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1y Speedstack 2019 Introduction

Introducing Speedstack 2019

Welcome to a preview of what's new in Speedstack 2019 editions.

We have introduced a number of new features that have been
requested through our Polarcare software maintenance service.

If you would like to have a web-based demonstration please
contact your local Polar office, details are shown on the last slide of

this presentation.

polar



Speedstack 2019 Introduction

3

Speedstack v19.05
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B Onean Speedstack 2019 Introduction

DRC Resin Check / Excess Resin enhancements

Edit  Miew Tools Units External Utility Help I
=47 FFFTILT
N
000BN_(HV)_DI_GREEN .0000 25.4000 Stack Up Editor  DRC: 0 | Cortrolled Impedance | C1 Resuts
m_18um_MT18SD-H_ 2.0000 DRC Test Selection
OLF(LD)_1017. 3.400/0.0000 20.0000 D=l B Sm=iy B @rrenes
/ ¥ Board Thickness
_18um_MT18SD-H_19X25 8.0000
~ S B
OLF(LD)_1017_ _NO 3.400/0.0000 = 20.0000
¥ Min
_18um_MT18SD-H_ 3 £.0000 pepect
OLF(LD)_1017 3.400/0.0000 19.1008 «w] The Resin Check / Excess
_18um_MT185D-H_ : 8.0000 reinl Resin algorithms have been
OLF(LD)_1017. X_24_ NONE  3.400/0.0000 9.1056 H
(LD)1017. L - : enhanced to offer improved
Bum_MT185D-H_ £.0000 . .
- support for sequential build
OLF(LD)_1017 ) 3.400/0.0000 21,6680
ED_3um_18um_MT18SDH_ ' ; 8.0000 stack ups
GHPL-970LF{LD)_1017_R G_X_24 NONE  3.400/0.0000
0/0.0000
3.400/0.0000 _— 16.0000
8.0000 Excess Resin
3.400/0.0000 21.6160 Layer Resin || 4|
» 1
_18um_MT185D-H_ . £.0000 81.8%
2
GHPL-970LF{LD)_1017._| 4_NO 3.400/0.0000 18.2240 2
. 81.8%
£.0000 2
3.400/0.0000 16.0000 3
70.5%
_18um_MT18SD-H_ % 8.0000 4 —
4
GHPL-970LF{LD)_1017_| 24_NO 3.400/0.0000 _— 18.4448 .
: . 5
£.0000 .
OLF(LD)_1017 v 3.400/0.0000 22,5104 1026%
&
ED_3um_18um_MT18SD-H_19X25 S 8.0000 6
PSR-4000BN_(HV)_DI_GREEN ] 4000 . 571
8 -]
Microns Target Stack Up Thickness = 0.00 \Stack Up Thickness = 542 69 Stack Up Thickness with Soldermask = 533.49 V:19.05.21524
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DRC Resin Check / Excess Resin enhancements

25 4000
B 80000 EEE e R : Sequential builds require multiple
\%’ 200000 . La1‘-"*"r | Resin [+ press cycles to achieve the final
' 8.0000 a1 8% stack up.
120.0000 2
& 8.0000 2 The new Resin Check / Excess
%’ 19.1008 81 8% Resin algorithms determine the
L 8.0000 3 order in which the materials are
19,106 3 pressed together and return
20000 70.5% / useful resin percentage
S 4 information that can be used to
8.0000 ‘ 6% determine potential de-lamination
18.0240 5 ' problems.
8.0000 B
20000 102.6%
.. 16.0000 B
8.0000 E
21,6160 S 57.1%
8.0000 2 ;l

|18.2240

5.0000
16.0000
8.0000
18.4448
8.0000
225104

8.0000

25.4000
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Convert to Core enhancements

6 Copyright © Polar Instruments 2019

Add
Add CI Structure

Delete

Swap

Copy
Paste Above
Paste Below

Properties
Copy Material Properties
Paste Material Properties

Set to Signal
Set to Plane
Set to Mixed
Set to Hatched

View Hatch Profile
Edit Hatch Profile

Maove Up

Move Down

e
Flexi-Rigid Flexible Core

0.0000
0.0000
0.0000
0.0000
0.0000

When importing stack up data
from some CAD / CAM systems
only the electrical layers are
defined. In this example an eight
layer design has been imported.

Speedstack allows the user to
quickly convert two adjacent
electrical layers into Core or
Flexible Core materials using the
‘Convert to Core’ function.

polarinstruments.com
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Convert to Core enhancements

0.0000 Using ‘Convert to Core’ alongside
0.0000 other Speedstack editing

0.0000 functions, a simple electrical layer
0.0000 only stack up can be quickly

0.0000 converted into a useful fully

0.0000 defined stack up containing full
00000 definitions of foils, prepreg and

0.0000 .
core materials .

Copper Foil 1.4000
PrePreg 1080 4.200/0.0195 3.0000
1.4000

FR4 Core 4.200/0.0195 10} 8.0000
i 1.4000

PrePreg 1080 4.200/0.0195 pow— 2 3.0000
0.7000

Flex Core 4.200/0.0195 4.0000
0.7000

PrePreg 1080 4.200/0.0195 o | | 3.0000

1.4000

FR4 Core 4.200/0.0195 11 8.0000
1.4000

PrePreg 1080 4.200/0.0195 3.0000

Copper Foil 1.4000

7 Copyright © Polar Instruments 2019 polarinstruments.com
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Online Material Library

-

Online Library

8

Filter by Supplier File Type

Library Files fvailable : All

Existing Data Table

| Lot |

Foilz

RCCs

Cores
SolderMasks
Idents
Peelables
Coverdays
BondPhy
Adhesives
FlexCores

ML All Suppliers

—Doler

/RLON

A, T FRAE S B ONE O TN AN S

[ ] »

File Access Mode
{* Online Polar Library [ ftp://polarinstruments.com )

" On-Premise Mode

Doosan_DS_7408_1GHz_1501.mlbx
Doosan_DS_7405_1GHz_1501.mlbx
Elite_ EM_355B(D)_1GHz_1501 mibx
Blite_ EM_37B(5)_1GHz_1501 mlbx
Blite_ EM_37B(D)_1GHz_1501 mlbx
Blite_ EM_37B(Z)_1GHz_1901 mlbx
Blite_ EM_526B_1GHz_1501.mlbzx
Blite_EM_528BK_1GHz_1901 mlbx
Blite_EM_825B_1GHz_1501.mlbzx
Elite_EM_827B(l)_1GHz_1501 mlbx
Elite_EM_827B_1GHz_1501.mlbzx
Elite_EM_828BG_1GHz_1501 mlbx
Blite_EM_888B(S)_1GHz_1501 mlbx
Blite_EM_888BK_1GHz_1501 mlkx
Blite_EM_888B_1GHz_1501 mlkox
Blite_EM_851B_1GHz_1501 mlbux
Blite_ EM_LXB_1GHz_1501.mlbx

S:\Engineering\Material Library 1501

Flease Mote: This data is accurate to the best of our knowledge, however it iz provided, as is from our Material supplier partners. Flease feedback any erro

and we will contact the material partner for clarification or rectification.

