: Examples\System\comrec.flp.

5. Click Open, and then OK.

Gelect File

Select File

& Lze path

" In perzonalib folder

' In userlib folder

= In zyelib folder

File Hame

IC} YDesignertE samplessSyztemicomrec. flp

o ]

N

Cancel |

6. Click OK to close the Select File and Properties dialog boxes.
7. Set values for Amplifierl, Amplifier2, Amplifier3, and Amplifier4 as shown in the table

(leave all other values unchanged):

Example: A Double Down-Conversion Receiver

Amplifierl | Amplifier2 | Amplifier3 | Amplifier4
FILE comrec.flp comrec.flp
DEVICE MID_GAIN |GAIN_2
MSI11 -12 -12 -12 -15
MS12 -60 -60 -50 -50
MS21 30 Gain_1
MS22 -18 -18 -15 -15
NF 2 6 8 6
OIP3 0dBm 10dBm
P1DB 5dBm
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8. Set values for the Mixer1 and Mixer2, as shown in the table:
Mixerl Mixer2

FILE comrec.flp comrec.flp
DEVICE MIX 1 MIX 2
TEMP
MS11 -10 -12
MS22 -10 -15
CONVGAINMAG -8.5 -10
NF 8 10
OIP3 20dBm
MAXO 10 10
MINF 1GHz 0.1GHz
MAXF 6GHz 1GHz
FLO 2.7GHz 0.9GHz

9. Assign a name to each of the probes:

a. Double-click the first voltage probe, and its Properties dialog box appears. Enter Vin for
Name and then click OK to close.

b. Double-click the second voltage probe, and its Properties dialog box appears. Enter Vout
for Name and then click OK to close.

c. Double-click the power probe, and its Properties dialog box appears. Enter Pout for
Name and then click OK to close.

d. At this point, the schematic has all of the necessary parameter values assigned.
10. Change the schematic name from System1 to SingleTone:

a. Inthe Project Manager, right-click the System1 icon, select Rename, and then type Sin-
gleTone.

b. On the menu bar, click File and then click Save. When the Save dialog box opens, enter
ComReceiver in the Name field.

Set up the System Analyses

Two separate analyses will be set up for this project: A simple frequency-domain sweep, and a
discrete time-domain analysis (which requires additional data in the Source Selection dialog box).
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Frequency Domain Example
To set up a frequency-domain analysis:
1. On the System menu, click Add Analysis Setup.

* Alternatively, in the Project Manager, right-click the Analysis icon and then click Add
Analysis Setup.

add Analysis Options

Import Solution

The Analysis Setup dialog box appears.
2. Accept the defaults for Analysis Name and Analysis Type. Click Next.

Analysis Setup X|

[ Disable thiz analysis

Analvsiz N ame IFD-|

Analyziz Tupe IFrequenc_l,l Comain Analyzis j

¢ Back I et > I Cancel |

3. Inthe System, Frequency Domain Analysis dialog box:

a. Make sure that Enable Group Delay Calculations and Enable Noise Calculations are
selected.
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b. Make sure that Perturbation (%) and Noise Bandwidth are set to 0.01 and 10MHz.
x

Group Delay & Moize — Sweep Variable

: Mame Sweepalue | Syncl
¥ Enable Group Delay Calculations

Perturbation(#] ID.D‘I

¥ Enable Moize Caloulations

Naise Bandwith |1UMH2 ii

™ Perform single tone analpsis when multiple
sources are defined

Add... I Hemovei Edit... | Spnc

< Back I Finizh I Cancel | Help I

4. In the System, Frequency Domain Analysis dialog box, click Add and the Add/Edit Sweep
dialog box appears:

a. Inthe Variable list, select FF.

b. Select Linear Step and enter 3.8 GHz for Start, 4 GHz for Stop, and .0025 GHz for
Step. (Make sure that the units are set to GHz).

c. Click Add and then click OK to close the Add/Edit Sweep dialog box.
d. Click Finish to close the System, Frequency Domain Analysis dialog box.
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Ed
" aniable FE j
Sweep Yalues
 Single value Start LIM 3.8GHz 4GHz 0025GHz ;l
¥ Linear step IE IGHZ j
" Linear count Sto
F <4 Bemove |
™ Decade count I4 IGHZ j
" Octave count Step Delete |
{~ Exponential count I'DD25 IGH2 j _ILI
Kl b

¥ Uz frequency sween value as offset from F1 ] | Cancel |

"foset fram F1

Start the analysis:
* Inthe Project Manager, right-click the Analysis icon and then click Analyze.

add Analysis Setup
Add Analysis Cptions

Impark Solukion

As soon as the analysis starts, the Progress window becomes active:
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SingleTane on Local Machine -

I

25 of 100

®  Check the Message Manager for status:
In this example the message confirms a successful analysis, but if an error occurs it will be
reported here.

