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B Ouean Si9000e - 2025 Cumulative update

New Embedded Trace Substrate (ETS) structures

E Polar Si9000 PCB Transmission Line Field Solver - [C:\Program Files (x86J\Polar\Si9000\Untitled.5i9] [C:\Program Files (xB6)\Polar\SiS000\Untitled.SIP] = ] b

File Edit Cenfiguration Help

| & —— — —— == ey e . = o m Parameter Entry Units
— = — 8= |8 | | _| | ™ T.~ | © Mils " Inches
| x ||:Z =5 | |QQ|Q?%| ﬁl&lalﬁl %lﬁlﬁlﬁl §|§ §|ﬁ| H % aei| Latll. E E EE ﬁ% lg H g EI -7 aisis) ’75" ticrons € Milimetres
Tolerance  Minimum b aximum
E H Substrate T Height H1 50.00 =T E0.O0 Calculate
DTS Diff ETS Embedded Coplanar Strips 1B1E1A Substrate 1 Diglectic Erl 22000 =+ [ 0.oo0 TWO new StI‘UCtu re Categones have been
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New Embedded Trace Substrate (ETS) structures — single-ended

ETS Microstrip
1B1E

ETS Microstrip 1B1E ETS Embedded Microstrip 1B1E1A

ETS Embedded
Microstip 1B1E 1A

ETS Coplanar
=trips 1B1E ETS Coplanar Strips 1B1E ETS Embedded Coplanar Strips 1B1E1A

ETS Embedded
Coplanar Stp...

4 Copyright © Polar Instruments 2025 polarinstruments.com



P2 loue Si9000e - 2025 Cumulative update

New Embedded Trace Substrate (ETS) structures — differential

DiFETS
Microztrip TB1E

Diff ETS Microstrip 1B1E Diff ETS Embedded Microstrip 1B1E1A

DiffETS
Embedded Micr...

Diff ETS Coplanar

Strips 1B1E Diff ETS Coplanar Strips 1B1E Diff ETS Embedded Coplanar Strips 1B1E1A

DiffETS
Embedded C...
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New Embedded Trace Substrate (ETS) structures

Please note:

When using the ETS structures the Substrate 2 Height (H2) and
Trace Thickness (T1) values must match. When using functions
like Snap, it might require some adjustments to the parameter
defaults found within the Configuration | Parameters dialog

polar
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Monte Carlo enhancements — new Constant Pitch option for differential structures

| E Monte Carlo Analysis
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Si9000e - 2025 Cumulative update

Monte Carlo enhancements — new Constant Pitch option for differential structures

"= Monte Carlo Options >

|~ Mante Carlo Pararneter(s)
W w2
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New Monte Carlo Options dialog has two selections:

1. W1/W2 will randomise W1/W2 independently of S1, so when
W1/W2 randomise the S1 value will either be the same as the
structure nominal value if no Monte Carlo values are set for S1,
or S1 will randomise independently of W1/W2. For both of
these scenarios, the trace pitch for each calculation will be
different.

2. W1/W2 Constant Pitch will randomise W1/W2 and then
calculate S1 based upon the current trace pitch. Trace Pitch is
calculated by (W1/2) + S1 + (W1/2) or simplified to W1 + S1.
In the examples shown, which uses the default parameter
values, the trace pitch is 15 mils. W1/W2 Constant Pitch is the
new functionality introduced with v25.04.16

polarinstruments.com
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Monte Carlo enhancements — new Constant Pitch option for differential structures

BB Monte Carlo Analysis

Substrate 1 Dielectric
Lower Trace Width
Upper Trace Width
Trace Separation

Trace Thickness
Costing Above Substrate
Coating Above Trace
Coating Between Traces
Coating Diedectric

Differential Impedance

H1
En
w1
w2
s
mn
=]
c2
=}
CEr

Nominal Tol (Abs) Miremum  Maamum

Switching to the Iterations / Results tab will allow you to check the
structure values for each calculation.

With the W1/W2 Constant Pitch mode enabled, notice how the
randomised W1 plus the calculated S1 now total the trace pitch of
15 mils, so for the top row W1 7.4335 + S1 7.5665 = 15 mils.
Every row will have a trace pitch of 15 mils

["5547 [ 00000 [ 55487 [ 55487 [ |
[42000 £ [ 0.0000 [ #2000 [ 42000 [
[ 70000 %] 1.0000 [ 60000 [ 80000 [ |
[ 60000¢[ 0.0000 [ 60000 [ 60000 [ |
[90000 [ 0.0000 [ 80000 [ 80000 [ |
[772000 £ [ 0.0000 [ 72000 [ 1.2000 []
[ 70000+ [ 0.0000 [ 1.0000 [ 1.0000 [ |
[ 700002 0.0000 [ 7.0000 [ 7.0000 [ |
[7.0000 [ 0.0000 [ 7.0000 [ 7.0000 [ |
[ 420002 00000 [ 42000 [ 42000 [ |
96.02 [

Zdif  [100.02 Cakuste |

103.03

A new Pitch column has been introduced to allow the trace pitch to
be verified.

i |[=] |c2 |[=] Jcer |Zodd  [Zeven
1 1 1 1 4 1 a
L0 NI LX), 1O 420 Sz & All the Iterations / Results tab data can be exported to other tools
Y for further analysis by using the right-click | Copy Result to
1.2000 1.0000 1.0000 1.0000 42000 521 . H HH
12000 10000 1.0000 10000 42000 48 5051 97 Cllpboard faC"'ty
1.2000 1.0000 1.0000 1.0000 42000 4944 639423 SBE2E9
1.2000 1.0000 1.0000 1.0000 42000 518702 661527 1037405
1.2000 1.0000 1.0000 1.0000 42000 S001951 646942 1003902 (3 o
1.2000 1.0000 1.0000 1.0000 42000 43,4407 B40436 588815 320248 Yes
1.2000 1.0000 1.0000 1.0000 42000 S03483 648259 1006367 324130 Yes
1.2000 1.0000 1.0000 1.0000 42000 501540 646588 1003079 323294 Yes
1.2000 1.0000 1.0000 1.0000 42000 516246 E59377 1032492 %89 Yes
1.2000 1.0000 1.0000 1.0000 42000 498020 643574 996041 321787 Yes
1.2000 1.0000 1.0000 1.0000 42000 515783 658972 1031566 329485 Yes
1.2000 1.0000 1.0000 1.0000 42000 S51.0286 654133 1020572 327069 Yes
1.2000 1.0000 1.0000 1.0000 42000 51.4521 E5.7825 1029042 328913 Yes
1.2000 1.0000 1.0000 1.0000 42000 493828 G40003 SB7ES5S 320002 Yes
1.2000 1.0000 1.0000 1.0000 42000 S01778 G46793 1003556  3233% Yes
1.2000 1.0000 1.0000 1.0000 42000 498983 644397 9TES  R22W Yes
1.2000 1.0000 1.0000 1.0000 42000 490652 637312 981304 318656 Yes
1.2000 1.0000 1.0000 1.0000 42000 435447 641380 S30854 320630 ez
1.2000 1.0000 1.0000 1.0000 42000 498359 6B43864 2 SA6TIE 321832 Yes
1.2000 1.0000 1.0000 1.0000 42000 497087 E427TT7 ®A73 213 Yes
1.2000 1.0000 1.0000 1.0000 42000 488824 6ISTE7 97.7R4B  31.7884 Yes
1.2000 1.0000 1.0000 1.0000 42000 514717 657936 1023433 328938 Yes
1.2000 1.0000 1.0000 1.0000 4,2000 506337 E5.0772 101.274 325386 Yes
1.2000 1.0000 1.0000 1.0000 42000 499497 644837 938395 2413 Yes
1.2000 1.0000 1.0000 1.0000 42000 S009%9 B46073 1001878 323036 Yes
1.2000 1.0000 1.0000 1.0000 42000 479034 B27558 958067 N.37T9 Yes
1.2000 1.0000 1.0000 1.0000 42000 492531 638903 985063 N5 Yes
1.2000 1.0000 1.0000 1.0000 42000 505518 6500013 10011037 325007 Yes
1.2000 1.0000 1.0000 1.0000 42000 SO079% 652153 1015933 328077 Yes
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Monte Carlo enhancements — new Constant Pitch option for differential structures

Please view this application note for further information and supported structure
list

https://www.polarinstruments.com/support/si/AP8209.html|
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Cuean Si9000e - 2025 Cumulative update

Enhancements to the Import Polar CITS Dataloqg File option

New for v25.02
Now supports the
latest CITS880s
v24.12 data log file
format

212, | ElEE| BE I ) ) e 0 B |

CLF

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. The Data Log of the
**See slides in v22.09.01 for further ,CITS software is stored
information on this feature in a CLF file

polar
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TRC Plus - Edit Materials option now improved

| -TRC Plus- - - - - - - - - - n
| File Tools Help
Sig000 0.100 _[Onms per division : 0.005

0.095 | The Edit Materials option allows for a
0.090 table of materials to be added to the
EE:E: Si8000m / Si9000e Trace Resistance
0.075 Calculator (TRC).
0.070 —

It is possible to predict the trace
resistance for a variety of conductive

+|__|, ﬂ E /| materials and varying temperatures

Material Properties

7

Matenal & C

~From Si8 Heference  Operating TS ;n;fﬁe .;:?;E[E

Calculated | Material Name Resistivity Conductivity Temperature Temperature of

Resistivity ( C c Hesistance

Conductivity

SN — From SiB000 / Si9000 ~ 1.7241E08 | 5.800E+07 20.0 0.00386

Reference T | Aluminium 2.650E-08 | 3.77V36E+0T 20,0 20,0 0.00429

P | Copper 1.680E-08 | 5.9524E+07 20.0 20.0 0.00386 2

Track Dimer KA
Copper (Hectro Deposited) 2.200E-08 | 4.5455E+0T 20.0 20,0 0.00386 [ <

Lower Trace

Upper Trac! | Gold 2.440E-08 | 4.0984E+07 20.0 20.0 0.00340
Inghka Lead 2.200E07 | 4.5455E+06 20.0 20.0 0.00390 ||

1| Nickel 6.990E-08 | 1.4306E+07 20.0 20.0 0.00587

| Silver 1.500E-08 | 6.2893E+07 20.0 20.0 0.00382

| LTin 1.090F-07 | 9417A3F+06 20.0 200 000450

Close
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The Project Structure List provides options
to choose which structures from the Project
are plotted. Individual structures can

toggled between selected / deselected by

= Project Graphing

double-clicking the grid row

Si9000e - 2025 Cumulative update

_\ / —Calarted ©

- O X
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~ Project § List

N
N

Cloze |

Structure | Mame
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=0 ] =0. —/ =0. | E— =l
atest ediuon o I € an an an plotted here The structures Made for Differential Structures only
are named and colour coded to [Difereria E
. : : . : P
See slides in section — Y allow for easy identification. XA Range
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v24.10.01 (October 2024)
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Multilingual Support - Thai lanqguage added S19000€ now supports English,

German, Japanese, Simplified

| I wiosiionrilumursinass PCB Polar SI9000 - [C\Program Files (x86)\Polar\Sio000\Untitled.5i9] [C:\Program Files (x86]\Polar\Sia000\Untitled.5IP] Chinese, Traditional Chinese and
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v24.03.13 (March 2024)
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20

Update Cannonball-Huray Method to Simonovich-Cannonball Method

ﬁ Surface Roughness Compensation - Huray

R atio of Areas

Effective Ball B adius [pm)
4 Area of Ball Count [2q pm)

Mumber of Ballz in Area

Enable Simonavich-Cannonball v

b atte-Side Roughness

Rz katte [pm] I 4.4430 <<|

Drum-Side Roughness

Rz D [pm) | 2.0480 il

Application Mote

Courteszy of Bert Simonavich, Lamzim Enterprizes Inc

1.0000 Apply |

I 0.2240

pd

Cancel |

| 18060

Smoother  Rougher

o

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

Application Note now links to two papers

Copyright © Polar Instruments 2025
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New Frequency of Interest option enhancements

E Polar 59000 PCE Transmission Line Field Solver - [C:\Users\richa\Desktop\Si800045i9000 v24_02_08 Loss Tangent Goal Seek - Multiple Frequency\ECOS 85 with SPP.5i9] [C:\Program Files (x86)\Polar\5i3000\Untitled.5IP] — m] x
File Edit Configuration Help
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Fred - [Dual o 03
Coated Microst... “: ~ Picked Data Point Information —
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]
S
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E E
Embedded E
MICIIES;ID 'IeE'IA 064 b aximize I Print Export
==
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_ ] Lossless Calculation ]_ Freq y Dependent C i l Sensitivity Analysis
All Stuctures Y
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New Freguency of Interest option enhancements

i I=rE) C it - 6l : L Frequency of Interest - dB In this example the Frequency of
When importing insertion loss Fresult Selach
R ET GBI (e e Ralar ezult Selection Interest values have been set to 4,
= fenuat 8,12, 16 and 20GHz. The

Atlas it is often useful to know the .
. measured attenuation (brown data
exact measured attenuation dB

Fesult Selection

Measured Atteruation

Attenuation with Roughness

Smooth Conductor Loss ; ;

i . - . y series on the plot below) is

Dielectric Loss values as specific frequencies. The 4.000GHz: -0.231 Set... |~ . P )

Crnoath AtterLtation : . 8.000GHz: -0.323 C examined and the dB loss values at
new Result Selection options have 12 000GHz: -0.414 ap

Conductar Lozs with Boughness
M eazured Attenuation
Meazured Effective Er

been introduced to achieve this. 16.000GHz -0.506 . those frequencies are displayed
20.000GHz 0532 here

Edge-Coupled Offset Stripline 1B1A

Differential

mm Smooth Conductor Loss B Dielectric Loss BB Smooth Attenuation T Conductor Loss with Roughness
1 Attenuation with Roughness E===3 Measured Attenuation : SPP

g - L .
% ‘0.3 : L = ——-___..““:. "
gl 0.4 :
T L — -
3 = ... .| Measured Attenuation
E 05+ e — (brown data series)
06-F /1
07 : ::=:::::::;;::_:::_ -
038 - | | | | | | | | | | | | | | | | |
0 5000 10000 15000 20000 25000