Copyright © Polar Instruments 2019

Browse...

- {* Clear

Close

o |

" Append

The Speedstack Online Material
Library continues to grow with
new material families being added
regularly.

The latest material information is
instantly available to all
Speedstack users with an active
Polarcare contract.

polarinstruments.com
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Printing: Sort impedance structures per layer by type

Lower Upper
impedance| Ref. | Refl. | Trace | Trace | Trace The order that the structures
Impaedance | Structure Signal Plane 1| Plana2 | Width Width | Separation Target Tol {+/-| Calculated :
[[2] Image Struclure Nama Layar in Layer | inLayer | (W1} {W2) (81) Impadance %) Impadance are added tO the StaCK Up 1S
Edge Coupled Coated Micrastrip 18 1 3 0 2.500 7.500 B.115 100.000 10,000 100350 the dfafault p_rmt order:
E 1. Differential - 100 ohms
2. Single-Ended — 75 ohms
Coated Microstrip 1B 1 3 ] 4.500 3500 0.000 75,000 10,000 75870 3 Single'Ended _ 50 Oth
4. Differential — 85 ohms
Coated Microstrip 18 1 3 0 11476 10476  0.000 50.000 10.000  49.520
Edge Coupled Coated Microstrip 18 1 3 [} 12542 11842 10.000 85.000 10,000 85220
Lower u .
Impacianca| Ref. | Ref. | Trace | Traoe | Trace New option to sort structures
Impedance | Structure Signal Plana 1 | Plana 2 | Width Width | Separation Target Taol (+/-| Calculatad H
1D Image Structure Namea Layer in Layer | inLayer | (W1} {Ww2) 151) Impadance %) Impadance by type haS been InCIUded
2 Coated Microstrip 18 1 3 0 4.500 3.500 0.000 75.000 10,000 75870 with V1 9.05:
E 1. Single-Ended — 75 ohms
2. Single-Ended — 50 ohms
3 E Coated Microstrip 18 1 3 0 11,476 10476 0000 50,000 10,000 49520 3 Differential - 100 ohms
4. Differential — 85 ohms
1 E Edge Coupled Coated Microstrip 1B 1 3 i 2,500 7.500 B.115 100.000 10,000 100.350
4 E Edge Coupled Coated Microstrip 1B 1 3 ] 12.542 11.542 10.000 85,000 10000  BR.220

9 Copyright © Polar Instruments 2019 polarinstruments.com
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Printing: Option to hide the footer section

C\Prog P p Imperial sci Units: Mils -
Base Processed
Layar Slack up Supplier Type Dy Thickness | Thickness | Raesin Conlanl £F Lass Tangant 10
I Folar samples  SolderMask  Liquid Photolmageable Mask 1,060 4.000 0.0155
1 £ A A S M Polarsamples Copper Copper Foil 0.700 0.700 1,2,3,4
Polar Samples Dielectric PrePreg 1080 3.000 1.950 60000 4200 0.0185
2 1.400 1.400
Paolar Samples FR4 FR4 Core 3.000 3.000 B0.000  4.200 0.0185
3 1.400 1.400
| Polar Samples Dielectric PrePrag 3080 3.000 2776 60.000 4200 0.0195
| Polar Samples Dlelectric PrePrag 1651 6.000 5.552 47.000 4200 0.0185
| Polar Samples Dielectric PraPrag 1651 6.000 5.552 47.000 4200 0.0185
4 w 1.400 1.400 i)
; Paolar Samples FR4 FR4 Core 12.000 12,000 46000 4.200 0.0185
5 5] 1,400 1.400
| Polar Samples Dielectric PraPrag 1651 6.000 5.552 47.000 4200 0.0185
| Polar Samples Dielectric PrePreg 1651 6.000 5.552 47000 4200 0.0185
| Polar Samples Dielectric PrePreg 3080 3.000 2778 60000 4200 0.0185
& 1.400 1.400
Polar Samples FR4 FRA Core 3.000 3.000 B0.000  4.200 0.0185
7 1.400 1.400
Polar Samples Dielectric FrePreg 1060 3,000 1.950 60,000 4.200 0.0185
W W W Polarsamples Copper Copper Foll 0.700 0.700
Polar Samples  SolderMask  Liquid Photelmagealde Mask 1.000 4.000 0.0185

Copper Thickness = 8.800 | Dielectric Thickness = 49,660 | Solder Mask Thickness = 2.000 | Stack Up Thickness = 59.460 | Stack Up Thickness with Soldermask = §1.460

The Footer section is now an
optional item and can be
hidden

Lower | Upper
Impedance Ref. Ref. Trace Trace Trace
Impedance | Structure Signal Plane 1| Plane 2 Width Width Separation Target Tol (+/-| Calculated
=] Image Structure Name Layar in Layer [ in Layer | (W1} (w2} (§1) %)
2 E Coated Microsirip 18 1 3 1] 4.500 3500 a.ono 75.000 10,000 75870
3 ; Coated Microstrip 18 1 3 o 11476 10,476 0.000 50.000 10,000 49520
E Edge Couplad Coated Microstrip 18 1 3 1] 8500 7.500 &115 100000 10,000 1003560

4 ; Edge Coupled Coated Microstip 18 1 3 o 12542 11.842 10.000 85.000 10,000 85220
ISlackNama' Master Warsion: Raevision: | Madification: Date of Revision: | Editor
Ipme ‘Assoriated Documents:

Page

IAutnor 10
N Cepartment:
Nsite:
L

e paberinstrameis. v

10 Copyright © Polar Instruments 2019
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Printing: Option to hide the footer section

