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Speedstack PCB

Automatic impedance controlled
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Why Impedance Matching

e Controlling Signal Noise

 Signal Termination
— Xaul
— Rocket 1/0
 Specification
- USB 2
— PCi Express
— DDr 3

* RF Filtering




Accurate Impedance Calculation

 Simulate Trace Geometries
e Use Accurate Model

Offset Stripline 1B1A
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Trapezoidal Model

« Two Input parameters required for Trace
Width

* Models the Print and Etch process within the
PCB Man UfaCtU re Edge-Coupled Offset Stripline 1B1A

*These numbers can be provided by
your PCB Manufacture
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Solder Mask Modelling

e Solder mask has a large effect on impedance
on surface traces

* Depending on Geometry can be as large as 5Q2

Edge-Coupled Dual Coated Microstrip 1B
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Resign Modeling

e Both are Mixtures of Resin and Glass Fibers
e Materials are non-homogenous
— ¢, specified for laminate is the bulk value
— ¢ forglass ~ 6.1 ¢ for epoxy ~ 3.2
» So significant local variations occur for ¢,

Edge-Coupled Offset Stripline 1B1A1R
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Typical E-field distribution
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Microphotograph of FR4 structure
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FR4 structure

Bulk Er value in
this direction is
4.2 approx
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Field in FR4 structure
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Field distribution in Differential Pair

Impedance value
Increases as

Er and C decrease
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All Models are Wrong

But Some are Useful !!

Tolerance needs to be given on all Simulated
results
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Modelling Losses

e Designers need to concern themselves with
Loss as well as Impedance

* Frequency Dependant Modelling
e Low Dk Material Modelling
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Modelling Loss
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Modelling Loss

EE

& Mils

~ Parameter Entry Units

 Inches  Micions

 Millmetres ‘

Edge-Coupled
Embedded Microst

Edge-Coupled Offset
Stripline 1614

Edge-Coupled Offzet

Stripline

1B1A1R

Length of Line
Trace Conductivity [S/m]
Loss Tangent

Rise Time [ps]

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

Set.

L 1000.00 [

Frequency Distribution

- §-Parameter Configuration

" Logarithmic: @ Linear ~ 5-Parameter Frequency Steps -
TC | 580E+07 R Steps
esult Presentation —
. Refresh
Lanlt 00135 [G Lengthofline " /in © /m ‘ 235 }_ Lelli
L T

Fhdin 100,000
FMas 10.000

Extended Substrats Data
[~ Use Extended Substrate Data

- Source and Load Impedance [Jhms]
Source  Load

FSteps [ m1
Calculate

I Use Roughness

Compensation 0.2000

W Edit 5000 5000  Refresh
- Surface Roughness Compensation — | Mumbering Mode ——————————
Roughness (FMS) * Modem ™ Classic

LI

GfaDhl Odd Mode | EvenMode| SPICE RLGC 4 Port 5-Parameters - Graph I 4 Part S-Parameters - Data | Mived Mode S-Parameters - Elaphl Mived Mode S-Parameters - Datal Cmssta\kl

For more web-based information on this option please click on the
Application Mote link below.

Application Mate

Stripline 1824 O  Graph Opti
Edge-Coupled Offset Stripline 1BIAIR - S21 il
< 4 @ Magniude " Phase
www _polarinstruments com F
0.0 - DataSeries
e i ‘% T g g
Edge-Coupled Offset o o sk a
Striplne 2814 52 522 0523 O 52
C8n C 53 53 o534
— 541 542 O 543 O 544
E -0 Giraph All
Edge Coupled Offset Maximise Frint Export
Stripline 2624
B g 3 & il
Edge-Coupled Offset 2
Stripline TB1A1R 2
.
5
& "" ﬁ
e— =
-1
Lo 2 7 .
Edge-Coupled Offset
Stripline 18241R
20
Edge-Coupled Offset
Stripline 2B141R
2.
| | | | | [ | (- I [ - | | | fi 3§ | (- |
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Broadside Stripline Frequency - MHz
25
¥ Lossless Calculation Il Frequency Dependent Calculation | Sensitiviy Analysis Il “Via Stub Check

‘Dilferenl\al Structures




So How do we get the modelled results
to the fabricator

Document your stacks like this:
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And like this:

