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Si9000e v24.03.13 (March 2024)
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Update Cannonball-Huray Method to Simonovich-Cannonball Method

Update / rebrand of the Cannonball-Huray 
Method to Simonovich-Cannonball 
Method. 

Application Note now links to two papers
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Si9000e v24.02.08 (February 2024)
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New Frequency of Interest option enhancements

New Result Selection options 
have been introduced to 
display the Measured 
Attenuation and Measured 
Effecive Er at the user-
specified Frequencies of 
Interest
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New Frequency of Interest option enhancements
When importing insertion loss 
measurement data from the Polar 
Atlas it is often useful to know the 
exact measured attenuation dB 
values as specific frequencies.  The 
new Result Selection options have 
been introduced to achieve this.

In this example the Frequency of 
Interest values have been set to 4, 
8, 12, 16 and 20GHz.  The 
measured attenuation (brown data 
series on the plot below) is 
examined and the dB loss values at 
those frequencies are displayed 
here

Measured Attenuation 
(brown data series)
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New Frequency of Interest option enhancements

Similar to the new Measured 
Attenuation selection, it is now 
possible to select the Measured 
Effective Er.

Using the same Frequency of 
Interest values of 4, 8, 12, 16 and 
20GHz, the imported measurement 
data is examined and the effective 
dielectric constant values at those 
frequencies are displayed here

Measured Effective Er
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New Loss Tangent Goal Seek – Multiple Frequency option
Building upon the positive 
feedback for the existing 
Loss Tangent Goal Seek – 
Single Frequency facility, a 
new Multiple Frequency 
option has been 
introduced.

This allows for up to five 
Loss Tangent values to be 
calculated in a single 
process, with an option to 
export the calculated 
results to the Extended 
Substrate Data Library
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The new Loss Tangent Goal Seek - Multiple Frequency option 
allows for up to five Loss Tangent values to be calculated in a 
single process.
The input data and results for each frequency are contained in 
a separate column. 

The input parameter 
data can be keyed in 
or the Set from FOI 
(Frequency of 
Interest) button will 
automatically set the 
Frequency and Total 
Attenuation values 
from the main 
dialog.  

Dielectric Constant 
varies with 
frequency so the Set 
from EEr button will 
populate these fields 
from the Measured 
Effective Er data

The calculated 
Conductor and 
Dielectric Loss 
results will be 
displayed here

The calculated 
Loss Tangent 
results will be 
displayed here

The results can 
also be exported 
to the Extended 
Substrate Data 
Library
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New Loss Tangent Goal Seek – Multiple Frequency option

Once the Loss Tangent Goal Seek is 
complete it is possible to use the  
exported results to improve the 
correlation between the calculated 
Attenuation with Roughness (cyan) 
and Measured Attenuation (brown).

The Attenuation with Roughness 
(cyan) and Measured Attenuation 
(brown) do not correlate very well 
when using Constant Er / TanD 
mode



Si9000e 2021 - 2024 Preview

11 Copyright © Polar Instruments 2024 polarinstruments.com

Si9000e v24.01.01 (January 2024)
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Enhancements

• From 2024 the Track Resistance Calculator (TRC) will be 
running on the Microsoft .Net Framework 4.8.  It has migrated as 
a result of customer IT policy requests.
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Si9000e v23.09.21 (September 2023)



Si9000e 2021 - 2024 Preview

14 Copyright © Polar Instruments 2024 polarinstruments.com

New Frequency of Interest option added In addition to the insertion loss plots that 
are generated with Si9000e, some 
customers would like to know the insertion 
loss results at specific nominated 
frequencies.   

For instance, the Delta-L 4.0 test method 
has frequency of interest values of 4GHz, 
8GHz, 12.89GHz and 16GHz.  The 
insertion loss results at these nominated 
frequencies are now displayed alongside 
the All Losses plot.
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New Frequency of Interest option added

• Selecting Apply to Current Structure will place those frequency values with the current 
selected structure so the next time the structure is calculated the results for each specified 
frequency will be placed on the main dialog, giving immediate feedback of the results at 
those frequency values.