Ci\Program Files\Polar Imperial scl Units: Mils : %-
Base Processed
Layer Stack up Supplier Type Dy Thiekness | T Rasin Conlenl | £f Loss Tangent 10
N Folar Samples  SolderMask  Liquid Photolmageable Mask 1.000 4.000 0.0185
1 'y A A M A Polarsamples Copper Copper Foll 0.700 0.760 1.2,3.4
Polar Samples Dielectric PraPrag 1080 3.000 1.950 E0.000 4200 0.0185
2 1.400 1.400
Polar Samples FR4 FR4 Core a.000 3.000 60,000  4.200 0.0185
3 1.400 1.400
] Polar Samples Dlelectric PrePrag 3080 3.000 2.776 60.000 4200 0.0185
| Polar Samples Dielectric PrePrag 1651 6.000 5.552 47.000 4200 0.0185
| Polar Samples Dlelectric PrePrag 1651 6.000 5.552 47.000 4200 0.0185
4 w 1.400 1.400 5
; Polar Samples FR4 FR4 Core 12,000 12.000 46.000  4.200 0.0185
5 ) 1.400 1.400
| Polar Samples Dielectric PrePreg 1651 6.000 5.552 47.000 4200 0.0185
| Polar Samples Dielectric PrePrag 1651 6.000 5.552 47.000 4200 0.0185
| Polar Samples Dielectric PrePrag 3080 3.000 2776 60,000 4200 0.0185
[ 1.400 1.400
Polar Samples FR4 FRd Core 3.000 3.000 B0.000 4200 0.0185
7 1,400 1.400
Polar Samples Dielectric PrePreg 1080 3,000 1.950 80,000 4200 0.0185
W W W W Polarsamples Copper Copper Foll 0.700 0.700
Polar Samples  SolderMask  Liquid Photolmageabla Mask 1.000 4.000 0.0185
Copper Thickness = 9.800 | Dielectric Thickness = 49,660 | Solder Mask Thickness = 2.000 | Stack Up Thickness = 59.460 | Stack Up Thickness with Soldermask = 61,460
Lower | Upper
Impedance |  Ref. Ref. Trace | Trace Trace . .
Impedance | Struclure Signal Plane 1 | Plane 2 | Widih Width | Separation Target Taol {(+/-| Calculated
(=] Image Slruclure Name Layar in Layer | in Layar | (W1} {wW2) (S1) ) When the FOOter SeCtIon IS
2 E Coated Microstip 1B 1 3 0 4500 3500 0.000 75.000 10,000 75.870 h|dden the Space iS used for
3 Coated Microstrip 18 1 3 0 11476 10476  0.000 50.000 10,000 49.520 ’ . g
E number of pages required for
1 E Edge Coupled Goated Migrostrip 18 1 3 0 8500 7500  8.115 100000 10.000  100.350 the teChn|Ca| report
Edge Coupled Coated Microstrip 18 1 3 bl 12.542 11542 10.000 85.000 10,000 85.220
& E Edge Coupled Offset Stripline 1814 4 3 6 7.250 6.250 BEOO 100,000 10,000 101.280
[ ﬁ Coated Microstrip 18 8 B bl 4.500 3.500 0.000 75.000 10,000 75.870
=N Page 1%

11 Copyright © Polar Instruments 2019 polarinstruments.com
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Printing: Customisable footer section

=

Support for longer stack up names

SlackMame: POLAR SET2DIL MWPD1636

y A

Varsion: A

Date: 22/01/2014

Authar: B Attrill (Polar)

Department: Enginaering

Site: Walarlooville

Associated Documenis:

Revision:

Maodification:

Dale of Revision: | Editor

A

L2/L3 Core Changed

2302016 R Adtrill

B

Solder Mask Mod

20/05/2019 J Les

r

3E Override Footer Labels | (e S

Override the labels shown in the footer of the printout

Override footer labels using your own
/_ company naming conventions.
]

Y\

Version

|meing No|

Date

In this example Version has been

Authaor

replaced with Drawing No.

Department

)| Site

| Clear

Okay |

StackMame: POLAR SETZDIL MWPD1636

Drawing Mo: A

Agzoclated Documents:

Drate: 220172014

Authar: B Atrill {Polar}

Department: Engineering

Site: Walerloovilla

Revision:

Madification:

Dale of Revigon:

Editor

a

L2/L3 Core Changed

23206

R Al

B

Solder Mask Mod

20/05/2019

J Lee

12 Copyright © Polar Instruments 2019
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Speedstack v19.01 (January 2019)

13 Copyright © Polar Instruments 2019 polarinstruments.com



.%I- Speedstack 2019 Introduction

Loss Tangent field now available in the Material Library

FITIYN S

Supplier | Supplier Dascription | Description | Stock Mumbar Dielectric Base Thickness | Dielectric Finished Thickne| Di ic Constant Loss Tangent
» Polar Samples PF/OO1 FrePreg 1050 3004001 3 3 4 0.0181

Polar Samples PF/D02 PraPreg 3080 300-002 3 3 4.05 0.0192

Polar Samples PRID03 PraFrag 3113 300-003 4 4 4.1 0.0153

Polar Samples PPID04 PraPreg 1651 300-004 5 5 4.15 0.0154

Polar Samples PF/D0S PraFreg 7628 300-005 7.9 7.9 4.2 0.0135

Polar Samples PRI00S PraPrag 106 300-006 2 2 425 0.0196

Click on a material row to edit it

A y

14 Copyrlght © Polar Instruments 2019 polarinstruments_com
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Loss Tangent field now available in the

Material Library

r 5
Review/Edit Prepregs
Supplier IPu::-Iar Samples Size -
Supplier Description IF‘F‘,"[I'M Note 1
Descnption IF‘reF‘reg 1651
Stock Number 30-004
Type IDieIedric
Note 2

Base Thickness |6.0000
Finished Thickness (6.0000
Dielectric Constant [4.15 S
Loss Tangent
Resin Content I-i?— N
Tg {180
T o The Loss Tangent field is an
CAF Resistance o important dielectric material
£ Axis Expansion o property that is used when
S A [0.0000 calculating frequency dependent
Tolerance +- 10 insertion loss
Cost [4 I
Lead Time o
Laser Drillable r

~
Next To Foils v

add | pelete | « 4cf 6 > | »

0K |

15 Copyright © Polar Instruments 2019
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Loss Tangent field now available in the Material Library

