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Chapter 1 Introduction

Chapter 1

Introduction

This manual is intended to provide you with supplemental tutorials on important
features in the analysis engine and on how to use other Sonnet modules. There are
presently seven tutorials as listed below:

Parameterization and Optimization - teaches you how to add parameters
to a circuit and perform a parameter sweep and an optimization

Circuit Subdivision - shows you how to use circuit subdivision to obtain
accurate answers for very large circuits

Conformal Mesh - shows a simple example using Conformal Mesh
Microwave Office Interface - teaches you how to use the Microwave
Office Interface

GDSII and DXF Translator - teaches you how to use both the DXF and
GDSII translators since the translators are very similar in operation
Agilent Interface - teaches you how to use the Agilent Interface

Far Field Viewer - teaches you how to use the far field viewer to observe
radiation patterns
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10

These tutorials assume you are familiar with Sonnet programs and their functions
and are capable of running a simple analysis. If you are a new Sonnet user, we
suggest you start with the Sonnet Tutorial manual included in your
documentation. These tutorials will teach you the basics of Sonnet.

The Sonnet User’s Guide contains detailed background discussions of these
topics. Each tutorial will provide a cross reference to the pertinent topics in the
User’s Guide.
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Chapter 2 Parameter Sweep and
Optimization Tutorial

This tutorial shows you how to set up parameters in a circuit, set up and execute a
parameter sweep, set up and execute an optimization and view the results of both
a parameter sweep and an optimization. For a detailed discussion of
parameterization and optimization, please refer to Chapter 10 "Parameterization
and Optimization of a Geometry Project" on page 155 in the Sonnet User’s
Guide.

This tutorial presumes that you are familiar with Sonnet Software, especially the
project editor and the analysis monitor. If you are new to Sonnet, please review
the tutorials in Chapter 2 and Chapter 3 of the Sonnet Tutorial before performing
this tutorial.

This examples uses the Sonnet example Par_dstub. If you do not know how to

obtain a Sonnet example, select Help = Examples from any program menu, then
click on the Instructions button.

11
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TIP

If you are using the PDF manuals to read this section, click on the blue link above
to take you to the Par_dstub example.

This is an example of a microstrip interdigital bandstop filter. This circuit is used
to perform a parameter sweep and optimization. Most parameter sweeps and
optimizations will present more of a challenge, but we have deliberately chosen a
simple example to more clearly demonstrate Sonnet’s methodology.

Our goal is to design the bandstop filter such that a stopband exists from 5 - 6 GHz
and the passbands are from 1 - 4 GHZ and 7-10 GHz.

Open Par_dstub in the project editor.

Select File = Save As from the project editor main menu.

Since this file is a Sonnet example, it is a read only project. In order to be able to
edit the circuit and save those changes, you must save a copy to your working
directory.

Use the Save As browse window to save a copy of par_dstub.son to your working
directory.

Setting Up Parameters

12

Before executing either a parameter sweep or optimization, it is first necessary to
parameterize your circuit. Parameterization should be done to those dimensions
you deem critical to the circuit’s response and which are therefore more likely to
change as the design progresses.

For this example, you will enter three parameters: two anchored parameters which
are linked and one symmetric parameter.
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An anchored parameter is one in which one end of the parameter is a fixed point
with a point set which moves in reference to that fixed, or anchored point. A
symmetric parameter is one with two reference points and two point sets which
move relative to the center point between the reference points.

Parameters which appear in more than one place in a circuit but are of the same
length and name are linked. Changing the value of one also changes the value of
the other.

For a detailed discussion of parameters and their definitions, please refer to
“Parameters,” on page 156 of the Sonnet User’s Guide.

Anchored Parameters

The linked anchored parameters are input first, followed by the symmetric.

3 Select Tools = Add Parameter = Add Anchored from the project editor’s
main menu.

This places the project editor in Add an Anchored Parameter mode indicated by
the change in cursor. Note that the message “Click Mouse to Specify the Anchor
Point” appears in the status bar at the bottom of the project editor window. As you
add a parameter, directions for each step appear in the status bar.

4  To specify the Anchor point for the parameter, click the mouse on the corner

of the upper stub, as shown in the picture below.

SHN NN

Anchor Point

XS

The anchor point is indicated by a small square which appears at the point you
clicked. The next step is to select the reference point.

13
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:@: TIP

If you select the wrong point for either the anchor or reference point, press the Es-
cape key to exit without adding a parameter. You may then start over.

5 Click on the top left end of the top stub to add the reference point.

allrryr:tkh:hy

Reference Point

.T.h.e .re.fér.er.lc.e .péi.n‘.[ i.s .in.d.ic.at.ed by é small éqﬁare which appears at the point you
clicked.

In the next step, you select the rest of the adjustable point set. Points may be
selected by clicking on individual points or by lassoing a set of points with your
mouse. You do not need to select the reference point since it is automatically
included in the adjustable point set.

6 Drag the mouse until both points on the end of the stub are selected.

N

These points will be added to the adjustable point set. When the reference point
moves in response to a change in the parameter value, these points move relative
to the reference point.

14
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7

10

Once all the desired points are selected, press Enter.

This completes the parameter creation. The Parameter Properties dialog box
appears on your display.

i Parameter Properties-par_dstub_son EHE
Name text
Name || 4_:'__
entry box
Nominal |220_0

OK I Applyl Cancell Helpl

Enter the name “Lstub” in the Name text entry box in the Parameter
Properties dialog box and click on the OK button.

This names the parameter. When you click on the OK button an arrow indicating
the length and the name appear on your display.

Move the mouse until the name is positioned above the stub. When the name
is in the desired position, click on the mouse.

The parameter should now appear as shown below.

Lstub 0 - -

You will now enter the linked parameter. A linked parameter is another parameter
identified in the circuit that has the same nominal value and name.

Select Tools = Add Parameter = Add Anchored from the project editor’s
main menu.

This places the project editor in Add an Anchored Parameter mode indicated by
the change in cursor.

15
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11 To specify the Anchor point for the parameter, click the mouse on the corner
of the lower stub, as shown in the picture below.

Anchor Point %N

The anchor point is indicated by a small square which appears at the point you
clicked. The next step is to select the reference point.

12 Click on the top right end of the bottom stub to add the reference point.

Lstub 0 - -

.%...................WReferencePoint

The reference point is indicated by a small square which appears at the point you
clicked.

In the next step, you select the rest of the adjustable point set. Points may be
selected using the any of the edit commands available in the project editor.

16
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13

14

15

Drag the mouse until both points on the end of the stub are selected.

Lstub - - -

: % ) N N % -+ Selected Points

These points will be added to the adjustable point set. When the reference point
moves, these points move relative to the reference point.

Once all the desired points are selected, press Enter.

This completes the parameter creation. The Parameter Properties dialog box
appears on your display.

Enter the name “Lstub” in the Name text entry box in the Properties dialog
box and click on the OK button.

This names the parameter. When you click on the OK button an arrow indicating
the length and the name appear on your display. Use your mouse to move the label
to the desired location, then click.

Since this parameter’s nominal value is the same as the first parameter you
defined, the project editor allows you to use the same name. These parameters are
now linked. A change in value of one of the parameters changes both. If the
parameters had been of a different length, you would have received an error
message when you attempted to use the same name.

Next, you define the last parameter which is symmetric.

17
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Symmetric Parameters

16 Select Tools = Add Parameter = Add Symmetric from the project editor’s
main menu.

This places the project editor in Add a Symmetric Parameter mode indicated by
the change in cursor. Note that the message “Click mouse to specify first reference
point” appears in the status bar at the bottom of the project editor window. As you
add a parameter, directions for each step appear in the status bar.

17 To specify the first reference point for the parameter, click the mouse on the
intersection of the inside of the top stub to the transmission line, as shown in
the picture below.

\ k First Reference

Point

-0 Lstub
The first reference point is indicated by a small square which appears at the point

you clicked. The next step is to select the point set you want attached to the first
reference point.

18
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18 Drag the mouse until all points on the upper stub are selected.

Tstol

These points will be added to the first adjustable point set. When the first reference
point moves, these points move in the same direction and distance as the reference
point.

19 Once all the desired points are selected, press Enter.

This completes the first point set. Your circuit should look similar to this:

o Lstub
k S The first point set is
indicated by small open
squares on all the points in
...................... the Set
1 Lstub.

The message “Click Mouse to Specify Second Reference Point” appears in the
status bar at the bottom of the project editor window. Next, you will specify the
second reference point and its point set.

19
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20

21

22

20

To specify the second reference point for the parameter, click the mouse on
the intersection of the inside of the bottom stub to the transmission line, as
shown in the picture below.

_::!"”'"”|'c'.'.h”""”"d:::
Second Reference R ﬁ
Point &

- O Lstub

The second reference point is indicated by a small square which appears at the
point you clicked. Note that the first point set continues to be identified by small
squares on all its points. The next step is to select the point set you want attached
to the second reference point.

Drag the mouse until all points on the lower stub are selected.

| Lstub

Selected Points j R AN AN AN

L

These points will be added to the second adjustable point set. When the second
reference point moves, these points move in the same direction and distance as the
reference point.

Tstub

Once all the desired points are selected, press Enter.

This completes the second point set and the symmetrical parameter. The
Parameter Properties dialog box appears on your display.
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23

24

Enter the name “Sstub” in the Name text entry box in the Parameter
Properties dialog box and click on the OK button.

This names the parameter. When you click on the OK button an arrow indicating
the length and the name appear on your display. Note that since there is a
difference between the reference points in both the x (horizontal) and y (vertical)
direction, you may move the parameter name so that the parameter is defined in
either the x or y direction.

If you were to choose the y direction, moving the mouse to the left or right of both
reference points to define your parameter, it would appear like this:

Lstub - - -

Cgemb

-3 Lstub P

However, for this example, you define the parameter in the x direction, moving
your mouse up or down, above or below both reference points.

Move the mouse until the name is positioned in the middle of the thru line.
When the name is in the desired position, click on the mouse.

This sets the parameter in the x direction. The parameter should now appear as
shown below.

Lstub - - -

\&& Sstub: T
RN

-3 Lstub P

21
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25

This completes entering the parameters. Note that Lstub is affected by Sstub. As
Sstub increases, although it does not directly affect the value of Lstub, the two
stubs do get further apart. Lstub is dependent on Sstub.

Select File = Save for the project editor main menu.
This saves the changes you have made to the circuit so that you can analyze it.

The next section of the tutorial teaches you how to setup and run a parameter
sweep on the circuit.

Parameter Sweep

22

1

The parameter sweep uses only the Lstub variable. You analyze the circuit at two
different lengths for Lstub over a frequency band of 2.0 GHz to 10.0 GHz. When
the sweep is complete, you view the response curves in the response viewer.

For a detailed discussion of a parameter sweep, please refer to “Parameter
Sweep,” on page 164 of the Sonnet User’s Guide.

Setting Up a Parameter Sweep

Select Analysis = Setup from the project editor’s main menu.

The Analysis Setup dialog box appears on your display.
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Select Parameter Sweep from the Analysis Control drop list.

This selects a parameter sweep as the type of analysis. The dialog box’s
appearance changes to accommodate the input needed for a parameter sweep.
Notice that the Compute Current Density run option is disabled for a parameter
sweep.

i Analysis Setup-par_dstub_son EHE
_Crn'

5| Compute Current Density, Speed/Memory... |

I Memory Save Advanced... |

~Analysis Control

|- Analysis Control

drop list

ﬂ Add... |
Edit... |
M Delete |

1| |1

Cancel | Help |

Click on the Add Button in the Analysis Control section of the dialog box.

Parameter Sweeps

The Parameter Sweep Entry dialog box appears. This dialog box allows you to add
a parameter sweep.

The first step is to specify the analysis frequencies you wish to use for the
parameter sweep. For this example, you wish to perform an ABS sweep from 2.0
GHZ to 10.0 GHz. Since Adaptive Sweep (ABS) is the default sweep type, you do
not need to take any action to select it.

Enter 2.0 in the Start text entry box in the Frequency Specification section of
the Parameter Sweep Entry dialog box.

This is the starting frequency.

23



Sonnet Supplemental Tutorials

5 Enter 10.0 in the Stop text entry box.

This is the highest frequency. This defines a band of 2 GHz to 10 GHz for the
adaptive sweep.

Next, you will select the parameters you wish to sweep.

6 Click on the checkbox in the Sweep column of the entry for the Lstub
parameter.

B Parameter Sweep Entry-par_dstub.son

Frequency Specification

Sweep Type |adaptive Sweep (ABS) -
Start Stop
[GHz] [GHz]
|2.u |1u.u
X-Cell Size :  10.0 [mils] Y-Cell Size :  10.0 [mils]

Sweep Start Stop Step Nominal
W Lstub |12|].u |2au.u |1BI].I] 220.0
™ Sstub | | | 200.0

Cancel Help

It is possible to select multiple parameters for a parameter sweep; however, for
this example, only one parameter is used. If you wished to deselect the parameter,
you would simply click on the checkbox again. Unchecked parameters are
simulated at their nominal value, so Sstub is a constant, fixed at 220 mils for the
parameter sweep.

24
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10

The nominal value, that is the present value of the parameter in the circuit, appears
in the Nominal column of the parameter entry. In this case, the nominal value of
Lstub is 220 mils, so the project editor shows the length as 220 mils, even though
the start value for the parameter is different.

Enter 120 in the Start text entry box in the Lstub row.

This sets 120 mils as the first parameter value used for Lstub.

Enter 280 in the Stop text entry box in the Lstub row.

This sets 280 mils as the last parameter value used for Lstub.
Enter 160 in Step text entry box in the Lstub row.

The interval between parameters is 160 mils; therefore, this parameter sweep
analyzes at two parameter values, 120 and 280 mils. It is important to note that all
three fields: start, stop, and step are required.

This completes the setup for the parameter sweep entry.

Click on the OK button to close the dialog box.

When the dialog box is closed, the Analysis Setup dialog box is updated with an
entry for the parameter sweep that you just defined. In this case, since there are
two values for a single parameter, there are two parameter combinations. Each
combination is analyzed at each analysis frequency.

25
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If you had a case in which there were two parameters, seven values for the first
parameter and eleven values for the second parameter, there would be 77
parameter combinations for the analysis.

M Analysis Setup-par_dstub.son

Options
I~ Speed/Memory... |
[~ Memory Save Advanced... |

Analysis Control

Parameter Sweep j

Parameter Sweeps

2.0 to 10.0 GHz ABS
- - - Add...
Lstub 120.0 to 280.0 step of 160.0 4
Sstub 200.0 [Fixed] i
Edit...
- Delete

Cancel Help

11 Click on the OK button of the Analysis Setup dialog box.

This completes the entry of the parameter sweep.

Next, you run the analysis and use the analysis monitor to observe the progress.

Executing the Parameter Sweep

12 Select Project = Analyze from the project editor’s main menu to invoke the
analysis engine, em, and start the analysis.

If you are prompted, save the file. The output window of the analysis monitor
appears on your display.

26
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13

Click on the Response Data button in the analysis monitor output window.

This allows you to observe the analysis as it progresses. There is a progress bar at
the top of the window which shows what percentage of the total analysis is
complete with the number of frequencies analyzed appearing above it. The
response data is output in the bottom of the window.

The analysis could take a few minutes to run depending on your computer.

Once the analysis is complete, you open the response viewer to look at your
results.

Observing the Parameter Sweep Data

14

15

16

17

18

19

You want to see the data for the S, response at Lstub = 120 mils and Lstub =280
mils.

Select Project = View Response = New Graph from the main menu of the
analysis monitor output window.

The response viewer window appears on your display with S displayed.
Right click on par_dstub in the Curve Group legend.

A pop-up menu appears on your display.

Select Edit Curve Group from the pop-up menu.

The Edit Curve Group dialog box appears on your display.

Double click on DB[S11] in the Selected list.

This moves the S| response to the Unselected list. It will no longer appear in your
plot.

Double click on DB[S21] in the Unselected list.

This moves the S, response to the Selected list so that it appears in your plot.

Click on the Select Combinations button in the Edit Curve Group dialog
box.

The Select Parameters dialog box appears on your display.

27
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28

20

21

22

23

Click on the Select All button above the Selected Parameters list.

There should be only one entry in this list; the Select All button was used to
demonstrate its function. This selects all the parameters in the Selected List.

Click on the Up Arrow button to move all the parameter combinations to
the Unselected list.

Double-click on Sstub = 220 mils, Lstub = 120 mils in the Unselected List.

This moves this parameter combination to the selected list so that the data for this
combination appears in your plot.

Click on the OK button in the Select Parameters dialog box to apply the
changes and close the dialog box.

The entry “Lstub = 120.0 Sstub = 220.0” appears in the Parameter Combinations
section of the Edit Curve Group dialog box.
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24 Click on the OK button in the Edit Curve Group dialog box to apply the
changes and close the dialog box.

