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Linear Network Analysis

Linear Network Analysis Topics to be Covered:

Schematic Entry

W-Element Import Linear .
Basic Linear Analysis V C network Vout(a)):H(a))Vin(a))
Network Data Explorer in(a))

Passivity and Causality _]_ _J_

Linear Network Analysis Overview

Linear network analysis is used to determine the frequency dependent response of a linear network. The results can be
expressed as scattering parameters (S-parameters), as well as admittance (Y) or impedance (Z) parameters. Additional user
defined quantities may be derived from these network parameters .

It is possible to include non-linear components in a linear analysis, but these devices will be treated as if they are linear. That
is, signal amplitudes are assumed to be so small that individual device transfer characteristics are linear.

In addition to extracting network parameters it is also possible to define sinusoidal voltage and current sources.
For a linear network, all output signals are proportional to the input signals as shown above.
The response of a linear network to a time harmonic input is always at the same frequency as the input signals.
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* Introduction

®* The goal of this exercise is to learn how to use the ANSYS Electronics Desktop interface to import models, create a circuit schematic,
define and run analyses, create reports, and use the Data Network Explorer to examine the results. To do this, a schematic diagram
of a high-speed serial channel will be created using W- and S-element models.

Linear Network Analysis

* Launching ANSYS Electronics Desktop
®* To access ANSYS Electronics Desktop, click the Microsoft Start button, select:
All Programs > ANSYS Electromagnetics > ANSYS Electromagnetics Suite 16.0 > ANSYS Electronics Desktop 2015
®* Toopen a new project:
— Inan AEDT window, Click the [0 button on the Standard toolbar, or select the menu item File > New.

— From the Project menu, select Insert Circuit Design or Right Mouse Click on project folder and select Insert Circuit
Design . A new window is created for schematic entry.

) ANSYS Electronics Desktop - Project5.
file Edit View Project Tools Window Hel

— Click the None button when prompted to Choose Layout Technology. L) x
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ANSYS

Linear Network Analysis

* Save your project

* You will now see an empty schematic in the main Designer window.

* Right-click on the design Circuitl under the Project Manager and select Rename to rename the design LNA.

* Select the menu item File > Save to save the project: Linear

— This will create a file named Linear.aedt in your working directory.

Project Manager
E|---- Linear
=4 LNA

------ Excitations

&=-[E] Ports

-3 Analysis

------ ! Design Verification
------ % SoD Config

------ Optimetrics

=¥ Results

&[] Definitions
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I\NSYS . ) Component Libraries
Linear Network Analysis

|sys|ib,‘Ne)ocim Circuit Elements/Models ﬂ
| Import Models I Show All ‘ Favorites ‘
Proj | NPor| | | |
o Import W-Element MOdeI Search component name and description
|
* The first component that will be inserted into the schematic is a W-element model of a = i
transmission line. Slwave Sss
®* Go to the Component Libraries window and click on the button Import Models
* Inthe Symbols tab select the item Spice [;[ijﬂ!
— Browse to the folder that contains the file: stripline_non-causal.sp and select it v
— Be sure to use the Project Folder as the search path for the file SS5_Multi Spice
= |IX]] -
W-ELT XParam -
=

| Symbols I Components
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Linear Network Analysis

* Import W-Element Model
* Inthe Component Import dialog box,

— De-select the Create Component checkboxes for all models except stripline_non_causal
— Click the OK button

— Place the component on the schematic and then press Esc

Component Import 23
Symbol and Footprint filter
 Match pin names ® Match number of pins

Create Components:
[T Group similar components

Select All | Deselect All | InveﬂSeIected|

Name Create Component Symbol | Footprint | #Pin

r_stripline_non_causal

m Symbols 3
I_stripline_non_causal m Symbaols 3
g_stipline_non_causal m Symbaols 3
¢_stripline_non_causal m Symbols 3

| « 1 » I

0K Cancel |
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e Path for linked files

* Files that are linked to a circuit or stored in a library (libraries will be discussed later) may use one of several search paths
to locate the file.
— Use Path: The path to the file is absolute and will be hardwired as-is. If this project is later opened in a different
location or by another user, the absolute path may no longer be available and AEDT will be unable to find the file.

— Personallib, SysLib: The path to the file is relative to the user’s PersonallLib or SysLib. These directories may be
changed from the menu under Tools > Options > General Options

— Project Folder: The path to the file will be relative to the location of the project. Therefore, if the AEDT project is
opened in another location or by another user over the network, the linked file will still be found as long as its location
does not change relative to the AEDT project (i.e. the *.aedt file).

Linear Network Analysis
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Linear Network Analysis

8

* Import S-Parameter Model

®* The next step is to import S-parameter data to model the via transition at either end of
the W-element transmission line.

®* Go to the Component Libraries window and click on the button Import Models
* In the Symbols tab select the item NPort
— Browse to the folder that contains the file: via_non-causal.s4p and select it
— Be sure to use the Project Folder as the search path for the file.
— Place the component on the left and on the right of the previous component.