— — — e —— - —

FITY YT 1 E A

Fols  Prepregs | RCCs | Cores | Solder Masks | ident Inks | Peslable Masks | Coverays | Bond Ply | Adhesive | Fiexble Cores |

TR T — EI@E‘

| Description | Dielectric Base Thickness | Dielectric Finished Thickne| Dislectric Constant Loss Tangent

PolarSamples PrePreg 1080 3 3 4 0.0191

Polar Samples PrePreg 3080 3 3 4.05 0.0192

Polar Samples PrePreg 3113 4 4 4.1 0.0183

| d Polar Samples PrePreg 1651 6 6 415 0.0194
PolarSamples PrePreg 7628 7.8 T8 42 0.0185
Polar Samples PrePreg 105 2 2 425 0.0196
*
| Select Prepreg Field
Selected Columns Awailable Columns
Supplier = | SupplierDescription o~
Description StockMumber
BaseThickness ResinContent
Finished Thickness == | Tg
DielectricConstant Td
- Up | CAFResistance

Custo_rmsg and select the ZoisExpansion

material library columns that are Down | ExcessResin

critical for your application. In %E'};SD""EME

this case Dielectric Constant and Delete | Cost

Loss Tangent fields have been I:'ﬂ_ﬁ'q”ce

” ] Clear All ad Time
selected alongside the material Outer iz
thicknesses
ok | cancel |
an material row to edit it _ _ 4

16 Copyright © Polar Instruments 2019 polarinstruments_com
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Loss Tangent field now available in the Material Library

( Fl™ B |- Prepregs.csv - osoft Exce =" X |
File Home Insert Page Layout Formulas Data Review View Developer Add-Ins Sage Team & 9 = OER
& - . e o= — . = . *j | 3 | Eam ? Lz__l'_' 3 AutoSum ¥ W
Ba- Calibri 11 A A = %] 9/' =1 Wrap Text General = ?jﬂ s % == "] = il - 7. [ﬁ O
Paste B 7 U~ i~ M- A =E= = £ M & Center - | B8+ oy 3 | %0 .00 Conditional Format — Cell Insert Delete Format Sort & Find & | Share Webex | 1|
7 = = = &2 | Efjmerge s Center - | B~ % 000 Eormatting - as Table - Stylesw | - - - | Cear~  Fiter~ Select | Thisfi
Clipboard Font Fl Alignment P Number = Styles Cells Editing
K15 - |
A B £ D E F G H 1 J K
1 *PrePreg
2 * Dielectric Dielectric Dielectric Dielectric Dielectric Dielectric Dielectric
3 *Type Supplier Supplier Description Description  Stock Number Base Thickness Finished Thickness Dielectric Constant JLoss Tangent JResin Content Tg Td CAF Resistance
4 Dielectric Polar Samples PP/001 PrePreg 1080 300-001 3 3 4 60 180 o 0
5 Dielectric PolarSamples PP/002 PrePreg 3080 300-002 3 3 4,05 60 180 1} 0
6 Dielectric Polar Samples PP/003 PrePreg 3113 300-003 4 4 4, 53 180 0 0
7 Dielectric Polar Samples PP/004 PrePreg 1651 300-004 & 6 4,15 47 180 0 0
8 Dielectric Polar Samples PP/005 PrePreg 7628 300-005 7.9 7.9 4. 45 180 0 0
9 Dielectric Polar Samples PP/006 PrePreg 106  300-006 2 2 4.25 60 180 0 0
10
11
12
1: The Material Library import / export 3
options have been extended to 1
16 support Loss Tangent. For those
17 .
1 who prefer to use Excel to edit the
19 library an additional Loss Tangent
;‘; column has been added
22
23
| 24
25
26
27 -
4 4 ¥ M| Prepregs /%1 [T4] il | ¥ 1]
Ready | 5 | ||E|EI 100% (=) 2 gt
17 Copyright © Polar Instruments 2019

polarinstruments.com



Dy leas

Speedstack 2019 Introduction

Description column width has been increased

A WBe BEETE R s &

Foils ] Prepregs ] RCCs COI'BS] Solder Masks ] Ident Inks ] Peelable Masks l Coverlays ] Bond Ph{] Adhesive l Flexible Cores ]

Supplier Supplier Description
» INSULECTRO BHOZ5X XY 240180

"TCT CIRCUNT SUPP TU-B65

"PHOTO CHEMICAL 51000-2

"ROGERS CORPOR "RTiduroid 6002MN5"

INSULECTRO FR185HR
"TCT CIRCUIT SUPP TU-B65
Mitsubishi "CCL-HLEB32NS (Eglass]

"ROGERS CORPOR RO2003

Description

FRI85HR_0.0025_H_RTF_H_RTF_1-1080_18G ¥_24
TU-B65_0.0020_H_RTF_H_RTF_1-105_18G X 24

"S1000-2 0.0590_1_HTE_1_HTE_STE28 21G X 24"
"RT/duroid G002N5 0.0100_5R/GR_NG_18x24"
FR185HR_0.0025_H_RTF_1_RTF_1-1080_18G_¥_24
TU-865_0.0020_H_RTF_1_RTF_1-106_18G X_24
CCL-HLE32MS_0.0079_H_RTF_H_RTF_2-2116 168G X 24 P
"RO3003 0050_HHHH_NG 24418"
- E—

Stock Number

120-000001-001
20-000001004
120-000001-135
20-000001-135
120-000002-001
20000002004
120-000002007
20-000002-135

More detailed material descriptions
can now be viewed without needing
to adjust the column widths

18 Copyright © Polar Instruments 2019

Dielactric Base Thickness | Dielectric Finished Thickne| Dielectric Constant

2.5
2
0.08
10
2.5
2
-]
7}

2.5
2
0.08
10
2.5
2
7.8
5

3.98
348
4439
2.94
3.98
3.8
4.4
3

Loss Tangent il

=T~ = T = < I = I = = ]

polarinstruments.com
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Online Library — Now supports libraries contain Loss Tangent data

Cnline Library

File Access Mode
* Online Polar Library | ftp://polarinstruments .com )
" On-Premise Mode

- - - - n —
Filter by Supplier File Type Library Files &vailable ; All Existing Data Table
Download
- Fails Doosan_D5_7408 mibx - {* Clear
RCCs Doosan_D5_ 7409 mibx = Close
Elite_ EM,_3558(D) mbx " Append
Cores Hite_EM_37B(5).mlbx
N SolderMasks Hite EM_37B(7) mlbx =
|E| |derts Hite EM 526B mlbx
& Peelables Eite_EM_8258 milbx
Coverays Blite_EM_827E{1).mlbec
- lni— SREFHHRB R AL BondPly Elite_EM_827B mibx
- s Elite Material Co,, Lid Adhesives Hite_EM_828BG mibx
FlexCores Bite_EM_888B({S).mlbx
Blite_ EM_288B mibx
Blite_ EM_838B K mibx
Blite_ EM_891B mlbx
Blite_ EM_L*B mibox
GORE Gore_GA410.mlbx
' & Gore_G620 mlbx

The Online Library is currently being
updated to include Loss Tangent data

C:%UsersRichard AttrllDesktop Materal Librany 1805

Please Mote: This data is accurate to the best of our knowledge, however it is provided, as is from our Matenial supplier partners. Please feedback any errors or
inaccuracies to Polarcare and we will contact the matenal partner for clanfication or rectification.