Bolew

|
: ‘Supplier : Processed _
r Stack up ‘Supplier Description | Impedance ID Description Thickness | &r Data Filenames
Primary
I oo camples  PEIOOT Peelable Mask Primary-Side-Peelable-P1.ger
| Polar Samples 1D/001 Screened ldent Primary-Side-ldent-11.ger
Polar Samples SM/0D1 Liguid Photolmageable Mask 400  Primary-Side-Solder-Mask-S1.ger
1 B MCOOEOO Polarsamples  FOu001 1 Copper Foil 1.40 Primary-Side-L1.ger
I Polar Samples PP/001 PrePreg 1080 279 4.20
2 | |1 [ : 1.40 Ground-Plane/Inner-Tracking-L2.ger
| | || Polar Samples COn20 FR4 Core 12.00 420
3 1] L || L 1.40 Inner-Tracking-L3.ger
I | I Polar Samples  PP/003 PrePreg 3113 3.44 420
£ B Polar Samples  PP/O03 PrePreg 3113 3.44 420
4 T ] 1.40 3V3-Power-Plane-L4. ger
= || Polar Samples com7 FR4 Core 8.00 420
5 =2 ] 1.40 1V5/2V5-Power-Plane-L5.ger
+ I
L] [0 Polar Samples PP/003 PrePreg 3113 3.44 420
i Il Polar Samples PPI03 PrePreg 3113 3.44 420
6 11 [ L] 1.40 Inner-Tracking-L6.ger
- | PolarSamples  COM20 FR4 Core 12.00 4.20
7 || B ]| 8 1.40 Ground-Plane/Inner-Tracking-L7.ger
| B Polar Samples PPI001 PrePreg 1080 2.79 420
a9 OB @O O Polarsamples  Foioo1 4 Copper Foil 1.40 Secondary-Side-L8 ger
I Polar Samples  SM/0O1 Liquid Photolmageable Mask 400 Secondary-Side-Solder-Mask-58.ger
Secondary
Copper Thickness = 11.200 | Dielectric Thickness = 51.340 | Owverall Pracessed Thickness = 62.540
Notes
_ Lower
Impedance | Ref. Ref. | Lower Ground | Ground
Impedance Signal Plane 1 | Plane 2 | Trace Trace Strip Strip | Caleulated Target Tol (+I-
1D Structure Name Layer in Layer | in Layer | Width p Separation | Width | Impedance | Impedance %)
1 Coated Microstrip 18 1 2 0 4.25 0.00 0.00 0.00 49.38 50.00 10.00
2 Offset Coplanar Strips 1B1A 3 2 4 19.00 0.00 8.00 15.00 27.84 28.00 10.00

3 Diff Embedded Coplanar Wavwi

uide With Lower Ground 1814

0.00

100.57

100.00

10.00

Coated Microstrip 1B

0.00

75.30

75.00

10.00

StackMName: 8-Layer Sample Stack

Wersion: A

Revision:

Modification:

Date of Revision:

Editor

Date: 17/06/2006

Associated Documents:

31/3/09

JAS

2 3113 swp to 108

Author: James Stapley
Department: Enginesring
Sile: Waterdooville

Speedstack 2009

PR PO eSO
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Even Document Flex Rigids Like this:
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Why Is stackup design and
communication important?

* Time to market
e Complex designs

« Communication from designer to
PCB fabricator

* Increasing impedance requirements
e Can be time consuming
e Good communication saves costly rebuilds
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Material Libraries

» Based on the parameters of actual
material.

« Separated into material types
— Cores
— Prepregs
— Folls, etc.

22



The info required for cores

Fals |Prepregs|HECs Cores |Su|derMasks||dent|nks|Pee\ab\eh’lasks' Eovedays'