Frequency - MHz
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New Freguency of Interest option enhancements

Frequency of Interest - Er Frequency of Interest - Er
Fiesult Selection Result Selectian Using the same Frequency of
Measzured Effective Er j Similar to the new Measured ffecti Interest values of 4, 8, 12, 16 and

Abtenuation with Roughness Attenuation selection, it is now 20GHz, the imported measurement
Smooth Conductor Lozs

Dislectic Loss possible to select the Measured 4 000GHz 2810 Set.. data is examined and the effective
Smoath Attenutation Effective Er. 8.000GHz 3.727 B dielectric constant values at those
Conductor Loss with Roughness 12.000GHz: 3,726 frequencies are displayed here
Meazured Attenuation 16.000GHz: 3.713 a play
Meazured Effective Er 20.000GHz: 3.706
Edge-Coupled Offset Stripline 1B1A
www._polarinstruments.com
551
5.0-F
W4 5-C
- -
= o
R
L - I -
=] — \
35
= 3.0 \
- Measured Effective Er
25+
20+
=l | | | | | | | | | | | | | | | | | |
0 5000 10000 15000 20000 25000
Frequency - MHz
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New Loss Tangent Goal Seek — Multiple Freqguency option

= Building upon the positive
Polar 58000 PCEB Transmission Line Field Solver - [ChUsers\richa\Desktop) 5i900045i9000 v24_02_08 Loss Tangent Goal Seek - Multiple Frequency\ECOS 85 with SPP.5i8] [C:\Program Files (x26)\Polar\5i9000\ Untitled.SIP] o o
T feedback for the existing
File Edit Configuration Help L T t G I S k
= = —— 0SS langent Goal seek —
=] | | | | | &= & = =i
o= [ B | = (=22 paslpes B B e | B BS F5 [5|@55 T FEIZE 2 b =N E B o i
¥ =] —x - B == BE £|°5 L. | P8P8 2=\ #=| v == = Single Frequency facility, a
~ F Distributi M :
Length of Line L [ 1000 lrr‘ Logaithmic @ Linear ‘ PP d nev_v Multlple Frequency
Suifane M . Edge-Coupled Offset Stripline 1B1A Trace Conductivity S /m) TC I RBOE+0F —  Set. I Result P = Incl Optlon haS been
i o
“ 3081 Blcros i Loss Tangernt TanD I 0.0082 ’75' Length of Line = Fin i im ‘ Introd uced
Rize Time [pz] Tr I 10 —E ded Sub Data ~5-Para
Bt P & ConstantEr/TanD —— M3 M GnalSaakI Freque
Fi [l MH FM | I_ . 5
E TequENCY mu.num[ z] in 1000.000 £ Causall Extiapolate Er / TanD Edt.. ThlS a"OWS for up tO flVe
Suiface Microstip Frequency Marimum (GHz) FMax [~ 25000 Set " Muliple Er / TanD _ Ede. | L —
" Frequency Steps FSteps I 241 e P C - LOSS Tangent Va|UeS tO be
[ Auto Cale Calculate £~ Smooth \‘ Calculated |n a Slngle
© Hammerstad o o
* B 3* Edt.. | N\ process, with an option to
Coated Microstrip " Gradient [Beta) } GoalSaakI
e & Huray — Ed | export the calculated
E Graph | Odd Mode | EvenMode| SPICE RLGC| 4 Port 5-Parameters - Giaph | 4 Part 5-Parameters - Data | ived Mode S-Parameters - Graph | ived Mode 5-Parameters - Data | Ernsstalkl tdeasurement D ata | reSUItS to the EXtended
— ~Braph Satt Substrate Data Library
My Name 1 - Edge-Coupled Offset Stripline 1B1A Displep Saries i
[Coated Microst.. Differential IAII Losses
—m B Smooth Conductor Loss B Diglectric Loss EEESS Smooth Attenuation —— Conductor Loss with Roughness Differential
[ Attenuation with Roughness E==== Measured Attenuation : SPP - -
E | Differertial ~| 4000GHz 0231 Set..
— - . 2 -,
Dal Coated E I~ Manually Set v-duis 12.000GHz: -0.414 M
Microsip 18 g ¥ Min [4B) 7 Mo [48) 2% 0ges 055
e E [0 [ o000 _Reresh | ) o
E 2 E L oss Budget [dB)
e 593 [ 00008 _Retesh | .|
Fred - [Dual = E
Coated Miciost... = - - Picked Data Point Information —
a E
= E
= E
= |
£ -0.6F
Embedded < =
Microstrip 1B14 07 ; - M airige I Print Export
08F
E 0.9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Embedded
Microstip 1024, 5000 10000 15000 20000 25000
Frequency - MHz
= v Lossless Calculation ). Frequency Dependent C i | Senstivity Analysis
All Stuctures Y
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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

Si9000e - 2025 Cumulative update

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

—

26

E Loss Tangent Goal Seek] 2l Separate COIUmn.

Step 1 : Enter Total Attenuation from measuremel Dielectnic Constant values for each frequency

Frequency Hz [ 400E+05 << | [BO0E+05 << | [ 7206410 << [160E+10 << | [Z00E+TD «
Tokal Ateruation (521 / SOD21] B/l | ozt | 03230 | 04140 | -ns0E0 | 05380
Substrate 1 Dislectric Erl [ sm00 << [ 37zr0 <<|[ 37280 «<| [ 37130 <[ 37080 _«
Substrate 2 Dielectric Er2 | 28100 | 370 | 27260 [ 27 | 27060
Substrate 3 Dielechic Erd EG e EREED IERED | 370E0
Substrate 4 Dielechic Erd EGT e EREED IERED EECED
Coating Dielectric CEr EG e | 370 ERED | 2.7060
2nd Coating Dielectric CSEr | amimo e EREED ERED | 27060
Separation Fegion Dislectric REr EGEE e | 270 [ 37130 | 37060

Flease Mote; If you wish to Goal Seek legs than five frequencies, set the Frequency in the unused columns to O Hz.
requency £ attenuation values will be supported. For differential structures, the differential / odd mode results will be used.

Iculate Conductor and Dielectric Loss

Conductor Loss with Roughness B/l | o102 B | 02618 =R | 04030 Calculate
Dielectric Lozs [Attenuation - Conductor Loss) dB /LL | 01208 | 01358 | 01522 | 01726 | .0.1950

Step 3 : Calculate Loss Tangent
Less Tangent TanD | aom7 | 00035 | ono7z [ ooogt | 00055 [

(0055 Dielectic Loss: -0.1935

Step 4 : Export Hesults az an Extended Substrate Data table [optional)

Extended Substrate D ata T able Mame

E wpart

Lozz Tangent Goal Seek Rezults

« EN

" Er2
~

Dielectric Constant | Logz Tangent

TanD

Frequency
Hz

0.0171
8.00E+03
1.20E+10
1.60E+10
2.00E+10

Ty D

Please Mote: After vou Expart the results to an Extended Substrate Data Table it will be neceszany to select this table using the Multiple Er / TanD - Edit option

Setup Goal Seek Parameters
Min GED
0.0010 | 05000 [

Caree.
0.0020

Lozz Tangent Goal Seek Parameters |

Set from FOI

Set from EET

hen using the "Set from FOI' option the Total Attenuation data used will depend on Frequency of Interest Result Selection dropdown zetting on the main interface. The first

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

Copyright © Polar Instruments 2025
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New Loss Tangent Goal Seek — Multiple Freqguency option

T Extended Substrate Data
Edge-Coupled Offset Stripline 1B1A
g P Differential P | & Constant Er / TanD - GoalSesk
s Smooth Conductor Loss B Dielectric Loss EEESS Smooth Attenuation T——2 Conductor Loss with Roughness £ Causally Extrapolate Er / TanD & =
|E===0 Attenuation with Roughness E=== Measured Attenuation : SPP ™ Mubliple Er / TanD Edit... |— GUaISeekl ﬂ
0
01f
o 02
= E
= 03+
v =
s ™M The Attenuation with Roughness
S05E (cyan) and Measured Attenuation
206 (brown) do not correlate very well
07 L—— when using Constant Er / TanD
08F mode
0.3 : | | | | | | | | | | | | | | | | | | | | |
0 5000 10000 15000 20000 25000
Frequency - MHz
) Extended Substrate Data
Edge-Coupled Offset Stripline 1B1A
g P Differantial P (" Constant Er / TanD - GoalSeek
mmm Smooth Conductor Loss s Dielectric Loss s Smooth Attenuation ——= Conductor Loss with Roughness IM%ME”TE”D L -
| Attenuation with Roughness I Measured Attenuation : SPP {* Multiple Er / TanD Edt.. |— GoaISeek| ﬂ
0+
0 1_E T —
o f
503+ i
g.m s e Once the Loss Tangent Goal Seek is
2 complete it is possible to use the
@ 0.5
<k exported results to improve the
.6 q
- R correlation between the calculated
0T f Attenuation with Roughness (cyan)
F Lo L - R R Lo L and Measured Attenuation (brown).
0 5000 10000 15000 20000 25000
Frequency - MHz
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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.

polar
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New Frequency of Interest option added | i addiion to the insertion foss plots that
are generated with Si9000e, some
[EE Polar 5io000 PCB Transmission Line Field Solver - [Ci\Users\richa\Desktop' FrequencyOfinterest.5i9] [C:\Program Files (x86)\Polar\Si9000\Untitled.SIP] customers would like to know the insertion u] X
Fie Edit Configurstion Help loss results at specific nominated _
hitz
B e . ] [—| ==l == i nches
e[| 8| === 22| aos|pe| B eS| RS 5/ [5e»[®5 /2. | GE[EE frequencies.
A . } Frequen; .
E— il Lrhnoitie L [ oo < it - For instance, the Delta-L 4.0 test method _Optins..
Edge-Coupled Offset Stripline 1B1A Trace Conductiviy [5/m) TC I BBOE+0F —  Get. Result P .
e Copld o T . IW—_IGDa\Seek ol has frequency of interest values of 4GHz,
Difct SHi.. Fice Tine (] O ewende] 8GHZ, 12.89GHz and 16GHz. The
Freauency birimum (MH:) Fin [ 500000 ¢ it jnsertion loss results at these nominated
ey bl (] Ma [Toow—-_se | o wiel frequencies are now displayed alongside
Edge-Coupled Frequency Steps FSteps I—ZU -~
Oifset Stripli... Surface the A" LOSSGS p|0t
[ Auto Cale ! £ Smoot
— @ Ham
 Groisse :'— Edi... T
E " Gradient [Beta) _tl} GoalSaakI (\
e i — \E Kl

Graph | 0dd Mode | Even Mode| SPICE RLGC| 4 Port 5-Parameters - Giaph | 4 Part 5-Parameters - Data | ived Mode S-Parameters - Graph | tized Mode 5-Parameters - Data | Ernsstalkl easurement D ata |

E P— — Graph Setti Fi of | - dB/line —
Ed? 4 Edge-Coupled OﬁSEt Strlpllne 1 B1A Dizplay Series Result Selection
fogsil Sollﬁsf__ Differential IAII Losses ;I IAttenuatlon with Roughhess ;I
s Smooth Conductor Loss B Dielectric Loss BN Smooth Attenuation ——3 Conductor Loss with Roughness Differential
_— 1 Ait i ith Rough
I enuation with Roughness |Differantial ~| | [4000GH=: -0.720 Set..
E 0 8.000GHz: -1.235
£ o [~ Manually Set Y-tuis 12.890GHz -1.819 _Comv |
E?rgszt%otﬁﬁ::ad -0.2 —: k H-..\ ———] Y Win [dB] ¥ Maw [dB] 16.000GHz: -2.177
E r— [oo00 [ o000 _Refresh |
- . — .
@ 041 —— -_-;-"""‘--u - Loss Budget [dB)
E = C - \ h\'\.‘ ’ - . I 00000 Refresh I
m [ — e
o 0.6 " ] i
Edge-Coupled “: - \ -‘-\""-—._  Picked D ata Point Information —
Offset Stipli.. S -08 . SN e O
§ = *"\.\- """‘"--..._-_._.-_
g = "\.‘___-
< C
Edoe Coupled 1.2 Maxlm\sel Print Export
Qffzet Stripli... F
A4 -
16 _ M M M MR M T M M M
L 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Broadside Stripling
25 Frequency - MHz
| W Lossless Calculation ]_ Freq y Dependent C: i l Sensitivity Analysis
Differential Stuctures Y
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New Frequency of Interest option added

— Frequency of Interest - dB fline — E Frequency of Interest =
Result Selection
— Frequency of [nterest [GHz)
Alteruation with Roughness ﬂ Frequency 1 T Apply ta Current Structure |
R Edge-Coupled Offset Stripline 1B1A Froguency 2 — Apply to All Shructures |
) z -0
8.000GHz -1.235 Frequency 3 [ 12830 Cancel |
s 1o et [
. z -2
Frequency 5 0000
Frequency B I 0000
Frequency 7 I 0.onn
Select the Set... button to load Frequency 8 000
the Frequency of Interest dialog . . |—
requency 0,000
This dialog allows the user to Fracuznay 10 [ n.ooo
nominate 10 frequency values
per structure, so each structure

inside Si9000e can have 10 s N
unique frequency values.

» 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
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New Frequency of Interest option added

Frequency of Interest - dB /line

Fiesult Selection Use the Result Selection dropdown to choose which loss result is
AMtenuation with Roughness v | displayed. The options available are Attenuation with Roughness,
Smooth Conductor Loss, Dielectric Loss, Smooth Attenuation and

Conductor Loss with Roughness.