Browse. ..

19 Copyright © Polar Instruments 2019
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Online Library — On-Premise Mode has been enhanced

Polar
— Server
Online Library e W W m— W —-—
r—Filter by Supplier —File Type—— [ Library Files Awvailable : Isola —Existing Data Table — Download
- Fails lsola_185HR. mibx % Clear
: . - - RCCs Isola_370HR. mibx
HitachiChemical = lsla_Chronor mx Ol _ Ol |

Working On Wonders Cores Isola_ FRADEHR mlbx
SolderMasks lsola_GigaSync.mibx
Idents Isola_GreenSpeed mibx
Peelables lsola_I5415.mibux

- EI Coverays Isola_|_Speed mibx

II sola i BondPhy Isola_l_Speed|S mikm
Adhesives lsola_|_Tera.mibx
FlexCores Isola_Tachyon_100G mibx

—File Access Mode

' Online Palar Library ( ftp://polarinstruments.com )
" On-Premise Mode

|S:\Enginesring\Material Library 1305

The Online Library can access the latest material
library data from either the Polar FTP Server or an
On-Premise Server.

The On-Premise Mode is ideal for those users where
internal security policies prevent access to external .
FTP servers. Further enhancements have been On-Premise
made when no access to the Polar FTP Server is Server

20 Copyright © Polar Instruments 2019 |allowed polarinstruments_com
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Stack Up Editor Enhancements — Support for Loss Tangent

r B
§§ Polar Speedstack Stack Up Builder:  Stack: Eval Imperial v16.stk  Project : Eval Impenial v16.sci E@ﬂ

R 777 LT EE 2D

Stack Up Edtor | DRC: 0 Cortrolled Impedance |l Resuts |

e33R (R w0 X
All dielectric materials within Speedstack ] <frofa =]

now support the new Loss Tangent field. In
this example Dielectric Constant / Loss
Tangent are displayed next to the stack up

File Edit Wiew Tools Units External Utility Help Betav19.017 Dec2018

Eed 0= X0~ ==

Liquid Phaotolmageable Mask 4.000/0.0200 1.0000
Copper Foil 1.4000
PrePreg 1080 4.000/0.0191
Substrate 1 Height
4 200/ 95
4.200/0.0195 Substrate 1 Dielectric
Substrate 2 Height
4 200/
4.200/0.01 Substrate 2 Dielectric
PrePreg 1651 4.200/0.0195 Lower Trace Width
Upper Trace ‘Width
PrePreg 1651 4.200/0.0195 T e
1.4000 Trace Thickness
YA e ) I i .
FR4 Core 4.200/0.0195 ]I_AJ-:%B:%D Coating Above Substrate
Coating Above Trace
PrePreg 1651 4.200/0.01 y e T c2 [1.0000
PrePreg 1651 4.200/0.01 EEITpEEEETE CEl[ K]
4.200/0.0195 76 Differential Impedance zd[e70a
1 4000 Target Impedance 100.00
FR4 Core 4.200/0.0195 3.0000 % Y
1 2000 Target Tolerance % 10.00
PrePreg 1080 4.200/0.0195 00
Copper Foil 1.4000
Liquid Phatolmageable Mask 4.000/0.01 1.0000
Master Mils/Thous Target Stack Up Thickness = 60.0000 |Stack Up Thickness = 60.8600 Stack Up Thickness with Soldemmask = 62.8600 Beta V' : 18.08.16722
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Stack Up Editor Enhancements — Su

22

Liquid Photolmageable Mask

Copper Fail
PrePreg 1080

FR4 Core

PrePreg 3080
PrePreg 1651

PrePreg 1651

FR4 Core

PrePreg 1651
PrePreg 1651

PrePreg 3080

FR4 Core

PrePreg 1080

Copper Fail

Liquid Photolmageable Mask

4.000/0.0200

4 NN N0
ML ILTRY Y P

4.200/0.0195

4.200/0.0195
4.200/0.0195

4.200/0.0195

4.200/0.0195

4.200/0.0195
4.200/0.0195

4 200/0.0185

4.200/0.0195

4.200/0.0195

4.000/0.0195

Copyright © Polar Instruments 2019
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Add, swap, copy / paste materials,
symmetry mode functions updated
to support loss tangent

ort for Loss Tangent

omO

|:|12I Copy

gﬁ Paste

Symmetry
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Stack Up Editor Enhancements — Support for Loss Tangent

Ligquid Photolmageable Mask 4.000/0.0200 1.0000
Copper Foil 1.4000 —
B~ .
PP PrePreg 1080 4.000/0.0191 1.9500 = Properties

1.4000

Core FR4 Caore 4 200/0.0195 3.0000
1.4000

n k!
General Information Apply
Supplier |F‘n:n|ar Samples Close

Supplier Description |PF/001
Description |F‘reF‘reg 1080 Cost 1.00
Stock Number |3:E-EE1 Tolerance 10.00 0 . th terial P ries dial
_ pening the material Properties dialog
T Dielectri Lead T 0.00
/pe Eeee =20 Hime allows for the Loss Tangent value to be

L viewed / changed
Dielectric
Base Thickness ~ |3.0000 Td 0.0

Finished Thickness 30000 CAF Resistance oo
Dielectric Constant 4 0000 £ Moais Expansion Iﬂi
Loss Tangent m Excess Resin 0.0000
Resin Content % IW Isolation Distance 1.9500

| Tg 18000 Graphical Colour

23 Copyright © Polar Instruments 2019 polarinstruments_com
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Stack Up Editor Enhancements — Support for Loss Tangent