— T T —_—_—y
=4 SingleTone

..... :.",) Analvziz "FO1" of "SingleTone"’ successfully completed,

Time Domain Example (TD1)
To analyze the receiver in the discrete time domain:

1. First, you must provide additional timing information for the input source: Double-click on the
input port, and the Port Definition dialog box appears.

2. In the Port Definition dialog box, under Source Definition., select Sinusoidall.

4 - 24 Discrete Time Domain



Example: A Double Down-Conversion Receiver

3. Enter 1024 for Number of Samples, and enter 0.5GHz for Sampling Rate. (These additional
parameters are required for discrete time analysis).

Port Definition

— Part
Fort hame: Part1
. =]
Part rumiber; I1 =
— T ermination
T ermination; |5':| +i0

Simple termination:

— Source Definition

Enable Source Mame
[w]Siruzoidall

For dizcrete time analyzis anly:

Mumber of Samples:

re; IF in; ID_
Add ...

|1 024

_ e |
Edit ... |
[elete |

Sampling F ate: IU.E

|GHz =]

— Sumbol
" Interconnect

i Microwave Paort

x|

Cancel

*  Note that the total duration of the discrete-time simulation will be Number of Samples/

Sampling Rate = 2.048 ps.

*  Also note that since Sampling Rate is less than the source frequency (f), this discrete time
simulation is based on envelope analysis, so the source fundamental carrier (f) is not sam-
pled. In this case, a single sinusoid has a constant envelope proportional to the source
power. Envelope simulation is usually a more efficient choice when we are only interested

in examining in-band responses.

4. Click Edit. The Source Selection dialog box appears.
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5. Verify that f is set to FF, and leave p set to -70 dBm. Leave the other parameters unchanged.

6. Click OK.
To set up a time-domain analysis:
1. On the System menu, click Add Analysis Setup.
*  Alternatively, in the Project Manager, right-click the Analysis icon and then click Add
Analysis Setup.

Add Analysis Cptions

Impark Solukion

2. When the Analysis Setup dialog box appears, accept the default for Analysis Name and select
Discrete-Time Domain Analysis as the Analysis Type, and then click Next.

Analysis Setup X|

[ Disable thiz analysis

Analpzis Mame I TOH

Analysis Type | Ciscrete-Time Dormain Analy sis |

< Black I MHest = I Cancel |

The System, Discrete-Time Domain Analysis dialog box appears.

3. Select Convolution Analysis.
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4. Set Minimum Bandwidth to 2.5 MHz and Maximum Ratio to .015, as shown.

System, Discrete-Time Domain Analysis __>_CJ

Elecitical Subspstem Smulaton Setip Sweep Vaisble:

™ Impulse Invariance Analysis
 Convoluion Analysic

Gain 1 LIM10157
Minimum Bandwidth 25 |MH= v| il

Mame | SweepiVahe | Sync

I axirrum R atio nms
Show waming if the iequency response
¥ between bwo corsecutive requency I':'-E':":'l j' j E
porits{swesp resolution] decays mone than = |
Mokse OFF = I
Random Seed ||:| Gensrate | r &

Signal Storage  [OM =|
< Back I Finish | Cancel
5. To set the Sweep Variables: Click Add, and the Add/Edit Sweep dialog box appears.
6. Inthe Variable list, select Gain_1.
7. Select Linear Step and enter, 10, 15, and 1 in the Start, Stop, and Step fields. Click Add.
8. Click OK and then click Finish to close the Add/Edit Sweep and System, Discrete-Time

Domain Analysis dialog boxes.
Start the analysis:
* In the Project Manager, right-click the TD1 icon and then click Analyze.

Note that the Start Analysis command sequentially runs all of the analysis-setups in the
design. To run an analysis for TD1 only, right-click the TD1 icon and select Analyze TD1.
Note that as soon as an analysis starts, the progress bar appears:
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SingleTane on Local Machine -

I

25 of 100

Check the Message Manager for status:
In this example the message confirms a successful analysis, but if an error occurs it will be reported
here.