4.000GHz: -0.720 Set...
8.000GHz: -1.235 Cony l
12.890GHz: -1.819 Like the All Losses plots, the formatting of the dB results will match

16.000GHz: -2 177 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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New Export to Touchstone Format for Multiple Length of Lines

& 1-Port S-Parameters — O =
. . . - Graph Options
Edge-Coupled Offset Stripline 1814 - 511 Edge-Coupled Offset Stripline 1B1A - 512 Edge-Coupled Offset Stripline 1B1A - 513 Edge-Coupled Offset Stripline 1814 - 514 & Magnitude © Phase
20 www . polarinstruments.com www . polarinstruments.com www . polarinstruments.com www . polarinstruments.com  Smith
oL s a  F <IN 2 S b AN AT
‘;, 30 /-\ \ f\ / ‘;, 0.5 E\ ‘;; 230 /-\ \ /\ / ‘;’ 45 E
2T NI T VWY g ok \
£ 40 V V = 1.0F e z 2 S0 T4
2 L M 2 15k [E Export to Touchstene Format for Multiple Length of Lines g N— New Export to Touchstone Format for
T T [ B S —
5000 10000 Touchstone Files Destination Folder [requires read £ write permissions) Multiple Length of Lines
Frequency - MHz Fre Hz
— ||::\Uxers‘\richa\Desktnp\TouchStnne —] . - .
Edge-Coupled Offset Stripline 1814 - 521 Edge-Coupled OF : 1B814] o PrOV|deS a faCI|Ity to export multlple
www . polarinstruments.com www . polg ac-\ .Com o
LB |, 20 EqUsers Touchstone files based upon the
JRY: ;\ 5 30 N\ /| Sicns Length of Lines specified
E = \ E | S Deskiop
‘é’ -1.0 ; [, ‘é 404 = TouchStone . .
RS N R : L1 * Length of Lines may be keyed in or
£000 10000 . : — . pasted from third-party applications
Frequency - MHz Freq | Dbl-Click folder to update the Touchstone Files Destination Folder setting z
Edge-Coupled Offset Stripline 1814 - 531 Edge-Coupled OF T auchstone Farmat Length of Line : Milz 1814
www_polarinstruments. com www . pold  dB / Deg m Place each Length of Line .com
m C ] E 20000000 required az a separate ling in
Z -30 /-\ £ R /\ / : 45 E]A\ f " Mag/Deg monnnnon the list box
E L V V ER = f* Real / Imaginary 10000.0000
5 40 =) = Right-click an the Length af
= % = 55— ¥ [ Frequency Steps Line text box to Paste data -
5000 10000 Steps from third-party tools 10000
Frequency - MHz Freqg IW Hz
Edge-Coupled Offset Stripline 1814 - 541 Edge-Coupled OF 1B1A - 544
www . polarinstruments.com www . polg .Com
" - ~ 7 " E=port | Cancel ‘
E L
2453\/ \/ \/ Z_mf\/ 7 5,.0_5_-5\ T A W N\ /]
S 0 v EO V = 1.0 s 2 ol V V V
g 5t \{ o g g F g 40 | ¥
= S5 L1 = I L1 LR e o T 11 T L1
5000 10000 5000 10000 5000 10000 5000 10000
Frequency - MHz Frequency - MHz Frequency - MHz Frequency - MHz

Copyright © Polar Instruments 2025 polari nstruments.com



Si9000e - 2025 Cumulative update

36

v23.06.01 (June 2023)

Copyright © Polar Instruments 2025

polarinstruments.com



B Ouean Si9000e - 2025 Cumulative update

New Gradient Surface Roughness Compensation Method added

E Polar 58000 PCB Transmission Line Field Solver - [C\Program Files (x26)\Polar5i90004Untitled 5i%] [C\Program Files (x26)\Polar\5i90004Untitled.5I1P] — m] x

File Edit Configuration Help
— — — e —— Parameter Entry Units
=) & = v =00 -
*D|E3 ] | Dlaa&:; N [ R e s o = = == A El@ ﬂélﬁél.ﬁ ﬂl ::ll?' | = -l (9 Miors ¢ imestes
" F Distributi M Data

Ll Length of Line LL I 25400.00 ’7(" Lagarithmic * Linear ‘ ’7 Mo Data Imported Options.
E Edge-Coupled Offset Stripline 1B1A Trace Conductivity (3/m) T [560E+07 — _ Set. | ’rne,un P i

&=
%l—u’ﬁu

Edge-Coupled Loss Tangent TanD 00195 — GoalSeek| | @ Lengthof Line i Zin ©im
Embedded ... ramy 671 5
Rise T T ~Estended Sub Dat
ke Tine pc) L Extended Subsirate Dta The Gradient method
| Frequency Minimum [MHz) Fhdin I O (EEIBET (Bl & 1 il
E 500.000 = Causally Extrapolate Er # TanD Edi... has been added to the
Frequency Maximurn [GHz] Fhax Iw Set I = Multiple Er / TanD Edit..
Edge-Coupled Frequency Steps FSteps I—gg P P C = Surface Roughness
Offset Stripli... B U . -
I~ futo Cale Caloulale € Smodh Compensation options
S| " Hammerstad
= (Fif EI T
— & Gradient [Beta) } Gokr T
Edge-Coupled ——  Edt.. | i
Qffset Stripli... _I

Graph | 0dd Mode | Even Mode| SPICE RLGC| 4 Port 5-Parameters - Graph | 4 Port 5-Parameters - Data | tixed Mode S-Parameters - Graph | tized Mode 5-Parameters - Data | Dnsstalkl teasurement Data |

— — Graph Settings
E Edge-Coupled Offset Stripline 1B1A Displap Geries
Edge-Coupled Differential IA\I [ LI
Oftset Strpl... | Smooth Conductor Loss B Dielectric Loss EEEEEER Smooth Attenuation T—— Conductor Loss with Roughness E=——33 Attenuation with Roughness S—
- Ifrerential
0 : Differential -
Y —— ~— ' =
— '0'2_: - - [~ Manually Set v-Axis
ne-Couple: E - [ —— ] .
st Stipli . 04+ ——— ] ; P ] v Min (8] Y Max [dB)
2 gL . [—— . [ ——— A0000 [ 00000 Refresh
N c-lbo ———— " ————
= 5 0ok e — | T s et )
i = e ] : T —— ] [o0000 _Reesh | |
] < q0E ——— .
Eg?fgseetcgo;:ﬂ:?d S E _""""-—-..._____. ~ Picked D ata Point Information —
{ C .
A6F
Edge-Coupled = Maximisel Print I Expart I
Offset Stripli... -1.8
—_ 2.0
E 1 L1 [ I [ R [ I [ 1 L1 [ I [ [ I [ L1
E— 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
ige-Couple -
Dffzet Stripl Frequency - MHz
—_— v Lossless Calculation ] Frequency Dependent C i | Sensitivity Analysis
Differential Stuctures Y

Copyright © Polar Instruments 2025 polari nstruments.com



o 122

Si9000e - 2025 Cumulative update

38

New Gradient Surface Roughness Compensation Method added

—Surface Roughness Compensation
£~ Smaoth

= Hammerstad

= Groisse 3— Edi... |

* Gradient [Beta) EDaISeekl
" Huray ———  Edit.. |

i

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

In this example 1um roughness for all

Guidance for the Gradient Method iz available here:

surface Roughness Compensation

Application Maote

ﬁ Surface Roughness Cornpensation - Hammerstad / Groisse / Gradient

Surface 1 Roughness

Surface £ Roughness

Surface 3 Roughness

Surface 4 Roughness

R1

Rz

R3

R4

significant surfaces
>
RAMS : Microns

i <« |
Cancel |
I 1.0000 <<|

[ 10000 << |
[ 1000 << |

Copyright © Polar Instruments 2025
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New Gradient Surface Roughness Compensation Method added

Graph l Odd Mode l Even Model SPICE HLGE] 4 Port 5-Parameters - Graph l 4 Port 5-Parameters - Data l Mixed Mode 5-Parameters - Graph l tived Mode S-Parameters - Data l Erosstalkl Measurement D ata l

Edge-Coupled Offset Stripline 1B1A
Differential
| Smooth Conductor Loss @ Dielectric Loss M Smooth Attenuation C—— Conductor Loss with Roughness E=——3 Attenuation with Roughness
0E
= ——)
F e e —
02 F— s :
: . E
04-F \i : P —— ]
E . -__""""'——n-___
é 0.8 = ) A \___ - -___'-"l—-____..._______
! E e ' T————
5 _1_0_;_ . [ ——— . .
§ _1_2___ . = e
2 " t| The Conductor Loss with Roughness _ o — ]
£ 141 results (yellow) are shown on the All
16+ Losses plot
1.8+
2.0F
E [N N A (Y Y T A S Y Y Y N Y I N A I R (Y N NN A Y T Y A A N A AN N N I N N S
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency - MHz
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New Gradient Surface Roughness Compensation Method added

Graph Even Model SFICE HLEE] 4 Part 5-Parameters - Graph ] 4 Fort 5-Parameters - Data ] Mired Mode 5-Parameters - Graph l Mired Mode 5-Farameters - Data l Closstalk] Measuremnent D ata l

Frequency |F|"npel,danc:e :mpe_danc:e LTDBC!?”;B Inductance | Resistance | Capacitance | Conductanee | Skin Depth ggn:cﬂgtor EIB|BCUIC 'itrtnootht. Eggsd:?ttl'?[ f\ltitﬁnuahon gﬁ::el Alpha Alpha Beta

Hz Dﬁa fhadinary aonitude H/line Ohmsdline Filine Sdine m Loss 055 SnLANon Roughhess  JRoughress  [Welocity Mpdling dB/line rad/line

ms Ohms Ohms : dB/line dB/line & d
dB/line dB/line dB/line m's

A.O00E+08| 31B1E+01  -3G6E4E-01  31B1E+O1 5.955E-09 7.8839E-01 5.964E-12 3BR3E-04 2985E-06| -9873E-02  -4VIVE-02 14R3E-1) 11ZBE01) -1.595E-01 1.348E+08 1.841E-02  -1533E-01 5.821E-M
1.000E+09| 3138E+01 -22BBE-01 3.13BE+01 5.8E9E-09  1.253E+00 5.964E-12 7.307E-04 2090E-05|  -1.399E-01  -3.37EE-02  -233VE-M|  1.¥S2EM) -2F30E-01 1.35BE+08 3142E-020 -2V3A0E-01 1.1FRE+OO
1500E+09|  3126E+001  -1.675E-01 312BE+01 5.827E-09  1.6GOE+00 5.964E-12 1.096E-03 1.70BE-0E|  -1.715E-01  -1.403E-01  -3118E-01)  -2391E-01)  -3793E-01  1.363E+08 436BE-02  -3V94E-01 1.757E+O0
2000E+09]  3119E+01 -1.330E-01 3.1159E+01 H.799E-09  2.043E+00 5.964E-12 1.4B1E-03 1.478E-0E|  -1.982E-01  -1.8BPE-01  -3.849E-01) -25957E-01)  -4824E-01  1.3GBE+DA 5ER4E-02 -4824E-01 2337E+00
2500E+09|  3113E+01 -1.097E-01 3113E+01 RF79E-09  2410E+00 5.964E-12 1.827E-03 1.322E-06|  -2AVE-D1 -23FE-01 -4B4BEM) -350MET) 5E32E-01 1.3GBE+DS E.714E-02  -5832E-01  291BE+00
J000E+09| 3109E+01  -9.260E-02  3.109E+01 H.7E3E-09  2FEBE+00 5.964E12 2192E-03 1.207E-05| -2429E-01  -27V95E-01  -5ER4E-M| -40ZBET) -BBZSE-D1 1.3V0E+DE V.BREE-02  -BBE3E-01 3.495E+00
3500E+09| 3108E+01  -F93VE-02  3108E+01 5.7R0E-09  371712E+00 5.964E-12 2 B57E-03 1117E-08| -2624E-01  -3.259E-01  -B.883E-1) -4543E01) -FBO02E-01  1.372E+08 8.982E-02  -7.BO0ZE-01  4.072E+00
4.000E+03| 3102E+01  -B.8F1E-02  3102E+01 B.739E-09  3.452E+00 5.964E-12 2.923E-03 1.045E-08| -2806E-01  -3.723E-01 -B&29E-01) -5.047E-01) -BFFOE-O1  1.373E+08 1.010E-01  -B.¥FOE-01  4.B50E+00
4500E+08| 3100E+01  -R98BE-02  3100E+01 5. 730E-08  3.7BBE+00 5.9R4E-12 3.288E-03 9851E-0F| -2976E-01 -4187E-01 -FAB3E-M) BE43E1) -3FI0E-01 1.3V4E+DB 1120E-01  -3730E-01  B.227E+00
5.000E+03| 3.097E+01  -B241E-02 3.097E+01 H721E-08  4.114E+00 5.964E-12 3.B53E-03 9346E-0F|  -3138E-01  -4GROE-01 -FVEBE-N)  -B032E01) -1.0BBE+00  1.3VRE+DA 1.230E-01) -1.06BE+00  5.B03E+00
S500E+09| 3.095E+01 -4.597E-02  3.095E+01 H.714E-09 4.437E+00 5.964E-12 4.015E-03 8911E-07|  -329E-01 -5114E-01)  -B408E-1)  -BS1SET) -1163E+00  1.3VBE+DB 13396010 -1.163E+00  B.379E+00
G.O00E+09| 3.094E+01 -4.034E-02  3.094E+01 H.FO07E-D9  4.757E+00 5.964E-12 4.384E-03 8532E-0F|  -3438E-01 5&FFE-D1 -AMSE-M) -BS92ET) -1.257E+D0 1.3VVE+DE 1447E-01)  -1.257E+00  B.955E+00
GE00E+09| 3.092E+01  -3536E-02  3.092E+01 5. 702E-09  5.073E+00 5.964E12 4.750E-03 8197E-07|  -3579E-01 -B040E-01 -9G19E-M) -FAB4EADT) -1350E+D0 1.377E+DR 1565E-01)  -1.350E+00  7.531E+00
7O0DE+09| 309E+0M -3091E-02 3.091E+01 H.EIBE-09  5.3EFE+00 5.964E12 5.115E-03 7.B99E-07| -3 F14E-01 -BBO3E-01 10ZZE+00)  GFSFEAOT) LA AARELONL LA ITEE. 000 L ARETIE MWL 1 DR, RANCE N
7E00E+03| 3.089E+01 -2E91E-02  3.083E+01 H.631E-09  B.ESFE+O0 5.964E-12 5.480E-03 T.EHE-OF| -3845E-01  -B9EVE-01  -1.081E+00) -B.395E-U1 ':DFI}T Rezults to ':“F' board (for Excel)
8.000E+03| 3.08%E+01  -2327E-02  3.088E+01 H.BBEE-09  E.OOGE+00 5.964E-12 5.848E-03 T.389E-0F| -3.971E-01  -7.430E-01  -1.140E+00) -B.855E-U1
BE00E+09| 3.087E+01 -1.995E-02  3.087E+01 H.EB2E-09  E.310E+00 5.964E-12 B.211E-03 71GBE-07  -4.093E-01  -7893E-01  1199E+00)  -93ME-M | 1720E400)  1.380E+0% 1981E-01) -1.720E+00  9.831E+00
9.000E+05| 3.086E+01 -1.690E-02  3.08E+01 BEVBE-08  E.E13E+00 5.964E-12 B.57EE-03 ESGEE-07|  -4.212E-01  -B3BEE-01  -1.267E+00), -37E4E-01) -1.812E+00  1.380E+08 208BE-01)  -1.812E+00  1.041E+01
9500E+09| 3.085E+01  -1.409E-02  3.085E+01 HE74E-09  E.914E+00 5.964E-12 £.942E-03 E780E-0F| -4.328E-01  -BH19E-01 1.3 IOZ1E+00f -1.903E+00  1.381E+08 2191E-01)  -1.903E+00  1.098E+01
1.000E+10]  3.084E+01 -1.148E-02  3.084E+01 REVIE-D9  7.213E+00 5.964E-12 7.307E-03 EEO3E-0F)  -444E-01 -3.282E-01 4000 -10BEE+00f -1.954E+00  1.381E+08 229BE-01)  -1.994E+00  1.155E+01