The plot is updated with the S21 response for Sstub = 220 mils, Lstub = 120 mils.
The entry for the curve group, par_dstub appears in the Curve Group Legend. The
graph should be similar to the one shown below.

par_dstub.so AEE
BEEEEREREREEE
Cartesian Plot
Z0 =50.0 0
-5
Left Axis M i
par_dstub a
DB[S21] —— g 15
{2
Right Axis t s d
[empty] u
=30 4
d
& 35 A
ag)
(d8)
-50 T T T T T T T
2 3 4 5 =1 7 g 9 10
Sonnet Software Inc. Frequency (GHZ)
Click mouse to readout data values Fuointer

29
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30

25 To add the response at Lstub = 280 mils, select Curve = Add Curve Group
from the response viewer main menu.

The Add Curve Group dialog box appears. This curve group uses the default name
of par_dstub_2. Following the same steps you used for par_dstub above, set up
this curve group to display the S,; response for Lstub = 280 mils, Sstub =220
mils. Your plot should now look like the one below.

par_dstub.so
Cartesian Plot
Z0 = 50.0 0 =
Left Axis Mo
par_dstub O a 204
DB[S21] —o— | 9 30 A
par_dstub_2 [ T _an
DB[S21] | +
Right Axis 3 -60
[empty] 0]
a0 4
(dB) a0
-100 T T T T T T T
2 3 4 5 =1 7 g 9 10
Sonnet Software Inc. Frequency (GHZ)
| Click mouse to readout data values | Pointer

You could also have right-clicked the curve group par_dstub in the Left Axis pane
of the legend and selected “Edit Curve Group” from the pop-up menu. Using the
Edit Curve group dialog box, you could have added this parameter combination to
this curve group. This would result in one curve group with one symbol
representing both parameter combinations. This is useful if you want multiple
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measurements (S,; and S;; for example). Each measurement would use a
different symbol, but each parameter combination with a measurement would use
the same symbol. An example is pictured below.

par_dstub.so
Cartesian Plot
Z0 = 50.0 10
Left Axis Mo
par_dstub O a -0+
DB[S21] —o— | 9 20 4
par_dstub_2 [ T 30
DB[SN1] LT+ + 5
Right Axis 3 .50 4
[empty] 5 s0 ]
o 4
(dB) a0
-a0 T T T T T T T
2 3 4 5 =1 7 g 9 10
Sonnet Software Inc. Frequency (GHZ)
| Click mouse to readout data values | Pointer

In the beginning, the goal of the filter design was stated as a stopband between 5.0
and 6.0 GHz. By looking at the graph of Lstub=120 as compared to Lstub=280,
you can see that a filter with the required stopband would fall approximately in the
middle of the two curves. So a value of 220 mils is chosen for the nominal value
for Lstub for the optimization. A nominal value of 220 mils is chosen for Sstub.

Optimization
This next section of the tutorial shows how to set up and execute an optimization.

For a detailed discussion of optimization, please refer to “Optimization,” on
page 166 of the Sonnet User’s Guide.

If par_dstub.son is not still open in the project editor, open the file in the project
editor.

31
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Entering New Nominal Values

26

27
28

A

Usually for this type of circuit, you would optimize using both the defined
parameters, Lstub and Sstub, but for the sake of processing time, the optimization
only uses one parameter, Lstub.

The nominal value used for Sstub will be 200 mils. This was arrived at by actually
executing the optimization using both parameters and using the closest value on
the grid of the optimized parameter.

Double-click on the parameter Sstub in the circuit.

The Parameter Properties dialog box for Sstub appears on your display.

Change the nominal value in the Nominal text entry box to 200.

Click on the OK button to close the dialog box and apply the new nominal
value.

The circuit is redrawn using the new nominal value for Sstub.

WARNING

Itis recommended that you change the nominal value of parameters by using
the properties dialog box, since changing your nominal value this way does
not affect any previous response data in your project file. If you change the
nominal value of the parameter by changing the circuit through editing
commands, such as a reshape, all previous response data is deleted from the
project file when you save.

Setting Up an Optimization

29

32

Select Analysis = Setup from the main menu of the project editor.

The Analysis Setup dialog box appears on your display.
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30 Select Optimization from the Analysis Control drop list.

This selects a optimization as the type of analysis. The dialog box’s appearance
changes to accommodate the input needed for an optimization. Note that initially
the nominal values are listed for the parameters, since no range has yet been

specified.
M Analysis Setup-par_dsiub.son

Options
r

[~ Memory Save

Analysis Control

BIX

Speed/Memory...
Advanced...

Analysis Control

Optimization

Parameters

100

drop list

Parameters list

Lstub 220.0 (fixed)
Sstub 200.0 (fixed)
<
Optimization Goals
j Add...
4 |
‘ || MEEEEN
4 3
0K Cancel ‘ Help |

Optimization Goals

31 Click on the Edit button on the right side of the Parameters list.

The Optimization Parameters dialog box appears on your display.

EE

Bl Optimization Parameters-par_dstub.son
X-Cell Size:  10.0 [mils] Y-Cell Size :  10.0 [mils]
Optimize Min Max Nominal Opt Result
I~ Lstub | | [z20.0
I~ Sstub | | [z00.0

o]

[Update nominal settings with optimization results)

Cancel Help ‘
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34

32

33

34

Only one parameter, Lstub, is used for this optimization. The range for Lstub is
100 mils to 300 mils.

Click on the Optimize check button next to Lstub.

This selects the Lstub parameter to be used in the optimization. Note that the
nominal value appears in the Nominal text entry box. If you wish to change the
nominal value, you may do so by entering a new value. The circuit will be redrawn
using the new nominal value. Since this is the first optimization run on this project
file the Min and Max entries are blank. If a previous optimization had been run,
the last entered values would remain.

WARNING

Editing parameter settings or optimization goals causes any pre-existing
optimization iterations to be deleted from the project file.

Enter 100 in the Min text entry box in the Lstub row.

This sets the minimum value for the Lstub parameter to 100 mils for the
optimization.

Enter 300 in the Max text entry box in the Lstub row.

This sets the maximum value for Lstub to 300 mils for the optimization.
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35 Click on the OK button to apply the changes and close the dialog box.

When the dialog box is closed, the Analysis Setup dialog box is updated with an
entry for the optimization parameters that you just defined.

M Analysis Setup-par_dstub.son @g|

Options

r SpeedfMemory...

[~ Memory Save Advanced...
Analysis Control

Max lterations
Optimization j
100
Parameters
Lstub 100.0 to 300.0 start at 220.0 E f
Edit...

Sstub 200.0 (fixed) #

Optimization Goals

j Add...
EET
B NEEE
4 »
oK Cancel ‘ Help |

Now that you have identified which parameter to vary and its range, you must
specify the optimization goals. Since this is the first optimization for this project,
there are no previously defined optimization goals and the list is empty. Having
no goals present disables the Edit and Delete buttons. The Edit button allows you
to modify an existing goal, and the delete button removes the goal from the list.

As mentioned earlier in the example, our goal for the filter is to have passbands at
1-4 GHz and 7-10 GHz with a stopband at 5-6 GHz. The optimization goals are
set up accordingly. Since all three goals in this case are equally important, each
uses the default Weight of 1.0. In cases where one goal is more essential, assigning

it a higher weight than other goals tells em to concentrate more on reaching that
particular goal.
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36

37

38

39

36

Click on the Add button to the right of the Optimization Goals list.

The Optimization Goal Entry dialog box appears on your display.

Sweep
Frequency Specification - Type
Sweep Type ‘Adaptive Sweep [ABS) 4/ Speciﬁcation
Start Stop
Frequency [6Hz) [GHz]
Controls > |
Goal Specification Goal Type
Response Type el <l
d 1 t Network
Top 11s Fmm Operand
‘nter\.’alue:
B lfsn <[ -][300 ~—— Value text
! entry box
Response —J weight [1.0
drop list
oK Cancel | Help ‘

The first goal corresponds to the first passband; therefore, you need to set the ABS
frequency range to 1.0 GHz to 4.0 GHz. There are several different types of
frequency sweeps available; you will use the default ABS sweep for this
optimization.

Enter 1.0 in the Start text entry box in the Frequency Specification section of
the dialog box.

This sets the beginning of the frequency band for this optimization goal at 1.0
GHz.

Enter 4.0 in the Stop text entry box in the Frequency Specification section of
the dialog box.

This sets the end of the frequency band for this optimization goal at 4.0 GHz. This

completes the specification of the frequency sweep for this optimization goal.

Since this is the first passband, your goal is to have DB[S21] be greater than -1.0
dB.
Select DB from the Response Type drop list on the left side of the equation.

This is the default, so DB may already be selected.
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40
41
42

43

44

Select S21 from the Response drop list.
Select “>” from the Operand drop list.
Select Value from the Goal Type drop list.

This choice allows you to put in a specific value. This is the default; you may also
specify another project file or another network in your project (if the project is a
Network project). In those cases, you may select a response for that circuit to
which you wish to match your selected response.

Enter -1.0 in the Value text entry box.
This sets your goal of DB[S21] > -1.0 dB.

Click on OK to apply the changes and close the dialog box.

The Analysis Setup dialog box is updated. An entry for this optimization goal now
appears in the Optimization Goals list.

The other two goals should be entered in a similar manner. The second goal is a
adaptive sweep from 5.0 GHz to 6.0 GHz with a desired response of DB[S21] < -
30.0 dB. This is the stopband. The third goal is an adaptive sweep from 7.0 GHz
to 10.0 GHz with a desired response of DB[S21] > -1.0. When you have
completed entering these goals, the Optimization Goals list should appear as
shown below.

Analysis Control
Max lterations

|0ptimization j
100
Parameters
Lstub 100.0 to 300.0 start at 220.0 :
Edit...
Sstub 200.0 (fixed) #

Optimization Goals

1.0to 4.0 GHz ABS
- = Add...
par_dstub DB[S21] > -1.0 weight=1.0 4
5.0 to 6.0 GHz ABS Edit...
par_dstub DB[S21] < -30.0 weight=1.0

7.0 to 10.0 GHz ABS - Delete

1 [ »
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38

This completes the setup for the optimization.

Running an Optimization

45

46

This optimization took approximately 6.5 minutes on a 2 GHz Pentium 4.
Select Project = Analyze from the main menu of the project editor.

The output window of the analysis monitor appears on your display.

TIP

You can also click on the Analyze button on the project editor tool bar.

Click on the Response Data button in the analysis monitor output window if
it is not already displaying the response data.

This allows you to observe the optimization as it progresses. The error for the first,
present and best iteration are displayed and updated as the optimization
progresses. The response data is output in the bottom of the window.

You may notice that some iterations complete more quickly than others. This is
because em can reuse portions of the response data calculated for previous
iterations.

Once the analysis is complete, you open the response viewer to look at your
results. Be aware that since this optimization took a number of iterations to
conclude, there may be small delays in opening the response viewer and the Edit
Curve Group dialog box.
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TIP

You may use the response viewer to observe data produced by the optimization
while it is still running. The response viewer can chart any data which has been
generated. This allows you to stop the optimization and start it over using new pa-
rameter ranges or new goals, if the results are not desirable. If you wish to continue
viewing data as the optimization runs, use the Freshen Files command in the Re-
sponse Viewer.

Observing your Optimization Data

47

48

49

50
51

Plotting the best iteration will allow you to judge whether or not to use the
optimized values of the parameters.

Select Project = View Response = New Graph from the main menu of the
analysis monitor.

The response viewer menu appears on your display with the DB[S11] response for
the nominal values parameter combination displayed. There may be some delay
while the project loads into the response viewer due to the amount of response data
now included.

Click on the DB[S11] curve group in the legend to select it and select Curve
= Edit Curve Group from the main menu of the response viewer.
The Edit Curve Group dialog box appears on your display.

Select Optimized from the Data Collection drop list in the Edit Curve Group
dialog box.

Notice that this drop list is now enabled since the project file now contains both
parameter sweep data and optimized data.

Move DB[S11] to the Unselected list by double-clicking on the entry.
Move DB[S21] to the Selected list by double-clicking on the entry.

Since your optimization goals were set in reference to the DB[S21] response, you
want to plot this response.
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40

Notice that when you selected Optimized data that the parameter combination was
updated to read:

Best Error: lteration=12 Error=0.096573
Lstub=191.8066 Sstub=200.0

The best iteration is plotted by default when you select optimized data. If the
optimization was still running, this is a useful way of always plotting the best
iteration calculated so far. Pressing the Freshen Files button on the tool bar of the
response viewer will always show the best iteration.

If you were to click on the Select Iterations button, the dialog box would appear
with all the parameter values used in all 25 iterations available to plot. Since you
wish to see the response at the best iteration, you do not need to change the
parameter value for this curve group.
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i Edit Curve Group-par_dstub_c.son EHE

Project |par_dstub_c F

Data Collection {optimized | [De Embedded

Group Name Ipar_dstub_c

Y-Axis Measurements

&rleft DataType |s params A
© Right  Data Format IMagnitude (dB) j
Unselected Selected
DB[S1I]... pB[s21] 4
DB[S12] ]
DB[S22] <
= =

~ Optimization Iterations
Best Error: Iteration=13 Error=5.379461
Sstub=200.0 Lstub=191.4095

Eil| i
Select lterations... |

Cancel | Help |

52 Click on the OK button to close the dialog box and apply the changes.

The plot is updated showing DB[S21] for the best iteration. It should appear
similar to the plot pictured below.
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As you can see, the optimized circuit is producing the desired response of a
stopband from 5 - 6 GHz and the passbands from 1 - 4 GHZ and 7-10 GHz.

Accepting the Optimized Values

Since the desired responses have been achieved by the optimization, you return to
the project editor to update the nominal value of your parameters with the
optimized values.

If the project par_dstub is still open in the project editor, continue at step 55.

53 Click on the curve group, par_dstub in the Curve Group legend in the
response viewer.

This selects a project file and thereby enables the project menu.

54 Select Project = Edit from the main menu of the response viewer.

The project editor appears on your display with par_dstub open.
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55 Select Analysis = Optimization Results from project editor main menu.

56

57

The Optimization Parameters dialog box appears on your display.

B Optimization Parameters-par_dstub.son

%-Cell Size :  10.0 [mils) Y-Cell Size :  10.0 [mils]

Parameter Min Max Nominal Opt Result
Lstub | | |22|].u 191.806626: :
Sstub | | |2uu.u 200.0

Update | [Update nominal settings with optimization results]

Cancel | Help |

Notice that the nominal value of both parameters is still the value input at the
beginning of the optimization. But the optimization results for both parameters are
displayed in the last column. Since Sstub was not used in the optimization, its
optimization result is the same as the nominal value.

Click on the Update button to replace the present nominal values with the
optimization results.

Note that the entries in the Nominal text entry boxes are updated with the
optimized values.

Click on OK to close the dialog box and apply the changes.

Notice that the circuit has been redrawn with the new nominal values for the
parameters. Since the parameter lengths are not integer multiples of the cell size,
the polygons are no longer exactly on the grid. You can see this by pressing Ctrl-
M to turn off the cell fill and looking at the actual polygons. The cell fill represents
the actual metal em analyzes.
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58

59

60
61

62

The actual metalization analyzed by em is not the same as the optimized values.

Em actually interpolated from data created from analyzing “on grid” versions of
the circuit. If your optimization goals did not include a full frequency sweep, it is
a good idea to perform a full sweep across your frequency band to ensure that your
entire band shows reasonable results. Running a full frequency sweep is detailed
below.

In order for em to use previously calculated response data, you should edit your
parameter value(s) such that they are the closest “on grid” value to the
optimization result. For example, in this case the optimized value for Lstub is
191.80662641. You should edit the nominal value of Lstub to change it to 190
which, since the cell size is 10, is on the grid.

Select Analysis = Setup from the project editor main menu.

The Analysis Setup dialog box appears on your display.
Select Adaptive Sweep (ABS) from the Analysis Control drop list.

The appearance of the dialog box is changed to conform with an adaptive sweep.
Enter 2.0 GHz in the Start text entry box and 10 GHz in the Stop text entry box to
define a frequency band of 2 - 10 GHz for this analysis.

Click on OK to close the dialog box and apply the changes.
Click on the Analyze button to start the em analysis.

If prompted, save the circuit before analyzing.

When the analysis is complete, click on the View Response button on the
analysis monitor’s tool bar.

The response viewer appears on your display with the curve group, par_dstub,
consisting of DB[S11] displayed.



Chapter 2 Parameter Sweep and Optimization Tutorial

63 Right-click on the curve group, par_dstub, and select Edit Curve Group
from the pop-up menu which appears.

Select DB[S21] for display, move DB[S11] to the Unselected list, and close the
dialog box. Your plot should appear similar to that shown below.
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The results conform closely enough to the design criteria that this optimization is
considered a success. As was stressed at the beginning of this tutorial, a simple
example was chosen in order to clearly demonstrate the optimization process.

You should be aware, however, that most optimization problems are much more
complicated and less straightforward. The designer needs to make decisions about
parameters, the parameter sweeps and optimization goals based on knowledge of
the circuit and design experience. Often, you must observe an optimization while
in progress, judge its viability and, as necessary, stop the optimization and start a
new one with new nominal values and data ranges.
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Chapter 3 Circuit Subdivision Tutorial

Chapter 3 Circuit Subdivision
Tutorial

This tutorial walks you through how to add subdivision lines, subdivide your
circuit, and analyze the final netlist. The results of this subdivision are compared
to the analysis of the complete circuit in order to demonstrate the accuracy of the
results of the subdivision and the savings in memory. For a detailed discussion of
circuit subdivision and the use of subdividers, please refer to Chapter 13, “Circuit
Subdivision” in the Sonnet User’s Guide.
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The circuit, an edge-coupled microstrip bandpass filter, is a fairly simple example
of a circuit which you might decide to subdivide. In addition, it is not a very good
filter design. This circuit was chosen for the purposes of clarity in explaining
circuit subdivision.