• Selecting Apply to All Structures will place those same nominated frequency values on all 
structures in the Si9000e, including those structures that exist in a Project.

• In this example we have keyed in the four Delta-L 4.0 frequencies of 4GHz, 8GHz, 
12.89GHz and 16GHz

Select the Set… button to load 
the Frequency of Interest dialog

This dialog allows the user to 
nominate 10 frequency values 
per structure, so each structure 
inside Si9000e can have 10 
unique frequency values. 
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New Frequency of Interest option added
Use the Result Selection dropdown to choose which loss result is 
displayed. The options available are Attenuation with Roughness, 
Smooth Conductor Loss, Dielectric Loss, Smooth Attenuation and 
Conductor Loss with Roughness.

Like the All Losses plots, the formatting of the dB results will match 
that as specified by Result Presentation, so the dB results will be by 
/Length or /inch or /metre 

The Frequency of Interest results 
may be copied to the clipboard, then 
pasted to third-party applications 
such as Excel
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Si9000e v23.08.02 (August 2023)
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New Export to Touchstone Format for Multiple Length of Lines

New Export to Touchstone Format for 
Multiple Length of Lines

• Provides a facility to export multiple 
Touchstone files based upon the 
Length of Lines specified

• Length of Lines may be keyed in or 
pasted from third-party applications
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Si9000e v23.06.01 (June 2023)
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New Gradient Surface Roughness Compensation Method added

The Gradient method 
has been added to the 
Surface Roughness 
Compensation options
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New Gradient Surface Roughness Compensation Method added

Selecting the Edit button will allow the 
RMS roughness values to be entered.  

In this example 1μm roughness for all 
significant surfaces
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New Gradient Surface Roughness Compensation Method added

The Conductor Loss with Roughness 
results (yellow) are shown on the All 
Losses plot
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New Gradient Surface Roughness Compensation Method added

The Conductor Loss with Roughness 
results data is also shown alongside 
the other field solver results.  

The complete set of results can be 
exported to third-party tools like Excel 
using the right-click menu | Copy 
Results to Clipboard
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New Gradient Surface Roughness Compensation Method added

Using the Si9000e Project Graphing 
feature, this plot was generated 
showing eight structures with an ever 
increasing Gradient roughness from 
0.25μm to 2.00μm.

As you would expect, an increase in 
the roughness RMS parameter value 
results in an increase in conductor loss 
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Project Graphing Enhancements - now supports structures within 
the Project with varying Length of Line

The Project Graphing feature now 
supports different Length of Lines.  The 
four structures show loss increases as 
the length of line increases
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Other enhancements

• FlexNet Publisher / FLEXlm v11.19.0.0 supported
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Si9000e v22.09.01 (September 2022)
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Enhancements to the Import Polar CITS Datalog File option

Overview
The Polar Si8000m / Si9000e field 
solver products have the capability 
to read a Polar CITS Data Log File 
(.CLF).  This file contains 
comprehensive impedance 
measurement data and, along with  
existing modelled structure 
information, offers graphing 
capabilities and statistical analysis 
where the modelled and measured 
data can be presented together.

CLF

The Data Log of the 
CITS software is stored 
in a CLF file

New for v22.09.01
Now supports the 
latest CITS880s data 
log file format
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Import CITS Datalog File option – feature recap
Whilst working with controlled impedance designs it is often desirable to 
compare the reality of the measurement data against the modelled 
structure.  

‘Closing the loop’ between the predicted and actual measured results has 
a number of benefits for both the design and fabrication environments.  It 
allows for fine tuning of the structure parameters in future manufacturing 
batches, statistical analysis and improved overall process control.

This capability within the Polar’s Si8000m / Si9000e field solver products 
allows the user to quickly import measurement data directly from the 
industry-standard Polar Controlled Impedance Test System (CITS).