Copyright © Polar Instruments 2025

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

polarinstruments.com
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New Gradient Surface Roughness Compensation Method added

E Project Graphing

~ Project 5§ List

Structure

2 E Gradient RMS 0.75um

Name

Gradiert RS 0.50um

Giradient RS 1.00um

Gradient RS 0.25um

Selected

Colour

#

Gradient RMS 0.25um

H1 200.00
Erl 4.2000
Hz2 200.00
Erz 4.2000
(1 14047
W2 11507
T1 35.00

] 50.00

LL 25400.00
C 5.80E+07

TanD 0.019%5
Tr 10

Fhdin 500.000
Fhiax  10.000
FSteps 20

Frequency Distribution : Linear

Structure Type : Offset Stipline 1814

‘ Close |
|

Result Presentation : Length of Ling|

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

As you would expect, an increase in

4 Giradient M3 1.25um es = Extended Substrate Data: Canstan the roughness RMS parameter Value
Dbl-Click. orid row to toggle Selected status. Select & | Unselect 4l | Sutsce Raughress Cempersation:| - rag|ts jn an increase in conductor loss
Select SE I Select Diff I
s
Graph /
- / — Graph Settings
Conductor Loss with Roughness Displap Series
www_polarinstruments_com Eonductor L
| Gradient RMS 0.25um e Gradient RMS 0.50um s Gradient RMS 0.75um oo Gradient RMS 1.00um e Gradient RMS 1.25um D Gradient RMS 1.50um i i
mmm Gradient RMS 1.75um E===1 Gradient RMS 2.00um Mode for Differenlial Stuctures arly
0 Differzntial ~|

© : '--...‘-

% C "’N\ i ~X-Axis Range ————
% -0.2 o = - .______-__-_- Frequency Minimum

1 - -—‘___‘

@ o : - r—— ] |OMHz 0GHz ~|
; 04 %_ _ S — S——— Frequency b aximum

5 % : ) -—-—.__.______.._.__________ [10000MHz 10GHz =]
o

£ 0.6 C -...-.‘.‘.-...-e""'----...._._“...--_"----...\_‘_..l . - — Picked Data Point Information —
3 [ - '\ .

& s _‘H\‘-___

é - K \"‘\

é C . \ M aximise I Print I Export
S .10

o — .

LS} -

_1 2 L ] ] ] | ] ] ] ] ] ] ] ] ] ] ] | ] ] ] |

5000 6000
Frequency - MHz

Copyright © Polar Instruments 2025

polarinstruments.com



o 122

Project Graphing Enhancements - now supports structures within
the Project with varying Length of Line

Si9000e - 2025 Cumulative update

= Praoject Graphing

- O >
 Project 5 List  Selected § Close |
Structure Type © Edge-Coupled Offset Stripline 1B14
Stucture | Mame Selected Calour 2 5in Diff H 70000
Er 4.2000
H2 £.0000
Ei2 4.2000
al 37800
w2 27800
il .0000
it Za w9 : ;
‘ The Project Graphing feature now
LL 2500.00 . B
2 75in Di Yes e SmEe supports different Length of Lines. The
anl
w0 four structures show loss increases as
10in Diff FMax  10.000 8 A
Fitens 20 the length of line increases
Frequency Distribution : Linear
Aesult Prezentation : Length of Line
-Cli i Extended Substrate Data: Corstant Er # TanD
Dbl-Click grid row to toggle Selected status. Select Al UngelgclA"I Suifacs Raughnass Compensation . Huray
Select SE | Seleot Diff | | |
EBraeh
= = / —Graph Settings
Attenuation with Roughness /Diwmseﬂes
-polarinstruments.com IAttanuat\on with Aoughness ;I
B 7 5in Diff SEEEE 5in Diff S 7 5in Dif T—— 10in Diff
E e e o n Made for Differential Stuctures only
01 — | Differential |
L —]
@ m e
c -2 -—-..____--“ - ¥-Axis Range
% 4 r ) -""--...__; _--""'--—...______‘_ Frequency Minimum
LT [ — o —— ] [ oMHz 0GHz =l
w E
E 6 n < -‘-'"""—'--..____' ——— ] Frequency Maximum
cg» 5 £ . \ ""---..__.___..________ | 10000MHz 10GHz |
o C e
= E ~ Picked Data Point Information —
§ 10
- : - -‘-.‘-*"‘
£ 12 —
2 [
E_M N Makimisel Frint I Export I
164
:||\||||\||||||\|||||\\||||||\||||||\||
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency - MHz
42 Copyright © Polar Instruments 2025
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Other enhancements

* FlexNet Publisher / FLEXIm v11.19.0.0 supported

43 Copyright © Polar Instruments 2025 polari nstruments.com
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Enhancements to the Import Polar CITS Datalog File option

A1 G . oS 5 P New for v22.09.01
o Now supports the
latest CITS880s data
log file format

CLF

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 The Data Log of the
where the modelled and measured CITS software is stored
data can be presented together. in a CLF file

polar
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Import CITS Dataloqg 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. |t
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.

polar
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Import CITS Dataloq File option — feature recap

ansmission Line Field Solver - [C\Program Files (x86)\Polar 5i90000\Untitled.5i9] [C\Users\richa\Desktop'Si90000\5i2000 CITS Import Sample Files 23 Aug 20220CITS Import.SIP]

on  Help
R — - ==
R = = e = == EIE S A = = e R
lljil Substrate 1 Height H1 [Enoon =+ TU'ET;;;; |MIE.EEED IMC";'EEFU“D Caloulate |
L1 60 chms (1) Substrate 1 Dielectic Bl [ 42000+ ooooo [ 42000 [— alculate
Lower Trace Width w1 | 59480 jil 0.0000 | 6.9420 l
Upper Trace Width w2 5.34gg::||i| nooon [ 5a4a0 | The ‘Import CITS file’
Trace Thickness T [ v4o00-=d+[ oo [ 14000 || toolbar option. On
Coating Above Subshiate o [ rooo-J:[ ooooo [ 1oooo | Selecting this option a
Caating Abows Trace t2 [ 1oooo-+[ ooooo [ 1oooo | dialog guides the user
Coating Dielechic Cer [ 4nooo0-++[ ooooo [ 4o0m0 | through the import
process
Impedance Zo | 59.70 | 59.70 l
Motes: [First & lines will print]
Add your comments here i
" Standard
* Extended

CLF

47 Copyright © Polar Instruments 2025 polarinstruments.com
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Import CITS Datalog File option — feature recap

& import CITS File

L1 60 chms (1)

Filename
Instrument Model

[Data Log Record Caount

—5Step 1 : Read CITS Log File

Cloze |

|E:\Users\richa\Desktop\SiSDDD\SiSDDD CITS Import Sample Files 25 Aug 202200175 Imp - .. |

Ig]’sggg Instrument Serial No |1 7R
|-| =) Per Board / Coupon |4 Board / Coupon Count |4g

Once the CITS CLF data log file

[ata Log Records

Project Structure

—Step 2 - Select Data Log Record

\. has been identified the software

reads key information —

| Deseription - L1, Layer - 1, Nominal - 50.00 | Instrument Model, Serial

L 60 ohms (1] N = Number, Data Log Record

[l Layer  [I Count, Tests per Board / Coupon
[E0.00 Tok 2% fippp Tok-% |1D.DD\ |

Graph | Analysis [Line]l Analyziz [Bar]l Measurament D ata | /

A Data Log Records dropdown list
built from the data log file, allowing

L1 60 ohms (1)

o polarinstruments_com

SO

r Graph Settings

The Project Structure dropdown

E=== Measu1 the user to select the appropriate test
B records they would like to view / plot

presents a list of structures currently
available within the Project. Together
with the Data Log Records dropdown it

o
(%]

allows the user to quickly match the

mpedance Optiohs :

He Mominal Impedance

He inimum / b aximum
Impedance Options ;

He Mominal Impedance

He Tolerances [plus / minusz)

pedance Results :

A
%

2 data log records against the correct 7 Fail
- structure [~ Shart
A /\\ T - LV rcremData Point Information —
\

Vv

Impedance - Chms
(s3] (s3]
—_ %]
T

V Y

[=3]
=

A}

It is possible to plot the modelled and

M azimize I

Frint Expart

measured impedance data in a number

of ways. The following slides provide

48 Copyright © Polar Instruments 2025

more details
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Import CITS Dataloq File option — feature recap

—Step 2 : Select Data Log Record

Each test record type found in the data

Diata Log Records |Descriptiun -LO1, Layer - 1, Mominal Impedance - 60,00 ;I log file is listed in the drop down. In this
Project 5tucture Description - LOT, Layer - 1, Maominal Impedance - 60.00 %‘ case there are four tests.
Dezcription - LO3, Layer - 3, Mominal Impedance - 60.00
Description Description - LOG, Layer - &, Maminal Impedance - 60.00
Description - LO3, Layer - 8, Maominal Impedance - 60.00 7 _
Maominal Impedance B0.00 Tal+ % |1 oon Tol X |1 0.00 & Polar $i9000 PCB Trar

File Edit Configurati

==

I

—5tep 2 : Select Data Log Record

Dl i Fl=aels IDescriptinn -L01, Layer - 1, Mominal Impedance - 60.00 |
Froject Stucture IL-I B0 ahms [1) ;I
Dezcription L3 60 ahms [2] L1 B0 ohms [1]
Maminal Impedance tg Eg 'Z'Eﬂ_lms ﬁ}
obynz

/_

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 7
Structure dropdown

L3 60 ohns (2]

LE 60 ahrz [3)

Four structures loaded into
the Project group

LS 60 ohms [4]

49 Copyright © Polar Instruments 2025 polari nstruments.com
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Import CITS Dataloqg File option — feature recap

The Graph tab provides a number of plot Graph Settings allow the selection
options. In this case the measured data is of modelled / measured data to
shown in Green, the modelled data in Red be plotted
Graph | Anlysis(1)] Anaysis (2] MBM; M
N L1 60 ohms (1) Each data point represents a Graph Settings
. separate board / coupon Maodelled Impedance Options
v polarinstruments.com measurement v Inchude Nominal Impedance
Em Veasured - Average S Modelled - Nominal [ Inchude Minimum / Masinum
- ; / Measured Impedance Options
yd [ Include Mominal Impedance

o
.

[=>]
()

I V [~ Inchude Tolerances [phis / minus)
A , . .
L / \ ’ y \ /\ A / \/ / \A Picked Data Point Information
V 3 A /\< 2 Result - Pass

w

E

IS

@]

262 v \ == Y Index - 22

c ndes -

s / \ \ / V / v Board Serial - 7

2 61 A N, Date - 06/02/13

4 w Time - 1311

E - V dverage - 63.08 Ohms

5D-1.13

(=x]
(=1

M awimum - 64.83 Qhms
Minirum - 60.84 Qhmg

] 10 15 20 25 30 35 40
Index /\

\ NN /o

Theyaxislisthe measuredimpedance The x-axis is the identifying Index of Itis pos_sible to .pick a m_eas_ured
the board / coupon read from the data point, key information is
for each board / coupon 3 .
data log file displayed here

50 Copyright © Polar Instruments 2025 polar
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Import CITS Dataloqg File option — feature recap

In this case the Graph contains:

Measured — Average (Green) : :
Nominal (Red) Graph Settings allow the selection
Upper Tolerance (Blue) of modelled / measured data to
Lower Tolerance (Yellow) be plotted
Graph‘ Analysis [1]] Analysis [2]] Measuremem\ ;
Graph 5Setti
\ L1 60 Dhms (1 ) tdodelled Impedance Options
wnwpolarinstruments.com I~ Include Mominal Impedance
| easured - Average NN [easured - Mominal EEEEEER easured - Tol + C——2 Measured - Tol - Upper tolerance [~ Include Minimum / Maximum
68 ; _‘\/' Measured Impedance Options
[ Iv Include Mominal Impedance
@ - Iv include Talerances [plus £ minusk
£ BT
5 g2 - V)——/\ s .Av/‘-u oW /o —‘/A'\r_.-k. Picked Data Point Information
b e L NN N Y
o 60—
m r /
E-SB = / Nominal
£ 56 : ominal
54_:_. * * * * .// - * - * - * * * * * * * * * L] * L] * L] * * L]
52 : // _I/\\
| | 1 | | 1 | | 1 | | | 1 | 1 | | | 1 | | | | | |
0 / 0 i 20 9% 39 | Lower tolerance A0
Index
Measured — Average (Green).