SM Liquid Photolmageable Mask 4.000/0.0200 1.0000

Foil Copper Fail 1.4000
BB

New user-selectable display
columns for Loss Tangent and a
combined Dielectric Constant / Loss
Tangent

FR4 Core 4.200/0.0195

PrePreg 3080 4 200/0.0155

PrePreg 1651 4 200/0.0195

PrePreg 1651 4 200/0.0195 ARV

Cmﬁgumtmn Optio w

FR4 Core 4 200/0.0155

Exdemal Utilties ] Rebuild and Calculate Structures ]
Genecal Stn.lc:ture Defaults ] Licensing ] File Locations ] Goal Seeking ] User ] CITS Test ] Caolours ] Miscellaneous | Hatch Defaults ]

PrePreg 1651 4 200/0.0195
srreg L Default Stack Up Display Data
PrePreg 1651 4 200/0.0195 [ﬂ ) Display Fields 1and 2 are reserved for Layer Numbers and Layer Types
PrePreg 3080 4200000195 |Di3[.'||a|3.r Field 3 |Dis play Field 4 | |Di3[.'||a|3.r Field 5
) |Description =i |Dielectriu: Constant/Loss Tangent j |PI'OCESSEd Thickness hd

_ . ) _ Copper Coverage -

FR4 Core 4 200/0.01595 Isolation Distance
Units Diglectric Constant A
] . Resin Content
PrePreg 1080 4.200/0.0195 {* MilsiThous " Microns " Millimetres Tg =
— . Dielectric Constant/Loss Tangert
Copper Fail Loss Tangent S
[v Open last used file on application start up

Liquid Photolmageable Mask 4. 000f0.0195
I¥ Display File Properties Dialog for Mew Stackups and Projects

Apply | Cancel |

24 Copyright © Polar Instruments 2019 polarinstruments_com
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Frequency Dependent Calculation Enhancements (Speedstack Si)

Stack Up Editor | DRC: 0 Controlled Impedance | CI Resuts |

e 3¢ 3¢ 8 [ B & S el @ 2 i In order to accurately calculate

Al | |r:| . ||W >| "| frequency dependent loss it is

necessary to know the critical
information regarding the
transmission line structure.

EdgeCoupled Coated Microsinip 28

Speedstack 2019 will now use the
dielectric constant and loss tangent
data from the stack up

Substrate 1 Height H1 |3.0000
Substrate 1 Dielectric Erl 42000
Substrate 2 Height H2 |3.3500
Substrate 2 Dielectric Er2 |4.0000
Lower Trace \Width w1 |8.5000
Upper Trace Width W2 [7.5000
Trace Separation 51 18.1150
Trace Thickness T IW
Coating Above Substrate C1 |1.0000
Coating Above Trace C2 |1.0000
Coating Between Traces C3 [1.0000
Coating Dielectric CEr IW
Differential Impedance Zd[9704
Target Impedance W
Target Tolerance % IW

25 Copyright © Polar Instruments 2019 polarinstruments_com
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-

Edge Coupled Coated Microstrip 2B
51 W2
f -Hi

Length of Line LL
Trace Conductivity (S/m) TC

Freguency Minimum (MHz)  FMin
Freguency Maximum (GHz) FMax

Result Presentation
* Length of Line " lin " Im

Substrate Causal Extrapolation Reference Foints

[V Set Dielectric Constant (Er} from Stack Up materials
[v¥ Set Loss Tangent (TanD) from Stack Up materials

=RREN X
Close
=

Clear Results

Frequency Steps

Speedstack 2019 will allow the user
to select checkboxes to nominate
whether the dielectric constant and /
or loss tangent data is determined
from the stack up materials

5 S00E+D7
ini in  |500.0000
i ‘ID 0000
FStep |2[:.
Freguency of Interest (MHz)  Freg 1 000.0000

Frea Tz =)

H1  |1.000E+09
H2  |1.000E-03
H2
He
REr |
CEr |1.000E+09

Surface Roughness Compensation

" Smooth

* Hammerstad =

" Groisse :l Q‘
« Huray —— & |
Print Settings

v Include Loss Graph for this structure on the report

Graph | Odd Mode | Even Mode |

= = Graph Settings
Edge Coupled Coated Microstrip 2B By Seites
Differential [AllLosses ~|
[me Conductor Loss B Dielectric Loss BN Attenuation C—— Conductor Loss with Roughness =" Attenuation with Roughness Differential
0 ; |D'rHerentiaI j
o 05— e ] t_ Loss Budget (dB)
| —
- \-.._\ . 0.0000 Refresh
1.0+ —
_z . - _‘-\\-"‘"-___ .-""‘—\_-_-_ Picked Data Point Information
%_2_0 : S
e = \ _—--""""'--u
€ 25+
= E Maximise | Print Export
i _3-0 - _R
o =
@ a5 F [
S7E B
T40F
451
Ei 1 1 1 L1 L1 [ N T R L1 L1 T R L1 L1 [
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency - MHz

Z,
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Speedstack 2019 Introduction

Speedstack — Material and Surface Roughness properties

Substrate Causal Extrapolation Reference Points

[v Set Dielectric Constant (Er) from Stack Up materials
[¥ Set Loss Tangent (TanD) from Stack Up materials

Freg (Hz) Ref Er Ref TanD
H1  |1000E+09  [4.2000
H2  |1.000E-09 4.0000
H3 |

|
|
|
W | |
|
|

REr | |
CEr |1.000E-09 4. 0000

M snn
(TATFLL

Surface Roughness Compensation
" Smooth
" Hammerstad

. li Edit...
" Groisse Q
i* HIJFE"," _— Edit... |
Surface Roughness Compensation - Huray - BETA @

In order to accurately calculate Dielectric Loss
it is important to understand the material /
substrate properties.

These substrate properties including dielectric
constant (Er) and loss tangent (TanD) are
specified here for each structure substrate
region.

Speedstack causally extrapolates Er and
TanD over the specified frequency range
using the Svensson-Djordjevic method, hence
the ability to specify the extrapolation
reference points for each substrate region.
The reference point data is usually available
from the material supplier data sheet and can
be added to the Speedstack material library.
The checkbox options will automatically
populate these fields from the stack up
materials.