— Press Esc
p1_N p3_N In1 Out1 p1_N p3_N
F—m —T [d—m —F] F—m —7
p2_P p4_P In2 Out2 p2_P p4_P
F— —7 [4— —] F— —7
InRef OutRef
4 —F]
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Component Libraries

Filter
|sys\|beexx|m Circuit Elements/Models ﬂ
Show All | Favorites |
Proj ] NPor | | |
Search component name and description
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Matlab NMF
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N &
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* Modify the component symbols

®* Each new component was created with a generic symbol. If many components
are imported and used in the channel the schematic becomes difficult to read.
Creating a custom symbol for each component helps to keep the schematic
manageable.

Linear Network Analysis

* To modify the generic symbol for the via model, right click on the component in
the schematic and choose the option Edit Symbol.

* This causes the symbol editor to be opened.
* The following primitives are available for modifying or creating symbols:

1=

w2

arc line text  bitmap image

—| 3 0NDOAM

A\

rectangle

circle polyhedron
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= Properties...

b X i <

4

=
a

Compeonent Help...
Cut

Copy

Delete

Rotate

Flip Vertical

Flip Horizontal

Ctrl+X
Ctrl+C
Delete

Ctrl+R

Add at unconnected pins

Deactivate (Open)
Deactivate (Short)

Edit Component
Edit Symbol

Edit Symbol Pins...
Edit Model
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Linear Network Analysis

* Modifying the Component Symbol (continued)

®* The properties of any primitive can be modified in the properties window or by double-clicking with the left mouse button on
the primitive. For example, the properties of a rectangle are shown here:

Properties arX

Name [ Value | Unit ]Evaluated Val

o p1_N P3_N
P

BorderWidth 0 mil F n 4@

BorderColor | |

Fill Style Hollow p 2 P p4

Center 0.0 mil E-i 4@
2

Width 00 mil
Height 400 mil
Angle 0 deg
Level 0
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Modifying the Component Symbol (continued)

Primitives can be moved the same way they are in the schematic.

— Rotate <ctrl>-R

1
— Mirror /

vertical

"
Ca

horizontal

Linear Network Analysis

Selection Box

N\

Multiple objects can be selected with a “rubber band” box.

The pins p1_N and p2_N are selected in addition to the rectangle.
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ANSYS . ]
Linear Network Analysis

* Modifying the Component Symbol (continued)

Name | Value | Unit |Eva|uatedV...
Schema.. 2
Colar I
Border.. |0 mil
BorderC.. \
ﬂ&&ﬂfl’ MNE Diagonal
Center 0,130 mil
Radius |30 mil
Level 1

After modifying the

Properties o x
Mame | Value | Unit |Eva|uatedv...|

Schema.. |4

Color ]

Linewidth |& il

Line Style Solid

Begin O... None

End Obj... Mone

Verex#F0 -200, 100 mil

Verex#1 -30, 100 mil

Verex#2 -20, 110 mil

Level 1

* Now try to make the symbol look like that
shown here. When finished, save the
changes by choosing Symbol > Update
Project from the menu.
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symbol and saving the
changes, close the
editor. The changes
will be visible in the
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* Placing Ports

* Place four ports as shown by clicking on the port icon or selecting the Draw > Interface Port menu item.

Linear Network Analysis

®* Note that the orientation of any symbol can be rotated while it is being placed by pressing the R key.
* Click the right mouse button in the schematic and select Finish when done placing ports (or press the <space bar>)

13

% 1 v D
ort1 ort3
1N 3 N In1 Qut1 1N 3 N
plj vz pU [ —F] p[.' SN pU
p2_P pd_P In2 Out2 p2 P pd P
[ 7.4 ET [F— —t] F N BT
ort? InRef OutRef ortd
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Place Grounds

Linear Network Analysis

Place two ground connections as shown by clicking on the ground icon or selecting the Draw > Ground menu item.
Right-click in the schematic and select Finish when done placing grounds.

% L ¢ D
ort1 ort3
1N 3 N In1 Qut1 1N 3 N
p[.' AN pU [H—pm —El pl:.' 2 pU
p2_P p4_P In2 Out2 p2L_P pd_P
= N =T [F— —t] [+ L7 4 =T
ort? InRef OutRef ortd

© 2015 ANSYS, Inc.

October 6, 2015

ANSYS Confidential




ANSYS ) i
Linear Network Analysis

* Wire the components
* Method 1:
— Place the cursor over a component pin
* The cursor becomes an to indicate the wiring tool is active.
— Click with the left mouse button on a pin.
* Ablue “wire” appears when the cursor is moved away from the pin.

— Click on the second pin to make a connection.

* Method 2:
— Move a component so that its pin touches another pin.
— An electrical connection is automatically established.
— The components can then be separated and the connection remains.
* Wire the schematic as shown below (complete the connection for Port2 as well):
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* Wire the components

Clicking the left mouse
starts creating a wire
connection
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=

ort1 Port3
p1 N N p3_N In1 | Out1 p1_N 0 p3_N
.__D2P p4_P In2 Out2 p2_P p4_P
1 or2 A7/ 4 InRef OutRef hZ4 Port4
_lo 10
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Linear Network Analysis

Working with Schematic Entry

The schematic editor has several editing features that may be useful when manipulating a schematic.
The shortcut combination <ctrl>-R rotates a component while it is being moved in the schematic.