Whilst reading slightly higher than the
Nominal (60 ohms) all measured data
points are within the upper and lower

tolerance bands

51 Copyright © Polar Instruments 2025 polar
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Import CITS Dataloq File option — feature recap

Analysis options:
This bar chart shows the distribution of
measurement results over an impedance range e it e e AT

coupon measurements, 62 +/- 0.25

ohms is the most common result
S|S[Bal]| Meazurement Data
N \
N

/ // —
—Analyzis Settings
L1 60 Ohms (1) Include Impedance Results :
www_polarinstruments_com ¥ Pasz ¥ Fail
/ [~ Open [~ Shart

Graph | Analysis [Line) -‘5\

w

[a]

B |

M aximize Frirt Export

3]

F=.

(]

Number of Boards f Coupons
o

o
|

62 625
Impedance - Ohms \

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

52 Copyright © Polar Instruments 2025 polari nstruments.com
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Import CITS Dataloqg File option — feature recap

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)

Graphl Analysiz [Line]] Hinalyziz (Bar)

Fesult Board Serial Minirum | Station Description Marinal Instrument
1 13 12:43 k0.3 956 _TEST STATION 1_ 1

Pazzed 2 05/02413 5993 _TEST STATION 1_ 1 10 CITS880

Pazzed 3 17 08402413 1281 E3.01 034 E4.43 E1.68 _TEST STATION 1_ L 1 j=i1] 10 10 CITS880 17581
Pazzed 4 33 05/02413 1282 E3.22 1.07 Ed.62 E1.29 _TEST STATION 1_ Lo 1 =] 1o 10 CITS880 17581
Pazzed 5 g 05/02/13 1259 E3.93 0.95 E5.32 E22 _TEST STATIOM 1_ Lo 1 j=t1] 10 10 CITSB80 17531
Pazzed g 100 08/02413 1300 E1.17 n.as EZ E3 R9.E3 _TEST STATION 1_ Lo 1 0 10 10 CITS880 17581
Pazzed 7 32 05/02413 130 E2.38 0.8s8 E3.58 BO.72 _TEST STATIOM 1_ Lo 1 0 10 10 CITS880 17581
Pazzed a 21 08402413 13M EZ.37 naz E3.88 E0.98 _TEST STATION 1_ L 1 j=i1] 10 10 CITS880 17581
Pazzed 9 4 08/02/13 1302 E3.35 0.65 E4.41 E1.75 _TEST STATION 1_ Lo 1 =] 1o 10 CITS880 17581
Pazzed 10 33 05/02413 1303 E1.51 073 EZ.95 BO.05 _TEST STATIOM 1_ Lo 1 j=t1] 10 10 CITSB80 17531
Pazzed 11 18 08/02413 1303 B0.22 0.2 E1.48 R9.09 _TEST STATION 1_ Lo 1 0 10 10 CITS880 17581
Pazzed 12 3 08/02/13 1304 E0.54 0.75 E21 5919 _TEST STATION 1_ Lo 1 0 10 10 CITS880 17581
Pazzed 13 15 08/02413 1305 E1.4E 073 EZ.83 BO12 _TEST STATIOM 1_ L 1 j=i1] 10 10 CITS880 17581
Pazzed 14 2 08402413 1309 E0.09 0.E7 E1.24 5857 _TEST STATION 1_ Lo 1 =] 1o 10 CITS880 17581
Pazzed 15 23 05/02413 1308 E1.01 073 B2 4 R9.69 _TEST STATIOM 1_ Lo 1 j=t1] 10 10 CITSB80 17531
Pazzed 16 A 0802413 1307 E1.05 0.E3 E214 R9.45 _TEST STATION 1_ Lo 1 0 10 10 CITS880 17581
Pazzed 17 6 08/02/13 1307 E1.54 0.4 E2.98 E017 _TEST STATION 1_ Lo 1 0 10 10 CITS880 17581
Pazzed 18 78 08402413 1308 EZ. 43 na: E3.44 B0.32 _TEST STATIOM 1_ L 1 j=i1] 10 10 CITS880 17581
Pazzed 19 11 05/02413 1309 E1.79 0.83 E3.08 BO.37 _TEST STATION 1_ Lo 1 =] 1o 10 CITS880 17581
Pazzed 20 31 05/02413 1309 B0.25 0.65 E1.37 B8.85 _TEST STATIOM 1_ Lo 1 j=t1] 10 10 CITSB80 17531
Pazzed Kl 120 08402413 1310 E2.01 0.69 E3.24 BO.ES _TEST STATIOM 1_ Lo 1 0 10 10 CITS880 17581
Pazzed 22 70802413 1311 E3.08 113 E4.89 EO.84 _TEST STATIOM 1_ Lo 1 0 10 10 CITS880 17581
Paszed ] 19 NRAN2A30 131 F1R3 ns? F2 A1 FN19 TFST STATINN 1 1m 1 RN n 1N CITSR8N 17781

Copyright © Polar Instruments 2025 polari nstruments.com
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New Manually Set Y-Axis option for the All Losses plot

=

&
=

File Edit Configuration Help

2o ] o B e

E Polar 5i%000 PCB Transmission Line Field Selver - [C:\Users\richa\Desktop5i9000\Atlas_model_for_rich.5i3] [C:\Program Files (x88)\Polar\5i3000\Untitled.5IP]

%H’?ﬁ ﬁml =

&8 |

Surface Microstip
1B

i

Surface Microstip
2B

Coated Microstrip
1B

ES

Length of Line

Trace Conductivity [5/m]
Loss Tangent

Riize Time [ps]

Frequency Minimum [MHz)
Frequency Maximum [GHz]
Frequency Steps

[~ Auto Calc

L [ 00000
TC [580E+07 — _ Set.. |
TarD [ 00195 — GoalSeek |

Frequency Distribut]

i Logarithmic

Result Presentation
’7(3' Length of Line

Tr I 10
Fiin  [1000.000
FMax [ 40000

FSteps =]

Calculate I

Set I

~ Extended Substrate;
" Constant Er ¢ TanD
& Causally Extrapolats
i Multiple Er / TanD

~ Surface Roughness;
™ Smooth
 Hammerstad

" Groisse

& Huray

Graph | Odd Mode | Even Modal SPICE HLGC' 4 Part 5-Parameters - Graph | 4 Port S-Parameters - Data | Mixed Mode S-Parameters - Graph | Mixed Mode S-Parameters - Data | Cr

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.

% Edge-Coupled Offset Stripline 1B2A
My Mame 1 - Differential -
[Coated Microst... s Smooth Conductor Loss ES Dielectric Loss EEESSE Smooth Attenuation —— Conductor Loss with Roughness E=——33 Attenuation with Roughness
== Measured Attenuation - VNA Deltal -4 _|
oo b R — w B .
ﬁual ant1eg 04 F ¥ Min [dB) ' Max [dE]
iorestip s [0 [ 00000 _Refresh |
S F
E 061 Loss Budget [dB)
é -0.8 f I 0.0000 Refresh I . I
Fred - [Dual ' F \ ~Pi i ion —
Conted Mierost.. = ok T Picked Data Point Information
5 F —-"“'\-\...“ ——
= i — —
= E
Embedded -14 191 °v0 0 Fmm.l M’M taximise | Print I E=port I
Microstrip 1814 A6 : B _
= s / ARAANA |
C_1 L1 1 L1 1 TR R | L1 I I L1 1 \ 1 1 1 |h\f'\' 1
Embedded 0 5000 10000 15000 20000 25000 30000 35000 40000
Microstrip 1824 Frequency - MHz
“ v Lossless Calculation ]_ q vy Dep C: 1 Sensttivity Analysis

All Structures

|

Copyright © Polar Instruments 2025
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New Manually Set Y-Axis option for the All Losses plot

GlaDhl Odd Mode] Even Model SPICE HLGEI 4Po|t5—PalametErs'Glaph1 4Po|t5'Parameters—Data] Mixed Mode SrParameters—Graph] Mixed Mode SrParameters—Data] Closstalk] MeasurememtData} I_ i
Edge-Coupled Offset Stripline 1B2A Y bin [dB] ' M ax [dB]
Differential
s Smooth Conductor Loss B Dielectric Loss WSS Smooth Attenuation C—— Conductor Loss with Roughness [E==—3 Attenuation with Roughness | '1 HEDD | DDDDD HEffESh
= Measured Attenuation @ VNA Deltal-4
oL
st -
2 r ‘Manually Set Y-Axis’ unchecked,
N the Y-axis will auto-scale.
: ° Notice the plot will scale the Y-axis
€L .
2T to include all the measurement
C data including the measurement
204 | error artefacts
C Lo Lo 1 1 L 1 L1 I N B | L1 , 1 Lo 1
5000 10000 15000 20000 25000 30000 35000 40000
Frequency - MHz
Graph | Ddd Mode | Even Mode| SPICE RLGE| 4 Pont5-Parameters - Grapk | 4 Pt S-Parameters - Diata | Mised Mode 5-Parameters - Giaph | Mied Mods 5 Patameters - Dats | Crosctak | Measurement Data v v i
Edge-Coupled Offset Stripline 1B2A ¥ Mim [dB] ¥ Max [dB]
Differential
e Sooth Conductor Loss BB Dielectric Loss B Smooth Attenuation T Conductor Loss with Roughness === Attenuation with Roughness | -1 EEDD | |:||:||:||:||:| Hefresh
0 = Measured Attenuation : VNA Deltal 4
,g_g_f—
044
205t ‘Manually Set Y-Axis’ is checked,
S -08 the Y Min is set to -1.95 dB
S 10+
Saof Notice the plot will fix the Y-axis
< ,F min / max to the values specified,
16k the measurement error artefacts
il F - |wi|l be ignored.
F 1 I 1 1 1 I 1 1 I 1
5000 10000 15000 20000 25000 35000
Frequency - MHz I
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Enhancements to the Import Touchstone Format option E|

& Import Touchstone Format Touchstone files contain S-Parameter data exported
from VNA instruments and modelling software,
including the Polar Si9000e.

Read Touchstone File

Edge-Coupled Coated Microstrip 2B Filename
IE:\Users\richa\Desktop\EEEM2B Anch.zdp I Import

The Si9000e allows a Touchstone file to be imported
F# Overlay Calculated S-Parameter Data (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
4 Port S-Parameters - Graph | 4 Port S-Parametsrs - Data of frequencies.

/
S21
www. polarinstruments_com

1 " Phase
= Sith

B Touchstone S Calculated
E — Data Sene:
0, Cos5n C512 ©513 O 514
qF 57 (522 (523 O 5
= 83 53 533 O o5
-2 541 (542 543 O SM4
1] iy
© a3 Maximisel Prirk I Eupart I
[ab] E
24
= e
&5
= E
B
7
ag
] 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Frequency - MHz
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Enhancements to the Import Touchstone Format option E

S21

www.polarinstruments.com

s Eicns B Calcutzted In this example a Touchstone 4-port file

N (.S4P) has been imported into the
it Si9000e. Magnitude, Phase and Smith
a2 E Chart are shown for S21
Tl
és-f
= F
6
s
M

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency - MHz

S21 S21

www.polarinstruments.com www.polarinstruments_com
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New Differential Via Calculation capability

E Polar 5i9000 PCB Transmission Line Field Solver - [C:\Program Files (x86)\Polar\5i%000\Untitled.5i8] [C:\Program Files (x86)\Polar\5i%000\ Untitled.SIP] —

[m] ped

File Edit Configuration Help

P
="| o

e [P . P.aran_ﬁelerEntry Units
b GBS EIE 2 b o P B @ B .. Tl

—_— Edge-Coupled Coated Microstrip 1B
Edge-Coupled
Surface Microst...

Edge-Coupled
Surface Microst...

Edge-Coupled
Coated Microst...

Motes: [First 5 lines will print)

Intel. Style |

Substrate 1 Height
Substrate 1 Dielectic
Lower Traoe Width
Upper Trace Width
Trace Separation

Trace Thickness
Coating Above Substrate
Coating Above Trace
Coating Between Traces

Coating Dielectric

Tolerance  Minimum — Masimum

000 | 85000 | 85000 Caloulats
UI 42000 Calculate

H1 | B.5000>
Bl [ 420002+
Wl [ 5000 =+ 0.0

w2 40000

51 22810

i 1zm = The new Via Checks toolbar option.

c1 1.0000 =+

£2 1.0000 = . . . . . .

o o This Differential Via Calculation is now

e [saw-)| partofanew tabbed Via Checks
dialog accessible from the toolbar. It

— e C Sty | DTt npedonce zam [me> | also contains the Via Stub Check and
* Extended . . - s
Eoe Couped o Via Pad / Anti Pad Coaxial Calculation
Coated Miciost... ~G. -
. G-8 Conveegonce that were previously present on the
—Em i Fine [Slower) .
" Coarse (Faster] main |nterface
Edge-Coupled ~ Tolerance Mode |
Dual Coate.. " Absalute
. " Percentage (%]
~ Parameter Snap |
Edge-Coupled [~ AutoCale
Dual Coate..
ual Coate. srap
Edge-Coupled
Embedded Mi
Edge-Coupled
Embedded Mi.
ﬁ L Lossless Calculation 1 Frequency Dependent Calculation l Sensitivity Analysis

Differential Structures

A
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New Differential Via Calculation

[E via Checks e
Wia Stub Check | Via Pad / Anti-Pad Calculation  Differential Via Caloulation |
Anti-Pad Style O |
Differential Via Calculation ’7(' Horizontal Oval &nti-Pad ¢ Round / Oblong Anti-Pad
Drill Diameter (t] DD [ 150000 — J
ia Pitch [5) P [ 35.0000 J
Anti-Pad Width [b) AP |50 8000 J
AntiPad Height (') APH [ 50,6000 }
Dielectic Constant [Dkz] Dkz Im — J
Dielectric Anizotopy [%) IW
Ddd Mode Impedance [£via Zodd I 42 44
Pleaze refer to the parameters in parentheses when reading  Application Mote Differential Impedance Zdif Im
Courkesy of Bert Simonovich, Lamsim Enterprizes [nc Effective Dielectic Constant DkEFf Im Enter via structure parameters by

: either keying the dimension values or
/1 there iz, zay, only a 4 or B layer st . .
spaced like modem designs it wil be ] USE Sliders to gauge the impact of
varying each parameter

Mote: The model works for a gsimple differential pair structure with fo pads and zeveral planes throughout
there will not be sufficient excess capacitance from the planes o the accuracy will zuffer. When pla

Calculation results are presented here
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New Differential Via Calculation

"Anti-Pad Style "Anti-Pad Style

v Horizontal Oval Anti-Pad ™ Round / Oblong Anti-Pad " Horizontal Dwval Anti-Pad i Round / Oblong Anti-Pad

Differential Via Calculation Differential Via Calculation

Two different selectable
Anti-Pad Styles available

61 Copyright © Polar Instruments 2025 polarinstruments.com
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New Differential Via Calculation

[E via Checks =

%ia Stub Check | tia Pad / Anti-Pad Calculation  Differential “ia Calculation |

Differential Via Calculation

]‘_b-

T

<
-

Please refer to the parameters in parentheses when reading | Application Maote
Courtesy of Bert Simonovich, Lamsim Enterprizes Inc

Mate: The model works for a zsimple differential p? re with no pads and se
there will not be sufficient excess capacitan planes zo the accuracy w

</

The Application Note link provides further
details of how the model works

Copyright © Polar Instruments 2025

AP8204.pdf 100% + & 9

A Practical Alternative to 3D Via Modeling

You are a backplane designer and have been assigned to engineer a new high-speed, multi-gigabit serial link
architecture from several line cards to multiple fabric switch cards across a backplane. These links must
operate at 6GB/s day one and be 10GB/s (IEEE 802.3KR) ready for product evolution. The schedule is tight,
and you need to come up with a backplane architecture to allow the rest of the program to progress on
schedule.