You will use four vertical subdivision lines to split the circuit into five sections as
shown below.

51 52 53 54 sh
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- [ 2

Obtaining the Example File

48

You use the example file, subdivide.son, for this example. You can obtain a copy
of this file from the Sonnet Examples. If you do not know how to obtain a Sonnet
example, select Help = Examples from any program menu, then click on the

Instructions button. If you are reading this in PDF format, click on the link above.
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1 Open the project subdivide.son in the project editor.

The circuit appears as shown below.

¥< subdivide.son

1f= 1

| 0N
| Click or drag ta selectab, | 1.0x | 1030.0,-134.0 mil | Painter

Adding the Subdivision Lines

The first step in subdividing a circuit, as discussed in “Choosing Subdivision Line
Placement,” on page 207 in the Sonnet User’s Guide, is to place the subdivision
lines that indicate where you wish to split your circuit. Subdivision lines should
be placed in locations where there is negligible coupling across the lines. The best
place to put subdivision lines in the example used here is at points in the circuit on
the coupled lines as far from the discontinuities as possible. Therefore, a vertical
subdivision line will be placed in the middle of each coupled pair of polygons.

Each coupled pair of polygons is 595 mils in the x direction. Subdivision lines
must be placed on the grid. The closest value to halfway which still remains on the
grid is 295 mils. For the first subdivider, you must take into account the feedline
polygon which is 100 mils in length. Therefore, the first subdivision line should
be placed at 100 mils + 295 mils = 395 mils from the left box wall.
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50

2

Select Tools = Add Subdivider from the project editor menu while holding
down the shift key.

TIP

Holding down the shift key allows you to enter multiple subdivision lines without
having to select the command multiple times.

Since there were no subdivision lines in the circuit when you selected the Add
Subdivider command, the Subdivider Orientation dialog box appears on your
display.

i Subdivider Orientation-subdivide.son

Please specify orientation for subdivider

 Horizontal

OK | Cancel | Help

All subdividers in your circuit must have either a vertical (up-down) orientation
or a horizontal (left-right) orientation on the substrate.

Click on the vertical radio button to select the vertical orientation for your
subdividers.

This sets the orientation for all subdividers subsequently added to your circuit.

This dialog box does not appear again if you select Tools = Add Subdivider. The
new subdivider assumes the same orientation. If all the subdividers are deleted
from a circuit, then when the Add Subdivider command is used again, this dialog
box appears.

Click on the OK button to apply your selections and close the dialog box.

The cursor changes to indicate that you are adding subdivision lines and a line
appears which moves with your cursor.
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Move your cursor until the X coordinate of the cursor position in the status
bar is 395.0 and click.

A line representing the subdivider appears in the vertical plane running through
the point at which you clicked. The sections of the circuit are now labeled “s1”
and “s2”. Subdivision sections are labeled from left to right, or top to bottom,
depending upon orientation. These labels are always sequential and are non-
editable.

51 52

Subdivision lines are always snapped to the grid and may not be placed on top of
each other. Once a subdivider has been added to your circuit, you may edit the
subdivider as you would any other object in your geometry. You may click on the
subdivider and move it. You may also control the display of the subdivider lines
and labels in the Object Visibility dialog box, invoked by selecting View = Object
Visibility from the project editor’s main menu.

Since each of the coupled line segments are 595 mils long and you wish to place
the subdivision lines at the halfway point, each subsequent subdivision line should
be placed 595 mils further to the right in the circuit. So the second subdivision line
should be placed at 990 mils from the left box wall.

Move the cursor until the X coordinate is 990.0 in the status bar and click to
place the second subdivision line.

The subdivision line appears on your circuit and the sections are relabeled as
shown below.

51 52 53
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Add subdividers at 1585 mils and 2180 mils from the left box wall.

Once you have completed adding all the subdivision lines, press the Escape key
to return to pointer mode. Your circuit should now appear like this:

51 52 53 54 sh
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Setting Up Circuit Properties

52

For this example, the circuit properties such as box size, dielectric layers, metal
materials, etc. have already been input in the example circuit. It is important to
have the circuit properties input before performing the subdivide since these are
the properties used for all the subprojects created as the result of the subdivide. If
you do not enter all the desired properties, you will need to enter them individually
in each subproject or modify the original source project and execute the subdivide
again.

For this example, you will analyze the netlist using an adaptive sweep (ABS) with
Hierarchy Sweep turned on. When the Hierarchy Sweep option is used, the
analysis control settings for the netlist are used to analyze all the subprojects in the
netlist. The desired frequency band for the circuit is 2.3 GHz to 2.5 GHz. An
adaptive sweep provides approximately 300 data points. For more information on
the Adaptive Band Synthesis technique, see Chapter 9, “Adaptive Band Synthesis
(ABS)” in the Sonnet User’s Guide.
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8 Select Analysis = Setup from the main menu.

The Analysis Setup dialog box appears on your display.

i Analysis Setup-subdivide.son EHE
~Opti

[~ iCompute Current Density Speed/Memory... |

I Memory Save Advanced... |

~Analysis Control

[Adaptive Sweep (4BS) =l
Start Stop
(GHz) (GHz)

! !
Cancel | Help |

9 Select “Adaptive Sweep (ABS)” from the Analysis Control drop list if it is
not already selected.

This selects the Adaptive Sweep as your type of analysis. The adaptive sweep
provides a fine resolution of response data over the given frequency band. Note
that the text entry boxes are updated to reflect your choice of analysis.
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10 Enter 2.3 in the Start box and 2.5 in the Stop box.

1
12

This sets up the analysis frequency band. This analysis setup is duplicated in all
of the geometry subprojects when the subdivide is executed, as well as in the main
netlist. The Analysis Setup dialog box should appears as shown below.

i Analysis Setup-subdivide.son EHE
~Opti

[T Compute Current Density Speed/Memory... |

I Memory Save Advanced... |

~Analysis Control

[Adaptive Sweep (4BS) =l
Start Stop
(GHz) (GHz)
|2.3 |2.5

Cancel | Help |

Click on the OK button to save the analysis setup and close the dialog box.

Select File = Save from the main menu.

The file must be saved before executing the subdivide. The position of the
subdivision lines are saved as part of your source project.

Subdividing Your Circuit

54

The actual subdivision of the project is executed by the software but you must
enter names for the resulting main netlist file and subproject files produced as well
as, optionally, defining a feedline length to be added to the subprojects.

Feedlines should be added to the subprojects if you feel it necessary to move
discontinuities in the various sections of the circuit further away from the
boxwalls to prevent any interaction between the discontinuities and boxwalls.
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13

14

This can provide a more accurate analysis result for each section of the circuit.
Any added feedlines are of lossless metal, regardless of the metal type to which
they are attached.

Sonnet software provides a default recommended value for the feedline or you
may enter your own value.
Select Tools = Subdivide Circuit from the project editor main menu.

The Circuit Subdivision dialog box appears on your display.

+ Circuit Subdivision-subdivide.son

This feature may be used to divide your whole geometry
project into subprojects. A main netlist project for
connecting the subprojects together is also generated.

Main Netlist Project

subdivide_net.son Browse... |
OK | Cancel Help |

The name “subdivide_net.son” is provided by default in the Main Netlist
Project text entry box.

This name is used for the main netlist which connects the geometry projects
resulting from the subdivide. The default name is the basename of the source
project with a “ net” added on. You may use any project name you wish but it
must be different than the project name of the source file.

If you wish to change the directory in which the resulting files are created, click

on the Browse button to open a browse window. If you select an existing project
file, you are prompted if you wish to overwrite the existing file.
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15 Click on OK to set the name and close the dialog box.

The Subproject Specifications dialog box appears on your display as shown
below. This dialog box allows you to enter names for each of the geometry
subprojects that result from performing the subdivide. Default names, consisting
of the main netlist project name with the section number added, are provided but
may be edited. For this example, use the default names.

i Subproject Specifications-subdivide_son

Section Subproject Name

sl Isubdivide_net_sl.son
52 Isubdivide_net_SZ.son
s3 Isubdivide_net_SS.son
=

Length of feedline with reference plane

& Suggested length: 295.0 (mil)

 Fixed length: I(]_(] (mil)

 None

Subdivide| cancel | Help |

The names for the subprojects must be unique and must be different from the
source project name and main netlist name.

The suggested length option is already selected for the feedline length. This
feedline of lossless metal is added to ports generated when the subdivide is
executed.

To enter your own feedline length, you would select the fixed length radio button
and enter the value in the corresponding text entry box. Select the None radio
button if you do not wish to add a feedline.
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16 Click on the Subdivide button to execute the subdivide.

The main netlist and subprojects are created using the names input by you. The
main netlist project is opened in the project editor.

¥< subdivide_net._son

[D]E])& > %

PRJ 1 3 4 subdivide

B | 5| | 5 ) [8]

net_s1.son Hierarchy Sweep

D

PRJ 3 45 b6 subdivide_net_s2.son Hierarchy Sweep

PRJ 5 6 7 8 subdivide_net_s3.son Hierarchy Sweep

PRJ 7 8 910 subdivide_net_s4.son Hierarchy Sweep

PRJ 910 2 subdivide_net_s5.son Hierarchy Sweep
DEF2P 1 2 subdivide_net Main Network

-

1| |1
| Use huttons or menus to modify netlist. | Metwork: Mane | Line: Mone |

The main network is defined as subdivide net and has two ports. This corresponds
to the source circuit. There is a project (PRJ) entry line for each of the subprojects.
The project line includes the setting for the source of the analysis frequencies. A
Hierarchy sweep, in which the netlist frequency sweep is imposed on all the
project elements, is on by default. If you turn this off, the project default setting of
using its own sweep is displayed.

Pictured below are the geometries for the first two sections, subdivide net_sl.son

and subdivide net_s2.son. Note that in subdivide net_sl.son, feedlines with a
reference plane have only been added to ports 2 and 3, the ports created in the
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subdivide, but not port 1 which is contained in the source project. All the ports in
subdivide net s2 have feedlines since all were created in the subdivide. Note that

the feedlines are all of lossless metal.

Original Port
Added Feedlines

; N

subdivide_net_s1.son subdivide_net_s2.son

Analysis of the Network File

The last step to complete the analysis of the filter is to analyze the netlist project
created by the subdivide. The analysis controls you entered in the original project
are the ones you wish to use to analyze the netlist, so the analysis setup is already
complete. An adaptive sweep from 2.3 GHz to 2.5 GHz will be performed on the

netlist.

17 Click on the project editor window containing the netlist to make this the

active file.

This is indicated by the title bar on the netlist being highlighted.

:@: TIP

You can switch the active file in the project editor by clicking on the title bar of
the project window or by selecting the project from the Windows menu on the

main menu.
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18 Click on the Analyze button to launch the netlist analysis.

The analysis monitor appears on your display.

< subdivide_net.son Running on TINA

FEile Edit Miew Bun Project Help
ClE: : @EEEs]

subdivide_net_s1. | 0 of 101 Frequencies Done
Subs: 854 | ‘

Memory: 9 MB
Analyzing: 2.3 GHz Status Only <<
Loading matrix, source level 0, field level 0 M

View: v S-Parameters I | Barameters
Run 1: Tue Feb 13 10:55:22 2001. Frequency Sweep. |

Response Data

ErrorsiWarnings

Timing Info

Batch List

A

The project legend indicates that subdivide net sl.sonis being analyzed. Em will
perform an adaptive sweep on each of the five subprojects and then use the
resulting data to analyze the network. Status messages are output under the
progress bar.

There are two results that are significant to observe. A comparison of the netlist

analysis data with the analysis data from the source circuit, and a comparison of
the amount of time and memory each analysis used. We have provided the source
project file including analysis data under the example sub_whole.son available in
the Sonnet Examples.
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The graph below shows the results of the netlist analysis versus the results of a full
analysis of the source project.

subdivide_net_son, subdivide_whole.son

I I- Ne‘l{}l@l%lﬁﬁlﬁl-
Cartesian Plot
Z0 =50.0 0
Left Axis M
subdivide_net O a
DBIS11] -0 g
subdivide_whole O i
DB[S11] 1 t
u
- - d
Right Axis &
[empty]
(dBE
-16 T T T
23 235 24 245 25
Sonnet Software Inc. Frequency GHz
|Click maouse to readout data values |P0inter |

As you can see there is very good agreement between the two analysis results.
Both files were analyzed on the same computer. The time required for the netlist
was actually longer than the time required to analyze the circuit as a whole
because this was a simple example chosen for clarity, and the benefits of circuit
subdivision are only seen for larger circuits.

Using circuit subdivision reduces your memory requirements for analysis of a
large circuit. Each of the subprojects requires less subsections to analyze than the
complete circuit. This improvement comes as a result of reducing the number of
subsections for any given analysis since both computation time and memory
requirements rise sharply as the subsections go up, as shown on the chart below.
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For this example, the entire filter circuit used 2006 subsections while the largest
individual piece only required 1400 subsections and the smallest only required
854 subsections.

A

Time & Full Filter

Memory

Piece wise
Analysis

Number of Subsections

On many larger circuits the use of the automatic circuit subdivision features in
Sonnet can greatly improve the efficiency of your em usage.

Additional Improvements

There are two other ways this circuit could have been made even more efficient.
You could have refrained from adding the automatic feedlines and you could have
taken advantage of the fact that some of the subprojects were virtually identical.

For the purpose of illustration, this tutorial added feedlines to all ports generated
in the subdivide using the recommended length. Feedlines are added to a circuit
to move the discontinuities in the subprojects far enough from the boxwalls to
prevent interaction. In the case of this example, either discontinuities were not
present or they were already far enough from the box wall that additional feedlines
were unnecessary.
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If you leave the feedlines out by selecting None in the Subprojects Specifications
dialog box, the netlist analysis runs 1.5X faster than previously.

The last method that would allow you to decrease the processing time would be to
use fewer subprojects in the netlist to create the circuit. Observation of the circuit
geometry and response data shows that subdivide net sl.son and
subdivide net s5.son are virtually identical. The same is true for
subdivide net s2.son and subdivide net_s4.son. You could edit the main netlist,
subdivide net.son so that you only use three files: subdivide sl.son,
subidivide net s2.son and subdivide net s3.son to create the whole circuit. This
eliminates the need to calculate data for two out of five subprojects. This analysis
is 2X faster than the analysis using feedlines and all five subprojects.
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Chapter 4 Conformal Mesh
Tutorial

We recommend reading Chapter 11 "Conformal Mesh" on page 169 of the Sonnet
User’s Guide for a background discussion of conformal mesh before performing
this tutorial.

You use the example file, cm_spiral.son, pictured below, for this example. You
can obtain a copy of this file from the Sonnet Examples. If you do not know how
to obtain a Sonnet example, select Help = Examples from any program menu,
then click on the Instructions button. If you are reading this in PDF format, click
on the link above.
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Note that the spiral was added to the circuit using the palette of standard
geometries (Tools = Add Metalization = Round Spiral).

Sonnet uses staircase fill by default. Using staircase fill, the memory requirement
for this circuit is approximately 7000 Mbytes using 30,000 subsections. This
analysis would be impossible or prohibitively time consuming to run on most
computers. In this tutorial, you will use conformal meshing where appropriate to
reduce the number of subsections so that the circuit uses around 2,800 subsections
and requires 69 Mbytes of memory.

This is a close-up of the circuit
which shows the high number of
rectangular subsections needed to
subsection the curves of the spiral.
Note that the feedline is a
Manhattan polygon and therefore
uses fewer, larger subsections.
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As discussed in the rules list in Chapter 11, “Conformal Mesh,” in the Sonnet
User’s Guide, we want to use conformal meshing on non-manhattan polygons
while continuing to use staircase fill on large rectangular polygons. Our spiral
consists of three polygons: the three turn spiral inductor and two feed lines. One
feed line is on the same level as the spiral and the other, connected to the spiral by
a via, is one level down.

No Polygon Overlap

Rule 1:, “Polygon Overlap” in the Sonnet User’s Guide states that there should
be no polygon overlap in a circuit which uses conformal mesh. If you zoom in on
the boundary between the spiral conductor and the feedline on level 0, you will
observe, as shown below, that the two polygons overlap.

\

Overlap

Using the Merge Polygon command is an easy way to remove the overlap from
your circuit. To do so, perform the following:
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1  Click on the small rectangular polygon which overlaps the conductor to
select it.

The polygon is highlighted.

2 Hold down the Control key and click on the spiral conductor to select it.

Holding down the control key allows you to select another object without de-
selecting any previously selected items. Both polygons are now highlighted.
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3 Select Edit = Merge Polygons from the project editor main menu.

The two polygons are merged into one polygon and the overlap is removed.

Invoking Conformal Meshing

You need to apply conformal meshing to the three turn spiral. To invoke
conformal meshing, you apply the Conformal fill type to the spiral conductor
polygon. To do so, perform the following:
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4 Double-click on the spiral inductor polygon to open the Metalization Prop-
erties dialog box for the polygon.

The polygon is highlighted and the Metalization Properties dialog box appears on
your display.

i Metalization Properties-cm_spiral. son

Metal ILussIess j

Fill Type -
—Subsectioning Controls
X Min |17 Y Min |17
X Max lr Y Max Ir

Edge Mesh Im

~Conformal Mesh Subsectioning Controls

[~ Maximum Length I micron

1 polygon selected

0K I Apply | Cancell Help |

5 Select Conformal from the Fill Type drop list.

This applies conformal subsectioning to the spiral polygon. If a Notice appears,
click on the OK button to close the message.