If you are a design customer using the Si8000m / Si9000e and would like 
to use this feature, please request the Polar CITS Datalog File from your 
fabricator. 
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Import CITS Datalog File option – feature recap

The ‘Import CITS file’ 
toolbar option.  On 
selecting this option a 
dialog guides the user 
through the import 
process

CLF
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Import CITS Datalog File option – feature recap

A Data Log Records dropdown list 
built from the data log file, allowing 
the user to select the appropriate test 
records they would like to view / plot

Once the CITS CLF data log file 
has been identified the software 
reads key information – 
Instrument Model, Serial 
Number, Data Log Record 
Count, Tests per Board / Coupon

The Project Structure dropdown 
presents a list of structures currently 
available within the Project.  Together 
with the Data Log Records dropdown it 
allows the user to quickly match the 
data log records against the correct 
structure 

It is possible to plot the modelled and 
measured impedance data in a number 
of ways.  The following slides provide 
more details
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Import CITS Datalog File option – feature recap
Each test record type found in the data 
log file is listed in the drop down.  In this 
case there are four tests.

Four structures loaded into 
the Project group

To match one of the four modelled 
structures from the Project group 
against a data log test record simply 
select the structure from the Project 
Structure dropdown
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Import CITS Datalog File option – feature recap

The y-axis is the measured impedance 
for each board / coupon 

The Graph tab provides a number of plot 
options.  In this case the measured data is 
shown in Green, the modelled data in Red

The x-axis is the identifying Index of 
the board / coupon read from the 
data log file

Each data point represents a 
separate board / coupon 
measurement

It is possible to pick a measured 
data point, key information is 
displayed here 

Graph Settings allow the selection 
of modelled / measured data to 
be plotted
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Import CITS Datalog File option – feature recap

Measured – Average (Green).  
Whilst reading slightly higher than the 
Nominal (60 ohms) all measured data 
points are within the upper and lower 
tolerance bands

In this case the Graph contains:
Measured – Average (Green)
Nominal (Red)
Upper Tolerance (Blue)
Lower Tolerance (Yellow)

Upper tolerance

Graph Settings allow the selection 
of modelled / measured data to 
be plotted

Lower tolerance

Nominal
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Import CITS Datalog File option – feature recap
Analysis options:
This bar chart shows the distribution of 
measurement results over an impedance range

The y-axis is the number of boards / 
coupons that fall within a given 
impedance as detailed on the x-axis

The x-axis is the measured 
impedance in 0.5 ohm increments

From this batch of 40 board / 
coupon measurements, 62 +/- 0.25 
ohms is the most common result
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Measurement Data:
The CITS Data Log data may also be viewed in a 
data grid layout.  This is especially useful for 
viewing the Result data (Pass / Fail)

Import CITS Datalog File option – feature recap
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New Manually Set Y-Axis option for the All Losses plot
The new ‘Manually Set Y-Axis’ option provides more control 
over how the All Losses plot is presented.

The All Losses plot defaults to Y-axis auto-scale, where the 
Y-axis is resized to fit all data series.

When the ‘Manually Set Y-Axis’ option is checked, the Y-axis 
min and max values can be fixed to user-defined values.

This is especially useful after importing measurement data 
(brown) which often has measurement error artefacts that are 
not useful when comparing against the modelled data. 
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New Manually Set Y-Axis option for the All Losses plot

‘Manually Set Y-Axis’ unchecked, 
the Y-axis will auto-scale.

Notice the plot will scale the Y-axis 
to include all the measurement 
data including the measurement 
error artefacts 

‘Manually Set Y-Axis’ is checked, 
the Y Min is set to -1.95 dB

Notice the plot will fix the Y-axis 
min / max to the values specified, 
the measurement error artefacts 
will be ignored.  
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Enhancements to the Import Touchstone Format option 
Touchstone files contain S-Parameter data exported 
from VNA instruments and modelling software, 
including the Polar Si9000e.  

The Si9000e allows a Touchstone file to be imported 
(green) and then compared against the structure 
currently being modelled (red).

Graphing options exist to display Magnitude, Phase 
and present S-Parameters as a Smith chart.

V22.09.01 enhances the Import Touchstone Format 
option to support S-Parameter data from a wider range 
of frequencies. 
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Enhancements to the Import Touchstone Format option 

In this example a Touchstone 4-port file 
(.S4P) has been imported into the 
Si9000e.  Magnitude, Phase and Smith 
Chart are shown for S21 



Si9000e 2021 - 2024 Preview

41 Copyright © Polar Instruments 2024 polarinstruments.com

Si9000e v22.04 (April 2022)
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New Differential Via Calculation capability

The new Via Checks toolbar option.