HLD Plan

You come up with a concept you think will work, but the backplane is thick with over 30 layers. There are
some long traces over 30 inches and some short traces of less than 2 inches between card slots. There is
strong pressure to reuse the same connector you used in your last design, but your gut tells you its design
may not be good enough for this higher speed application.

Finally, you are worried about the size and design of the differential via footprint used for the backplane
connectors because you know they can be devastating to the quality of the received signal. You want to
maximize the routing channel through the connector field, which requires you to shrink the anti-pad
dimensions, so the tracks will be covered by the reference planes, but you can’t easily quantify the
consequences on the via of doing so.

You have done all vou can think of. based on experience. to make the vias as transpoarent as possible without

polarinstruments.com
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New Surface Roughness Compensation Preset Values option

- Polar 5i9000 PCB Transmission Line Field Solver - [C:\Program Files (x86)\Polar\5i9000% Untitle

File Edit Configuration Help

| Parameters

>"<:\‘ Iz Structures ﬁ ﬁ E
Lossfudasts
Surface Roughness Compensation Preset Values

- atcl

suflac= e iartup Mode i Surface Roughness Compensation Preset Values Configuration e

Si Excel Interface
i Track Resistance Calculator (TRC) — Surface Roughhess Compenzation Preset Values

Graph Style

Surface Mic Description RS [prm) Rz [pm] Add Entry |
2B Solver Accuracy

Smooth Copper Laminate Side

- Save Current Parameter Settings as Defaults Srmoath EDI:II:IE[ Oxide Side ey Delete Er'ltf_lrl | Cancel
License Options H | .

o i Rough Copper Lal.'nmatfa Side . Edit Entry |
1B Language Settings Hnugh EDDDE[ Ozide Side .

|Add your comments here

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

i Surface Roeughness Cornpensation - Hammerstad / Groisse >

RAMS : Microns
. Surface 1 Roughness A1
Surface Roughness Compensation I 2'25':":'@ Apply |

Smooth Copper Laminate Side
Cancel |

Surface £ Roughness Rz

Smoath Copper Oxide Side

- Select Surface Roughness Compensation Preset Values x

— Surface Aoughness Compengation Prezet Walues

Dezcrption kS [pm) Rz [pm]

Smoath Copper Laminate Side 2 2500 c |
Smooth Copper Oxide Side 4|ance

Fough Copper Laminate Side
Fough Copper Oxide Side

7

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

ﬁ Surface Roughness Compensation - Huray

T T e e

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.

I

Courtezy of Bert Simonovich, Lamsim Enterprizes [hc Application Mote

Fatio of Areaz

ﬁ Select Surface Roughness Compensation Preset Values *

— Surface Roughness Compensation Preset Yalues

Effective Ball Badiuz [

Area of Ball Count [z

Mumber of Ballz in Are

Enable Cannonball-Hu

Drescription

5 n Copper Laminate Side
S h Copper Oxide Side
Fough Copper Laminate Side
Rough Copper Oxide Side

""" Cancel |

k atte-Side Roughne

Rz b atte [pm]

Smooth Copper Laminate Side

Drum-Side Roughness

Smooth Copper Oxide Side

Rz Drum [pm) | 160008 << |I

Calculate |
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Track Resistance Calculator (TRC Plus) enhancements

E Polar 5i9000 PCB Transmission Line Field Solver - [C:\Program Files (x86)\Polar\5i%000\Untitled.5i8] [C:\Program Files (x86)\Polar\5i%000\ Untitled.SIP] — O x
File Edit Configuration Help
Parameter Entry Units
5 E% H &= & & =P & i © Inch
P = e a|la s N L o = + Mils nches
K ||:Z =] :)éﬁEEE ﬁEEE @E % ufala] LT EE ﬁ%%'g E E?I asls  Microns 7 Milimetres
~ Tolerance  Minimum — Masimum
= Substrate 1 Height H1 [ 25000 <+ [ 00000 [ 25000 [ 25000 Caleulate
S face Miorosti Coated Microstrip 1B Substrats 1 Dislectic En [ azo00-+| woooo [ 42000 [ 42000 Caleulate |
uiface Micostip .
1B Lower Trace 'Width w1 [ 3avsz [ ooooo [ 3avsz [ sevee
Upper Trace Width w2 [ zamez [ ooo00 [ 2avsz [ 29752 Caloulate
] Tiace Thiskness T [ a7 = [ w0000 [ 57000 [ 67000 Cauise The optional TRC Plus calculator
Surface Mizostip Coaling &bave Substrate [ [ 10000 =+ [ 0.0o00 [ 10000 [ 1.0000 includes a number of
= Coating Above Trace cz 7.0000 = [ 00000 [ 10000 [ 10000 i A
oo | toowz] oo 10000 enhancements including new
Coating Dielectic CEr [ 42000+ ooooo [ 42000 [ 42000 graphing capabili ty
Coated Microstrip Impedance Zo [ s0.00 | S0.00 | 50.00 [{CHHEE
1B —— — g o g 5
Hates: (Fist 5 lies wil pin) T _More. | Selecting this toolbar option will
Add pour comments here
€ Stondars pass the current structure
¢ Estended . . o
My Name 1 - dimensions to the TRC Plus in
[Coated Microst... ~G.5 Convergence
order to calculate the track
S i Fine [Slower) )
" Coarse (Faster] reSIStanCG
Dual Coated ~ Tolerance Mode |
Microztip 1B i Absolute
- — " Percentage [%)
E ~ Parameter Snap |
Fred - [Dual [~ AutoCale
Coated Microst...
Shap I
Embedded
ticrostrip 1814
Embedded
icrostip TB28
E L Lossless Calculation 1 Frequency Dependent Calculation l Sensitivity Analysis
Single-Ended Stiuctures Y
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Track Resistance Calculator (TRC Plus) enhancements
TRC Plus n

File Tools Help

Sig000 250 Ohms per division - 0.25
225+
2.00+
1.75 -
=] 1.50
L
2
£ 1254
SingleEnded @
Coated Microstrip 1B
Material & Calculated Impedance Units 1.00 4
'~ From Si8000 / Si9000 - v @Mis O Inches
Calculated |mpedar|ce (Zo} ljl O Microns O Millimetres 0.75 4
Resistivity (Ohm Metres) Track Resiciance O 050 This new TRC Plus graphing
Single Trace feature shows the track
Track Dimensions TCR | 00036 | 22323 025 resistance (y-axis) plotted
fSrolm the Si Quick [ 20 DualTrace against the line length (x-axis)
olver
[ = 0.00 . | . | | ! | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Track Dimenm Voltage Drop (Single Trace) KA
1 T e - = Line Length (Mils) o
Upper Trace Width w2 9
* v ot . Ak
Trace Thickness T1 ] Tracking _
AdjustY Scale EE
Lengt ofLins n —
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Track Resistance Calculator (TRC Plus) enhancements

TRC Plus

File Tools Help

519000

[Ohms per division - 1

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.

53.00
52.00
=]
18]
=
o
o
. Z  51.00
SingleEnded z
Coated Microstrip 1B o
Material & Calculated Impedance Units
'~ From Si8000 / Si9000 - v @Mis O Inches
Calculated |mpedar|ce (Zo} ljl O Microns O Millimetres
50.00
Resistivity (Ohm Metres) 1.724E-08 Om Track Resistance 0
Conductivity (Siemens [/ m) 5.80E+07 Sfm Single Trace
Temp. Coefficient (/ 'C) TCR | {}.{}(}386| | 22323
Operating Temp. ('C) Ijl 49.00
-1000
Track Dimensions Voltage Drop (Single Trace)
Lower Trace Width W1 39752
Curentmps) [ 1| [ SpowGridLines
Upper Trace Width w2 29752
VD (Volts) 2232285 .
Trace Thickness T1 0.7000 L] Tracking
Lengt ofLins n —

Copyright © Polar Instruments 2025

I
0

f
1000
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3000

2000
TDR View
On
AdjustY Scale |« ]
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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.

polar
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Project Graphing

[ polar sio000 PCE Transmission Line| A project with five structures, all with ‘\richa\Desktop) 59000158000 V21_09 Project Graphing Surface Roughness GoalSeek\Loss Tangent 0.010 - 0.020.51P]
File Edit Configuration Help matching parameters and Zo of 50 ohms.
The only difference between the ——
=] = s
o - e q = | [ - w
X ||:Z =] |Q ~” structures is the loss tangent (TanD), g|§| | L. | e E| %a%% E' ¢g| §|‘
ranging from 0.001 to 0.030 Tolerance  Minimurm M asimum
ht HT [T 43098 =+ o000 [ 43098 [ 43098 Caloulats |
Substrate 1 Dielectic Erl | 42000 —:lt 0.0000 | A4.2000 | 4.2000 calculatel
Lower Trace width w1 [ 70000 -+[ 00000 [ 70000 [ 7.0000
Upper Trace Width W2 [ TE0000 = *[ 00000 [ 60000 [ 60000 Caloulste |
Trace Thickness ™ [ 120004+ ooooo [ 12000 [ 12000 Calculsts |
T anD=0.015 Caating Above Substrate &1 [1.0000 =+ [ 00000 [ 10000 [ 1.0000
Caating Abave Trace €2 [".o000 =+ o000 [ 1.0000 [ 1.0000
E Coating Dielectric CEr [ 42000 ={#[ ooooo [ 42000 [ 42000
TanD=0.020 Impedance Zo [ soo1 [T ooo[ ooo Ealculatel
Maotes: [First 5 lines will print) Interface Stgle Mare... I
Add your comments here
E ’7(" Standard
& Fotanded
TanD=0.025 Add Structure to Project
Delete Structure from Project vergence
e et 5'?:’8? | The Projects right-click menu contains a new
2 [Fasler . . -
e Graphing option. When selected the Si9000e runs
TanD=0.030 el ce Mode | [ 3 full frequency dependent calculation for each
_ e structure in the project and stores the results.
Duplicate Selected Structure ?V
Clear Project 'I The following new dialog then displays ...
Graphing ... alc
Demo Mode: Load Sample Structures into Project 3p |
T
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= Project Graphing

.

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

Si9000e - 2025 Cumulative update

o

- O X

~ Project § List ~Selected 5 Info
ol
\\// Structure Type : Coated Microstip 1B LI
Structure | Mame Selected Colour TanD=OO‘|O H1 43098
EN 42000
Wl 7.0000
- w2 B0000
{EESAAIE T 12000 Summary parameter
C1 1.0000 . .
G 1o information for the selected
ferb=0018 Zo 5007 Project Structure List grid
LL 100000 row is shown here.
2 TanD=0.020 Yes TC BEIE+07
TanD  0.0100
T 10
3 TanD=0025 Yes Foe 10800
FSteps 20
1 TarD=0.030 Yes ok Praanation. Lengih of Line
DBlClick grid raw to toggle Selected status. Select All | Unselect &l | g:t::::g‘gﬂigﬂﬁ:::t; [E)zlt':ser?soar:isotzr?t El;;;:jgad
Select SE | Select Diff |
— ~Graph Setti
Attenuation with Roughness The calculated results for each e
www.polarinstruments.com Structure Of the PrOjeCt are I.&ttenuation with Roughness ;I
B TanD=0010 s TanD=0015 S TanD=0020 C—— TanD=0025 E=—o TanD=0030 o
0+ 1 plotted here The structures Made for Differential Structures only
PPSSIN.... _~ are named and colour coded to [Difernta =
27t : —_— | " allow for easy identification. - X-Axis Range
%—0.4 : ’ —%-—-—'—_"— / /I Frequency Minimum
uIJ C \ __-_"‘-l-_.____ y IDMHZ 0GHz LI
:ZE—U.G E -_:‘.-""\--. —— ] __-_-_"""‘——-——- Frequency M awinium
S8 i — e —— [10000MHz 10GH: =]
€ : o T——
£ 40k --'"‘"--..___ I — ~ Picked Data Point Information —
5,1 Is this example the Project contains five |L——" —
2 structures with loss tangent (TanD), /
£ ranging from 0.001 to 0.030. e Masimiss | Pint_| _Espor |
-1.6-
Notice the impact of the changing loss N T T A TS S M RN N IR RS N R
i i P00 5000 6000 7000 8000 9000 10000
tangent on the Attenuatlor! with Frequency - MHz
Roughness (total attenuation)
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= Project Graphing