6 Click on the OK button to apply the change and close the dialog box.

Note that the appearance of the polygon does not change.

Viewing Conformal Meshing

To see the effect that conformal meshing has on the subsectioning, you must
perform an Estimate Memory command on the circuit and view the subsectioning.
To do this, perform the following:
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Select Analysis = Estimate Memory from the project editor main menu.

A status message appears while the circuit is being evaluated. It may take a few
minutes to complete the subsectioning depending on the processing speed and
memory available on your computer. Once the subsectioning is complete, the
Estimated Memory window appears.

The memory requirement is now around 77 Mbytes and the number of subsections
is approximately 2900 subsections.
Click on the View Subsections button in the Estimated Memory window.

There is a small delay while the Subsection Viewer is being opened. The circuit is
shown with the subsectioning highlighted by black outlines as shown below.

The use of conformal meshing for the spiral inductor reduced the number of
required subsections from about 70,000 to 2,800 and required memory from 7,000
Mbytes to about 77 Mbytes. This analysis is now a manageable problem. This
concludes the conformal meshing tutorial.
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Chapter 5 Microwave Office
Interface Tutorial

Introduction

In a significant step towards the inter operability of high frequency design tools,
Applied Wave Research (AWR) has provided the EM Socket in Microwave
Office 6.0 or higher which allows you to use your completely integrated “solver
on request.” Now you can choose the design flow you prefer and maintain
synchronicity between your reference design and the EM structures that are part
of your layout.

Sonnet has taken advantage of this opportunity by creating the Microwave Office
Interface (MOI) which allows for the seamless incorporation of Sonnet’s world
class EM simulation engine, em, into the Microwave Office 6.0 or higher
environment. You can take advantage of Sonnet’s accuracy without having to
learn the Sonnet interface. Although, for advanced users who wish to take
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advantage of powerful advanced features not presently supported in the integrated
environment, the partnership of AWR and Sonnet has simplified the process of
moving EM projects between Microwave Office and Sonnet.

For a detailed discussion of the Microwave Office Interface, its modes of
operation and translation issues, please see Chapter 14, “Microwave Office
Interface” in the Sonnet User’s Guide.

The Microwave Office Interface (MOI) tutorial is designed to give you a brief
overview of the interface between Sonnet and AWR’s Microwave Office. This
tutorial assumes that you are familiar with the basics of using both Sonnet and
Microwave Office. If this is not true, we recommend referring to the appropriate
documentation. If you are new to Sonnet, we suggest performing the tutorials in
the Sonnet Tutorial manual, available as part of the hardcopy manuals set or in
PDF format through the Sonnet task bar before using this tutorial.

Tutorial Topics

72

The following topics are covered in this tutorial:

» Editing in Microwave Office, editing in Sonnet, and working out-
side of Microwave office.

*  Opening Sonnet’s project editor from within Microwave Office.

*  Setting up an Adaptive Band Synthesis sweep for the Sonnet analy-
sis engine.

*  Running a simple analysis in Microwave Office using Sonnet’s
analysis engine, em.

e Observing response data in both Microwave Office and Sonnet.

*  Exporting an EM structure from Microwave Office to a Sonnet
project.

* Importing a Sonnet project into Microwave Office.
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Obtaining the Example Project

NOTE:

The Microwave Office example project for this tutorial is supplied with your
Sonnet software installation and is available through the PDF manuals on your
computer. The Application Examples interface, accessed in PDF format on your
computer, allows you to load the example project directly into Microwave Office.

You must have Adobe Acrobat Reader installed on your system to access the
example interface in PDF format. If you do not have the program, it is
available for installation by selecting Admin = Install Acrobat from the
Sonnet Task Bar main menu.

To copy the Lowpass project to use in this tutorial, do the following:
Click on the Manuals button on the Sonnet Task Bar.

The file sonnet_online.pdf is opened on your display.

Click on the Application Examples button in the PDF document.
Click on the Complete List button.

A page appears with a complete list in alphabetical order of the example files.

Click on Lowpass in the list.

This will take you to the Microwave Office example project in the Application
Examples.
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5 Click on the Load into Microwave Office button at the top of the page.

Microwave Office is invoked on your display with the project “lowpass.emp”
opened. It should appear similar to the picture shown below.

Tr': lowpass.emp - Microwave Dffice H=E3
File Edit Yiew Project Simulate Options Tools Window Help

|DEd|f e X|voBaE&d s 2 = &
Design Motes
Project Cptions
----- x=1] Global Definitions
----- ) Data Files
=[] Circuit Schematics

~| Annatations
-[*2] 3 Stage Low Pass Filker

e ==| Low Pass Filker
=[] EM Structures
: ==, Materials
2] Low Pass Filker
=1 Enclosure

E i) Information

----- =1] Qukput Equations
=[] Graphs
E@ Graph 1
[ all Sources:DE(|5(1,1)1)
[ all Sources:DE(|5(2, 1))
----- <] Optimizer Goals
----- =) Yield Goals
----- =3 Output Files
[+ B3] Wizards

r Proj # Elem # Lapout #
|

Project Browser
window ——p»

6 Double-click on “3 Stage Low Pass Filter” under Circuit Schematics in the
project browser window.

This circuit uses the EM structure “Low Pass Filter” by connecting together three
of the structures.
7 Double-click on “Graph 1" under Graphs in the project browser window.

The graph appears in the Microwave Office window. Note that the graph is empty
since no analysis has yet been run on your Microwave Office project.
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8 Double-click on “Low Pass Filter” under EM Structures in the project
browser window.

This opens the EM structure “Low Pass Filter” in the Microwave Office window.
This is presently the active display indicated by the colored title bar.

9 Select View = New 3D View from the Microwave Office main menu.

A 3-dimensional view of the EM structure appears in the Microwave Office
window.

10 Select Window = Tile Vertical from the Microwave Office main menu.

This command makes all four open windows the same size and fills all the space
available. Your display should now appear similar to the picture shown below.
The order in which the views are displayed may vary.
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11 Select File = Save Project As from the Microwave Office main menu.

The Save As browse window appears. Save the project in your working directory.
This allows you to save any changes you make to the circuit and avoid corrupting
the example file.

Editing in Microwave Office

76

You may choose to edit your EM structure in Microwave Office or use the Native
Editor, which in this case is Sonnet’s project editor. When using Microwave
Office to edit your structure, you remain in the Microwave Office environment,
editing your EM structures and controlling Sonnet analysis options using options
available in Microwave Office. The Sonnet analysis engine, em, is invoked from
Microwave Office and the analysis results displayed in Microwave Office and,
optionally, in Sonnet. This section of the tutorial will demonstrate how to select
Sonnet as your analysis engine, how to setup the analysis in Microwave Office,
how to execute the analysis and how to observe analysis results in Sonnet Engine
Only mode.

TIP

The Sonnet analysis engine must be selected for each EM structure in the Micro-
wave Office project.
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Selecting Sonnet as your EM Analysis Engine

1 Right-click on the EM Structure “Low Pass Filter” in the Project Browser

section of the Microwave Office window as shown below.

A pop-up menu appears on your display.

EM structure_—"

Low Pass Filter
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----- =3 output Files
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Open in Mative Editor...
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Renarne EM Structure. ..
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2 Select “Set Simulator” from the pop-up menu.

The Select a Simulator dialog box appears on your display.

Select a Simulator

Available Simulators Ok
AR EMSight Simulator (In-P)
O ight Simulator (In-Process]

[] DEAMET-2N
Sonnet 3D Planar Electromagnetic Simulator

Description

Allows for electromagnetic simulation of 30 planar structures

Click on the “Sonnet 3D Planar Electromagnetic Simulator” checkbox.

This selects em, Sonnet’s electromagnetic simulator engine, as the engine to use
when performing analyses on the Low Pass Filter structure in Microwave Office.

Click on the OK button to close the dialog box and apply the changes.

Selecting Analysis Controls

Sonnet provides some basic analysis controls within the Microwave Office
environment for Sonnet Engine Only mode. To view and/or set these controls, do

the following:
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Right-click on the EM Structure “Low Pass Filter” in the Project Browser
section of the Microwave Office window as shown below.

A pop-up menu appears on your display.
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----- ) Data Files
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W] Al Sourc: Export EM Structure. ..
] 4l Source Toagle Enable

----- 2 optimizer Goals
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""" =3 Qutput: Files

[ B Wizards Collapse all

Expand All

Select “Options” from the pop-up menu.

The Options dialog box appears on your display with the General Tab selected.
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6 Click on the “Sonnet Options” tab in the Options dialog box.

The appearance of the dialog box changes and should appear similar to the picture
shown below.

Options @g|
General | Frequencies | Layout | Drawing | Mesh | Sonnet Options

SonnET

Current Dengity

[ Compute Current Density

Wigw Subsections

Adaptive Swesp Settings

Sonnet Task Bar

[ QK H Cancel ][ Help ]

[GHz)

The ABS sweep across the full band is already set up by default, so you will need
to take no action to setup the ABS sweep for Sonnet.

The Adaptive Sweep Settings control allows you to specify whether or not you
want adaptive processing to be used when generating the S-parameter results. In
Sonnet, the adaptive technique is called Adaptive Band Synthesis (ABS). If you
disable Use Adaptive Band Synthesis, the analysis engine analyzes the circuit at
each frequency specified in Microwave Office. This is recommended if you have
fewer than five frequencies requested by Microwave Office.

If, however, you specified five, or more, frequencies in Microwave Office, then it
is usually more efficient to enable Use Adaptive Band Synthesis. When enabled,
the analysis engine does an ABS sweep over the specified frequency band first,
and then it uses the adaptive results to generate S-parameters at each of the
Microwave Office frequencies. This allows you to specify a very fine frequency
resolution in Microwave Office, with hundreds or even thousands of individual
frequencies, and obtain those results in the same time it would take to compute 5-
10 frequencies without adaptive processing.
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The Global project analysis frequencies for this Microwave Office project are
from 5 to 35 GHz in 0.5 GHz steps. In this case, the default setting for Sonnet, full-
band ABS, is the most efficient choice.

7  Click on the Compute Current Density checkbox to select this run option.

You check the Compute Current Density control to enable generation of current
density information when the analysis engine runs. By default, current density
information is not generated. If you have already run the analysis engine with this
control enabled, the View Currents button will be active. Later in the tutorial, you
use this button to launch the Sonnet Current Density Viewer.

You may also wish to view the Sonnet subsectioning information by pressing the
View Subsections button. Experienced users often find it useful to view this
information prior to analyzing so that they can assess whether the subsectioning
is appropriate for their processing time and accuracy requirements.

8 Click on the OK button to close the dialog box and apply the changes.

Running the Simulation
When using Microwave Office as the editor and you invoke a simulation,
Microwave Office sends the geometry information of the EM structure to Sonnet
along with the analysis controls. When the EM simulation is complete, Sonnet

returns the requested analysis data.

To run the simulation, do the following:
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Select Simulate = Analyze from the main menu of Microwave Office.

A status window indicating the progress of the EM simulation being performed by
the Sonnet analysis engine, em, appears on your display as shown below.
Depending on your computer, the EM analysis may take a few minutes to
complete.

Simulating “Low Pass Filter” in Sonnet

Simulation in progress...

Click Cancel to terminate the simulati
Analyzing: 5 GHz ... Loading matrix [step 2 of B].

Output log
Analyzing. B GHz ;I
Initializing license manager.
Waiting for em license.
Em license checked out.
Frequency: 5 GHz
Circuit requires 1260 subzections and 13 MEB of memory.
Waveguide mode time: 0,235 seconds.
Loading matrix [step 1 of 6],
Loading matrix [step 2 of 6],

-

™ Keep this window open when finished. Cancel |

Once the simulation of the EM structure is complete, the status window is closed.
The analysis of the complete circuit in the Microwave Office project is completed
very quickly. You may now observe the results. Please note again that although
Sonnet produced approximately 300 data points as the result of the ABS sweep, it
returned data for only the 61 data points requested by Microwave Office.

During an ABS sweep, em analyzes at the beginning and end of the desired
frequency band. Using an iterative process, em then analyzes at other discrete
frequencies and determines a rational polynomial fit to the S-parameter data
within the frequency band. The data produced by the full analysis at specific
frequency points is the discrete data. Once a rational polynomial fit is achieved
with an acceptable error, the frequency response across the specified bandwidth is
calculated. The data generated using the rational polynomial is the adaptive data.
For this particular ABS sweep, em performed a full analysis at 7 frequency points.
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10

11

12

The S-parameter data returned from Sonnet to Microwave Office may be plotted
using the graph capability in Microwave Office. For your convenience, a graph
has already been set up in the example project.

If the graph is not already displayed in Microwave Office, double-click on
Graph 1 in the Project Browser.

The plot should appear similar to the one pictured below.

Graph 1

Microwave Office Plot

=& DBCISCT, 100
Low Pass Filker

£ DBS(1.10
3 Stage Low Pass Filter

a0 - DBOIS2, 100
Low Pass Filker
= < DB(ISE.10
- 15 3 Stage Low Pass Filter 35
Frequeacy GHI)

It is not possible at this time to display the current density data created by Sonnet
within the Microwave Office environment, but you may invoke Sonnet’s current
density viewer from Microwave Office.

Once again, right-click on “Low Pass Filter” in the Project Browser section
of the Microwave Office window.

A pop-up menu appears on your display.

Select “Options” from the pop-up menu.

The Options dialog box appears on your display with the General tab selected.
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13 Click on the “Sonnet Options” tab in the Options dialog box.

The appearance of the dialog box changes and should appear similar to the picture
shown below.
Options ﬂ E
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14 Click on the View Currents button to open Sonnet’s current density viewer.

This button is not enabled unless an analysis has been run with the Compute

Current Density run option enabled. The current density viewer appears on your
display. Note that when you open the current density viewer, Microwave Office
is not locked since you are not changing the geometry or producing response data.
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15 Click on the Down Level button to view the lower metal level.

16

Level 1 of Low Pass Filter.son is displayed for the frequency 5 GHz.
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The default animation setup for the current density viewer is to animate as a
function of frequency, so it is a simple operation to view the change in current
density in your structure as a function of frequency. It is important to note that
current density data only exists for the seven discrete data points where a full
analysis was done. The adaptive data does not include current density data.

TIP

For more details on using the current density viewer in Sonnet please refer to the
first tutorial in the Sonnet Tutorial manual and to online help for the current den-
sity viewer.

Select File = Exit from the current density viewer main menu.

This exits the current density viewer. During the normal design process, observing
the response data may lead to making changes in the EM structure. You would edit
the EM structure in Microwave Office before once again simulating the circuit.
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The next section of this tutorial discusses using the native editor in the Microwave
Office Interface in which you use the Sonnet project editor to edit your EM
structure.

Native Editor

86

If you choose the native editor, Sonnet’s project editor, you not only use Sonnet
as your electromagnetic simulator but also EM structure editor. The native editor
allows you to take advantage of all the capabilities unique to Sonnet including
thick metal, dielectric bricks, autogrounded ports, etc. Using the native editor
requires that you are already conversant with Sonnet software or will have to use
Sonnet documentation to gain familiarity with the Sonnet environment.

For this tutorial, you will define a physically thick metal in Sonnet using the Thick
Metal definition. The use of physically thick metal in this circuit is done solely for
purposes of demonstration, not as a design decision. This metal model is a feature
not available with Microwave Office and will be used to demonstrate using
Sonnet’s project editor as the native editor.

In the previous section of the tutorial, you have already selected Sonnet as your
EM simulator. Now you will select Sonnet as your editor as well.
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17 Right-click on Low Pass Filter in the project browser in Microwave Office
and select “Options” from the pop-up menu.

The Options dialog box appears on your display with the General tab displayed.

General | Frequencies | Layout | Drawing | Mesh

Sinulator

Sonnet 3D Planar Electromagnetic Simulator

Save Results in Document

[ Curents

Sonnet Options

Editar
O MwOffice E ditor
(&) Mative Editor

WARNING
Saving theze results can cause
file zize to grow substantially

Some simulators do not
support all of these options

[ ok

H Cancel ][ Help

]

18 Click on the Native Editor radio button to select Sonnet as your editor.

19

Note that Sonnet is displayed as the simulator to the left of the radio buttons.

Click on the Currents checkbox in the Save Results in Document section of

the dialog box.

As in the first part of the tutorial, you are going to generate current density data
for the EM structure when you perform the analysis. To store this data for future
use, you must choose to save the current density data as part of your Microwave
Office project. Selecting this checkbox includes the current density data in the
Microwave Office project when it is saved. Be aware that saving current density
data may increase the size of your project file substantially.
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20 Click on the OK button to close the dialog box and apply the changes.

Once you have completed this step, you are unable to edit the EM structure in
Microwave Office. If you attempt to edit the EM structure in Microwave Office,
you will receive the warning pictured below.

Microwave Office

Unable to change structure properties
' E The definition of this structure is controlled by the Mative Editor,
All changes ko the structure must be done via this editor,
or the default editor should be changed to MWOFfice

Next, you edit the circuit using the project editor in Sonnet.

Editing your EM Structure in Sonnet

21 Right click on Low Pass Filter in the project browser window in Microwave
Office and select “Open in Native Editor” from the pop-up menu.