A new instance of any component that has already been placed in the schematic can be created by copying <ctrl>-c and pasting
<ctrl>-v a selected component in the schematic.

The shortcut to pan within the schematic window is <shift>-<left mouse button>. Dragging the mouse across the schematic
moves everything in the window with the cursor.

The shortcut to zoom within the schematic window is <alt>-<shift>-<left mouse button>. Dragging the mouse up or down will
zoom in or out within the schematic.

In1 Out1
T |
In2 Out2 . . . . .
.@ i;f Pressing <sh|ft>-<ctl> while dragging components in
the schematic allows components to be moved
N s p1N sxn |0 | without retaining the electrical connections.
p2_P p4_P p2_P p4_P
ort2 Port4

LoL
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* Change the length of the transmission line.

* The properties of any object that is selected in the Designer user interface are shown in the Properties window as can be seen

below.

* Select the W-element transmission line component and change the value of the variable L to 10 inches.

Project Manager
& Linear*
=4 LNA®
Data
Excitations
] Ports
-4 Analysis
4l Design Verification
“Hp SoD Config
(@ optimetrics
Results
(3 pefinitions

Properties

ax

Name | Vawe [ Unit |

Evaluated Value

MODEL.. table

N 2 2
RMODEL |r_stipline

LMODEL |I_stripline

GMODEL g_stripline.

CMODEL ¢ stripline

L 10 in 10in

CosimD. Edit
CoSimul... DefaultNe.
Status | Active

« T

Linear Network Analysis

Port1 pI_N

p3_N In1

Out1

pi_N

p3_N Port3

Port2 p2_P

p4_P In2

Qut2

p2_P

p4_P Portd

New Page‘

Param Values Symbol
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Linear Network Analysis

* Defining Variables
* Three types of variables can be defined in AEDT. These variables differ in their scope of visibility within a project.
— Project variables are available across all hierarchical levels of a project and are preceded by a dollar sign ($).

— Parameters are available in the local schematic, but their values may be modified from a higher level of the hierarchy. For
example, if parameters are used in a subcircuit, the parameter values are to be modified from the higher level schematic.

— Local variables are available only within the local schematic and can only be modified from within the schematic where they
are defined.
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Linear Network Analysis

Defining variables

Project variables Parameters and local variables
Project Manager <right mouse> | ] | Copy Chrl+C
<right mouse> paste Ctrl+V BECy
LM
Rename F2 Eﬂ@ [ Rename Fz
(@ X Delete Project Permanently from Disk Delete / """ %t > Delete Delete |
o
E]____%I Insert r
pol Close o Close Editors
(= :ave R Ctrl+5 TRL b
= ave As...
-1 Def
¢ Analyze All Design Propetties. .. ]
| Project Variables.. | Edit Motes. ..

Project Datasets...
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SYS i 1 Pmemes Value | Unit |  Evaluated Val =
Linear Network Analysis il i

MODEL.. table
M 2 2
RMODEL r_stripline...
* Defining Variables (continued) LMODEL |_stripline...
. . . ” . GMODEL g_stripline...

* Variables may also be defined “on the fly” by assigning a CMODEL c_stripline...
variable as a value before the variable has been defined. AEDT L sl_Length 10in
will query the user to enter the value and type of the variable if g";'_le"' ﬁ
. a aalmul... L'etau (=
it has not already been defined. Smns | Acive

* AEDT will automatically recognize the “S” prefix as belonging Add Variable (=]
to a project variable. Name  [sLTonah

Unit Type |Length ﬂ
. i\ . . - - 1 3
 Define and assign a local variable Uric—fin = e rSee

* Again select the transmission line component in the schematic. Valie '

® Assign the value sl_Length to the component parameter L.

Designer will ask for the value of this variable and create the :
definition. Choose Local Variable as the Type. Type  |Local Varatie E
° Assign the value 10 in to SI Length as Shown here Local W arisbles are not acceszible from parent Design and
- ) affect all instances.
Farameters are visible from parent Design and can be
overridden on a per-instance basiz,
(0] | Cancel
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Linear Network Analysis

* Specify the analysis
* Inorder to run a simulation, an analysis type and setup must be associated with the current schematic. This is done by clicking
with the right mouse button on Analysis in the Project Manager. Select Add Nexxim Solution Setup... > Linear Network Analysis

* Note that this can also be achieved from the menu by selecting Circuit > Add Nexxim Solution Setup > Linear Network Analysis
for the active design (i.e. the currently selected schematic).

22
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Project Manager
El- Linear*®

<right-mouse>

Paste

B Analyze
Add Nexxim Solution Setup ...

Results
&[] Definitions

Add Alter Block...

Add HSPICE Solution Setup
Add HSPICE Solution Options

Import Solution ...

Browse Solutions

October 6, 2015

Name Value Evaluated Value
MODEL... table

N 2 2

RMODEL r_stripline...

LMODEL |I_stripline.

GMODEL | g_stripline

CMODEL |c_stripline..

‘ Unit |

Add Nexxim Solution Options ...