This Differential Via Calculation is now 
part of a new tabbed Via Checks 
dialog accessible from the toolbar. It 
also contains the Via Stub Check and 
Via Pad / Anti Pad Coaxial Calculation 
that were previously present on the 
main interface
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New Differential Via Calculation

Enter via structure parameters by 
either keying the dimension values or 
use sliders to gauge the impact of 
varying each parameter

Calculation results are presented here



Si9000e 2021 - 2024 Preview

44 Copyright © Polar Instruments 2024 polarinstruments.com

New Differential Via Calculation

Two different selectable 
Anti-Pad Styles available
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New Differential Via Calculation

The Application Note link provides further 
details of how the model works
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Si9000e v22.03 (March 2022)
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New Surface Roughness Compensation Preset Values option

A new entry has been added to the 
Configuration menu to manage a table of 
Surface Roughness Preset Values 
composed of Description, RMS and / or 
Rz values
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New Surface Roughness Compensation Preset Values option

The Hammerstad / Groisse dialog has 
been updated with the addition of '<<' 
options to select the required Surface 
Roughness Preset Values.
 
Once chosen the roughness preset item 
Description and RMS value are passed 
back to the surface roughness dialog.
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New Surface Roughness Compensation Preset Values option

The Cannonball-Huray dialog has been 
updated with the addition of '<<' options to 
select the required Surface Roughness 
Preset Values.
 
Once chosen the roughness preset item 
Description and Rz value are passed back to 
the surface roughness dialog.
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Si9000e v22.02 (February 2022)
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Track Resistance Calculator (TRC Plus) enhancements 

The optional TRC Plus calculator 
includes a number of 
enhancements including new 
graphing capability.

Selecting this toolbar option will 
pass the current structure 
dimensions to the TRC Plus in 
order to calculate the track 
resistance
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Track Resistance Calculator (TRC Plus) enhancements 

This new TRC Plus graphing 
feature shows the track 
resistance (y-axis) plotted 
against the line length (x-axis)

Track Dimensions 
from the Si Quick 
Solver
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Track Resistance Calculator (TRC Plus) enhancements 

TDR View provides an indicative 
impression of the effect of the 
distributed resistance in a PCB 
transmission line when tested on 
a TDR based test system, for 
example the Polar CITS880s.
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Si9000e v21.09 (Sept 2021)
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Project Graphing – Introduction (requires the Si Projects feature)

It is often useful to compare the results from similar structures, especially 
with frequency dependent calculations where changing just one or two 
parameters can have significant impact.

Until now the Si9000e Quick Solver graphing has focused on a single 
structure, for instance the All Losses graph will display a single plot that 
includes multiple data series for the same structure.  

The new Project Graphing option calculates all the results for a group of 
structures contained in the Project and then plots the selected data series 
(total attenuation, conductor loss or dielectric loss etc) on the same graph.

A single graph that combines results from multiple structures is useful in a 
number of ways.  Comparing the impact of different dielectric materials, 
different roughness, sensitivity analysis for lossy calculations and many 
more uses.
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Project Graphing
A project with five structures, all with 
matching parameters and Zo of 50 ohms.  
The only difference between the 
structures is the loss tangent (TanD), 
ranging from 0.001 to 0.030 

The Projects right-click menu contains a new 
Graphing option.  When selected the Si9000e runs 
a full frequency dependent calculation for each 
structure in the project and stores the results.

The following new dialog then displays …



Si9000e 2021 - 2024 Preview

57 Copyright © Polar Instruments 2024 polarinstruments.com

The Project Structure List provides options 
to choose which structures from the Project 
are plotted.  Individual structures can 
toggled between selected / deselected by 
double-clicking the grid row

The calculated results for each 
structure of the Project are 
plotted here.  The structures 
are named and colour coded to 
allow for easy identification.

Summary parameter 
information for the selected 
Project Structure List grid 
row is shown here.   