= - : .
EH'@ SingleTone
E ijl) Analpziz "TOT" of "SingleTane" succeszsfully completed.

Display the Results

At this point we’ve successfully run a frequency-domain analysis (FD1) and a time-domain
analysis (TD1). Now we’ll display the results for both cases.

Display Results for the Frequency-Domain Analysis

To report the results for FD1:

1. On the System menu, click Create Report. Also note these two alternative ways to insert a
report:

*  On the Systems Solutions toolbar, click the Create Report icon. Eig |

* Inthe Project Manager window, right-click the Project icon, point to Create Report.
When the Create Report dialog box appears, click OK. Select Standard and Rectangular Plot.
In the Traces dialog, plot S21 and NF:

a. Inthe Solution list, make sure that FD1 is selected (default setting).

b. In the Domain list, make sure that Sweep is selected.

c. Add the first trace: In the Category, Quantity, and Function lists, select S Parameter,
S21, and dB. Click Add Trace, and the data is displayed in the first row.
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d. Add the second trace: In the Category, Quantity, and Function lists, select Noise, NF,

and dB.
e. Click Add Trace, and the data for the second trace is displayed in the second row, as
shown.
x
3 | Y [ r-awis |
1 [FF dB[S21] el
Add Trace | Add BlankTrace | Feplace Trace l FRemove Trace Femove All Traces
Dresign: |Si|1gle|'one '-'I Sweepsl b Y |
Salution: |FD1 Categony: Guantity: Function:
e I ﬁ' Wariables A 1511 ang
Domaint | Sweep |DutEut Y ariables — |S12 |ani rad
' Parameter 522 im
Z Parameter mag
i == H Parameter e
MNumber of Epcles: | 2 :II 5 Parameter
ABCD Parameter
Output Variables... | GTU_UD Dielay
Moize
Pawer
Woltage
Return Loss b
Oth
Al ik ﬂ
Set Terminations... |
Apply | Dione I Cancel |

4. To plot NF on a separate Y-axis:

a. In the trace-display area (located at the top of the Traces dialog box), move the cursor to
rightmost column and click the area under the Y-Axis column. A list of Y-Axis labels
appears (Y1, Y2, and so on).

b. Select Y2 for the NF so that the noise figure is plotted on a separate Y-axis to the S-
parameter.

c. Click Done and the graphs for S21 and NF will appear as shown.

d. To generate a variety of other responses, just repeat this procedure. (For additional details
about the Traces dialog, see the first chapter of this Getting Started Guide.)
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Display Results for the Time-Domain Analysis

In this case, we will plot the spectrum variations when the gain of the fourth amplifier is swept (a
local variable, Gain_1, was set up and assigned to in steps 18 and 21).

To report the results for TD1:

1.

On the System menu, click Create Report. Also note these two alternative ways to insert a
report:

*  On the Systems Solutions toolbar, click the Create Report icon. Eig |

* Inthe Project Manager window, right-click the Project icon, point to Create Report.
When the Create Report dialog box appears, click OK. Select Standard and Rectangular Plot.
In the Traces dialog, plot the spectrum for the output-voltage probe (Vout):

a. In the Solution list, select TD1.

b. In the Domain list, select Spectral.

c. Add the trace data: In the Category, Quantity, and Function lists, select Probes,
VP(name=VP:Vout, and dB. Click Add Trace, and the data is displayed in the first row.
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X
% | ¥ [ -z |
1 | Spectrum dB[P[name="F\out]] 1
Add BlankTrace | Heplace Trace | Bemove Trace Remove &l Traces
Desigr: ISingIeTone j Sweepsl " Y I
Solution: ITD1 j Categony: Guantity: Functian:
- Wariahles PP[hame=FF:Pout) ang
Diomain: ISDEC"E‘I j DutEut'\-"ariabIes WP in) ang_rad
All im
mag
e
Murber of Cycles: I 2 :ll
Dutput Yanables... |
T ermination: Set Teminations...
Apply [Dane Cancel

4. Click Done.
5. To see how the spectral plot varies for various values of gain (for example, 10 dB or 13 dB),

click the thumbnails on the right side of the display. Zoom in on areas of interest.
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