DC Analysis

Linear Network Analysis

|€—

Oscillator Resanant Frequency Search
Oscillator Analysis (1-Tone)
Oscillator Analysis (N-Tone)

Transient Analysis

TV Noise Analysis

Envelope Analysis

Periodic Transfer Function (PXF)
VerifEye (Statistical Eye) Analysis
Quick Eye Analysis

AMI Analysis

Harmonic Balance (1-Tone)
Harmonic Balance (N-Tone)

System Frequency Domain Analysis

ANSYS Confidential



» Specify the Analysis (continued)

* The most important part of the analysis setup is the sweep definition. A placeholder with the variable F is shown in the window,
but no sweep values are defined. Press the Edit... button to define the frequency range and resolution for the linear analysis.
The swept variable will be frequency (F)

Linear Network Analysis

Linear Network Analysis, Frequency Domain =3

Sweep Variables

Name: inearFrequency [~ Disable T Sweep/Value I

Group Delay F g H
™ Enable Group Delay Calculations

S :

Noise

I Enable Noise Calculation

[EE]

Add... Edi...

I~ Skip DC point Calculation Output Quantities

Edit Quantities...

Solution Option

Name {Default Options) Select

Addional Edit

OK | Cancel Help
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* Specify the Analysis (continued)
* Specify a Linear step frequency analysis from 0 to 10 GHz with a step size of 0.02 GHz as shown below.
®* Press Add >> to add this sweep to the list of values to be simulated.
— Press OK when the sweep values have been defined.

Press OK a second time to accept the linear frequency sweep definition.

" Add/Edit Sweep @
Y ariable |F J
Sweep Values
" Single value Start LIN 0GHz 10GHz 0.02GHz

s T G
™ Linear count Stop

£ Remove
™ Decade count |1D |GHZ ﬂ Q

" Dctave count Step Delete
002 |GHz |

Offset from F1
~ Ok, Cancel
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ANSYS

Linear Network Analysis

* Run the Simulation

®* The analysis setup named LinearFrequency has been added to the project. The setup is visible in the project tree when the Analysis

tab is expanded.

®* The setup can now be run by clicking with the right mouse button on LinearFrequency and choosing Analyze.

Project Manager

E|---- Linear®
=i -'i LHA*

...... Excitations
=-{£] Ports
[_]-ﬁ Analysis

...... 1 Design Verificatit Copy ctri+C
SoD Confi
ob Config Rename i
...... Optimetrics %
------ Results HiBeiete —
(1 Definitions I Analyze I

25 © 2015 ANSYS, Inc.

Force Analysis
Disable Solution Setup
Browse Netlist

Export Solution...
Network Data Explorer
Browse log file

Show Noise Contributors

October 6, 2015

— When the analysis is launched, messages will appear in the
Message Manager indicating simulation status, showing
warnings or errors.

— Inthe current example, there are two warnings about
passivity violation.

— Passivity will be discussed later in this exercise.

Message Manager

ﬂ- (status): Nexxim version: 2015.0.0 WING4, build time: Nov 152014, 12:2%:06 (1:50:01 Jan 16, 2015) -
14_’ L. models:s_elementiwarning): s2 - Passivity violation: worst value 1.00037 atfrequency 0. (1:50:02 Jan 16, 2015)
H L. models:s_elementiwarning): s3 - Passivity violation: worst value 1.00037 atfrequency 0. (1:50:02 Jan 16, 2015)
)Jﬂ' modelsw_elementistatus) w1 - Number of lines =2 (1:50:02 Jan 16, 2015)
+4F modelsw_element(status): w1 - Modeltype = table (1:50:02 Jan 16, 2015)

)-)ﬂ' modelsw_element{status): w1 - Number of frequency points = 31 (1:50:02 Jan 16, 2015)
)Jﬂ- models:w_elementistatus): w1 - Building frequency domain w-element (1:50:02 Jan 16, 2015)
& analysis:de(status): Trying DC conv=1(1:50:03 Jan 16, 2015)
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Linear Network Analysis

* Post-Processing
* High speed serial channels typically use differential signaling to improve impedance control and noise immunity. Therefore,
differential pair must be defined so the corresponding network parameters are available for post-processing.
* Click with the right mouse button on Ports in the project tree and open the Differential Pairs definitions.
Press the button New Pair. A new differential pair is defined with Port1 being positive and Port2 being negative. The common
and differential mode impedance are also defined.
Pressing the New Pair button a second time creates the 2" differential pair between Port3 and Port4.

— Press OK when finished.
' Differential Pairs
Project Manager o Xx |7 @
= Linear® Differential pairs 7
B -H‘ LHA* | Positive | Negative | Active | Diff. Mame | Ref. Z (ohm) | Comm. MName | Ref. Z (ohm) |
Portl Port2 |7 Diff1 100.00 Comm1 25.00 Cancel
Port3 Port4 |7 Diff2 100.00 Comm2 25.00
Differential Pairs
24 Analysis Add or remove differential pairs Setimpedance for selected column
b LinearFrequency | Remove selected
------ ¥ Design Verification e
S
------ %% SoD Config
: Optimetrics m
------ Results
&[] Definitions

26 © 2015 ANSYS, Inc. October 6, 2015 ANSYS Confidential



ANSYS ) i
Linear Network Analysis

* Post-Processing (continued)

The S-parameters can be viewed by creating a report. From the menu select Circuit > Results > Create Standard Report >
Rectangular Plot

* Select the values S(Diff1,Diff1) and S(Diff1,Diff2) from the Quantity column. Select the function dB from the Function column as
shown below.