Sonnet’s project editor (xgeom) appears on your display with the EM structure
Low Pass Filter open displaying the top most metal level 0.

Cl=]E s = & [2a]E]E] =[Sl

-

-

< [

|clickordrag | 1.0x | 880.0,-80.0 micrans | Painter

|@ 22 Click on the Down One Level button on the project editor tool bar.

Metal level one appears in the project editor’s window. You will change all of the
metal on this level to thick metal, but first you must define the metal type.
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23 Select Circuit = Metal Types from the project editor main menu.

The Metal Types dialog box appears on your display.

B Metal Types-low pass filter.son

3

Metal for New
Polygons

Lossless -

Add...

Y] Lossless: Cnd= INF

Edit...

Remove

Library...

Ik

0K | Apply Cancel Help |

24 Click on the Add button to add a new metal type.

The Metal Editor dialog box appears on your display.

25 Enter “Thick Gold” in the Name text entry box.
This name is used to select this metal type.

26 Ifitis not already selected, select “Thick Metal Model” from the Type drop
list.

This type is used to model physically thick metal. The other metal types are
modeled as zero-thickness metal. For a discussion of thick metal modeling click
on the Help button in the dialog box and refer to the “Thick Metal” chapter in the
Sonnet User’s Guide.
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27 Enter “4.09E7” for the conductivity and “3” for the thickness.

These parameters will be used to calculate the loss of the metal. The default
number of two sheets is adequate for this example.

M Metal Editor-untitled

Select metal from library... |

Name |Thick Gold Pattern V//Ag

Type |Thick Metal Model j
Conductivity |4.I]9E? Sim
Thickness * |3 mils

Num. Sheets |2

* Thickness is simulated at the exp of analysis time.

Ok | Cancel | Help
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Once you have entered all of the parameters, click on the OK button to close the
dialog box and apply the changes. Thick Gold now appears in the list in the Metal
Types dialog box.

i Metal Types-low pass filter.son HE
. _ | Metal for New
] Lossless: Cnd= INF S —

777 7] Thick Gold: Cnd=4.09e7 T= 3 NS= 2 [Lossless =]

Edit... |
Remove |

-

Library...

0K I Apply | Cancel | Help |

28 Click on the OK button in the Metal Types dialog box to close the dialog box
and apply the changes.

29 Drag the mouse around all of the metal polygons on level 1 to select all the
polygons.

All the polygons are highlighted to indicate that they are selected.

¥= | ow Pass Filter.son

il i E———

R

:{

|
1 [ ]

Click ar drag |1.Dx |Size:640.0x500.0micr0ns |P0inter
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30 Select Modify = Metal Properties from the project editor main menu.
The Metal Properties dialog box appears on your display.

31 Select “Thick Gold,” the metal type you just defined, from the Metal drop
list in the Metal Properties dialog box.

This applies thick metal to all the selected polygons.

Metal -

Fill Type [Staircase -]
—Subsectioning Controls

X Min

|17 Y Min |17
* Max Ir Y Max Ir
Edge Mesh |0n 'l

—Conformal Mesh Subsectioning Controls

[T/ Maximum Length I microns

11 polygons selected

0K I Apply | Cancell Help |

32 Click on the OK button to close the dialog box and apply the changes.

Note that all the polygons now use a different fill pattern to indicate that they are
using the Thick Metal metal type.

33 Click on the Up One Level button on the project editor tool bar.

This changes the view in the project editor to level 0 of the circuit which contains
the airbridges for the circuit.

34 Change the metal type of all the polygons on this level to “Thick Gold” in the
same manner as you changed the metal type on level 1.

All the metal in the circuit now uses the “Thick Gold” metal type.
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35 Click on the Save button on the project editor tool bar to save your changes.

The project editor will prompt you to remove the analysis results stored in the
project, since the changes made in the geometry make that data obsolete.

36 Click on the Delete button to delete the inconsistent results.
37 Select File = Exit from the project editor main menu.

The project editor disappears from your display. When you open the native editor
in Microwave Office, the Microwave Office framework is “locked” and you are
unable to make any changes to your project or run any simulations. When the
project editor is closed, then Microwave Office is unlocked and you may once
again make changes in the Microwave Office framework. When you view
Microwave Office note that Thick Metal is now included on the Materials list in
the Microwave Office project browser as shown below. The fill pattern in the EM
structure has changed to indicate the use of Thick Metal. Since the thick metal

E@ EM Structures

B2 Materials

o Ty Perfect Canductar

2y Thick Gold {Rde=0.00514996, Rrf=3. 10684¢-007} <e@———— T hick Gold entry
ow Pass Filter

— Enclosure

D Information

model is not available in Microwave Office, the loss definition is converted to the
Microwave Office model which uses the DC resistance, Ry, in ohms/sq and the
skin effect coefficient, R, . The thick metal model definition is maintained as part
of the Sonnet project stored in Microwave Office but is not displayed.

Running the Simulation

When you complete making your changes to the structure, save the changes and
exit back to Microwave Office, the geometry specifications are sent to Microwave
Office. In effect, the Sonnet project is stored as part of the Microwave Office
project. When the analysis is run, the stored Sonnet geometry information is sent
to Sonnet, the EM simulation is executed, then analysis data is returned.
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94

38 In Microwave Office, select Simulate = Analyze from the main menu.

A status window indicating the progress of the EM simulation being performed by
the Sonnet analysis engine, em, appears on your display. Depending on your
computer, the EM analysis may take a few minutes to complete. The processing
time for this part of the tutorial will be increased over the first part, since the use
of thick metal does require more processing time in Sonnet.

Once the EM simulation of the EM structure is complete, the status window is
closed. The analysis of the complete circuit in the Microwave Office project is
completed very quickly. You may now observe the results. Please note again that
although Sonnet produced approximately 300 data points as the result of the ABS
sweep, it returned data for only the 61 data points requested by Microwave Office.

The S-parameter data returned from Sonnet to Microwave Office may be plotted
using the graph capability in Microwave Office. For your convenience, a graph
has already been set up in the example project. It should now appear similar to the
graph displayed below. You may also observe the current density data in the
current density viewer using the same method described starting at step 12.

=& DBCISCT, 100
Low Pass Filker

F=NT R
3 Stage Low Pass Filter

-5 DB(ISE10
Low Pass Filker

= DB(ISE.0
3 Stage Low Pass Filter

-50

-G0
5 15 25 25
Frequency (GHz)

If you were interested in seeing the effects of design changes on only the EM
structure before analyzing your whole circuit, it is possible to remain in Sonnet
after making your changes. You may run the EM analysis from Sonnet, and
observe the results using the various Sonnet modules. Once you were satisfied that
the EM structure was meeting your specifications, you would exit Sonnet and
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return to the Microwave Office environment. When you execute the analysis on
the whole circuit, the Sonnet analysis results are already available so that
processing time is minimal.

Working Outside Microwave Office

39
40

Using the export and import functions in Sonnet allows you to run analyses in
Sonnet without locking up Microwave Office for the duration of the processing
time. However, working outside Microwave Office does require more overhead
to keep the data consistent in the Microwave Office project. This section of the
tutorial will demonstrate how to analyze an EM structure in Sonnet without
locking up Microwave Office for the whole analysis, how to export an EM
structure from Microwave Office to a Sonnet project and how to import a Sonnet
project as an EM structure.

If it is not already open in Microwave Office, open lowpass.emp.

Right-click on the Low Pass Filter EM structure in the Microwave Office
project browser and select “Open in Native Editor” from the pop-up menu
which appears.

This opens the EM structure in Sonnet’s project editor.

Normally, you would now make changes to the EM structure before again
analyzing the circuit. Since we only wish to demonstrate the Export and Import
features, no changes will actually be made to the circuit.

When you opened the EM structure in Sonnet, the analysis controls set up in
Microwave Office are transmitted as part of the geometry sent to Sonnet. You
wish to analyze the circuit but are aware that the processing time is considerable.
Therefore, you want to analyze the EM structure without locking up Microwave
Office for the whole processing time of the analysis. To do this, perform the
following:
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41

42

Select File => MWOffice = Analyze Outside MWOffice from the project
editor main menu.

A message explaining the command appears on your display. The Analyze
Outside MWOffice includes the analysis frequency controls from the Microwave
Office project in the export. If you do not wish to run an analysis right away or
plan to work on the circuit exclusively in the Sonnet environment, you may use
the File = MWOffice = Save as Sonnet Project command to export the EM
structure to a Sonnet project.

This will allow wou to analyze this EM structure without disabling M¥/Office. You are asked for a

location in which to save this project while Sonnet em is running. Then Sonnet begins the

analysis. You may close the project editor and return to MWOffice once em starts. When the

analysis is complete, you will need to reopen the native editor from MWOffice. In the project

editor, select File => MWOffice => Load Sonnet Project... from the main menu. Select the saved

Sonnet project at the location you specified above. This updates the MWOffice EM structure.

[~ Don't show me this again:

0K I Cancel

TIP

If you do not want this message to appear each time you select this command, you
may select the Don’t show me this again checkbox. If you later wish to turn the
message back on, you may do so in the Hints tab of the Preferences dialog box.
The Preferences dialog box is accessed by selecting File = Preferences from the
project editor main menu.

Once you have read the message, click on OK to close the message box.
The message box disappears and a Browse window appears on your display.
In order to unlock Microwave Office, you must save the EM structure to a

temporary Sonnet project location. This window allows you to specify the
location of the Sonnet project.
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43 Enter the location c:\MWOffice_tutorial.son in the Browse window and

click on the OK button.

If you wish, you may choose another location on your computer. The Browse
window closes, then the analysis monitor appears on your display which indicates
the analysis has begun. Notice that the file name displayed in the title bar of the
analysis monitor is “MWOffice_tutorial.son.”

< MWOffice_tutorial.son, Finished on TINA (Local)
Fle Edt Yew Run Project Help

ST R 1 Y

MWOffice_tutorial.s... | Freqs: 0 Complete

100%

| Status Only <<

Analvsi full leted
Y ¥

View: ¥ S-Parameters W Details Ini

Response Data Pun 2: Hon Nov 08 13:55:12 2Z004. Frequency Sveep Combinations.
Em version 10.03.0.044 alpha on TINAL (Vindows) local.

Fregquency sweep 1.

Errorsf#arnings
fd 9 Lnalysis successfully completed.

Timing Info

Batch List

4 3

44 Select File = Exit from the project editor main menu.

45

The project editor closes and Microwave Office is restored on your display.
Microwave Office is now unlocked and is available for use. The EM structure was
transmitted back to Microwave Office when the project editor was closed. It is
important that you select Sonnet as the Native Editor when you use this mode so
that you can not make changes in Microwave Office to the EM structure while the
analysis is ongoing in Sonnet. This would cause the geometry to be inconsistent
with the analysis data.

Wait until the analysis in Sonnet is complete.

Normally, this would take a noticeable amount of time, but since we made no
changes to the EM structure, the analysis was able to use the data from the
previous simulation so that the job completes very quickly.
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46

47

48

49

50

Now you need to import the temporary Sonnet project file in order to make the
analysis results available in Microwave Office.

Right-click on the EM structure Low Pass Filter in the project browser in
Microwave Office and select “Open in Native Editor” from the pop-up
window which appears.

The EM structure is opened in the project editor. You want to replace this with the
Sonnet project whose analysis just completed.

Select File = MWOffice = Load Sonnet Project from the project editor
main menu.

A warning message that you are going to overwrite the EM structure appears on
your display.

This operation will replace this
circuit and its data.

Cancel |

Click on the Continue button.

The message window disappears and a Browse window appears which allows you
to select the Sonnet project which you wish to load.

Select “c:\mwoffice_tutorial.son” in the Browse window.

This is the temporary file to which you saved the EM structure when you executed
the Analyze Outside MWOffice command in step 43. This command loads the
project file in, along with the analysis results, in place of the EM structure you
opened in Microwave Office.

Select File = Exit from the project editor main menu.
The project editor is closed and the Sonnet project you just loaded is imported into

Microwave Office for the EM structure. Microwave Office is unlocked and
restored on your display.
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51 Select Simulate = Analyze from the main menu of Microwave Office.

The analysis completes very quickly since the results for Low Pass Filter have
already been computed. The graph is updated. This should be the same graph as
shown on page 94 since the EM structure has not been changed. This completes
the Microwave Office Interface tutorial.
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Chapter 6 GDSII and DXF Translator Tutorial

Chapter 6 GDSII and DXF
Translator Tutorial

This tutorial teaches you the basics of performing a translation of a GDSII or DXF
file into a Sonnet project. Since the operation of the two translators is very similar,
the two translators were combined into one tutorial with separate sections for the
areas where they differ. For a detailed discussion of the GDSII and DXF
translators, please see Chapter 15, “The DXF and GDSII Translators” in the
Sonnet User’s Guide.

This tutorial describes a simple example. The example is found in the examples
directory provided with your software and is called “dcblock.dxf” for the DXF
translator or dcblock.gds for the GDSII translator.
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These files are a DXF and GDSII file that contain the same two circuits: a coupled
line structure to be used as a DC block, and a bent transmission line as pictured
below. The objective of this example is to convert the DXF or GDSII file into a
Sonnet project and to tweak the file so that the DC block may be analyzed in em.

d =

I:‘:'E:D

(O O

anninn

The DXF or GDSII example file contains two circuits.
This tutorial uses the top circuit.
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Obtaining the Translator Example Files

You need to copy the example Dcblock from the Sonnet examples. Dcblock is a
directory which contains the DXF and GDSII files used for input in this example
in addition to a layer mapping file for the conversion. If you do not know how to
obtain a Sonnet example, select Help = Examples from any program menu, then
click on the Instructions button. If you are reading this manual in the PDF format
on your computer, click on the link above.

Determine Level Mapping

NOTE:

First you must determine the mapping of DXF layers to project editor levels. To
do this you import the DXF file with the default layer mapping. You use the
resulting project to determine what layers you wish to retain from your DXF file.
You perform a second import of the same file, this time editing the contents of the
Layer Mapping dialog box and saving the settings to a layer mapping file for use
in subsequent imports.

Although you edit the layer mapping for this example, that will not be
necessary for many DXF files; the default map created by the DXF
translator will be sufficient.

Invoke the project editor.

The project editor window appears on your display.

Select File = Import = DXF or File = Import = GDSII, depending on
which translator you are using, from the main menu of the project editor.

A Browse window appears on your display.
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3 Locate the example file “dcblock.dxf” or “dcblock.gds” in your working
directory and click on the Open button in the browse window.

The Import Control dialog box appears on your display.
Import Control [ %]

“ Import to New Project

New Project Name |dcblock.son

" Use a project as a template

| |

" Import to Present Project

Next > I Cancel | Help |

For this example, you want to import the file “dcblock.dxf” or “dcblock.gds” to a
new Sonnet project “dcblock.son”. The default option is to import to a new project
and the default project name is the basename of the DXF or GDSII file with the
“.;son” extension of a Sonnet project file. No action needs to be taken since the
defaults are what you want.

NOTE: If you are importing a GDSII file, continue the tutorial at Step 4 below.
If you are importing a DXF file, continue the tutorial at Step 7 on page
108.
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4 Click on the Next button in the Import Control dialog box to continue.

The Structure dialog box appears on your display.
Import Control E

Convert default structure or specify structure
« Default structure

 Specifiy Structure

SPECiiy... |

Next > I Cancel | Help |

For this example, there is only one structure in the GDSII file; therefore, the
default option of converting the default structure is acceptable. If the GDSII file
you are importing has multiple structures, you may select the “Specify Structure”
option. This enables the Specify button. Clicking on this button opens a list of
structures available in the GDSII file. You may select which structure you wish to
convert to the Sonnet project.
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5 Click on the Next button in the Structure dialog box to continue.

The message “Reading Layers, please wait.” appears in the Import Control dialog
box. When the project editor finishes obtaining the layer information from the
GDSII file, the Layer Mapping dialog box appears.

Layer Mapping <]
—GDS—— ———— Xgeom
Stream Type Map ObjectType Level Material
A e IMetaI j 7 |Unkn0wn j —
g o ® IMetaI j 8 |Unkn0wn j
ER e IMetaI j B |Unkn0wn j
o o ® IMetaI j [10 |Unkn0wn j
7 o ® IMetaI j {1 |Unkn0wn j
2 e IMetaI j [12 |Unkn0wn j :I
Layer————— External Layer File
"Add | Delete | Load.. | Save.. |

Next > I Cancel | Help |

You do not know what mapping you want until you observe the converted file in
the project editor, so you do not need to change anything in this dialog box at this
time.
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6  Click on the Next button in the Layer Mapping dialog box to continue.

The Import dialog box appears on your display.

Import E
Press “Import" button to convert the file.
Conversion Status

— Ready to Import — =

1| o
Layers... | Options... | Yamings... |
Import I Cancel | Help |

The message “Ready to Import” appears in the output window. Since the default
option settings are those you wish to use for this file, you do not need to open the
Import Options dialog box. For information about setting import options, refer to
the project editor’s Help.

NOTE: Continue the tutorial at Step 8 on page 109.
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7  Click on the Next button in the Import Control dialog box to continue.

The Import dialog box appears on your display.