Ratio of Areas Apply |
Effective Ball Radius (um) |[}j-‘5[:-[:-
Cancel
Y Area of Ball Count (sq pm) 12 0000
" Mumber of Balls in Area 17

11

Images by courtesy of Circuit Foil Luxembourg

To accurately calculate Conductor Loss it is necessary to
specify the surface roughness parameters.

Speedstack supports multiple roughness models:
Hammerstad, Groisse, Huray and Cannonball-Huray. In this
example the Huray method is used, the dialog prompts for
the required roughness parameters.

27 Copyright © Polar Instruments 2019
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Speedstack 2019 Introduction

Virtual Material Mode enhancements

' Stack Up Wizard (Virtual Material Mod

Mumber of Layers g - Mominal Dielectric Constant 4 2000
Target Stack Up Thickness 60.0000 Mominal Loss Tangent 0.0135
Positive Tolerance % 10 Solder Mask Top v i
Negative Talerance % 10 Solder Mask Diglectric Constant 4.0000
Symmetrical [w Solder Mask Loss Tangent 0.0210
Flane Layers Mixed Layers Solder Mask Thickness |1 0000
1 - 1 & Preferred Core Thickness 6.0000

2
3 3 Copper Thickness 1.0000
4 4
5 5 ,
G 6 Build Type
3 = 3 = * Fail " Core - %ﬂum

Virtual Material Mode allows for very
Next » quick generation of stack ups without

28

Copyright © Polar Instruments 2019

the need to populate the material
library. Itis great for ‘what if’
scenarios.

Speedstack 2019 introduces material
and solder mask loss tangent
parameter entries to the wizard.

polarinstruments.com
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Speedstack 2019 Introduction

Virtual Material Mode enhancements

29

4.000/0.0210

4 200/0.0195

4 200/0.0195

4 200/0.0195

4 200/0.0195

4 200/0.0195

4.200/0.0195

4.200/0.0155

4.000/0.0210

Copyright © Polar Instruments 2019

The resultant virtual material mode
stack up matches the specified Stack
Up Target Thickness by adding
suitable Prepreg thicknesses between
each nominated Foil and Core
materials.

Speedstack 2019 introduces core /
prepreg and solder mask loss tangent
parameters.

1.0000

1.0000
8.5000
1.0000
6.0000
1.0000
8.5000
1.0000
6.0000
1.0000
8.5000
1.0000
6.0000
1.0000
8.5000

1.0000
1.0000

polarinstruments.com
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Speedstack 2019 Introduction

Printing Enhancements — Support for Loss Tangent

peed:

File

ey | T

Options

1
'
HA44H

m

M- F e

A ECHEE::

Display Page I'I 'l

30

C:\Program Files\Polar\Speedstack\5amples\Eval Imperial v16.5ci Units: Mils -
FProcassed
Layer Supplier Type Description Thick &r Loss Tangen! | Impedance D
Polar Samplas  SolderMask  Liquid Photolmageable Mask 1.000 4,000 0.0200
1 Palar Samplas Copper Copper Fail 1.400 1,2
Palar Samples Dielactric FrePreg 1080 1.450  4.000 RER]
2 1.400
Polar Samplas FR4 FR4 Cara 3000 4,200 0.0185
3 1.400
Palar Samplas Dislactric FraPrag 3080 2776 4.200 00195 L T t o
| Polar Samples Dislactric PraPrag 1651 55802 4,200 0.0195 OSS angen IS a
| Palar Samples Dielectric PraPreg 1651 5552 4,200 0.0195 Se|ectab|e Co|umn
‘ 2 Polar Samplas FR4 FR4 Cora 12000 4200 0.0185 ithi i i
5 2 1.400
| Paolar Samplas Dislactric PraPrag 1651 5552 4.200 0.0145
| Polar Samplas Dialactric FPraFrag 1651 5552 4.200 0.0185
] Paolar Samplas Dislactric PraPrag J0E0 2776 4,200 00195
3] 1.400
Paolar Samples FR4 FR4 Cara 2.000  4.200 0.0195
7 1.400
| Palar Samples Dielactric FrePreg 1080 1.4950  4.200 0.01495
a W W W O Folar Samples Copper Copper Foil 1.400 4
N Polar Samplas  SolderMask  Liquid Photalmageatie Mask 1000 4,000 0,0195
Coppar Thickness = 11.200 | Diekectric Thicknass = 49.660 | Solder Mask Thickness = 2. tack Up Thickness = 60.860 | Stack Up Thicknass with Soldermask = 62 .8BG0

Copyright © Polar Instruments 2019
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B Onean Speedstack 2019 Introduction

Speedstack 2019 allows comprehensive bidirectional copy and
paste from Speedstack into Si9000e including all relevant loss
tangent, roughness and roughness method parameters along with
frequencies of interest.

Al
Polar 513000 PCE Tr ine Field Solver - [C:\Users\Richard Attril\Desktop\5i8000e v18.x\5i9000 v19.x Beta 07Dec2018\Untitled.Si9] [C:\Users\Richard Attrill\Desktop\S5i9000e v18.,5i3000 w19.x Beta 07Dec2018\Untitled SIP] E‘E‘g

Parameter Entry Linits
| | & s 1 Inches
Sz | | © Micons © illmetres

Options

File Edit Configuration Help

I

[ i

2] |- | e == % g :

F Di i

Length of Line L 1000.00 (r‘ Logarithric & Linear |
Coated Microstrip 2B Trace Conductivity (3/m] — TC 5.80E+07 — _ Set Result P

Loss Tangent TanD 0.0195 — Gnal‘SeakI ’7(' Length of Line  tin o« /m |
Rise Time (ps) T T - Extended Sub Data
Fisquency Mininum MHZ) Fidin [~ 500,000 (" ConstantEr/ TanD

500.000 & Causaly Extiapolate £/ TanDl _ Edit.