Is this example the Project contains five 
structures with loss tangent (TanD), 
ranging from 0.001 to 0.030.

Notice the impact of the changing loss 
tangent on the Attenuation with 
Roughness (total attenuation) 
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Is this example the Project contains five 
structures with copper surface roughness 
ranging from 0.5 μm to 2.5 μm.

Notice the impact of the surface 
roughness on the Conductor with 
Roughness
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10 differential structures using the same 
dielectric substrate materials but with 
differing trace widths / separations to 
achieve Zdiff = 100 ohms.

Notice that whilst all structures are 100 
ohms, the structures with narrower trace 
widths are significantly more lossy than 
those with wider trace widths.
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Project Graphing – Summary 
• The new Graphing option for Si Projects provides useful plots that 

contain data from multiple structures

• There are numerous uses for this type of option - comparing the impact 
of different dielectric materials, different roughness, sensitivity analysis 
for lossy calculations and more

• ‘What if’ scenarios where one structure in the project would use the 
current design parameters and the second structure would contain a 
modified set based on a newer material.  The plots comparing the 
original versus the new material will instantly show the impact

• Useful to both fabricators and design companies
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Populate a Project from Sensitivity Analysis Results 
(requires the Si Projects feature)

When using the Sensitivity Analysis option it is often useful to examine the 
calculated results in more details.  It is now possible to auto-create a 
Project containing structures based upon the Sensitivity Analysis results 
data.

The following slides provide further details:
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Populate a Project from Sensitivity Analysis Results 

In this Sensitivity Analysis example, as the 
Substrate Height (H1) sweeps from 3 to 
12 mils, Trace Width (W1) is calculated to 
achieve a Target Impedance of 50 ohms

The plot shows Substrate Height (H1) 
X-axis and the Trace Width (W1) Y-
axis.  Each data point represents the 
H1 / W1 parameter values to achieve 
50 ohms.  
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Populate a Project from Sensitivity Analysis Results 

The Results tab contains 
the calculated results data 
used for the Sensitivity 
Analysis plot 

The right-click menu now has a new Create 
Project Structures option.  On selection the 
software will create an individual structure per 
row of the Results grid and add it to the 
Project.  In this example there are 10 result 
rows so 10 structures will be created

The Project now contains 10 structures.

Notice the structure name is auto-assigned 
based upon the sensitivity analysis 
parameters selected. In this example the 
H1 and W1 parameter values are used
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Populate a Project from Sensitivity Analysis Results 

Once the Project has been 
generated the structures 
within work in exactly the 
same way as if they were 
created manually.

The parameter values / results 
used for the structure name

The structure name is 
auto-assigned from the 
sensitivity analysis 
parameters / result
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Once the structures have been 
automatically created from sensitivity 
analysis they can also be examined 
using the Project Graphing.

Notice that whilst all structures are 50 
ohms, the structures with narrower trace 
widths are significantly more lossy than 
those with wider trace widths.
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Populate a Project from Sensitivity Analysis Results 

Save the newly created project 
to the Si Project file format 
(.SIP) so that it can be recalled 
at a later date.

.SIP
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Populate a Project from Sensitivity Analysis Results - Summary
• As separate structure in a Project it is now possible to examine the 

results in a lot more detail than when in sensitivity analysis

• Lossy calculations can be performed and compared

• As a Project the structure data can be stored as a .SIP file and recalled 
later

• Useful to both fabricators and design companies
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Surface Roughness Goal Seek option
New option to back calculate the surface roughness value 
for a structure from the insertion loss measurement data. 
The measurements can be generated using the Polar Atlas 
system or others that are capable of measuring insertion 
loss.