Import E
Press “Import" button to convert the file.
Conversion Status

— Ready to Import — =

1| o

Layers... | 0pti0ns...| Warnings...l
Import I Cancel | Help |

The message “Ready to Import” appears in the output window. Since the default
option settings are those you wish to use for this file, you do not need to open the
Import Options dialog box. For information about setting import options, refer to
the project editor’s Help.
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Click on the Import button in the Import dialog box to execute the conver-

sion.

Progress messages appear above the output window. When the import is
complete, the DXF or GDSII file information is displayed in the output window.

{ Import HE

Press "'Close' button to finish.

Conversion Status

— Creating the new .son file —
reading DXF file - c\program files\sonnet\projectidcblock.dxf
reading lyr file - CAWINDOWS\TEMPYSON2
writing son file - c\program file s\ t\projectidcblock.son
Read from c\program files\ t\projectidcblock.dxf:
8 layers [7 on], 132 polygons, 0 lines,
0 arcs, O circles, 0 inserts, 0 blocks
Created from other objects :
0 polygons
Qutput to c\program files\sonnet\projectidcblock.son :
7 levels, 132 total polygons
Conversion Complete.

ID

I B
ILayers... | Options... | Warnings...l

’WI o

| Help |

DXF
Information

Import

Processing “ciprogram
Conversion Status

— Creating the new .son file — =
Reading gds file - ciprogram filesisonnet.7.0.alpha.8\projectidcbl
Release = b.0

Gds library last modification - ¢ct 19, 1990 00:00:00
Gds library name: "b4con.gds"

Read bbl records

Converting structure "xgeom™

Reading project file sona24709.son

Created 132 polygons in project file

Conversion completed

T | o

Layers... | Options...l Warnings...l
Imp0r1| Close Help |

GDSII
Information
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9

10

11

Click on the Close button to close the Import dialog box.

The target project “dcblock.son” is open in the project editor.

¥< deblock.son M= 3

REE S A VRN R ] = e B

B

B

O

& i

B

N By
|ClickordragtoSelectobjects,dragtomovethem |1.Dx |531D.D,2800.DUM |P0inter

Look at each of the circuit levels in the project editor. Since the cell size has not
yet been defined, it may be difficult to see your circuit. Toggle the cell fill on and
off at your discretion (using “M) during the rest of this example.

Notice that there are several layers. The project editor’s level 5 has all of the
information that we need to do an em analysis. You should now edit the layer
mapping in the Layer Mapping dialog box so that the conversion uses only this
layer. To do this, import the file again, but before importing edit the Layer
Mapping dialog box.

Select File = Import = DXF or File = Import = GDSII from the project
editor main menu.

This opens the Browse window.

Once you have located the example file “dcblock.dxf” or “dcblock.gds” click
on the Open button.

The Import Control dialog box appears on your display.
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NOTE:

12

13

14

15

16

Select the Import to Present Project option.

This imports the DXF or GDSII file to the same project as before.

If you are importing a GDSII file, continue the tutorial at Step 13 be-
low. If you are importing a DXF file, then continue the tutorial at Step
20 on page 113.

GDSII Click on the Next button in the Import Control dialog box to con-
tinue.

The Structure dialog box appears on your display. The default structure is correct.

Click on the Next button in the Structure dialog box to continue.

This opens the Layer Mapping dialog box. Now that you know that layer 8 has all
of the information that is needed to do an em analysis, you edit the inputs of this
dialog box so that the conversion uses only this layer.

Click on the Map checkbox for all the rows except for that containing the
GDSII Stream number 8.

This leaves stream layer 8 as the only layer which is used in the conversion. The
other layers are ignored since the Map checkbox is off. Since there are too many
layers to display all of them, use the scroll bar to access layers that are not
presently displayed.

Enter “0” in the Xgeom Level text entry box for the Stream number 8 entry.

Since our example is a single layer circuit, you set the Xgeom Level number to
“0” which is the first level in the project editor.
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17 Enter “Copper” in the Xgeom Material column in the same row.

Metal is already selected as the Xgeom Object type. The type of metal you wish
to use is Copper. Since the metal “copper” is not defined in the project file, you
will need to define its attributes later. Your Layer Mapping dialog box should look
similar to below.

Layer Mapping [X]
—GDS—— ———— Xgeom
Stream Type Map ObjectType Level Material
- o IMetaI j 7 |Unkn0wn j —
g o ® IMetaI j o ICopper j
ER e = IMetaI j B |Unkn0wn j
o o IMetaI j {10 |Unkn0wn j
7 o C IMetaI j {1 |Unkn0wn j
iz o IMetaI j [12 |Unkn0wn j :I
Layer———— External Layer File
Add | Delete | Load.. | Save.. |
’WI Cancel | Help |

If you wish to save the settings to use for future imports of this file, you would
click on the Save button which allows you to save the settings to an external layer
file. To load an external layer file, click on the load button.

18 Click on next in the Layer Mapping dialog box to continue.
19 Click on Import in the Import dialog box to complete the import.

Once the import is complete, click on the Close button in the Import dialog box.
The file “dcblock.son” should be open in the project editor.

NOTE: If you are importing a GDSII file, continue the tutorial at “Define Di-
electric Layer and Metallizations,” on page 115.
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20

21

22

23

To Continue the DXF tutorial, click on the Next button in the Import Con-
trol dialog box to continue.

The Import dialog box appears on your display and messages indicate that the
layers have been read from the file by the DXF translator.

Click on the Layers button to open the Layer Mapping dialog box.

This opens the Layer Mapping dialog box. Now that you know that layer 5 has all
of the information that is needed to do an em analysis, you edit the inputs of this
dialog box so that the conversion uses only this layer.

Click on the Map checkbox for all the rows except for that containing the
Xgeom level 5.

This leaves DXF layer “Filter” as the only layer which is used in the conversion.
The other layers are ignored since the Map checkbox is off. Since there are too
many layers to display all of them, use the scroll bar to access layers that are not
presently displayed.

Enter “0” in the Xgeom Level text entry box for the DXF Layer “Filter”
entry.

Since our example is a single layer circuit, you set the Xgeom Level number to
“0” which is the first level in the project editor.
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24 Enter “Copper” in the Xgeom Material column in the same row.

Metal is already selected as the Xgeom Object type. The type of metal you wish
to use is copper. Since the metal “copper” is not defined in the project file, you
will need to define its attributes later. Your Layer Mapping dialog box should look
similar to below.

i Layer Mapping [ 7] ]
—DXF— —————— Xgeom ——
Layer Name Map Object Type Level Material
[BRIDGES T Meta | [1 [Unknown | -
[BRDG_MASK| ' [Metal | |2 [Unknown |
[FILTER MAS| T [Metal | [3 [Unknown |
[FILTER MAS| T [Metal | [4 [Unknown |
[FILTER ~  |Metal | o] |Copper 7|
[PADS T Metal | 6 [Unknown -] ||
Layer————— External Layer File
Add | Delete | Load.. | Save.. |

OK I Cancel| Help |

If you wish to save the settings to use for future imports of this file, you would
click on the Save button which allows you to save the settings to an external layer
file. To load an external layer file, click on the load button.

25 Click on OK in the Layer Mapping dialog box to continue.

You return to the Import dialog box.

26 Click on the Options button in the Import dialog box.
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27

28

29

Define Dielectric Layer and Metallizations

The Import Options dialog box appears on your display. This example was input
in microns. Since the default Units value is inches, you need to change this before

importing the circuit.

i Import Options
Units RN =]

Arc Conversion Angle |1 0 degrees
Combining Tolerance II].I]I]11 inches

™ Miter rounded polyline corners
[~ Simplify vias to be rectangular

Translation Substrate Size

INormaI j INormaI j

Advanced Options I

[~ Remember settings Factory Defaults |

0K I Cancel | Help |

Select “microns” from the Units drop list.

The DXF translator will use microns as the length unit when it imports the DXF

file.

Click on the OK button to apply the changes.

The Options dialog box closes. You are ready to import your DXF file.

Click on Import in the Import dialog box to complete the import.

Once the import is complete, click on the Close button in the Import dialog box.

The file “dcblock.son” should be open in the project editor.

Now define the metallization and dielectric layer parameters in the project editor.

The procedure is the same as making these changes for any normal project.
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In this example, set the top dielectric layer to 1000 microns of air (Erel=1.0) and
the bottom dielectric to 100 microns of GaAs (Erel=12.9) in the Dielectric Layers
dialog box. Also, in the Metal Types dialog box, edit the entry for copper using
the Normal metal type and setting the Conductivity to 5.8E7 S/m, the Thickness
to 15 microns and the Current Ratio to 0.

Remove Parts of the Circuit Not Being Used
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Before you do the deletes and clips, you may want to save your file.

You may have converted a much larger section of the circuit than you want to
analyze with em. Thus you may want to delete large sections of the circuit from
multiple levels. You may even need to delete entire levels using Circuit =
Dielectric Layers. In our example, we used the Layer Mapping dialog box to
delete extra metal levels that we did not need, but all the dielectric layers were
imported. Either way is acceptable since dielectric layers without metal on them
do not affect processing time or memory requirements.

Use Edit = Clip to window out a part of the circuit you wish to analyze. To
window out a precise area, you may need to turn the snap off before selecting Edit
= Clip.

You can also delete several polygons at once by using Select = Single Layer or
Select = Mult. Layer to select several polygons and points. Press the “Delete” key
to delete the selected objects. Remember, any place where you can remove metal
that does not affect your answer shortens em execution time.
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In our example, save your file and then use Edit = Clip as shown below. The RF
probe structure is calibrated out in the measurement so it should not be included
in the em analysis.

xgeom

File Edit Wiew Tools
of@)E 8 (SRR S]E e v )

¢y Parameters  Help

e To o]

EEA B

1

| [ >

I |Dr‘ag mouze to specify clip area | 1.0 |Delt,a: 1440, = =700,0 uM Clip |

Decide on a Substrate Size and Cell Size

Based on your geometry, you should decide on your cell size and substrate size.
Remember to first set the area size to a multiple of the cell size. Since you have
deleted a large portion of the circuit, you may now need to resize your substrate.
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Next, you need to set the size of the substrate. Select Circuit = Box to open the
Box Settings dialog box. Now click on the Set Box Size with Mouse button, then
lasso the area around the remaining circuit. This is done to get a box size
approximately “close” to the final box size.

¥< deblock.son M= 3

REEEY RIERREREE DR

1] I
|Drag mause to define new box size | 1.0% |Delta:1?1D.D ¥-500.0 uhd |Elox |

Then, precisely set the x dimension of the box to 1800 microns and the y
dimension of the box to 800 microns by entering the values in the text entry boxes
in the Box Settings dialog box. Now set the cell size to 10 microns by 10 microns.
Notice that we selected a substrate size that was a multiple of the cell size. Click
on the OK button to apply the new box size and close the dialog box.

Change Polygons to Have the Proper Fill
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Change the polygon fill (subsection type) if needed. For example, you may need
to change several polygons from Staircase fill to Diagonal fill. To change several

polygons at one time, you can select multiple polygons then use Modify = Metal
Properties.

Our example does not need to have the polygon fill changed.
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Align the Circuit to Grid Points

Now check to see how em will subsection your circuit. To do this, make sure the
cell fill is turned “On”. The cell fill shows you how em will subsection your
circuit. If you did not choose a small enough cell size or if your circuit is not
oriented exactly on grid points, the metal may “short” two polygons together. This
happens in our example as pictured below. The problem shown in the figure can
be fixed by moving the entire circuit by a fraction of a cell.

‘i Xgeom |- iJ

File Edit Wiew Tools ¥ Parameters Help

oj=EE] & B 8 [RIfR&]E Sl v

Shorted Polygons \ :
/‘\

[ 6.7 [1320.0, €00.0 u [Pointer |

1 | Fointer

For our example, turn the cell snap off, using Tools = Snap Setup to open the
Snap Grid Setup dialog box. Click on the No Snap radio button to turn the snap
off. Click on the OK button to apply the changes and close the dialog box. Now,
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using Edit = Select All, move your circuit so that the circuit is aligned to the grid
points. Do not worry about getting the circuit exactly aligned. Notice that the
polygons are no longer “shorted” together.

RECENRBEL IS EENEEEE O &

| | ;l_l

|Click or drag to select abjects, drag to move them | B.T% |Size:1530.0x?0.0 uhd |P0inter |

TIP

You may use the shortcut key, ctrl-A for the command Edit = Select All

At this point you may want to snap all of the polygons to grid points. Before you
do the snap, you may want to save your file. Select all of the polygons. Now select
Modify = Snap to from the menu. Click on the X and Y radio button in the Cells
section of the Snap Objects dialog box which appears. Then select the Preserve
Spacing and Shape Relative to the Reference Point radio button. Click on the
Select Reference Point button and select a reference point in your circuit. All other
vertices in your circuit will be snapped relative to the position of this reference
point so that the shape of the imported circuit is maintained. When the dialog box
reappears, click on the OK button to close the dialog box and snap the circuit to
the grid.

If desired, you can select only parts of the circuit to snap to the grid points.
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Move Points Around as Needed

Some points may now need to be moved. Pay particular attention to mitered
corners and narrow lines and gaps.

Our example needs to be centered. Make sure the snap is set to cell snap (Tools =

Snap Setup and select Cell Size) and choose Edit = Select All. Now move your
circuit to the approximate center of your substrate.

Add Vias

Next, add vias as needed. The metallization being put down in a standard DXF file
may only represent the mask dimensions and layers and not the actual physical
dimensions or location of the via. You may need to create each via by hand.

Our example does not require vias.
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Add Ports and Reference Planes

To finish the example, add ports and reference planes. Typically this entails
extending transmission lines to bring the circuit out to the edge by using Tools =
Reshape and Modify = Snap To. The finished circuit is shown below.

— xgeom |- iJ
File Edit Wiew Tools Hodiés

LI=]=] & & & [S]efa]:5]e

Parameters Help

mElo v

| [Fatrter [ 1.0 [810.0. 170.0 uM [Pointer ||

You may now analyze this circuit using em. It should have approximately 200
subsections if analyzed at 10 GHz.
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Chapter 7 Agilent Interface
Tutorial

This tutorial provides you with an overview of the basic use of the Agilent
Interface. For a detailed discussion of the Agilent Interface, please refer to Chapter
16 "The Agilent Interface" on page 279 of the Sonnet User’s Guide. An example
project directory, Ebads_prj. has been supplied with your software. This directory
contains a few circuits with which you may experiment. The examples are
designed to demonstrate most of the processes and features of the Agilent
interface in detail. To follow along with these examples, copy the example project
directory into your working directory (the directory from which you typically run
Agilent).

If you do not know how to obtain a Sonnet example, select Help = Examples from

any program menu, then click on the Instructions button. If you are reading this
manual in the PDF format on your computer, click on the blue link above.
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To follow along with these examples, start the Agilent software and open the
project Ebads_prj.

After it loads, you should see a menu labeled Ebridge in the main window. If at
any time you need to reset this menu (because of interactions with other programs
or if it does not appear) open the command line window by selecting Option =
Command line from the main menu of ADS. The command line dialog box
appears on your display. In the command line text entry box, enter the following:

reload_ebridge();

This will reload the software and reset the menu.

A Simple Example
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The example project has a simple circuit to demonstrate the basic operation of the
software. This example has been prepared so that the typical adjustments
described later are not required.

Open ADS and open the appropriate project.
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Open the layout window and load the design step, a simple step junction.

The design should appear similar to the one shown below.

%< Layouty/Cir cuit network/step

File Drav Select Edit Yiew Option Tools Synchronize Ebridge

Lten Orientation
&
| =
L]
Select Palette ...
alL
port | dcap
L

NG| @] B S| &[N 1wl @S ~| 9 O m Al 2L/ &L

[E]

=

1
—
E

/

select: object or connan

d

Select: 0 itens cond 25,680, -23.7 df: 0,000, 0,000 fng: 0,000 mils

Select Ebridge = Rep = Geo from the layout window main menu to

translate the circuit.

A pop-up window appears on your display to report that the file “step.son” has
been created.
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4 Select Ebridge = Launch xgeom from the layout window main menu to start
a project editor session of the translated design.

The Sonnet project is shown below.

< step.son

N EENE B R R E R E E e

) Bl

|Click0rdragt0 select abjects, drag to move the | 1.0% |Size: A0.0%10.0 mil |P0inter |

Sonnet project editor session of the translated design “step.son”.

Note the automatic extensions of the reference planes to the actual circuit
dimensions. Note also that the box and cell sizes work out nicely. This is because
of the “step.prf” file which helps control the translation process. These files are
described in detail in “The Preference File,” on page 286 of the Sonnet User’s
Guide.
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5 Analyze the circuit by selecting Analysis = Setup from the project editor’s
main menu.

The Analysis Setup dialog box appears on your display.

Ay Soupstepson g |
~Opti
[~ Compute Current Density. SpeedMemory... |
I Memory Save Advanced... |

~Analysis Control

[adaptive Sweep (4BS) =l
Start Stop
(GHz) (GHz)

! !
Cancel | Help |

6 Select Linear Frequency Sweep from the Analysis Control drop list.

This selects a Linear Frequency sweep for your analysis. The dialog box’s
appearance is updated with the appropriate entry boxes for the linear sweep.

7  Enter the analysis frequencies in the Linear Sweep.
In this example we are analyzing at 5 GHz. To do this, enter 5 GHz in the Start
text entry box in the Analysis Control section.