Fiequency Maximum [GHz)  Fiax 10.000 Set € Muliple Ex # TanD Edt, i
Frequency Steps Foteps [ 20 B — . |

Surface Micostip

EMIJ
T

i

Source and Load Impedance (Dhms)
Source Load

50.00 50.00
Numbering Mode
@ Modem

Surface Microstip
28

I~ Auta Cale € Smooth

@ Hammerstad

£ Gisse T8k | :
Edit. _I

Granhl Single Ended| SPICE ALGC| 2Pont 5-Parameters - Graph | 2 PO M e E e sREm e Toe e i e

" Classic

" Huray

Coated Microstrip
16

———— e = === =)

e ——
- - | Coated Microstrip 28 Lengih ofLine W [i0000000 et @ B Close
Coated Microstrip 2B w T Conetiy (S T [FRREST _ SibarsieConl syl o P
c2 [T Freauency Minimum (MHz) - FMin  [5000000 ‘Set Dielectric Constant (Ef) from Stack Up materials _Clea Resuts |

www.polarinstruments.com
ctor Loss EEEEEE Dielectric Loss BB Aftenuation T—— Conductor Loss with Roughness [=——33 Attenuation with Roughness

Freauency Maxirum (GHz) FMax [{00000  set ¥ Set Loss Tangent (TenD) from Stack Up materals
T FSep BT
Frequency of Interest (MHe)  Frea  [10000000 o e

Coated Microstip
2B

o
=1
3
a

]

/ '7,

3.—-

—
CEr [1D00E-05
- Sufoce Rvghnees Corpersaon
Srecth
© Hanmersod
Clorass — e |
" Huray e Edit.

Prin Setngs
¥ Include Loss Graph fo this sructure on the report

Dual Coted -‘""‘-----._._
Microstip 18

N
=)

L
o

All Losses with Roughness - dB/m
ra
]

/

Fred - [Dual ] *—--...______‘_.‘ Gt | s |
Coated Microst 0 """--.._;____' Coated Microstrip 28 e
v polarinstruments com [ —
E -35 I [memmmm Conductor Loss Smmmmm Dielectric Loss MMM Attenuation [===3 Conductor Loss with Roughness === Attenuation with Roughness
T r—
-40 =
Embedded 5 — ] _
Microstiip 1814 45 3 ke Dta Pt frmsion
-50 H B
T 170 T T T T T T T T T 170 T T T T T T T T T 170 | N | T é \
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 ] ]
Frequency - MHz H S| oot | e |
Emberdded H
Microstrip 1824 =
- Lossless Calculation J_ Freq Yy C i 1 Sensitivity Analysis L <
Al Stiuctures S S S S S S S S S S ————— ——————————————————————————— ———
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency - MHz
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Drill / Via Fill Types — Four new types added

32

Column First Electrical Layer Mo Second Electrical Layer No
|2 =l ] = ]2 =l
— Drill Information —Hole Information
# Mechanical Fill Type Hale Count
" Laser Mo Fill ;I |{||
(" Laser (Stacked) ggpgllar Different Hole Sizes
W Through Plated Resin o
: MNon<Conductive - - -
Diata Filenames Conductive Minimum Hole Size

Sintering Paste [ || [o-0000
Copper Paste

supported:

1. Non-Conductive
2. Conductive

3. Sintering Paste
4. Copper Paste

s

Four new fill types are now

HAdd Close

Copyright © Polar Instruments 2019
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Drill / Via Fill Types — Four new t

4.000/0.0200

Speedstack 2019 Introduction

es added

Liguid Photolmageable Mask

Copper Foil
PrePreg 1080

FR4 Core

PrePreg 3080
PrePreg 1651

PrePreg 1651

FR4 Core

PrePreg 1651
PrePreg 1651
PrePreg 3080

FR4 Core

PrePreg 1080

Copper Faoil

Liquid Photolmageable Mask

4.000/0.0191

4.200/0.0195

4.200/0.0195
4.200/0.0195
4.200/0.0155

4.200/0.0155

4.200/0.0195
4.200/0.0155

4.200/0.0195

4.200/0.0195

4.200/0.0195

4.000/0.0195

Copyright © Polar Instruments 2019

Non-Conductive

i y} \!

m Sintering Paste | Copper Paste
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Speedstack 2019 Introduction

34

C:\Program Files\PolarSpeedstack\Samples'Eval Imperial v16.5ci Units: Mils C:\Program Files'\PolarSpeedstack\Samples'Eval Impenal v16.5ci Units: Mils
Calumn
Layer Stack up Supplier Type Drill Image | 1st Layer | 2nd Layer | Position Cirill Type Fill Type
Polar Samples  SolderMask 2 4 Laser PTH Sintering Paste
1 & Polar Samples Copper
Polar Samples Dielectric
2 2 3 Laser PTH Conductive
Polar Samplas FR4
3
[ | Polar Samples Dielectric
Ml | PolarSamples  Dielectric ? 5 Laser FTH Copper Paste
Il | PolarSamples  Dielectric
4 o P
= c Polar Samples FR4 2z 2 Laser PTH Mon-Conduclive
5 [r=)
[ | Polar Samples Dielectric
Ml | Polar Samples Diglectric ] 1 Mechanical PTH | None
[l | Polar Samples  Dielectric
£
Polar Samples FR4
7 B 7 2 Laser FTH Copper Pasta
T [ | Polar Samples Dielectric
a ki J ' ' ' ' Polar Samples Copper
Polar Samples  SoldefMask
Copper Thickness = 11.200 |D
Fill Types

Copyright © Polar Instruments 2019
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The following Import / Export options have been updated to support new fields introduced
with Speedstack 2019:

« XML STKX v16.00 and SSX v6.00 import / export options

+ |PC-2581 Rev B import / export options

« CSV export option

» Gerber export option

« DXF export option

Impedance and Insertion Loss Calculations:
 New amalgamation algorithm - now amalgamates multiple substrates to a
single substrate for both dielectric constant and loss tangent
* Modifications implemented to support causal surface roughness

Rigid-Flex Improvements. When introducing air gaps into a sub-stack that previously had
contiguous materials it is now possible to reassign this sub-stack to one that contains
mini-stacks, by using the 'Reset Mini-Stack Settings' option from the Navigator menu.
This is especially useful when designing 'book-binder' or ‘doublet’ rigid-flex constructions

Ucamco Interface. The File menu 'Save and Continue' and 'Save and Quit' options now
support the SSX v6.00 file format

polar
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Impedance calculation

LT 111

Polar Logo & graphic devices are registered trade marks of Polar Instruments Ltd.
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For more information:

Contact Polar now: Phone
= USA / Canada / Mexico
- Geoffrey Hazelett (503) 356 5270

Asia / Pacific

Terence Chew +65 6873 7470
UK / Europe
Neil Chamberlain +44 23 9226 9113

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

www.polarinstruments.com

Polar Logo & graphic devices are registered trade marks of Polar Instruments Ltd.
Copyright Polar Instruments Ltd (c) 2019
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