Cyan = Modelled Attenuation with Roughness (insertion 
loss)
Brown = Insertion Loss measurement data from Polar Atlas 
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Surface Roughness Goal Seek option

Step 1
Key in or pick the total attenuation (S21 / SDD21) at a 
given frequency from the insertion loss measurement data

Step 2
Calculate the dielectric loss for the frequency entered from 
the current structure parameters. Subtracting this 
calculated dielectric loss from the total attenuation will 
leave the target conductor loss

Step 3
Use the Si9000 Goal Seek algorithm to vary the surface 
roughness until it matches the required value to achieve 
the conductor loss as calculated in Step 2.
In this example a Surface Roughness of 2.2729 μm is 
required 
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Surface Roughness Goal Seek option

Now that the surface roughness value has been 
adjusted by the Goal Seek option notice the 
improved alignment between modelled and 
measurement data 

Cyan = Modelled Attenuation with Roughness 
(insertion loss)
Brown = Insertion Loss measurement data from 
Polar Atlas 
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Track Resistance Calculator (TRC Plus)

The new TRC Plus calculator includes a number of 
enhancements including:

•Support for longer Length of Line (LL) values
•Support for Temperature Coefficient of Resistance
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Track Resistance Calculator (TRC Plus)

1. Interactive track material image.
Clicking on a track parameter label will highlight the associated Track
Dimension field (text box). Enter data into the active field.

Double-clicking anywhere on the image will bring up the Materials Editor.

2. Material selection and properties
Select the material via the drop-down list.

Fields coloured in light-blue are not directly editable but the field values can 
be in the Materials Editor.

Fields coloured in light-green are editable by the user. For example, 
Operating Temperature will determine a material’s resistivity at that 
temperature, which in turn will be applied in calculating the track resistance.

3. Units
Switch to your preferred units by clicking the associated option button – 
imperial units include Mils (Thou) and Inches; for metric units choose 
Microns (Micrometres) or Millimetres.

4. Track or trace dimensions
Enter or change track dimensions in the Track Dimensions in the chosen 
units.

5. Resistance result
Calculation of the track resistance. The result should update immediately 
upon any changes to the editable (light-green) fields.

6. Voltage Drop calculation result
The calculated Voltage Drop is displayed in the VD (Volts) text box
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Other enhancements

• Monte Carlo Analysis. New option added to export the Iterations 
/ Results to Clipboard (for Excel), accessible from the right-click 
menu

• Causally Extrapolated Substrate Data. New option added to 
export the Results to Clipboard (for Excel), accessible from the 
right-click menu
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Si9000e v21.04 (April 2021)
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Monte Carlo Analysis maximum iteration increased to 9000  

It is now possible to run a Monte 
Carlo Analysis for 9,000 
calculations on any selected 
structure
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Import from Atlas enhanced to support measurement data to 50GHz
The Polar Atlas VNA Delta-L insertion loss test 
system now exports measurement data up to 50 
Ghz.

The Si9000e Import from Atlas option allows the 
insertion loss measurement data (brown data series) 
to be overlaid on the All Losses plot.

In this example the Anritsu ShockLine  instrument 
was used, Delta-L maximum frequency set to 
40GHz
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Si9000e v21.01 (January 2021)
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Monte Carlo support added for Dual Coated structures

The Monte Carlo Analysis option 
now supports Dual Coated 
structures
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Other enhancements

• FlexNet Publisher / FLEXlm v11.17.2.0 supported



Thank you for viewing this Si9000e 2021 – 2024 preview.  If 
you have questions we would be delighted to help you.  
Your local contact information is contained on the following 
slide

polarinstruments.com
Polar Logo & graphic devices are registered trade marks of Polar Instruments Ltd.

Copyright Polar Instruments Ltd (c) 2024



For more information:
Contact Polar now:            Phone

USA / Canada / Mexico
Lupita Maurer  (503) 356 5270

Asia / Pacific
Terence Chew  +65 6873 7470

UK / Europe
Neil Chamberlain  +44 23 9226 9113

Germany / Austria / Switzerland 
Hermann Reischer  +43 7666 20041-0

www.polarinstruments.com 

Polar Logo & graphic devices are registered trade marks of Polar Instruments Ltd.
Copyright Polar Instruments Ltd (c) 2024

polarinstruments.com

mailto:Lupita.Maurer@polarinstruments.com
mailto:terence.chew@polarinstruments.asia
mailto:neil@polarinstruments.com
mailto:hermann.reischer@polarinstruments.eu
http://www.polarinstruments.com/
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