8 Click on the Compute Current Density checkbox.

Selecting this run option produces current density data which is stored in the
project and which may be viewed in the current density viewer.

9 Click on the OK button to apply the Analysis Setup.
The Analysis Setup dialog box is closed.

The response data is normally stored as part of a project, but when using an
Agilent product, you need a separate response file that is readable by your circuit
layout program. When you create the Sonnet project with the Rep = Geo
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command, an optional output file is automatically specified. The file name is the
basename of your project with the extension.sNp where N is the number of ports.
For this example, the output file is step.s2p. This file contains de-embedded S-
parameters in the Touchstone format.

10 Select File = Save As from the project editor’s main menu.

The file must be saved as a project before analyzing. Use the browse window
which appears on your display to save the file as “step.son” in your working
directory.

11 Select Project = Analyze from the project editor main menu or click on the
Analyze button on the project editor tool bar to launch the em analysis.

The Analysis monitor appears on your display in response data mode.

% step.son 5 GHz Finished on GANDALF

File Edit “iew Hun Project Help

o m ) [Z]w]&]s]

step.son 1 of 1 Frequencies Done Finish Time: Sun Oct 29 09:09 PM
Subs: 1042

Status Only <<

Analysis suct y COMmp

View: ¥ S-Parameters I Parameters
Run 1: Sun Oct 29 21:06:35 2000. Frequency Sweep. =

Response Data

Freq y: 5 GHz
De-embedded 50-Ohm 5-Params. Mag/Ang. Touchstone Format. [S11 521 512 522).
5.00000000 0.399617 -170.2 0.916682 -57.36 0.916682 -57.36 0.399617 -124.5
Errorsfarnings 1< P1 F=5.0 Eeff=[6.58010121 0.0) Z0=[49.1669881 0.0) R=0.0 C=0.02998298
- 1< P2 F=5.0 Eeff=[undefined: ar] Z0=[undefined: ar] R=0.0 C=0.11818678

P Ieted

Analysis suct ¥ comp

Timing Info

Batch List
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After em finishes the analysis, the current density can be viewed in the current
density viewer or S-parameter data can be viewed by looking at the output file
“step.s2p” or with an S2P data element in the Agilent framework. To look at the
current density file, click on the View Current button on the analysis monitor tool
bar or select Project = View Current from the menu. A current density viewer
session of the “step” project will be started. To view the S-Parameter data, click
on the View Graph button on the analysis monitor tool bar. The S-parameter data
file will be opened in Sonnet’s response viewer.
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Adjusting the Sonnet Project Prior to Analysis

After translation, some adjustments of the project will probably be necessary prior
to em analysis. It is a good idea to at least review all files in the project editor just
to be sure they are exactly what you want before you start an analysis. The next

example, “cross”, is shown in the figure below.

%< Layout/Cir cuit network/cr oss

File Dray Select Edit Wiew Option Tools Sunchronize Ebridge
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select: object or connand Select: 0 itens cond

30,000 70,0 diY: 55,000, 40,000 Ang: ~143.973 mils

< cross.son M= 3
Lzl &6 RS wEh R ) [E
[~
[ ud
L]
) L
| Click or drag to select objects, drag to mow | 1.0x  |-135.352, 108.9258 mil | Painter |

Picture of the “cross” example in the layout window and the
translated structure in the project editor.
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We will use this and another example to demonstrate how to adjust a Sonnet
project prior to analysis.

1  Open the design called “cross” in the layout window.

The layout window appears on your display with the file “cross.dsn” displayed.

2 Select Ebridge = Rep = Geo from the layout main menu.
You have now created a Sonnet project called cross.son in your project directory.

Now we have to adjust the Sonnet geometry project for subsequent em analysis.

3 Select Ebridge = Launch xgeom from the layout main menu.
This will start up a project editor session of our example file “cross.son”.

In most translations, the items that will probably require adjustment are:

1 Substrate size and cell size.

2 Polygon fill type.

3 Circuit alignment to grid points.

4 Point location for polygon vertices.

Depending on your circuit, all of these steps may not be needed. However, we
recommend that you try to follow the steps in the order given.

Substrate Size and Cell Size

Based on your geometry, decide on your cell size and substrate size. The cell size
should be determined first since the area size is a multiple of the cell size.
Remember that the substrate size must be divided into a uniform grid of cells and
that all metal will be snapped to that grid. More information on this can be found
in Chapter 4 of the Sonnet User’s Guide.
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The substrate size can be set by either windowing out an area or directly entering
the dimensions in the Box Settings dialog box in the project editor. To window out
the area, you click on the Set Box Size with Mouse button in the Box Settings
dialog box. Shown below is the box settings of our example as translated.

i Box Settings-cross.son HE

~Sizes
Top Metal

X Y
Cell Size II].544531 II].?B1 718 | " Lock ILossIess vl
Box Size |199.95 f195.0 I~ Lock
Bottom Metal
Num. Cells |255 |255 I Lock
ILossIess 'l

Set Box Size with Mouse |

Cell Size Calculator | M SnElyy
Current Units: mils Estimate Memory |
0K | Apply | Cancel | Help |

The area is shown as 199.96 by 195 mils. For this problem we would like a cell
size of 5 mils by 5 mils and the box 200 by 195 mils.

Select Circuit = Box from the project editor main menu.

The Box Settings dialog box, as shown above, appears on your display.

Enter a value of “5” in both the X and Y text entry boxes in the Cell Size
row.

This defines a cell size of 5 mils by 5 mils.

Click on the Lock checkbox at the end of the Cell Size row.

This holds the cell size constant while making any other changes to the
dimensions.

Enter the value “200” in the X text entry box in the Box Size row.

The box will be 200 mils in the X direction.
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Enter the value “195” in the Y text entry box in the Box Size row.

The box will be 195 mils in the Y direction. Notice that since the cell size is
locked, the number of cells in both the X and Y direction are updated to indicate
the new box and cell size, i.e. 40 in the X direction and 39 in the Y direction.

Click on the Apply command button to apply the changes, but leave the
dialog box open.

The new circuit is shown below. Note that the large stub on the bottom is not
situated exactly on the grid. This can be solved by changing the X cell dimensions
to 2.5 mils.

Sonnet file “cross.son” after changing box settings
to 200 by 195 mil area and 5 by 5 mil cells.

Unlock the cell size and enter a value of “2.5” in the X text entry box in the
Cell Size row. Then click on the OK button to apply the changes and close
the dialog box.

The circuit is updated. Notice that the stub is now exactly on the grid.
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Select File = Save from the project editor main menu to save the file.

You are now ready to setup your em analysis.

Select Analysis = Setup from the main menu of the layout window.

The Analysis Setup dialog box appears on your display.
Select Linear Frequency Sweep from the Analysis Control drop list.

Enter the analysis frequencies in the Start, Stop and Step text entry boxes.

Since this is only an example, analyze only one or two frequencies to save
processing time. Also, if you wish to output a current density file from the
analysis, click on the Compute Current Density checkbox in the Analysis Setup
dialog box.

Click on the OK button to apply the changes.

You have completed setting up the analysis. Click on the Analyze button on the
project editor tool bar to execute. The analysis monitor appears on your display.

When the analysis is complete, you may observe the current density file by
clicking on the View Current button on the analysis monitor tool bar. If you wish
to see the S-Parameter data, select Project = View Response = New Graph from
the menu of the analysis monitor.

Change Polygons to Have the Proper Fill

Change the polygon fill (subsection type) if needed. For example, you may need
to change several polygons from Staircase fill to Diagonal fill. In the previous
example, all of our polygons were rectangles, and our default fill, staircase, was
sufficient. This is not always the case.
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Open the design “two_coup” in the layout window and translate it with the Rep
= Geo menu option. The figure below shows a zoomed area of the translated file.

Zoomed area of “two_coup.son” showing polygons in need of Diagonal fill.

This file has already had its substrate size and cell size adjusted to: 380 by 190 and
2 by 2 mils, respectively, using the procedure described above. Note the diagonal
lines have a jagged “sawtooth” pattern to them. This can be changed by modifying
the fill for each polygon to Diagonal. To change several polygons at one time,
select multiple polygons then select Modify = Metal Properties from the project
editor main menu. The Metalization Attributes dialog box appears in which you
can change the fill type to Diagonal. For more information, consult the project
editor Help.

The figure below shows the same area after the fill has been changed on the two
polygons highlighted. Note that the top polygon is considerably smoother, except
for the two areas at the edges. Fix this by moving points around and adding points
to polygons (see below). Save this file now to prepare for this step.
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Zoomed area of “two_coup.son” showing polygons after having fill changed to
Diagonal.

Align the Circuit to Grid Points

Now check to see how em will subsection your circuit. To do this, make sure the
cell fill is turned “On” using View = Cell Fill or Ctrl-M. The cell fill shows you
how em will subsection your circuit. If you did not choose a small enough cell size
or if your circuit is not oriented exactly on grid points, the metal may “short” two
polygons together. This can happen in our example, see below, when the cell size
is adjusted to an even coarser mesh. Using the circuit “two_coup” saved
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previously, adjust the cell size to 4 by 5.9375 (95 by 32 cells). The result is shown
below. The problem shown in the figure can be fixed by moving the entire circuit
by a fraction of a cell.

_/

‘_/ Shorted I;ol)-fgons

Example of coupled lines shorted together. This circuit is in need of grid alignment.

137



Sonnet Supplemental Tutorials

In order to do this for our example, turn the cell snap off. Select Tools = Snap
Setup from the project editor main menu. Then click on the No Snap radio button
in the Snap Setup dialog box. Now, using Edit = Select All, select the entire
circuit and move it so that the circuit is aligned to the grid points. Don’t worry
about getting the circuit exactly aligned. Notice that the polygons are no longer
“shorted” together, see below.

Example of coupled lines no longer shorted together.

Move and add points as needed

At this point you may want to snap all of the polygons to grid points. For this
example, since the cell mesh is too coarse, do not snap this circuit. Instead reload
the file “two_coup.son”, discarding the edits performed in the last step. Using the
reloaded circuit, modify the cell size to 2 by 2 mils and make sure that the three
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diagonal polygons all have Diagonal fill. This modified circuit is shown below.

Note that port 2 extends past the box wall and that some polygons are offset
slightly.

NN

7

. 777777777

777270773
%,

LA

Example file “two_coup.son’ after modifications.

Some points may now need to be moved in order to get the circuit to sit on the grid.
This will be done with a cell snap. Before you do the snap, you may want to save
your file. Select all of the polygons. Now select Modify = Snap to. Click on the
X and Y button in the Cell Size section of the Snap to dialog box. If desired you
can select only parts of the circuit to snap to the grid points. Now select Tools =
Reshape to place the project editor in reshape mode which allows you to select
individual points on polygons. Select the two points near port 2. Select Modify =
Snap to and click on the Right box wall radio button to snap these points to the
right substrate edge. The reference plane extension will now reappear indicating
that the port is now properly placed.

Note that the reference plane is situated too far into the circuit (by the amount that

the substrate size was reduced). This can be adjusted by using Circuit = Ref.
Planes/Cal. Length. Click on the Right box wall in the list at the top of the dialog
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box. Then click on the Fixed Length radio button. Click on the Mouse button to
use your mouse to select the length. Then click on the edge of the coupled line.
The modified circuit is shown below.

s
VA 77

V222221
G

7

Example file “two_coup.son’ after snap, port move and reference plane shift.
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Some polygons, such as mitred corners and narrow lines, may need to have points
added to help with Diagonal fill. Select and move the right most mitered corner
away from the connecting lines in order to allow some working room. Now use
(Shift)Tools = Add Points and Tools = Reshape to add a one cell extension to
the connecting edges of the bend. See the illustrations below.

Ry

1) Adding First Point 2) Adding Second Point

1) Moving First Point 2) Moving Second Point
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Note how the diagonal fill now fills the polygon completely. Next, select the
modified mitered bend and move it back into position. The figure below shows the
new mitered bend in place.

142



Chapter 7 Agilent Interface Tutorial

Using a drawn bounding box

A bounding rectangle can be drawn in the layout window to exercise exact control
over the box dimensions. This process is described in more detail in Chapter 16
"The Agilent Interface" on page 279 in the Sonnet User’s Guide. Load the design
“circuit_I” from the ADS project directory. The circuit_1 example already has a
bounding rectangle drawn on layer 13 (bound), as pictured below.

¢ Layout/Circuit network/circuit_|

File Draw Select Edit Wiew Option Tools Synchronize Ebridge Help

_I_IJ_I_I_I J_I_I_I_IJ_I ~|3|0|m Alr] _I_I_I_IJ

Iten Orientatio

N
H =
L]
Sslest Palette ... ||"

=] 1 -
select? object or comnand Select; rectangle a=139  cond 80,000 -40,00 XY 100,000, ~195,00 Ang: -57.17L mils

Example “circuit_1” showing the use of a bounding rectangle.

The dimensions of this rectangle are 465 by 300 mils. For UNIX systems, open a
command window by selecting Ebridge = Launch User Window from the menu
of the layout window. For Windows systems, open a text editor, such as NotePad.
Edit the file sonnet.prf and change the NUM_X GRIDS and NUM_Y_ GRIDS
parameters to 465 and 300 respectively. Now change the EXT parameter to 0.
Note that the drawn rectangle layer (13) is already specified as being ignored.
Save the changes to sonnet.prf and translate the example by selecting Ebridge =
Rep = Geo from the layout window menu. Open the circuit in the project editor
by selecting Launch XGEOM from the Ebridge menu. The translated circuit has
a box of the exact size specified by the drawn rectangle (465 by 300 mils) and a
cell size of 1 by 1 mil.
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Adjustments that may be needed

In addition to the items described above, additional adjustments to the circuit may
be required. This depends upon the level of preparation taken prior to translation
and the type of circuit being translated. The items that might require adjustment

are:

Ports and reference planes: The user might want a port to be in the middle
of the circuit rather than extended to the edge. For this an auto-grounded port
must be used. These kinds of ports are explained in Chapter 6, “Ports” in the
Sonnet User’s Guide. Also, translated reference planes might not end up
exactly where a user wants them and may need to be set to a more appropriate
spot.

Metalization and dielectric layer parameters: In cases where special
metalization is required or multiple types of TFR, or TFC instances are used,
some adjustment of the metalization and dielectric layers will be necessary.
Use Circuit = Dielectric Layers or Circuit = Metal Types to adjust and/or
add layers and metalization. To change the metal type of a polygon, select
them and then use Modify = Metal Properties. To move polygons to different
levels, select them and use Edit = Cut. Then move to the correct level and
use Edit = Paste to place the objects on the correct level.

Vias: In cases of custom instances, vias may need to be added to the circuit to
connect different layers since the Agilent interface software does not include
them automatically.
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Chapter 8 A Two-Dimensional
Far Field Viewer
Tutorial

This tutorial describes an example of using the far field viewer to display two-
dimensional plots. The far field viewer displays far field radiation patterns using
the current density data created during an em analysis. In this example, we analyze
an infinitesimal dipole antenna above a ground plane, shown below, and compare
the results to the exact theoretical antenna pattern shown on page 164, as provided
by reference 2.

For more information about modeling antennas and using the far field viewer,

please refer to Chapter 21 "Antennas and Radiation" on page 343 in the Sonnet
User’s Guide.

145



Sonnet Supplemental Tutorials

Ground Plane —X——

Although this example is not very practical, it is a good example to use for
validation because of its simplicity. The infinitesimal electric dipole is placed one
wavelength (300 mm at 1 GHz) above the ground plane (an electric field reflection
boundary).

Uniform Current Element

‘\ Close-up of the project editor layout
A »

h=A

h=A

Y ----

Image ‘

Creating an Antenna Pattern File
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This tutorial uses an infinitesimal dipole one wavelength above the ground plane.
The project, Infpole, is provided in the Sonnet example files. If you do not know
how to obtain a Sonnet example, select Help = Examples from any program
menu, then click on the Instructions button.

Save a copy of “infpole.son” to your working directory.

The file “infpole.son” is the circuit geometry project file for the dipole antenna
which was created using the project editor. The dipole geometry can be viewed by
using the project editor.

To allow Sonnet Level2 users to view this example, this project was analyzed with
de-embedding enabled and the resulting data was included in the project file.
However, analyzing with de-embedding enabled results in non-physical de-
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embedded S-parameters (the non-de-embedded S-parameters are still valid). This
is because the de-embedding algorithm analyzes calibration standards (through
lines) with the same dimensions as the polygons connected to the port. In this case,
because the distance to the ground plane is a whole wavelength, the calibration
standards will contain higher-order transmission line modes. This violates the de-
embedding assumptions, and results in incorrect S-parameters (see Chapter 8,
“De-embedding Guidelines™ in the Sonnet User’s Guide). However, since the far
field viewer always uses the non-de-embedded results to calculate the far field, the
far field calculations are valid with or without de-embedding.

It is important to remember that in order to produce data for input into the far field
viewer, the Compute Current Density option must be selected in the Analysis
Setup dialog box in the project editor.

Infpole was analyzed at a linear frequency sweep from 0.8 GHz to 1.2 GHz in
intervals of 0.1 GHz.

Running the Far Field Viewer

E)

2

Click on the View Far Field button on the Sonnet task bar to invoke the far
field viewer.

A pop-up menu appears on your display.
Select “Browse for Project” from the pop-up menu.
A browse window appears on your display.

Using the browse window, select your saved copy of “inpole.son”.
The far field viewer window opens on the project file, “infpole.son”.