B Report: Linear - LNA - New Report - Mew Trace(s) @
Ermm Trace | Families ] Families Displa‘yl
Solution: i
LinearFrequency - Erre e |F ﬂ |AI\ J
Domain: S
neep =z % ¥ Defaut [F ]
[ Show: |Differenhal pairs ﬂ ]
. " Range
¥: |dB (5 (DiffL,Diff1)); dB(S(Diff1,Diff2)) e
Category: Quanhty:l j Function:
Variables 5(Diff1,Diff1) ang_deg
Cutput Variables 5(Diff1,Comm1) ang_rad
S Parameter " = arg
' Parameter S(Diff1,0iff2) cang_deg
7 Parameter 5(Diff1,Commz) cang rad
Voltage S(Comm1,Diff1)
Current 5(Comm1,Comm1) dE 10normalize
Return Loss dB20normalize
VSWR 5(Comm1,Diff2) dBc
DynLink Output Vars 5(Comm 1,Commz) im
Measure 5(Diff2,Diff1) mag
All 5(Diff2,Comm1) normalize
S(Diff2,Diff2) re
5(Diff2,Comm32)
S(Comm2,Diff1)
5({Comm2,Comm1)
5(Comm?2,Diff2)
5(Comm2,Comm2)
Update Repart
I Real time
Qutput Variables. ., | Options... | Mew Report | ‘ Close
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* Results — Continue to next page

Linear Network Analysis

XY Plot 1 LNA
0.00
Curve Info
— —— dB(S(Diff1,Diff1))
LinearFrequency
- —— dB(S(Diff1,Dift2))
LinearFrequency
-10.00 —
-20.00 —
= i
-30.00 —
-40.00 —
-50.00 T T T T T T T T T T T T T T T T T T T T T T T T
0.00 2.00 400 6.00 8.00 10.00
F [GHz]
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* Report Editor Dialog

®* The report editor dialog has many options for displaying data. These are described briefly below.

Linear Network Analysis

* Context

— Solution — This is the name of the analysis setup. It is possible to define many analyses for a single schematic. If multiple
analyses exist, they will all be shown in the drop down menu.

— Domain — For some analysis types, there may be multiple domains for which data display makes sense. For example,
plotting transient results in the frequency domain causes a windowed FFT of the time domain data to be displayed.

* Update Report

— Real Time [+ —enables real time updating for reports. If this is not selected, only the most recent simulation data will be
displayed.
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Linear Network Analysis

* Report Editor Dialog

®* Trace Tab

X (Primary Sweep) — Select the independent variable to be plotted on the abscissa (x-axis).
Y — Specifies the dependent quantity to be associated with the ordinate (y-axis).
Category — the available categories depend on the solution type. In this exercise, S-parameters will be plotted.

Quantity — This is the specific quantity to be displayed. Holding down the <ctrl> key and clicking with the left mouse button
on various values allows multiple quantities to be selected.

Function — This is the function to apply to selected quantity when plotting. For example dB() or cang_deg() (=continuous
phase angle)

Range function — opens the Set Range Function dialog that allows the calculation of minimum, maximum, and other array
functions to be applied. For example, if the linear analysis had been run for multiple lengths of the W-element transmission
line, the maximum loss at any frequency could be plotted as a function of length.

®* Families Tab

The families tab can be used to control the display of multiple parametric analyses. That is, if the linear analysis has been
carried out for multiple values of some parameter, the Families Tab is used to select which solution results are to be
displayed.
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Linear Network Analysis

* Passivity and Causality

Two important properties of models based on frequency domain data are causality and passivity. AEDT makes it possible for users

to easily investigate these properties for a channel and, if necessary, correct the models so they are passive and causal for transient
analysis. These features can be investigated using linear frequency domain analysis.

* State-space model

The Nexxim simulator offers several methods to incorporate frequency domain models in a transient simulation. One robust

method is to fit a rational polynomial transfer function, or state-space model to the frequency domain data. This model is
inherently causal.

S-domain representation of a rational

polynomial transfer function from port i to (S —7 XS —7 ).(S —7 )
portj. The transfer poles are at p,, the H.. (a)) =h Q Q-1 1
tranfer zeros at z_. The variable s is the 1) 0 S — S — S —

o pN pN—l pl
complex frequency j(2pf)

The following section describes how investigate the state-space model generated by Nexxim using linear frequency domain analysis.
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Linear Network Analysis

* Causality in Linear Network Analysis

32 © 2015 ANSYS, Inc.

Nexxim can be forced to run the linear analysis using a state space
model by adding this requirement as an option. From the menu
choose Circuit > Add Nexxim Solution Options...

In the General Options tab choose Create state-space system in
frequency-domain analysis.

Name this definition of Solution Options StateSpace as shown here.
Press OK to accept the definition.