- O s
~ Project § List ~Selected 5 Info Close |
Structure Type : Offset Stripline 1B14
# Structure | Mame Selected Calour H1 £.2992
Erl 4.2000
— Hz2 6.2932
0 Er2 4.2000
- Ll 41339
= W2 20709
EEEEE T1 1.3780
E Roughness 1.0um Yes Zo R0.02
- LL 1000.00
— TC 5.80E+07
E Roughness 1.5um ez TanD 0.0195
Tr 10
- FMin 500.000
[—] Ftdax 50.000
E Foughness 2 0um ez FSteps 100
Frequency Distribution : Linear
Result Prezentation : Length of Line
4 E Roughness 2.5um es Extended Substrate Data: Constant Er/ TanD
Dbl-Click grid row ta toggle Selected status. Select Al | Unse|ectA"| Surface Roughness Compensation : Huray
Select SE | Select Diff |
Graph
- —Graph Settings———————————————
Conductor Loss with Roughness Display Sefings
www.polarinstruments.com
| Roughness 0.5um B Roughness 1.0um B Roughness 1.5um [——2 Roughness 2.0um [E===9 Roughness 2.5um O — |
. ode rar Lhirrerential raciures only
0 Differential =]
o e
& E ey —X-Axis Range —————
t., 04 E Frequency Minimum
2 .06-F [oMHz 0GHz ~|
j ~ .
E”—U.S : Frequency b asinurn
3 C |S0000MHz B0GHz =l
® 10
§ E R SN e — Picked Data Point Information —
=124 —— B
w A o o - e, R
S.141 Is this example the Project contains five | SN == - T —
£ 444 structures with copper surface roughness / ~— B R T
3 . e
2 ;54 ranging from 0.5 ym to 2.5 ym. —— Mamise | Print | Expon |
O e .
_2'0_ . .
Notice the impact of the surface R T T T Y R L L
0 rOUghneSS on the Conductor with 0 25000 30000 35000 40000 45000 50000
Frequency - MHz
Roughness
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& Project Graphing - O X
~ Project § List ~Selected 5 Info Close |
Structure Type . Edge-Coupled Offset Stripline 1814 | &~
Structure | Mame Selected H1 20000
En 35000
(— H2 8.5000
Er2 35000
E Wi 3.0000
=S W2 2.5000
EEEEE 51 23780
E 35/3/2.7551 T1 0.6000
Zdiff 100.01
| LL 1000.00
2 E 4/35/31783 ez TC 5.80E+07
TanD  0.0020
— Tr 10
[l Fhin 100.000
3 E 4.5/4/3 6647 es FMax 20,000
FSteps 200
E Frequency Distribution : Linear
4 5/4.5/4.2267 Yes Result Presentation : Length of Line
Dbl-Click grid rovs to toggle S elected status. Select Al | Unselect All | E:t:gded Substrate Data Eau.sally Estrapolate Er /
Orne or more Stuctures has greater than 175 data points. Mouse over for more infio. Select SE | Select Diff | Surface Roughness Compensation : Huray v
Graph
- - —Graph Settings———————————————
Attenuation with Roughness Display Sefings
www._polarinstruments.com Adteration with
. /7 52 378 EEEEEE 3532 7551 MEEEE 43 5/31783 [ 4 5/4/3.6647 I A/4 5/4 2267 D 5 5/A/4 9095 BN 6/5 5/5.7615 [ 6.5/6/6.8491 ] )
m— 7/6.5/3.3718 === 7.5/7/10.7646 Mode for Differential Structures only
ol Differential =]
2 —¥-Axis Bange ———————————————
E -0.2+ Frequency Minimum
N [oMHz 0GHz ~|
§_0_4 . : i Frequency M axinum
g0t M"-M i T | 20000MHz 20GH: =
S 06- : : ; T T PSSt ._ e T N
© 10 differential structures using the same \M% P oo Ty - Picked Data Point Information
£ ) h . X \ ......... Mm
: s dielectric substrate materials but with O B e Lo s Lo e
c -0.8- . . ) ) R crrv
= differing trace widths / separations to I o s ol
E"‘-U‘ achieve Zdiff = 100 ohms. MMM“ M aximise | Print Export |
<L % \
<1291 Notice that whilst all structures are 100 7 Y — — — — |
d ohms, the structures with narrower trace / 10000 12000 14000 16000 18000 20000
widths are significantly more lossy than Frequency - MHz
those with wider trace widths.
76 Copyright © Polar Tnstruments 2025
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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

polar
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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 detalls. It is now possible to auto-create a
Project containing structures based upon the Sensitivity Analysis results

data.

The following slides provide further detalls:

polar
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Populate a Project from Sensitivity Analysis Results

File Edit Configuration Help

E Polar 5i8000 PCB Transmission Line Field Selver - [C:\Program Files (x86)\PolariSi9000 Untitled.5i9] [C:\Program Files (x88)\Polar\Sig000\Untitled.SIP]

- ] pet

Surface Microstip
1B

i

Surlace Micrastip

)
@

Coated Microstip

Coated Microstrip 1B

Ch i

Target Impedance

Parameter Hi vll“one -I ml
Range Stait Value lm Im
Fange Finizh Walue lw
Increment lw IW
 Constant Imped vz Ch ing P lt
Parameter Wi vl M

50.0000

™ Process Window: Minimum # Masimum E7.5000 I &2 5000

— — — = e [— o F'aran_ﬁeterEntry Unitz
o] § | =[] aloed /B el | EEEEE B v *2) £ | S HEBE B .2 oI\ P ) O <
A i 1 d 5 P terlsl

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

Coated Microstrip 1B - 50 Ohms

Dual Coated 15

1B
Giaph | Hesultsl
tdy Nam_a 1-
[Coated Microst.. 22

The plot shows Substrate Height (H1)
X-axis and the Trace Width (W1) Y-
axis. Each data point represents the

www.polarinstruments.com

— Graph Settings
&2 i
Dizplay Series

I Constant Impedance -

Target Impedance

[ w0000 _Refesh |

Microstrip 16 :_ 5
L | H1/W1 parameter values to achieve T
C X H1 [Milz) : 5.000
E 1at 50 ohms 4/ W . 8.436
Fred - [Dual F T /
Coated Microst... = 12L et
E V I aximize I Frirt I Erport
E i : / ~
Embedded 3 [
Microstiip 1814 C /
E 6 : //
‘1 i } } } I
Embedded
Microstip 1624 4 E H1 - Mils 0 " 2
H v Lossless Calculation Frequency Dependent Calculation L Sensitivity Analysis 1 Via Checks

Al Structures

Copyright © Polar Instruments 2025

polarinstruments.com




o 122

Si9000e - 2025 Cumulative update

Populate a Project from Sensitivity Analysis Results

ﬁ Polar Si%000 PCB Transmissien Line Field Solver - [C:\Program Files (x88)\Polar\Si%000\ Untitled.5i8] [C:\Program Files (x86)\Polar\5i8000\Untitled.SIP]

File Edit Configuration Help

e | M wlwlﬁlﬁl =

- ] ped

H1=10.0000
W1=18.03.
Lossless Calculation l Frequency Dependent Calculation J_ Sensitivity Analysis l “ia Checks
Project Y
80 Copyright © Polar Instruments 2025

=l @Iﬁl @)%t I I ) 2 e PP B 2 B . |

vs Ch

Parameter

Coated Microstrip 1B

Range Start Walue

Banoe Einick Waly

v”NunE vl Calculate I

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

3.0000 | 4.0000
12.0000
1.DDDD| 1.0000
ng P
w1l hd
[ 5020000 The right-click menu now has a new Create
m [ 675000 [ a2 500 Project Structures option. On selection the

H1 |Er [ [we [T s lc2 | CEr |Zo

| Calc Success

2.0000 4.2000 47036 37096 1.2000 1.0000 1.0000 420000 B0.0095
4.0000 4.2000 £.5638 55638 1.2000 1.0000 1.00001 42000 49.9343
5.0000 4.2000 84360 7.4360 1.2000 1.0000 1.0000 42000 435313
E.0000 42000 10,33 93381 1.2000 1.0000 1.0000 420000 49.59309
7.0000 42000 122822 11.2522 1.2000 1.0000 1.00001 42000 49.9953
£.0000 42000 141663 1371663 1.2000 1.0000 1.0000 42000 4355973
4.0000 42000 160523 150923 1.2000 1.0000 1.0000 420000 B0.005E
10.0000 42000 180303 17.0303 1.2000 1.0000 1.00001 42000 49.9967
11.0000 42000 139567  18.9567 1.2000 1.0000 49.9867
12.0000 42000 218823 208323 . . . 3 50,0058

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

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Ve

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

Create Project Structures

polarinstruments.com
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Populate a Project from Sensitivity Analysis Results

= Polar 55000 PCB Transmission Line Field Solver - [C:\Program Files (x86)\Pol The structure name is Untitled.5IP] - o X
File Edit Configuration Help auto-assigned from the
R a Parameter Entry Units
| 2 sensitivity analysis az @ & |5 B = Ghis C en
P - P V-N-N F-NV-N 8= =¥ L m Nt il hches
S ||3 =] = =] ﬁ E E ty y % poi|  Lalll. E E E E Fe=Il A g ass " Microns  © Milimetres
/
A / A parameterS/ reSUIt Tolerance  Minimum  Masimurn
E LILIﬁI SUDSHate 1 Hemn il I 5.0000 lj: +| 00000 [ 50000 | 50000 Calouate
= H1=5.0000 W1=8.4360 Zo=4 Substrate 1 Dielectiic Ert 42000 -+ 00000 [ 42000 [ 42000 Caloulate
H1=3,0000 2005 =| oo [T42000 _Cobuate |
W1=4.70. L Lower Trace width Wi I 84360 45| 00000 [ G4360 | 94360
f ....... Upper Trace Width w2 7.4360 = * [ 0.0000 [ 7.4360 [ 7.4360 Calculats |
Tiace Thickness m [ 12000 <+ 0.0000 [ 12000 [ 1.2000 Caleulate
H1-4.0000 Coating Above Substrate €1 [ 10000+ o.o000 [ 1.0000 [ 1.0000
W1=6.56. Coating ébove Trace €2 [ 10000 +[ o000 [ 10000 [ 1.0000
Coating Dielectric CEr [ 42000+ oo000 [ #2000 [ 42000
Impedance Zo m 4999 Calculate

Motes: [First 5 | il print M
ates: [First 5 lines will print] . . Style ore..
Add pour comments here
" Standard
N .

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

I~ Auto Calc

Snap

Lossless Calculation 1 Freguency Dependent Calculation l Sensitivity Analysis 1 Via Checks

[Pruiact

|

81 Copyright © Polar Instruments 2025 polari nstruments.com
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= Project Graphing

- O X
~ Project § List ~Selected 5 Info
Cloze
Structure Type : Coated Microstrip 18 4'
Structure  ( Name Selected H1=3.0000 W1=4.7096 Zo=50.01 H1 20000
Erl 4.2000
ol 4.7094
w2 370594
T1 1.2000
Ci 1.0000
cz 1.0000
H1=4.0000%/1=6.5638 Z0=49.93 CEr 4.2000
Za 50,01
LL 1000.00
2 H1=5.0000 W1 =8.4350 70=49.99 Yes TC 5.90E+07
TanD 00195
Tr 10
Fhdin R00.000
3 H1=6.0000 w1 =10, 3381 Zo=43.33 Yes FMax  10.000
FSteps 20
Frequency Distribution : Linear
4 H1=7.0000"%/1=12.2522 £0=50.00 Yes Result Presentation : Length of Line
-Cli 8 | | Extended Substrate Data: Constant Er / TanD
it o Ul el ] e Select Al Unselect Al Surface Roughness Compengzation : Hammerstad
Select SE | SelectDiffl
Graph
- - —Graph Settings———————————————
Attenuation with Roughness Display Sefings
www.polarinstruments.com o =
mm H1=3.0000 W1=4_7096 Zo=50.01 mmmmmm H1=4.0000 W1=65636 Z0=49.99 mmmmmm H1=5_0000 W1=8.4360 Z0=49.99 ——1 H1=6.0000 W1=10.3381 Z0=49.99 o
=== H1=7.0000 W1=12.2622 70=50.00 E====2 H1=.0000 W1=14.1663 Zo=50.00 === H1=9.0000 W1=16.0923 Zo=50.01 ==—=3 H1=10.0000 W1=18.0303 Zo=50.00 zats oy BT EeRH) SEEs ey
| — H1=11_00|00 W1=19.9567 Z0=49.99 === H1=12.0000 W1=21 6823 Zo=50.01 Differential =
0
© E | ~X-Axis Bange ——————
% ook \ Frequency Minimum
o — .
E=] = OMHz OGHz -
o 0.4 \ P— ; | | -l
o L Frequency b asinurn
@ -
£ o6t | 10000MHz 10GHz =l
30
2 Once the structures have been - Picked Data Paint Infarmation —
-0.8+ . e
£ automatically created from sensitivity :
§-104 analysis they can also be examined ——] R —— :
m . . .
g using the Project Graphing. — ] e - .
g -1.24 g ) p g % H‘-‘-—--..______\"“'- M aximise | Prirt Export |
49 Notice that whilst all structures are 50 - A T T .
Oth, the structures with narrower trace / 5000 6000 7000 5000 9000 10000
widths are significantly more lossy than Frequency - MHz
those with wider trace widths.

Copyright © Polar Instruments Z0Z5 polari nstruments.com
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Populate a Project from Sensitivity Analysis Results

ﬁ Polar 5i%000 PCB Transmission Line Field Solver - [C:\Program Files (xB8)\Polar\ 519000\ Untitled.5i9] [C:\Program Files (x86)\Polar\5i9000\ Untitled.5IP]

File Edit Cenfiguration Help

- = EEEE =k
N H —s|aalas ==gN
= (g e = EE = ==
L

ﬁ Substrate 1 Height H1 5.0000 =
Substrate 1 Dielechic Er 42000 =

H1=2.0000 : =
Wt 70 Lower Trace width W1 8.4360 j ]
Upper Trace 'width W2 74380 =

Trace Thickness m 1.2000 =

H—1 o0 Coating Above Substrate [} 1.0000
W1=6.55.. Coating Above Trace [ 1.0000 :II 1
Coating Dielechic CEr 4.2000 =

Impedance Zo 49.99 E

Motes: [First 5 lines will print)
1 f Style —
Add pour comments here —
tandarn g o
& Extended i S I P

~G.5 Convergence

* Fine [Slower] | S |
" Coarse [Faster]

~ Tolerance Mode -

e Save the newly created project

Parameter Snap to the Si Project file format

T fulo Cale (.SIP) so that it can be recalled
Cemer] at a later date.