50LA

50LA
50LA
50LA
[50LA

27628412126
2162341212
37628

37628

37628
3-T628M

Ded04Ts

Dell4Ts
Del04Ts
Det04Ts
DedD4Ts
Ded04Ts

Supplier |SupplierDescrip1i0n IDescription StockNumber DieIectricBaseThid(nes|Die\ectricFinishedThidme|DieIectricConstant UpperCu Base Thidmess | LowerCu Base Thickness | Resin Contert Ty ﬂ
L 22168 Del04Ts 0.254 0264 471 001 0ot 474 140
|30 2168 Del04Ts 0.264 0.254 471 0.03 0,036 474 140
[0 22168 Ded04Ts 0254 0.284 47 o oar 474 140
- |ls0LA 22187 Del04ms 03048 03048 472 0018 0018 & 140
- |150LA 28T Ded04Ts 03048 03048 472 003 003 4 140 _I
- |l50LA 28T Del04ms 03048 03048 472 o oar 4 140
L 2-T628M Del04Ts 0,356 0,365 4483 001 0ot 43 140
|30 2-T628M Del04Ts 0.3666 0.3656 4483 0.03 0,03 43 140
[50LA 2-T628M Ded04Ts 0,356 0,355 483 o oar 43 140

yElick on a matenial row to select t, Double-Click to edt i
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Will it fit?!!

& Egﬂuard Thickness =]

Board Thicknesz

Cancel

Keep track of board
thickness.

oo

B
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-.__| Stack UpEditer DRC: 3 | Controlled Impedancel

—DRC Test Selection
W Design Logic ¥ Summety ¥ Copper Balance
v Board Thickness

W Manufacturing Tests

¥ Min. Trace 'Width v Min. Gap'width

Azpect Ratios
¥ Mechanical Dril ¥ Buried Laser Microvia

¥ EBlind Lazer Miciovia ¥ Trace

[ Excess Fesin

“.

Symmetry : Different Material Types
Summetry ; Different M atenal Typez
Copper nat Balanced

R AN

Check that it meets
design rules

Board Thickness

© Polar Instruments 2009
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Adding a controlled impedance structure

Stack Up Editml DRC:0 Controlled Impedance I

-I-)ﬁ)gzalaﬁs

Add a structureon |
your selected layer [ =

Substrate C1° |0 7500
Trace C2 |0.7500
AEchic CEr|4.1000

1900 ‘ £ [ [ | Impedatice Zo [50.02

Target Impedance 50.00
© Polar Instruments 2009
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Finished thickness calculation:

ﬂgPreprEg Corrections !IEI E

—Percentage Copper To Be Embedded in Prepreg

' Set by Layer type

2000 Signal Layer % |E

Mixed Layer Z 5
Plane Layer % |1EI

" Proportional to Coverage

/

Calculate finished
thickness (choice of
methods).

— Copper Finizhing

Copper ta be Added &bb IEI.?EIEIEI

—Excess Resin Test

Mirirmumn E scess Fesin % |1 5
Ok,

Cancel

1.900
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Drill documentation:

/

Document
conventional laser

blind buried and
stacked vias.

1.900
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';flEDrill Properties
— Electncal Layers
First Electrical Layer Mo Trace Caolumn
l1 o =l
Second Electncal Laper Mo
|2 =

— Dnll Information

" Mechanical

% | azer

¥ Through Plated

[rata Filenames

- —Hole Information

Hale Count

{1000

Different Hole Sizes

1

tinimum Hole Size

{0.0060

=10 x|

Cloze |
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Coupon Testing

Polar Instruments - Coupon Generator
File  CouponView Tools Help

W & || JoDRELL 100 MPEC {3k Generate ~ |

Stack Coupon View
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===
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TDR Testing

 Testing Is not difficult
or Time consuming

* Required for Process

conformance to
Specification.
—~~—< N {° MVT not DVT.

=3
-
=
c
=
L
-
.
o
Q
=
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The Future of testing:- Atlas

* New high speed busses in Multi GHz
range
— SuperSpeed USB 3.0
— PCI Express Gen 2.0

 Differential Signalling techniques
allow the continued uses of FR4

=8 e Requires accurate control of
' ‘ tranmission line losses
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The Future of testing:- Atlas




Atlas Coupon Test

lar Instruments - CGen Coupon Generator - [ polar set2dil MWPD1585.cxf |

fle Took CouponView Options Help
NEd| WA ETF PPXOC S M G- [Miimere +|  [FOLAR INSTRUMENTS SET2DIL MWFD
T Stack Coupon View
1 [Grer Maenas Type
2] Plane
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5 Plane
6 Signal
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Conclusion

o Accurate Modelling Is as important as
final testing.

* Material selection is critical to the
performance of the final product

e Clear Documentation Is imperative

Testing final product Is made easy
through robust test system.
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Thank You

e Questions?....
Neil@polarinstruments.com

www.polarinstruments.com
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