Create a new analysis definition by copying the setup named
LinearFrequency and pasting it into the Project Manager as shown
here.

Rename the new setup to LinearFrequencySS

Now modify the properties of the newly defined analysis setup by
double clicking with the left mouse button on the setup.
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=

Solution Options

MName: |StateSpace

| Amioptions |
DC Options ]

Oscillator Cptions | Eye Options
HB Options ]

Transient Options |
General Options |

I~ i Device cleanup ( Resistors, Capacitors and Inductors §

[ Auto select solver
[¥ Create state-space system in frequency-domain analysis
[ Onder with values

Minimurm resistance (resmin) 1e-005

] 8 LCancel




Linear Network Analysis

:.l_ﬁj Linear Example” I:__Hm Linear Exarmple” EHE Linear Eiample"
Ef LM& oo LNe - LNA
- fui) Data fiuig] Data Dat..a _
Excitations E wcitation Excitations

@ ] . Eﬂ--ﬁl Forts
- Ports . Eﬂ"&l Ports Edit > Paste :> )
. Edit > Co ="
-4 Analysis il SR F /nalysis 7 ﬁ Anabss

i —" LinearFrequer) LnEarFrEl:luenc.'r'
i m StateSpace ] m StateSpace ribbi b
m—bl Dezign Yerfication m-il Design eificatior] m;uﬁg;f:j:rl;?::inn
..... % oD Config - 50D Config B 50D Config
EI--@ Linear Example®
o LNA”
o] Data
Excitations
-] Ports
-8k Analysiz
LinearFrequency
WAEENERIEts | double-click
W StateSpace
E". D ezign Werifization
..... B SoD Config
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Linear Network Analysis

* Causality in Linear Network Analysis (continued)
* Insert the name of the new options definition under Solution Options.
* Under Additional Options enter the fitting tolerance (reltol) and the maximum number of states to be used for the state-space
function (max_states).
— .options s_element.reltol=0.001 s_element.max_states=1000

Linear Network Analysis, Frequency Domain 23
Sweep Variables

. |Li Fi ySS
Name: |LinearFrequency I” Disable Nate Sween VA |
SEDREC F LIN 0GHz 10GHz 0.02GHz
™ Enable Group Delay Calculations
Noise Ei
[ Enable Noise Calculation

Add.. | j
; ; i Output Quartiti : = :

L DC pot Caiclation i Edit additional options

Solution Option .options s_element.reltol=0.001 s_element.max_states=1000
Name State Space Select
Addttional |.options s_element reltol=0.001 s Edit

0K | Cancel | Help |
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Causality in Linear Network Analysis (continued)

35

Linear Network Analysis

®* Run both analysis and compare the results. Note that the analysis LinearFrequencySS seems to pause while the message Loading
Data... is displayed in the progress window. This happens while the state-space fitting occurs. When the s-parameter data has
many poles and zeros, or the model is not causal, this step may take several minutes.

®* The default settings for the state-space model lead to s-parameters that are indistinguishable from the original data, provided the
frequency domain data is nearly causal.

®* Tryreducing the number of states to 100 and relaxing the tolerance setting to 5% in the analysis setup LinearFrequencySS to see
how the results change.

ANSY'S Inc.

State-Space Comparison

7

Edit additional options

-10

-20

Reflection (dB)
)
T

.options s_element.reltol=0.05 s_element.max_states=100

Curve Info

=== 511 (state-space)
— 511 (default)
— 521 (default)
=== 521 (state-space)

- Y Axis
1

1
-

1
2
2

©
Transmission (d

0 2 4 [ 8
Frequency [GHz]
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Compare Results

=t Results

<right-mouse>

BB XY

Copy Definition Ctrl+C
[[3 pefinitions Copy Data
Paste Ctrl+V
Rename F2
MName > Delete Delete
MName XY Plot | Modify Report... I‘
S oo Do Rapar
dB(S(Dif.. F .dB(s(  ©Pen Report
dB(S(DK... F .dB(S( Save As Template...
Export...
Import...

As when a new report is created, select the desired Solution
(LinearFrequencysSS), Quantity S(Diff1,Diff1) and S(Diff1,Diff2

and Function (dB).

Press Add Trace to add the new data to the existing plot.

© 2015 ANSYS, Inc.
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Linear Network Analysis

Results from the second analysis LinearFrequencySS can be added to an existing plot by clicking on the plot definition with the left
mouse button and choosing Modify Report...

—iZontext

[5°|Uti°”: ILinearFrequenySS

M

Domain: ISweep

=

Shiow: IDiFFerentiaI pairs

=

—Update Report

¥ Realtime = Update 'l

& Report: Linear Example - LNA - X¥ Plot 1 - dB{S{Diff1,Diff1))

Trace IFamiIies I Farilies Display I

X

Primary Sweep: IF j I,q|| _I

A1 v Default IF _I
: - - - - - Range

' IcIB(S(DlFFl,DlFFl))J dB{S(TifF1, DiFFEl) T |

Cateqory: Quantity:l Filker-text Function:

Warigbles
Qukput Variables

S(DiFF1, DifF1 )

Y Parameter

Z Parameter
Yolkage

Current

Return Loss

WSWR

CreniLink Cukput Yars

all S(Diff2, Commz)
SfComm2, DifF 1)

Qukput Yariables, ., | Options...l

[

ang_deg -
ang_rad
arg
cang_deg
cang _rad

dB10normalize
dB20narmalize
dBe

im

mag

normalize

re Ll

Mew Repork Apply Trace Add Trace

Close |
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NANSYS : :
Linear Network Analysis

* Modifying Report Traces
* |tis helpful to change the color or style of the traces to help distinguish them in the report.