Lossless Calculation 1 Freguency Dependent Calculation

Project

83 Copyright © Polar Instruments 2025 polarinstruments.com
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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

polar
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Surface Roughness Goal Seek option

(==

&
]

File Edit Configuration Help

[ Polar 5i9000 PCB Transmission Line Field Solver - [Ch\UsershrichaDesktop! 5i90004 519000 V21_09 Project Graphing Surface Roughness GoalSeek\Surface Roughness GoalS|

== oo s] oo el el eosl e 5] ESIES| S 0| 4 |

Surface Microstip
1B

i

Surlace Micrastip

)
@

Coated Microstip

e

ES

-~

Length of Line

Edge-Coupled Offset Stripline 1B2A Trace Conductivity (S/m]
Lozz Tangent

Rize Time (pg]

Frequency Minimum [MHz]
Frequency M arimum [GHz]

Frequency Steps
[~ Auto Calc

L [ om0
T [580E+07 —  set. |
TarD [T 00195 — GoalSesk |
L T
FMin [ 000000
Fhdau %} Set.. |
FSteps IW

Calculate

Graph | Odd Mode | Even Model SPICE HLGC' 4 Part 5-Parameters - Graph | 4 Port S-Parameters - Data | Mived Mode 5-Parameters - Graph I Mixed Mode 5-Parameters - Data I Cmsstalkl Measurement Data I

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

" Constant Er ¢/ TanD Frequency Steps
oyl > -
& Source and Load Impedance [Ohms]
—Surf Rough C 8 Source Load
~ Smocth 5000 [ 5000
" Hammerstad = Mumbering Mode
. |— Edit...
" Groisse —I & Modemn  Classic
& Huray Edi... I i

T — Graph Settings
Edge-Coupled Offset Stripline 1B2A Display Series
My Name 1 - Differential IA” Losses j
[Coated Microst.. Ems Smooth Conductor Loss B Dielectric Loss S Smooth Attenuation C—— Conductor Loss with Roughness [——30 Aftenuation with Roughness
- |E==m Measured Attenuation - VMA Deltal-4 Dileiat]
E F | Differential ~|
0 L Logs Budget [dB]
Dual Coated L | 0.0000 Refresh | |
Microstip 18 L
=== © 05 L ~ Picked Data Point Information —
E % r Frequency [MHz] : 26000.000
% C tdeazuied Attenuation [dB] : -1.240
Fred - [Dual 1.0
Coated Microst... 5 r
= C I awimize I Print I Erpart
g L
= |
b L
Embedded L
Microstiip 1814 L
-2.0
— L Y
Lo L1 1 1 L1 I 1 I A TR N L1 1 L1 1
[Embedded 5000 10000 15000 20000 25000 30000 35000 40000
Microstip 1624 Frequency - MHz
H v Lossless Calculation L 1 Sensitivity Analysis 1 Via Checks

Al Structures

Copyright © Polar Instruments 2025
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Surface Roughness Goal Seek option

[EE surface Roughness Goal Seek

Step 1 : Enter Total Attenuation from measurement

Freq[Hz] de /LL
| 2B0E+10 | -1.2400

Tatal Attenuation (521 / SDD21]

Step 2 : Calculate Dielectric and Conductor Loss

[Tatal Attenuation - Dielectric Loss]

Step 3 : Calculate Surface Roughness

dB /LL
Dielectric Loss 05920 Calculate
Conductar Lozs with Roughness -0.5470

Cannonball-Huray Bz [pm] |

Surface Roughness: 22723 Conductor Lozs with Boughness: -0.6451

Setup Goal Seek Parameters
Min Max ¢ T1/2

Cor.

Cannonball-Hurap Rz [pm) | o000 | 17483 |

0.0030

?

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 pym is
required

polar
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Surface Roughness Goal Seek option

E Polar 5i8000 PCB Transmission Line Field Selver - [C:\Users\richa\Desktop' S5i900045i9000 V21_08 Project Graphing Surface Roughness GoalSeek!\Surface Roughness GoalSeek.5i8] [C:\Program Files (x36)\Polar 530004 Untitled.5IP] - m} x |

File Edit Configuration Help

]XZEZ D|DQ|Q=§| Eﬁﬁ|ﬁ|ﬁ|ﬁ| eaﬁ|eem|ﬁ|ﬁ| E|E| Qlﬁlﬁl ﬁl gﬂl §|§ ﬂi Now that the surface roughness value has been
-

=
= adjusted by the Goal Seek option notice the

A Frequenc: . .
L ol i [ omw ~ | improved alignment between modelled and
Edge-Coupled Offset Stripline 1B2A Trace Conductivity (5/m) TC Im_ Get... I Result Pre measurement data

Surface Microstip
1B

Lozs Tangent TanD I 0095 — GoalSeekI & Length of
Rize Time (pg] Tr I 10 ~ Extended §
== Feauency M ) M [To00000 , eren] Cyan = Modelled Attenuation with Roughness
Suface Microstip Frequency Marimum [GHz) FMax I A40.000 }LI  Multiple E (I nse rtlon |OSS)
Frequency Steps FSteps I EEL ~ Surface Rol

e | Brown = Insertion Loss measurement data from
et Polar Atlas

& Huray

[~ Auto Calc

)
@

Coated Microstip

Graph | 0dd Mode | Ewven Model SPICE HLGC' 4 Part 5-Parameters - Graph | 4 Port S-Parameters - Data | Mived Mode 5-Parameters - Graph I Miked Mode 5-P.

1E
T Ll T
|
Edge-Coupled Offset Stripline 1B2A
My Mame 1 - Differential
[Coated Microst.. e Smooth Conductor Loss B Dielectric Loss EEEEEE Smooth Attenuation C——2 Conductor Loss with Roughness [E===4 Attenuation with Roughness

|E===0 Measured Attenuation : VNA DeltalL-4

B

0] s |

Drual Coated
Microstip 18

'
o=
23]

D ata Point Information —

/ Mammlsal Print I Erport

I

Fred - [Dual
Coated Microst...

|

/
“\Y/“"\;f‘"’*""’"“"“ :

|
Embedded 5000 10000 15000 20000 25000 30000 35000 40000
Microstip 1624 Frequency - MHz

Attenuation - dB/line
P
T T 71T

Embedded
Microstiip 1814

2.0

|

il

Lossless Calculation L F C. i 1 Sensitivity Analysis 1 Via Checks

Al Structures Y

87 Copyright © Polar Instruments 2025 polari nstruments.com



I. g Si9000e - 2025 Cumulative update

Track Resistance Calculator (TRC Plus)

ﬁ Polar Si%000 PCB Transmission Line Field Solver - [C:\Program Files (x88)\Polar\Si%000\ Untitled.5i%] [C:\Program Files (x88)\Polar\5i90004 Untitled.SIP] — m} *

File Edit Configuration Help

0] | | o] ol ) e | B 5 | %5 .| 1) L 2 e 0 2 O
= Lerith of Line LL [1o00.00 F‘ I:'ogarilh‘mi[; ! r(-‘ Linear W.r;ooatalmpmlt:;ata Optiors.. | ‘
Surfsce Microstip = : Ll i _ || I Include on Al Losses pla
18 =27 TR Plus B
E The new TRC Plus calculator includes a number of — [™* . 1ok e
enhancements including: i |

Surface Microstrip
2B

ace R

*Support for longer Length of Line (LL) values
*Support for Temperature Coefficient of Resistance

Coated Micrastip
1B

Graph | Single Ended| GPI

E Surface Microstrip 1B
My Mame 1 - www_polarinstruments.com
[Coated Miciazt... | Smooth Conductor Loss —EEE Dielectric Loss B Smooth Attenuation C—— Conductor Loss with Roughness
0-F
F e
-01 —_ﬁ
Dual Casted g S‘-—_‘_
ual Loate C - - . -
Microstiip 1B 02 E \ —-w._______- - - Material Units
. 2 -0.3 ; -""\ \h-_h_‘”—--.__, . i |7From Si9000 - "| @ Mils O Inches
B-04t ‘-_\ [ _"""'--...._____ Resistivity (Ohm Metres) (:724E,08 O O Microns O Millimetres
F—radr[Dual i iy E _ e [™  Conductivity (Siemens / m) 5.80E+07 S/m
Costed Micrast STF T—] T
oated Microst... 8 o6t — \ Temp. Coefficient (/°C) TCR Track Resistance 0
[
g g 07 E 1\“\ Reference Temp. ('C) | 20| | 0.0870|
<k ———
i = operaingTer (0 I
Embedded -0.8 E Voltage Drop
iciostrip 1814 E X c A
-0.94 Track Dimensions urrent (Amps)
% 10E Lower Trace Width w1 VD (Volts) 0087000
Ev 0 [ Lo L1 [ Lo L1 Upper Trace Width w2
Ermbedded 1000 2000 3000 4000 5000 6000 7000
Microstrip 1824 Frequency - MHz Trace Thickness T1
m v Lossless Calculation ]_ Freq y Dependent C i
All Structures

Copyright © Polar Instruments 2025 polarinstruments.com
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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,

2 Materal Units Operating Temperature will determine a material’s resistivity at that
~ From Si9000 - v ® Mils O Inches temperature, which in turn will be applied in calculating the track resistance.
Resistivity (Ohm Metres) ', 1.724E-08 Om O Microns O Milimetres 5 Ui
Conductivity (Siemens / m) 580E+07S/m ’

Switch to your preferred units by clicking the associated option button —

Temp. Coefficient(/ 'C) TCR | 0.00336| | ' Treck Resistance 5 imperial units include Mils (Thou) and Inches; for metric units choose
Reference Temp. ('C) 20 05221 Microns (Micrometres) or Millimetres.
Operating Temp. ('C) 20
Voltage Drop 6 4. Track or trace dimensions
4 Track Dimensions Current (Amps) ! Enter or change track dimensions in the Track Dimensions in the chosen
Lower Trace Width w1 | 70000, VD (Vols) 0522100 units.
Upper Trace Width w2 6.0000 .
Trace Thickness T 1.2000 > ReSIS-tance result . : :
Calculation of the track resistance. The result should update immediately
Length of Line w 6000.0000 —= 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

89 Copyright © Polar Instruments 2025 polarinstruments.com
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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

polar
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Monte Carlo Analysis maximum iteration increased to 9000

IE Monte Carlo Analysis - m] X
Mominal Tol[Abg]  Minimum  Masimum Mean Std Dew 5 etti - T o Cloge
- - Substrate 1 Height H1 asonn 2 ooomn [ &so00 [ #5000 asoon |7 o000 Uniformn Distribution o Momal Distribution |
Coated Microstrip 1B X [Tol/MinMaz) [Mean/Std Dev)
© F Substrate 1 Dielectric Ert 42000*| 00000 | 42000 | 42000 4.2000 | 0.0000
l we Lower Trace Width w1 1496292 0.0000 | 14.9629 | 14.9623 7.0000 0.0000 Mom -+ Mean
1 l - | ’ Upper Trace Width w2 139629%| 0.0000 | 13.9629 | 139623 6.0000 0.0000 m
£ T f | Trace Thickness m 12000 [ 00000 [ 12000 [ 12000 [ 1.2000 [ 0.0000 _—
Coating fbove Substiate 8 1.0000%| 00000 | 10000 | 10000 | 10000 | 00000 . .
Coating Above Trace c2 1ooo0%] ooooo [ toooo [ 70000 1.0000 | 0.0000 It IS nOW pOSS|b|e to run a. Monte
Caating Dielectric CEr 4.2000%]  0.0000 4.2000 4.2000 4.2000 0.0000 C 1
arlo Analysis for 9,000
]
| . Z . .
mpedance o [#53 4599 [ 49.99 calculations on any selected
structure
Graph | Iterations / Results
- - - ~Results 5 Y
Coated Microstrip 1B - Monte Carlo Analysis Impedance - Zo
www_polarinstruments.com Mominal [ 4999
550 E Minimumn [worst case] B2 R0
E M aximum [worst case] 24 69
500 E Monte Carlo Analysis
460 f Mean [ s
F Standard Deviation I 393
400+
m 350 -
= C
£ 300£
o 2505
5 C
= C
Eomf
z =
150-F
100
50-F
0+
-60-=
55.5 . 825
Impedance - Ohms b aximize Print Export I
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Import from Atlas enhanced to support measurement data to 50GHz

E Polar 5i8000 PCB Transmission Line Field Selver - [C:\Users\richa\Desktop'S5i9000Atlas_model_for_rich.5i%] [C:\Program Files (x86)\Polar\5i90004Untitled.5IP]

File Edit Configuration Help

N = = 2 es Eell EE
P = iy PNy gy =g =
== B s pr pag aeg st pass naa pess BE 5«5 0. EE
A Frequency|
Length of Line L [ =w  Logarith
Edge-Coupled Offset Stripline 1B2A Trace Conductivity (S/m) TC I B.80E+0F —  Set.. I Result Pre
Surface Microsti
1B i Liozs Tangent TanD I 0095 — GoalSeekI & Length ol
| E Rize Time (pg] Tr I 10 — Extended
i ; " Constant
Frequency Mirirnurn [MHz] FMin
E quency [MHz) I 1000.000 @ Causaly
Surface Micrastip Frequency Maximum (GHz) Fhian I 40.000 Set... I  Multiple
2B
Frequency Steps FSteps I 291 “Suface R
[~ Auto Calc Calculate  Smooth
" Hammer:
" Groisse
Coated Microstip @ Huray

Graph | Odd Mode I Even Model SPICE HLGC' 4 Part 5-Parameters - Graph | 4 Port S-Parameters - Data | Mixed Mode 5-Parameters - Graph I Mixed Mode S-Parameters -

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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Monte Carlo support added for Dual Coated structures
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Other enhancements

* FlexNet Publisher / FLEXIm v11.17.2.0 supported
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Impedance calculation

Thank you for viewing this Si9000e 2025 update. If you
have questions we would be delighted to help you. Your
local contact information is contained on the following slide

Polar Logo & graphic devices are registered trade marks of Polar Instruments Ltd.
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Impedance calculation

For more information:
Contact Polar now: Phone

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

Asia / Pacific
Terence Chew +65 6873 7470

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

UK / Europe / ROW
Neil Chamberlain +44 23 9226 9113
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