After the initial calculation is complete, a plot appears on your display as shown
below. When a new file is opened, the far field viewer performs an analysis on the
first frequency based on a default set of values for directions, port excitations and
terminations and displays the Gain (dB) versus theta for the first value of phi. The
calculation defaults are as follows:

e There are two values of phi: 0° and 90°
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e Theta ranges from -90° to +90° in 5° intervals.

e Port1issettoa 1.0 Vsource magnitude with a 50.0 Q load

&2 infpole_jxy

e\ Plot Over ITheta vl

infpole.jxy
Gain [dB) 10
g5
o4
Frequency
0.8 GHZ - -5 1
g -104
i
n -14 4
Phi -0 4
0.0 Degrees o ||(dB)
_25 4
-30 4
E Field -35 1
E Total B -40 T T T T T T T T T
-100 -B0 -BO -40 -0 0 20 40 BO B0 100
Theta
| Click mouse to readout data values | Fuointer

The far field viewer display defaults to a cartesian plot with theta selected on the
X-axis. The polarization defaults to Theta/Phi. The Y-axis is set to display the
Gain (in dB) of the pattern response and is normalized to power gain of the ideal

isotropic antenna.

To change the calculation and display defaults, see File - Preferences in the far

field viewer’s help.

Calculating the Response

As mentioned above, when the far field viewer is invoked, the response data is
calculated for only the first frequency in the current response file. To calculate
data for the other frequencies at additional angles, perform the following:
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5 Select Graph = Calculate from the far field viewer main menu.

The Calculation Setup dialog box appears on your display with the Angles tab
selected as shown below.

i Calculation Setup-infpole_son EHE

Review settings in all categories before pr ing Calculate

Angles |Ports | Frequenciesl

Start Stop Step New Theta |
[Degrees) [Degrees) [Degrees)
= New Phi |
Theta 1 [90.0 90.0 5.0
Delete |
Phi1 [0.0 90.0 5.0

Calculate I Cancel Help

Selecting Phi Values

6 Enter 0 in Start text entry box, 90 in the Stop text entry box and 5 in the Step
text entry box of the Phi line.

This analyzes data points from phi = 0° to 90° in intervals of 5°.
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Selecting Frequencies

7  Click on the Frequencies tab in the Calculation Setup dialog box.

The Frequencies tab is now displayed, as shown below.

i Calculation Setup-infpole_son EHE

Review settings in all categories before pr ing Calculate

Angles| Ports Frequencies |

Available Frequencies Frequencies to Calculate

0.9 GHZ =l 0.8 GHZ =l
1.0 GHZ

1.1 GHZ

1.2 GHZ

Select All |

Calculatel Cancel | Help |

8 Click on the Select All command button under the Available Frequencies.

All of the frequencies are highlighted.
9 Click on the Right Arrow button.

This moves all the selected frequencies to the Calculated Frequencies column.
10 Click on the Calculate command button.

There is a delay while the far field viewer calculates the requested data. The

calculations for each frequency are performed using the defaults cited above for

phi, theta, port excitation and exclusions, since none of these items were changed
before selecting Calculate.
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A status box appears on your display to provide updates on calculation progress.
The display is updated when the calculation is completed. Be aware that for larger,
more complicated circuits, this delay might be a considerable one.

Selecting the Response

The far field viewer allows you to select which data items you wish displayed at
any given time. In the next session, you display 1 GHz data at different phi’s.

11 Select Graph = Select = Frequencies from the far field viewer main menu.

The Select Frequencies dialog box appears on your display.

¢ Patvu — Select Frequencies—infpole.jxy
Calculated Calculate More... | FPlotted
0.5 GHZ |2 0,8 GHZ Ay
1.0 GHZ
1.1 GHZ
1.2 GHZ E‘
/
5] ] (=] ]
Select ALl | Select ALl |
Ok | Apply | Cancel | Help |
1

The Calculated column displays the frequencies for which data has been
calculated, but is not presently displayed. The Plotted Column shows those
frequencies which are presently displayed. In this case, 0.8 GHz.

:@: TIP

You may also open the Select Frequencies dialog box by right-clicking in the

Frequency area of the legend and selecting Select from the menu which appears
on your display.
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152

12

13

14

15

16

17

Double-click on 0.8 in the Plotted column.

This moves 0.8 to the calculated column, i.e., this frequency is not displayed.

Double-click on 1.0 in the Calculated column.

This moves the value 1.0 to the Plotted column.

Click on the OK command button.

This closes the dialog box and updates the display with the data for 1.0 GHz at
Phi = 0°.

Select Graph = Select = Phi from the far field viewer main menu.

The Select Phi’s dialog box appears on your display.

Select Phi's [x]
Calculated
Calculate More... | Plotted
5.0 Deqrees ﬂ 0.0 Degrees =
10.0 Degrees 90.0 Degrees

15.0 Degrees
20.0 Degrees
25.0 Degrees

2]
30.0 Degrees

35.0 Degrees
40.0 Degrees
45.0 Degrees =l =

Select All | Select All |
0K I Apply | Cancel | Help |

Use the scroll bar on the Calculated Column to move down the list until 90.0
Degrees is displayed.

Double-click on 90.0 Degrees to move this value to the Plotted column.

Values in this column are displayed in the far field viewer.
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18 Click on the OK command button.

The dialog box disappears and the far field viewer display is updated. It should
appear similar to the figure below.

=

Patvu — infpole.jxy

File Edit Wiew Graph

Help

(S IR[ReB[S] [F] 7ot = [res ]

infpole, jxy
Gain ¢dB)
10
5 —
D —
Freguency
1.0 GHZ | -5 -
G
a -104
! 15
no-
Phi
0,0 Degrees o] (dB) 20
90.0 Degrees O _25-]
_30_
E Field —357
E Total B
—40 T 1 I T 1
-100 -80 -B0 -40 -20 0O 20 40 &O 80O 100
Theta
| |Elic:|-< mouse to resdout dats values |F'Dint,er' |

The plot is drawn showing two curves: E,; at phi = 0 and 90 degrees. The upper
curve is the radiation pattern at phi = 90 degrees. The lower curve is the radiation

at phi = 0 degrees.

The far field viewer automatically selects an appropriate scale for the plot.
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19

20

21

Select Graph = Select = Phi from the far field viewer main menu.

The Select Phi’s dialog box appears on your display.

TIP

You may also access the Select Phi’s dialog box by right-clicking in the Phi box
in the legend and selecting Select from the pop-up menu which appears.

Double-click on 90.0 degrees in the Plotted column to move it from the Plot-
ted column to the Calculated column.

This removes 90.0 degrees from the plot.

Click on the OK command button.

The dialog box disappears and the far field viewer plot is updated. It should appear
as below.

[ infpole._jxy

(Rl@ R es]s] [ Potover [ihew o (@]
infpole.jxy
Gain [dB) 10
g5
o4
Frequency
1.0 GHZ - -5 1
g -104
i
Iy -14 4
Phi -0 4
0.0 Degrees o ||(dB)
_25 4
-30 4
E Field -35 1
E Total B -40 T T T T T T T T
-100 -B0 -BO -40 -0 0 20 40 BO B0 100
Theta
Click mouse to readout data values Fuointer |
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Zooming

The zoom button, located on the tool bar, may be used to magnify a specific area
in the plot.

22 Click on the Zoom In button on the Tool bar.

For this example, zoom in on the area from 0 to 10 dB in Gain, where Theta ranges
from 20° to 50°.

You may also use View —> Zoom In or the Space Bar for the zoom function.

23 Click on the point in the plot corresponding to 0 dB Gain and Theta = 20°,
then drag the mouse to the point in the plot corresponding to 10 dB Gain
and Theta = 50°

A rubber band surrounding the area to be magnified follows the mouse.
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When the mouse is released, the plot is updated with a magnified view of the
selected area, as shown below.

] Patvu — infpole.jxy
File Edit Wiew Graph Help
A Je]s] (@) P o e )
infpole, jxy
Gain ¢dB)
7
5
Freguency 5 4
1.0 GHZ |
G 4 -
a
'3
n _
Phi
0,0 Degrees o] (dB) 2 4
1 4
04
E Field
E Total B 1
- 1 1 1 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50 55 60
Theta
| |Elic:|-< mouse to resdout dats values |ZDDm

Fl_?]‘ 24 Click on the Full View button on the Tool bar.

The full plot once again appears on your display.

Probing the Plot

To evaluate the pattern response at any location in your plot you simply click at
the desired location.
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25 Click on the theta = 45° point on the plot.

A square appears around the point, as shown below. The readout for the point
including the frequency, value of theta and phi, and the gain appear in the status
bar at the bottom of the far field viewer window.

@ e -- Plot Owver ITheta l

|nfpo|e ixy
Gain [dB] 10
5 4
o4
Frequency
1.0 GHZ Ll B
a -104
i
—— -154
Phi -0 4
0.0 Degrees o ||(dB)
_75
-30 4
E Field -351
E Total B -40 T T T T T T T T
-100 -80 -60 -40 -20 0O 20 40 60 80 100
Theta

1.0GHZ, Theta=45.0, Phi=0.0 : 4642777 (dB)

|P0inter

F Probe readout on status bar

Probe Location

26 Press the left arrow key, <—, to move to the theta = 40° point on the plot, or

alternately, click on that point.

The probe box now appears at that point and the data is updated in the status bar.

Note that if there is more than one data curve displayed, the up and down arrow
keys, T and ¥, would move the data probe between curves, while the left and right
arrow keys, < and —, move between data points on any given curve.
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Re-Normalizing the Plot

By default, the far field viewer displays the power gain. The power gain is defined
as the radiation intensity divided by the uniform radiation intensity that would
exist if the total power supplied to the antenna were radiated isotropically[l].

We shall now normalize the plot to the maximum value.

27 Select Graph = Normalization to change the normalization.

The Select Normalization dialog box appears on your display.

M Select Mormalization-infpole.son @g|

+ Gain [dB)
" PowerfEMC

Relative To: ,W‘

Reference Value ’7 dB
0K | Cancel | Help |

28 Select Max from the Relative To drop list.

This selects the maximum value of radiation for the plot to be the 0 dB point of
the plot.

158



Chapter 8 A Two-Dimensional Far Field Viewer Tutorial

29 Click on the OK command button.

The dialog box is closed and the display is updated with the data normalized to the
maximum value, which in this case is 5.60297 dB.

] Patvu — infpole.jxy

File Edit Wiew Graph Help

(S IR[ReB[S] [F] 7ot = [res ]

infpole, jxy
Gain ¢dB)

Relative To o
5,60297 (dB)
_5 -
Freguency ~104
1.0 GHZ |
_] 5_
_20_
Phi
0,0 Degrees o (dB) —254
_30_
—_— 35—
E Field
E Total B
—40 T T T T
0 20 40 &0

S —m O

-100 -80 -B0 -40 -20 80 100

Theta

| Click mouse to readout data values FPointer
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Changing to a Polar Plot

30 Select Graph = Type = Polar to select a polar plot for the display.

A polar plot is chosen since the theoretical data for an infinitesimal dipole is
shown in a polar plot. The display is updated using the polar coordinate system.
Phi is held constant and theta is swept.

@i L
@ 9\ Plot Over ITheta ,l
Gain [dB) 45 45

Relative To :
5.60297 [dB]

Frequency
1.0 GHZ |

Phi 0io -20.0
0.0 Degrees o

E Field
E Total —_—

-135 135
|Click maouse to readout data values |P0inter |

—@— TIP

You may select another type of plot by right-clicking in the plot title area of the
far field viewer display and selecting Type from the pop-up menu which appears.

Turning Off the Legend

Since the legends take up a lot of space on the display, you may turn them off,
allowing the plot to fill the extra space.
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31 To turn off the legend, select View = Legend.

This turns “off” the legend and the far field viewer redraws the plot without the
legends. The menu item toggles the display state of the legend, so that selecting
View = Legend again displays the legend.

] Patvu — infpole.jxy
File Edit Wiew Graph Help
IR eee] @] 7 O e ]
_45 45
0l -20.0
-185 135
| |Elic:|-< mouse to resdout dats values FPointer

Changing the Radius Axis

You can change the radius axis limits of the plot to another value. For this
example, you will change the intervals from 20 dB to 10 dB.
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32 Select Graph —> Axes from the main the far field viewer menu.

The Axes Properties dialog box appears on your display.

Axiz Properties-infpole. jxy E
Axis IRadiusAxis =

Label I

IV Tick Labels

Min [ 400
Max lr
Interval Number
Divisions [20.0 E

0K I Apply | Cancel | Help

33 Click on the AutoScale checkbox to turn it “off.”

This enables the Min and Max text entry boxes under Autoscale and the Interval

and Number text entry boxes under Tick Labels.

34 Enter “10” in the Interval text entry box.

This sets the intervals on the plot grid to 10 dB.
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35 Click on the OK command button.

The dialog box disappears and the far field viewer display is updated with the new
interval value for the axes. Your display should be similar to the one shown below.

[ infpole._jxy

@ Plot Over ITheta vl ‘

45 45

135

|Click maouse to readout data values |P0inter |

Shown above is the far field viewer calculated far field antenna pattern for the very
short dipole in the file infpole.son. The result should be compared with theoretical

result in the next figure.
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Exact far field antenna pattern from reference [2] of an infinitesimal
dipole antenna one wavelength above a ground plane.

Selecting a Frequency Plot

To see how the antenna pattern changes with frequency, you use a frequency plot.
Before you can select a frequency plot, you must return to a cartesian plot.

36 Select Graph = Type = Cartesian from the far field viewer main menu.

Your display is updated with a cartesian plot. Note that the autoscale is
automatically turned back on when you switch plot types.

37 Select View = Legend from the far field viewer main menu.

The legend once again appears in your display.
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38

39

40

41

Select Frequency from the Plot Over drop list on the far field viewer tool
bar.

BTCIETeRE] (6] Pt O [Froqiency ||

Plot Over drop list

Select Graph = Select = Theta from the far field viewer main menu.

The Select Theta’s dialog box appears on your display.
Double-click on -90.0 degrees in the Plotted list.

This value moves to the Calculated list which removes it from the display.

Double-click on 0.0 degrees in the Calculated list.

This value moves to the Plotted list which adds it to the display.
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42

43

44

Click on the OK command button.

The display is updated with a frequency plot as shown below. Note that the gain
is now calculated relative to 7.55131 dB, since the Normalization is relative to
Max and this value is the maximum value of radiation for this plot.

[ infpole._jxy

infpole.jxy
Gain [dB]
Relative To :
7.55131 [dB]

Theta
0.0 Degrees

Phi
0.0 Degrees

E Field
E Total

<

@ Flot Creer

40

08 085 0

8 08

11058 1

Freguency

J o118 12 1258

| Click mouse to readout data values

Fuointer

Select Graph = Select = Phi from the far field viewer main menu.

The Select Phi’s dialog box appears on your display.

TIP

You may also invoke the Select Phi’s dialog box by right-clicking on the Phi box
in legend and selecting Select from the pop-up window.

Double-click on 0.0 degrees in the Plotted list.

This value moves to the Calculated list which removes it from the display.



Chapter 8 A Two-Dimensional Far Field Viewer Tutorial

45

46

47

48

49

Double-click on 90.0 degrees in the Calculated list.

This value moves to the Plotted list which adds it to the display.

Click on the OK command button.

The dialog box disappears and the display window is updated.

Select Graph = Select = Theta from the far field viewer main menu.
The Select Theta’s dialog box appears on your display.

Double-click on 45.0 degrees and 90.0 degrees in the Calculated list.
These values move to the Plotted list which adds these values to the display.
Click on the OK command button.

The dialog box disappears and the display is updated as shown below.

[ infpole._jxy
(S[RJEsB]eS] [#] Protover [Theta | |
infpole.jxy
Gain [dB) 0
Relative To :
8.23677 [dB) 54
Theta =10
0.0 Degrees N G
45.0 Degrees HEEE | 154
90.0 Degrees I | |

204

n

Phi

_25 4
90.0 Degrees o ||(dB)

-30 4

-35 4
E Field
E Total B -40 T T T T T T T T

08 085 08 08 1108 11 118 1.2 145
Freguency

| Click mouse to readout data values | Fuointer |

Notice that E-Total at Theta = 90 is shown in the legends, but does not appear on
the graph. This occurs because the magnitude is too small to show on the plot.
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Viewing a Surface Plot

The surface plot shows all the calculated values of theta and phi plotted against
the gain for a single frequency.

50 Select Graph = Type = Surface from the main menu.

Your display is updated with a surface plot with the first frequency, 0.8 GHz,
selected for display.

] Patvu — infpole.jxy

File Edit Wiew Graph Help

infpole, jxu

Gain ¢dB)

Relative Ta : Gain (dB) - E Total - 0.8 GHZ
7.42101 (dB}

[ Fettie oowe vl

L

Freguency
0.8 GHZ |

E Field
E Total _—

I|Use =croll bars to rotate plot, |Pointer

Saving the Far Field Viewer File

51 Select File = Save from the far field viewer main menu.

The file is saved to the same filename with a “.pat” extension, i.c., “infpole.pat”.
This saves any data calculated during this the far field viewer session.
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Exiting the Far Field Viewer Program

This is the end of the first example of using the far field viewer.

52 To stop the program, select File = Exit.

The far field viewer window disappears from your display.
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