* Modify the names of the traces by selecting them in the project tree. When a trace is selected in the project tree, the properties
displayed in the Properties window may be modified.
— Change the names of the traces as shown here by checking the Specify Name box in the properties window and typing the
name.

— Display the transmission s-parameters (S21) on the Y2-Axis. Properties -

MName | Value |
Specify .. v
——— Mame 521(state-space)
=[] Results YhAxis Y2
: Primary ... F
El@ K‘I” Flat 1 ~Comp...
#5171 [default] ¥ Comp... dB(S(Diff1.Dif2))
- XComp... F
R 527 [default) E—

..... M 511 [gtate-gpace] Solution |LinearFrequencySS

E A - Domain  Sweep
. ol D | ztate-space
------ Facil o [state-space] EE——

b T ek Families Edit..

Trace
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Linear Network Analysis

* Displaying Data

* Individual traces can also be modified by selecting the trace in the report or legend and modifying values in the properties

window.
R
Properties "'y | AnsoftLLC XY Plot 1 LNA &
-10.00 — 0.00
Name | Value | ] r
Name |S21(state-space)Curvel -15.00 " 500
Color | | F
Line Style Solid 20.00 r
Line Wi.. 1 ] [ —-4.00
Trace T... Continuous ] | ! Curve Info Y Axis -
ShowS... [ 25007 —— 511 (state-space) C
Symbol . 15 NINISEERININIE LinearFrequenyS5 _—‘E-UU
; —-30.00 - — 511 (default) r ]
E_Tlr;bm"' Circle - > . LinearFrequency L -
e T ' —— 521 (defaull) —-8.00
Symbol ... [ -35.00 [ LinearFrequency C
Show Ar... [ ] 521 (state-space) ¥2 C
I LinearFregueny=5 —= —-10.00
-40.00 | = ;
-45.00 - -12.00
Atiributes | Cartesian | General | S0+ 1 1400
0.00 200 4.00 6.00 8.00 10.00

F [GHz]
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Displaying Data

Linear Network Analysis

®* By selecting traces, axis labels and legends, the appearance of the plot can be customized as desired.

© 2015 ANSYS, Inc.

State_Space Comparison
10.00
15.00 — [
20.00 — L
- Curve Info a Y Axis [
- —— 511 (Default) Y1 I~
H LinearFrequency -
p — -- 511 (State Space) L
25.00 LinearFrequencyss v
] — 21 (state Space)|
_ LinearFrequencySs —
) T == S21 (Default) v =
=4 B LinearFrequency L
S-30.00 —|
& L
] 4
= a L
&
-35.00 —| L
-40.00 —| ; r
4 fo -
_ - L
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] : L
H -
-45.00 —| : L
| \
H
4 ! -
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* How to sweep stripline’s length

Linear Network Analysis

* You already defined a local variable regarding stripline’s length at WS1-20 slide.

Project Manager

E-E Linear*®

- -H‘ LNA*

Data
Excitations
&-[E] Ports
B Analysis

EX] LinearFrequency|

StateSpace
gl Design Verification
SoD Config
Optimetrics
Results

-1 Definitions
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LinearFrequencySS

Double
Click

October 6, 2015

Linear Netwark Analysis, Frequency Domain

Name: |LinearFrequency [~ Disable

Group Delay
[~ Enable Group Delay Caicuiations
Noise

I~ Enable Noise Calculation

[~ Skip DC point Calculation

Solution Option
Name (Defautt Options)

Additional

Sweep Variables
Name Sweep/Value [
F LIN 0GHz 10GHz 0.02GHz
Click
-
Add. | | |

Output Quantities

Select
Edit

ANSYS Confidential

| Add/Edit Sweep

Edit Quantities.

Yariahle ‘F

F
Tem

i~ Single value
(" Linear step

(@ Linear count
(" Decade count
~

Octave caunt

Offsetfram F1

=

Sweep Values

Cancel




Linear Network Analysis

How to sweep stripline’s length (Cont’)

i | Add/Edit Sweep

==

5, 10, 15, 20 inch

Project Manager

B Linear®
EI-I-i LNA*

Data

Excitations

&) Ports

E-4 Analysis

LinearFrequency

W statespace

-l Design Verification

SoD Config

[ optimetrics |

Copy Ctrl+C
Rename F2

> Delete Delete
Analyze

Results
#--[1 Definitions

Sweep Variables

Name ‘

Sweep/Value |

E

r s|_Length

LIN 0GHz 10GHz 0.02GHz
LIN 5in 20in 5in

Add

Qutput Quantities

Select
Edit

Edit Quantiies.

Cancel Help

Force Analysis
Disable Solution Setup
Browse Netlist

Export Solution...
MNetwork Data Explorer
Browse log file

Show Noise Contributors

Yariahle |5\_Length ﬂ
Sweep Yalues
S
(" Single value Start [ 5in 20in Sir
(@ Linearstep |5 ‘in j
(" Linear count Sto CI 1 k
P - << Ramove I C
(" Decade count |2U ‘m ﬂ
(™ Qctawe count Step Delets Linear N alysis, Frequency Domain
\ g — Click
Name: [|LinearFrequency [ Disable
Offsetfram F1 Group Delay
o oK | Can [~ Enable Group Delay Calculations
Noise
L [~ Enable Noise Calculation
[~ Skip DC point Calculation
Solution Option
Name (Default Options)
Additional
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Linear Network Analysis

Report: LNA_e - LNA - New Report - New Trace(s)

* How to display the swept data

Project Manager
=] Linear®
B4 LNAT
{59 pata
Excitations
- [E] Ports
-8 Analysis
LinearFrequency
LinearFrequencySS
Bl StateSpace
m’l Design Verification
% SoD Config
(@ optimetrics
ts

(3 Definions | B Paste

Create Standard Report
Create Report From File...

Delete All Reports

User Defined Solutions...
Create User Defined Solution

Dataset Solutions..
Output Variables...

Update All Reports
Open All Reports

Create Document

Ctrl+V |

Click

v I Rectangular Plot

Polar Plot
Data Table
Smith Chart
Rectangular Stacked Plot
3D Rectangular Plot

o 3D Polar Plot
Rectangular Contour Plot
Smith Contour Plot
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Context

Tracn Families ]Fammes Dlsp\ayl

Solution: |LinaarFrequenq’ ﬂ

Domain: m
[ Show: Differential pairs hd I

Update Report

[+ Real time

Qutput Variables... | Options... ‘

Primary Sweep: _ - ‘A”

X [¥ Default ‘F

LI_I-_ E

Range
Y: |dB(S(D‘ﬂ’1'D‘ﬁ2]J Function...
Category: Quantit‘,f:lf”tﬂr'tEXt Function:
Variables S(Diff1,Diff1) ang_deq
Qutput Variables ang_rad
arg
Y Parameter UL, COMmTL) cang_deg
Z Parameter S({Comm1,Diff1) ca ad
Voltage S(Comm1,Commi1)
Current S({Comm1,Diff2) dBl0normalize
Return Loss S(Comm1,Commz2) dB20normalize
VSWR S(Diff2,Diff1) dBc
DynLink Output Vars S(Diff2,Comm1) im
Measure S(Diff2,Diff2) mag
All S(Diff2,Comm2) normalize
S({Comm2,Diff1) re
S({Comm2,Comm1}
S(Comm2,Diff2)
S{Comm2,Comm2)
New Report | | ‘

Close

Display differential insertion loss depending on lengths.
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Linear Network Analysis
How to display the swept data (Cont’)

Context:
Solution:  [[inearFrequency ~|
vomain: [sweep  v]

Show: Differential pairs =l

Update Report

[ Real time Y
Qutput Variables... | Options...

B Report: LNA e - LNA - New Report - New Trace(s)

Trace Families | Families Display |

Families : 4 available

@ Sweeps (" Available vriations

| variable

Click

Nominals: |

tew Report e |

October 6, 2015

Sweep: (¢ Default
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Context

Show:  [Differential pairs

| ~Update Report

[ Real ime y
| Qutput variables... | Options...

| Solution: UinearFrequency >
Domain:  [Sweep 7

|

B Report: LNA_e - LNA - New Report - New Trace(s)

Trace | Families | Families Display |

primary Sweep: [~ | [~

X: [ Defoutt [

e

B

B

385 ) Bange
v:  [dsstoifr,onm2) e ‘
Category: Function:
Variables S(0iff1,071) ang_degq
Output Varisbles S(Diff1, Comm1 ang_rad
D arg

Y Parameter S(Diff1,Comm2) cang_deg
Z Parameter S(Comm1,Diff1) cang_rad
Voltage S(Comm1,Comm1)
Current S(Comm1,Diff2) d810normalize
Return Loss S(Comm1,Comm2) d820normalize
VSWR S(0iff2,0f1) d8c
Dynink Output Vars 5(0itf2,Comm1) im
Measure S(0itf2,0#2) mag
All 5(0iff2,Comm2) normalize

5(Comm2,Diff1)

s(Comm2,Comm1)

S(Comm2,Diff2)

S(Comm2,Comm2)

Click

HNew Report J

Close
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Linear Network Analysis

0.00

-5.00

-10.00

-15.00

f11,Diff2))

dB(S(D

-20.00

-25.00

-30.00

Length Sweep

LNA

A,

Curve Info
—— dB(S(Diff1,Diff2))
LinearFrequency
sl_Length="5in"
—— dB(3(Diff1,Diff2))
LinearFrequency
sl_Length="10in"
—— dB(S(Diff1,Diff2))
LinearFrequency
sl_Length="15in"
—— dB(S(Diff1 Diff2))
LinearFrequency
51_Length="20in"

F [GHz]

10.00
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